





























were storing individually. These new molecules‘éan then‘léter'bé
broken down to their original components in order to release the extra

energy that was stored in them.

2.3 Conversion Efficiency - Solar Radiation to Chemical

forgst land in the températe~regions_captures andAtonverts'ihtb
organic.materiai about one percent of the incident~30iar,radiation.
It has been estimated that the'ultimaté theorétical gfficiehéyxof‘
,cénﬁersionvﬁy photosynthesis reaches abbﬁtkSQS’percént.z L(Table 2.0
Efficiéncies of Solar Energy) - |
In compariéon a manmade solar ceilyoperategzﬁitﬁ/aﬁ effi¢iéncy
range of 15 to'éﬂ percent;:'with this'éimpié ¢6mpafison it would ééémA
 that éffo:tS'wbﬁld be better ihveStedliﬁ th¢ §rodu§tionidf‘sé1afvcells
rather than seeking methods'fof coﬁveftingrﬁlént @atéri51 iﬁt$ useful
ety , ‘ , , . , ,
| Such a view reflects a narrbw concep# of~energy‘cohyerSibn
efficienéy. Our present éffiéiencyéﬁaéed‘aééessﬁents of performance
compares the'ihput/output‘ofvone'on a'few facﬁdrsfahd largély
‘disregards their context. For example, the,afbfeﬁentioned effiency
factor for the solar éell’isrthe fatio wheféby,the solar cell can
‘cdhvert inéoming'sblar rédiation’intq electrical enérgy, ‘The efficiency
factor completely'disrégards the net amount of energy required to
pfbduce the éell (which is highly’energy iﬁtensive)‘nor the'amoﬁnt,

. of environmental impact from the industrialized process required to

Gates, D.M. "The Flow of Energy in the Biosphere," Scientific

"

~ American, September 1971, pp. 89-100.



‘Table 2.0,'Effi¢ienCiés of Solar

OF T To To ,
Process, Heat - - Electricity
I. BASIC PHYSICAL CONVERSIONS .
A. STEAM MECHANICAL ENERGY 10-30
B. MECHANICAL = ELECTRICAL -
C. STEAM = ELECTRICAL - 80 ,
o ‘ o . A,xB.=8-25
IT. . SOLAR-MECHANICAL CONVERSIONS B ‘ '
'~ A. LOW TEMPERATURE SOLAR '
‘1. Solar energy hot. water - 20
B. HIGH TEMPERATURE SOLAR o S o
1. Solar heaters, cookers, reflectors-",'50f807'
2, Solar reflector steam : ‘ 40-60 : »
“3. "I-C" above o S ' 8=-25
4. Solar steam electr1c1ty 3-15-
C. SOLAR ELECTRICITY (PHOTOCELLS)
© 1. Cadmium sulfide - -5
2. Silicon : 212
D. WIND. , s
1. Wind  mechanical 44 L
2. "I-B" above ; : v 80
' 3. Wind meehanlcal ~electrical - 35
TIT. SOLAR-BIOLOGICAL CONVERSIONS
A. FOOD CHAINS - : ; o
1. Solar energy plant chem energy 0.3-3.0
2. Plant energy herbivore energy 5-10
3. Herbivore . carnivore energy 5-15
B. WOOD
1. Solar energy forest wood 0.5-3.0 ;
2. Wood  Theat(steam) - 60-80 o
3. "I-C" above 8-25 -
4. Solar steam electrical .04-.8
C. BTIOGAS (DIGESTION)
1. Solar plant .3-3.0
2. Biomass biogas* 40-70
3. Biogas heat ' 75 .
4, Biogas heat mechanical 25-40.
5. '"I-B" above ; 80
6 Organic waste  electricity .02-.5
(via biogas)
D.

Fruits, grains ethanol
Wood  ethanol

ALCOHOL (DISTILLATION)
1.

2

3 Biomass waste

methanol

.Eﬁergy,Conversidﬂ Sys£ems‘;

% Efficiency

75
65
55

*Not including process heat



produce these units.

By the same factor the low efficiency given for the conversion of
solar radiation into chemical energy (in the form of plant material)
does not reflect the ability of plants to serve as their own energy
accumulatofs, which as long as the plantvis still alive, is protected
from drastic energy ioss through plant deterioration by the piant's
natural protective mechanism. |

Any accurate comparison betwéen two fOrﬁs ofbenergy sources should
follow the conversion process from ﬁhe point of origin (be it solar
thermal energy, kinetic’energy of wind ana-water, or.fossilvfugls)
through to the end use.

The point being made here is to express a need for a wider-based
context in which plant-based téchnologieS'coqld be compared with other

technologies.

2.4 Ecological Implications of Wood As Fuel Source (Forest Ecology)

The ideal source'bf firewbod on rural land is a managed'woodlot.
The obvious useful values of a woodlot are for timber'and fuel
production, but even a small growth of trees can have considerable
ecological benefits as well.

Besides controlling erosion and rejuvenating soil, trees can haﬁe
an importént influence on the micro—cliﬁate of land by helping to
moderate temperatures and humidity. Winds carry moisture that is
liftéd by fhe sun from large bodies bf.watEr. This moisture-laden
cair Qill move_indifinitely or until it reaches a woodland. An amazing

amount of water transpires from the leaves of trees, cooling the air



and multiplying the‘cloﬁdvcover. ,To‘give SOmé idea'askto-thé amoﬁnt
of watéfvthat trgnspires, a single applé tree may'mové mbfé than 1,800
gallons of water into the air iﬁ‘a’six~month growing season. This
transpired watér‘vapor rises upward until it ﬁeéts méistﬁfe-iadén air
and then drops aslprecipiﬁatioh. Trees located on hills and mountains
offer the best cbstrucﬁion téiclouds and theréby increasé the rainfallf,
Trees éléo improve the‘miéroclimate by filtéring particulate matter out:
of the air. Badi? eroded soil can e§entually be restoréd'by‘cénifers
(leaf-bearing) returning badly‘needed'humus.

According to U.S. goverhmenf reseafch done by the Lake States
Forest Research Station; two identical'test houses; one expoSéd to the
winds and one protected by_a’nominal Qindhreak were maiﬁtéined at a
constant 70 degree‘inside temperature.*'The sfudy concluded’that'the
one having the windbreak prOtection'required‘3O percent'less fuel.

With the éforementionéd assets qf a pfoperly ﬁanaged woodlot, it
is easy to see why an indiscriminate use of wood must be évoi&ed;
Harvesﬁing trees for firewéod as tiﬁber requires careful maﬁagemént
on a '"sustained-yield" basis. This is, removing only eno#gh timber
that can be replacéd by normal growth in a year. If a woédlot is 
managéd correctly, there should be at least one cord of new wood
realized per acre per year. Since at»least‘Several acfes ofisustained—
yield forest land are needed to sﬁéply firewood for a tyﬁical’home,
this emphasizes that wood is best used in cdmbinétidn»with othef’
lasting systems. o

“There are severalbaiternatives that één be considered otherkthan

obtainihg'wood from sustained-yield woodlots:



a) ,utilizing wood waste from manufaéturing processes,
b) "Enéfgy Plantation Concept” (grdwing‘faét~producing plant
material as a fuel crbp),‘and N | |

c) utiiizing wood'in combination withka solar hééting éystem.

Wood is one of‘the chief raw materials in many indﬁkstr’ies‘,‘a‘nd1
often large quantities of waste are‘una&oidably‘produéed in the various
ménufacturing processes, In the sawmill, bérk-covered slabs,fcut~off
defective timber, cross—cuts and sé&dust result from'thé éutting of
- logs into boards. ,Factofy‘ﬁaste is produced'mainly-frbm seasoned
timber and consisté of sawdﬁst, Wood chips, éhort'lengths cut from
’boaids and squarg'sﬁock.‘ Yet‘another‘sourcé for wood waste would be
frdﬁ the tr¢ﬁendous vplumé of solid waéte(héaded fof’the‘dump.
According to the U.S. Forest Service as much as 30 peréént of the
debris diécafded by a city is reusaﬁle wood material. fThe onlyiproblem,
witﬁ the»utiliiation of tﬁis wood waste is that it ?equirés specially‘
designed‘burnefs. |

Throughout tﬁe United States'theré are a’large numBer of waste
- wood Boilefs operating successfully. Largely, these installétiohs are.
at lumber mills where tremehdouskamounts of energy are required. »Thesé
plants are burniﬁg woodkresidués which average 9000 BTU/1b and:generété

enough energy to operate Without‘any‘supplementary er1.3

3013rk, Peter. ''The Energy Plantation:, Nature's Own Solar Colle¢t0r

~ and Storage Cell," Air Conditioning andkRefrigeration‘Business, June

1976, pp. 11-14.
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Therebhas been a rising interest in growing'high—yieidihg pients
in "energy:piantations"vand berning the biomass in coﬁventionai power
plants to generate elecfricity. In a study conducted by the
Intertechnology Corporation, grow1ng energy or "BTU Bushes wae fully
explored and the concluSLOn optimlstxc.éfs Plant‘matter (biomass)
grown in energy plantations can be coﬁsumed directly as eo1id fuels
by, for iﬁstance, central eleetric—generating plaﬁts. A 64-aore
plantation will support between one’and two megawatte-of,genefating
capacity. Or, the solid fuel can be converted by anaéerobic digeétion
into pipeline—quality synthetic natural gas for distribetion’within an
ekisting pipeline system.“Under‘this concept fifty millioh cﬁbicofeet
of SNG ean be produced from a 640-aCre plantation. -That would be enough
gas to heat 500 households every year 1n’an area where average winter
temperatures center around 30 F.6 |

There is, however, one major problem w1th ‘the energy plantatlon
concept' it meens that large land areas will be. converted 1nto 51ngle

crop stands (monocultures) which are nortoriously susceptible to disease

and pest outbreaks.

4Szego, G.C. and C.C. Kemp. '"Energy Forests and Fuel Plantations,"

Chem Tech, Maykl973.

5Szego, G.C. and C.C. Kemp. The Energy Plantatlon Intertechnology ‘
Corporatlon P.0. Box 340, Warrenton Vlrglnia.

6 ,
Clark, Peter. "The Energy Plantation: Nature's Own Solar Collector

and Storage Cell," Air ConditiOnigg and Refrigeration Business, June )

1976, pp. 11-14.
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Wood could péséiﬁly be best utilized aé an aﬁxiiiary source to
a solar heating system. (See Section 4.2) A Qoodbhrning;dévice would
be coupled to the already existihg solar’thermai étorage system.  In
this.combined’relatiOnship, quﬁ wouid only be uSed to takeyover the
space heating demands when the fémperaturésyiﬁ the stofage‘tank dtoPped
- below g’qséble level. This situation Qould likely occur during long
‘periods of cloudy of overcastvdays. Once the immediate‘space‘heating 3
needs were met, ény eﬁcéss heat produced'by'the woodburning device could
be‘transferred to the storage tahk for léter ﬁse,_ |

A woodburning’device as ankauxiliafy source is'attractive for
several feasons: | |

a) easilybcombined with a'solar’system'S'heat distribution'

‘network; | |
b) low cost - low méiﬁtenance (neither system has'to be sized
to meet the totallheatingvléad); |
c)»;ecologically advantageous;
1) ’reduces the ampﬁnt éf wood needed to a minimqm; 
- 2) draws from a renewable resource base,
3) much iower in pollutants than,convehtiqnal fuels.

Wood -and other proposed biomass fuels 6ffer‘some ouﬁstanding
advantages COmpared‘to other sources of énérgy. First and foremost-
are their renewability. As long as the sun sﬁines and the biosphere
remains in balance, wood can be available fofever if it is harvested
i on a sustained-yield bgsis. Secqndly,rnature has pfovided trees and
plantsrwith collectors (the leaves With‘their éhloroéhyl) and their

own enérgy accumulators (plant material) which, as long as the plant
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is still éli#e, is protected froﬁvdrastic energy ldss through plant
deterioration by the élant's naturél protective ﬁechahiSms. Thirdiy,
the air pollution aspects of woodVCOmbustion is virtually supériof to
all fossil fuels. Wood contains Véry liﬁtl¢ su1fuf~diéxide‘(SOz},
generally, less than C.l percent to .O5 peréént. Fossil fuels, such
as oil and ébal, éontain 1 to 3'percent éuifur; Sulfur dioxide iS‘é
compound which has been linked tokvarious 1ungkdiseaééékand"has been
foﬁnd to inhibit the growth rate of plants. Emiséions Qf fossil fuels
contéining high peréentages of this compound necessitates its reﬁ0val.
Foﬁrthly,'the use of wood as arfuei will not interfere‘witﬁ the carEon, 
“ dioxide baiance'of the eafth.’ Unlike foséil’fuelsltbe’forest consumes
as much‘carbon dio#ide as it will ultimately release whenkit_isbburned.
The carbon dioxide released when woody matefiai is burned will héve
been COilected;during‘the relatiVely‘recént past whereas the cémbuéﬁion
of fossil fuels will release COz'that was withdrawn froh cirtulation
millions of years ago resultiﬁg in a 002 incfeaSe;l Carbon dioxide waé
not normaliy considered a pollutant at ali. It has been recehtly
theorized that if~the'§oncentration of carbon dioxide in the atmospheret
changes significantly; the climates of the earth may change.v Carbon
dioxide is a relétively good absorber of infrared ra&iation coming from
the earth'é surface. As a result, increasing thevamount of carbon.
dioxide in the atmosphere tends to inhibit infrared‘radiatidn fiom
leaviﬁg the earth. This;natural‘effeét (“gfeenhduse effect") is
worseped by the addition of Coé‘from fuel combusti@n becéuse'fhekextra

CO2 absorbs more soclar rays than would be.absorbed in the absence of

combustion.
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Some of the consequences of témperaturelrise of the earth might
inclﬁde§7 | |
l)’ a shift in glébai'circulatioﬁ’paﬁtérns alteringbtemﬁerétures
of land masses, | | |
- 2) altering precipitation patterﬁs,rand
3) flooding ofrland masses due to rising sea levels from the»
’melting of polaf regidns.' |
No one should draw the concluéibﬁ'that by—ptoducts‘éf wood
combustion are éompletely harmless.r Stﬁdies and research are hbw‘béing
done to determine the full environmental impact of”burning wodd.
There is_yet a greatvdeal of chemical analyéis’to be doﬁe to détermine
" the Qide varieties of pfbducts resulting in incéﬁpleﬁe combustioﬁ. V
‘FTﬁEre is'oné‘advaﬁtage in that theré is'a great similarity between
,theseiintermédiate‘products of combuétion and those liberated in the
forest by decay. Since ﬁhe‘combustibn process'isiso élosely related
to the natural decaying process, there are natural préviéions for |
dealing with these by-products. Many of the intermediate products are
volatile, and, when they are férmedfin decaying wood, escape into the
foreét air whére they undergo chemical reactions with'one another under
the influence of sunlight, giVihg rise to ththaze chéracteriétics of

forests on hot, still summer days.

7Bry30n, R.A. "A Perspective on Climatic Change," Science, no. 184,

ip. 753 (1974).
8

Hall, J.A. Forest Fuels, Prescribed Fire, and Air Quality, Pacific
Northwest Forest and Range Experiment Station, U.S.D.A;, Pcrtland,'

vOregon, 1972.
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ﬁe have yet tb completely undérstand the delicaté relationshiPS'
that exist in ecological processes. Itfis‘forvthis reason that.the
full environméntél impaét ofywood as‘a,fuelyéource is Yét to be
~determined. Béfére’widespread,impleﬁéntation is t§ befconSideréd,
detailed analysis will have to be déne’to deterﬁine,the’intérfelation—
shipé that do exiSt and to detérmine~the iéadvlimits~that exist fér
fhe natufal pfocessors that'éliminaté ?ollutants from wood combustion.

With the potential'increaéebiﬁ‘the.ﬁse of wood as‘a fuei’éourée,
woodburning devices»must Be s0 designed;aé'to attain~éé éomplété a’
combustion as possible;  If combustion‘is coﬁpleﬁe, the end products
aie carbon dioxide and water vapor, eiiminéting harmful pollutants

that would normally be released under incomplete combustions.

2.5 Availability
| There ié'ﬁreséntlyban‘abundance of woodravailable in the United -
States, despite man& stories'in our pfeés to:theidontrary; It is a |
fact, howeyer,’that‘there are éérioUs shortages of Certéin species,
particularly the big tréés foﬁigh quality. The amount’of standing
wood in this country, however, is enormous an& on the‘increasé in |
spite of soaring paper and plywood»consumption.
Therejére three major reasons for,ihe increase in?wood productiﬁity:
1) the fevérsion of milliqns of‘acres of former cfépland in the

east to forest,

9Gay, Larry. The Complete Book of Heating with,WOod, Garden Way

 Publishing, 1975, p. 14.
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2) a reduction in thé pér capita conSumption of wood; This is
1afgely due to the fact thatkﬁood is no~ipnger Qsed as a fuel
source and synthetig materialé‘have largely replacéd products ’
that were 6n¢e made of‘wood.b | |

3) the‘burning of fossil fuels having released a large‘percentége
of carbon diokide inﬁo the atmosphére. This increased le§e1
of carbon dioxide will enhance the‘growthkof organic materiél
ﬁrbvided'light and water are abundant. (Seé Sectioﬁ 2.2;
'Photosynthetic Process) VOn‘thé~§£het'hand, incfeased,carbon
dioxide levels may have a détrimental effect by increaéing the
temperature of- the eérth by hindefing the escépe of:radiaﬁt
energy to’outer spaée.‘

Table 2.1 showé the results éfireséaréh done by ther.S.vForest
Serviee in estimating the potential amouﬁt of firewood é&ailable‘in the
United States.lg The table shows é tremendous amount of érowth occurring
o in easternAforeSts'every year. Even aftér cﬁt tiﬁber and‘ﬁatufal
'mortaiity have been taken into accduntffherelis still aynet annual growth
of 4884 million cubic: feet (61 million cards)‘ofvhérdwoods and 2891
million cﬁbic feet (36 million cords) of SOftwoods in the‘eaét. “To'givé
| ~some idea as to the fossil fuei eqﬁiﬁalendy the following is givén:

(See Table 2.1)" |

- 61 miiiion cords of hardﬁéod is comparable to 1.22 X 1010

gallons of oil Whiqh at’.35 cents/gallbn is equivalent to

,4.2? X 109 dollars. (AssumedkCOnversionvefficiencies for

10 | o o pier - .
U.S.D.A. Forest Service, "Forest Statistics for the United States by

State and Regiomn," '1972.



Table 2.1

Potential Fuelwood Available per Yéar by Region =

(millions of cubic feet)

M anufacturing - Logging

Source: Heating with wood,‘GardenVWay Pub15shing.

Net Growth

667

580

Residues  Residues Mo‘ftalitg
Hard Soft Hard Soft Hard Soft Hard  Soft =
 Northeast 71 24 125 52 357 208 1153 = 477
* North Central 70 7 97 9 540 152 2978 1019
Southeast 78 89 238 98 323 293 503
South Central 90 86 179 163 390 164 250 728
Total East 309 206 639 322 1610 817 4884 2891
Pacific Northwest 2 177 16 365 76 874 10 —1063
Alaska Coast® 8 39 1 166 - —127
Cal-Hawaii 152 14 92 11 338 353 —1475
- N. RockyMountams 93 84 5 387 13 272
S. Rocky Mountains 46 103 4 177 69 = 82
Total West 2 476 30 683 137 1942 445 —2311
‘Total United States 311 682 669 1005 = 1747 2759 5329
Total Hardwoods = 8056 B
- Total Softwoods = 5026
‘Grand Total = 13,082

® Interior Alaska excluded because of remoteness.

9T



17

this calculation is 50 peréent“for'WOOd stoves and 65 percent
for oil furnaées.)

- 36 miilion‘cords of softwoodiis‘cdﬁpérable'tb‘4.8'X 109 gallons

of oil iqhich at .35 cents/g‘allc}n is 'equi{}aleﬁt to 1‘687x'109

dollars.: | k‘ . |

The aforementioned caléuiatiqns aré meaﬁt to do no more‘than

suggest thé tremendous resource of wood that is'presentiy availéble
 for fuel in.thié country. There is, in fact;~far mdre wdod available
than indicated by’the U.S.kforest Serviée, since they do not’inclﬁde
cull trees, smaller tfees, branches and deadwdod.

’Currenf growth»ra;es in mdst natufal fbrest§ range ffom %vto 3/4
cord per acre fer year;  This sustained.YieIdﬁpéuld probably be‘doubléd'
By forest management-—‘including thinning, cﬁtting of less productive
individual trees, éelécting/for‘(or piénting of) more productive species,
and harvesting trees at the optiﬁum time.

With thé‘potential of increased usage of.forest areas comes. the
problem of environmental effects., Soil erosipn andunutrient loss aré
both potential problems;‘eSpecially if whole trees are harvested since
then the nutrient-rich small branches; twigs'and leaves wouldbnot be

'1eftkinithe forest. The question then bécomés one of not how much
potegtial wood is available from a fofest, butkféther’what fraction of
the volﬁme that we can take ﬁithout'upsegting the forest ecqsysteﬁ.

~"Only in’the knowledge’of the foreéﬁ's pr0ductivity and»its'cdﬁplex

" ecological relationships lies the key to its ﬁéé and avoidanqé of its

s 1
over—-exploitation.

‘llGay, Larry, oE.cit., p. 27.
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2,6 Energy Content and Ecooomics

~ Détermining the éffective heating~vaiue ahd; in turn, determining
a cost comparison Of heéting with wood is not an eésﬁftask. Whereas
the energy conteﬁt of a hoﬁogénéoﬁs fuel‘(gao;’oil) is relatively
consgant, the eoergy content of wood is dépendent on the following |
~variables. The host,imﬁortaht factor in determining energy content

is the oven-dry density of the particular wood uodef consideration
since a poond of dry wood of anyjkind has épproximately the same "
energy content (i.e., 8,600 BTU/lb).‘ Therefore, the denser the Wood,
the more energy pef cord. (See Average DenSity andvFoel'Valué
’Equivalents, Table 2.2), The othef variable in determining the;energy
content ié the moiéture content of tﬁe wood;' Moisture in wood decreases
its available energy. Greeo WOod (with 50 percent moisture) has 14
percent 1essyavailable»energy per cord than;typicél 20 percent'moisturé
wood,(air-dried). The third variable involvod‘is the‘vafiabilitykiﬁ the
unit measure of Wood. 0il can be meésored quite‘precisely buo tﬁe
 measure of wood varies oonsiderablykwioh itsostraightness and length
of pieces. A standard cord is defined to be 128 cubic feet pile of
wood in 4-foot long piéces. The actual woodkcohtent due to spaces in
stacking reduces tﬁis figure to around 80 to 90 cubic feet of actual
wood. This difference‘ié responsible for the-large variability in the
amount of energy per cord even for a given kind of wood.

Iable 2.2 computes the energy cohtent per cord from the

assumbtion of uniform energy content per gnit weight of Woodfgnd uSing .
solely the difference in weight per cord to'estiﬁafe the~différences

in energy.



Table 2.2 Fuel Values of Some Common Woods

‘ - v : Price/Cord Equivalent
Average Density Fuel ‘ Price/Cord . to Electric Heat (100%

: ‘ (1b/cord; Value/Cord ‘Equivalent to Oil at: Conversion Efficiency) at: -
Type 20% moisture) (BTU's) = 35¢/gal 40¢/gal 45¢/gal ~ 2.5¢/kwhr  4.0¢/kwhr
Shagbark 4400 30,8 million $59  $67  $76 $113 $180

~ Hickory ‘ ' o - .

" White Oak 4400 30.8 million 59 67 76 ©113 _ ) 180
Sugar Maple 4100 29,7 million - 57 65 - 73 ‘ 109 ‘ 174
American 4000 28.0 million 54 62 ' 69 103 164
_Beech . ' ' R ‘ o o
Red 0Oak ' 3900 27.3 million 52 59 67 ’ 100 160
‘Yellow ‘ 3800  26.6 million- 51 -~ 58 . 66 97 156

. Birch R o o o I . - :

White Ash - 3700 25,9 million 50 57 6 - 95 152
American 3400 = 23.8 million - 46 53 59 - 87 139

~ Elm . ‘ ' ' L o . ST

 Red Maple- - 3400 23.8 million 46 53 .59 87 139
Paper Birch 3400 23.8 million 46 53 59 87 139
‘Black 3300  23.1 million 44 50 57 84 135

-~ Douglas Fir 2900 - 21.4 million 41 47 53 . . 78 - 125
Eastern 2200 15.8 million 30 34 - 39 ... 58 93

White Pine

 Assumed Efficiéncies: ﬁoodVStOVe,fSOZ;‘oil furnace, 65%; electric resistance héating; 100%

6T
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Column 2 in-Tab1e 2.2 iﬁdicates the averagé density of air-dried
wood. Air-dried defineé the cbndition when there is no longer a net
moisture ioss from the wood td the sufrcunding air which averageé 20;
percent water by wéight. |

- The amount of BTU's liberated from bﬁrﬁing bOné‘dry wood approxi-
mates 8,600 BTU/péund{ But air-dried wood has a moisture conteﬁt‘
reducing the amount of possible heat to 7,000‘BTU; Thﬁs, fhe‘thifd
coiumn iévobtained from the second‘by multiblying the average density
by 7;000'for‘thé hardwoods: and 7;360kfor'Douglass Fir and 7,200 for
white pine.i The‘escaiated BTU figures‘fot the pine and fir represent
the large volﬁmé of’flamméble resins.’ |

Tﬁe figures in the third column repfésént the maximum heat that
can be‘libérated from a cord of wood, and must be adjusted by anb
efficiency factor to estimate the actual amount of heatktransferred
to the living space. All themfigures iﬁ column 3‘éhould Be adjuéted
to reflect the energy‘conversion efficiency of thé particular wood-
Burning device. (See Table 2.3) | |

Oil'furnéceé are in the heating efficiency raﬁge of 30 té 75
percent with partiéular studies indicating:averages of 55 to 65 perceﬁt.1
Since the fuel value of one gallon of heating oil is 140,000 BTU'S,
the ﬁeating effect from one gallon is 91,000 BTU'S‘(assuming 65 percent
ﬁonversion efficiency), at .40 centé,per gallon.that amounts to 0.440

‘cents per ;housand useful BTU's. | | | |

If we were to determine what the oil utiliZatién,equivalency would

12

Summers, C. M. "The Conversion of Energy," Scientific American,"

September 1971, p. 151.
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- Table 2,31

CONVERSION EFFICIENCIES FOR VARIOUS WOODBURNING DEVIGESlB’l&

% Heating Effect

A. Ordinary fireplace (steady»state operating 10 - 12
conditions) ; ' ‘

3. Ventilatihg fireplaces - o o - 33-35

C. Common stoves withqut circulatiég of a;r‘ ' 83 - 90

D. Metal stoves with circulation of air o 68 - 93

E. Heaters with Pipes for circulation of hotrair ' 63 ~ 80

F. Appafatus for circulation‘of’hot water . ’ o 65 — 90

13Putnam, J.P. The Open Fireplace, 1880.

14Smithsonian Reports, "Heating Efficiency of Various Fireplace

. Designs," 1873.
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be fbr é‘cord of white oék, we would'first‘adjusﬁ i;s fuel value per
cérd by 50 percent (ﬁood conversion effiéienCy) whiéh‘amounts to 15.4
million BTU's(per cofd.‘ At:.440 cénté_per tﬁousand BTU's of 0il,
-fhat would amount to $67.00 per cord. Therefore, whiﬁe oak at anything
less than $67.00 per @ord is less expensive than Qil.'

Column 5 provides the price per cofd‘equiQalent to electric
resistance heat (assuming 100 percent conversion efficiency). It
is heré where we can‘see the greatest cost benefit of usiﬁgrwood.
Our same cérd bf white oak would'be Wérﬁh $l$0.00-cbﬁpared to elec;ricify
at 4.0¢/kwhr (IRw-hr = 3413 BTU's). |

The ﬁrice for a cord of‘woéd, dependipg on ité type'andyavailability,
ranges between $25.00’aﬁd $120;00. To determine whether wood is more
economically viable depends on local ﬁrice per cord and the cost

structure of comparison fuels.



CHAPTER THREE:‘ WOOD AND THE COMBUSTION PROCESS

3.0 Introduction

The focal point of this'chapter iéithe‘efficient combuétion of
wood fﬁel. Tb further’qualify "efficieﬁﬁ" is to say cémplete combustion
has occurred only when,thekend producté are Carbon‘didxide énd Water"
vapor. lIf incomplete combustion has occurred,‘compounds which ate 
combustible énd highly toxic may be feleased to thevatmosphe:e. ‘The
presence of these volatile compounds are élso witness to theafact that
the heating potential Gfkthe‘WOod fuel has beén greatly reduced.
Granted, complete combustion is seldom éttained except in laboratory
conditions but it shduld be a standard to work towardé in thevdesign
‘of woodburning devices. | |

Wood has special properties as a fuel, quite different from those
Qf others. Thereforé,,éspecially for wood, its chémical and fechnical‘
properties have to beftaken into aCcouﬁt in brder,to utilize it
"effeétively. ‘Sections 3‘1 - 3.3 deal with’the‘prOperties of the fugl
and its combustion.  The remaining section, 3.4 deals with woodburning

devices designed around the components of complete combustion.

3.1 Composition of Wood

Wood is a complexrvegetable tissue composed principally df cellulose
and lignin of which carbon makes upkabout SO‘percent. Water, amoﬁnting
to 15 percént or more by weight (depending on seasoning) is also.present.
kTheré are also other”exﬁraﬁeous @aterials as nitrogen and oxygen, small

amounts of sugars, starches and nitrogenous substances as stored food,
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extracts and coloring matter; There afe, in additidn, salts‘§f sodium,
magnesium, calcium and irom, all of which become ash when the wood is
burned. It is this chemical complexity tﬁatfresults in the quite
complicated process of wood éombustion,‘“

When a quantit& of wood is burnéd, the original components,
cellulose and lignin, are broken down and volatiie‘gases and vapors,
not present in the raw wood, are formed. It is these cdmbustible‘
vaporé that are reéponsible for roughly 20 to 50 perceﬁt ofythe chemical :
energy in the wood. This value varies with wopd type, its moisture

, content, and how quickly it heats in the fire.

3.2 Factors Influencing Energy Content of Wood

The ehefgy content of Wood is’basi¢é1iykdue t§ three factors,
those being:

1) density of Woodg

2) resin contéht, and

3) moisture content.

The energy content ofkoné’pouﬁd»ofVOVen-dry wpod of almost any
kind is approximately the same. The hajor differencesfbetwéen the
energy level in w§od is its density. A cubié'foot'of white gak Weighs:
approximately 55kpounds'(20vpercent moisture); a cubic f&ot of white
‘pine weighs approximately 28 ?ounds (élso at 20 percent;moisture);
The energy content of the oak is twice that of the pine;  The energy
content of wood is in direct propbrtion to its air-dried weight. |
(See Table 2.2, Chapter 2Q) The reason all wood has approximately

the same energy content on a similar weight and moisture basis is that
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they are all fairly siﬁilér in éheﬁical'éémposition;A

There are slight chemical différencéé among woods which are
responsible for the differenées in their energy content.- The chemical
differences s;em from the fairly largé fange of resin in the .
‘different woods. For instange, if 8,60d BTU perupound ié ﬁaken
‘to be the energy conteﬁt of wood except the resins, then woodywhich
is 5 percenﬁ resin (at 17,400 BTU per pqund) has an‘bverall eﬁergy
content of .95 X 8,6001+ .05 X 17,400}0r 9,040 BTﬂ per‘pound.' Softwoods
ténd tolhave more resins and their higheryligﬁiﬁ cgntent ﬁay aléo
‘contribute ts their slightly'higher eneréy values.

Moisture in a piece of wooa does nét chéngekthé amount of chemical
energy contained’withip'it; but less of tﬁat chemical’énergy is‘likely
to be turnmed into uséful‘heat. The presence of ﬁoiétﬁfe'rééulté’iq
less complete combustion. kWater evaporating from wood with a high

‘moisturé’content; i;g;} freshly felled wood at 50 percent mdiSture,
forms a sheath of waﬁer-vapor that'surrounds the fuel and blocks the
entry of oxygen, thereby lowering ignition and‘cdmbustionirates; The
point of combustion of wet wood can be lowered to a reasonable level
only by increésing the air intake.' This; in turn, creates aﬁ exceés
kdraft through the fire with consequéﬁt ﬁeat loss‘vié the flue.

In summary whenbdetermining the enérgy content of a givenfwood;
the most important parameter is the overi-d_ry dénsity of that particular
" wood, since a pound of dryAwood'of anyvkind has nearly the same enérgy;"
The densest woqu have the most energy pef cord (at equal insture
contents). The presencé of moisture in wood décreaSes its cdmbustability;

Green wood with 50 percent moisture has 14 percent less available energy
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per cordvthan typical 20 percent moisture wood.

3.3 Combustion of Wood and Factors Influencing Complete Combustion

Combustion involves energy conversion-- chemiéal,energy in the
fuel is converted into heat, light,binfrared radiation ahd other
forms of energy. Oxygen is required and’is consumed (incorporated
into other molecules) in the process. Common fuels,-ihcluding woéd,
are made almost entirely ofKCarbon, oxygen and hydrogen; When
complete combustion occurs the only end products are carbén dioxide
‘and‘Water vapor.

- Wood combustion tékes pléde in‘foﬁr'suéceSSive’phases. " The
first stage occurs arouﬁd 2120F in~which ﬁoistﬁre that was present
in the wood is driven out.‘ The‘ignition source is rééponsible foﬁ ‘
this endothermic reaction. As’témperaturés increase to 540°F
additional watér is driven off and compounds start to evoive‘Out

Qf the wood, such as carbon dioxide, cérhon ﬁonoxide;'formic acid;
acetic acid, giyoxal and probably many otherCOmpounds.

All of the aforemehtioned cémpounds éxcept water ?épor'énd carbon
dioxide are combustible. The processes involved here afe~still
endothermic with the heat energy latgely convertedrinto‘chemicél
energy. It is when temperatures reach apﬁroximately 540°F thaf we
reach our secdnd phase of ignition péint. The'reaction changes fromf
“an endothermié to a heat producing orbéxothermic reaction. With the
increase of temperature large ambunts of the'aforementioﬁed gases a?e
produced. The most abundant ones; carbon mbnoxide, méthane, carbon

dioxide, methanol, formaldehyde and hydrogen, are highly combuétible.
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Thege gases sefve as the main fuel éourcé for the wood flames. As the
teiperature increases and decomposition accelérates, we enterkinﬁo the
third phase or combustion (proper).v The surface of the‘wood gets
’hotter and hotter and the heat gradually penetrates into the inner
layers. The gases geﬁeratédyinéide by decomposition escape through
the pores and cracks'of‘the Qood or wood’charcoal already formed and
ignite on coming into contact with the oxygen; |

Iﬂ general, the pyrolysié, ignition and combustion propér~pha$es,
cannot be sharply sepaiatéd; they pgrtiaily oyerlap. 'After a certain
time,:however, a slowing down of the combustion;proceés can be
observed. ‘This is due to the 1ayer‘of charccgl which fbrms on the
surface of the wood and which forms an envelope, constantly growing
thickér around the inner, still'intéct core. Thé cha:Cpél,=a good
insulator, pfévéhts the heat from penetfatihg inward.

The fourth and final phase is the inéandescence of the wood
charcoal. This phase begins when the combustible decoﬁposition gases
end and the flame diminishes and dies down on tﬁe surfaég;’ The wood
charcoal once more comes into conﬁact with the oxygen in the air and
becomes incandescent and then falls as ash.

' If complete combustion has qccurred during thevfour,phases, the
only gases that escaﬁed would be carbqﬁ dioxide, water vappr,‘oxygen
from the excess air aﬁd nitrogen, an inert compéund of the air. Smoke
and soot eminating from a chimney are_a'clear indicator of incqmplete
combustion, What is escaping from the chimney are small quaﬁtities of
‘hydrocarbons and free carbon (soot) that are not burned. Thus, much

of the heating cpapcity of the wood fuel is lost.
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For combustion to. be compléte there must be:
1) adequate air intake,
2) dintimate mixturé of combustible gases,and’air,
3) dignition of the gas—aif'mixture, and
4) adéquate space for thé'gésés to burn completely}
It is with the supply and control of these coﬁponents that we will look

at the design of woodburning devices in the folidwing section.

3.4 ‘WoodburningrDéviées

Wood, since it is very flémmable, can be burned without any
special apparatus; however,vthé~combusti0n ﬁillkbe iﬁcomplete}
Doubtless, the most primitive and oldest éystemxof'burning wocdiwas
the open hearth fire. (Sée Figure 3.0) In the middle'of the dwelliﬁg'
space a heap of wood was burned~bn the fioor‘of beaten earth or on a
hearth of earth covered wiﬁh fiat stones. 'Providiﬁg light ‘and heat,
the open fire was also used to cook food.*'Theismoke esca#edythrough
the opening which‘served'as a doorway or through a hble in thé,roof.

In time man set about to‘enclOSe fhe dangerous flame. The‘ﬁexf
step was probably called‘thé fireplace, an'céen firé no longer’ibcated
in the middle of the room but againéﬁ;a wall. Above the heartﬁvwas
placed a roof-like hood ending in a'flue through which the smoke escaped
outside.’ A mQre inténse heat was obtéined'by the cdncentration of the
fire and the radiation frgm the walls enclosing the hearth. Lafer, the
fireplace was to reappear located in the middle of the room where the
benefits of stored heat in tﬁevmasbnry could best be utilized.

The fireplace,finally evolved to the,pgint where the flame wéS‘

cdmpletely enclosed, the result being the wood stove or furnace. This



, | 29

Figure 3.0 Open Hearth Fire
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A was originally a thick—walled structure madé of clay and stones With

an opening through which the smoke reached ﬁhe exit of the room. Later,
stoves were made with plates of stone‘or_earthenware;tiles éet on’
supports and~fitted with é closing door. Next, there was added an
enclosed flue which penetrated through the roof. Comﬁletely‘enclosing
the fire also had the benefit of providing cohtrol over thé air |
reaching the flémesQ theréby increasihg the fate and temperatﬁre éf

combustion, and also providing regulation of the heat output.:

3.4-1 The Fireplatéb_
| Thé open fifeplace ﬁas onéekthe oﬁly ééurce of>heat in all
American‘homes, but now‘it;is a mﬁte‘réminderwés to its original
task of providing warmth by takingbits pléce as én instfumenﬁ of
interior decoration. | |
Net efficiency or‘actual;heating’effectﬁof most’modern fifeplaces
rénges‘from -5 to 10 peréent; This ioﬁ and sometimes negativs'heating
efficiency is dﬁe‘to the folldﬁing factors: |
l),‘Thé required air—volumevflow toWéfd'a firé fof the‘average
fireplace opening is about 3000’cubic‘feat per héur. This air
volume is much more ihan whatkis normally infiltrated into a |
:house. For example, the amount bf frééh air required for
proper ventilation by aAfamiiy qf’four has been establishedv
at 1400 cubic feet per hour. Thus, a standard firépiace will
cause the displacément of over twice the amount of air required -
. for optimum ventilatioﬁ. - This extra air is usually heated to

room temperature by the time it reaches the fireplace.  Thus,
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the use of the firéplace causes the nét’amount of heat needed
to keep the house warm to increase.

2). Another‘source of heat leakage is’thé fireplace damﬁer itself.
Accofding'to the Nationai Electrical ﬁénﬁfaéturersvAséociation
:thebaverage fireplace experiencés up to 38.5 percent heat loss
with the damper open and the fireplacé ﬁot in use.

3) The fireplace isvan ineffééti&é”device'otherkthan'for heating
immediaté spéce. vThé fifeplace is 1érgely limited to heating
by radiant energy. Theré is some contribﬁtioﬁ made bf fhe

materials of fireplace re;rédiétingVﬁbsotbed infrared radiation.
If air at foom temperafure'comés inté contact with these heated
surfaces, it rises and forms a heated 1aiér of air adjacent to
thé ceiling surface. This, in combination with air movement
towards the firéplace (draft),~provides temperature’differentialsn
‘between floor and ceiling'which results ithhermally‘uncomfortéblé
surroundihgs.

The following section deals with ébfrecting the shqrtcémings of the

fireplace and transforming it into a moré effectivé heating device.

3.4-2 1Increasing Fireplace Efficiency
To be simpl& statéd;'an energy—efficieut’firepiace should:
) maximiée the amount of radiation it‘emits,’and :
2) minimize the amount of excess air up the chimnéy.
To better understand how the aforementioned can be achievgd, é
diséussion of the fireplace and itSICOmpbnénﬁ parts haS‘beén inciuded.

(See’Figure 3;1)
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Flue
Smoke Chamber
Smoke Shelf

Fire Chamber
Fire brick
Back Hearth
Front Hearth

Ash Dump
Cleanout Door

Figure 3.1 The Firép1ace and Tts Component Parts
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3.4-2a Fireplace Opening ~

Thé fireplace opening should always beAin théAforﬁ 6f é 1ying
‘rectanglé;,in other words, it should be wider than high;.‘lf‘it’is
topped by an arch, the height is determined b§ thé distaﬁéé between
thevhearthvana the vertex of theﬂaréh. If an arched section is involved,
the width is equal to the léngéﬁ of the cord. |

Aitering the size of the fireplace éhaﬁges the prdportionyof the
other components. Table 3.2 gifes‘the basic relafionships bétWéén
room size, firépiace proporﬁion, énd flue size fof various cﬁimneyv
heights. |

Glass doors can be fiﬁﬁe&-iﬁto frémes which seal against the
fireplace opening'sﬁch that when the doors'aréACISSed,‘ﬁéry'little*
air can énter the firepiace'exéepf thqugh’explicit air‘inietbdampers
at the botfom of the unit. (See FigufeA3;3)”  o |

’With the doofs open theyéperétibn and pérformange of thélfifeplace
kremaiﬁs'fhe‘same as any ordinary firepiaée;»,With the tempered glassk
doors cldsed the opefation of the fifeplace hés these three:main
effects: 'first,‘only a small amount of air sufficiéﬁtkfor Ehe burning
of the fire flows fhrough thevair inlet damﬁers at the botﬁom of the
glass enclosure, thus, gfeatly reducihg the amount of room air that ié
carried up the chimney; secondly, by providing adjustablé airtiﬁlet
dampers, this allows the rate of cémbustion;tq be adjuétgd; and thirdly,
| much less radiant heat from the'fire géfs into the room, and someWhat
more will:be given off by therchimney wélls. ‘ThuS,‘there are opﬁosing
effects with'respeqt”td ovérall,nét efficiéﬁcy with the use Qf’glass

doors on a standard masonry fireplace;



34

Table 3.2 Fireplace Proportions in Relation to Room Volume

Source: Der Offene Kamin, Julius Hbffman Verlag

-
v o §
-J )
L
45°-60°
i .:
]
B
A .

.

Bild 7
Room o Fifeplace opening ﬁepth - Backwall Width - Width- - Flue Front hearth
Floor - Volume  width height area of width vertical of _of - depth width area  width lengt .
space o hearth part Neck Throat . :
sq. ft. cb. ft. Jine o dne sqoin. in. in. in. in. in. in. in.  sq.in. in. in.
A B c D E P G H ] K L
170—240 1400—2100 24 20 480 18 14 10 8 4, 8 8 64 40 20
26 22 572 14 16 10 8 45, 8 8 64 4l 20
240—320 2100—3200 28 © 23 644 14 17 10 8 2/, 8 8 64 43 2
, 30 24 720 15 19 10 8 4/, 8 8 64 45 20
, 81 25 75 15 2l 11 8 £, 8 10, 82 = 47 20
320—430 3200—4200 33 26 858 15 23 1 8 £/, 8  10Y, 82 49 20
35 27 - 945 16 24 [T 8- 4y 8 10Y, 82 51 20
37 28 1036 18 28 12 8 . . 4%,  10Y, 10, 105 .53 20
430540 4200—6400 39 29 1181 - 17 a7 12 -8 2, 10, 10Y, 105 55 2
T4 30 120 17 29 12 8 4%, 10Y 10V, 105 57 20
43 81 1333 18 - 30 12 . 10 4%, 10 15 - 154 59 20
540—750 6400—8800 45 82 1440 18 . 82 13- 10 6 104, 15 154 61 20
47 33 1504 18 34 13 10 8 107, 15 - 154 63 20
49 34 1666 19 35 13 10 8 107 15 154 65 20
750—970 8800—12400 51 35 1787 20 38 13 10 6  10Y, 15 154 67, 20
53 86 1908 20 a8 13 10 6 100,15 154 69 20
55 87 2035 2l 39 13 10 6 15 15 235 71 20
>9710  >12400 5 35 o166 | 22 40 13 10 6 15 15 . 225 7 20
6 15 15 235 75 20

59 39 2301 33 13 10
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Most of the héating'from an ordinary fireplace is largely due to
radiation réceived from the flames, coals, and warmed sUffaces.
Virtuélly éll'kiﬁds-of tempered glass which are practical for use in
fireﬁlace doorsvabsérb most of the fadiationkfrom tﬁe fife; The glass
itself, when warmed, re-emits somevradiafién; but the ne£~6ffect is a
large reduction in the direct heaﬁ ou;put‘of the fifeﬁlace.r'However,
the properties of enclosing the combustidn‘chambér'with giass'dbbrs
does suggest its use with wérmed-aif‘cifculating‘fireplaces which pasé‘
air around'the back'and sides of a mefal inseft‘that fits into a‘standard
fireplace opening. (See Section 3.4~2b) ’Heré the'majority of heating is
done with warm, natural convected éir or by forced‘circulationkand not‘By
vradiation as in a sténdard fireplace. |

~ Use of glass’doorS'ﬁén,cut back 6n exéess air entering>£he

fireplace withoutkdecreésing'the wood cdmbustion rate.“Thus, with
the same amount of heat being generated,kbﬁt leés aif‘diluting‘thev
combustion products, the flue gasés are Hotter. The inéreased heat
of the fluefgaSes suggests the use of heét'éxchangers pas£ the combﬁstioﬁ
chamber (See Section 3.4-2e) ‘Oﬁe such dévice, the Thriftchanger Heat
Recovery Fireplace consists'of an enclosed coﬁbuétion chamber coﬁnected
to a heat exchanger:compfised of parallel steél tﬁbeé. (Seé Figure;B.A)
When the heating‘cycle is desired, a diversion‘dahber ibcated above the
smoke Shelf is closed, éllo&ing the ;ombdstion gases to bé pulled by
chimney vacuum down through thé distribution ﬁlenumyaﬁd ihto the heat
exchange modulé giving up a pérﬁiél aﬁoqnt of heat. Once'thrcugh ﬁhe
heat exchanger, the gases continue onathrbugh to the cﬁimney. Floor air

is heated by the tubes in the'heat,exchanger to be convected to a desire&;
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outlet by a riéer_pipe.w Claiméd’efficiency for the déviée is over 60
pefcent.' : |

| The use of glass dodrskaiso hasktﬁekéddédlﬁegéfit of cloéiﬁg,down
the fireplécé at nighﬁ while stiilyventingffgmes frdm the‘réméinsl0f<
an earliér fire. Without the doorsfto}cut~off the air‘éupply, heafed
room air would escape through the cﬁimney or until a ﬁew fire was

started.

3.4~2b Combustion Chamber

The floor Qf thé combﬁstién cﬁémbéf on £hekﬁéarth within the firg
area ié USuallyibuilt df firébbrick but it:may:beiother tjﬁes of hard
- brick, concréte, stone; tile'or othér noﬁcbmbustible, heatfresistanﬁl
materials. The outer heérth is built of the same typé of materials
and extends a minimum of eight iﬁchés on each side of the fireplace
opening and‘siXtéen inchésViﬁ front. | ‘

Some consideratidn can ‘be made as tb'iowgring the hearth below
floor level. A twelve inch sunken fireplace puts the heat radiation
at floor level Where it is most needed. It élSO creates a‘possible
seating arrangement and lessené the &anger of fiying sparks.

| The‘depth of the combustion‘chamber is dependent'oﬁ two'factors.
One,‘the depth should be such to maximize radiant energy and, secondly,
there should be adeqqate spacé‘for coﬁbustiOn tO'occur.> Theré are
basically twé origins for-radiant energy comingiéut Bf ayfireplabei
ﬁrimarily, radiation coming‘directly from.the;coals and flames 6f,the'
fire into the rdém, and sécéndary‘radiainn which is reflegted‘or

emitted from the fireplace walls. Direct radiation is maximum from
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fireplaces which are especialiy,shallow,'tali and Widé since less
radiation is intercepted by the’fireplacé walls. Accdfding to tﬁe
aforementibnéd; the depth of thé cqmbustién'chamﬁer mﬁst ndt exééed
one-half to two?thirds the height of the fireplace opening.

Sééondary radiétién bf that radiationfﬁhich'ié :eflected'qr
emitted from the combuétion chémberlwalié can be maximized by doing
;WO’thingé. First, the back wall ofvﬁhe combusfion'éhémber sh;uld be
veriical wp to a‘point one-third bf thé’height of tﬁe‘fireplace opening
and slope forwérd 4 to 8 inches; the sides should‘n0t be perbéndiculaf
to the back, butiangled:outward to defleét the radiant heat forwafd*
into the toom. Secondly, the:temperature of all the,suffacés will be
higher if insulating fire brick is used in'the.cénStruction of the
combustion chamber. This mékes the éurfécés hot;er by_deéreasingrthe
heat conduction into thé‘structure of‘the’fireplace.ka

The proportions of the inside combustion chambervaie.importgnt’in
providing'adequate space for combustion éaées.td burn completely;k
Deep chamﬂers produce more smokekthan shaliow ones,since‘there is inadef
quate air for combustion in the rear of thé chamber.

A properly designed grate is impprtant if complete cdmbustibn‘ié
to occur. A grate is far superior to a fire éimply bedded on the fldor
bf the combustibn éhamber. A gfétekis used to raise the firebed a few
inches above the hearth. This alldws for thé passége—of air through and
’over the fuel bed providing an intimatevmixture of thg combusﬁible géses
| and_air. The grate should bé sized sd that wood charcoal‘Whichkarms‘
during combustion attains sufficient de@th to cover the gfate. 

There are a few specially manufactured gratesywhich provide a
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Vplatform for the combustibles alqngbwith acting as~heét eXtractors.

One ''C-shaped'" grate made of hollow pipes is'ﬁsed to’circulété room
air by natural cbnvectibn. " (See Figﬁre 3;5) The héétaofkthe hot éoals
on the base in combiﬁatianwith,the flames coming into contact with the
uppér portioné of the pipé cauée‘the gir'inside’eaéh pipe to expand and
’to flow out into’the room. Another grate,kinclined in‘désign, alloﬁs
for ashes to build.ub on the floor»of’thévcombustion éhambéryso>£ﬁatr
heat caﬁ-fadiate into the room.

The moSf effective, as well as most expensive, fireplacg accessory
is a heat circﬁlating, metal cbmbuétion éhémbér inSert. (See~Figuref
,3}6) 1A metalrheat chaﬁber wilivemit quahti;iééiof éonduCti&e ﬁeét that

~would otherwise be lost thrdﬁgh absbrption in the Surrounding‘masonry
or lost tﬁ’the aﬁmosphére'viafthe:chimnéi.

~The operation of a heat circulating;chamber is. such that air at
floor level is drawn into the unit, cohstantly'coming iﬁto con£aét with
the back énd sides of the combustion chamber. The air iS~fhenVaischarged
into the rooﬁ as warm air from a cbnvenient piace éomEWhefe above the
fireplace opening.

This natural convective air cifculation draws air from the room,
heats and circulatés it back agaiﬁ into the room. Thus, dust-laden
room éir is brdught to,the heating suffacelénd re-circulated into the
foom con;aining Still more dust prodﬁced by carbonizati¢n.  Consequently,
a fresh-éir intake which'dfawé in air from the outside is much more
advantageous. The fresh air is chaﬁneled to the metal heatAchamber
throﬁgh ducts which can be closed off. Uﬁon heaﬁing, the air is

discharged into the room in the same way and in the same place as other
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re—circulated‘air.

When a metal.fireplaCe'liner is employed, bricks or masonry are
no longer used in the construction of the combustion chamber. Therefore,
the fireplace is no longer éapable of tﬁe heat—retaining probertiés
-prdvided by the thérmal‘mass of the bricks. in'spite of this absence,
open fireplaces with the qapability'of'warm—air heating feature a
higher degree ofvtherﬁal’efficiency‘thanbordinafy fireplaceé. In Great
Brifain é series of thorough inVestigations have been conducted by the
British Building Research Station'to ascertainkthe thermal efficiehcy of
various open fireplaces.‘ The investigations were‘carried on in thirty-
nine different homés with equal conditions and circumsténces and‘
included fireplaces of normal design as well as fireplaces with héat—
circulating inserts; In tﬁese investigations the fuélkconsumptibn was
detefmined as well as the distribution of heat in lined-in rooms. The
investigations ascertained’that fireplaces with‘heat—circulatihg inserts
consume twenty-one percent less fuel. In the ordinary firéplacé
constructed of masonry:approximately twenty-five percent of the BTIU
value of wood was all that was emitted into the room by radiation. In-
the heat-circulating fireplaces this'figure was thirty-six percent, one
third‘of which was emitted by convection. With the typical fireplace
6,000 to 7,500 cubic feet of combustion air was drawn from the room per
hour, while with heat—circulating fireplaces these figures weré only
2,100 to 2,500 cubic feet per hour.

With,ﬁhe combination of a heat—circulatiﬁgvinsert and tgmpered
glass doors, the fireplace has tﬁe potential of becoming nhearly as

energy efficient as stoves.:
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Correct air-intake~is the key to efficient firepiace combustibn.
~In an average fireplace a large volume of air is withdréwn ffom the
living space to suﬁport its‘combustion.v This'volqmegdf air is supplied
from unheated air infiltrating from natgral léaks in and‘around closed

windows and ddors, ‘A large percentage of the~S,OOO to 30,000 ft3 of

| air per hour drawn by‘the“fireplace originates froﬁ these sources.
This volume of ﬁﬁhéated'air‘can cause as much as a ddubiiﬁg éf'the
héating needs of a hduses The exacf.increase depend$ on‘how’much the
actual fireplace'draws énd how suscéptibléjthe house is £0'éir(infilf
trafion.k We caﬁ als§ go to the other extreme wﬁere fireplaces«ére
~installéd in tightly construéted;‘éffiéiently’weather—strippéd ﬁouses;
where the aﬁdunt of infiltrated air is insufficient’for supplying the
chimhe& draft; V | |
Both situations,‘that-ofvétheme airrinfiltrétioﬁ’aﬁd‘that which’
’is insufficient, can bé aileviafed byvsupplyiﬁg thé air needed'for
combﬁstion frdm’fresh air drawn from:the"oufside.' Airkcag Be.suppliéd
to the fire by duct-work located below the floor and extended to the
' ogtside. These ducts must be profected»from,inéectéiand verﬁih,by '
screens and must be'inclined towatd the inside to prevent the entrahce
of water. Fresh air is‘suppligd,to the fire thféugh air registers in
the hearth directlyvin front of tﬁe fire‘or»in the sides immediately"
abbve the hearth. (See Figure 3.7a) Iann ash dump is available, it
can also be combined with supplying cémhustion’air; (See Figurei3,7b)v
| Ihe’siZe or area of the:aif gupply'dﬁéﬁ,3hould be roughly the same
as the flﬁé. Provisions should bekmade to inclﬁde‘a damper of'an

adjustable register to enable'regulation of the air‘supply, including
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cloSing‘it off when not needed.

’Combustioﬁ efficiency eanibe iﬁcreased if the‘incoming air is
'preheated before if reaches.the firebed. The object being,kis to
. maintain a high combustion zone tempereture withodt‘dilutingiit by
edmitting cold outside air. ‘This can be eecbmﬁlished'by routing,tﬁe
vhew air euppiy duct under the firebed with the exit at tﬁe’firepiace
grate; (See Figure’3;8)

Using the efrangement ofidﬁcted Quﬁside eif elsO'has the benefit
of minimiziﬁgbceld'aifkdrafﬁé; perticularly those at floor level,

within the room.

v3 4- 2c Throat and Damper

By sloplng the back of the flreplace‘forward, the top of it is
narrowed to leave a small gap approximately 4 to 6 inches in w1dth
This is known as the throat pf'the’fireplaee;jits pﬁrpose isetb
constrain the escapiﬁg flue geses:atka speed higﬁjendughftq‘discpurager
dewndrafts (Ventﬁri;effect); 1f the chimney throet is too lerge,'theh x
some cool air that does not part1c1pate in 1gn1t10n or combustlon will
be drawn over the fire. This results in 1ncreased smoke emission.

A damper control with adjustable settings is 1nstrumental 1ﬁ
,meetlng the varylng conditions of flreplace use. A properly de81gned '
damper allows the adJustment of the throat opening in order to regulate'
the draft.‘ Thls, in turn, offers the control over the rate of combustion
to suit the type,of fire. For example, a roaring.pine:fire‘may reqnire
a full throat opening,,butAa sloﬁ—burning hardwoodklog~fire mey require

an opening of only 1 or 2 inches. Closing the damper to suit the rate
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of combustion reduces the amount of heat ldss'up"theﬂehimney.f A
properly sealed damper also allows the flue to be c0mpletely Sealed

off to prevent heat 1oss‘when the fireplace‘isenot in use.

3 4-2d Smoke Shelf and Smoke Chamber‘y

There are varylng opinions as to the- usefulness of the smoke -
'ehelf. Its 1ntended purpose;is'to prevent dbwndrafts and at.the”samer
time improve the draw1ng power of the flreplace. Iﬁs exiStaneeeiS'
‘ based on the premlse that cold air is always descendlng down the back
wall of the chlmney, when it hlts the smoke shelf, it: "bounces
forward and upward mixing Wlth the hot flue gases ‘and helpxng to
,llftethem ep the ch;mney. As an antl—downdraft deterrent, smoke pushed
fdoﬁn tﬁe chiﬁney by aigust’of wind is*éﬁppdeedﬁtd'bounee off the ehelf
" and not'ceuse'the fireﬁlaceAto~sﬁoke.;y | |

' The smoke chamber is located above the,emokeVehelf‘andethroat
damper es a sloped eOmpartmeet ecroes:the,eﬁtifeyﬁidthyef’the fireblace
opening. Due toitﬁeecoﬁsiderable,expaeeioh'of flﬁe gases,‘compared:to
tthe area of throat, the smeke chamber; suppoeediy'thwerting the influx
of downdrafts, provides:storage for the:rising éeeee.

It is important that the slope ef the eides of the chamber be
identical'with’the flue located in the center.’ Otherwise, the draft
‘would’have an irregular effect in theefireplaee'opeﬁing, whichkwould
‘1eed eO‘smoke ejected into the room as’Well‘askunequal flame formation
eed‘combustion. Above the ievel of the’emOke chember,‘the‘first peft
of tﬁe flue should be coﬁstructed vertieelly'fot;ateieast~tWenfy incﬁes

should sloping of the flue bernece8sary;
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3.4=~2e Chimney and Flue )

The two functions of a éhimney are to carry the by~§roducfs of
combuétion out of the hcusé and to supply the draft_necessary té supéort'
-éombustioﬁ.

In the flue there is a column of air‘wﬁichyhasbaktempérature,
usually higher ﬁhan~that,of an eqﬁally high cblumn dfxbutéidevair,
consequently, its spécific weight is lower and it . is diéplacéd by the
heavier outside resultipg in'draft; e | | . o

" The 1ift or the amount of draft is dependent on the height ofrthe’
chimney along with the temperature differential bé#&éen‘the exhaust |
gases and,thé.outsidebtemperafure, Witﬁ,equél'ﬁemperaturéS‘ﬁfeéent,
the exhaust gases éf the fireplace afé ﬁp.to‘ten pércéﬁtnheévier fhan
the outside air. With increaSing temperature the,gasés expand ahd
afe‘redubed in Wéight so that théy becomeVbuoyént. |

The average temperéﬁﬁre loésnof the'exhaUSt'gas is approximately
l to 9 degreeé fahrenheit for every three féet'of chimnéy height, so
in order to maintain Suffiéienﬁ dfaft,the‘flue must’Be insulated‘tgr
maintain a high témperature and a ﬁéar coﬁsistent’temperéture‘from'top'
tolbottom.‘ Tﬁe mésonry of Which'é éhimney‘is‘normally'construéted doés
not Serve'thiskpurpose as it is a pdor insulator. ‘Ifla masonry chimnéy'
ié used, a noncombustible insulétion should)bé instailed between the |
exterior and the flue lining. Double—wéll, factory;bqiit éhimnéys with
high temperature insulation packed between the walls (i.e., metalbestos)
are'épproximately~four times betterjas inSﬁlators thanynormalvchimheys.
Not only doyinsulated chimneys improve draft;.theyvalsofretardvthe

condensation of tar and creosote. Minimizing condensation in chimneYs
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is 1mportant fer the follow1ng reasons. The coﬁdensate is hlghly k
‘corrosive and thus‘reduces the llfe expentancy of the chlmney system.'
Crepsoteyls highly flammable and can become a potentlal fire hazard
by ﬁroviding fuel for chimmey fires.b

‘ In the case of uhinsulaeed chimneys, they should be loeated’in
the interior of the hoﬁse; thevﬁeat 1oss:is less because the
temperature differentialebetweeh the inside and outside of the4chimney
is less; also, much of the heat loss from the'ehimney‘iSja'heat gaiﬁ
for the house; which, in turn,,improvesithe heating effiCiencyeef eﬁe,
whole system. |

Another factor wﬁich influences tﬁe'amoﬁnt ef &reft is‘the amount

. of friction that the'exhaest gases’come intc‘eoﬁtact iﬁ their upward
moVement. The inside of the'flue shduld be as smooth ‘as posSiEie as
anf projecting pafts such as e mortar jeint:will have tﬁe'effect of
reducing the capacity of the flee area. Whenever possible, the sloﬁing
of the flue should be avoided as aey chenge in direétionkihcreaSeer |
friction and elso increeses the tOtal amountkof‘surface area that the
exﬁaust gases come into contact With; thereby reducing theirjtemperatﬁre.
If a slepe cannot-be avoided, it should never be more than thitty
degrees off of the vertical. |

| Aside from the height of the flue, the form of its cross sectioe,k
round, square, rectangle, plays an important role in draft eff1c1ency.
The cross-sectional area of the flue should be 1/10 to 1/12 the net area
of the fireplace opening. Depending on the helght of the flue~(approx1—
mately 14 times the height of the‘hearth), it wiil be’more or less.

However, the flue aree should never be 1eSs‘thaﬁ'8‘inches by 8 inches.
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The height of the flue is usually the result of the building
helght, it should extend at least 3 feet above the roof, plus any
additional footage requ1red to clear the top of the flue from any

obstructlons w1th1n an approximate radlus of 10 feet.

3.4-2f Chimney Cap

fherusezof a chimney cap is a remedy~against kétabatic winds
which’occurkin tﬁa prpximity of high buildings or other cbstructions
where the chimmney 6utlet is béiOW the ridge'df the roof, or where

the building is erected on the slope of'é'steep hill.

There arektwo tYpéé of chimney;céps:' thoSe that arrest downdraft
or backdfaft by a baffle arrangemeut (Figure 3,9a), of thoSé which
proVide“an opérable clbsute (Figure 319b).‘ The 1at;ér'opérates'és a
damper unit controlled by a chain or by a low:voltage;motor, allowing
the chimney to,be‘comule;ely closed off or td;be used in intermediéte
uositions for adjustable draft. Thié'is one pbssibie solution for

those fireplaces which are constructed without throat dampers.
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| Figuke 3.9a & b Chimnéy'Cap‘with Bafﬂes and Obérab]e‘ChimhIey’Cap R



CHAPTER FOUR: ,HEAT_DISTRIBUTION SYSTEMS

4.0 Introduction

Air témperature is bykfat the siﬁgiékmost’important aspect of'a__
pgréon's thermal environment. Thexe afe; howeﬁef, three othef facﬁdrs
thaf influence oneis feeling of;adequatevwaﬁmth: the air's humidity,
its motiéns; and the amount of’radiant enetgy tfévéiing'thfpugh the
s‘urroﬁnding space. | 7

Where fireplaceé and thefmal;¢omfort are concerned, we are'primarily
interested in the 1atter,tWo: - air movement and infrared’radiatibﬁ.

‘The effect'of‘infrared~radiation is partiéularly»important since
so-much of the heat output of a,fifeplaée is radiaqu, Demonstrating
the influence of a fireplace on the,energy‘baléhce of a house, appears
something iike this: for every 100 unitsydf w@édvenergy put'into the
firé; 15 units enter the room as radiétion from the fireplace, 7 units
~ conduct through the chimney walls and’become useful heat if the éhimney
‘has its wall surface exposed to the living space,;and 8 units of energy
leave the house in‘the air which gdes up ﬁherchimney.

Iﬁ a spaée heated only with an open firepla;ewtheré'Will be'extremes
in thermal,comert. This is largely duekto unequal amounfs of radiationi‘

coming from two directions, i.e., a person's back located away from the

'lEStimate'extrapolated from: W.S. Harris and J.R. Martin, "Heat Trans-

- mitted to IBR Research Home from theflnside'Chimnéy," Transactions of

ASHVE, 1953, pp. 97-112, Re: Jay Shelton, The Woodburners Encyclo-

pedia, Vermont Crossroads Press, 1976.
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rediant eource Willbfeel mueh ceolervthaniﬁie front; tﬁis‘is'also,
compounded by the draftsViﬁduced'By the firepiace. | |
ﬁrafts or the movement of air influences thermal epmfoft by

enhancing both condﬁctidn of heat out of the skin and evaporation,
both of which have a eoolingiéeneation for the iﬁ&ividual; For
example, at typical room temperatufes and'relafive humidities; an air
velocity of 3 feet ?errsecond makes theiéir.feei~about_40F coclérk
than’étationary air at the saﬁe aetuai tempefature.f

" Taking a pinpoint fadiationksoerce’sﬁch‘as therfireplace and
incorporating it with a distributioh'sYstem,eén greatlyeenhencevits -
comfort cbndiﬁioningbcapability by eiiminating'uneven'radiaﬁt'heat
and drefts. It also has the added benefit of increééing neﬁ energj

heating efficiency as well as redueing the need for constant refueling.

4.1 Heat Distribution Systems.— Air-

In order to desigﬁ’a fireplace toyﬁekineqrpbrated iﬁ’a heat
distribution system it is importaﬁt that we understand the ways iﬁ
which a fireplace influences the energy‘belance in’a house. Firsﬁ,
radiant energj from the fireplace heats the room it is in. ~Secondiy;:
a~heat in_thé hot flue‘gases may eonduct,through ;hé chimney walls'intQ‘
,tﬁe_house{ andvthirdly,'warm.house aifvis ﬁﬁlled into the fireplace
and up the cﬁimney, | | »

As reflected by the 1atter verieble, a tremendous'amount of;air‘is:'-
infiltrated into theyhouse,‘inereasiﬁg the actual heatfload; (Seev"
Section 3.4—1) Use df glass doors can cut'back on this;eXCess air

entering the fireplace without decreasing the wood combustion rate.
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For example; in a particulér situétion in whigh the outdoorvair
‘temperature is SOOF and the room temperatufé ié 7OOF’and the use of
glass doors reduces the air flow from‘l,500'to 500 pounds perkhbur
(approximation), the savings realized in heat wbuld be 9,600 BTkaer‘

hour.2

By reducing the infiltration héat load by fheiuée of giass,doors,
the firstkcomponent or the amount éf infrared radiation emittedkinto
the room is greatly decreased. As stated previously, most of the
heating fréﬁ an ordinary fireplace is due to radiation received from
the flamés, coa1s and’warmed~surfaceé’iﬁsidévthé~fireplaée" Viftually.
all kiﬁds of‘giass which afé»Suiﬁabie for use in firéplaée doors
absorb a>largé percentage of thé radiétidﬁ frqm the fire.v Tﬁe giéés
itself, when warmed, re-emits somerradiation, bﬁf the net effectAis a
large redﬁctioniin the direct heat output; hé&ever, the reductioﬁ'of
net radiation emitted provides combﬁétion chaﬁber tempefatures which
ére much hétter théﬁ ﬁorﬁal. In ordér.fo take full advantage of these
high combustion temperatures and therefore ﬁhe use of;glaSS doors,
thére is a need to extract this heat. | |

There are several ways in whichvthisvcan be done. One is to
introduce a fluid (Section 4.1, Air and‘Séétion 4;2; Water) into a
douBle wall construétion‘locatéd in the firéplaceis combustion chamber.
This fluid can circulafe under ﬁatuf51 convecti0n or can be assisted by

a blowerbof pump to transport heat into the imﬁediaté space or deliver

it to some remote area.

2 24 %‘-’- X 1000 1b X (70° - 30°F) = 9,600 BTU/hr.
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The most common heat circulating fifepiaée design in use is the
"Héatilator." (See'Sectipn‘3.4?2b énd Figure 3.6) The operation of
this device is such thaﬁ aif at floor level is drawn into the unit
constantly coming into contact with the back and éides of the combustion
Mchamber. Thé air is thén discharged intokthé room as warm air from a
_pOnvenient place located above the firéplaCe §péning.

Figure 4.0 repfeseﬁts several‘methods-ﬁhéfeby the heat dischargéd
into the room can be circulaﬁed thrcughout:a mqltilevélyspace. Thé
hea;ed air is circulated by_natufai Canection thfoqgh‘vénté~locéted in
the'cgilingfv Return vents are located on the external wall areas so
that cold air can return baék’to thenfireplége combustion chamber..
Uﬁcomfortable floor draftsbproduced By thé returning aif are eliminated
by éhanﬁeling fhis air,under the floor by ﬁay of a duct. 'ThisnundeffIOOr
duct has the added'advant;ge‘cf providing aécess for ihcqmiﬁg.outgide
air. | |

Heat conduction from the chimney cofé cén be further inCreaSed with
the addition of élass &06rs on the firepiace. ' These doors cut back on'
exceés air entering the fireplace without decreasing the combustion rate.
As a result, there is the saﬁe qﬂantity of heat produced butAless air
diluting the combustion QroduCts, so,‘inAturn,~the flue gases are hotter.
With ﬁofter flue gases, the ﬁasonry arqhnd the fireplace cofe; as well
as the entire chimney, are hotter. Consequen;ly,‘more heat will enter
the house by'conduction through the fireplace and chimney‘wélls. . The
increased heatftraﬁsfer'frém an -exposed interiorVﬁasoﬁry chimney is
significgnt, somewhere in the order of 50 percent or mofe, than chimney'

heat contribution without glass doors. The addition ofra-closeablé'



warm air return intake

filter - dehdmidifier

woodburn‘ing

range

small

tresh - dir intake
‘as required

warm air return duct

collects air which
rises to the top of the
building

hot water ténk

) \ warm bedspaces and

/'clothes ~airing closets -

fan to draw air .

down from top of building

N
N

=<

within masonary “core”

louvres for o
“heating upper levels

warm air
- circulating
fireplace

-

‘ ‘;ficold air at ouside .
ﬁ Y7 of building

copper coil for
preheating hot water

V'“FiQUVe 4.0 Heat Distribution - Natural Convection Air Flow -

Source: Enefgy'for the Home, Garden Way Publishing.

tireplace draft from

LS



58

éhimney cap (Sectioh 2,4~2f) haévthe added advantage.of‘reduéing'heaﬁ
loss from the maéoﬁry cbre via the flue by preventing cooler outéidé
air from eﬁtering whén the fire is extingﬁished. |

To best utilize the heat tfaﬁsfer ffom tﬁe fireplaée, the chimney
shouid be éentrally located with ail suifaéesréxPosed. An opén'plan
is better suited to obtain é bélanced heat:effect than one inrwhich '
~the rooms are isolated frdm éach other. o S

A small fan~iocated at the base of ﬁﬁé chimney‘cén be ﬁéed to
v reéircﬁlate heated air that has‘collected;at*the peak of the éeiling.'-
This air, drawn’down;through the masoﬁry cpre, Wili give up a poftion
of its heat to be stored in the thermal mass of ﬁhe chimney. This heat
‘reclamatioh system not only has thekability to capture'heat from the
fireplace but it also’has the added adﬁantage‘of'capturing Qéste heat
produced by codking as well as heat prodﬁtéd”by sduth facing windéws:
Normally, heat,produééd by these solat—oriénted‘ﬁindows goes‘unﬁsed
be#aﬁée there is noxway to circulate it to’other par£s of the house
as well as to stbré it. With an aif circﬁlating syStem of this type,
souéh fécingAWindows canfﬁake a major contfibution’to thé‘total heating

demands.

4,2 Heat Distribution - Water -

Heat distribution efficiency can be_furtherfincreased b& fhe use
of water as a'heatVéxtractionkfluid becausevof itskgreater heat
‘exchanging capabilities. One form of heat circulating fireplace whiéh
V'utilizés water (Figure‘A.l) does SObe‘circuiatingrthevfluid thrqugh[a

double wall construction liner or water circulating grate.  The water
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can then be transﬁorted’té an already éxiéting diStribﬁfi&n sysﬁem
whether forced air or radiant. |

| If a wéter circulating grafeAis used, it caﬁkalso‘bé used in
conjunction withAan:air circulating insert discusged previously.

A.water circulatiﬁg inserﬁvcouples readiiy withkexisting centrél
heating systéms, in particular, forced - hot - water sYstemsv(Figure
4.2). The fireplacé Héat éxchanger is mérelybaﬁ“auxiiiary loop tapped
inté the return line from therbaseboard‘coﬁvéctors using the alréad&
existiﬁg furnace circulator pump‘to transport the water. Tﬁé only
mddificatioﬁs thét ére requiréd invol?e connecting the heat exchénger
inlet to the existing hot water system returh‘linefandAfrom ﬁhe outlet
Sideyof the exchanger to the cirqqlatof:pump; Tﬁese cbpnections‘aréi'
made with pipe tees énd'gate valVes'so thét thé'ofiginél rétufn iine is
1eft intact. VThe advantage of thé s&stem‘is that the c6nventiona1 o
oil-burner operation is[in no way_affectéd and ¢0ntinues fb functién
normally Whenever needed.. The household the;mdétat is'seg to the desired
teméérature. If thé fireplace heatér_féils'to delivef sufficient’héat
to keep the space at the pre—seﬁ‘level the oil Bufner automatically gives
added heat as long as neceésary,v

VThé only other modification to the already existing system requires
putting the circulatorfﬁump on a ééparate circuitvsb that the pump will
operate‘with the noﬁmai'burner off. This’cén be done simply by .’
installing a b&—paés switch so that when flippéd'the pump runs continu-
ously to‘circulate Wéter from the fifeplace coil through the house
whether the oil burner is activated or not. With fhe‘switCh“in the~V

other position the pump resumes its original operation.
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An alterhative to this méﬁual Switching would be toylocateva
'témperature sensor iﬁ the fireplace cémbﬁétion‘chambetrthat wquld
control a switching relay thaf in turn contréls,ﬁhé éirtulaﬁingkpump.

In a closed system of this typeuit éénnot‘be 6verstresséd’téy
include a pressure reiiévaalvé (éround 125 p;s.i;). ’Tﬁis Valve will
release excess presSure éhouid unusual1§'high teﬁperatures exist,

'~ such as in a stagnant or no flow rate situatibn.

- Incorporéting a water(circulating heat exchanger into an alfeédy
existing forced air éysﬁém is somewhat more complex (Figure 4;3).
The fireplacg circulator is coﬁnected to.a‘béat excﬁaﬁger located in
the system's cold air return duct; Water isiéirculatedvthrough the
system by a separate pﬁmp connected to an éxpénsiﬁn tank and pressufe'
reiief vaiﬁe. Becauée thekheating loop is a’élbéed’sysfem, anﬂ
expansion tank must be provided to compeﬁsate forgthekéxpaﬁsion of 
‘ the ﬁaterf Tﬁe tank is‘partially fiiied with'air'which éompressés when‘
the heated‘water:expands. The need for this tank as well as'thekéeparate
circuléting pump is eliminated from the previous'exémple beéausé these
components are an integral‘part of the éfiginal system. Control logic
is the same as with the‘hydrénic systém, with the exception of the  '
édded pump which is wired in parallel with the*furnace blower.

Figure 4.4 shows a fireplace heat exchaﬁger,coupled,with a storage
tank. This system provides flexibility of OPératioQ~by storing heat in
the tank to be later released'when‘a démand exists. Heét does not need
to be reiéased immediately as with the preVioué éyStems discussed.

'This system hasbthe.added advantage’bf oﬁérating under no ﬁreésure

'so there is no way for steam to buil&‘ﬁp to dangerous levels. The
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- storage tahk;‘since-it‘is;Vénted, eliminateévthekneed for both a

pressure‘relief va1ve and expanéion tank; howevér, since this is:én
open system, pr§visions mﬁét‘be maderté pfovide automatiébwater'make-
up.’  |

The syétem‘opératibn isfas folloﬁs:~ whén é fire'is builtiin the

 com5ustion‘chamber; éensor B aétivates éuﬁb'K ﬁhich cirqulaﬁes,water
through the fireplace heat ekéhéngér énd éo ﬁhe storagevfank H, Tﬁisk
operation continues until thé fire is no longer délivefing any useful
heat; at this point pump K'ceases~its 6feration.v when room ﬁhefmostat
c indiéates a héating demahd; pump I ciréﬁlates water thfdugh a heét
exchanger (18" X 18" X 2") locatéd in°the cold air return dﬁct; at the '
same time the foféed air fan blower J is operating. If>the‘tank‘
temperature (sensed by F) is below thatVQf the émBient fooﬁ témperature'
(sensed by C), pump K is left‘inoperablevwith blbwer J acting as itv
normally wéuld witﬁ the‘céhﬁentional‘system.f |
;Thé controlilogic‘is muéh more involvéd'than the previous ekamples
and requires a differential thermostat:D to integrate senéors B, C and
F and to make deciSions based on the‘syétemfs operatiﬁg pafameteré.

The performance involved with the various systems’range,from
additional heat output$ of 16,000 BTU'S per hour to S0,000‘BTU'S'per
hour.3\ These variations in heat output are‘largelY~due to différenceé
in heat excﬁange surface area as well as circulating fiow ratesQ

By modifying a’standard fireplace (fated af 10-30 ?erceﬁt’steady

state performance)'to include an enclosed firéplace chamber with an

3Based on manufacturers data: A Glow Heat-X-Changer, Inc./Heat-X-

Changer, 16,000 BTU; Shenandoah Mfg. Co./Firegrate FG-7, 50,000 BTU.
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apparatus for extracting heat by circulating water, the system's
performance is increased to 65 — 80 perceh; or by factors greater

than 3.4

Price ranges for the fireplacé ﬁddifications start at $125.00,
for‘owner fabriéated and installed water gratévheat'exchénge:syStems
to $700.00ffor the fireplace heat exchénger/sthage‘tank systems.
Cost effectiveness clearly rests with the owner fabricé:ed‘unitviﬁ

that there is a greater BTU Output-per~doliar invested.

4.3 Fireplace As an Auxiliary to a Solaf'Systém‘,

Coﬁventional auxiliary systeﬁs are deéigﬁed~to meet the heéting
demands of a space when the solarysystem can no longer deliver the
required heat. This sitUation usuall§ occurs after thévsystem‘has
experiencedllong periods of cloudy ahd overcast’dAystr»ungsually
extreme temperature variations. 'Moreévef, canehtional auxiliafy
systems (gas, elécﬁric, 0il) act ihdependently of the solar system
in such a way thét when the storage system can no longer supply‘the
heating needs, it,is'isolated and replaced byvthe auxiliarj system.
This relationshiﬁ ﬁecessitates the auxiliary ﬁo be'fully—sized to be
capable of meeting‘the £0tal héating;demands of thequilding so that at
any point in time there are two systems fully-sized to heat avparticular_
space. Fufthermére, dépeﬁding upon the rélationsﬁips 6fbthe sige Qf thé
collector, the Stbrage §olume and‘£he,thermal charactefistics of thé |
building, fhe auxiliary system only operateé 25 perceﬁt tok40 percent

of the time.

4Putnam,‘J.P., oE.cit;
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It becomes increasingly apparent that there is'a'need forfa low-cost
back up system that can be e3511y coupled w1th solar systems. :
Fireplaces modified for heat extraction are particularly attractlve
as an}auxiliafy source‘to,a solar system:forothe following 1isted
reasons:
- They are lower:in cost’than)oonveoﬁional éystems.
- Moreover, the wood foel»éource.can be obtained at lower costs
than conventional fuols.A (See'Seotion12.6) | |
- Because of wood'svﬁidé range of availability, it can bchlassified
as a decentralist fuel; thefefore,hif cannot be controlled‘by
large interests. Tﬁis ofovideo a fuel soorco that has o‘stable
prioé base and low escalatioo rate.
~ The wood fuel draws from a féneWéble reéouroé,base, thus’putting
a minimum strain on finiﬁe fossii fuél resources.
- The envzronmental 1mpact from Woodburnlng dev1ces is much lower
thankother fuels. (See Sectlon 2.4)
- Because of the’inherent simplicity of woodburningodEVicés, they,o
are éxtremely reliable and easy to maiotain. ' |
- WOOdburning deoices can operate at differont levelé of energy
demand,’therefore"providing o tremendous aﬁounf of flexibility
in the sizing of the solar chpooenfsv(iLgL, the ovérallycollector
area can be reduced by the aﬁooof of débendeocy onvthe woon
burningvdevice andkuser participafion.
With the aforementioned reasons supported b? the environmental
impact statements in Section One, it is fair torsoy that woodﬁurning

devices provide methods which are more cost-effective and environmentally



éound fhan what is présently béiﬁg used éS'auiiiiar§ systems.
As yet, the iargest pdtentiél bf:wébdburning déﬁiéés as an

auxiliary to a solar system hésvnot been discussed...that being;

when combined with heét‘stdrage, the nééd'to:consténtiy fuel énd reguiate
’the output is eliminated. ~ Instead, the heat given off'by the device,
rather than being circulated all at oﬁce‘is then stored untilbcalled

for to heat the building. | | |

’Figure 4.5 shows a simplified pipihg diagram of a~wa£er circulating

grate combined with'a solar storagé system. The dﬁerétion as'well;as

the gontrol logic is very similarvto.thekexample‘of the bpen stofége
éystem,(Figure 4.4). .The stéfagé'tankvis the central-organizing élement
for the entire system.: Water is ciréulated from tﬁe tank to the solar
collectors B by puﬁp‘E. In this paftiéﬁlat éonfiguration thé panels
' require no inhibitor orféﬁtifréeze beéause the sfstem is desigﬁed to
automatically dfain down'when~the/ﬁempgrature‘approaches freezing. The
fireplace grate C supplies;heat to the étoragé tank through water ﬁo a
water heat exchanger H. Tbevother,éide Offthe heat excﬁanger is connected
to the already existing electric furnace or forced air systeﬁ. EInvthis
type of installation we are also providing a form 6f_background heat ﬁé
ﬁhe space by radiant héatingrpaneis.b,ﬁot watér frém the storagé ténk ié
| circulated by pump F thfough pipes concealéd in the floor. ’Héat,is

‘ ;ransmitted through the pipes to the floor and then to the room by
radiation and convectiqn. With thé radiantApahels we are'able to Qtilizer
low water temperature in the storage tank thatrcou1d ﬁét normally be used |
in a conventional forced air system., Uée of low wétef temperature with

forced air provides a feeling COmparable to that of a draft,r
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- Figure 4.5,'F1rep1aCe Heat Extractor Combined with a Solar System
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The;éuccess~bf this arrangement 1iés ﬁith the'split-System
’configuration in which the distribution systemkié matched to the
temperature range 6fieach heat¥producing éomponent; Since the
temperature produced by the fireplace héat‘éxchanger is instaﬁtaneous
and at a higher level éompared to that broduced'by the solar system,
it is directly connected to the forced air’éystem.throﬁgh a water to
water or water to aif heat exchanger. vAfterkthe'watef has.passed‘ |
thrdugh'the heat exéhanger aﬁd~givén up~aylarge’portion of ifs heat,
it enters the sﬁorage tank at épprcximatély the same temperatufe as
the heated Water from the solar collector.k~If.wéter entered thé’tank
in excess ofvthose‘tempefatures producéd by theksolar éolleétor; the .
net effect would bé~a reduction in collection éfficiency; Colléctdr
pérformancé is a direct cdﬁponent of’thé'temﬁerature'differential
between inlet and outlet water temperature. The further apart these two
are, the greater the coilection efficiency; by the samé tokeﬁ, thev
closer the differéntial, less cdllection efficiency is realized; If
excess temperatures in comparison to those prﬁduced by the éolar system
were introduced into the storagé tank, the OVQrallveffect would bg to
raise the temperaturé level. This, in tﬁ£n,kwould increasé the
température of the cOllegtor iniet‘water 10Wering solar collection
efficiency. | |

The use of = floor slab for a radiant heat exchanger notﬁoﬁly'has‘
the benefit of low temperature utiliZationjbut also has the advantages
of increasing the overall storage éapacity, which in turn reducés the
size of the water storégé tank negded és well as reducing the capacity

of the forced air system.
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The combination radiant‘floor slab with a f§rced air systemrprovides,
a comfortablé as well‘aé thermally efficient systeﬁ.

Figure 4.6 shows yét another combinedkfifeplace/solar’sﬁstem
coﬁfiguration. This particular system was installed in‘the”residence
of Michael L. Conneil lbgéted near Big Island, Virginia deSigned by'
Gregory ahd Aséocidtés of Roanoke; éngiﬁeeiédAby Oweﬁ Engineefing of
Lynchburg, Vifginiawand contractéd by Solar Structures of Lynchbufg,

- The 2,600 squaré foot hbuéé has akcalcdlated heatﬁiosé éfv45,000
BTU/hr. The Sduth facing’coliectors (336‘sq.ft.) are roqf mouﬁtedfand
inclined at 53°. The collectdrs used aré Suﬁworks liquid coliéctors
which consist'of'copper'tgbiﬁgVSOftksoldered"to aycopper‘absorber’plafe
which is coated with a selective blaék*sﬁrfaée.s “A siﬁgle‘piece of'3/i6"‘
temperedrglass covers the coilector.'”Total cosf fbr the collectors was
$3,040 or $9.05 per équare fooﬁ. |

| Iﬁ addition to the solar collgctor is a fifeplace‘heat egéhangér
which consists of a water circulétingugfate cbnstruéﬁed of 1/2" diameter,
schedule 80, wrought iron pipes witﬁ a‘l" dié@éter supply and return 
manifold. Even though thé grate is tested to Withétand'pressures in
excessyof 500 p.s.i., a 125 p;s.i. pressurevrelief valve was iﬁstalled
for protection against‘Superheaféd water. Water from the fireplace heat
exchanger is tranéported to the storage By a 1/6vhp. waterfcirculatiﬁg
7 pump. The estimated heat;fecovery éaﬁébiiity of the firéplaée heat
exchanger is 22,000 BTU~perrhour which is édequate to provide space

heating needs of the house during moderate weather.

5Sunwofk’s, Division of Euthone, Inc., B6x lOO4, New Haven, Conn.'06508.k_

Manufactured by Solar Structures Inc,,vLynchburg; Virginia.



Vacuum :
e Solar Collectors

Bregker
Blow Oft Valve
‘Tt .- -
Fireplace Heat Exchan‘ger—‘.
Pump
-l—Gr l - —
—cr ‘ - 3 Duct o | r :
’ l ) L e ’ng“q . . & Al ROYGT T
‘ T — ‘ , . | Nesting Coil -
1 To Electric Hot Water Heater . " . :
e e o el =3 g:;tb '
s : D Solenoid Valve
H Weli Water :
£
©
Iy |
» insulation .
© ToLeke

~Figure 4.6 Combined Wood and Solar System Piping Diagram . (Connell Residence)

cL



73

The 2;000 géllon precast coﬁéretekstorage tank is ldcafed below
gréde outside the foundationkwéll. bThe’tank,ba réinforéed'septic tank
With weldéd steel wire mesh, is ihéuiated on the interibr withV
polyurethane foam (4" in the top half,AZ“ in the bottcm half). The
internal apﬁlication of the ufethéne eliminates damage to the insulation
during transportation of the tank to the site and also isolates thé"
éoncrete from thermal stresses. ‘The ufethane is sealed with 25 ﬁil
Butyl rubber. Heat loss calchlafiohs shéw ﬁhat’with én initial 180°F
water temperature and a 35 cbnstént groﬁnd temperature, there will be
a 3° heat loss in the first 24 hours.

Domestlc hot water is prov1ded by placing a 42 gallon glass 11ned
ﬁreheater tank in the main storage tank. This tank is then Qonnected
to a standard hot water heater; VWith thiS'conbinatiOn; 70 percent of
the‘doﬁestic hot watér needs willfbé provided by solar.

Hot ﬁater from the‘storagé tank'isrpﬁmped through a heat exchange:
coil located in the retﬁrn'side of the‘duct System; This method‘shoﬁld
provide sufficient heat for the houserduring most moderate weather
conditioné or approximately,65 to 70’percen; of the time. When the
solar stofage tank temperature dréps below 1000F and Heating can no
longer be supplied, a York-4 ton Wafer-toeair heat pump is useﬂ to
supply the space heating requiremenfs, vThe_heat pump can then use the
remaining temperature in the storage tank to_éssist its qperation. When !
the tank temperature drops below 55°F the heat pump switéhesyqver to
well water to augment itskoperation.; ~ . |

The control system for the mechanical equlpment ﬁackage 1nvolves a

differentlal thermostat manufactured by Deco~Labs. " In its normal
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operation the unit sensés thé collector platé tempeiatureVés well as
the water storage téhk temperafure. ﬁhen these two temperatures diffef,
by as much as lOOF, the collector circulating pUmp‘is cut on.k‘The
system.continues to‘operate until the differentiél Between thé collector:
plate and the storage temperature iSVSOF‘énd'then’cﬁts 0ff. |
A computer analysié (F;CHART;~see Appendix B)ywas perqumed on thek
Connell resi&ence to detefmiﬁe what pérceﬁtagéythe:336 sq. ft; of solar
kcollector supplied to‘fhe tétalyheating demand. |
With a:5,668 degrée—day per year the 2,600 sq; ft. house reéuires
111 million BTUs to meet the tétal;heat demand. This includes;spéée
'heatingAas well as thé hot‘wéter‘heating load.‘ A¢cording'to the program,
the specified collector.area'supplies 4§,9’pér¢ant of the Hééting demand
leaving a deficiﬁJof;SS MBTU~to be supplied by the aﬁxiliaff. If we
wére to sﬁpply‘thé heatiﬁg deficit,by with'wood; it would be'équivalent
to 1) cords of hickory at 30.8 MBTU per cord (ZQ ?éfdent moisturé content)
or $193 in fuel cosfs assuming'delivered wood costs $70 pef cord.,rThié |
is alsoyassﬁmihg'a fﬁel con§ersion efficiency of‘65 ﬁercént. If the
same quantity of heat were fo be supplied;by an unmddifiedkfireplace
with a steady state conversion efficiency of 20 perceﬁt, the amount of
*wood needed would be equivalent t0k9'cofds br 277 million BTUs cr‘$625.
The increased wood consumption and incfeaSed fuel cost is due fo_»
inefficient combustion in a standard firepiace. The difference‘in
:operating;fuel costs of $432 makes a strong case for modifying a
 fireplace to,incfgase its heat-producing Capabiliﬁies.~
If the héat pump were to supply the same equivalenf of auxiliary

fuel, it would amount to $382 per year. This is assuming an évérage
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coefficient of pérformance of‘twé and eiectﬁic fuéi costs at $;045/kwh.
The solar energy system is supplying energy . equivalent to $770 of

electficity or $194 of wood (modified fireplace) per yéar. It becomes

increasingly apparént,that the economic justifi;atign of s0iar is much

easier when'electricity~is’the comparisoﬁ fuelArather than wood;

| The aforementioned figureéfare re?resehtative,fuel costs; and
they neither’refléct’the change due to 1o¢al’fuel rates, nor do they
reflect.fuelyeséalatioﬁ rates. Theée varyiﬁg rélatioﬁships can best'

be determined with the aid of Appendix A.



CHAPTER FIVE: CONCLUSION

Energy usé in the‘70 millién hoﬁeg in América,is:substantial,
takiﬁg about one-fifth of the national total for all souréeé of energy
and about one;third of all électricitykgenerated. Forty—twgrpercent of
this.total evolvesffromvspace hgaﬁing &hich is the singlé 1argest
enefgy conéumptive proééss iﬁ tﬂe house. |

An ‘e‘stimated 50 percent of ‘the;él‘réady: eﬁciéting 70 milli‘cﬁ l;omes
haVéksomeiform of wood coﬁversiqn device. ﬂoreover, this'dévicé takés

’éhé fotm of a fireplace.‘ The fireplace, as itvstands, is tefribiy
inefficienf at fuel'conversiqn,, Estimated het’operating efficiencies
range from -5 to 10 percent. In ordér for the fireplaceAﬁo ﬁake a
“useful contribuﬁioﬁ‘to space heating, simple”modifiCatioﬁs have to be
made. These'modifications,inclgde:: reduéing the,amount‘of'aif the
fireplace infiltrates, improviﬁg its‘coﬁbustiqn efficiency, éndrmaxi—
ﬁiéing the amount of éXtracted ﬁeat. | |

‘ Once‘these modificéfiqns have 5éen perforiéd”andkthe o?erating;
efficienciés attained, they will eQual,’if‘ngﬁ exceed, thoée ofkeﬁisting
fuél COnversion devices (excluding eiectrid heat) ..

In practlce, supplementlng a conventional heatlngvsystem w1th wood
can result in a lower usage of total heat, and because fireplace heat
extraction devices retrofit readily wlth'these conventlonal systems,
they offer the homeowner aﬁ economic alterna;iVe to increasing'fuel
costs. |

For those conéidering the'inStallatibn‘of a solar;systeﬁ,-é ﬁodifiéd

fireplace with heat extraction capabilities combined with solar storage
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can provide an auxiliary fuel source that allows a considerable amount
of flexibility in the sizing Qf the components. Tﬁe bercehtage of the
heat load that the wood auxiliary provides detefmines the:sizé of the
éolar cdllection system, and tﬁis, in turn, Beéomeé a pipductkof
convenience and the aﬁéunt of depeﬁdeﬁcyfon tﬁé woodburniﬁg deviée.

ﬁoéd,vas a fuei soﬂrée,'offers'sdme outs#anding advantages compared
' io other sources of energy. First and fOrempét are their réﬁewability.
Secondly,‘wood energy is é fofm of solar enérgy'collection and‘étorage’
that is protected from“énergy dégradation due té’the'piant's naturél
protective méchanisms, Thirdly, the air poliution aSpects of &ood
‘combustioﬁ is virtualiy superior’to all fossiL fuels. fourthly,:the'
~_use of wood as a fuel will not interfere with'ﬁhe'carﬁon dipxidelbalance
of the éarth. Fifthly, there is présent1y~an~abundance,of wood -in the
United~States particularly_suited for wood ﬁombustionf The careful use
and extfaction of fhis wood can actualiy,imprOVe forest ecology. ‘Andk
finally, wood can prove’to be,a morereconomicvfuel élternative depeﬁding_
on conversion efficiency»as‘well as cqmparative fuél costs.

Woodburning devices are not the sole answer to total enefgy
reduction. Combined With conservgtion efforts and a more sensitive

approach to energy use, however, reduced consumption can occur.



APPENDIX A: ECONOMICS® .

This section is included to assist in determining what the net
annual savings in fuel costs will amount to if Qood is used as a fuel
source.’

FigufevA—l summarizes the fﬁelfcost comparison of wbod‘to dil,
natural gés; eléctricity; and1liquified petrpieum>(LP) gas.A The
solid line‘iﬁ each graph repfesenté therbreék+even fuelﬁpriceé’in the’
‘average cése of:akmédifiéd fireplaCe (0r~wood'sto§e)'with an effi¢iency
of 50 percent, é furnace or bdiier efficiency of 65 percent (or 100
‘percent for electric heat) and wood with a 22;5 million BTU per,éord
 heat valué. Uﬁder theée assumpﬁioﬁé, ﬁood heatkiskléss expensiveb(in,
terms of fuel costs) if the point on the graph cérresponding to the
actual prevéiling'fuel prices falls to the 1éft‘df.thg solid line.‘

The solid line corresponds té the Caée‘df average wood; and average
~efficiencies for the stové and for'the’furnacef In practicé,;mcst‘ |
people's situatiqns are not aVerage in all three 6fkthesé'respects.

The dashed lines represent the:break—even fuélvp;ices'for a variety

of othefrcoﬁdi;iqns. Torestimate which line:is appropriate‘for a
particular Case, assess whether each of the,threéférificai gharaqteristi¢s
is high, average, ow 1ow; assign the,abpropriate number to each; and

total the numbers.

;Shelton, J.W. The Woodburners Encyclopedia,'Vérmont Crossroads Press,

1976, p. 88.
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Source: The woodbukners Encyclopedia, Vermont‘Crossroadstressg
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Fireplace net efficiency ‘ high - 65% +1
o - average  50% v 0
low 40% -1

Wood energy;cohtent per cord high 30 MBTU = +1.
- B ‘average 22,5 MBTU 0
low 17 MBTU -1

Conventional heating syétem high - 8572 =1
net efficiency (use 0 for average 657 0
electric heat) 7 low 50% 41

For example, if the firepiacé is unmo&ifiéd and has a‘lqw_energy
' effiéienéy, the corréspoﬁding'number forbthié,éategofy is -1. Ifithe
availabié wood has é highienefgybcohtent (sﬁch as hickory ot‘oak); +1
is thefsqoré,fdr this éategorj. If the conventional heating sysﬁem is
old or poor1§~maintain¢d,‘the number fof‘thié category would bé +1.
The sum of these three numbers would be +1. Wood iS‘thevmore economic
fuél in this casé if the point on_thé graph corresponds to the acﬁualy
prices of the compariéonvfuel and wood’falls to the left éf the dashed
+1 line. | | |

in order‘for a wood system’to’be écgnomical oVerall, the annual
saviﬁgs in fuel costs must be enough tokéay for ;he sys;em's’initiai
cost. This typically fequires the annﬁal'fuei~cost savingsvté be‘aboﬁt
10 percent of thé inifial inﬁestment. If the price Qf wood is very

near the break-even price, the savings will never be large.



APPENDIX B: F-CHART

The'computer program, F-CHART, was devélqped by the Solar Eﬁérgy
Laboratory, University’of Wisconsin. The pfogrém, written in standaré
FORTRAN II for‘use in’interactive mddé;‘Can be used to detefmine the’ |
annual performance and econdﬁic asseésment of a specified‘collectdr or
to find an economic Optiﬁnm collector area for a given location. The
latter case is thé mosﬁ beneficial fdr ourvburposés. When the éompﬁéer
is asked to qptimize tﬁé céllector areé in‘terms of econqmics; it
weighs several variables§jamong which is theFCbst ofkmeetiﬁg the heating
deménds with the solar system'to,meetiﬁg the'heating_demands withV |
existing fﬁels'and detefmining the correct sélar tokauxiliary relation-
ship. |

For example, if‘auxiliéry fuél costs arE‘inegpénSiﬁe;invcomparison .
to the éosf of soiaf, the collector'will‘be sized to carry‘é smaller
portion of the‘heating load or wvice vefsé;

Table B-1 shows the variaﬁle description és well as the sample data
input for each run. Rﬁn #1'sh6ws thé data inﬁut used for the Connell
residence discussed in Chapter 4. Run #2 reﬁresents thé input data
’fequired to oﬁtimizé the collectqrvarea tb the available auxiliary fuel;
wood. Finally, Run #3 is an optimization of collector area usiﬁg
electric heat as the auxiliary fuel.,

”Sample,data output showing a thermél analysis for eachlrun’as well
és what peréentage of ﬁhe total héating load the solar system is supplying

can be found in Table B-2.
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CODE

W00~ OB oo

Table B-1 Variable Description for F-CHART and Sample Data Iﬁput,for Run #1 - Run #3

VARIABLE DESCRIPTION ‘Run #1 Run #2
AIR SYSTEM?l LIQUID SYSTEM*Z Ceeeree e aned e 2
COLLECTOR AREA. v uenrevinensnoosenanoann cee.v 336
FRPRIME—TAU—ALPHA PRODUCT(NORMAL INCIDENCE) . 0.70
FRPRIME~UL PRODUCT . ¢+ vt aveesenennnnannsen cerieesies 0.83
NUMBER OF TRANSPARENT COVERS..... I 1
COLLECTOR SLOPE....vevennnnnn caniaesdne i e 53
AZIMUTH ANGLE (E.G. SOUTH=0, WEST—90) ....... T I
STORAGE CAPACITY . v vvvenrecnannennns ceireeaveesess. 49,58
EFFECTIVE BUILDING UA....vvveuenn. e i, 692
CONSTANT DAILY BLDG HEAT GENERATION.,...;. ........ 0
HOT WATER USAGE. Ceeeeea P A R 80
WATER SET TEMPERATURE....... N S 4
WATER MAIN TEMPERATURE ........... AP 1 0
CITY CALL NUMBER. .vveveinnnonnnnes Pt 68
THERMAL PRINT OUT BY MDNTH-l BY YEAR- e e 1
ECONOMIC ANALYSIS ? YES=1, NO—Z.;..;...;...,;.;... O R T
USE OPTMIZD. COLLECTOR AREA=1, SPECFD. AREAsz o2
PERIOD OF THE ECONOMIC ANALYSTIS..ivevivevennnsanes 200
COLLECTOR AREA DEPENDENT SYSTEM COSTS........e.ou. = 10
CONSTANT SOLAR COSTS . v v evvennrenens eessecnves 15000
DOWN PAYMENT( OF ORIGINAL INVESTMENT) ..... Ceviia 25"
ANNUAL INTEREST RATE ON MORTGAGE. v vl e 8.75
TERM OF MORTGAGE. ...........,,.,g.,a..;,...,,. 20
ANNUAL NOMINAL(MARKET) DISCOUNT RATE.....:u.. Ceeen 8
EXPENSES (INSUR. ,MAINT.) OF SYSTEM IN 1ST YEAR....T 0
ANNUAL _ INCREASE IN ABOVE EXPENSES...e.vveveaseus = 6 1 B
PRESENT COST OF AUXILIARY FUEL (CF)...iveveewwe... 13,88 3,30
CF RISE' LINEAR=1, /YR=2,SEQ. OF VALUES=3....:.... 2 e
IF 1, WHAT IS THE SLOPE OF CF INCREASE? . evviriees.s 0
IF 2, WHAT IS THE ANNUAL RATE OF CF RISE? ......... .

.....

Units

FT2

"BTU/H-F-F2 .

DEGREES
DEGREES

BTU/F—FT2'°;"
BTU/HR-F

BTU/DAY
GAL/DAY‘

. YEARS
$/FT2 COLL .

$
%

gL
" YEARS

R
-8
%

13.88  $/MBTU

9

8



Table B-1 Variable Destfiption for F-CHART and Sample Data Input for Run #1 - Run #3 (Continued)

CODE _ VARIABLE DESCRIPTION - " Run#1  Run #2 Run #3  Units
32  EFFECTIVE FEDERAL~STATE INCOME TAX RATE........... . 30 - %
33 TRUE PROP. TAX RATE PER § OF ORIGINAL INVEST....... .0192 ' ' %

34 INCOME PRODUCING BUILDING? YES=1l, NO=2.......... e -2 ‘ ‘ -

€8



Table B-2 Thermal Analysis Specified Collector Area
- . 336 sq. ft./electric heat auxiliary

HRXRTHERM
TIME PERC
£0
JAN  23.0 K .
FER alel . .
MAR  47.7¢ 15 .
APR 670 14 o
MAY 1600 5 e
JUN Ve 14 o3
AUG 1Y 14 .l
SEP 100,14 15 o4
Q*:f R 1 - ;:: 1*)“6' ‘,{L}
NOV 570G 13 e
DEC 32,3 12 ol
YR 49,9 1731 .6
Optimized Collector Area - Optimized Co11ector Area
- 253 sq. ft./wood heat aux111ary 1094 5q. ft./electric heat aux111ary

Kk o TrLRM&L

TIME PERC SAF

J &ULt% L

~ ‘ (M
i JAN 1%,
1 FER 15
it MAR 12
1o APR 7
1i. MAY 3.
10, JUK &
1. AUG i
il SEP 1
11 acy o 5
2 NaY 11
G DEC 17
125 YR o4

78
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Tables B-3 through B-5 show an economic summary of all three runs.
The summary or life-cycle cost benefit analysis conciudes with the
total cost of operating the solar system over a ZOfyear“spanfversus

total cost of operatioﬁ without solar.
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" Table B-5 Economic Ana1ysis/0ptfmized Collector Area, 1094 sq. ft; with Electric Heat Auxiliary
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l 1 l:" -, i
12 (e e
3. 3 * (g . N
14 . Tig N
15 . O ,
16 . 0o e
14 . e i7
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' FIREPLACE’ANALYSIS'FOR EFFICIENT FUEL CONVERSION
'AS AN AUXILIARY SYSTEM FOR SPACE HEATING
.'by’

vRoEert Paul Schubert
(ABSTRACT)

Exiéting fireﬁlaces are exfremély inefficient in fuel conversion
kand space heating capabilities. Simple modifications can be pefforméd
to improve the COmbuétion efficiency'Of fireplaées to eqﬁal; if not
exceed,rthose of existing fuel conversioﬁ devices. |

This study investigates ways in thch the'fireplace'éan be
désigned to efféctively withdraw the heating potential‘from a given
~amount of wood and distribute this heét'éfféctively'to climatize a

space. .





