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Althoucii 4t has buep known for decados ¢t cevinin wioroe
orzonisme can oxidiso byarocarbons, it is ouly in the fifties thet
it was approciuted that some can utiliae Lwrirocarbons as rrouth
substrate, .ts full iplication in torig Of »nroiuction of HG.» as

& source of __::e.d or food was only weasured Tolloving .ublicution

T

of' the wori: done Dy 57 at the 1ngti gation ol o, Tl amuat ond
with the arvice of Profesasor scavz,

Progress on th.e D' work has been reirorted at other conferences
| and in papera,rby ‘Clmnsefmat. La;xw wivl shacklady, It is foip
to say that the result of '»or:; in vorious academic op industrial
1abamtonu has supported alrc o ureut number of Lublicatiape,
liowvevor, not mueh has yot been publitel.sd .. the econvunies of S0P
protuction, probably because very few of tic groups involved have
vorkod at a large enoush seale to obtain mounlnsful data in tomas
of operating or eapital coats,

| i-ctk U conmider firstly p&uibio feedstocks.

o=laraffins have bem evnai: nm firat, oi thop wuutm with

&tznw mmmm in the niddlo disnu«;h x‘racuws o:‘ aﬂxda au. ;

. oF pure aftor extraction froa middlo ﬁiattuato by mo MmJ,ar sien
 and a'ditionnl ehemical ‘matmﬁt t*e aﬁtam maieaa;:z ‘erade a1
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Mothane was sutrested as a cheajer source of hydroc.it s,
avoddin« s .eelally all problews of rouovil of residual lLydroe
carbonsa, Lut, so far, not wuch successful work nas bec reporterd
for reusons which will becoiio apparent later and sttention s
woved f{rom methane to methanol at the instigation of ICI {or
roasona that br. D, G. daouenmm and J. Gow hava recently pointed
out,

"llothanel is g r:arﬁcul.arly sultaile £CY raw matorial for
several roasons:

(1) 1t is cougsletely wiscible with wator,

(11) It can be produced from a very wide range of
hydrocarbon feedstocks ranging téam coal to na;htha
and natural gas.

(4i1) 1t can be produced in virtuolly unlisdted uantitioes
in any area of tue worid having any form of fossil
fuel supplies and is not limited b the output of a
rsfinery in the sauwe vay s are noraal alkunos.

(iv) 1Ite method of production, which invelves catalytio
degradation of the hydrocarbon feedstock to CO and

| tly,z, prﬂemdoa tho presence of potentially earcinogenio
| ! mlycycue hrdmamm‘ ,
. (g} m grovth of. luro-wm:m on methanol mu&r&n '—
. ,,,,’,.1‘” oxygen than don growth on mma.l nkms L

I e e

':I.mrtam faotor in the overall pmaac caonmien.
(vi) Finarly, if a wethanol plant is huilt as an intezral
part of an 5CP p:hmt, eom:tdombh quantitios of heat

liherutnd by the methanol synthosis can be used to
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provide the sterlilination heat required for the
fermontation process.”

The following table will give an indication ol tie coats
involved, where we have included data on mclasses, which are

already wvidely used as yeast substrate,

Feedstock Yield Substrate cost

1b. SCp/
- . of §
Cost £/1b. 1. Substrate £/1b. o CP

Molasses (507 assimilable

carbohydrates) 1-2 0.25 h~8

n=araffins Beuly 1 3-4

as 011 | 1 1 1

Metaanol ' 2 045 b.s
 Methane | 10.25-1 0.6 0.4-1.7

The low fipure for molasses corresponds to a cost in
producing countries wvhereas the hi:h one corresponds vo a cost in
importing couniries, ospceially in VWestern iurope.

The bracket of firures for methane reflects the pessible
difference of volue at the crude oil well head in a producing
sountry of the liiddle East and in VWestern Curope where it is
costed ajk fuel oil value.

But an economic assessment of SCP production must also take
iat& account tht éxygen requirezent and 'hea,t evolved during
:uggfgggggyicn; ‘Thi talxaving;atnié&icmétrie»equntiéﬁ: éan §§
‘iéiftta‘npﬁrﬁaiuﬁtoly. | | |

Carbohydrate/Teast
1.8 Gﬂgﬁ + 0.8 t’);Z + 0.19 Nuj + other essential elements (ry X, 8

etc. ).

4(0111'790.530.1943-&) (Cells) + 0.8 O, + 1.3 H)0 + 80,000 keals,

i
?




n Alkane/Yeust

2 GJI2 + 2 02 + 0,19 Nilg : + otlier esscntial elcnents (1°,

e 3 Otco)

-y(cn".7 OO.SNo.w““h) (Cells=) + €O, + 1.5 ii,0 » 200,070 kcals.
Methanol/Dacteria

1.72 CH3 OH + 0.23 NH3 + 1.51 0, + other easoutial elcuents

>1,9 (0511‘68%‘36& o.zg‘“h) (Celle)+ 0.72 CO, + 2,94 10 + 185,200

koals,

Metiinne Baotoria
2,6 cu!‘ + 0,293 NH,, + h.15 O2 + other essential oleuonts

-'rl.o(cal.6300‘36%.23“1:) (Cells) + 1.6 €O, + 4.7 H,0

It can be noted that fermontation on wmthonol, paraffins and
methane requires resvectively 2, 2.5 and 5 times morve oxygZen per
unit of c: 11 than on molassos, the heat cvolutions being also
roughly in tho same ratios.

Assuming that the power required for oxygen transfor to the
cells is ir the sase ratio, the following table can be derived.
For this purpose we have used the sinimus and maximua figures
publishod in terms of Kwh per pound of yeast produced from

molasses and assuced a cost of 1¢/Kvh.

1 oaz-o03

V’ 2;3 0.6 - 1023
2‘5 ” "
- g 015 - 1

3 1.25 - 2.5
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in oxrder to mike a comparative estiiate of the impacet of
heat evolution we have assumed Lt coolin: water at 18/200-'.2 is
available (typiecal N.. Europo sm'a-board location), that for.ean-
tation with yeust talios place at 'JOOC, whilst, for metbanol and

methane, bacteria are used and frow at hOOC, hence increasin; the

heat transfer eifficiency by a fuctor of 2.

Feraontation ileat Reiative putio Sost
Teiscrntra Lvolution of cool- nt g[lq.
patio Circul: tion

Kolasses 30°% 1 . 1 0,25
nelaraffins 30 2.5 2.5 0.6
Gas oil 30 2.5 2-5 006 :
Methanol ) 2 1 0.28
Methane ko 5 2,3 0,6

If we sum up the costs givem in the J tables after due accoumt

of the fact that ir gas oil is used, the costs must be multipiied

by 1.2 to take into account the loss of lipidiec w.torial suffered

during the final stage of purification by solvent extraction, we

obtain the followin: extreme costs1

£L1.

Molasses - K50 8,75
n-Paraffine 4.2 5.88
Hethana 525 s
Methame 2,25 4.8

A direct comparison of the Tigures would ve misleading. Yeast
Erovn on molasses is normally separated from spent medium by
sentrifuges and, as published alroady, the

saxe order of ofﬂcuncy
osn be ex;ected frou industsrial centrifuges for yeast grown on
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caraffins. On the other hand, be@auss of the 1.uclh small. v size o
bucterin, the efficiency of centrifuges for the arvestin- of a
biomass obtained on wmethanol or methane is proounly reduced by a
factor of B or 10,

ICI Lave said that to overcome tlids problew they have
introduced, "a prior concentration stare such us floculation or
flotation. ilovever, this alditiomal stage cau be achieved
relatively easily.” At what cost is difficult to say.

Anotlier point to mention, relative to the methane process, ius
that the exhaust gas froa ferumentation still contains a lurge
portion of‘ non-gonsuncd methane, which, it not recycled in the
system in onc way or another, would add considerably to the cost.

short of accurate data on these points, it wm.u.d’ ba pointless
to econtinu: a comparative production cost analysis and we shall
conventratc now on the two processes developod by B (Appendix 1.2).
In the gas 0il process the fecdstock is fed contiriucusly with an
agueous mineral medium and tiie yeast consumes the paraffinic
fraction, which represents roughly 20-30% of thLe gas oil, according
to the origin eof the crude oil.

In the neparaffin process, pure n-paraffins previously
sxtracted frow middle distillate are totally conszumsd by tho yoast.
In the first case tie ysast biouass must be purified from residues
of middle dis’iliate by selvent extraction, the cost of vhich
balences roughly the higher cost of the pure n-paraffins used in
the second case.

If we take a typical N.¥W. Eurepe location, the breakdown of
costs is as follows for a 100,000 t/a plant.
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Ne s ravlins Procens (200 (13 Procoig
Peedstock Ir-h4o/ 10-158/
Chemicals 15=20," 20«25
Utilities 15-205 2549
Personnel, tivintennance, o 4ol
Overheads. denrecintion 30=35: 4

In the €as oil process the feedstock cost will depend to an

extent on the Premiom whie

1 can be secured for dewaxing,

In the n-paraf'fin process there is an additional factor to

consicer, which is the sizo of tle pure n=gparaffin production unit

as typified in the followin: table,

50,000 T | 100,000 T , 200,000 T

n~Paraffin cost C-5£/1b.

5ebg/1b, / ba3d/10.

at wmust be appreciuted that sucy figuros are only indicative

because the eérude cost varies accordis,

., to the origin of the crude,
its eontent ofr n=paraffins, etec. i

cost ia Mt,nu,zy indicative, 'Thg',eomtrucuon of a large pimt’
ie in progress in Sardinia, but '
’ h7'ﬂlcti¢§ will not be n#ailable'befart some time,
be realised that the cost depends

driiing of the big machines,

the breakdown of its cost mt:l,ea

It wust, hovever,

on the systenm Selected for the

l.e, electrical motors, steas turbinaa.

oto.} the coat depends on the

Fequirements, jn terms of product

formulation, storage facilities, Product hondiing facilities;
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total cost can also inelude such itewms as trainin- of labour,

» commissioning expenses, workini capital which are environmentally

related.
It is, neverthneless, possible to outline a 100,000 t/a plunt

cost in million dollars us per the next table.

D= araffin nrocess 8 0il process
Plant proper 25«30 30-40
Built up cost 3040 40=50

hat is the range of size of plants which ean be considereoed?

For neparaffias production, there is no specific limit,
provided enough n~paraffins are available. in order to beneflit
from the low posgs of large soslo prgduction, a central unit, say,
100,020-500,000 t/a could be crafted to a vory large refinery and
used to feed a number of cmaller protein plants located according
to the market requirements for SC,

¥With the gas oil prccess, the plant must be connected with a
refinery which will supply the feedstoeck and receive the returned
non~paraffinic fraotion. Consequently, the size of tho plant

depends on the availability of the middle distillate from the

cbosen refinery; it aleo depends on the quantity of paraffins
present mthe avnlabig t@‘edﬂ&k, on the amﬁaax value put for

the rav and dewaxed middle distillate Al maxiuus use of the premium \—
for dewaxinz is looked for.
However, the position can be sunmarised in rough terms, as

follows ix tems d{ Pr\\tﬂ yh[c/
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ddde ok late Rolin s g
S0ilin v e SISV 1o . /¢
. 330.320% 50,000
300-340°%¢ 20,000 100,000
250-330°% 50,000 200,400

(vaximun potentiul)

It then becoues obvious tuat not only can .G pe produeced

alonzside reofinories or g standard size in vestora . «urepe, but alge

near snallepr refineries auch s are now built in Lty raxts of the

woerld,

It is Xknown ‘that as plant size increases, the ca-ital costs do

a0t increuse in pbroportion to scale, in Lis recent pbresentation gt

the JIT conforence on uv (May, 1973), Professor llumphrey susrzosted

that the ineroane should be 4in proportion to ti.e rlent seale raiseq

to the 0.6 pover. This is probaLly low at thig point in tima, 4

power of 0.7/2.75 would be more approprinte, but there 18 no ropson

to beliave that wity the exporionce gainod from the ngin-eering of

& nurber of plants his assumption will not become eorroct,

Ye have lready established tiat our €’y sold under tho trade

nawe TOPRINA, can iind its place in vestem Lurope anonsset othepr

sources of protein, tukin-: into account its high protein content

and its very -bigh mutritsonal Value, Thore is no doubt in our ming

operating mduatnal plonts, wuch nmlor pl.antc than u~m m are

emsidcriﬁg for Wester, Europe will be a viable e@cononic proposal,

I s convinced that with menssa effort put in:e oOthior approuches to

ill also be an ¢cononio proposal,

SCP, such pProduction v

“ow will the optimal desim sapacity Le detor:ained?

In Fohnxary. 1972 PAG issued a document on s pointing out
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"The optimal desi.n capacity of plints producing 3CP fironm

different kinds of raw material s deteri.ined by specifie econoanie
cniditions related to
demand,
marketine nossibilities,
raw wmat: rial supply, and
fuel, power and labour resources.™
At MIT Professor Hlumiphrey made the followin: points elear.
"In general, economic considerations to determine the optimal
scale of S5CP production in various locales should talke into account
1) requiroments to produce a safe product,
2) demands ¢f the country or of its sepsrate rezions for

protein ef this type,

3) raw materials and fuel resources available in the region
of proposed plant constructinn,

4) expenditures on the delivery of raw materials, chemicals

and other process ftens,

5) expenditures on the delivery of finished products to the

places of their comsumption, .
6) existence of wator, onemf and labour resources in the
region of plant construction, |
7) extent and character of roqa;m capital investments,
8) financing facilities." k
He concluded his presentation by saying,
"On the basis of t‘i:h and oil seed meal prices duvring tue last
balf of '72 and the first part '73, there is every reason to be

most optimistic about the future economio feasibility of SC.,"
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Ve in B’ would endorse ti.is view, busin our jusiaent o a
broader analysis of the trend in prices of fish und oil sced reals
over tue years. It is our satisfiction to see thot 2 hus pioncered
an attractive now industrial, biological cperation wiich may
contribute to solving u probles: which has recently bLecome nuch Lnore
obvious to the gener:. publie, the protein shortage.

But let us fini:;A on a noto of warnin ;. -There is quite a
difference Letween tuo engineerin. of a pilot plent and that ol an
industrial scalo reliable unit; quite a difference hetween pliot
plant and full scale industrial operation.

Yt 18 also easential to ensure the productio:n orf a toxicity
free, nutritioually good 5CP and no short cut in th- tosting to
énsure this can be risced; e no short cut in the standord of
production and quality can be afforded, failing which the impact

o HUD might be dramatic,

T r————
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