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~...is paper ~.-ep::-ese!lts a iescripti.on ot part of an application 
of a s;rstems er.gi:leeri.Dg app!'oach 'to design and operati.O!l of an. 
rne::-obic digester for low •bil!Zrt t~v.re biogaa proch:l.ctiO'll. 

A systems enc.-i.Deeriilg approach. to a project requires tbe 
stages of analysis, design, i:lplementation... and operation (Bet. 1) 
system a:lalysis rela-:es to the process of problem formulation, 
project organiza-:ion and to the sett::i.IJg oi objectives and c.ri teri.a 
tor t!:le work. The systecs desi&i which !allows th:i.s stage is 
related. to d:L.-ect appil~tion of tecl:nig_ues such as !orecasti:lg, 
~oC.el:.i..::Jg, si.:.lula"';ion and optil:li~~tiou. a sys~e=s ies;.~ ~roce-
dure !c:- a :!::.,;este:- to pr:Jduce bio~ in ~ow aabimt temperature• •r. 
i;scr:.be~ ~a paper ~Y ~.z. Chitt~:llie~ ot the ri=-opical ?rod~cts 
:.~.sti tute, tJili ted il:lgdam (:aa!. 2). 

This paper er..'?nd.s ~s work on design !or low aabient temperature 
'bia~ production end also exa'!1~ nes the i::lplemen:tatiC!l and i1l:. tial 
ope:-ati.o:.: s~es for such a syste=. ~ cb.emical engi-D.eer....ng 
concepts :-eg_~ei to o~t:..:Jise ~ design are out1 ;~e~. .Par"t:..cular 
3.tte!ltian is giv"!!l to the use o! heat trans~e= ::iodels. 

iihlch or this pape= relates dL-rectly to a large experimental 
digester at the Ofiice of Rural Developr:ient in Korea and run as 
part of the Zore9.-r .K. !Jet!la?Je ?.!'oJect. The knowledge acquired 
troz:i winter operation of this d4;ester is the pra~tical. 'basis !or 
this work. 

~ desit;=. of J.igesters requires the applica~on of certain 
flow s~eeti..ng proc~dures. Po~ ~ss balances on an a:Jaerobic 
1igester a !low she~t wouJ.d be ~s below:-

W2. te:r 

C~t~le ili.gester 

St:pe~tmit 

recycle 

?eed r l ~ed 
I 

~!lue!lt .. 

I 
ll:i.gester 

I 

I 

I 
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::o?.-.::~i""ty !"~su.2..-:s of .~..;;:~s-:e:- c='e=-~~~ z:·~ a~1--essed i::. te!":JS 
'J: ~e ~la w..:.0!:3:-::..; ~c~,··~-z!: =eeC.. a.z:~ e==-:uez:~ s=ea.:: ==::J1Jer~es 
.:;~~: as -:;:-;;;;..: .s::i:..:.c.s ;~, Yok.~le solids ~ etc. ~ ~~se - are 
i~-~v=~ ~re~ =a1s b.z.l~css ~~~ed ~pen t.~s =-:cw shee~. 

?or -:..~:::-"', b.'.::.:..2-"1.::es sue!:. as i.'i.ll '::le disc:~sed in 'tis paper 
;.:i =~2.a ti::::. 'to lo-;; ";e=:;ie::.-a. -:-..;re oper~ ti a::. the ::~cw shee "t "a!l ':le 
:::-n~~cei to -t..~e f ol.lo .. :::..nc si=:~le f or.:i. 

Heat loss, 0 (loss} 

t -
:aeat i.I: Feed., H (in' - Ili.gester ~ B'-:at in unuent, li.(out) 

I 

~eat i:lput, J (input) 

~a .s!e~:- s~~e, ~e !leat :-e~ui....-ec! 7;~: -;a;-·-.;- ~ ~~es"ter 
a~ ~-:;~ jes::---e~ ~e::perat-...i=e, is ;ive~ by ~ eA"°?ression '::>elow 

(:'.=its t\.c"''s/2y~ 
Q(~?ut)=(H(ou.t)-~(~))+Q(:oss)~~~~~-(1) 

-, ...... ...,, ... ,c.,,.,.,..,-~ ~,/.;"'"'9'""·) _-e::ri_.,...'."'.<-, ~·--,,.,~·;l""I.,... o-!> •1...o ....,a'"':- - .. ·u::i. ...... --
....... -.;_- ~c;6."'" .... •-\-~"""'" .. - - _,yc::..J...~w-'-"-- - 1.o14.l- ~c:.aw i;.._r;;.-b.:' 

i.:::i ::.C.e e:::::l-.ie:::t a'ld :::ee::. s-=e.:>.:l.S, !!(out) ani H(i::). ·];::iese 1~"17-"'::.es 
c.=e cc..2.c:.Lc.~eC di=ec-:ly !'=om -:;be ::;.=.ss :loTI ~tes a.vid terrroe~a~es • 
. ~.l.sc i-: is =.ece3sa..ry 'to evaluate ::(::.ass), the hea. t loRse; :':=or:. -;he 
d~g(;S~e:::-. !=. low tei:::.:;:e:::c:.tures tb.s ::.z.y :>e a. l.a:r.;e ;ua:i~. ty a:::id 
=:.ac:!::l. of -:!'.is paper ;ti.2.: d.t" se-""1.. be t!:le applica ti:>?l of !lea t trans:::' er 
concep-:s and the necessa...-:· analysis to ev--00.: .. uate t.'"1s ;~ti ty. 

Heat °t=a::'.lSfer ocC'...rrs by the ~e p~-:Jica.l processes of conduc
tion, co:~:vection ~ rc:.ill.. ti.on. The proce::3s of conduction is cmmnonly 
~::;ie::.-ienced ~hen heat is co~ve7e& "'±.roug.~ 1~etals i.e. in the use of 
coo:.:..n.g veszels heat is transfe::Ted tt.:'oug~ the ~~s8el by conduction. 
The ac~ ~eati:::g of liquids i~ a vessel :L!lvolves t..'le p:::-oces3 of 
co~.Yec"";~o::i. I=. the case of a l.iquiC. in an unstirred pa.~ or a kettle 
t!:is is a ;i:::-ocess '.Jf oot::..o=. of the fluid !_):~ticles a...-isi"'.O f::-o:i Cj_!
:'are~ces: i.:l ie!:.si ties of "';h~ ?a=t~ o! the fll:id, bcwn as :'rte 
cc~v\: ctio::i. If the 2..i.'1,'li:i is stirred ~ process is J.ese-"'"'i. bed o:.s 
::orce.:i C'.J:.:·:ectior.. :Se.:t t:"°'c-llS:'erred. by the proce~s of r:i.~7.ion is 
co11ves'·e.:. ::.:.=ectl;" t!"..rou.;~ ~p<:?.ce L"l the :or7\l ~f ~lt:c-=r-:!.;=.e~ic :'7avez, 
:...e. ~~ec...~ ~oz:: ~~e 3'U ... '"'l -Jr =:..~a.'1t :iaa~ :=:::: a coo~~ ~2.l. 
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- --------- - --------·-
~~-- .J...j~·l:'~ \....~. <.,.,; '-i\w--• w ~,.,-~~v.:. aJ.e.\..t~ .. .1 •• : 

• • • . . . . . . . . . . • . 2 
~ ::iea t ~lm'f ac=oss -:he 

~., 

Kcals/br ':. = ~, 

~ = !le~:; t:ra.nsZe!"' ~- - . coe ... _ici.en w Kcals/nr/ :re-;.. --e2/oc 

A = a.-ea of w;j~' ;::etre Bqu&r~-

~T = ii:f:'..'e::•tmce ~ te:::ipera ture across the wall, o,, ... 
:!'l "';he case of a m;.ll of SotJ.e solid ho::ioge!leo'l!S r::a.terial ill. 

-7-..he ~eat ~fe--:- is ::i;r conduction and eqU.fj,tion 2 tal..""es the !'om.. 

..........• 3 

where k = the~~ conduc-:i.vi ty, Kca.ls/h?-/metre/0 c 
x = ~ ~c!::iess, metres. 

?o= :::03t :-ea:.. si tu.etic:::!.S ~e nal.2. tc::::.pe::-:.-wrc is not ac-t-ual:..y 
::.eas:ire~ o:it :::-a.t=.e::- :::.. t :..s ~e b:.U.:..: tenpe~~ ~! the l:i.c;,uid or 
~ ~ c:'!1-:ac~ w...:.cl: is :leas:i.red. ..,...._ !las been well es~a~lished 
'!or :ow viscosi t:.· f:.:.:.ids ~t ::...=. such ci:-c:i::::ist2:!lct::s i-;; is use!'.ll 
to co:::.sid.e::- -:he he:..-: -=-~fe::- ac=oss a ... ,,.,.; "' f:.:,;r:. of the !luid 
close t:> a:ii b co::::~ct -:;o -:he solid. ?or -:!".is thin :':.J..I:l, eq'..latiO?J. 
2 c~ ~e :iseG. ~~,-;here 111 1 ~s ~077 -:!le z-.;,_ ~at :=a.,.,;;f::- co
et=':.c:..e::.t 2.:lC.. A ·~ tl:e -;;e;:pe::-:=.-:-..u-e ~!e::-e!lce ';::et";.-ee::. the :n~J: 
o! ~e :.'l:.:.id a!ld. :he ;-;-C:.:.: te:::ipera t"..l...."'e. 'r-:.; s caz:. be shown as :o:.:.ows :-

:?luid A ilall 

T 

TB 



.?or tis .s:;s";;a::: t..~e::-e are ~"'ee eq-..ia tio::is for the b.ea t flo':V 
:::-or:. ::':1..uid .;. to :-::.:.U.d 3. Z.'.!,uz::i.on 3 aboYe d.e.sc...-1.bes the cond.uc
t::i..or: ac=:Js3 "t!le .• :ill. Z.:;.:m."'=ion 4 below describes the !:!eat flow 
.:::-o::-. ~ ·.r"~ o:f ~""'luid A ac=oss "';he f~b to the ,;-31:. as !'ol::.0>1s;-

q = hA. x Ax (TA - ~1) •••••••••••••••••••• 4 

= !'ib ~eat t::'mlsfer coef~cient for fluid A to r.a1l 
KcaJ.s/nr/I:1.etre2/oa 

~ e;•.ia::ion 5 °Jelow iescri.bes the heat :now across the !'iJ.;:i in 
fluid 3 ~:im the wall to bulk of the fluid;-

q = hJ2 x Ax (~ - ~) •••••••••••••••••••• 5 

For steady state candi tions thesP expressions for beat f'low 
have the same value a:ad 'tbey can be rearranged as follows;.:.. 

TA 'E1 .JL 1 6 = • hA •••••••••••••••••••• A 

Ti T2 .Ji.. 7.. 
7 = A • -le- ....................... 

T2 T:g _s.._ 1 
8 = • hi .................... 4. 

3y i::l.C...u.Dg 5, 6 & 7 it is possible to ei~~~~a:e the Ul'.llZ'.own 
(or un::.ec.s~""able) te:::ipe::-a~s T-1 & T.2 in the ne-;;7 equa:ion 9 below;-

a , i :: x· 1 
Ta - 'r]) = -r· \ ha +k·+- ~) • • · • • • • · • • 9 

q = u A~ A (TA - TB) ••••••••••••••••••••• 10 

where U = ove:-a.ll h&a i:; t:ra;lSi'e::- coe.f!:!.cient from fluid A to fluid It, 
(Kcalslhr/::ietre21°c) and d1!Scribed by the equation 11 below:-

•••••••••••• ' •••••••• 11 

Tbese equations 10 &: 11 a:e ve::-y usef'ul since all the constan~ 
for LT in e~uatio::i 11 car. be evalua.ted. thereby enabling the heat 
::'low to be calculated fro:::a a l::nowledge ot the fluid bulk tempera
tures. 
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:...L'" ~e ·::~- is 

... -- + 
hA_ 

..... • • • • • 12. 

·.te:-'2 ki, R2, ~ ••••• kn_ ~e the:::-...al co::id.uctivi ties of the va=i.ous 
la:.re::-s o:Z: :::.a :e::'ia..:.. ::...::. ~'-le ·,..- ~ 1 , eac::: of which ::ia~.-e thick:less x1, 
:x2 • • • • • 1:::::- Tl:e above equa ~.o:?J.S 1 o, 11 & 12 are the only eqw.-
tions ;;bich !leed to be co!lSidered in calc~t:ing cond-:iction a=ld 
co~vecti.on ~eat losses !~o~ a ai;cster. I~ is inte:ided to dei::.on
strate ho;; .. .: ~ these eq"..22.t:i.cn.s and by "1aki.,..,g reasonable a.ss:opti.ons 
i.t is ~ossi~le to do a coc;plet; ~:!":l2..l Oa!ance =or a d:.gester. 

5. :a.~I.->.TI c:; :JOIEL 

For heat trz.nsfer by r-.a.diation there dXe ce::-ta:i.!: established 
:;:il;:,-rsic:al laws ~...ic~ ga .... -er:i. the he~t tr->....n.sfe::- n-;;e::.. 

~ear:,,. of :-:.±:.a.~t !!ea: t:':?.!l.Sf\~:::- ~it's a~~lica::io~ ~eql.4L-es 
t~e ·.;.ze :~ -:!!e ~~!'lcep"t a~ c. ''bbc!: ~od:r' ~c!: is ~ object wt"' c!: 
3-:sc:':s ~~- ~e nd.ia t:.or: ~ ::icide!1-; to i tz su:!'::.ce. ~his c~=.=e~t 

~s ~o~ ~~~~;ze~ i!l ~rac-t:.ce si:l=e ~l: sur=aces !'e~lec~ to so=e 
e:-:-:e!:~. .::o-:7eve!"t t!~e v-~-:.a-=.::>=: ~a:: blac~ ~od.; :"E:.d.:Latia!l ca=. :>e 
22.J..o·::ed. ~o::- to -:?!13.':)le t;ie t!!eore ";:i.ca.2. ~i1s to be :iseC. ~a:- =.ode 1 '.; "'\S 
::-er-2. s:·ste:i.s. 3y ~he Ste.f~-3c2.-:~ law -the .:-adia.tio~ e:::.. -:~e~ 
"•r "- · ~" lr -"OC:."- 7 ___ , -/-,....._...2 r.,.._ ..; ~ _.; V'-"" .,.,. ...... :L~-C'._ w "': -'bJ A~ ... -';' I~' -~ 0- -- ""J 

'"'' 

4i = 
~~~ co~~z..r:t u 

~s ~~e :e~?c~-::i..i=e 

~or so ::,,,11 ed. ":;::tr.I 
:!'02.10-::s; 

Eg = e • v 

• • . • • • • . . . . . . . • . . • • . . . • . . . • . • 13 

su...-:':?.ces" the equati'm. is ::or.i.!ieC. 

• T.4 . .......................... 14 

as 

'e' is a !actor to allow for -:be reduction in rad:i.ant energJ" 
~om a surface i.tL relation to the blac!:: body radiation fo::- a 6iven 
tem:;ie-~a ture. .::: t is l::lown as tb~ e:!!i.ssi vi t; ot the suri'ace. 

Values of 'e' for di:te::-ent sur!~ces can be applied i!l ~rder to 
calcula ~e :-adi~ t energy e:ii ttad :fro:!l a:ny sur!'c:.ce. For exac.ple a 
su.ri':?..8e r:i ti: a vtluf' ot 1e' = 0.5 at 15°c would radiate 170Kca.ls/br/ 
~e-:re- accor~~n.: to a~U2.~on 14. 
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"~ e~~seC: o:je:::t r;~:l ~ ~3.~an-: e:ie~5:·y f"r~ ~e 3U:: ~,...a 

:t~9~ :J: :ec-:s. ::Jt:L. ~:j· s::;~~ ~di..?.-=.o!l ca.:l be as :~:-:_ as 
5, ~QCJ\~/.r/::e~2. I=. sG:ie ci=c'•""s~ces :::-:?.d.ia:it e.::iergy 
tr~:::er :-a t;:s ==or:: sl.llT01mdi ngs can be quite significant but 
calcula~on ot -:he bte::-c"a"'ge of ene::-gy be-:-.-;ee:::. cbjec~s ::-e:;.uires 
=.e~a:..:e.:. c~~~de~~J:: of -:=:e 5ec.:le~c co~ig-..ira":io:l 0£ the 
ob~ec~. I=. ~'"le e::2:lples ccnsiiered. ir:. ~s paper the e=-::ect of 
::-ad:.~ ::_c~ ~ ~ee:c. ass'..::!l.ed rnll cc=.pared. to ~onvec-::..o:::. and con
i•..:.c ;._;.c.:i. .?o!' -:bis ~s--=.p"tior: to "::le valid special :ieasures would 
:e ::-e~:;.~ed -:r:!::ic!:l. m,, 'J~ _iisc~sed ::!..ater. It should be aided, 
h:::r:-1e,·e::-, that there are bene!ita in close1 y e"M'mi "'i "l[; the :;;recess 
o.: r.a.iian:t ~at t:r"'-ns:::er- sGce it m..:.i :-e found "that ~s o:f!'ers 
pot1;:::.ti::U. .:or d.es~ :;.;:pr~ents i.:l dii;este:-s operau:ing in low 
-:e:-.pera t'..u-e s. 

ili~este:-s way 'oe ~ va..-i.ous desig~, often underground. A 
6e:::teral =odel Ca:". be posed, cc~pri~i~.g of !o:Ir cOI:lponents of heat 
loss ide~~ied :)1, ~' ~3 a:id ~ where 

:.1 = :J.eat losses f=o- slu.O.tie-wall-scil-r.i.-
~2 = II II II sl"..ld.Ge-wall-e.i.r 
:3 = II n II gas->Vall-soi:-ai-

·~ ~ = II II n gas-w-dl.-ai'!' 

:?or :;ia=-=.cula= c=..:;e -;;here :. -: is i:::.te!lded. to ~alC'..1.la::e the b..ea ~ 
:oss ±e::. i-;:; is ::ecess~-:; to s:;;ec~y r....lues .J..1 , A2, A.3 &: A.4 3-S 

::-e:a-:eC. a:-~as, and. ·.ra:.:ies ~f6~1'~~' AT3 &A~ :or ;;e:ipe=atu .•. -e 
a.::.:::-ere:ices. r.;...nall;,- it is necessa...···7 to eva.~::.lE--:e V'""...J.ues of U1 ' rr2, 
~3 & u4 ~ ove::-211 he~t ~~e= coef~icienta. zn:..s ~rocedure ~..ll 
be illu.:;-::rete:i ":lel.ow and. equa~cns 10 ci: 11 deri·red above will be 
used. The assu::iptio~ in ieriV:"'g these equation of heat ~fer 
across a plane sur~ace holds for squa..-e or recta.ngula::" ;ti,gesters. 
?~r cyl:L~cL""ical digesters i-: is acc~'t'ate for large ::-a.dius, thin wall 
digesters. 

The e::a.4ple to be considere~ relates to a la.rGe e:::pe:".'i.J:lental 
iigt::'>-:er operated by the Ofiice ot .aural Develo:p=i.ent, Suweon, 
Re?ubl!.c of ~orea. 

':;!:le d::..;est:~r is cj·li=id.rical, 6 ::ietre is diameter and 6 l!l~-=e 
d.eep ':.'it:. ~lu;i.:; 3 co:i.tcm:s to a d.eyth of 5 ::ietrsB. ::ialls are cor..crete 
ani '). 25 :::.e t=e ~r..i.ck. Ope::.~:: t"'..:..,;; te:::.pe:::-a turr> :!..n 3 5 CC.. 
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Co::i;..;..n:.iation of 6.-(1) ~cul:::.tion A.ss-...cptiO!lS. 

i:i.n ter Sn-;-;pr 
Se2.Son i 

~e~.pera.ture Te~perature 

Air. -12 30 
o.o-c.5 ;:ne"t::'e und.er~O'.md. -2 28.3 
0.5-1.0 ti " 1. 1 23.8 
1.0-1.5 rt !I 3.8 21.8 
1.5-2.0 II II 5.7 20.2 
2;0-3.0 II rt 1.a 18.9 
3.0-5.0 " II 11.2 18.2 

5.0 II II 11.6 14.9 

TARIB 1. - Tenperature data ~or Sufton, Korea. 

Sl"..l..."":'"'/-co::icre te = 500 Kcals/:n.e "tre 2 /°c/~ 
Soil-a:..r = c: II II II II 

,I 

G~:ic~e~e-ci~ = 2() II II II II 

Gas-conc::-e-:;e = 10 
,, II II ,, 

Go=.c::"'~te 1. 1 ~"2.ls/:ie-=-e/O::;j!: .... 
Soil 1.2 II " II ~I 

I:l.3~ ti ;::n 0.03 It fl II II 

Case 1 Di;'.;ester a:iove g.:'C1.J..~ e:qosed to air i.n.side 
buildi!:lg. 

Case 2 
Case 3 

Diges-:er a.s i:l case 1 but insulated. 
Digester 95~ u.ndergrourui (as O.?..n. digester). 

In eac~ case tota:.. ;7i..~ter and aUlJCBr heat losses will be 
C2.lcul.a -;;c~. ~:ti.ml~ ·:r.i..nter and ~ sum::ier teI:lpera t"..lres a.re 
used. :S.c..dia~o::. he2.t losses 2...'1.d solar heatint; are not i!lcluded an1. 
a=e ass'..Ced 5!:12.ll for the ~ee cases dese-""ibed above. 

f 
\ 
' 



5. 

= + 

t=':!!lSfer coef::icient 
tr-o-nsf er coefficient 

"!or 
for 

1 
20 

• • • 

slU...""T]'-CO~c:::-ete=500 
conc_""ete-a.:ix = 20 

= 3.6 

~ence Q2 ( ~t2=-) = '0"2 x A2 x I:::. T2 
= 3.6 x 122.5 x (35-(-12))=20,700 Kcals/hr 

~ ~2 (sum::ier) = 3.6 : 122.5 x (35-30) = 2,200 !{~ 

(ii) :'or ~ez.t 
!'or :.4 = 

~-.. ,- ::4 = 

= 
= 

1 1 x, 1 
"14 = ~ ..:.. ,_ 

~ --~ "'-e 

~~==-~ ~..:.:.z=~~ c""'o.::>-D~ ,.....~ "3,... ...... 
_____ ._ ___ v 

-- ~ -t"" "~ ""'-C •p, .;:;)-- --··-- - ,,,_ = 1C 
Tl ., fl c-.- ..... -0 ..... 0-~.:. - = ?l'i -·--- ..... ,,,_ ---

r . ... ' '';Tl_n.,cz- J = 2.6 = 47. 1 x 47 = 5, 76C l:c~./1--_.r 

?or cz.se 1, sux:::in.:; the e:e~ents (i}'""' (ii) .;i7cs the total 
~eat los~ u d.2.il; ~is as; 

«:L~te~ ~~~t loss = 635 000 Kca.ls/d.a. 
St.u:imer heat l.o.s_...e ___ = ____ 6_7~1~4-00.....,_K_c_a-=J·s~._..d.a...._ 

6 • (3) r.aae 2 - DIGZS~ :.S :0 ~ 1 BUT r::sUL.~D 

!='o~ !:~::: ==:~:'=:' ~~!: slud;e-~~, 1 -::...:..:-, :b.-:.':. :.z as in 
C_ase . (:.) above but ii' 75r:o of i!l.Sula ti on t!: =n usi:Jg 
equatio::: 13 

1 1 
1J2 = 50'J 

?r::: . _ _, 

D 
.0r; 1 
-;::::;- + -20 . -~ _. 

:~~:!C~ '°'") I ... ..: _..._I'":)_' : 
- .. ._ "··--- ~--, 2,200 

221 

•~c,,, -/\.,-... ,__...., --
:....~:. '"" I----~-' ~2 ,...,...._ __ I = r:c:..:.:;,':i:-

• • 

f, 
\ ~ , 
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(i~) ?~r ~ea: ~'*'l.S=e~ ~ro~ g~s-wC::.:1-£.i.r ~a~a is as :.zi Case 1 
(i.i) above ':Jut ii' 75IJ:: of ; .... s.1!..ct:i..ol'! t!ie:::i usi. "'6 e~~t:i..on 
13. 

1 j 1 .25 .075 
and • 

u4 = To + T:T + "?'""' + 20 . ) 
::ie:i:ce, '4 (m.:iter) = 751 

and Q4 (su:::ner) = 80 

.Por Case 2 si1ming the elemeLts (i) Ir (ii) gi-;es the 
total heat loss on a daily basis as; 

lli:rter !lea t loss = 10 soo Kcalwday 
1!200 Kcals /day S1.:::oer he:;;. t loss = 

:?or hez.: :.oss ctlcula-::ion i:l. ~.e case of the '.llld.e::-.;:-OUl'!d 
d.::.~es-:er the .;:;z.=e es_u::.tio:::.s as '::>e::'ore ::-.-e usei. ~!J.e ctlc:L..:::~io::: 
~s =or= :=~a::.sive 3~ce ~~ ~3 ~ecess2---:r ~o con.sider ~~e .i:.s~~u
t::on of soi: Uepth c~\re=i.:'!b ~:::e .:ii,ses-:e:i b ·~=~e::- -:a c~c~a~c 
~:ie ele:::::.c:::i-.:s o:: hea."'c loss ~1 & ~3 wb.ich :-elate to !:eat :::..os.3 
tl:roUJ?h ~h.e soil. All ass;npt:.o:J. :=us-c ~ ::::a.ie "';h.at ~he soi::. 
cove::-~e c::;,:: be co:lSici~r8C. us an. ez-:ensio::::i. ·~= t!J.e ~:is-:;er ·.nll 
s~ce :lS ~.~.'3-3 s~z.ted ;,raV'i~~s13~ ~e eq,u..atio:is :.re :or plane sur!':..ces. 
~ore el~':>or:l-:e a:::Ja.lj"Sis is ~oszible but usi:J.,; the~e sizlple equations 
e;:_ves :.L3e::L. ;,"lfor::iati~~ ~~th reasorul~le ~ccuracy (~~ on so~: 
covs::-~:s ~;:.i~ relatGZ to ~e 0.2.J. digester a!ld uas the res1l2.t 
o: a c::.:.:.var .::u...."""Vey·). 

(i) ?or he~t t::-ans::~::- ~o~ sl~dse-co~crete-soil-air, rr1 is 
;:. ve:i ::::-o:n equa tio!'l 13. 

1 = 
~ 

+ 

'U1' is calculated !re~ ~A, hB, =e, k~, d~fi!J.ed as before 
a:i.ci. ks, t!le tl:erm.al conduct:. vi t;r of so.il. Ho·,1ever the 
v::.l:.ie of :>:g, the thickness of soil is ·rariable and it is 
:::iecess2..!"y to calculate dif=9rent \"al:.ies of u1 for d.i::'farent 
v-c:c..l~es of Xe• Aver~e values :or ?'a!lges of soil coverace are 
~sed 2-"ti "'w."lese ca=. tt.e~1 be .:J~:;clled "';o the di.ges-:e::- ·;1c..::. 
~~~3 ~~ -::~~se ie~t..i:.s. (T~s =--~or::iat~on ~;ai~ rel~tes to 
... ,,e ~ ., """" .i; -,,~-,.,. "'u ....... ...,., ""e""i..od cc,,;d ;......, ,.,.., ... ~.;er; ""' o""'her 
"'""• ~•-•• ·'• -...,~:..:» u::._ oJ ~ .., ... ..._, - I.I.a.... ~ .J\.:# -;:-;_J-... ._ --.i. , ........ 
ci=c-:x:s~2..~ces). Cc..lcu.1~~3i result: a=e ;iven i~ Table 2. 

f 
\ 
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~~~~::...~-.;a~io~ o:: 6.-(~) Casa 3 - 3uried .aigester. 

T.;.B:i: 2 - 3~J ............. --- .... --
~~~-J.J~·. 

--:' • .I 

-~·-

..,.. 
:!li~este:::- He=:;:: ::.oss (L:ctls/r...r) ""s 

-:72-ll "-o"!:) -"'\...o..--
::.e~s -n-t--c2 -- ~ ..... 

o.-r: 1 c::c . --
1 ')I:: 

I e ·-_., 6.28 
1.::: 12.5':: 
? i:; -· - 26.22 

' " -:::-:i: 7; .... 
~· ...... 

I 
........ ...... o 

5 .C' '26.84 

(.: .. \ ,--1 
~~Gase 1 

~e~ca, ~ry (77i~ter) 
c.!'.l~ ~2 (s··--,er) 

1 1 
T 

) 

= i:., 
A 

= 
= 

'J 1 
"J~!!te::-

·::>>:; . --
~Q 

ev~ 

.53 
.• 40 
.27 
.22 

1 ' 780 Kctl.s/hr 
189 K~~. 

71 
201 
312 
.1_07; . -_, 
A')':: 
~-.,! 

277 

~l~!;~-c~~c=st~-!?.ir ~~ 
-:a_ H n.g A.2 =0 • 79 .iile tre 2 '; 

= 13 4 Kcals/br 
= 1 4 Kcals/!Jr 

x 
5 1 

ks+ ~ 

~,,.....,...,o .... 
...,,~--

..., c. 
I•~ 

21 • .1. 
':::':!; ') 
., ..... '-
52.5 
45.0 
29.5 

-

is "alcula. ~ed 

Z.~s is r.. ~~--=.,-- =elc.-;;ic~~!lip -co~~ b (i) ~::ave a:id ~ 
--:--.e ,,-..., .... oa"~ .; s -e-.~ed. ..... o C"' 1 cuJ.a.-e J .co.,. ~t:!'e=en:t 
.;)~ -~::- -·· - .... ~ " - . "' :3 - -
Yal:..ies o= :x:.., ~e sc::.l cove::-. '/Glues 01 !!eat :oss ctictla-:ed. 
:...=. t~s ·,·:a~,) 2-:::e e;i ver.. i!l. Ta~le 3. 

X'°" ., 

::ie "'::re.3 

0.4 
o.75 
1.2~ 

?.en~e, 

:.!:=. 

Di;ester 
.:.rea.2 

7."all U3 

3. i4 1 • 16 
1e,31 
1.2 

r ..... ---e .... ) 
\ .1 __ ..,""' -

( .... , .. -,.-~- \ \. __ _,_I 

0.87 
o.64 

= 956 l':c:.ls/b:' 
= 1 tJ2 .P:cc..l::/!'..r 

He et Loss (Kcals/t:-) 

?li!lter Sm:::::ie::-

171 18 
749 80 
36 4 

- I 

f 
\ 



_,,_ 
Cc::-::i!lua.";l.on 01· 6.-(4-) _;ase 3 - 3uried D.i,;es~er. 

(iv) ?Jr :.iez.t loss !:'o::. 0 ::..s-co:::ic::-2t2-a.:.:- u
4 

L-: give:: b;; "';he 
e~ua.-=-o~. 

= 

calcul~~eU i!'.l. ca3e 
= 5 .5 ::ietre2 

lience, 
a:ld 

Q
4 

(W"'...nter) 
o

4 
(su::cner) 

= 
= 

1 (:i.:..) above as 2.4 a::.d. 

620 Kcals/br 
66 Kcals/hr 

?or Case 3 51n;v:ri ng the ele:t:1ents (i) to \1~ gi vea the 
total loss on a daily basis as; 

11"..nte:r heat loss = 83 800 Kcalsf 
Su::oe::- hea~ loss = 8 900 Kcals da 

6 (5 ' ~~..,..........,. . ..,TO'·.,..., "-- "·-~ . .......,... '""''"' • j ....,_.., .......... ___ • _,;;;:;; ...... _ • ..,, • .-.i....,, ..... -J.;. ... ~ ~ 

~he ia~ :o!' cases 1-3 is s~-ised ·.,., ~e '!'.s.~le 4 ~elow. 
~so t...~e ~ve~ase o= the ,,~~er a!:.d S"~~ !lea~ loss.b.a..s been 

:' :,370 4 - n:::;..;,: ::,CSS Su..:.:.;...l.Y (Thousand Reals/ day) 

~ 
1 2 3 

~os~C. J-! -,,~ ........ :.:is-..:..lz.teC. ~~-:.e=. -o-,;, ""--

~ 3-~2.d~ ~..; D:.Geste:' Di;ez-t;e= d 

-r..:--f:).,. ··--·"'-- 635 71 84 
Su::i:::ier 67 7 a .,, 

~ve~~e 350 40 46 

~tic 
7.'i::~er 9.4 9.8 9.4 
Su=er 

cC..:c::.l.:?:::ed, toget~er -.ti th the ra-:io of these quanti "'=Les. 

3oce points a..""ise ~c~ these fi.;urea ir:. rel2.tion to the Korean 
d:!..;;3star d.es.:...411 for low tei:.pera ture ope::-2. tior... 

1) '.!::e reea2.t:;; ~or t.."ie i:l.sulz.ta:. di:;ester (Ca.3e 2) a.."l.d tl1e 
bu..-ie;i li~cs-:e:::- ( Cc.se J~ a.re v:;r-,; si::.ila:. I::. both :=.isez 
!lea.t loss is ::-3d.ucei o:/ a.'oou" 9o;:; coopar~·C: V7i th a cc:1crete 
O.:..;cste::- L-: ::..::..!'. T:-..:.s a-:"'.)2..ies -::o both su..r::-:e::- a."l.d. ;·,i.:y;er 
co:1ii "':::'... o:-..3. 
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Co~-=-.~-:i.o~ a: 6.-(5) 3bse.-va-::ions on calculated £ta. 

2) ?.eat :..o~se~ ~ S'..mer ~a= i.!lsula~eci orbaried :ii~-esters 
t!J=O'..:.g!: co=.d.ucti:m and convec";j_on. a..~ ve::y a::all. 
(iO,'.)GO lca:.s/da~· he3.t loss !'!-ct: a di&ester o~ -;n:.s size :.s 
equivaient to ~ -:rap i.:l te::.~e~ ture of t.'1.e content:::. of < 0. 1 Ocf d.a;:r. J 

3) 3atios o! \?i!:.t~~ to Su::Der ne~t loss i~ abo~t 10. 

At -;l:i.s poi:lt it is V"'~!la.ble to est:izate the order of i:iag!li. tude 
of ra:!ia=.t heat -:;:oansfer ~hi~~ occu...-s for str~ct-..ires of the sizP 
of ~e e=;:iosed :!igester i:l case 1 when :i!l. the open. Usi!lg equa"tion 
13 a:ld t<ki ~e; -:he digester 11ranation area" as equiv-~ent to the 
area of a hemisphere ~ 6 :aetre dia::ieter (56 :i.e-;re2) then ~or an 
aver-c.o"'e te::::perature ot 15°c and assuci.rlg the digester wall bas an 
e::::n:::iissi vi 'ty o:f 0. 5 , the daily heat loss would be 226, 000 Kcals. 

This red.iant heat loss would be canpensated by a solar heat 
~. To es~te this the area ot the digester exposeC. to the 
su:i is assu:ieC. to be an ellip~cal section ~ough the digester at 
15oc to the Yert:.ccl. ( 40 .=etre ) and an average soler heat :-:-ate ia 
tc.:..--e=. as 4,0CO A:c.1!.3/.:ia.7. .iss~ :::::.r:-the:- ~t 50'",.; o! -;he :.r.c:..~e:it 
--~~--=!=-~ .. -·o-~ ~- ~"""C!'""-n~,: (:""'.._"=""o-..._--:-;_,, ... l"\oe~-""1c.;e.., ... - 0 ::' •;,, 0 . ., -01 ---- - -- -~ww•~~- -~w ~w~-~- v •-- - -~ - •~l ~- W ___ 

~e:lt ~.,,i ... -;:o~~ be 80,000 KC2.lsld.a:;. 

r::r~g~ ~S.:.culat:..ons !or ~dia~ior. i!J.d.ic~te the!"e~or-e ~t 
t~re >'loul.d ";,,e r-adia..."lt ilea-: J.osses !'r::r- ~ expose<! 
~:!le or.:ie:- o:= =:a.:;:;:. tude c! -:bis i".lallti tr i!l 150, 000 Kea.ls/day. 

~~s =:..~~ !o~ :--~d:.r.nt ::ie!l~ :os: ilO~d be :::I:lct. lesz -::i th a 
ot:i.l~. Por -:he e.s3'J!lroti.an that it is reduced to a small level 
CC!llpared. m.. th coi:vection- and conduction lo••• to ~e 
va."'..id -;he.=: :!.=- ~e c~ ae cf the :L--s-.llz.. teci digester, cl.2.ddi..~ 2-:e==..al. 
of lcr.; e=i.3::::_ ·..:. 7:'.f ;1oulci a:so be re~~d. 

A!l ~:!e:-;round dic;ester well covered Vii th soil would lose a 
::::.i!li!:r...t: of heat by ::-ad.iaticn. .Prom this analysis of heat losses 
it is clea:- that this CO!il:lon a."l.d siople torm o:f i!lsulation is Vf::ry 

e:'!'ective bo~ ~ reducil'.lg heat loss by radiation and by convection 
am conducnon. 

O::.:e ~~~ :.=.;ester beet losse~ 2.re ev-a.J.ua~e~ the calculation ot 
t:le totc.l. he~t :-::::::.li.."'"e:lents -:o ~t"in the digester at its ope!"a.t"'ng 
tec:?er:.. ~·e :..s at:-::..:.b!:t :'or::ard.. ~sil:lg t~ eqw: ti on 1 g:.:.ven in 
sec·:ion 2 <>.n1 -:-.. ..,.1-i ~ ~w :-.eat losses tor a buri.eci di~(?;:;·:er as 
::.esc==..";)e:i e::.:-2..ier -::'le to~o:.l heat :-e~u:l:e::ents is calc:ua":e:ci as; 



' 
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Co:rr.::i;.ia ...:.on of 7. ~otal Beat ::aeq,~cents. 

90,800 K~~,s/::=.y i!: su::cer 
260 7 000 ~ccl.s/d.as i=- ;T_:iter. 

(rTc.; s as.:;u:ies a 20 day ::-ete::rtio::i, 1o;; solids loa:!i.:Jt; and feed 
"te:J.per~:t·~-es ot 1 ooc a.na. 25oC in winter a:id sUl:ilmer ::-es:;;;ecti vely.) 

Gas co:lSum:;;:tion to provi:ie ~s he~t i!lput (at 5,000 Kcalslk3 
a!ld ave~ :ie=;iti ... ~ _e~cienc~ _ ~f ~cc.;) •ROul.d be 27 JJ3/day in sux;zmer 
am 87_F/da:s 1D winter. These a-e c"!Oae to the actual ps cozunmption 
!or the Korean Uigester. 

~r":-!>i" 1.:1;l=ove:ients :i..-e possible to reiuce the heat ~quire
:::ients tor ~esters. Examples of opera-:i..oD2.l procedures w"'....i.ch 
acca:i;ilish this are:-

1) :a~cycle of supel"'"~_?nt _or e~uent to use as dilution to 
-;he !'eed. Si!lce 't;he t_~al solids i!l the feed is reducad sub
sta.:::. ::i.e ~ -..j. by -:he di.:;3s-:ion pro~ess ~ e!'!luent can be 
=ec7cle~ to ~uite a i~-~e deo=ee -;thi.le ad;us .:nc the :;i..;:~-up 
-::a ~2= volu:::ie to -..,~ .. 7.c~,... t!le requi--ed solids loac.!.:Jg i!l the 
fce<i. U a 3or-;; :-ecycle ::..:i appli.ed ~re is &pp;"On.&te~ 2°-' 
red:ict:.on i!l the hea-:izl,; reqairements. 

2) ::i;;: solids level i:J. !eeC.. The hi6her ~ solids level in 
tlle !'ee=. the less :cake-up \":2.ter is requL""ed tor a given di;est
e:-. ~s ie;e~.d..s o~ -:he ~hysiea.l p:oper:ies ot ~ ~ee:i and. 
-;he ecr..::ip:ent :.ised but a 1 O'~ total solids feed ai:lcr.ll:i be :;:os
sible. 

3 ) Using a acr..lrce ot heated ~~ed water. Sola: hea t:L-.g could 
!lave s:!.g:iif'icant ~~~~· in this area. 

4) Opt1mising "".he opera ti?Jg tec;>era ture. Per elZZ:lple !'"Wlning 
a digester at 25oc instead o-: 35oC would reduce winter heat 
requ:L""ements by about baU. Qaa production would however be 
reduc~d a!ld !or opt:iJ:lisil'.lg in these circumstances a wider 
study of gas demand patterns would 'be required. 

I!l :-elation to opera:t:ing te~eratures there ':Da.1 be benefit• 
!ran a 10::30 te!": rese2.!'ch view o! the microbiology of anaerobic 
di.;e:Jter. Is there potential. for pro:i.oting the action ~ :iicro
o::-ga:li.sms ';'lbich a..-e :iore active at low temperc.tu....-es? b m>rk of 
Hobson ~ests -:.~..at ide~'d.i'ica-::1.on ot anaerobic bacteria active 
i.::. d.i~~stion is a.s ~·ct o:tl.;· ~a.:-tial::.j acco::i.;:lished so ':here ¥1ould 
seei::. to b·~ ::s-:i;; obstacles to :;e overc.:ce before a speci!'1c low 
te~pe=~-::-:.u-~ ~c":ivc bacteria coul.d be isola~ed for pro~o"tine ~as 
p:·oa::.lct:!..on i= tbe ~.:-, !.n which, ~ar exam:a>lc, :1east ci.u-;-.J....-es 
are applied iL :raas-;; ter::lentation. (.ae!. 3) 

I 

\ 
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Jes~-:l a..'ld ~pe~ti,E ~ a digester :iust Llc:Jr?orate all 

r .,~, ;;sis ~ t.i.'"!e social !'actors rel.a t1llg to the i:l;rn ac~ vi~ 

sJS":e::i o! whic!l ~ di.;ester Will be a. CCEilponent. SUc.!i a:i anal
;:sis :.r.ist also i.?J.clu..:!e a.:::l asses~nt o:t t!le process ecO!'.lo::iics. 
T=.is assess::ten-; :='..:St in ~.ll'!! inves~te the wider aspects o:f -.rte 
1'9C7Cling, merer utilisation and. fimmoe in th& :rar&l econo.,. Proa a 
broad syste::is :;:ioi:!t of vier. such th:i.ngs as potential invest.lent, 
a ve.:..lacili -:y of opera:t1.!l.; skn , s, l~vel of ca!IClUili ~ invol. ve:::ient 
etc., ail. have a be::?....""il:lg on desj.g:i cri te:".-a. 

rar e:acple, the use of ~sters i:l. Korea may be consideNd. 
liere, until now, ~ :iein requireJ!Jeilt has been to provide cook:UJg 
fuel in place of wood, straw or coal (llet. 4). The tradi ticmal. 
cooker used in Korea has however also been the burner ror the 
domestic hea'ti.Dg wbic!l supplies under!1oor heati.:lg for roans 1D 
nnter. In this situation Winter production of biogas ~or cocLing 
receives less priority si:lce, whil.e the traditional. beati:?.& :nethod 
is ~ed, -:here a...-e coat-; n,: !~ell!. -:::1.ss available and -:!le !uel 
sa7i.:;s is, tb.e::.-s!ore, :imi. ted. I! ~ tech:lical i:l;:>rove::lents 
a ::i.a..-ger sas prod-:icti~ :.s available' S'~iC:..ent to per!:'.aps ;ir~de 
coc~lJG 2!lli :-oOI:: ~:a.""' n.;, the::. it :Jeca:ies ,ossible <;;o :-e:pla.ce ';be 

:rad:. -=.o::-..al o-..:...""!lE!r. iuel savi!l.gs 2::"e then poten-:iE.ll.j I:1!lC!:. hi~r 
but a ~!ere!lt tote.l sys-;em must be considered ane. it will be ODe 

wbich puts a greater priority upon low te::xperet-.:re prod~c-:ion of 
biogas to ;ieet ?r.-nte:- !'uel :ieeds. 

(1) ·~ 3ys-;e~ ..i.:;-,roach' '7.ii • .re!ll::..:ls i!l 1Syste::is 3ehavior 1-

0¥en :::n·re!"Si ";J 1972 p. 56. 

(2) 1!l:f..gester Gas ?.roducticru at Low .A:tbie!lt !e!:lperatures•
A..::. Chi tte!ld.en, ~apical Products Institute. I.~.D.Q. 
Seminar ProcediJ:Jgs, October 1974, I.T.D.G. ?ublications 
j.1 ... 1 ted. 

(3) 'The :3acterial Populati.an ot P16b-erJ 71aste Anaerobic 
Digesters• ?.~. Hobson&: 3.G. Sba.w - Rowett 
aesea:-ch Il:st:i tute, ..\.berdeen - ·ilater aese:=.rch Vol. a, 
P• '507; 1974. 

(4) 'The ?rese:it 3!t'.Jati.on ~Methane Gas DeYelopment 8Zld. 
'Jtilization in Korea•, leb. 1975. ~ bs-:i.tute ot 
~c~ ~ ~-i!leeri:lg & Utilization, t!:le C:!fi.ce o! 
Rural Developc,ent, ~epublic o£ Korea. 
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