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1, TRQCCTICE

This paper iepresents a description of part{ of an application
of a systems engineering approach $o0 design and operation of an
anaerovic digester for low ambieant tempersiure biogas prodnctiom,

A systems engineering approach to a project regquires the
stages of 2nalysis, design, implementation and operatian (Re®f, 1)
system anzlysis relates to the process of problem formulation,
nroject organization and to the setting ot objectives and criteria
Zor the work. The systems design which follows this stage is
related 4o direct zppiicaiion of tecknigues such as farecasting,
zoédelling, simuletion and optimi~2tior. A 3ysiems desizn proce-
dure Zor z dizesier %o sroduce tiogzs in 10W ambient temperatures wan
dascribed iz a paper LY L.3. ivtenden of the Tropicel 2Producis
Institute, United Kingdam (Ref. 2).

This paper extiends this work on design Zor low ambient temperaturs
biogas production ard also exzmines the implementeticn and initdial
operation stzges £or sucz 2 systez. The chemicel engineering
concerts recuired to ostimise the design are ouvlined, Particular
attenvion is given to the use of neat ransier models.

iich or this paper releates directly to a lerge experimental
dizester at the Office of Riwral Development in Xorea and run as
pars of the Zorea-U.X. iethzne Project. The kmowledge acquired
from winter operation of this digester is the prastical basis far
this work.

2, LalS & TeEeRUAT BALANCES

The design of digesters requires the epplication of cer<ain
2low sheeidng procedures. PFor mass balances on an aznaerobic
digester a £low sheet would be :s below:-

Supernztant
recycle
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Sorm=lly resulis of Gigester operziian ar: expressed in teras
-

o 4
27 Wle I

SWlL as

Zawiyvad
Jerivsaa

clalticnzziy hevtesen Jeed anl effluent sitreac progerties
sowel 521ids i, volztiile sclids % etc. and “kese are
Irox zass belazaces Lesed uporn this flcw sheel.

For thermzl balances suck as will be discussed in this paper
in rzlaticn to low fergerzture operziion the Zlow sheet caxz e
roiuced to inme folliowing sizzlie farm.

Heat loss, Q (loss)

1\

Heat ir Feed, H (inj—+ - Digester —> Bzat in E£Zluent, H{out)

Heat imput, o (input)

i 2 stealy svwete, the neat refuired o zainizin the digester
a%t i3s3 desired tempersziure, is ziven by the expression below

[ SRR i 3 E P
(Jriis Rezls/day )
. \ - c\ e AY - \
Qzmoutj=(H(out =£{tz) }+Q(Loss)

(1

~3 - 3 - v e - -y L & M - - -

o czlewlate J{input) reguires sveluztion of the aec: gnersy

3 - o0 oy - - = - o - v Y ~1 = A Iy Al dmed
in *he e2fluens and Feed sireans, d(oui) ani H(in). These juaniiiies
~3aad ~oey =3

ex

2 czlouleted &reeily Irom the mass Ilow rates and temperatures.
ilsc it is mecessary %o evaluzite <(loss), the heat losses Zrom the
digesser. Iz low feccerztures this zey be 2 Zarge sueatwity and
Tuch of this paper will describe the application of heat transler
conceris and the necessary anzlysis to evsiuate this guarntity.

3. TDROCCSSZS OF ImAT TRANSFEER

Heat transfar occurs by the three physicel processes of conduc-
tion, convectiorn and rzdi: tion. The process of conduction is commonly
cxpexrienced when heat 1s conveyed -*hrough metals i.e., in the use of
cooiinz veszels heai is transferrsd througia the vessel by conduction.
The actuial heatdng of licuids in a vessel iavolves the process of
corvecsion. In the case of a licuié in an unstirred pen or a ketile
this i3 a proceszs of motiocz of the fluid nerticles arising from dil-
ferences in dersities of the parts ¢f the £luid, imcown as free
ccnvecsion, IZ the 2iguid is stirred the process is Jdescribed cs
forced convection. Heat transferred by the process of radiaiior is
conveyel iirectly through rpace 1n the Jorm of electromzzmetic waves,

3 - - - S 3 As 3 O momn B ;"
i.e, et IZrem the zun or radiant heat frcz 2 cooiding grill,
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Doz eorduetion exnd mang ca2ses of convection stezdy state neat
“rzmsfer across z plane w=ll can de desciideld sizply by -
egaation:~

3.='.".IAI T ...............2
3 = neat flow across the wall, Kealis/hr
% = he2: iransifer coelficient Kcals/nr/me<rel/0C
A = arez of wzll, meie square
Ai‘ = difference in iemperature acruss tze wall, °Q

In *he cazse of a wall of some solid hamogeneous materiasl a1l
<he aeat ‘rz2nsfe~ is by conductior and equation 2 takes the form.

q =—E-. A, (T1 - TZ) eevsesesacee 3

= therma! conductvity, Kcals/hr/metre/°C
= wall thiclmess, meires.

i
a
M I
[

and T4, T; ave wall iemperatures each side of tke wall,

For zost real situztions the wall teoperzwwre is not actually
zeasurei put rather i1t is the buwilr temperaw ¢2 the Zicuid or
gas in contact wkick i1s zeasured, It has been well estiablished
Tor low viscosity fluids thet iz such eircumstznces 15 is uselad
tc comsider +the hez* Traznsfer across 2 Urin filz of the 2luid
close t3 and ia conizet o the solid., Par ikis thin 2ilm, eguation
2 can be useld zzziz where 'h! Is now the 2il- aeet Translar co-
ePficient 2nd A T ithe temperature iiffersnce tetweer the bulix
02 %he fluid and {he well. temperature., Tkis car be shomr as Zollows:e

Fluid A Fluid 3

N\ f

H
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contimuztior 25 4. LOriucTion ¢ vontvectwon Lodel,

For this systexn there are three equatiocns for the heat fliow
Srom Zluid 4 to £1udd 3. ZousEon 3 above describes the conduc-
won across the wall, Zguadon 4 velow describes the neat flow
Irom ke ol of fludd 4 across the 2ilm to the wall as follows;-

q = hA X.‘l X (TA - 11) I ERENRENENRERNENERERY) 4

whare hn = 2ilo nezt transfer coefficient for fluid A o wall
Ecals/nx/metred/oC

ané egquation 5 below describes the heat 2low across the 2ilm in
fluid 3 from the wall to bulk of the fluid;-

Q=bgXAT(T)~Ty) coeoasecccscasccccee 5

For steady state conditions these expressions for heat flow
have the same value and they can be rearranged as follows;-~
L N K BB RO B N B N A NN NN ] 6

-t

u‘T|" b ;E“I"

1.'1 “Tz = '%0_. Te8c0c0sessseessvcrr e 7
0y - 7 = -4
a

] ll.Gll..l..l.Q..o...B

Sy adling 5, 6 & 7 it is possible to eliminae the unimown
(or unmecsurable) temperztures ™ & Tp in the new eguadion ¢ telow;-

g 1 == x 1
TA-"?D = —A.-. (.—*"T'*'.—')oo-uooca.o 9

ag
This egnueiion can ve rearranged as

U T AZX (TA el TB) ..................g..10

q

where U = overall heat (raisfer coefficient from fludid A to fluid H,
(Keals/hr/metre2/°C) and described by the equation 11 below:-

®escescnassen. Q...Q.l.11

R S
k

-
T by

-
by

These equations 10 & 11 ars very useful since all the constantis
for U in eguation 11 can be evaluzted thcreby enabling +the heat
flow to be czlculated from a lmowledge of the £luid bulk tempera-
tures,
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Jontimucticz of 4. Ccaducticn & Conveeion Lodel

I the w2ll 1s of & composite comsTrueiion tke same axnalisis
S wo ZJerive 2n siuavion as fclliows;-—

%, X2 I

+ +

1
~ 0 T T seese T t+ TTT eseess
= S kp kn © by

wners xq, Kp, k3 .e... ky are thermal conduciiviiies of the various
Ilzyers oT maserial In the woil, eacz of woich have thickmess xi,

X2 treee Ze The above equadons 10, 11 & 12 are tke only ecua-
tions which need to be considered in caleuwlating conduction axnd
convection nezt losses Zron a direster., It is intended to demon-
strzte how with these equations and by aalking reasonzble assumpiions
it is pcssidble to do a complet: thermel balance Jor a digester.

12

5. RIIATICH N0NSL

Por heat transfer by rudiation there ure ceriteirn established
physical laws which govern the heat transfer rates.
Theor tTansfer in itls applicatior reguires

M™Mragryr 0F T23iant heat
A o2 222
t 0of z 'tlzck bOd-" wrich i3 an object wrich

ct

- P- I N
se 22 <he concep

he 13 e

2oserts =220 the rmadiztion incident to its surfzoce. This concezt

i5 no* rezlized in sractics singce 21l surfaces reflect 30 so:e-
exzent, Zovever, the vorizaTon froz black body radiation cax be
2llowed for +0 2n2blie the theoreiiczl laws tc be used for =odelling
real srstems. 37 the SteZan-3clizmenn law the radiatiorn emitied
br a2 biack vodT, 2p, Reals/reimel/hr, iz given by

Eb'—" o_ 24 200 e s s0 s e s cssssomnes ot a 13

-8 2
The eomstart O has a vzlue of 4.88 x 10 Kcals/h:/:et:e‘/°K4.

1M 55 thne Yemmerziure cf the surface of ihe body in “Relvin(® C+273).
Tor so 22lled "srey surfaces' the equating is zodified =s

follovws; 4

Eg= e o O_ . T e vecescessssassasvsanseee 14

te? is a factor to allow for +the reduction in radiant energy
2rom a surface in relation to the blaclk body radiation for a given

£ &Y,

temperature. It is lmown as the emissiviiy of the surface.

values of 'e' Zor dilferent surlzces can be applied in urder 1o
caleulate radiznt enerzgy emitied from any surlace. PFor example a
surfage with 2 value of 'e! = 0.5 at 159C would radiate 170Kcals/hr/

i =

neire” accoriinz to zgquaidon 14.




2 - oy ~= = 3 < “TAra
Consimuastior ol 5. Radiadicn Zoael.

Al expsosed otject will zzin radiant energy from toe sux zxnd
other obtlec*s. ZTotel dedly sclar radiation caz ve as aizk os
5,00CKess/nr/zesred, Iz some circumsiances radiant energy
transler rzies Zroz swrroundings can be gquite significant but
caleculadion of the interchange of energy belweexz ctjects recuires
detzilel comsiderciicn of the gecaewic configuration of the
objects, Iz the exmmples ccasidered iz this paper the effsct of
radiztcn 225 seen assumed small cczpared 0 convection and con-
dueiica. Ior this assumpiior fto be valid special xeasures would
te rejuired which will De discussed later. IV should be =z2dded,
novever, that there ars benefits in close’y examining the crocess
¢ radiznt zZeat transfer since it will te found that this offers
potenticl for desig: icprovements in digesters operaving in low
terperatures.

6o EXATIS CF H2aT OG3ES FRC DIGSSTIRS

Digesters may be of verious designs, often underground. A
gZenerzl nodel can be posed, ccnprising of lour components of heatl
loss identilied J3q, Q, I3 and g Where

71 = 2eat losses fro. sludge-wall-socil-cir

o= " n " sludze-wall-air
== " n " gas-weil-goil-air
2 =" " t gas-well=-air

Tor paricular cose where It is intended to alculale the neas
i v 1s necessoxy o specily values Aq, A2, A3 & A4 23

as, and values X AT, AT, ATz & ATy Zor Jemperature
o PFinelly i1 is necessaxry <o evaluzte volues of Uq, T2,
3 & Uy toe overzll hezi Transiar coefficients. This orocedure will
be illustrza<zd 2elow and equaticns 10 & 11 derived above will be
used. The assumption in derivingz these eguatiorn of heat wransfer
across a plane surface holds for square or rectanguler digesters,
for cylindrical digesters it is accurate for large radius, thin wall
digesters.

6. (1) CaZCUL:TION ASSTLIRTION

The exanple to be considered relates to a large experimental
digester operated oy the 0ffice of Rural Development, Suweon,
Republic of Korea.

The digestzr is cylindricel, 6 metre is diameter and © meiTe
deep Witk sludg: coatents o 2 depth of S metres. wWails are concrete
anid 2,25 zeire thick. Operzting temperature in 359C.
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ConZinuzdion of 6.-(1)

calculation Assuaptionse

Tempercoure datz for Suweon, is ziven in TABIZ 1.
Sezson vt - 1
. w1 Texr Rlbirwichy
Posision Terperzture | Temperature
Air =12 30
0o0=Ca5 metre underground -2 2843
0.5=10 M n 1.1 23,8
10-145 n fn 3.3 21.8
145=2.0 ¥ " 57 2042
2.0-3.,0 ¢ n 7.8 1849
3.0-5.0 " " 1142 18.2
5.0 " " 11.6 14,9

Ti3I8 1. - Temperature date for Suweon, Korea.

Film heat transrer coelficienis

are tzXen as;-

Slurry=-coacrete = 500 Keals/, /OC/dr
Soi‘y a._r = 5 14 l| 1 1]
donere<ewzir = 20 1 " toon
Gas-concres = 10 ! " R
Thnermz2l conductiviiies zre zken z25;5-

Cozeret - 141 ﬂ"s/:e-“e/o"/**
Soil -1.2 " " "
Iosuletion - 0,03 w 1 non

Tkree cas>s will bYe considered Zor ithis digester

Cese 1 = Digester zbove
building.

Case 2 - Dles..eras.n

In esach case to%2l winter and awmer heat
r and nazioun summer
used. ZIZadiation hezt lossns and soler heating
hree cases described above.

czlculated. iwinimum wwinte

are assuned smell for the ©

case 1 but insulated.
Case 3 - Digestér 95% undergrouna (as 0.R.D, dizester).

losses will te
temperatures are
are not included and

ground exposed to air inside

— e ——

.~



5. (2) Case 1
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J

'or a2es=tT WS

far 2rox; sludgs - wall-air by ejuation 11 and
122.5 zetre?,
1 1 o 1

= — + —
B 0, &k B

er coeflicient for slurry-concrete=500
er coefficient for concrete-air = 20

g
|
iy

1 ‘31 + .25 - 1 2.:1& l.. U2=306

Jence Qp (Wizter) = Tp X &2 AT

anad

~~
e
de
~

Tor

b PR

p (summer)

3.6 x 122.5 x (35-(~12))=20,700 Kcals/tr

2,6 x 122,5 x (35-30) = 2,20C Kegls/hr

hezt “rensfor fyom gosewell-air by equation M and

-
-51
Y-

-]

i

= hazt +monmsPar eaalliniant S:s_cf\n—\«ete

- e e i e T e e — [S20-1-0

|
—
o]

" " 1" cangresgazir = 20

[SaeTY — P

ik

-r ~
T -

v4—

dence, 04 {winter) = 2.6 x 47.1 x 47 = 3,760 Keels/hr

Winter nez2t loss

3 (suzmer) = 510 Keals/ir

case 1, sumxing the elements (i) & (ii) sives ithe total
il; besis as;
635,000 Keals/day

Swuzmer heat loss

67,400 Kcals/day

6, (3) Case 2 - DIGEST™R AS I CASE 1 BUT INSULATCD

43

-7

Tor ract “rziizfar from sludze—rellozir, dov Iz 2s in

-

Case (i) 2bove but if 75ma of insulation tran using

g %, Up = C.36

Tanea N0 fvinter) = 2,200 Zeals/hr
Tenge N2 (vinter) 2 bt

2 N Y ) 1 n S
and L, Tl 221 Tedls/ax

g —
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Gonmtinuaticn of $.-(3) Case 2 - Digester as in Cose 1 bus izsulated.

oor neat wansler Iroxn gos-wall-zir Jaiz is as in Case 1
-\ ~ - 'y 3 - .
1) above odut i¥ Tomz of inzsulation then using esuasion

1 i «25 075 1 e

T.1 7.0 T720

751
80

Gerce, Q4 (winter)
and 04 (summer)

For Case 2 sumxing the elements (i) & (ii) gives the
totzl hezt loss on a daily basis as;

70,800 Ecals/day
7,200 Kezls /dzy

dinter hezt loss
Sirmer hezt loss

[0aY
.

—
N
N~
2
B}
14/}
1]
(9}
!

53

—-—-‘D ‘ —..LL

For heat loss caleulztion in the case of the umdersround
dizzster the szze eiuctiions 2s defore zre used, The czlewl:vdion
is
=

e Rar}

20r2 sxvensives 3ikce 1T 15 mecesszry t0 consider she distibu—

on of s0il depth covering the digsster in order o calouliass

ae elements of neat loss A1 & Q3 which relate io kheat loss
tnroazzn the soil., An assuwaption zust be maje thae: she soil
coverzze ozl oe considered as an sztension of the dixezster wall
since 25 w23 siated previocusly the ecuziions cre Zor plane surfzces,
-cre 2laborate 2aalysis is possible dut using *hese simples scuazions
&-ves usslul iavormevion Wit reasonable zccuracy (De.‘;e. on scil
covzrazs agoin :'=..a‘°* 0 the C.2.D, digester and was the resul:
0f 2 ¢ouitur SuTvey,.

(1) Por nezt transier Zrom sludzs-concrete-soil-air, U is
Siven Zrom eguation 13,
1 17 T F

= = +

LN

01! is calculated Zrom a4y, hpy Zey K., defined as before
anG kg, the thermal conductivity of soil. However the

value of Xg, the thiclmess of soil is variable and it is
necessary to calculate diflzrent values of Uy Lor different
velues of Xge. Aavercge values Zor =z 23 of soil coveraze are
used z2ni these cax then be moiched Yo the digesser waell
zrc23 25 taese depths. (This information azzin relates to
e ... :.J.“"“"" but the zethod couild be apniied in other
c;rcu:&ncesﬁ alculatei resulis 2re given in Table 2,

o —
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. At . - . N
Somiinu2iicon oF S.-(4) Case 3 - 3uried Digesier.

TABIL 2 = 3TRISD DIGLSTIN 3. LO33I08 Fmdi 3LUDGL-COLNCi I=5-~S0II~oIn

bl Dizester Heot Zoss (Heals/kr)
—7 ! } ""GQ U
—a e

aeTes =etre2 ! Tinier Simmer
N.T5 1.5¢ 3% T 7.€
1.2% 5.28 58 201 21.4
1.75 12.52 33 312 3%.2
2.5 26,22 240 493 52,
£.0 32,36 27 423 45,0

amd hence 34 5 iztzr) = 1,780 Keels/hr

en 2 (summer) = 829 Keals/ur.

v Py nT..,J..Q_co,.' >

cre

(= 1o to-zir 7, is calculated
as in Case 1 (i) above, 3alding Ao=0.79 meirel.

Hence, I, (--.....U»I‘) = 134 Keals/br
ond 3 (suzmer} = 14 Keals/hr

(222) For zeet loss Zrom gas-concrste-soil-air, Uz is given
oy - .
X X
1 1 c. s . 1
—— = e —
[V k., E x hB
o] n [+ S
. - . 3 ke - .. 3 ! . - -
Maig is g siziler relatiinsiip to thed in (1) zbove and the
szme a2pproach is reguired o czlculase T fo- i:.ff\.--n’
values ¢f x., ke scil cover, Values of keat 1o08s czliculated
im o thig ".'e.;))are Sivern in ;aale 3a

TaZiz 3 - BURISD DIGS3TER HZAT 108335 FRM GAS-CONCRIUTE-S0II~ATR

Heet Loss (Kezls/kr)

ct

S Dizester Tall U3
Tetres areza

[
\

Winter Summer

Dot 7,14 1.16 171 18
.75 18,31 0.87 749 80
1,25 1.2 0.64 36 4

Hensce, 2, (winfer) = 986 Teols/hr
ard 322 (rummer) = 102 ¥eols/wr
3

- —



11
cotinuastion of 5.-(4) vase 53 - Zuried Digester.

(iv) For aezs loss Sroz gas-—coxncrete—alr I, in given by the

2Zuatiole. &

1 c
— = +

H 1
- — + =
U4 a4 e )

U, caiculated in,cage 1 (ii) above as 2.4 and %aking
A4 = 5.5 zetre

Hence, Q4 (winter) = 620 Keals/hr
and Q7 (summer) = 66 Kcals/hr

4
For Case 3 summing the elements (i) to (iv) givea the
total loss on a daily basis as;

83,800 Kcals/dry
8,900 Keals/day

dinter neat loss
Suzmer hez i loss

VN AT ETRIP e M AT A s T AT b KA
6., (5) C3STOTooTONS O COTCTZATED DAmA

The 323z Sor czses 1=3 is sutmarised in the Table 4 Lelow,

>y
ilso ihe averzze of tkhe wizTer axd summer hezt loss.aas been

TA3IS 4 - HEAT I0SS STALRY (Thousaed Keals/day)

Case 1 2 3
Zxmosed Digester | Insulzaied Zuied
Period in Zullding Dizester | Digester
~N
Tinger 635 T . 84
Surmer 57 7 )
Average 3250 40 46
. Jinter
Ratic T Uer 9.4 9.8 9.4

caleouwlated, tozether with the ratio of these quantities.

Some points arise 2rou these figurea in relation to the Korean
wer de

dizester dezizn Zor low termperature operziion.
1) Tze rasuiis Sor the insulated disester (Case 2) and the
vuried ligester (Case 3, are very sizilar. = votk cases
heat loss is rz2duceld by zbout 90% compared with a ccacrsie
dfsester in air., This azplies to both summer and winter
conditions,
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Conimuation of 6.-(5) Observeiions on Calculated Data.

2) Zeat losses in summer fram insulated or buried digesters
tarcugh conduciion and conveciion are very amall,
(10,000 Zcals/day hezt loss from a digesier of inis size :s
equivalent <o 2 {rop in texperzture of the conienis of

< 0.19¢/dz27.;

3) Reiics of wintar to swmer neszt loss ir about 10.

AV bis point it is valuesble to estimate the order of megniiude
of radiany heat wansfer wWhith occurs for siructures of +the size
o the exposed digester in case 1 whern in the cpen, Using equation
13 and texding the digester "rzdiation area" as equivelent to the
arez of 2 hemisphere of 6 metre diameter (56 meire2) then for an
averzge temperature of 15°C and assuming the digester wall has an
emissivity of 0.5, the daily heat loss would be 226,000 Keals.,

This redjant heat loss would be compensated by a solar heat
gain. To estiuzte this the area of the digester exposed to ihe
sun is asswmed to be an ellip‘.:éca.l section through the digestier at
159C o the vertical (40 zetre®) and an average soler nez: —ate im
telrez 25 4,000 Keals/day. 4assumizng Surther shat 50% of 4he fncideat
Slztion in 2bscrbed (oisorbiion coeTicient = 0.5) %nen sol-x

2e2% z2i= would be 80,000 Kezls/dz7,

These rousgh calculations Zor rediziion indiczte therefore +hnt
on tzlance thers would e radiznt neas losses from =3 exposed
di<eszer. The order of mzmiitude cf this juand ty in 150,000 Reals/céay.

Tals Zizurs for radiant heat loss would be muck less wiik 2
building, PFor <the sssumption that it is reduced to a small level
ccmpared wiia convection and conduction losses to de
vaid <hen in the case cf the insulated digester, cla2dding material
of low emiszivity would aZso be recuired.

An underzround digester well covered with soil would lose a
minimum of heat by radiatica. Prom this analysis of heat losses
it is clear that this common and simple form of insulation is very
elZectvive both in reducing heet loss by radiation and by convection
ard conductwion.

MAT = T T T eyerm
7. L s Y o A s u“l.n.'..au&s
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Cnce the Lizester heat losses zre evaluated +he celculaiion of
tle fotal hezt reguirezents o spinicin the dizester 2t its operating
vemperzuure 1s 3trzight forvard. Using the equation 1 given in
sectiion 2 and <zidng the aeat losses for 2 buried dizasier as
deserived ezrlier the 0wzl heat rejuire-ents is calceuliz<cd as;
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Sontinuasion of T. Totel Heat Qeguirepents.

80,000 Kezls/3oy irn summer
260,000 u&.ls/aa;' iz wiater.

':‘r..s assuzes a 20 day -eteniion, 10% solids loading and feed
<euperatures of 10°C and 250C ia winter and summer respeciively. )
Gas consumption %o provide ihis hent input (at 5,000 Kca.ls/h‘r-5

e.nn overgll heating efficiency of 60%) would be 27 I.ﬁ/day in summer
'3‘"3“ in winter. Thesé are cﬁn to the actual gas consumption
for the Korean digester.

8. IMPROVELENTS IN OPERATION

Certzin igprovezents are pogsible to reduce the heet requd
aents 2or digesters. Dxamples of operational procedures wkich
accozplish this are:-

1) Rzcycle of supernziant or e2fluent to use as diluiion o
the “eed. Since the total solids in the feed is reduced sub-
stantielly by the digsstion process the e2Ziuent can be
raccled to cudte =z large degree while adjusting the zaize-up
wat2r volume to zzintair the required solids loading in the
feed. I 2 505 recycle iz applied 4there is approximately 20%
reduction iz the hea’u._-, requirements. '

2) Zzh so0lids level in fzed. The higner the solids level in
the feel the less zake-up wetier is required for a given digest-

. ar., Thig jepends on the physfcal propersies of the feeld and
+he equipzent used but a 10w %otzl solids feed snouid be sos—
sible.

3) Using a aource gi‘ neated %2ed water. Solar heating could
nave sigzilicant benefits in this area.

4) Optimising *he operating tecperature. For exzmple running
a digester at 259C instead ol 359C would reduce winter heat
requirements by about balf. Gas production would however be
reduccd and for optimising in these circumgtences a wider
study of gas demand patterns would be required.

N

Iz reiation to operating temperatures there may be benefits
Zrom a long term resezrch view of the xicrobiology of anaerobic
¢izester. Is there potential for promoting the action of micro-
orgaaisms which are nore active at low temperztures? The work of
Hobson suggests that idenvification of anaerovic bacteriz active
in dizestion is a8 jet ozly partially accomplished so there would
seer t0 bz msuy od3tacles to te overcae before a specific low
teoperzturz acvive dacteria could be isolavted for promotins gas
production in the monner, in which, Zor example, yeast cultures
are azplied iz yzast fermentaiion.(Re?, 3)
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9. SCCIO0-zCONGIC PACTARS I SYSTEL: JESIGY And OERATION

Jesizxn and operation of a digester must iucorporzie an
anelzsis of the social Jactars relating to the numar activity
systex of which the dizesster will be a component. Such an anal-
rsis auss also include an assessment of the process economics.
This assessment rust in Lo investigetle the wider aspects of waste
recycling, energy utilisation and finance in the rurel economy. From a
broad systems psint of view such things as poiential investment,
aveilacility of operating skiiils, lavel of commnitiy involvenernt
etc., 21l hzve a bezaring on design criseria.

FPor example, the use of digesters in Zorea may be considered.
Here, until now, ithe mein requirement has been %o trovide cooking
fuel in place of wood, straw or coal (Ref. 4), The traditiomal
cooker used in Korea has however also been the burner for the
domestic heating which supplies underfloor heating for rooms in
winter., In this situation winter production of biogas far cocxking
receives less priority since, whkile the traditional heetirz metkod
is used, there zre coaling facilides availeble and the Zuel
saving is, therefore, limiited, IL through technical improvements
a larger gazs aroducticn is available, suwlicient 10 perhaps provide
coc:=ng and room heztng, then it bCecomes possible ¢ reriace the
traditional burmer. Fuel savings 2xe then potentizlly rmucz highker
but 2 different toftel system must be considered anc it will be onme
which puts a greater priority upon low texmperziure production of
tiogas to neet winter fuel needs,
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