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EXPLANATORY NOTES

Reference to "dollars® (8) indicates United States dollars.

Reference to "tons™ is to metric tons,




INTRODUCTION

The United Nations Industrial Development Organization (UNIDO) convened
the Expert Group Meeting on the Manufacture of Proteins from Hydrocarbons in
Vienna from 8 to 12 October 1973. The main purpose of the Meeting was to
identify problems related to the production and utilization in developing
countries of single-cell protein (SCP) - that is, protein manufactured irom
hydrocarbon, carbohydrate or other such feedstocks - for animal feeding and
to provide guidance and recommendations for future UNIDO activities in this
field. The Meeting was also intended to facilitate the transfer of SCP

technology to developing countries and the promotion of new investments in it.

The Meeting was attended by representatives of the Protein Advisory Group
of the United Nations System (PAG), the Food and Agriculture Organization or
the United Nations (FAO) and the World Health Organization (WHO), More than
70 experts from governmental agencies and industrial firms ir 20 devel aped

and developing countries also attended.

M. C. Verghese, Chief of the Fertilizers, Pesticides and Petrochem cals
Industries Section (UNIDO), was responsible for the substantive organization
of the Meeting. B. Mudretsov was Officer-in-Charge. M, G. Kriahna was

elected Chairman and J, C. Masson Rapportaeur.

The agenda covered the following topics: selection of teedstocks for
SCP production, the acceytability and nutritional propertizs of SCP, country

information and the marketing of SCP, A ligt of the papers presented at the

Meeting is given in the annex.




CONCLUSIONS AND RECOMMENDATIONS

_The Group concluded:

(a) Tat single-cel’ protein (SCP) could make & very positive and per-
hapst 1nvaluable contribution towards sat1afying the world's needs for protein;

(&) That the marutacturing technology tor the use of normal (g—-) paraf-
Pty pas o1i and several other hydrocarbon feedstocks wag in existence, The
wWhe s ot the boohnodogy had indicated their willingess tu license 1t to
deves cprgr cowitries under approrriats terms and conditions. The major deter-
rerte 4o fuli commercialization were the uncertaln market acceptability of the
product and Ao Dimited avariabn ity and high cont f 1ts raw material s;
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(b) That countries in the second group should consider establishing
national programmes, which could includes

(1) Demonstration Plants as instruments for the transfer of technology
and the training of personnel in order to participate in the opera-
tion of industrial facility and to produce sufficient SCP for use
in fead trials;

(ii) Suppliers of raw materials;
(iii) The organization that will produce the SCP;

(iv) e food technologists who will ensure the incorporation of SCP
into feedstuffs in an aprropriate manner;

(v) The marketing organization that will demonstrate the acceptability
of the product and then be responsible for distribution and
marketing;

(vi) e health authorities and their associated bodies, which would

supervise and approve the testing, production transport and uae

of SCP,
Such national programmes would be essential, because governmentai approval
wowld be given, 1n each instance, for a specitic product monulaciur i by =
prescribed meih d trom a particular feadstock.,  Bach country woula have to
vbtaln as much agreement as pussible among 1ts own specialicts on ogueh o mpeor-
tart matters as the most appropriate technology orpr SCP manutacture, how the
prodwect should be uased and how to F1t thig mater.as ot bhs nat ional cconemy,
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The Group concluded that there wae a lack of basic information for the

implementation of these programmes.

The Croup therefore recommended that UNIDO, possibly together with the
United Nations Conference on Wrade and Development (UNCTAD) and the World Food
Programme (WFP) should undertake an extensive study to determine:

(a) The extent of unsatisfied requirements for conventional proteins
that would be probable over the next 15 years;

(b) The possibilities and problems that were likely to be enccuntered
if such shortages were made up form other sources of proteins, and particularly
by soya, or if they were not satisfied;

(c) The probable price levels for proteins considering that one price
might prevail on the world market and other prices on domestic markets where
foreign exchange savings might be an important consideration, as was the case
with petrochemical products;

(d) The feasibility of constructing a matrix giving the approximate
plant size as a function of the cnst of feedstocks, location factors etc.
necessary to permit the production of SCP at price levels that would be
satiusfactory for a representative number of cases.

The Group concluded that a clearing-house was needed for the collection
of industrial information that would be useful to developing countries in
furthering the development of SCP, Such a clearing-house might promote an
international conference at a later and appropriate stage, collect information
on possible i1ndustrial projects for the production of protein by other non-
cunventional means and draw up a code of practice that would facilitate the

storage of UCP and its shipment across national boundaries.

The Group therefore recommended that UNIDO establish such a clearing-house.

The Group noted that certain precautions should be taken in connexion with
the participation of UNIDO in the activities for the development of the produc-

tion and use of SCP considered above.

The Group therefore recommended that the following needs should be
considered:

(a) The need for further strengthening joint approaches of organisations
in the United Nations aystem in this area, and particularly for concentration
by UNIDO and FAOQ on the industrial production wnd marketing aspects of SCW




This emphasis was indicated because the health and safety aspects seemed to be
well enough in hand to permit the consideration, with reasonable confidence, of
viable industrial and agricultural ventures;

(b) The need for developing countries, before committing themselves to
any specific SCP production programme, to review the latest technological devel-
opmen*s, perhaps with the assistance of UNIDO. Possible problems concerning
the disposal of industrial wastes should be considered in this context;

(c) The need for active encouragement of collaboraticn between {eveloped
and developing countries and between the developing countries themselves in
the development of 3CP, wherever there was a transfer of technology;

(d) The need to bear in mind that, while hydrocarbons were among the
mcst promising raw matevials for SCP production, others, such as carbohydrates
and agricultural wastes, should not be overlooked;

(e) T™e need to consider that SCP production frem any and all materials
wag taking place within the over-all framework of a generalized and integrated
policy designed to increase the availability of protein from all sources, con-
ventional and non-conventional .

Several pariicipants brought to the attention of the Group the fact that
the guidelines issued by the Protein Advisory Group of the United Nations £,/stem
(PAG) were mainly for an SC. product intended for human consumption, It was
suggested that the preparation of guidelines for SCP for animal feeding might
be appropriate,

The Group therefore recommended that PAG consider that suggestion
favourable,

The Group concluded that, at the current stage of development of SCP
technology, the raw materials most suitable for considzration were gau-uil,

n-paraffins, methanol, ethanol and methane.

The Group therefore recommended that UNIDO undertake a study to determine
the costs of production of these materials at various locations. The study
should cover such factors as the most economic sige ot the production facilities
and the costs of capital, production and transport. Such a study wou!d permit
ocomparison of the costs of producing SCP from various feedstocks.

It was brought to the attention of the Group that one of the basic ele-
ments of the work progremse of UNIDO was the transfer of technology and the
making available of formulae for industrial development for exchange between
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developing countriea, Consequently, countriea that had worked out appropriate
technulogies or that possessed the requisite facilities for research and devel-
opment were requested to make such knowledge and facilities available to other
developing countries that had the potentiality for the development of S5CP indus-
tries, Collavoration of that kind was envisiored, particularly in the areas of
training, the use of 5CP samples in animal feed-lot experiments and 1n making

available various strains of yeasts, bacteria etc.

The Group concluded that it would be desirable to establish public and
governmental confidence in the quality-control procedures used in the emerging

SCP industry.

The Group therefore recommended that UNIDO request an organization such as
the International Union of Pure and Applied Chemistry (TUPAC) or the American
Society for Testing Materials (ASTM) to set up a programme of co-operative
rescarch to standardize analytical procedures, eatablish the limits of precision
of such procedures and recommend further analytical research and development on
a cc-operative busis wherever existing levels of precision were found to be tao

low., The following analyses should be included:

(a) Total aromatics in raw materials at the parts per million (ppm) level;

(b) Specific species of polynuclear aromatice in raw materiale and pro-
ducts at the parts per 1,000 million (ppb) level;

(¢) ALl carbohydrate types, by group, in SCP products at the low ppm
level ;

(d) Carbohyl.ates, lipids and nucleic acids as constituents of 3CP;

(e) Amino acids and protein in SCP;

(f) Heavy metals in SCP product at the ppm level;

(g) Other analyses, particular with refercnce to the Codex Alilontgsigg.l/

The Group agreed that the marketing and acceptance of SCP products would
require standardization of products and the existence of specifications for the
limts of acceptability of their analytical constituents. The setting of swoh
{imits would permit the SCP industry to market standard grades of its products
to the feed-mix industry.

l/ Codex Alimentarius Commission, Joint PAO/WHO Pood Standards Programme,
Romo.
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The Oroup therefore recommended that UNIDO should convene a meeting of
feed-mix manufacturers and potential producers of SCP to draw up agreed stan-
dards. IUPAC and competent trade and distribution associations should be in-
vited to attend. Zach country would be free to consider the proposals and to

set up appropriate agencies on nutrition and public health.

The Qroup recognized that the cost of manufacturing 5CP could be reduced
if large units for the production of feedstocks were situated near sources of
rew materials and of low-cost energy. It further suggested that, in some
cases, the siting of SCP plants should be considered from the standpoint of
regional integration rather than on a purely national basis. In some cases,
such large plants might have to serve markets larger than the territories in
which they were installed.

The Group therefore recomsended that UNIDO and other United Nations bodies
should use their good offices to promote such regional integration, without,
however, sacrificing rational interests,




1.

BACKOROUND

Although the term SCP, in its strict sense, means a singl e~cell protein
product also known as fermentation protein, biosynthetic protein, bioprotein,
petroprotein and industrial protein, it has been used widely to refer to micro-
bial cells, whether bscterial, fungal, yeast or algal, propagated for use as a
source of protein for human or animal nutrition, and is relatively neutral in
its omotional impact. The Meeting was concerned primarily with SCP arising
fi.m the propagation of yeasts or bacteria on hydrocarbon feedstooks or feed—
stocks such as ethanol and methanol, which are readily produced from hydro-
carbons., It should be understood that, after propagation and recovery, the
SCP product 1s composed of 50 to “O per cent protein, the remainder being car-

bohydrates, lipids, nucleic acids, ash and moisture.

"SCP", as a name, may be considered as analogous to "meat"; that is, it
18 a very general term rather than a specific one, In discussing any particu=
lar SCP product or the process for producing it, further details may have to
be supplied, Thus, any specific SCP ' roduct that is marketed may be required
to show on its label the type of micro-organism and the feedstock used. It

will probably also have a trade-name, as one such product already does.

SCP can be used both as a component of animal feeds and for the direct
feeding of humans. The Meeting was concerned only with the firast of these uses,
since the problems involved in direct human nutrition are less well defined and
more complex than thuse involved in animal feeding. It thus seemed best to
consider first the relatively siraightforward problems of develouping an economic
SCP for animal feeding before dealing with the psychological, social, political
and health problems invoived 1n 1te use 1n human touda,

The fact that some micruo-urganiasms can be grown on hydrocarbons has long

been known; research and the actual use uf such MICro-organisms a8 sou-~ces of




Protein began in 1957, The Meeting considered only raw materials that could

be derived from petroleum or natural &a8. The purpose was to select a micro-
organiem that could be grown rapidly on abundantly available and inexpensgive
raw materials. The end-product envisioned would have an amino acid content

suitably balanced for use in animal feeds.

Two "first-generation" processes were based on gas 0il and "normal" (gy)
paraffins. Both of them have been developed by several enterprises on a pitot-
plant scale and have been tested for both food value and toxicity. This work
has been in progress since 1963, Some of the products have been registered for
use in animml feeds. Activities related to the production, utilization or both
of SCP Lave been carried out in many countries, among them Bel gium, China,
Czechoslovakia, France, the Federal Republic of Germany, India, Indonesia,
Italy, Japan, ihe Libyan Arab Republic and some other Arab countries, Mexico,
the Netherlands, Poland, the Urion of Soviet Socialis* Republics, the
United Kingdom of Great Britain and Northern Ireland and the United States of
America. Various industrial firme had planned or were planning production
fecilities with capacities that might exceed 100,000 tons per year by 1979,
However, world production of SCP was probably less than 30,000 tons per year,
although many pilot and semi-commercial plants were already in operation, Com-
mercial production could reach 500,000 tons per year by 1980,

"Second-generation" work on the fermentation of natural gas, cthano! and
methanol was in progress, Although still experimental, this work seemed promi e
ing. Other research efforts were aimed at the productiun of yeaots, vacteria
and fungi based on the fermentation of carbohydrates, molasses, lactoscrum
(whey), citrus pulps, certain industirial wastes and sewage.  Thege research

programmes were not discussed.

The rising prices and limited availability of the principal animal fteeod
sources such as fish—-meal, soys beans and ground-nuts would appear to ensure
& substantial demand for SCP. The technology involved 18 complex, however, and
many technical and economic factors must be weighed. It should be noted that
current technology is devoted almost exclusively to the pruduction and market-
ing of SCP for use in animal feeds. This situation is likely to continue tor
the rest of the present decade; significant production .f SCP for human food
is envisaged only for the 1980s.
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In many developing countries, deficiencies of protein, and especially of
animal protein, are already acute, The deficiency rate could double or triple
in the next 20 years. Consequently, financial considerations should not be
the sole criteria for the feasibility of SCP plants in a developing country.
On the other hand, in the more industrialized countries or in countries where
natural protein is grown in large volume, the cost of SCP must be competitive
with it or with internationally traded commodities such as goys or fish-meal.
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II. SKECTION OF PREDSTOCKS POR SCP PRODUCTION

In SCP research programmes, the n-paraffins have been considered rirst,
either diluted with other hydrocarbons in the middle distillate fractions of
crude oil or pure, after extraction trum middle distrllates by molecular siceven
and additional chemical treatment to obtain medicinal~-grade alkanes, For
example, in the United States of America such pure parattins must pass Food and

Drug Administration test 121.1146 for mineral il used in tood,

Methane has beon suggested as a low-cost source of hydrocarbon SCP produc-
tion, but processes that use it are still i1n an early atage of’ development,
Attention is currently concentrated on methanol, which has been claimed to he
particularly suitable as a faedstock for SCP production tour the following reauons:

(a) It is completely miscible with water;

(b) It can be produced from a very wide range of hydrocarbon raw mat.r:-—
asls ranging from coal to naphtha and natural &a8;

(c) It can be produced in virtually unlaimited quantitics 1n any part ot
the world where fossil fuels are available and is not ii1mited by the —utput ..t
& rofinery, as is the case with normal alkanes;

(d) Ite method of production, which i1nvolves catalytic degradat. oot
the hydrocarbon substrate to CO and HQ, precludes the presence of potential ly
carcinogenic polycyclic hydrocarbons;

(e) If a methanol plant 18 built as an integral part of an LCP plant,
the considerable quantities of heat liberated by methanol synthesis can be uged

to provide the heat required for a sterile fermentation process,

Kthanol is also being considered as a feedstock because 1t can be made tr.m
ethylene, which is already produced in large quantitics in the petrochemical
industry as well as from agricul tural products. As with methanol, tn method
of production precludes the presence of carcinogens., Tabic ! indjcates the

costs involved, including data on molasses, which 18 already widely used as

feedstock for yeast. (All costs shown here and elsewhere in thig report arc as
of October 1973,)




Table 1. Peadltocg costs per ton of S_C‘[

Feedst:k Yield of SCP per Feedstock cost
coet ton of feedstock (doll.r;cw
Peedstock {doLlars/ton) (tons) ton of )
Molasses (50 assimil- :
abie carbohyirates)b/ 20-40 0.25 80-160
n-Paraffing 60=80 1 60=80
Gas 011 20= 30 1 20=130
Metnanol 40-60 0.5 80120
Mothane/ 5= 20 0,6 8.5-32
Ethanol 60-100 0.85 T0=120

a/ Dricd product, 50 to 80 per cent protein,

b/ The lower figure corresponds to cost in a proiucing country; the higher
one to costs in an importing country,

¢/ The range of figures for methane reflects the possible wellhead costs
in & producing country of western Asia. The other feedstocks are costed at
therr fuel-oil value,

A economic asscssment of SCP production must also take into sccount the
nRygen requirement and heat evolved during fermentation. It is generally
accepted that the formentation of methanol, n-paraffins and methane require,
respectively, Jy L5 and 9 times more oxygen per unit of cell than that of

molagscen, the amourts of heat ovolved being in roughly the same ratio.

Aosuming that the puwer required for oxygen transfer to the cells is in
the came ratio, the gata shown in table . can be derived. For this purpose
the minimum and seximum tigures are used in terms of kilowatt-hours (kWh) per
prund U yeast produced from molasses and assuming s cost of 30.01/kh. 1t

must be noted that the efficiency of cxygen utilization differs from one pPro-
cega too another,




Dable 2. m; ﬁg she type of feedstock on the ratio
0 on _energy cost
Energy
Ratio of 0O, consumption

Insdatock Iegquirement {(dollars/ton of SCP)
olasses 1 5=10
y-Paraffine 2,5 12-24
OQas o1l 2.5 10w24
Nethanol 2 t=20
Methane 5 SH=h0
Rhanol 1.2 b=17

In order to make a comparative estimate of the impact of heat evolution,
it is ssswmed that cooling water is available at 13” to 20V C, that termenta-
tion with yeast takes place at 30° C and that, for methanol and methane, bac-
teria are used that grow at 40° C, thus increasing heat-transter “tficiuncy by

8 factor of 2, With these assumptions, the data presented 1n tabie 4 can be
deduced,
Inble 3. $ of the ot feedstuck un the
cooli (] teristics d cuats
of 0 tion processes
Heat Relative ratio
Permentation evolution of coclant Comt
t e (°C) rgtio circulgtion (dollars/t.n)
Tolasses 30 1 1 4
y-Preffins 30 2.5 2.5 1
Qas cil 30 2.5 2. 1
Nethanol 4 2 1 t
Nethane 40 5 e ',
Rhancl 40 1.2 1 )

Using the data preseated in tables 'y 2 and 3, and sfter taking int.
aocount the loss of lipidic material during the tinal stage of purificat:.n

by solvemt extraction, the cost raniges shown 1n table 4 can be -.bigined,




Table 4. Cost ranges of SCP produced
on various feedstocks

Cost of SCP

Peedstock (doll;ru(ton)

Molasses 90-105
n-Paraffins 84-116
Gas oil 54-91
Methanol 9-145
Methane 45.5-92
Ethanol 78.5-134.5

However, direct comparison of the figures given in table 4 would be mis—
leading for several reasons., For example, yeast grown on mOlasses is normally
separated from the spent medium by centrifuges, and the same order of effic-
lency can be anticipated from industrial centrifuges for yeast grown on
n-paraffing, On the other hand, bacteria cannot be recovered by direct cen-
trifuging; 1t 18 neceusary to introduce an earlier concentration stage such
ar flocculation r 1. tatiun, The exhaust gas from fermentation in the meth—
ane process still containg large amounts of non-consumed methane which, if not

recycled into the system in pome way, would add coneiderably to the cost.

The cost of any prepared feedstock will depend largely upon its scale of
production,  Mop I-paratfina, for cxample, the cost varies as shown below.
(These Figures are only indicative, however, since the cost of crude oil varies

according to such tactors as 1ts source and its content of n-paraffins. )

Cust Annual capacity
!dulllrs/tun! (tona

L 20=100 " 50 000

TO0=H0 100 000

H0=b0 200 000

The unly specific limit to the size of & plant to produce n-pafaffing is

the amount of them available for separation from petruleum products. In order

to benefit from the low costs made pussible by truly large-scale production, a
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central n-paraffin unit, euch ae one of 100,000 to 500,000 tons/year capacity,
could be bLuilt mdjacent to a very large petroleum refinery and used to Bupply
feedstock to a number of SCP plants located according to the market demand for
their product.

In the case of methancl, the cost will be reduced by more than one ha'f
if very large plants (for instance, of more than 3 million tons/year capacity)
were constructed. Such plants are reported to be projected for western Asia.
The total cost can also include such items as the tra.ring of the labour torce,
commissioning expenses and working capital, some of which are related to local
conditions. Since methanol can be produced from a wide range of feedstocks
and is already available on the world market for other purposes, 1t may be
expected that adequate supplies of it will always be available,

With the gas-oil process, the plant must be connected with a refinery that
will supply the feedstock and receive the returned non-paraffinic fraction,
Consequently, the size of the Plant depends on the availability of the middle
distillate from the chosen refinery; it also depends on the quant ity of parat-
fins present in the available feedstock and on the commercial vaiue 1 the
raw and de-waxed middle distiliate if maximum advaniage of the prom.ium for -
waxing is sought. The availability of middle distillates fur SCP production,
according to refinery capacity, are presented below. These data demonstrat:
that the production of feedstiocks for SCP production would be feas.blc not iy

near large refineriee such ag those of western Wurope bui alse noar umel i r

ones of the kird that are now being erectea i1n many parts of the wor) i,
¥idd) 2 distillates output Boiling renges f
(tons/year) middle distillates
gmillion 10 million (°c)
30 000 330= 4140
20 000 100 000 300- 30

50 000 200 000 0= 380
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IV, PROSUOTION OP S0P

Fermentation techno lugy for producing proteins has been known for many
yearu, but only recently has the use of micro-organises for extensive nutri-
tiona! supplementation been considered on the scale of commercial production.
™i: development has been possible through the selection of genetically estable
moro-organiene that are not pathogenic and the recontly developed scaling-up
fr-reemitation techniques, Mtensive research was carried out to select micro-
rgn L ome that deveiop both rapidly and economically on certain substrates
that «r« wbundant)y avai iable, The scaling-up fermmentation techniques have

ahortonod Lthe time Pequired for procesa development,

™ level pment of 4 fermentation industry to produce SCP involved numer-
w2 pre b oo cauted By nieractions among the different branches of science
v i vesd, e iy morobl oy, engineering, toxicology, nutritional sciemce,
hemctrey, oo ooy snd sconomica,  In o order to develop such a technology,
mary  ritooac onditioong sast be sboerved and the implications for the future
that Wi .. arise from this new ndustry must be anticipated, Two important
ndi bty ne were the Long-term avan cability, at ow cost, »f rew mteriale and

nerey.

At inast te: medium--ecale plants have bean operated for several years amd
have schieved ceptification of therr production as animal-feed components in
sy Buropean countries, T other major facilities using g-paraffins, with
annus . capacities of 100,000 tons each, were under constructicn in Italy. They
shouid be completed 1n (Y74 and 1975 3Several cther plants were being considered.

3 < |

A mamber of papers submitted t. the Noeting presented data on the capital
investaent, process requirents and ssnufacturing costs for 30P plants erected
At varicue locations, using different feedstocks and having various capacities,
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These data are summarized in table 5. PFurther data were presented that showed
the impact of the location of the plant on SCP process requirements and produc-
tion costs, These data are summarized in tables 6 and 7. In comparing these
data, it should be borne in mind that the final figures represent rather dif-
ferent assumptions, particularly when the estimates of different groups are
concerned, Nevertheless, they are of considerable valuz in observing th«

effect of location on plant and production costs.

A sensitivity analysis model that, in general, applies to processes based

on n-paraffins was discussed. The model indicatcs the following features:

(a) The economics of SCP manufacture is highly dependent on the price
of n-paraffins, Hence, any manufacturing operation will require an adequate
low=-cost eupply of them;

(b) The necessary SCP yield on n-paraffine involves the use of an
efficient micro-organism and of n-paraffine with the proper range of numbirs
of carbon atoms for the specific organism;

(c) The economics of producing SCP are very sensitive to chansc: iv the
selling price. Conservative selling price assumptions are recommend »: when
evaluating the feasibility of operations in circumstances where prof . .cility

may appear to be critical;

(d) SCP plant operation is sensitive to sales wvolume., Hence, market
penetration should be evaiuated conservatively;

(e) With the existing technologies, it appears that minimum - st :f SCP
would be approached at a capacity of about 100,000 tons/year., Howovee, for

optimum economic performance of a project, the local situation must b wnalysed
carefully with respect to the immediate sales prespects, the ultimur. distribu-
tion network required, the supply and costs of raw materiais, and the cootoe

and terms of financing. As a consequence, the optimum initia. plarnt si.e in a

developing country might be as small as 30,000 tons/year, whercas ihe -ptimum
plant aize in western Burope might be as large as 150,000 tons/yiar,

The influence of the plant site selection on the economice »f producing
SCP has been investigated, taking into account four different piant sites
characterized by a wide range of climatic conditions, energy costs, 'abour
costs and shipping dietance from the sources of raw materialc., The effect of
site conditions on total utilities consumption and capita! requirements has
been shown, together with those on production costs, in tabies 5, € and 7,
local energy costs and climatic conditions are the major factcrs 1n determining
the utility costs for 3CP production. Low energy :ost counterbalances the
effects of other manufacturing cost items such as refrigeration and process

air-compressor horsepower. It can be a major point in fixing the plant site,




Table 5. Estimated capital investment requirements for SCP
plants erected in various locations

Direct fixed

. capital Total
Capacity only capital
Feedstock (tons/year) location Year (million dollars)
Mothano | 100 000 United 1971 30.6 40-50%
Kingdom
. o/
Gags oil 100 000 Western 1973 30-40 40-5
Burope
(100 000 Japan 1973 20,6
100 000 Italy 1973 30.7 41.0
100 000 Western 1973 25-30 30-40%
n-Paraffin ‘ Burope
45 000 Finland 1973 20,9 24.2%/
45 000 Algeria 1973 26,1 29, L
45 000 Brazil 1973 23,2 26.7!/
\ 45 000 Tndia 1973 235 27.?2/
a/ Tuside battery limits,
b/ In uding working capital,
Table 6o Anticipated utilities copaumption per ton o
of plants in vario locations
ZB-purinn proceui
Generalised
Italy Finland Algeria Brazil India location
St eam (ton/tun)
High pressure - 10,0 13.3 14,2 16.3
Medium pressure 10,9 1.6 3,6 1,6 1,6
Low pressure 045 1,0 1,0 1,0 1.0 1.8
Cooling water (m’) 1200 1200 1380 1440 150 775
Chilled water (m>) 15
Process water (lj) 1 49 49 9 49 345
Raw water (n“) 45
Electric power (kWh) 500 470 470 470 470 610
Fuel gas (million kecal) 5
Muel oil
{ low sulphur,
million kcal) 1.2% 1.2% 1.2% 1.2%
Puel (kg) 800




-25 -

Table 7. Production costuia/ of n-paraffin SCP plants
in various locstions, 1973

Dollars/ton)
Japan Italy Finland Algeria Brazil India
Raw material 66,0 130.5 132.0 127.0 148.0 165,0
Chemicals 42,0 39.1 40.8 40,0 43,0 43.0
Utilities 535 41,1 5246 19,0 60,0 89.0
Packaging 3.8 2.0 - - - -
Labour and
overhead 5e4 6.3 13.2 6.8 8.4 5¢7
Maintenance and
supplies 5¢7 8.9 16.5 21.0 18.6 18.8
Depreciation 26,1 47.2 29.1 36,8 32.¢ 331
Taxes and
insurance 5.7 10.2 11,0 13.9 12.4 12.4
Total 208,2 285.6 295.2 284.5 323,0 367.0

5/ Excluding research and development, marketing and administrative costa,

Current technical developments
Selection of a micro-organism

The first processes for producing SCP were developed by using n-paraffins
with carbon chains more than 10 atoms long and certain yeasts of the Candida
speciea, Several experts have pointed out that these yeasts had several advan—
tages: they were closely related to species that were widely used in the
baking, brewing and fodder-yeast industries; they were genetically stable; and

they were of a size that permitted the use of already established harvosting
technology.

It appearad that, when other feedstocks such as methano! and methane have
been considered, bacteria have generally been selected that have the inherent
advantage of much faster growth rates and higher nitrogen content, although a
substantial part of it might be of the nucleic-acid (non-protein) type. Con-
tamination by bacteriophages has not been reported,
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Fred-preparation technology

Tw> different approaches seemed to be tollowed: either tu sterilize all of
the fluidisy, the mineral medium, the carbon substrate and the air entering in a
proviously sterilized system, ensuring that accidental contamination of the
fermentiation system would be avoided, so that only the selected organism would
maltiplys or to rely on a suitable set of operating conditions to ensure that
tur selected organiom would remain dominant, an important point being that the
symbioti- flora must be sufficiently stable to guarantee a reproducible, safe
biomaci, It was pointed out that, in fermentation on methane, the heterotro-
phic part of the population acted as a scavenger for methanol, an intermediate
in the xidation «f methane, which, if it accumuiated in the medium, would
inhibit the osrowth of the dominant methane—oxidizing bacterium. It was also
pointed Hut that, in the case of hydrocarbon oxidation by a mixed population
of yearts ud bacteria, a large fraction of the bacterial population would be
separat~l from the yeast during the hurvesting and be discarded with the water

phage,

Fermentation technology

Most usually, the biomass was produced by a single-stage fermentation pro-
vess, but two groups had developed two-stage processes, in one case to make
better use of the oxygen pumped into the system as air, and in the other to
make betier use of the paraffins, Two principal typeas of fermenting equip-
ment were in uset one with mechanically stirred baffled reactors, the
vther with air-1ift reactors and in which the high turbulence required for good
mass transfer was achieved by proper selection of the reactcr geometry and air-
tlow rate, In the latter case, tall reacturs were sometimes used to achieve bet-
ter cfficiency of oxygen usage Ly pumping air into the system under substantial
pressure, It was claimed that this system had the advantage of permitting easy
scaling-up by increasing the diameter of the reactor., It has been suggested
that surfactants could be used i0 increase the mass transfer by better disper-
Aior of the nydrocarbon phase,

The familiar problem of reactor cooling received considerable attention.
Ite magnitude depended upon the temperature of fermentation and the local clime-
tic conditions., Two methods were direct cuoling and a refrigeration system

Jea-water or any other available conling water could be used for direct cooling,
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but this system was limited by the fact that, to be economic, there must be a
difference of at least 50 or 6°C between the temperature of the ccolant and the
broth to be cooled. Refrigeration could be by means of a closed loop where water
was chilled either by evaporation (steam ejection) or with a conventiona! refrig-
eration system, Such a closed-loop system avoids the use of costly matoerial

for the coolers. Considerable information was presented on cooling and the

squipment used for it,

ogt i inishing technolo

When yeast is used, centrifugation is generally considered for the primary
separation of the biomass and the spent mediums It is sometimes followed by a
washing with water, The yeast cream is also sometimes subjected to a further
stage of concentration before final drying. It has been suggested that atten-
tion should be paid to flocculation or flotation, but it was pointed vut that
the surfactants used for the latter purpose would have to be completely
non-toxic,

When bacteria are used, the biomass cannot be recovered economically by
direct centrifuging; it is necessary to introduce a prior concentration stage
such as flocculation or flotation. Considerable information on the character-
istics and performance of different types of machines was provided t- the
Neeting by a centrifuge manufacturer.

With the gas-0il fermentation process, the dried biomass must be solvent
extracted to remove the residue of non-metabolizable hydrocarbonas carried over
during the harvesting, Attention was drawn to the hygienic precautions to be
taken to ensure that the harvested biomass should not be contaminated by micr.-

organisms to an extent that would make it unacceptable tu fead manufacturers,

The possible use of an undried SCP paste or slurry was mentioned, The use
of such a material would permit a saving by eliminating the dryving step but,
since the product would be labile, it would have to be used for anima! feeding
promptly, without storage. Thus, ite use wuld be limited to s8ituations in

which wet feads or slurries were used for animal feeding,

Protection of the evironsent

Some processes incorporate adequata safeguards agninst pollution of the
environment., Such prctection may involve the burning ¢f obnoxicus gasaes
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produced by the fermenter, but more generally, the biological treatment of the
spent water and water washings would suffice. Some experts prefer the direct

racycling of the water,

Analysic and control

Organizations in such different places as China, Prance, Italy, Japan and
the United Kingdom of Great Britain and Northern Ireland appeared to be using,
{'r n~paraf’fin raw matcrials, analytical methods that had largely originated
i the United States of America..z/y Some dissatiefaction with the practicability
awl lower limit of detection of these methods, especially for application to
routine quality control was notec. That the analysis of SCP product did not
appcar tu have been given adequate attention was indicated by the fact that the
policy emerging in the feed industry was based on protein agsay only; most pro-
ducin,  tirms seemed to be reporting only protein content. It appeared that
standa- ‘1zation was badly needed if this active ingredient assay were to form
the soi- basis for pricing. Crude lipid content has also proved to be a source
of contusion owing to the lack of standardization of the solvent and apparatus

used,

Training . development of personnel

Indi . was operating a pilot plant that uses the n-paraffin process under a

o

lience Tromo developed country., One of the benefits of this operation was the
training ot pergonnels The high ilevel of technology involved in the continuous
food=-processing and fementation industries indicates the wisdom of this prac-
tice for any developing country where experienced industrial technologists are
ustually in short supply, Towards this end, Czechoslovakia has offered the use
2f ity experimenta! facilities for the education of experts in both research and
production.,  Israc. was operating a fermentation unit Jointly sponsored by the
Ministry of Commerce and Induetry and the Hebr w University of Jerusalem, which

was engaged 1n rescarch and development on a variety of fermentation processes,

g/ Total arvmatics {:
Administration test No, 121,115¢

tion), United States Food and Drug
and "Individual polynuclear aromatics (by

chromatography )", Joumal >f the Age. .iatjon of Official_w
vol, 31' 1966. Pe r‘d”o '




including SCP production from several feedstocks, These facilities may become
available for training specialists from developing countries,

o] technology transfer

The development of an SCP process requires a very large investment in
research and development that must continue for many years before the level of
commercial production is reached, This expenditure often cannot be recovered
solely by the use of the technology thus acquired in the operations of the
enterprise itself. It ‘herefore usually seeks to promote the use of the pro-
cess by other enterprises. This may be done in the form either of joint ven-

tures or of licensing fees.

Four firms appeared to be willing to license their n-paraffin or gas—
0il technologies, and at least one offered its methanol-feed process.
Licences have been negotiated between a British firmm and a Japanese one and
between a Japanese firm and an Italian one, Joint ventures based on n-paraffin
fermentation have been the basis for technology transfer between a British fimm
and an Italian one and hetween a Japanese firm and a Romanian organization.

During the Meeting, several proposals were made for collaboration between devel-

cped and developing countries and for joint activities to be pursued directly
by the parties concemed,




V. COUNTRY INPORMMATION

The Group was informed that the status of development and commercializa~
tion »f SCP technology in developed and developing countries varied consider—
wbiy. “ommercial plants (f‘irst-—generation level) were operating in the United
ingdom and in France, using n-paraffins and gas oii, respectively, In Italy,
two iarge-scale plants using n-paraffin had reached advanced stagee of design
and cnprineering, one using the technology developed in France and the United
Kirgmom and the other based on Japanese know-hows In Japan, two companies had
devel. - od a techmology using n-paraftin feedstock for commercial plants. How-
cvery, w onoted earlier, actual commercial operation was reported to have been
peettponed owing to opposition Crom consamer groupses  The Union of Soviet
Soriaoint Republics was also reported to be vperating fairly large-sized plants
Hsing s il and p-paraffins,  Work was in progress i1n the Federal Republic of
Germany to develop techno logy for omatl-scale piants. Rcmania was also report-

cdly working on such a project,

Work was progrossing vigorously in many countries (Bulgaria, Czechoslovakia,
Fipoayy bie United Kingdom and the Juited States of America) on the use of meth-
anclouad othanod far Lhe production of 3CP, In China, work was in progress
m ol coteplant ooale ar ong mas i and n-paraffins. Continuous ag well as
Faboh Cthreo=stage ! wite werps being sperated periud.cally, It wap intended to
we the veduet for animal tode  Intension feeding and toxicity tests were
i progreas,  Consrdacrable work on the cevelopment o adequately sensitive
s il techn uen s Ldentafy and eotimate pelynuciesr aromatics had al so

“t o ten and was e ontinuing,

In India, work on a pilot=piant scaic wag 11 progrecs at two research

rntres uging S0 kg'day units (2 m3 fermenters), Gas oil and n~paraffins had

teen successfully used to produce 3CP, Continuous and batch processes had




been used, Samples have been subjected to detailed analysis, and the 1igesat-
ability of the samples has been studied. Animal feeding triales lLiave been mad-
on a limited scale, The Indian Institute of Petroleum wag collaborating on this
project with the Indian 0il Corporation of India and the Groupment frangais de
protéines of Prance for further development, The final product was intonded t
be used for animal t'ceding in the near future, mainiy with a view to in Toating

milk yield from dairy cattle and ogg production from poultry,

In 3audi Arabia, although experimenta: studi-s on the fermentati v o f
hydrocarbons have not yet been undertaker, dotailed studion are urrent 'y oandeor
way by Petromin (General Organization of Putreoleum and Minerals) b 4ot pmoo.
the feasibility of establishing an 3CP plant in that o untry, utilioinge ot
large hydrocarbon resources, Preferred considsratim wac being piven t f0 u
of alcohols produced from natural gas as feodstocks ror predietion of P, and
processes that use methanol and ethanol were also ynior study. Tt 1 heetog
that the price of ~thanol, when produced ir lareos 4. vlants wiy t thy on
route in Saudi Arabia, would be very competitive with worid 143 JERTEICTE I 4 1PN

SCP made from such ethanol could be exported at very attraetive «ops

It was reported that India and Egypt were ¢l ab oratinge ir t Lo ame !
of SCP in both countries, Mexico was reportad to have beon gopt ey e
plant (about 50 kg/day) using gas 2il and n-pariffing ot the Moxi w0 Pt om
Institute, Inaonesia and Iran were reported t- have bern ding ©oome Eundeaner-

tal work on SCP derived from gas 5i1 and n-paraffins for wre a0 unima’ £

matsrials,
In Terael, a feasibility study, sponsured by the Nationa: “ou i, ¢.r
Reasearch and Development, on SCP production from n-paraffing, mac 0, mothy-

nol and molasses, was recently completed and has defined th SHEEEEE ISR TR S 2
needs for economic 3CP production in Israel. Researsh conne t -4 with: SOP -
duction on methanol had been under way for aoveral years with crmicir, poog, b,
The programme was to be expanded ir the near future o provide 3CP ' .r foading
studies and to develop necessary data for ~onstructior f a nlant, Hooesapch

and development on gas oil and other possiblr substrat o wa: ala. ty b enlarg-:,
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VI. MARKBTING SCP

Although few of the papers presented to the Meeting dealt with the market-
ing of 5CP, the discussion turmned repeatedly to this vital subject, In the
contemporary context of increasingly acute shortages of conventional proteins
and rising prices for them, the prices of SCP tend to be high 80 as to pemit
profit to the producers, The discussion tended towards the position that, in
these ‘ircumgtances, the use of SCP could become more general, but that it was
difficu * tu arrive at any reasonably precise predictions, It was felt that,
at pres: ., the limiting factor for the use of SCP in direct human nutrition
wag its .a:k of food appeal, but that, on the other hand, its nutritional value
for conversion to human tood by animals was good. Indeed, the use of SCP in
gome animai feeds appeared to be certain in some fields such as the replacement
of milk in the feeding of calves, given the limited wailability and high cost

of conventimal protein,

Protioms o€ toxicity appeared to be only marginal in animal fceding with
SCP.  Becausc ot the proven nutritional value of thic material, the benefits
from using it, when it is attractively priced, would far outweigh the risk,
which was minor, Thus, the prime requirement for the use of SCP in animal
feeding was thait it be priced competitively with prot-in from existing sources
and with other sources that were being developed, sucl as rape—seed and the

reclamation of animal proteine that were being wasted,

The demand tor SCP for feeding certain adult animals appeared to be doubt-
ful, but the feeding of calves with this material or with special soya flours,
even at premium prices, would be feasibie because of the high selling price of
the protein in skim milk powder, However, as the prices of SCP and of soya

flours were related to their protein content, they were selling in a price range

from §350 to 550 per ton, This market was restricted to inclusion rates of
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5 to 20 per cent SCP in the feed mix, 80 that in Burope, for examp!o, it an
inclusion rate of 5 per cent, the potential market for 5CP would have b
about 80,000 tons/year.

As far as pigs and poultry were concerned, it was acknow!cdged that .oyva
prices were difficult to predict, but there was a consensus that SCP w nid hay
to be competitive with soya on an iso-protein basis, although the i tuat;on
might vary from one country to another. The economics in each i won'd b

to be judged in this context,

If consumer demand proved to be insufficient to Justify the vrodution of
SCP at prevailing costs, the price structure might be modifiecd by eovornment
intervention in the form of price supports, as was donc in many - ountrooo fhal

subsidized certain agricultural products.

The animal-feed market for SCP would bect be developed through tie oxo -
ing compound-feed industry, whose conditions for acceptance e oud. e
(a) Compliance with the requirements of national regultat ey apgon s
(b) A conventional unit price for protein;

(c) Nutritional properties suitable for pigs, poultry and @ oo,

In countries without developed feed inuastries, livest vk wd 0 0 trey or
usually raised by small farmers who may mix their own anima: fteods, K o th
present, such countries should continue the orderiy developmont f sprru tun
and stock-raising and also take SCP into consideration, Since - ond: b ey
80 widely from one developing country to another, marketing jorobome vy

considered on a country-by-country basis,

There was a consensus that marketing should be given ful . ir ontid (b
at future meetings and that countries that were considering the proaucty o« 0
SCP should give careful consideration to their potential dome sty et v o0 e,
markets before embarking upon a programm= of capita! cxpenditure, !t w4 o
suggested that, in the future, the market price of S0P wou d ref ot oh. o

of the raw materials of which it is made urless th produt rs are ot WL e

to lose money or to obtain government subsidiea,
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