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et SI/A02/23/:2C2 namad “ACVLISOTy Services To tne

ctorate of retrclsum” lasted Zor <tThres montns

Cctober 1903 until Januery TYIs.

ives oI The vroject were wo study The Dossitilities
inplenentations oI a vetrochemical industry,based on the

zmaterials.

1 Jectives o Z.Z.AnTolsz

ingle country,crude oll producer,in the
J 3=
D.C.C.) with the possibility to supply %o the other

reanlsation energetic nroducts and petrochemicals.

t cooperation at the Impli-
mentation vetrocnemical industry and the division of :he
financial efforts

Since the iinistry of Petroleum —s5 still considering the expan-
sion cf the existing refinery and underlining “that without the ex-
pansion of the existing refinery and cnanging the vresent orofile

of the crude 01l processing,any lmplimentation of petrochenical

vlants based on olefines and aromatics,is impossible.
Cn the body of the report it 1s 2ls0 znalised the possibility

of the participation of the petrochemical industry at the Ifood
sufficiency of the country and the zone (3.A.D.C.C.,; by producin
vetroprotains (Single Cell Proteins) from petroleum rav ﬂdue;laIS
for animal feed ‘mainly for chicken) in order to increase the
meat ovroduction.

It 1s advisadle and recomended to impliment,taring into consi-
deration the recomendations made further in the body of the report

tne otjectives of the executive report conducted by the Interna-

tional %as Development Corporation,taking into account that any
delay 1z driving +to zizable losses in money and products and also
the waste of =z precious raw material - the associated zases -

whica st prezent are flared.
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IETRODUCTION

The expert worked for this project "Advisory Services to the
iiational Directcrate of Petroleum”" 3I/AIIG/35/3C2 for a period of
three months from October 1933 to January “9&4.

The tackground of the project "Advisory Services" started with
the activity of Mr.Frederik Sager,consultant of U.N.I.D.C.who worked
for two months,during February - March 1979.Mr.Sager set up the foun-
daticn of the project whose purpose was to provide the Ministry of
Petroleum with advice on tne management of operations and the estab-
lishment of crude oil processing in P.R.Angola and specifically to
recommend improvements in this field.

Mr.Sager's main activity was devoted to the realisation of "The
Petroieum Development Centre" located in N'Gunza.He also gathered
valuable datas about the petroleum industry in the P.R.Angola,datas
which can give an introduction to anybody,interested in this project.

The next expert who worked on this project was Mr.DJjordie Maletic
technical councellsosr,who worked durirg July - October 1980.

His activity was centered mainly on the work of prepqd;ing the
activity of invest_ments for the expansion of the refinery,prepara-
tion of the pre-project activity,pre-feesability and feasability stu-
dies.

He was followed by the present expert Mr.Mircea Tatoiu who wor-
ked during his first stage from September 1982 to March 1983,having
as cbjective to amalyse the possibilities and to recommend the best
way,from economic and technical point of vwue,for the existing refinery.

The objective of The present Job is to analyse the development
of national petrochemical industry om the basis of existing refinery
complex and natural gas resources,as a major step in economy develop-
ment cf the country.

To determine the technical and economic viability of establishing
a complex for the production of fertilisers (in fact the production
of amonia and urea) on the basis of the feasability study conducted
by the International Gas Development Corporation,based on gas depo-
gsits in SO0YO region.

At present there is no petrochemical industry in P.R.Angola,but




+he existance of a refining industry in the country and the availabi-
l1ity of aatural and associated gases (at present flared) are two
imnortant factors favoring the production cf petrcchemicals in the
Country.

During his activity the expert assumed also (as during his first
assignement izm P.R.Angola) the training of the graduates cf "Facul-
dade da Engenharia Quimica" who prepared for final examination their
diploma-work in engineering,on crude oil processes and equipments.

Phe counterpart of the expert assigned by the leadership of the
Ministry of Fetroleum to work with,was Mr.Pearo Gomes,head of the
Prccessing Department.The whole activity of the expert was developed
under the care and coordination of Mr.Desiderio Costa,National Direc-
tor.The expert expresses his thanks to btoth ¢f them for their best
collaboration and suppeat.

The expert alsc expresses his gratitude and thanks to the leaders
of Petrangol Mr.Gerard Legrand,Mr.Gustav Mertens,Mr.Oscar Hostens and
Mr.Luis Urbano,for the cornditions created to fulfil the tasks of his
assign_ment,for the valuable advice and the technical materials
granted.

The expert makes a special remark and is thankful to Mr.Nikolai
N.Krainov S.IL.D.F.A.at U.N.I.D.O.office of Luanda,for his help and
guidance during his assignemenc:.




CONCLUSIONS AND R=CCMMENDATIONS

Feonle's Republic of Angola,with a production of 7.0 million
tons/year of a very good gquality crude oil and owning a petroleum
refinery,is an importer of crude oil distillated products and an
exporter of crude oil and residual fuel.

The installed capacity of the refinery of 1.5 million toms/year
is not always used at its full extent.

This capacity and the fact that the refimery has a hydroski-
nmming profile,which produces a high yield of residual fuel,does
not satisfy the needs of the country and it is necessary to resort
to imports.

Studies made on how tc improve the situation provide, as a solu-
tion, to increase the throughput up to 4.0 million tons/year,in suc-
cesive steps and to change the profile from hydroskimming to a con-
version refinery,adding a hydrocracking plant.

In order to improve more the efficiency of the refinery and to
satisfy the needs of the country for synthetic materials the
Government of P.R.Angola decided to implement the basis of a petro-
chemical industry in Angola;at present there is no petrochemical
industry in the country.

There are also a number of facilities which either process or
vtilize petrochemicals as inputs for the manufacture of end products.

The country has attained a market of sufficient size as regards
consumption of some petrochemicals including int2rmediates and plas-
tics such as:P.V.C.Polyethylene,synthetic rubber,etc.

Pirst of all,to start the implementatiomn of petrochemical indus-
try based on the existing refinery,the Ministry of Petroleum has
to speed up the decision of the refinery expansion and the way of
making it.

With the refinery at the present stage,any petrochemical start
can not enter into considsration.After a concretedecision will be
taken, the implementation of the petrochemical plants can have an
orientation,in the absence of this decision the matter can be trea-
ted only by sup sitions and assumptions.

The first conclusion and at the same time a recommendation is

that the Ministry of Petroleum has to settle the matter of the




refinery exXpansicn,as scon as possible,Any delay of this decision

[

s producing large firancial losses,from both points of view, crude
0il processing (import of distilates) and vetrochemical industry
(import of petrochemical products).

Having in mind the pcssible exparnsion cof the refinery,at a
first stage,by increasing the crude oil thrcughput,the expert is
aralysing into details the possibility to produce in P.R.Angola
Petrcproteins (Single Cell Proteins).

Taking also into consideration the special efforts made by the
Government of F.R.Angola to assure a self-sufficiency of the food
in the country and the gquality of Angolan crude oils the production
cf Petroproteins appears as feasible.

The Ministry of Petroleum has to contact the Ministry of Agri-
culture,the future user of the Petroproteins,eventually to ask for
further assistance to U.N.I.D.O.and F.A.O0.and to estatlish the way
and concretepossibilities to implement a protein plant in P.R.Angola.

The cooperation ~sith the other S.A.D.C.C.countries must be
taken into consideration in the first place.

Regarding the turning into good account the associated gases
-at present flared-in "SOYO"region,the expert recommends first of
all,a better cooperation of the Ministry of Petroleum with the
Ministry of Industry,Ministry of Agriculture and the foreign trade
organisations.

For instance the "Executive report"made by Industrial Gas Deve-
lopment Corporation,has as object the building up some nitrogenous
fertilisers plants and for this matter U.N.I.D.O.granted technical
assistance by zn expert under the job No.SI/ANG/83/802,to the Minis=-
try of Petroleum.

On the other hand the Ministry of Industry has requested "Advi-
sory services in the field of fertilisers industry"and it was app-
roved by U.N.I.D.O.with the job No.UR/ANG/83/194.

Since the industry of fertilisers has only one target,to help
the growing up of the agriculsnral production,a close cooperation
must be established among Ministry of Petroleum,Ministry of Indus~
try ard Ministry of Agriculture.It is necessary to form a joint
committee,at least at the level of the Dy.National Directors from
each Ministry,to analyse in common the needs of the agriculture and
the possibilities to satisfy these needs,as soon as possible and
in the most economic ways.




During the time this working groupr may become scmething like
Kenia's "Government National Agricultural Chemicals and Fertilizers
Company".With the assistance of U.N.I.D.O.this organisation will
implement intc P.R.Angcla the new branch of the chemistry,"The
Agrochemistry"locking for every item which cooperate to the opti-
mum agriculture crops i.e.fertilizers,herbicides,insecticides,
growth accelerators,etcs

At present very few farmers are using the optimum quantity of
fertilizer and agro-chemicals at the right time.

If supplies were assured in terms cf Juantity,time and cost,
farmers could grow more crops per acre of liand.

This would virtually eliminate importation of food because it
will be possible to grow almost all the varieties of fruits and ve-
getable consumed in the country.

At the same time,it woulé increase earnings from exports of
such crops as for instance is coffee and the impact could be
fantastic.
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I. DEVELOPMENT OF THE PETROCHEMICAL INDUSTRY
ON THE BASIS OF THE EXISTING REFINERY.

A. Genersl aspects

The crude oil and the natural g=ses represented for the last
three decades the basic raw material for the petrochemistry,top eco-
nomic field of the chemical industry.

The petrochemical industry has favoured the development of mass
production for plastic materials,synthetic fibres,elastomers,chemi-
cal fertilizers,basic products which have promoted the contemporary
civilisation.

The petrochemical industry is characterized by its dynamism and
rapidity of evolvement.Dynamism of demands and rapid evolution of
its techniques,deep and quick transformation of imdustrial structure
and implementations.

In the annex No.1 are shown schematically the main sources of
raw materials for the petrochemical industry.As it can be seen the
most important spring is the crude oil refining.

The annax No.2 shows the current world consumption of petroche-
mical materials by group of products,all of them obtained from the
raw materials mentioned in the annex No.t.

The reasons which determined the use of more and more important
quantities of crude o0il and natural gas were (among others) the
following:

1-Crude o0il and mnatural gas vrovide products much more pure than
those of carbochemical origin.

2-The crude oil processing prcduces materials which are diffi-
cult to be obtained from other sources (xylenes).

3-The crude o0il and natural gas can supply some products which
otherwise are not available in emough gquantities (glycerine).

4-The crude oil and natural gas are ensuring raw materials and
products at lower prices than the other sources (plastics).

5-The economic efficiency of producing and processing petroche-
nical products is very elevated, two examples are given below :for
ethylene and for propylene both of them including al o partly the
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turning izto good account of the benzol.
Index
Ethylene.....c..c.. ceeseewe 1X
Polyethilene.....cceeeees 2,7X
Articles made from
polyethilene...veeceeceee 3,7X
Ethyleneoxyde..cceeveeees 2,5%
EthyleneglyCcolSeceeeveess 2,9X
Polystyrene.....c..... oo 9,2x
Articles made from
polystirenc..ceeeeeeeese. 21,1%

Propylene.......... ceeses 1X
Polypropylen€............ 6,5%
Phenol.eveeeseseeccseenas J,5X%
Acetone...coeveveeeeeees TT,0%
Synthetic fibres........ 18,0x
Confections made

from fibres.eeeeecssss 165,0%

At present it is very difficult,if not impossible fo make a
separation between petroleum processing and petrochemistry.

Having in mind that the crude oil is a raw material composed
of many hydrocarbons and the reactioms not always selective,
particularly regarding the production of great intermediaries
(i.e.olephines,aromatics), the petrochemistry leads always to a
production of many components simultaneously.

This is the result that alongside the main product are obtained
byproducts,which is very important to be well turmed to good account
like the main product,with the purpose to increase at maximum the
rentability of the process.

This situation is leading to the implantation of integrated
complexes,not separate fabrications.

That is why all the modern refineries are intimately combined
with petrochemical plants.

As it is shown im the annex No.! the petrochemistry can be
develcpped starting from natural or associated gases or starting
from crude oil.




In this chapter tle expert analyses the crude oil branch only,
natural and asscuciated gases will be anaiysed further in a separate
charter.

Conmnected with Luanda refinery,at present,there are two princi-
Pal ways to develop the petrochemistry,taking into account the
Possible lires of the expansicn of the refinery:the catalytic refor-
Ming ard the steam cracking.

The reforming can te operated on the way to favor the production
of motor spirit,or as well as,to favor the production of aromatic
hydrocarbons.

The steam cracking of naphta is leading to the producticn of
olevhines and dyolephines and also in lower yuantities of benzene
and other aromatics.

In the annex No.3 is shown the cracking yelds from various
feedstocks.At present in Luanda refinery,the ethane is not availa-~
ble and the gas oil,due to its shortage as engine fuel,is also not
available.The only remaining feedstock which is in excess at the
refinery is naphta and the expert proposes that this raw material
be taken intoc consideration for further developpment of petrochemis-
try.

On the other hand the ethane could be available in "SOYC"
from the associated gases and according to the ethane and propane
content to set up a cracking plant for these gases in order to pro-
duce ethylene for the use shovn in the annex No.7 and 8.

Regarding the products obtained by steam cracking of naphta
there are two groups of hydrocarbons of the most importance for the
petrochemical industry:the oclephines and the aromatics.Among the
olephines of an outstanding importance are the ethylene and the
propylene;of less importance,but only in this case,is the butadiene.

In the annex No.4 is shown the present and the future of the
ethylene,propylene and butadiene in the United States of America.

It can be observed that the ethylene and thqbropylene have a
sharp growth and at the same time the butadiene is growing up
almost imperceptible.

In the annex No.5 is shown the estimated use of ethylene in
U.S.A.In the annex No.6 is reproduced the mass balance for a
European naphta cracker,of course,the figurec are not applicable
to the case of Luanda refinmery,but the conversions and the general
outlook could be taken into consideratiomn.
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In the annexes N0.7;3;9;10 and 11 are shown some of tThe possible

uses of the ethylene,propylene,benzene,toluene and xylernes.

B, Factors which 1imit and restrict

the petrochemical industry

The promoter of a petrochemical industry must take into consi-
deration some factors which arevery dangerous to be ignored.

1-The outlet of the products and the surface of the markets
(local and export).

The size of the intermnal market is given by tne needs ¢f the
country expressed in petrochemical products.

To establish the size of this market,quantitatively and quali-
tatively, the range of goods,the quantity of each sort,the priori-
ties of implantation,etc.is the object of a close cooperation of
the Ministry of Petroleum with the ministries of : industry,home
trade,foreign trade,agriculture,armed forces,fisheries,etc.

It is strongly recommended that the decision be based on a

4 very realistic and long term plan.

Such circumspection is very necessary,because once a decision
is taken and the implimentation made,it will be impossible to
change the option.For instance,if an option is given for plastics
and after that,due to a possible fall of the market,the option is
changed for synthetic fibres or rubber,it will be impossible from a
technical point of view to change the plants and from economic
point of view a total failure.

The size of lccal market,anyhow,is easier to establish having
in mind that any measure.fo protect this market from an ocutside
competition,can be taken.

The provisions for export must be very carefully examined
having in mind the possible contradictions between the foresights
and the reality of the market.

Anyhow there are two remarks to be made ;

-The intermational market is nmot stable,the possibility of
replacing a product with another is very high,therefore it is
very risky to create an industry based mainly on export.

-The long term provisions must be very carefully considered
and to avoid,at any cost,the excess of the optimism.




- 16 -

Regional or intercontinental competitlion must be taken into
consideration,particularly that of the neighbouring countries,
crude oil producers or nct.

Anynow P.R.Angola as an important producer of raw materials
for the petrochemical industryv,with the possibility to develop
the crude oil precessing must develop also the petrochemistry
and it is very realistic to consider an expert of petrochemical
products,at least in the region.

2-The availability of raw materials,which determine the typ=
of the plants and the profiie of *the complex. '

In the case of Luanda refinery the basic assumption for deve-
loping the petrochemistry is to use as raw material,naphta,which
is in excess.

3-Availability of power and its price.

About the price of power it is less th discuss.The availability
of power is a matter to be taken very carefully into consideration
At the proper time was shown the negative influence of the

very frequent power failures on the crude oil processing.

The expert underlines the fact that the petrochemical plants
are very complex'units working in a very narrow field of parame-
ters and to build any petrochemical plant in the circumstances of
power shortage will be a failure.

4-Availability of skililed manpower and its cost.

As it was written in the precedent paragraph the petrochemis-
try uses extremely complex plants with the last achievements of
technique specially in the fields of:mechanics,metallurgy and
most of all the automation.The staff operating such plants must be
highly specialised with a great experience in the field.

The problem of personnel formation:engineers,foremen,operators,
mechanicians,instrument maintenance and repair people has to be
taken into consideration with a high sense of responsibility.

The history of petrochemistry is full of examples where mis-
takes were made due to the lack ¢f conscientiousness or ignorance

This caused important material damages and the loss of numerous
human lives.

5~The size of the plants.

In the case assumed for luanda refinery the size of the plants
is given by the quantity of raw material available.

In the case the Ministry of Fetroleum intends to expand the
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refinery up to 4 or 5 million tous/year,other,proper arangements

nust be made.

6-Availability of hard currencies and the possibilities of
financing the complex.

The cost of implantation of such a complex can go up to a
large amount of money.For any company or government of a develo-
oping country could be a serious burden and proper means must be
found to cover the investiments.

This can be covered by credits,loans,tack-payment by the pro-
ducts of the complex,contribution of the neighbouring countries
interested in the realisation of the complex,contribution of the
foreign companies interested in a joint-venture.

The Ministry of Petroleum has to make an open investigation
and to choose the most advantageous solution.

C. Possibilities to develop the petrochemistry

at the Luanda Refinery.

Since the Ministry of Petroleum did not take any decision
about the expansion of the expansion of the refinmery,the implimen-
tation of the petrochemical industry at the existing refinery can
not be treafed omnaconcretebasis,the matter may be ftouched omnly on
suppesitions and assumptions.

The basic assumption is that the Ministry of Petroleum will
follow the most logical way to expand the refinery,by increasing
the processing capacity by using at the maximum extent the existing
equippment and in a second step with any additions of plants and
equippments to expand further the capacity of the refinery to 2-2,5
million tcns/year and by adding a hydrocracker to change also the
profile of the refinery from hydroskimming toc a conversion refine-
ry (Petrofina study to expand the refinery step 1 and step 2).

The possibility to insert a petrochemical line which results
from the above mentioned studies are :

1-To avoid the bottle neck at the reforming plant and also for
future expansion, there is the proposal *to build another reforming
umnit.

In this case one of the reformers cam operate on a regimeof




aromatic yelds and the other on high octane motor spirit.

c-Having in mind the change of the hydroskimming ovrofile to the
conversion tyne of refinery with the implantation of a nydrsocracker, -
#hich needs hydrogen for its technological process.This hydrogen
is suvplied by a hydrogen plant which can be integrated in a naphta
steam cracker.

This case is schematicaly rerresented in the annex No.12 where
is shown the case of a refinery (or part of a refinery) of hydro-
skimming czrofile processing 2.5 million tons/year,with a graft of
petrochemistry,which could be the case of the Luanda refinery after
the second stev of the expansiorn,accordig to the above mentioned
studies.

In this way are produced two of the most important categories
of hydrocarbons for the petrochemistry:

-olephines,ethylene and propylene.
-aromatics,benzene, toluene,xylenes.(2.7.X.)

These plants will be completly integrated into the refinery.

The refinery will supply among others,naphta,the raw material
for the petrochemical units and receive the byproducts from the
petrochemical plants,which are used in the production of L.P.G.
and motor spirit,mixed with other products of the refinery.

It is also necessary to point out that the petrochemical part
of such complex requires-according to the European standards:

-383% people,out of which

- 16 engineers

- 12 foremen

- 83 senior operators

-180 operators

- 90 for auxiliary services

This proposal made on the assumptions made at the beginning
of this chapter is one of the possibilities to implement the
petrochemistry at the existing refinery.

There are also some other ways,and one of them is the partici-
pation of the petrochemical industry at the food sufficiency of the
country,producing proteins from crude oil distilates.

This matter is treated separately 1in the following chapter.




II. PETROPROTEINS
SINGLE CELL PROTEINS PRODUCED FRCM
RAW MATERIALS OF PETROLEUM ORIGIN.

A. Definition

By singie cell protein {S.C.E.) is meant micru-organisms of
various kinds;bacteria,yeasts and fugi,which are cultivated for
the specific purpcse of being used as an ingredient in food or
animal feeds.

They are made by fermentatlion processes using many different
substrates,including methane,methanol,ethanol,n-alkanes,gasoil,etc.

In the dry state S.C.P.can contain from 50-8C% of prctein and
up to 9% nucleic acids.

B. World food situation

1.General aspects. According to the statistical estimations

yearly 3.5million human beings die due to the starvation,another
5,0 billion are suffering of famine and persistent malnutrition.

At present are living on our planet about 5.0 billicn habitants
and according to the anticipations durirg the year of 2000 the
population level will reach 6-7 billion with a yearly medium growth
of 2% but some regions and especially underdevelopped regions will
reach 3% and even 3,5% growth.

Besides the great problems which the world 1¢ facing now,as
the energy crisis and pollution,the shortage of proteins becomes
more and more acute because their production is growing up slower
than the population growth.

Below is given the deficit of proteins for 1980 and the esti-
mations for the year of 2000,in million of tonns:

Year Production Needs Deficit
1980 37 42 .5 565
2000 47 65.0 18.0

At present the world can not remain dependent,in the probiem
of the proteins,only from con_ventional sources,as is the
situation in the field of fibres;for covering the needs of eloth-
ing,since more than a decade,the natural fibtres (cotton,wool,etc)




gave jield to the synthetic ILiures.

2 .Human nutritionzl recquirements. The human diet must provide

a source of energy (fats and carbohydrates) and a source of prote-
ins for tissue vroduction and enzymes,also major minerals for ske-
letal structure and certain micronutrients such as vitamins and
trace elements.

There has been considerable dispute in the past as to the gquan-
tity of protein required in the human diet.Current estimates put the
figure at 1.9 grammes/Kg.cf body weight per day of "average" pro-
tein for young children,decreasing to 0.9 gm/kg/day for a healthy
adult.However,at times of stress,such as recovery from ill_ness,
pregnaney and lactation,these figures may increase considerably.

Since the energy intake regulates the total quantity of food
eaten,the diet must have a sufficient proportion of protein in it

This is important because while protein can substitute as an
energy source,carbohydrates and fats can not subgtitute the prote-
ins.Root vegetables and cereals contain scarcely enough protein to
meet the requirement and the diet,therefore,needs supplementing
with richer sources such as legumes or meat and fish.

These latter materials have an added advantage for,as well as
being high in protein,their quality is also better than most plant
protein.

Among the 20 or so amino-acids that,in varying proportions go
to make up every protein,10 are essential.That is to say they can
not be made by the body and therefore have to be supplied in the
food.

Also,if the amirno-acids are to be used efficien*ly,the protein
must be easily digestible.

From measures of the amino-acid composition and of the diges-
tivility it is possible to construct a scale of the quality of
food proteins.

The following table shows the relative protein quality of
gome important foods:

Socurce of protein Biological value
Egg 0.99
Cows' milk 0.85
Fish 0.85
Beef Q.74
Rice 0.70
Wheat flour 0.64

Maize meal 0.54




. Animal versus vlant protein. ¥ost vegetable proteins are
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deficient in one or more of the essential amino-acids and conse-
quentiy are cf a lower guality than animal odroteins. .

It is not true to say,however,that animal protein is a necessit
since,in a varied diet,deficiencies in one vegetabie protein are
remedied by another.Thus,mixed cereals and,say,soyabean meal can
form a very adequate diet.

Alternatively the deficiency can te remedied by the addition
of synthetic amino-acids.These have been used by the animal feed
industry and alsc in diets for humans on a limited scale.

On the other hand,high protein foods,usually based on animal
protein,are generally regarded as very desirable dietary components

Because they are normally more expensive,the proportion of ani-
mal protein reflects the standard of living.

This can be seen from the following which is compiled from
F.A.O.datas and alsogmphically in the annex No.13.

Region Total protein Animal protein % of animal
(gms/capita/day) —protein
Developing region 57.6 10.7 18,6
Far East 54.8 8.6 15.7
¥2ar and M.East 71 .6 14.0 19.5
Africa 58.5 10.9 18.6
Latin America 67.6 241 35.6
Developed region 89.1 48.7 54.3
Europe 87.6 42 .8 48.8
N.America 93 .1 65.3 70.1
Oceania 95.4 63.9 67.0
World 66.1 21.0 31.8

This preferance for meat protein is reflected in forecast figu-
res for poultry and egg consumption made for 1985:

Region Animal per capita consumption
Poultry(Kg) £ggs (Noj
Far East 2.3 46
Near and M.East 2.1 36
Africa 1.5 24
Latin America 4.0 112
Europe 12.5 280
N.America 29.0 350

World 5.1 108




4. Animal nutritional reguirements. The principie behind the

commercial feeding of livestock is quite simply:the achievement of
maximum meat production at least cost to the producer.

Because of these economic considerations it is a fact that the
nutritional requirements of animzls are considerably better known
than are those of humans.

The animal feed industry utilizes this knowledge to the best
possible advantage,providing diets which meet the known require-
ments for all nutrients and supplying as little in excess as possi-
ble.Different species have different requirements for protein,and
even within one snecies requirements change with age.Thus,cattle
may only need 10-12% of protein,although high yielding cows will
receive a protein suppiement a#well as their usual ration,while
some turkeys require up to 4C% protein when they are very young.

The broiler chicken requires 23-25% aof protein,but the laying
hens need only 15-16%.

Because of the low protein concentration of cereals,these must
be supplemented with high quality protein feeds.These include ani-
mal proteins (meat and bone meal,fish meal) and vegetable proteins
(0il seed meals such as soya meal}.Meat and bome ‘mea.l contains
some 50% protein,fish meal up to 72% and oilseed meals from 20 to
45%.

In general,if cereals are expensive,least cost considerations
favour the inclusion of the highest quality proteins.

Also,in hct climates where the appetite is depressed,achieve-
ment of maximum growth is only possible with highly concentrated
protein sources.

Ruminant animals such as sheep wznd cattle differ from single
stcmached creatures (poultry, man) in that they have in their ru-
men a population of micro-organisms capable of converting most
sources of organic nitrogen into protein.For thege animals,
therefore,protein as such is not an important component of their
diet and no amino-acids are essential.

5. Conventional protein scurces. Fish meal is the highest feed
fed to livestock,but can only be included in the diet to a limited
extent before the meat takes om a "fishy" taint.

Estimates made by F.A.O.indicate that there will be little
growth in the production of fish meal from present day levels and
as a consequence demand will act to keep the price high.
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peat and bone meal is of variable quality,since it is made from
waste materials,and has poor storage properties.

Scyabean meal gives the best performance in poultry diets.Most
otkher mealc,such as cottonseed or groundnut,although they contain
caly slightly less protein,are of poorer gquality and require consi-
derable suprlementation with amino-acids.They may however,be used
for feeding cattle and sheep without supplementation.

Meny vegetable meals contain chemicals which are toxic to ani-
mals and humans.In most cases,however,these are removed either by
treating the meal in some way or by sgrowing varieties of the vlant
lackirg the toxin.For example,cottonseeds contain a pigment gland
which produces a substance known as gossypol,which is toxic to all
non-ruminants.This may be removed by physically removing the gland,
by extracting the meal with solvent,or by growing a variety of
cotton which does not have the gland.

In total,of all meals produced,soya represents some 60% on a
protein basis.This meal is even more important in the intermational
trade which it dominates to the extent of cver 8C%.

Major producing countries are the United States,Brazil and
China,but only the first two supply the world market to any extent

It is estimated that soya meal will be produced in sufficient
quantity to meet world economic demand for the remainder of this
century.lt will not,however,meet the nutritional needs of the world

Various estimates have been made of the future price of soya.

The price in constant 1975 U.S.Dollars has fluctuated between
3 U.S.D.and 12 U.S.D.per bushel (27.2Kg) over the last 30 years,
but while it is at present over 5.5 U.S.D.per bushel it is gene-
rally felt that an average figure long term would be between 5 and
6 U.S.D.Much of this price will be carried by the meal component,
since the price of soya o0il will ve held down by the plentiful
supply of competitive materials,see annex No.14.

6. Single cell protein (3.C.P.)} Single cell protein is made
by growing microscopic unicellular organisms in an aqueous medium,
using as source of nutrients and energy carbon,nitrogen and other
elements,separating the organisms from the medium in which they
are grown and drying them.

The difference that exists between alternative manufacturing
procesges for 3.C.P.lie mainly in the choice of organism,the choice

of carbon source (the substrate) and the process conditions.
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’ Yezsts,a rnumber of which have been used in foods for a conside-
rable time,are being looked at as possible human food components.
Bacteria may be more advantageous as animal feeds-they grow
faster,have higher prectein and sulphur amino acids than other

organisms.

The nutritional value and digestibility of S.C.P.sources are
high;tneir flavour has been described as bland and thcse that have
been used in numan cliniecal trials can be consumed in amounts suffi-
cient to meet the prcotein needs of adulis.

At one time the presencze c¢f high nucleic acid concentration was
regarded unfavourably since humans,unlike other animals,metabolise
these compounds to form inscluble uric acid which can be deposited
in tissues.However,suitablie processing procedures,such as alkali
washing,have been developed to reduce the nucleic acids to accep-
table levels.

Nucleic acids are not a problem when using S.C.P.to feed domes-
tic animals,since these metabolise such compounds to soluble pro-
ducts,such as allantoin,which are easily excreted.

In view of the considerable amount of testing that is required
to ensure the safy of any novel material that may be used as a
constituent of human foods,it is felt that S.C.P.will make little
impact in this way for the medium term future.Its commercial impor-
tance will be as a source of high quality protein for inclusion in
animal feedstuffs.

The attached table,annex No.15,sets out the amino acid composi-
tion of a number of S.C.P.materials and compares them with the con-
ventional protein sources,soya meal and fish meal.

Prom thegse figures it is clear that S.C.P.has levels of the
essential amino acids which compare well with fish meal and are
considerably higher than those of soya meal.

In attempting to assess the relative commercial values of,say,
soya meal and S.C.P,.,it is not strictly allowable to make direct
comparisons on the bagis of protein alone,since several other com-
ponents which are eutritionally important should alsoktaken into
account.Computer programmes which calculate the least cost rations
for animals do this automatically.However it is clear that an S.C.P.
with 75% protein can be priced considerably higher than soya meal
(45% protein) and yet have equivalent value..
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gher gquality of 3,C,P.enhance its value yet further.Least
cost calculations have shown that an S.C.P.with 75% protein may be
of ecual value to the animal grower if its price is twice than that
of soya for an equal weight of material.

On the basis of the amino acid concentrations and the digesti-
bility,it is possible to rank the gquality of protein sources fed
to animals as follows:

Jource Net protein utilisation™
Fish meal 65
S.C.P. 60-64
Soya meal 55
Wheat meals 25-50
Wheat/maize 36
Cottonseed 35
Groundnut 32
Feather meals 26

¥ A measure of nutritional value applied to animal feed

proteins - figures are out of 1C0.

Much can be done to increase the yields of agricultural crops
and there are additional areas which are not yet cultivated.

There is,however,a need,particularly in countries where crop-
land is limited,for food which can be obtained without dependence
on the land.Moreover there is a desire on the part of many people
to increase the quality of their diet by a greater inclusion of
animal proteins.

5.C.P.helps in the achievement of both these needs.Firstly,it
is not dependent on large areas for its production - on a 10 hec-
tares site an amount of 3.C.P.cun be produced equivalent to that
from over 100,000 hectares of soya beans.

Also,5.C.P.is a2 new and high quality source of protein,parti-
cularly,suitable for feeding to livestock,such as poultry,which
are grown intensively.

S.C.P.has an important role as a feedstuff for animals,even-
tually it may fulfil an equally important role as a new food for
the mankind.

In the annex No.16 is shown the case of a S.C.P.plant producing
100,000 tonnes/year protein which uses 25 million cubic feet/day
methane,or the equivalent,of other feedstuff (this amount can be
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associated with an oil production of be
barrels/day.
This amount of protein,when fed to poultry,can provide the ani-
mal requirements of chicken and eggs for 10 million people based
on European food standards.To grow an equivalent amount of protein
would need cver 100,000 hectares of soyabeans a2t average U.S.
producticon levels,
There are aiso a number of reasons why it might be atractive ‘
to produce S.C.P.in P.R.Angoia.
1-S.C.P.can be produced more rapidly than any crov or animal
form of protein because of the speed with which micro-organisms
grow.Bellow is given a table showing the necessary time in hours
for doubling the weight by growing up different organisms:

Organism Hours
Bacteria and yeasts 0.3=2
Fungi,Chlorella 2.0-6
Plants (soya,corm,etc.) 144 - 288
Chicken Z00 - 576
Pigs ‘ 672 -1008
Cattle 720 -1440

2-3.C.P.i3 a better quality protein and is more concentrated
than conventional materials such as soya,cotton or groundnuts.

Only fish meal can compete with S.C.P.but this is already in
short supply and it is forecast that there will in future not be
enough at current prices to meet demand.

Groundmut and cottonseed meal are of too poor quality to be
fed to poulfry; these need very concentrated profein if they are
to grow at the fastest rate particularly in hot climates.See also
annex No,15.

3=S.C.P.production is not seasonal,the quantity produced and
its price can be planned.Soya,the next best protein,has to be im-
ported and,like the other protein crops,is subject to variations
in weather,affecting volume,shipping delays and political decisions, '
which can cause wide fluctuations in price.

4-3.C.Y.manufacturing units can be erected and brought on str-
eam in a relatively short time - some three years,instead of up to
10 years required to build up the agricultural infrastructure to
grow an equivalent amount of protein.




5=5.C.P.production makes better use of available capital,land
and water resources.lt is much less capital intensive,uses only the
land occupied by any small manufacturing plant and consumes only a
fraction of the zmount of water that would be required to irrigate
protein crops grown conventionally.The latter is a factordspecicl
significance in Angolan conditions.

When planning the uses of such resources it might be zonsidered
that,since it is not possible to manufacture the carbohydrate part
of the animal diet,priority should be given to growing the cereals
which would then complement the protein-rich S.C.P.See annex No.17.

C. Major S.C.F.
industrial processes.

Regardlessfthe process and technology used the very simplified

principle of producing S.C.P.is shown in the annex No.18.

Poar main processes have so far been developed for producing
S.C.P.These are: '

~The process in which the yeast is grown directly on the gas

oil.

~-The growth of a yeast on a substrate of normal paraffins

(separated from gas oil by a molecular sieve process).

-The growth of a bacterium on a substrate of metanol.

-The growth of a mixed bacterial culture on a rubstrate of

methane.

These fouir are described in more detail below.Work on a num-
ber of other processes has been carried out using high wax crude
vils,sulphite liquors from paper mills,molasses,whey and other
waste materials as substrates and also using algae as the organism
to be grown.

While some of these have been brought to a comercial stage,it
is unlikely that they will be of interest in P.R.Angola.

1-Gas oil process.This process,first developed by British Pe-
troleum in France,utilized in its original form,a heavy gas oil
containing some 10-30% cf waxy paraffins (015-030).The organism
grown was a yeast of a Candida species which grew on this fraction
leaving a de-waxed gas oil to be recovered during the harvesting
of the organism by centrifugation.




The dried 5.C,P.was subsequantly cleaned by solvent extraction.

Careful control of thysical conditicns,particularly the pH of
the agqueous culture medium,was usad in an attempt to prevent con-
tamiration of the yeast by other micro-crganisms.No feedstock ste-
rilisation was considered necessary.

Although the orptimum temperature for grewth is 27° C,B.P.have
operated at 30 ¢ and the fermentation was carried out in an air-
1lift fermenter.

2-Normal varaffin orocess.Difficulties in cleaning the residual

gas oil from the S.C.P.and the development of the molecular sieve
process led to a modification in which the paraffin fraction is
separated from the gas o0il before fermentation.The substrate,air
and ammonia,and minerzal nutrients,are all pre-sterilised and,in
B.P's case,the fermentation is carried out with mechanical agita-
tion.Air 1ift fermentation can also be used.The product stream is
centdfugated to give a cell slurry containing some 15% solids which
is then spray-dried.The final product contains aproximately 60% of
crude protein.The productivity is about 3 Kg/cubic metre/hour.

In commercial terms,the n-paraffin process is the most developed,
a number of countries and companies had built such plants with
satisfactory results.

3-Methanol process. Developed by I.C.I.this process utilizes

methanol as substrate and a Pseudomonas species of bacterium as the
organism.The fermentation is carried out in a pressure cycle (air-
1lift) fermenter at 37-39°C.Substrate,air and other nutrients are
sterilised and the product contains about 72% crude protein.

Apart from 1I.C.I.who have a 1,000 tons/annum pilot plant,
research on methanol processes were undertaken by a number of
groups in Japan (including Mitsubishi) by Hoechst-Uhde in Germany,
by Institute of Microbiology in the U.3.S.R.Gulf,3un 0il in USA,etec.

Shell researched a process in the early 1970's based on metha-
nol and developed the concept of selected mixed cultures of orga-
nisms which was later used in the methane process.lIt is expected
that I.C.1.is operating at a productivity of 3 Kg/cu metre/hour.

4-Methane process. The methane process,is the youngest of the
four and has been developed by Shell.Methane, supplied in the form
of natural gas,is the major substrate,although other hydrocarbons
in the ratural gas are converted to S.C.P.and this togather with
air and essential nutrients,is adde#continuously to the fermenter.




Here the substrate is consumed by a carefully selected and
controlled mixed culture of organisms which act symbiotically to
achieve the highest yields of protein so far achieved.The tempera-
ture of operation is 45°C.A broth comprising some 2-3% suspension
of bacterial cells is drawn off continuously.After floculation and
separation, the process water is re-cycled and the cell paste 1is
dried to a powder containing 75% protein.The productivity is clai-
med to be about 5 Kg/cu metre/hour.

D. Process economics.

Any S.C.P.process may be characterised as comprising new and
complicated technology which utilizes microbiological growth on a
scale never used before.

To have a general idea zbout the economics of the processes,
calculations have been made with respect to all processes using
certain base case assumption throughout.These were:

Plant size: 100,000 tommes cf S.C.P./annum.

Plant lifetime: 15 years.

Fiscal regime: 45% (7.1/2% straight line depreciation)
Profitability: 8% real earning power.

Standardised costs have been used for utilities, labour and
overheads and nutrients-see annex No.19.Conditions such as cooling
water temperature 35 9C are also taken as the same.

On this basis the relative process capital expenditure is as
follows:

n-Paraffin process U.3.D. 90 million.
Methanol process U.3.D. 70 million.
Methane process Ue3.D. 80 million.

Note that no proportion of the methanol production plant,or the
n-paraffin purification plant is included.However the extra refri-
geration capital is included in the n-paraffin process.

Taking a range of substrate prices,the netbacks required by
each process to achieve a real earning power of 8% are shown in
the accompanying graphs-see annexes No0.20;21;22-together with the
contribution for the substrate.The two vertical scales on the graphs
show respectively the netback required per ton of product and that
required per tom of protein.



The cost of methanol relative to methane has teen calculated

on the basis of a 300,000 tonnes/annum methanol plant starting up
at the same *time.The relation between n-paraffin cost and gas oil
is valid only in 2 European coutext.

It is tempting to superimpose the data on these graphs to study
the relative econcmics of the processes.However,it should be remem-
bered that such compazriscns can only be made when the relative
costs of the substrate are known.Also,a change in any of the basic
assumptions (such as tax rate or required earning power) may have
an impact on the relative economics.

E. Possibilitv to prcduce
S.C.P.in P.R.Angola

The possible production of 3.C.P.in P.R.Angola can start from
the quality of Angolan crude o0il.All these crude cils are characte-
rized by low sulrhur comtent and high content of paraffins.

An analysis of an average crude oil,realised by Petrangoly shows
the following contentof paraffins determined on narrcvs distilated

fractions:

7.B.P, °C 100-125 125-150 150-175 175-200 200-225
Aromatics ¥vol 2.6 5.8 8.6 12.3 15.5
Olephins %vol 0.5 1.0 .8 1.0 6.3
Paraffins %vol 36.9 - 93,2 30,6 86.7 78.2

225+250  250-275 275-300  300-325

16.3 19.2 16.8 10.0
5.4 6.1 4,2 2.0
18.3 14.7 79.0 88.0

Taking into account the quality of the ecrude oil and also other
existent and future factors in P.R.Angola the Ministry of Petroleum
could analyse the possibility of implantation of a petroprotein
plant.Of course this is a matter of comprehensive study,to choose
carefully the process (the expert opinion at the moment is that the
most suitable for P.R.Angola is the n-paraffin process),the orga-
nisms and mainly the supplier cf the know-how and the plant.

A close cooperation is necessary with the Ministry of Agricul-

ture, the future user of the petroproteins.



III, DZVELOEMENT 0F THEE FPETROCHEMICAL
INDUSTRY O THE BASIS OF THE
ASSOCIATZD GASES.

A. General aspects.

Associated gas takes its name from the fact that it is produced
in association with crude cil.

While still underground the associated form remains dissolved
in the surroundirg oil due tc pressure.Released at the well-head
when the pressure drops,it is flared there as a safety measure,
failing any alternative use.

Flared gas was variously known to early civilisations as the
"eternal flames",the"leaping fiery furmance"and the "burning springs”

Ignited by lightning and burning through the centuries,natural
gas seepages were documented by the Greeks and Egyptians;in the
Baku area of the U.5.S.R.gas flares existed from pre-Christian times.

As early as A.D.200 the Chinese transported natural gas through
simple pipelines made of hollowed bamboo logs.

When oil reaches the surface,the dissolved gas released compri-
ses a mixture of hydrocarbons ranging from methane (1) to butane
(04) and heavier fractions together with impurities such as CCo,
S0p,HpS and Np.

Usual 0il field practice is to cool the gas to separate hydro-
carbons heavier than C, as condensatesj;unless facilities are ins-
talled for recovering the other compnnents, the remainder is either
flared or reinjected.

The composition of associated gas differs significantly from
that of non-associated gas in the higher level of heavier compo-
nents ethane,propane and butane.Associated gas in the Middle East
contains only 50 to 55 per cent volume methane compared to at least
80% and sometimes as much as 100% found in non-associated gas.On
average,associated gas in the Middle East contains between 12 an”
18% ethane,between 9 and 12%propane and about 5% butanes.In Mexico
associated gas may contain about 82% methane and 10% ethane,while
in Indonesia,both are lower:methane 72%,ethane 6%,due to high
carbon dioxide levels,

Unfortunatelly no datzs could be obtained about Angolan associ=-
ated gas.
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The significance of these differences is reas ’
the main component of non-associated gas,is confined to production
cf L.N.G.(Licuefied natural gas),for expcrt use,fertilizers and
methanol, for local use or export,and thermal uses,local use only,
ethane is a potentially valuable raw material for local petrochemi-
cal producticn,and the propane/butane fractions can be sold locally
or exported as L.P.G.(Ligquefied petroleum gas).

The optimum use of associated gas therefore depends on finding
economic local and expcrt outlets for all the main comporents:
methane,ethane,provane, butane and heavier fractions.

1-Methane,has sc¢ far mainly been used for fuel purposes,e.g.
power stations and general industrial and domestic heating.Three
large scale consumers of methane are:reinjection (after L.P.G.re-
covery) and export as pipeline gas or L.N.G.In the chemical industry
methane serves mainly as feedstock for manufacturingammonia and me-
thanol.More attention is now being paid to technology for converting
methane to synthesis gas (a mixture of carbon monoxide and hydrogen)
as the basis of new routes to chemical products,gasoline and the
middle distillates.Methanol 1is also attracting attention as a poten-
tial basic petrochemical block on a par with ethylene.

A plant to produce gasoline from methanol is under construction
in New Zealand and work on processes for converting methane to
ethylene is said to be well advanced.

2-Ethane,is most conveniently cracked to manufacture ethylene;
the yields are high and this represents the most economical use.The
range of petrochemical products that can be produced from ethylene
is one of the largest.

J-Propane ,can be extracted along with butane in the form of
L.P.G.and either exported or used locally.In developed countries,
L.P.G's potential as a chemical feedstock is now more widely con-
sidered.Some crackers in the United States and Europe have been
adapted to take L.P.G.in order to give feedstock flexibility.

When propane is cracked,it yields both ethylene and propylene,
the percentage of propylene depending on the severity of cracking.

Propane can often be cracked together with ethane and the mix-
ture produces mostly ethylene;only large crackers (producing
200,000 t/y ethylene or more) produce significant quantities of
propylene.Thus if large quantities of prorylene are required,it is

better to crack propane alone,or a butane-propane mixture,
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2-Butane,is mainly consumed as L.P.G.Chemically,it comprises
2 mixture of normal-butane and isomers,of which iso-butane is the
more valuable because it can be converted to iso-tutylene.

Iso-butylene is the precursor of a numcer of products including
the alkylate required in large guantities for the gasoline pool.

A potentially important use for iso butene is to make M.T.B.E.
(Methyl Tertiary Butyl Ether),a gasoline component needed to repla-
ce lead in high octane gasvline.

5-Pentane and heavier fractions,are generally separated in the

field;the resuiting liguid mixture,known as condensates,is either
treated and sold as such or mixed with reformed motor gasoline,

naphta or crude oil.

B. Treatment and processing.

Processing of crude gas depends ultimately on the way indivi-
dual components are to be marketed,but there are two basic approa-
ches-complete liquefaction to make L.N,.G.and partial liquefaction
to recover L.F.G.and possibly ethane.As noted,in either case penta-
ne and heavier fractions are generally separated in the field.

Rising world gas prices and the develoﬁing countries' inc.easing
control over their oil and gas resources lead to plans for increa-
sing utilization of associated gas.

Five motives for industrialization can be identified:

-self sufficiency in petrochemicals;

-establishment of an export-oriented industry;

-0i1l censervation,boosting oil exports;

-diversification of income sources;

~elimination of political objections to flaring.

The world supply and demand outlook influencing gas-based petro-
chemical production indicates the need fcr the following plants to
be built between 1984 and 1990:

- ethylene,18 units 500,000t/a each
- L.D.P.E. 32 units 200,000t/a
- H.D.P.E. 39 units 75,000t/a
- P, V.C. 26 units 250,000t/a

Nearly half these will have to be built to meet demand arising
in the Third World itself.

Given their favourable feedstock position there is scope for




many more to be built by the oil producing developing countries in
order to supply developed regions.

Metharcl is a special item because of its impending fuel and
chemical uses,is conservatively forecast to move from a global
surplus of 200,000 t/a in 1983 to a broadly balanced position in
1990 with demand in the region cf 23 millien t/a.

To achieve this capacity build-up two large production units,
2,500 t/d in Latin America,two in Asian developing countries,and
three in Africa/Middle East could be based on associated gas.

If fuel uses for methanol grow rapidly,however,both demand and
the number of plants required could be doubled.

In fertilizers,the demand analysis indicates a requirement for
an additional 12 million tons N2 capacity between 1984 and 1990.

Thus the expanding market alone is equivalent to 44 units with
1000 t/d capacity each.

Sponge iron demand is determined by the market for scrap steel,
which in turn reflects the health of the steel industry in gemneral
and the growth rate in electric furnance steel in particular.

The long-~term ocutlook is favoured by reduced availability of
good quality steel sgrap.In the mean time,developing countries are
advised to gear both sponge iron and steel output to ecover domestic
or local regional demand.

Primary aluminium consumption is forecast to reach 19.9 million
tons in 1985, 24.6 million tons in 1990 and 29.5 million tons in
1995.Between 1985 and 1995 some 60 to 70 smelters each with a capa-
city of 150,000 tfa would be needed to meet this demand assuming a
G.N.P.(Gross National Product) growth of 3% annually.Given the
general reapprisal of the industry's energy position,many of these
plants could be built to use electric power from gas turbines
fuelled with low-cost associated gzs.

A comparison of net productionm cost for eleven vroducts :
ethylene;ethylene oxyde;ethylene glycol;H.D.P.E.;L.D.P.E.;ammonia;
urea;sponge iron;steel;aluminium;based on associated gas in deve-
loping countries - and ethane,natural gas or naphtha in developec
countries,showed all could be manufactured more cheaply in develo-
ping countries,than in the United States and the Federal Republic
of Germany.

Inclusion cf shipping ccsts to deliver these products to the
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United States and North and South Europe indicate that developing
countries production would ve able to compete with broad margins
against local products in the three developed country markets.

C. Fertilizers production.

The choice of products for industrizl projects based on asscci-
ated gas clearly reflects a combination of local needs and ease of
internavional marketing.The Ministry of Petroleum chocsed to give
priority to the production of fertilizers and that is why the expert
gave a larger attention to the positicn of these products in the
internatinal market.

All gas-based producticn of fertilizers involves ammonia.The
prospects for developing countries using associated gas to pene-
trate these markets are therefore determined by the supply and
demand for ammorf®a and its nitrogen fertilizer derivates.

1 - Pregent market size., The two most authoritative sources of

information in this sector are F.A.O.for past and actual figures
and the U.N,I.D.0/F.A.0.World Bank Working Group on Fertilizers,
for yearly medium-term forecasts five and ten years ahead.F.A.0.
is currently casting backwards its historical data base on China

The Working Group's five-year supply and demand forecast
represents the harmonized result of commercial,lending and techni-
cal assistance authorities.The data and trends are crosschecked
with the information supplied by individual members in a Delphi
panel of experts.From 1978 onwards,the Group undertook a 10-year
demand forecast using trend analysis judgements to reach panel
consensus.

World consumption of nitrogen fertilizers reached 57.1 million
tons of nitrogen in 1979/80 acecording to the figures from F.A.O.

Some 40% was consumed in developing and 60% in developed
countries.Growth in over-all demand during 1970's averaged 6.1%
annually,but it was both unevenly distributed and subject to con-
siderable fluctuation.The 1978/79 growth of 6.5% meant a recovery
of demand compared to previous years,but it was confined to the
developed countries,mainly the United 3tates.

Developing countries demand in contrast showed a market drop
from the 12% annual growth throughout most of the 1970's to around




6% in 1378/79.30th markets recovered in the 13979/80 season.

On the sup:ly side troduction rose 6,7% in 1978/79 to reach
59.6 millicn tons,out of which 57.3 million was available for
agriculture.This increase was less than the 3.9%reported for the
year before but it exceeded the 1970-77 average.

During 1978/79,the largest cuantitative increases came from
Western Europe and centrzlly planned Asia.The West Buropean perfor-
mance reflected better plant capacity utilizatiom enhanced by
idling or shutdown c¢f capacity in the Urited 3tates and Japan.An
absolute decline in nitrogenous capacity in Japan was due to a
rationalization programme for ammonia and urea induced by the
rapidly risig cost of feedstocks. _

During 1373/80,there was a substantial drop in production growth
in most regions: Africa and Eastern Europe suffered absolute decli-
nes of 16,5% and 1.2% respectively.The U.3.S5.R.suffered setbacks due
to bad weather,shortcomings in feedstocks and other temporary tech-
nical and logistical difficulties.feedstock and power problems beset
India,Turkey and the Philippines.Plant operation problems are still
hindering the U.S.3.R,India and Mexicc.The Republic of Korea is re=-
ducing production due to domestic and export market constraints
brought on by the feedstocx price squeeze,.

Annex No.2% shows that the developed ccuntries have a nitroge-
nous fertilizer supply capacity well in excess of their demand,
whereas the developing countries remain in a deficit situation.

Comparison of total nitrogenr production with ammonia capacity
shows that the developing countries operate at 67.3% of ammonia
capacity versus 79.5% for the developed countries.

However, in many countries there is an unusually large propor-
tion of new ammonia capacity not matched by a carrespeonding dowwn-
stream conversion capacity to nitrogenous products,it is capacity
that was primarily intended to supply ammonia export markets.This
points to potential medium-term difficulties that may have to be
resolved through improved operating rates for new downstream plants
additional ~onvertion capacity and price increases in finighed fer-
tilizers that would bring idiing plants in the developed countries
back on stream.

Annex No.24 shows inceases in ammonia capacity,the supply of
nitrcgenous products and the demand for such fertilizers up to 1390.
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countries are far outstripping the developed countries in adding

g

new asmonia capacity.

In the period 1979-84,the developing countries have roughly
doubled the new capacity increases in the developed ccuntries.

The only significant developed country increases are in the
Soviet Union,where the full impact of 41 plants recently built 1is
evident.

Comparing firmly committed projects between 1976 and 13984 with
actual ammonia plant implementation,it is evident that although deve-
loping countries planned to double ammonia capacity during the vast
four years,they could only achieve 65% of their aims;the lag on tar-
get dates was around two years.

The medium-term projects to 1984/85 show that the developing
countries plan an even larger ammonia capacity increase than in the
previous period,despite current learming curve problems im the Far
East 2nd Latin America.

On the demand side consumption of nitrogenous products in deve-
loping countries is growing twice as fast as that in developed coun-
tries through till 1990.This reflects their low per camita consum-
ption.Nevertheless,the trend shows a steady decline through the
decade.This situation may be exacerbated when the thorny problem
of fertilizers subsidies and increased fooa production in developing
countries is settled in the relatively near future.

D. Market structure and prices.

In the developing countries,which will account for the largest
share of future sales,the nitrogenous industry is predominantly
government owned,with minor participation of local private industry,
co-operatives and joint-ventures with the large chemical/oil corpo-
ration.Eastern Europe apart,these same chemical/oill corporations
dominate fertilizer production in developed ecountries,again with
some minor participation by Western European Governments and some
agricultural co-operatives.

The final market in all countries is composed of a large number

of small consumers.Export deals are gemerally made,however,with
either a relatively small number of importers in each country or
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with government organizaztions.3uch contracts necessarily involve
large cuantities.The United States market is somewhat exceptional
in having an established pipeline and ammeonia distribution business, -
both are expefienced in impcrting and redistributing ammonia in
large cuantities.Such deals have to be made on a long-term basis

and wculd not,for example,be accessible via trading organizaticns.

Traders on the other hand could help build up spot sales to the
United States market.

The bulk of all transactions 1is traded at contract prices.

These prices are genmerally not published but the trends in spot
prices generally reflect similar trends in the contract market.

Despite large price fluctuation,extrapolating the longer-term
trend in spot prices gives a urea price of 307 U.3S.Dollars/tcn in
1984 and 213 U.S.Dollars/ton for ammonia c.i.f.Westerm Europe.

The prices in early January 1981 were 235 and 175 respectively.

The United States Gulf Coast f.o.b.prices are about 20% lower
than c.i.f.¥estern Eurcre ones.

Sinece traditional producers ure suffering increases in produc-
tion and distribution costs and are no longer able to absorb them
through increases in efficiency,contract prices may undergo steeper
growth rates than spot prices unless new producers with substantial
production cost advantages make their presence felt in intermational
markets,

E. Opportunities for new vproducers.

The difference between 13984 capacity and forecast demand in
1990 indicates a requirement for a net additional 12 million tons
N, of capacity in this period.This is equivalent to 44 units of
1000 ton/day,many of which could be advantageously built to use
developing countries' associated gas.

World exports of nitrogenous fertilizers reached 11.99 million
tons of nitrogen im 1979/80,up 1.3% over the previous year.The
ratio of intermational trade in nitrogen to world consumption
increased from 18.8% im 1974/75 to 22.0% in 1978/79.4 fall to 21.C%
in 1979/80 reflected a deterioration of regiomal supply.

With the exception of the Near East,all of the developing regi-
ons stagnated due to production difficulties,thus reversing the past
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trend of increased regional self-sufficiency.The situation was such
that even a high-cost fertilizer producer such as dapan could export
more fertilizer than it cornsumed domestically;similarly,Western
Europe, a high cost producing region,became the leading exporter.

It should be noted that practically all imports by the develo-
ved countries represent intra-trade in that macro-region.

The gap analysis for ammonia identifies North America and
Western Europe as areas with both short and long term deficits
of ammonia.In Western Europe developing country strategy should focus
orn pre-empting local investment.

The main competition for bcth these markets will come from the
U.S.3.R.

The main opportunity for developing country producers remains,
however,other developing countries.

These have continued to increase their imports of nitrogenous
fertilizers over the years mainly from the developed countries.

As yet they do not appear to have reached a cost benefit ceiling
on fertilizer prices in relation to prices for their exported
agricultural commodities.

Their main constraints are foreign exchange restrictions-and
temporary shortages in domestic fertilizer production.

These have continued to increase their imports of nitrogenous
fertilizers over the years,mainly from the developed countries.

As yet they do not appear to have a cecst benefit ceiling on
fertilizer prices in relation to prices for their exported agri-
cultural commodities.Their main constraints are foreign exchange
restrictions and temporary shortage in domestic fertilizer produc-
tion.

Note.For everybody who looks for an extended analysis of medium
and long term demand forecasts based on the Group's records since
1976,the expert recommend "Supplement to the Second World-Wide
Study on the Fertilizer Industry 1975 - 2000 U.N.I.D.O.

F. Opportunity for producing fertilizers
from associated gas in P.R.Angola.

Having as primary objective to eliminate the wasteful flaring
of associated gas produced in conjunction with crude oil in "SOYO"




in the northwest region of P.R.Angola,the Ministry of Petroleum has
requested the "International Gas Develovment Corporation" to prevare
an executive report,based on turning to good account the-at present
flared gases in Soyo.

This work in a brief presentation,in English and Portuguese,
is analysing the possibility of implantation cof a fertilizer complex
based on associated gas in Soyoc region.

The study does not taken into consideration and is not analysing
other variants of turning into good account the associated and non
associated gas,through the production of other commodities.

In fact the whole study does not contain any analysis by compo-
nents of the gases supposed to be processed.

The Executive Report evaluates two cases:

-ane based on supplying only Angolan domestic fertilizer requ-
irements

-the other,a larger project with a significant export component.

The following major bases were used in these evalvations:

~-The primary objective of both project options is to eliminate
the wasteful flaring of associated gas produced in conjunction with
crude o0il in the northwest region of Angola.

-Associated gas supplies will be supplemented as needed with
existing,large reserves of non-associated gas in order to ensure
consistent gas supply toc the plant.

-Natural gas will be converted to solid urea in a plant sized
solely to meet Angolan fertilizer needs in case I and for Angola
plus export markets in a plant consuming 25 million cubic feet per
day feed in case II.Domestic Angolan sales requirements are 35,000
tons/year in 1987,increasing by 10%per year throughout the life of
the project.

-The Argolan govermment will have an interest in the plant,to
ensure attainment of Angolan nationalobjectives,to protect Angolan
interest,and to demonstrate Angolan commitment to the project.

-Foreign participation in the project,in the form of a joint-
venture,will be sought in order to provide equity capital,access to
financing,technical and operating expertise,training,and speciali-
zed marketing as well as distribution capability.

-Project life is agsuned at fifteen years.

-Angolan income taxes are assumed at 50% of taxable income.

-The price of the natural gas sold to the plant will be such that
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it revresents an acceptavle return to the producers and provides
sufficient incentive to cevelop and install producing and gatherinrg
facilities.Project economics are based on a gas ;ale price of 1.50
2 pver million Btu.for gas delivered to the plant;

-The plant will be located in 3Soyo region in the vicinity of gas
reserves,

-The plant will be entirely self-sufficient when supplied
with natural gas feed and fresh water.

-Angolans will be trained to manage,operate and maintain the
plant,to replace the expatriate personnel as early as possible.

-Effective distribution of fertilizer to local Angolan markets,
including organization of all necessary facilities and personnel
to carry out this important function,will be essential to the
success of the project.

-Any liquid hydrocarbons (LFG's) in the associated gas are
assumed not to be removed from the gas fed to the plant,but this
option must remain available for future study and implementation.

-The capital investment to generate approximately 3,000 KW of
electricity for local distribution and consumption in the 3oyo area,
is included in the estimated plant costs.

1 - Summary description of case I: Plant sized to meet only

Angolan fertilizer requirements.
Capacity: 90,000 metric toms urea per year (275 tons/day)
Estimated plant costs for 1983 : § 145 million
Amount of equity required (escalated) @ 49.7 million
Return on overall project(equity 100%,debt 0%) 4%.
Return on equity (equity 25%,debt 75%) 0.3%
Total revenme over life of project : ¢ 518 million
Total foreign exchange gain : @ 11.4 million.

Total Angolan taxes over the life of the project : 3 4 million.
Comment:Case I is an uneconomic project and will likely not
attract foreign participation on an equitable basis.If implemented,
this case must probably be considered a national project supported

entirely by the government of Angola to stimulate development,im-

orove agricultural productivity,avoid wasting a natural resource,and
reduce foreign exchange payments for fertilizer imports.

2 = Summary description of case II : Plant sized to process

approximately 25 million cubic feet of gas per day to produce ferti-
lizer for domestic Angolan requirements and export markets,

e
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Capacity : 390,000 metric tons urea per year (1,200 tonns/day)

Estimated 1983 plant cost : § 195 million

Amount of equity required (escalated) : g 67.5 million

Return on overall project (equity 100%,debt 0%) : 18.9%.

Return on equity (equity 25%,debt 75%) : 26.4%

Total revenue over life project : @ 2,244 million.

Total cash flow to equity participants over life of the project:

p 643 million.

Total foreign exchange gain : @ 1,088 million.

Total Angclan taxes over life of the project : # 643 million.

Comment : Case II is an attractive venture and is recommended
for future development.The anticipated econcmic returns will encou-
rage foreign involvement,attract financing on acceptable terms and
rermit financing repayments to be made from export sales revenue.

3 = Pactors favouring success of case II.

- Natural gas reserves are more than sufficient to csupport the
project and are located in an area where 0il producers are already
active,

-Several attractive plant site locations exist in the Soyo area
where infrastructure developmen% has already begun and access to
ocean shipping 1s available.

- The project will be developed in phases,with development
expenditures minimized until the time that a firm commitment is
made to proceed.

- Revenue from the sale of gas should be adequate to interest
producers in developing the gas field,gathering and transport
facilities.

- Future market opportunities - in Angola and nearby African
countries are excellent,

- Pruespects for securing the participation of a major interna-
tional fertilizer company are excellent.Such participation will
provide the necessary management,operations,and marketing kncw-how
to succegsfully initiate the project while Angolan personnel are
being trained in these skills.

-~ Direct participation of the Angolan government (through an
appropriate agency) will give the project the necessary credibility
and backing to attraect other participants,to secure financing and
to protect Angolan interests.

PP
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Zconomic :

An attractive return on equity invested in the project.

Incorie from the utilization of presently wasted associated gas.
Tax revenue oxn the profits derived from the project.
Elimination of foreign exchange purchases for the import of
nitrogen fertilizer.

Energy develapment :

Increased incentives for energy extloration and develooment in
Angola

Attractive ovpvortunities to increase recovery of natural gas
ligquids for use in Angola and for export.

Social develcpment :

Industrialization and creation of skilled jobs in the Soyo area
to be accomplished through long term training programs.
Additional port and infrastructure development in Northen
Angola on the Rio Zaire.

Opportunity for training and improvements in fertilizer utili-
zation and distribution in Angola.

The possibility of a future complex fertilizer development
program incorporating nearby phosphate in N'Zeto.

Note : This part III.F.must be read together with the "Executive

Study" made by Intermational Gas Development Corporation”.

LUANDA 2nd OF JANUARY 1984.

[ .



-44 -

ANNEX No.1

MAIN SCURCES OF PETROCTHEMICALS
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LTI 0.2
MAIN-ORGANIC END PRCDUCTS
i

PRODUCT GROUP CURRENT WORLD CONSUMPTION
- {miition tonnes)
Plastics and resins 25-30
Synthstic rubbers | - 5-6
Synthetic fibres 7-8
Synthetic detergents 13-15
(active matter content 3= .
Chemical solvents 7- 8
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ANNEX N».5

ESTIMATED USE OF ETHYLENE IN US
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MASS BALANCE FOR A EUROPEAN NAPHTHA CRACKER

Fuel 300,000 Tons
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naphtha — >
Maphtha
500,000 T a—f Gracker {
energy products ¥
Pygas
600,000 T

Reformate
500,000T

500,000 T
energy products
(extracted raffinate)

i NAromatics
[\

A
P s N

E NN
NNNNNN N

SExtraction\

_Unit NpE——
AL S

Fuel 100,000 Tons

Ethylene 500,000 T
Propylene 250,000 T
Butadiene 100,000 T

350,000 T benzene

100,000 T other
aromatics

9°ON YERNY




-0 KNYEX 0.7

I STV A N 4 R

S Aa g

fn gt SR b Lo
d NV o
I
- OLEFTVE
SLYCOLS | STYREVE e r
‘ ¢

7 R

POLYETRYLEVE | [POLYETHYLE £

N

L.

\ \
I Y l_ /\Y"Q - \
‘ Y y L- CXL
Pp e e ! - :
“IROLTUERE LSt - - o, v, C. Py LOLRTATE LER AR )
SOLVESTEQS L .2,7.)
!
i
/ |
i ; \
| .
|
| ‘ l
= 3 = = = ) -3 e -
—— 3 — = = = 3 = i
-3 oy - = P, ’3; A ; 3
3 -~ o3 > > 3 . 3
3 5 3 = 3 = oz ~ -
A > - — — - =5 3 i
e = ;D 3 Py A = ’
; 3 3 = = — A._.
-~ ) = = = 3 -
921 -1 A o - > E
n z i
2]

2]
~3
-3
=
ﬂ
——
D
=

, o=
—4
™
3
—
-
el




~

SANISI

EPICHLO A
RHYORINE

-51-

: e
,_
L

AWNEX NO.8
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TOLUENE
TDI
POLYURETHANE
OTHER

APPLICATIONS
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ANNEX No.10.
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ANNEX No.%'4.

Market value of soya beans
and SCP

1 bushel 27 2kgot soya beans- $ 5,5/bushel at Chicago

¥

21,3kg ot soya meal 4 85kg of all
Soya meal : SCP:
LL% protein 75% protein

180 $/ton fob Chitago Higher quality -

therefore has a

. value about
Freight and twice that of

distrlbution soya bean meal

70 $ Hence competitive
price is

250 $/ ton 500 $/ton
delivered to user to the user
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ANNEX No.15.

AMINO ACID COMPOSITICN

OF SCP AND CONVENTIONAL PROTEINS

(Figures are in g/100g of material)

Shell I.F
Amino Acid Soya Meal Fish Meal Toprina G Pruteen sCp $.C.P,

LYSINE 2.8 4.9 L.3 4.9 5.5 10.7
CYSTINE 0.6 0.7 0.8 0.5 0.8 0.6
METHIONINE 0.6 1.9 1.0 1.8 1.8 3.2
ARGININE 3.4 3.6 3.2 3.6 . 5.8 S.b
ISOLEUCINE 2.2 3.2 3.0 3.4 3.1 4.8
LEUCINE 3.3 5.0 b4 5.2 6.1 8.2
PHENYLALANINE 2.2 2.9 2.7 2.6 3.7 4.3
TEREONINE 1.9 3.0 3.1 3.3 3.4 2.
TRYPTOPHAN 0.6 0.9 0.7 0.7 1.5 1.7
TYROSINE 1.6 2.3 2.4 2.3 3.4 3.5
VALINE 2.3 3.7 3.7 4.1 4.5 6.3

CRUDE PROTEIN  4bS 65 61 72 72 80




ANNEX No.16.

m{lll?on 150 miltion
people; 9 chickens and
35 billion eggs

at developed
wor'd slandards per yedr

100,000 tons of

single cell protein
per year.

25 million
cubic feet 50,000

of methane '“"’ barrels of

per day ol per day




ANNEX No.17.

Use of resources

SCP Soya bean
Land 10ha 116,000 ha
Capital | $ 80 million $ 2.4 billion in irrigation |
costs roads,land preparation .
Water 600,000cu m of 928 million cu m of fresh

fresh water and

250 million cum
of salt water.

water for irrigation.

per 75.000 tonnes of 100% protein
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SCP CONSUMPTION DATA (per ton of SCP)

(Basis for netback calculations)

Raw materials (tons) N-PARAFFIN PROCESS METHANOL PROCESS METHANE PROCESS
Methanol - 1.80 -
N-Paraffin 0.87 - - L 3
Methane - - 1.17 (6.7x10 ft. (sd) ).
Ammonia 0.15 0.1% 0.151
Phosphorie acid (75%) 0.125 0.125 0.125

Utilities
Electricity (Mwh) 3.30 1.065 2.1
Cooling water (Kt) l.121 2.013 2.27

: Process water (tons) 5.66 5.66 5.66 .

Natural gas (tons) 0.23 0.25 0.23 (1.3x10 ft. (sd)

Fixed costs

N

Operating 35 man years ~
0

Maitenance 3 of capital

Overheads 110% of Operating + Maintenance %

TEL 0N

[P



- 03 - AWNIZEX No.20.
Production of SCP from n - Paraffins

Effect of n. Paraftin cost on netback
required for 8% earning power

i e
$ PER TON SCP PROTEIN
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n-PARAFFINS COST (¢/1b)

» VALID ONLY UNDER EUROPEAN CONDITIONS




ANTZL Wo.21.

Production of SCP from Methcmol

Effect of Methanol cost en netback
required for 8§ % earning power

NETBACK IN

NETBACK IN '
_ & PER TON
80$0 PER TON SCP PROTEIN
100(
700
600 80
500
X
60
400
300 40
ONTRBUTICH e =
200 METHAND: gt
p
100
25 50 150
. NATURAL GAS COST(¢/MMBtu)

100 110 120 130 140 150 160
METHANOL CCST (§/TON) |

* VALID ONLY FOR A 300 000 TON/YEAR METHANOL PLANT
UNDER BASE CASE ASSUMPTIONS
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Production of SCP from Methane

Etfect of Methane cost on netback
required for 8% earning power

NETBACK N NETBACK IN

S PER TCN SCP S PER TON
PROTEIN

800
1000

700

600 800

500

600

400

300 400

200
200

100

25 50 75 100 125 150
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ammonia and nitrogenous fertilizers (1984 and 1990)

Forecast cepacity,supply and demand for

Ammonia Fertilizer Fertilizer Surplus/ Fertllizer
Region capacity production demand deficit (=) demeand
1984 1984 1584 1984 1990
million tons N |[million tons N [million tons N | million tons N |millian tons N
North America 19.22 13.85 13.18 .72 15.00
Western Europe 16.86 12.57 1lo0.87 1.70 12.30
Eastern Europe 35,91 18.02 1la .88 3.14 18.00
Uther developed countries 4,12 2.32 1.66 66 1.87
Total developed countries 76.11 46,765 40,59 6.17 47,17
Africa 1,31 0.68 0.79 -.11 1,058
Latin Nﬂerica 6.58 2.79 3'81 _1 |02 alaa
Near East 6.24 3,07 2.65 02 3.60
Far East 11,89 7.20 8.62 -1,42 11,25
Centrally planned Asia 8.37 12.43 14.04 -1.61 17,00
Total developing countries 34,39 26,17 29.91 =3,74 37.74
World total 1lo.50 72,93 70.50 2.43 84,91
Share developing countries, 31,1 35,9 42.4 44.4
per cent

*Y2TON YENRY
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Capacity , supply and demand for
ammonia and nitrogenous fertilizers
Production i Demand
Ammonia nitrogenous products nitrogenaus products
capacity Fertilizers Fertilizers
Region million tons N] million tons N 9. technical | million tons N ¢ technical
North America 18,9 12,9 28,0 11.1 27.6
Western Europe 15,7 11.7 $.0 lo.0 26.8 )
Eastern CEurope 3o0.4 15.1 11.6 2.0 14,5 x
Other developed countries 4,0 2.2 52.4 1.8 113.1 !
3 Total developed countries 69.0 41 .8 34.6
Africa 0.7 0.l 6.7 0.5 €.4
Latin America 4.0 1.5 4.1 2.7 " 4.0
Near East 4,2 1.5 l.6 1.8 2.6
Far FEast 7.9 4.6 2.9 6.3 2.8
Centrelly planned Asia 5.'79/ 9.6 5.3 11.2 4.5 g
5
Total developing countries 22.5 17.8 22.5 ;E?,
World total 91.5 59.6 57.1 ;‘f
P Share developing countries 24,5 29.8 39.4 \N,;
" per cent *

Source : FAQ
8/ E xcludes ammonium bicarbonate capacity
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