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The paper conpiners the 1rle of existing a:d potential hydrozarbon feedstocks
in mingls cell procein (8CP) production and cimparar ine potential viability of
the various conversion routes from hydrocarboo e:bsirates.

‘e convers: .n »f nutural gss (Muthare: pnd liquid pe.rolewr gas Nactions
(LPC), using define. mixad bacteriai oilinpes is d.stugsed in sowe detail and
the importance ¢i :e:istock valuss 1 end pioducl - usts (3 demonstrated.

Alteruative r:uiee viwe Me!hanol ~nd tne tecnnical imrlicati-rne of using
defined mixed baotertal cullwies in tne ¢ ntect -f the probable future availability
of “Bnergy Methan,l" (Meihy! Fur') is corsidered, Cumparisons are nade of feedstock
costs for other hydrocarb:r comversion precesnes inoluding the yeast/gas oil and
yeagt/n-paraffin routes.

The likely current and future econcmice of SCF produstinn are shown to be
fesdstock and also locatior dapendunt,
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I. RANGE OF POTENTIAL FEEDSTOCKS

The potential range of feedstocks which can and are used as substrates
for conversion to Single Cell Protein (SCP) is extremely large. There is no
ideal general feedstock, rather it is a case of assessing the most suitable
feedstock/subatrate for a particular situation.

Of the greatest potential interest are the hydrocarbon sources ranging
frosm natural gas (methane), liquified petroleum gas fractions (LPG) and also
various first stage chemical derivatives such as methanol, Indeed the whole
of the hydrocarbon series can be used including the long chain normal paraffins.
The latter category ie already being used as & chemical feedstock on an indus-
trial scale, not simply for ECP production. Hydrocartions derived from coal,
lignite, shale and tar cande are also potentiaml longer term candidates,

In addition to the fosril hydrocarbons, there are a variety of carbo-
hydrate and cellulosic sources and various waste liquors and even carbon
dioxide which can be fixed photosynthetically or chemolithotrophically by

organisms capable of oxidising molecular hydrogen with oxygen as the hydrogen
acceptor.

In practice, however, waste liquors containing carbohydrates, cellulosic
and similar materials are usually linked to specific techno-economic situmtions
and are closely related to the questions of pollution prevention and waste dis-
possl. JFor this category of feedstock, no general assessment is possible since
each case has to be teken on its own merite. It should be noted, however, that
there are already many successful and efficient enterprises based on these
"special® situstions. Perhaps the yesast plants utilizing sulphite waste liquors
from paper pulp mille are the best developed examples. Other waste disposal
situations are also under development, for example the handling of cattle feed
lot effluent and other agricultural waste,

(Slide 1. LIST OF FOTENTIAL SCP FEEDSTOOKS AID SUBSTRATSS)




II. LYDROCARBON WiEDSTOCKS AND CONVERSION ROUTES

The ure of liquid and geseous hydrocarbons falls into a different category
from the carbohydrate and celluicsic substrates in that their scale and univer.
sality of availability make them general feedstock candidates for large scale
plants in a wide variety of locations.

In view of the fact that fossil hydrocarbons are a finite and diminiehing
resource, it has been suggested that rennwable raw materials, such as carbohy-
drates and cellulose, must be preferable as carbon substrates for SCP production
rather than the essentially non-renewsble hydrecarbon or hydracarbon derived sub-
strates. In reality, however, energy is employed simply to improve the overall
quality of life and the burning of hydrecarbons only achieves this indirectly,
whereas utilization for protein production represente a much more direct contri-~
bution by our limited fossil fuel resources to an improved quality of life.

In view of probable increasingly siringent product quality regulations, it
could well be that cheap celiulose i1n the form of waste materials will not be
permitted at least for some categories of SCP production, because of the poten-
tial carry-over of undersirable and/or dangerour contaminsnts from the substrate
to the product. Furthermore, the availability of carbohydrate substrates for
fermentations is highly dependent on local and climatic conditions amd subject
to intermittent harvest failure and other variations,

For large scale continuous production .on a multi-location basis, Syaro~
carbon substrates offer the most universally available and rtandardized raw
material substrates for SCP production.
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ITI. NALURAL GADL

Methane is the first member and the implest of the puraffin series. It
is available as natursl gas in r.oay vart. °f tho w3 il and hus the great merit
of low transport costs for moderate distances over land. However, in many of
the more remote parts of the world, pipeline irunsport is not feasible - at
least at present for low preseure gas - so that llared gas situations exist and
will continue to exist for some time to come. In the context of this situation
the conversion of natural gas - essentially methane - directly to a high value
protein concentrate, wag considered to be a legitimate techno-economic target.

Unfortunatély methane from a microbiological view is a relatively inert
molecule. Nevertheless a process has now been developed using defined mixed
bacterial cultures which will enable the conversion step to he made economically

under non-aseptic industrial conditions.

The oxidation of methane with atiendant bioéassﬂprednetion follows the
route:-

CHYy —edip CH30H —p H - CHO i .COOH ~=pC02

The moat difficu)t step and one which produces essentially no energy for
growth, ie the first st.p to methanol. On the other hand the heat gensration
st this stage is considerable and demands the removal of large quantities of

low grade heat.

For SCP production, the yield coefficient, i.e. the weight of cells pro-
duced per unit weight of carbon subsirate utilized, is one key biological fac-
tor in the process. Another fuctor ie the protein content of the cells pro-
duced which in the case of this type of bacterial conversion is in the
70-80%' range.

In the ideal fermentation fur bioma.. production, the products will be
carbon dioxide, water and cell mass, the latter with a maximum protein content.
These targets can best be achieved in continous culture under carbon subatrate
limited conditions. In order to maximize cell mass production, certain defined

mixed cultures of bacteria have been selected which are capsble of achieving
yield coefficients of arcund 1.C undey certain continuous methane culture con«

ditons.
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* IV. METHANOL ROUTE

It has long been known that the bacteriological conversion of methane
goes via methanol and it was an obvious 8t p to consider the use of methancl
@5 an alternative feedstock to methane. The methanol itself can be pro-
duced either from methane, naphtha or other carbonacecus feedstock.

There are considerable merits to the use of methanol. In & sense the
process is helped by the fact that methanol ie a liquid. This simplifies
the plant and avoide some of the mass-transfer complexities of working with
multiple gaseous substrates. Thus for a given size of fermenter, product

through-put is greater and significantly less cooling ia required compared
to the direct methane route.

Against this, one has to consider that methanol at least in European
terns, is a relatively expensive feed material &s compared to methane in a
flared gas =i tuation, Furthermore, in an integrated chemical methanol plus
SCP production unit, the effect of the extra capital related to the methanol
plant has also to be taken into comsideration,

However, the advent of "energy methanol" (methyl fuel) on a 5-10 =illion
tons per annum scale, could have a dramatic effect on the economics of the
methanol route and it has already been established that mixed baoterial ocul-
tures can grow on this potential feedstcck without subsequent refining.

For the production of SCp from methanol, it is essential that carben
substrate utilization should be as complete ag possible, particularly from
the point of view ot ensuring that the product does not contain more than
residual traces of methanol, The steady-state level of methanol presemt in
& continuous culture of methanol utilizing organiams wil be a function of
the affinity of the organisms for the substrate. With defined mixed bacterial
cultures, the affinity for methanol was found to be 20 micro molar. At half
the maximum growth rate, this would be the approximate steady-state conoen-
tration in a methanol limited continuous culture. Thus the residual sethano.
concentration in a chemostat fed with 1 volume % methanol would be less
than 0.005% of the methanol supplied.
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V. PROCESS TECINOLOGY FOk 5CP PRODUCTION rRUM C, CCMPOUNDS

Our own recearch nrogrammes have b en very largely conceruned with the
croduction of SCP from Cq comp o dna 'y é-thougr partg of the programme are
rq.nlly appiicable to other routes for LCP production.

Key factora around which the proceus repseaich programme has been
bused have been the questions »f yield and produetivity.

Yield - the weight ¢f btiomass produced per unit weight of
rubstrate utilized.

Productivity - ihe weight of biomuss produced per unit fermenter
volume per unit time.

In the case of yield, perforwance has eescentially been optimized,
vbilet in respect of productivity, the overall programme has included
211 density and dilution rate studies, maas-transfer studies and pare
ticularly questions of multiple g..eovs substrates with potential double
cubstrate limitations. Conversion efficiencies of garecus substrates,
Foal transfer problems and culture ctability aspects have also been
closely studied,

V1. OTHER GASEOUS SUBSTRATES

Comparatively little attention has been paid to the cultivatiom,
icr SCP production, of organisme which utilize other gascous hydrocarboms,
;irticularly the constitueats of liquified petroleum gases (LFG). However,
under certain cond:tions, eapecially where natural gas ic fed into lomg
distence pipeline tranemission systems, substantial quantities of both

propane and n-butanc may be available and theme are potentially useful
{fermentation subatrates.

Part of the technology developed for the comsercial cultivation of
zothane utilizing bacteria is sls. applicable to ell systemss vhers multiple
raceous substrates are uged,




VI1. GAS OIL/NCKMAL PARAFFIN ROUTE

The gas oil/normal paraffin route ie historically the best established
industrial route und its greates' merit (¢ Lhat it already exists as a
proven piece of tecinology. Yesste can convert both the normal paraffin
content of gns oil or ceparately extracted normal paraffins into products
with protein conceutrations in the 60-70% range. There is, however, a poten-
tial problem. The gus vil route ig very attractive in that it doee two
jobs at the same time, producing protein and by eflectively consuming the
normal paraffin content, wlue dewaing the oil. However, carry-over problems
when using this route are intrinsic, although clean up processes have been
developed to a very hixh level of effectiveness.

When using normsl paraffinc as the substrate, they must first of all be
epecifically exiracted using an urea wax process or perhaps preferentially
a molecular sieve process. These extraction processes are expensive and high
purity normal paraffinc are unlikely toc become a really low cost feedstock
in the foreseeable future, especially as they are also in much cemand as
chemical feedstocks. Much dimcussion has taken place about “n-paraffins of
pharmaceutical standards". At the 100,000 t/a plus scale, this is a misuse
of terminology and if they were produced to British Pharmacopoeia standards,
the cost would be quite prohibitive. Nevertheless given an adequate . supply

of low cost n-paraffinc the yeart-n-paraffin route is practical and economically

viable at the animal feel protein prices which will probably prevail in the
'iﬁ" %97% .

(8lide 2. DIAGRAMATIC COMPARISONS OF HYDROCARBON PROCESS ROUTES)
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VITI. COMPARISON OF HYDROCARBON PROTEIN PROCESS ROUTES

A1l the processes described can produce animal feed protein which is at
least comparable to soya bean meal and in some cases even with fish meal in
respect of concentration snd nutritive values. When allowance is made for
variations in the percentage protein content, other differences are relatively
minor and all the products would be acceptable wholly or at least in part
replacement formulations for currently imported high cost conventional pro-
tein meals.

By the mid-1970s, the price of soya bean and other vegetable meals will
come down from the very high levels of this year due to more plentiful supply
conditions, but this is unlikely to apply to the same extent to fish meal
which will probably remain in short supply and at premium prices relative
to soya bean meal (on a protein content basis). Although the recent extreme
prices are unlikely to be sustained, they will nevertheless not return to
the near steady state levele of the late 1960s and including the 1970/71
season.

In this changing context, the yeast/normal paraffin rcute may not be
able to retain in the longer term its present position ae & front runner,
bearing in mind the likely limited availability and high costs of normal
peraffin feedstocks of suitable quality. However, given early investment
and the added margin of various capital grants, from governmental and com-
munity funds, current projects could remain competitive.

As far as can be projected at this time, the lowest cost feedstock,
under normal fiscal conditions, is likely to be methane in a flared gas
situation and to derive the fullest cost benefit, a direct methane to SCP
plant would have to be sited in a flared gas producing area or at least at
the end of a gas pipeline from such an area.

If, however, energy methenol (methyl fuel) became available and this
was used directly as an SCP feedstock material, the location constraint is
winimizel o.mee the transport of a chemical liquid such as methanol over
lony distances could be made in near conventional tankers at a fraction of
the cost of cryogenic LNG tankers. Thus the actual SCP plant could be
sited near major consuming areas which could, in practice, be at or near
most of the existing Buropean and Japanese coastal refineries.




- Yy -

IX. SUMMARY
(Slide 3. HYDROCARBON FEEDSTOC: RELATTVE COST LEVELS AND PROCESS FACTORS)

. (slide 4, COMPARISON OF ALTERNATTVE FROCESSES AGAINST LIKELY FUTURE PROTEIN
“ PRICE LEVELS)

X. CONCLUSION

Thus it may be concluded that in the long run, feedstock availability
and prices are the major constraints in deciding on the type of process as
well as location of an SCP plant and since there are more potential flared
gas/energy methanol situations available, then it ic highly likely that the
methane direct to SCP process cr methane via methanol process will become
the main processes for SCP production for animal feede during the 1980s.







