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Preface

This study of the impact of technological developwents in the high
fructose corn syrup and sucro-chemicals industries has been conducted as
part of the seccnd phase of the Caribbean Technology Policy Studies Project -
a comprehensive joint project of tﬁe University of Guyana, University of
the West Indies, and the International Development Research Centre- (Ottawa).
The description given here is to be taken as more than simply formal, for
the research work underlining this study has been at all stages executed
within the stated framework of the project. As a consequence the full signi-
ficance of what is being attempted here can only be appreciated in the
overall context of the principal foci of the project, namely an examination
of the issues of indigeneous technological capability; search evaluation and
bargaining; science and technology policy planning; and size, scale and
technological transformation of the Caribbean. Within these overarching
foci, the study is located in the specific area of the technological impact
assessment studies undertaken by the project in the area of science and
technology policy planning. In this area of the project's concerns the
objective is to evaluate from the perspective of the concerns of the Caribbean
regicn, certain fundamental technological transfcrmations which have been
6ccurring on a world scaie with a view towards developing a technological
planning capability to cope with these developments. The choice of topics
within this subset has not been random, great care and attention were
directed towards the topics chosen for study in this area of the project and

the method of approach.
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Héving said all this it is important that the reader immediately
understands that this is therefore not a study of the world's sugar
industry in general (or more accurately sweetener industry), or that of the
Caribbean in particular. The study treats with the sugar (sweetener)
industry from two angles, namely the development of tne high fructose corn
syrup industry (HFCS), known in Europe as the isoglucose industry, on the
tasis of recent technological innovations and the threat which this poses
t5 the world's traditional sweetener industry in general and the Csribbecn's
in particular, and the opportunities being created by recent technological
advances in the field of sucro-chemicals. It is from this conceptual approach
that the title of the study has been derived, namely 'the threat and the
.promose'. It should be appreciated even at this early stage that this is
not just the simple aggregation of two different studies of the same
inaustry or the study of two entirely different industries. The interfacc
between technological developments and their applications in the HFCS and
sucro-chemical industry is a matter of central concern to us. In fact, becaus:
the same transnationals (TNCs) are frequently involved in traditional
sugar, other sweeteners, HFCS and sucro-chemicals it would suggest that any
attempt to isolate the two areas of the study, or treat them merely additively,
would be very unwise. Indeed it was recognition of this interface which
propelled the study from its early stages of conceptualisation of being
concerned with sucro-chemical technological development alone, into the
form it has taken here.

The leading edge in the development and application of new technology

in thé case of the HFCS industry is the United States of America and to a
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lesser extent Japan, the Européan Community, Canada, and certain terri-
tories in South-East Asiz and Latin America. The study will naturally
focus on these territories, but our predominant concern will be with the
USA where eleven firms and some seventeen plants constitute the overwhelming
bulk of the world's resources currently committed to HFCS production. In
the case of the sucro-chemicals, the lcading edge of technological innovations
is located in a United Kingdom bassed TNC, Tate and Lyle Ltd., Here considerable
focus will naturally fall on this enterprise.

In pursuit of this study a number of sub-themes of some general
significance are brisfly touched upon from time to time, the principal ones

being:

innovation and response in a mature industry;

the industrialization of a traditional tropical staple;

the uniqueness of the circumstances created by competition

between cdeveloped and underdeveloped regicns in nroducing a

widely consumed commodity;

renewable versus finite resources in industrial development;

land use for food versus manufacturing output;

the role of government policy in the develepment of technology

and its application; and so on.

Concern over possible diversion from the main thrust of the study
has in some instances limited our intervention on these issues to a few
hints. In conclusion it should be noted that relatively little accessible
work has bezn done on the HFCS industry, and fer less on the sucro-chemicals

industry. Thus the study has as one of its major aims, contributing to the
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enlargement of the informational pool and increasing its accessibility and
availability to the Caribbean. Without such an enlargement, systematic
monitoring which as we shall argue is an extremely critical science and
technology planning function, will not be possible. Part I of the study deals

with HFCS (the threat) and Part II sucro-chemicals (the promise).




Part I: THE THREAT



Chapter 1: SALIENT CHARACTERISTICS OF THE WORLD SWEETENER INDUSTRY

Section (i)' Sugar in the Caribbean

t

) The labels nlantatlon economy , 'sugar exportlng.economy ’ 'Klng

- sugar etc.,whlch have been used Frequently to descr1be the Engllsh-speaking
'Car1bbean econom1es, are ample test1mony to the 1mportance wh1ch sugar has
played in the h1stor1cal development of the reglon. The sugar 1ndustry is a
o d1rect product oF colon1al conquest and settlement oF the reglon, w1th cane
sugar cult1vatlon and processlng alweys be1ng export oriented and conflned
w1th1n the reglon to the productlon of 'raw sugar wh1ch is the sucrose stage
of approximately 95% pur1ty. The cultivation oF the sugar-cane plant has “
been almost s1ngle-m1ndedly focussed on the productlon oF sucrose, w1th the
llmlted utlllzatlon of by-products, e.g. bagasse as Fuel, molasses For d1rect
export or as anlmal Feed and the productlon oF alcohols, ma1nly rum. Whataver
resources have been allocated to local research and development have been
concentrated in the areas of sugar ‘cane var1et1es, 1ts cult1vatlon practlces,
equ1pment repa1r and ma1ntenance of the sugar process1ng Factorles, and
constructlon, earth moving and other problems d1ctated by the spec1F1c topo-
graphy of the areas where sugar is produced. As a result, sugar has been very
'instrumental in the creation of a part1cular dynamic oF materlal productlon
which characteriies the region. That is generally we produce what we do not
consume, and consume what we do not eFFectlvely produce, ther°by denylng a
real, that is physical resource imperatlve, or social, that is demand |
d1ctated 1mperative, for the development oF an 1nd1genous technolog1cal
.capablllty. o o |

AFter centuries of dominatinglcaribbean economic and social life, the



development of the region's,sugar industry'peaked in the 1960's. By then,

social and political transformations in the region, in particular the

nationalist movement towards independence, the rise of trade unionism and

increased land pressures leading to a greater assertiveness of ‘the peasantry

in demand1ng land and other resources, had created new priorities in ‘the focus
of development. These newer priorities called-for a greater role of- the state

in development, and an increased emphas1s on import-substituting activities

behind domest1c protectlve barrlers. In turn th1s called. for the manufacturing

.or1ented TNCs to play maJor roles in the rnglon s economy. Out of these

complex processes there has resulted a general dec‘lne in the 1mportance of

sugar in the reglon s economy.
B

Whlle Just over two decades ago; in the early.l960's the reglon was

_ produc1ng approx1mately 1.2 mllllon tonnes of sugar, w1th exports rang1ng
'from 80% to 90% of th;s total output, currently‘the reg1on 1s produclng
épproximately O.B mlllionTtonnes_of sugar, that is ahout two-thirds of ‘the
l960 output and export1ng about 80% of thls amount. ln all the major terri-
tor1es productlon has‘fallen. In Barbados in 1981 ~output was approximately
95 000 tonnes of sugar compared w1th output levels of 160, 000 tonnes reachod
in the early l960's.‘ This was the lowest output level attained s1nce 1948,
For 1982 the prognos1s is 2lso not good and as the Prime Minister remarked in
h1s statement to Parllament on, July 13, 1982: "I have to report to the House

and Nation that 1?82 has‘heen as catastroph;c a yearvfor the ‘sugar industry

as was 1981; In l98l the,problems werewthpse of a late start of the crop and

unreasonable weather cens 1n 1982 the problens appear to be thosc ‘of morale

in the w1dest sense." In Guyana, output in 1981 was just over 300,000 tonnes

compared with over 380,000 tonnes attained in.the.1%60's. In Trinidad-Tobago
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1981 output was 93,000 tonnéé ééﬁébépafed with levels of output of over -230,30C
tonnes of'sugéf'produced in the 1960{s.w_ThiS‘output level was also the |
lowest since the end of World Waf"iI. In Jamaica, 1981 outpuf was 208,000
metric tonnes as compared with output levels of over 480,00b tonnes in the
1960's.

The decline in sugar production reflects the overall decline in agri-
cultural output and productivity'in the region. Thus comparative data on
value added in the agricultural sector and per capita food production for
the larger territories of the region as shown in Tables 1 and 2 indicate the
extent of the decline over the past decade.

As the data show in Guyana for six of the ten years the index of per
capita food production was less than lOOﬁ(base period pnbductidn”l969;7l); -
in Jamaica this was so for eight of”Eﬁéléen-years} and in Trinidad-Tobago this-
wag the .case*for évéry yé;;;adfi;g fgé past decade. Similarly, the value
added data shaw subgtantial declines in the confribution of the agricultural
sector to GDP; ﬁost notabfy in Barbados and to a lésser axtent Trinidad-Taobaga.
In the latter case oii has tended to dominate the eéonomy and the agricultural
sector's contribution to GDP iﬁ the decade 1961-70, that is even before the

0il boom, was just over five per cent.
| The years following the tremendous boom”ih'QOrId sugar prices of
1973-74, have witnesgedhcrucial developments in the region's sugar industry.
The collapse of therﬁhsustainable sugar pfices of the 1973-74 period has merged
with the ending of the protected marketing arrangements of the Commonwealth
Sugar Agreement (CSA) after a quarter of a century, and the establishment of
the far less favourable Lome Convention's sugar protocol of the EEC/ACP countries.

Unlike the CSA, the Lome sugar convention is not based on a cost plus mechanism.



Tnble 1: - - R
Indices of Per Capita Food Production, 1971-1980 (1969-71 = 100) .
Country 1971 1972 1973 1974 1975 1976 1577 1578 1979 1980
Guyana 102 9 8 100 100 94 99 104 92 88
Jamaica 102 100 98 96 93 92 8 92 90 90

Trinidad-Tobago 91 97 88 90 95 96 "~ 95 90 87 79

Source: As quoted in the 1980-81 Annual Report of the Inter-American
Development Bank, p 21.

lable.2

Ceuntry 1961-1970 1971-75 1976 1577 1978 = 1979 1980

4
Barbados 22.0 1.2 10.9 10.8 10.5 10.8 10.8 -
Guyana 22.2 18.5 16.2 16.4 184 17.7 18.6
Jamaica 9.8 7.6 7.9 8.6 9.5 9.0 8.6
frinidad-Tobago 5.4 4.4 3.6 3.4 3.1 3.4, 2.4

Source: 1980-81 Annual Report of the Inter-American Developmgnt,Bank,:p.16.




However, it is strongly linked to the internal subsidization of EEC beet
sugar production, so much so that as we shall discuss more fully later since
the signing of the Protocol the EEC has emerged as not only a major consumer
and importer of sugar, but a major producer and exporter as well. The
difficulties of the. Lome protocol are well summed up in this statement of the
Marketing DireCEor of the Guyana Sugar,qupdration:

First of all, we have a quofa in the EEC instead of the old

CSA quota. Now I am not underestimating the vital importance

of the EEC quota to us in Guyana. Our quata of 167,000 tons

represents a guaranteed market for over half our export sugar,

and the price currently is much above the world price. But

somehow the sanctity of this quota has to be fought for day

in, day out, in a way we ‘never had to fight for the CSA quota.

Sometimes one feels iike & man running backwerds and forwards

along an endangered dam, patching and patching, as French beet

farmers, bureaucrats in Brussels, and unsympathetic European

pressure groups of all sorts, who do not know or hardly care

about our circumstances, try topunch holes in the dam and let

the whole structure wash away. The slightest shortfall can lead

to-immediate suspension of quota. Prices are imposed, not

‘negotiated. You have the feeling that you are fighting a war

that hever ends, even though you .thought the peace was made and

signed and sealed in the Lome ' Sugar Protocol./l

In addition to the above considerations, two other points” are of great
importance to the present state of fhe region's sugar industry. One is the
expiry of the US Sugar Act and the recent re¥imposition of protection for
- US domestic sugar producers. Thisvhés resulted in the removal of the second
and secondary pillar of protected marketing of the region's sugar. The other
Factor has been the tremendous boom in 0il prices and the associated global
inflation of prices.

Because of the above cirédmstances the region's sugar industry can truly

De tormed as being at o tremendcusly crucial stage. Despite cne tendency for

output to decline a significant part of the region's respurces is still involvéd



in sugar. In Barbados and Guyana, sugar earns about one-third of these
countries foreign exchange. In Guyana,'sugar is the largest single employer
of wage labour. A ﬁoint which is of greét significance, however, is that
the decline in the region's sugar output has been due more to declines in
output per man-hour worked, yields of sugar cane per hectare, and the con-
version efficiency of the factories (from sugar-cane to raw sugar), than the
curtailment of acreages, and a reductibn in total factory capacity. Thus
for example in Guyana the rated capacity of the sugar industry is of ths
order of SOQ,OOO tonnes per annum, compared to current output of 300,000 tonnes
per annum. .Iﬁ other'wopds the industry is only operating at about three-
fifths of‘tﬁé"level it Can,:with the present resources devoted to sugar. The
declines in sugar qufput therefopelbﬁdepsfate the true loss in importance of
sugar to the Cafibbéan'regidn. M

Much' of the difficulties facing the region's sugar industry stem
from unceFtainty over the future directions of .public policy. In all the
territories the state has aséumed a lapger'féle,in the industry's production,
processing and marketing of sugar In the‘cases of Guyana and Trinidad-
Tobago through "nationalization' the governments 'own and control' the
bulk of the resources of this sector. From all indication, however, the
govérhménts of the region are'ﬁncertain as to whether to pursue the expansicn of
sugar production or not. The strongest argument in favour cf increased output
'is of course the existence o% significant resources already committed to this
ihdustry and’ the momentum and pressures this naturally produce to ensure furthe
growth and expansion. At the same time, however, “he uncertainty of ths
* marketing situation along with the social and political legacies of the iadust.

in the region, combine to discourage any real vigour in the pursuit of this

@
g
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expansion. The!reéuit has been 'a benign neglect and a tendency.to deal with the
indﬁsfry as an ailiné;paft‘of the various national economies of the region.
This has been eggpurééeh By déVéiopménts in the tourist industry (Barbados and
Jamaica), bauxité-aiumiha (Guyaﬁa'andJJamaica), 0il (Trinidad-Tobago) and the
growth of an import-substituting manufacturing sector in all the territories of
“"the region. |

Some recognitioﬁ‘of the quandary the governemnts arc reflected in the
plethora of commissions, triBunals, committees of inquiry, etc. which have
been established to examine the industry or certain aspects of it, and-to
make recommendationé.' Although not forcefully raised at any stage, one question
which has emerged, is whether or not the single-minded use of the industry's
resources to produce sucrose for consumption overseas is the best use of
such a vast amount of the region's resources. This and other similar questions
are to the forefront of our inquiry and in this eense; if no other, the study
hopes tp’b:eak-gew ground in the regional assessment of its resources devoted

to sdgar production.

Section (ii): Technology and End Use: The Concept of Sweetener

. The traditional view of sugar, and the one which dominates the popular
consciousness of the Caribbean is that'it is an agent used to sweeten foods,
beverages, etc. But sugar has other properties beside ité éweetness which if
ndf‘éppreciated by the average household are clearly recognizable to that large
section of ifs end users which make up the industrial market for sugar. Thus
to take one ekample; sugar'ié not only sweet bdt'it is also a food in itself, and

as a food it is non-toxic although its consumption has been linked to dental
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caries, cLucity, etz, The importance of fhese other characteristics of sugar
are drawn out when sucar is placed .in the wider context of its end uses. It
is from this ccntext that the concept of 'sweetener' is derived and it is in
thisvcontext thgrefc?a,;hat HFCS has -also to be evaluated. - But before we turn
to examine this let us first take note of the major categories of sweetners

which are produced..

There are twc major categories of sweeteners, namely natural-caloric

sweeteners and aynthestic sweeteners.. The former can be sub-divided into two

further categories: the carbohydrate sweeteners which are most commonly used and

are all calorie rich and in which.sucrose dominates, and other exotic natural

products with sweetening properties. . The schema below indicates these categorics

with a few periiment remarks. where appropriate.. .-

() ,«Tﬁrf CLALGRIC sw""FMERs

Carbohyd:ate ] ~ Other Exotic

1. Sucrose (mainly can2 and sugar beet). As 1. Stevioside (extracted
far as white su2r is concer.ed these two from the leaves of
are indistinguienabls but only cane sugar Steviare Baudiana).
can be precessed as brown sugar, domestic
syrup or treacle. Treacle is a by-product

of the incus*ry w.th about 50% sugar and is
usad to prepare alcchol, c1tr1c acid, yeast,
animaly -fezeds, ets.

2. Lactose (e d¢sacchar1de contalnlng galactose 2. Monallin (extracted
and glucose cbtainaed from cheese whey). ' from the serendipity
berry).
3, Polyhdric Alecchols (reaction of hydrogen on 3. Thaumatin (extracted
sugars and includes sorbitol prepared from from a West African
dextrose, maltitol prepared from maltose, xylitol berry)

prepared from woccd waste.) These are used mainly
in eoft ice-nveams and are thought of as producing
less tooth decay. Yylitol is suspected of being

© ‘carcinogenic. T - '
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(B)
1.
2.
3.

4.

attentlon to Lhe various propertles or. characterlstlc
from discussions w1th persons 1n the 1ndu§try 1t Secms c
propaganda or advertisem

sweetener, that sucrose is

i

Starch Hydreiyeéfes o .

Glucose syrups. derived from starch which
contain dextrose (D-glucose) and other
“higher udCCh‘rldCS.,*'

Fructese (a white crystalllnc reduc1ng 5,
sugar which occurs naturally in.fruit =
and flayours). Because it has a different
metabolism to sucrese it has been. accepted

s o diabetic sugar.

dFCS cr Isoqlucose (to be studied in,
greater detail).

o) O
v Lad

SYNTHETIC SWEETENERS

Glzcogrotein (extractzad
from the red berry of
West Africa).

l.icorice

Saccharin (isolated in 1379 znd under sugpicion of being carcinogenic).

Cxclamate (30~ 80 tlmes sweetur than. sucrose)

Asgartame (table sweetener under susp1c1on oF belng carc1nogen1c)

TGS (a chemlcal modlflcatlon of sucros:,to beﬂstudled 1n’detall later).

The heavy indastrial uses of sugar has drawn’ greater and greater

s of avallable swcetbners.

lear +hat whatever

ent.s may be pue out on the properties cf any particular

still the standard from which all other sweeteners ..

are measured. The principal qualities of sucrose swactoners which emerge are

the following:

1. Good taste

2. Good bulking agent

3, Good dilutent and carrier

4, High and ready water solubility
5. Good preserving agent

6. Colourless

7., Chemically and mlcroblologrcgllv pur:
8., Non-toxic .

9, MNutritious and encrgy giving.
10. Good digestibility

11. Rapid ard tot2l rerﬂ~ntﬂb111ty
12. Good storage ability

13, Cood flavour

14. Its crystalline etructure which wekes it suitab:

2 for home uses.
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There are disadvantages in sucrose which we shall examine later, but these

refer primarily to its suitability as a chemical feedstock and not as a food.
All competitive sweeteneré therefore, have to measure up to the standards set
by sucrose or they are unlikely to penetrate the sweetener market in a signi-
ficant way. Thus for example, many of the high intensity swecteners (e.g.
saccharin) favoured because of their low calories, (apart from pdssible
carcinogenic effects) have a taste which discourages their widespread use.

The product which we are studying here has an array of characteristics
or properties which makes it a formidable competitor to sucrose. The principal
properties of HFCS or isoglucose which have been identified are:

1. High sweetness

2. High fermentability

3. High humectancy

4. A water white colour which is readily blendable with other foods

5. A clean non-masking taste

6. A favourable viscosity when compared with other sugars and syrups
as shown in Table 3 below.

"~ 7. Its osmotic pressure makes it a good conservator of food because
there is a lower development of bacteria, yeast and fungi without
special additives.,

8. Increases moisture content of foods and lowers the freezing point
which is important in some industries, e.q. ice-cream.
9. Its sweetness has a synergetic effect on the total sweetness of
food so that a 50:50 solution of HFCS and sucrose has a higher
* sweetness than the addition of both products.,
10. It enhances the flavour of food, particularly fruit.
1l. It is non-toxic, readily digestible and nutritious.

Table 3
Viscbsity'of HFCS and Other Sweeteners

Product Centipoises
HFCS (71% solids, 42% HFCS) 150 cP
Saccharose (71 Brix) 360 cP
Saccharose (66 Brix) 120 cP
Dextrose 130 cP
Invert Sugar (70% 130-150 cP
Glucose Syrup (64 DE) 500 cP

Mote: - Viscosity mezsures the property of a fluid that resists the force
tending to cause it to flow. :

Source: R. Crott, 1981, p 25.
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There are three major limitations of HFCS which inhioit both its
industrial and household uses; and which because they are there posc = technou-
logical challenge which. is prESently_being vigorously pursued, The first of
these is that HFCS is a.liquid swectener. As Table 3 indicates it is comprised
of 71% solids and 29% water. Its liquid state limits the uses to which it
can be put when compared to crystalline sucross. It alsec =dds +o transportatisn
costs. While its liquid state generally inhibits its applications, this is not
to deny that in certain manufacturing areas its liquid state may well constitute
an advantage; or be immaterial to the producer. Thus in the dzirying and soft
. drinks manufacturing sector its liquid state facilitates the use of automated
liquid systems in factories. This factor as we shall sec¢ plays 2n important
role in determining the character of the market penetration achieved by HFCS.

The second limitation is that HFCS has to be stored at 27 °-36% in
order to prevent coloration and crystallization. This adds to the cost of its
handling, particularly whén taking into account the fact that it is a liquid.
Again, like the previous limitztion this does not mean that this property
does not favour its uss in certain industrial applications. Thus the fact
that it is subject to colour changes when heated beyond certain temperatures
helps in baked products where colour changes enhance the appcarance and the
appeal of the product.

The third limitation of HFCS is that it is not easily produced in =
crystalline form. A crystalline form has been produced, but this is so high
cost as not to bz presently commercially viable, so that resources already
commitied to the industry and those planned for the next five years or so

are premised on the production and use of liquid HFCS.
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gBefore leaving this tépic it would be useful to meke 2 coupie of
observations on the low-calorie-high intensity swoeeteners. First the stimulus
for developrent of these sweeteners derives principally from concern about
excessive calorie and particularly carbohydrate intake leading to obesity.
Second, the major limitations of cxisting products are that tney have tastaes
which are not readily acceptable as a substitute for sucrese; they do not
interact well with other foods; they are possibly carcinogenic; and they
-are high cost to produce. As far as cost is concerncd the industry's rule-
of-thumb is that a high intensity sweetener has to be at lesst 50 times as
sweet as sucrose to break even. Table 4 overleaf gives a broad indication of
sweetness factors, celorie value/swectness ratios, sweetness quality and

relative cost per unit of sweetnzss.
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TABLE 4

SELECTED CUMPARISURS OF  HIGH INTENSITY SHCETENERS

Relative Cost

A — et e -t

Sweetness Calorie Value/ Sweetness per unit of

Factor Sweetness Guality Sweetness
(Sucrose 1 4 Very good . 300
(HFCS 1+ 4 Very good 280
(Glucose 0.7 5.7 Good 360
A (Fructose 1.2 3.3 Fruity 1000
(Inverted Sugar 1 4 Very good 300
{Sorbitol 0.5 8 Bland 12600
{Xylitol 1.0 4 Bland . 4200
{Saccharin 300 0 Sweet/metallic/bitter v 10
{Cyclamate 30-120 0 Clean, swest 70
B (Aspartame 13C 0 m:mmw\mmwa:wpz lingering 420
{Acesulpham K 150 0 Sweet/chemical/bitter -
(Talin 3000 0 Sweet,lingering 350
(TGS 600+ 0 Like sucrose -

Source: W. M. Nicol (1980) and R. Crott (1982).
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Section (iii): The Global Swecetsner Market %
In recent yenrs the picture of the global swestener market has shown 2 .

broad pattern of declining per czpita consumption of swestencrs in the

developed countries and an increasing per capita consumption in the under-

developed countries. The increasez of consuniption in the underdeveloped countries
has bean accompanied by strong efforts at self-sufficliency, SO that their
jincreased consumptien is not fully reflected in increased world trade. The
overall growth of world production/consumption of sweetsners has been about
2-2%% per annum since 1975, with a decrease OVerl the period 1980-81 due to the

partial recovery of prices in these years and a current surplus (mid-1982)

leading to a collapse in prices. The general industry rule-of-thumb is that

when per capita consumption is below 15 kg per annum the houschold consumer
market for sugar dominates consumptién and when it is above 30 kg per annum
the industrial food processing sectors predominate. Between 15 kg and 50

kg per cepita consumption of the balance progressively shifts in favour of the
industrial market as consumption increases. Jlable 5 overlesaf givees the globel
picture of the per capita consumption of sugar by continent. Therz it can be

seen that 50 countries have a per capita consumption of less thean 15 ka per

annum, while only 14 have a per capitz consumption in excess of 50 kg oer annum.

The bulk of the countries (87) fall within the range of 15 kg~50 kg per annum.

Most of the Caribbean territories fall within this group, although quite high

on the scale., Thus in Trinidad-Tobago and Guyana per capita consumption is

currently of the order of 44-46 kg of domestic sugar alonei If sugar imported

in foodstuffs is added the figure may well exceed 50 kg, thereby forming a

major category of exception to this generzl rule. The reason for this is of

course the high domestic availability of sugar combined with locai sales at
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TADLE 5

——————————

PER CALITA_ SUGAR_ CUNSWEPTIGE (Number of Courtries by Continent)
below 15kg 15kg-50kg over 50kg
Eurape 1 13 2
America 1 28 7
Asia % Lceania 19 19 4
Africa 29 21 1

Source: W. Nicol (1980).
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controlied prices which have been introduced ae a device aimed ot reducing the
cost-of-living burden of sugar consumption on the average houszehold. In other
words, domestically consumed sugar is subsidized and this subsidiz=tion
encourages its rolative 'over-consumption' in the region.

The world supply of centrifugal suger averaged about £¢ million tonnes
for the years 1980-81, and while consumption averaged about the same, dzmand
exceeded supply in 1980 and vice versa for 198l. The data in Table & indicate
the demand/supply lovels by regions. UYhile the role of the traditional
suppliers and demandsrs can clearly be seen as well as the regional balances
between output and consumption which gives rise to trade in sugar, the emergence
of W. Europe as a major sugar producing region with a large excess supply is
probably the single most important‘éharacteristic of these data. In both 1980
and 1981 output of sugar exceeded demand in W. Europe thercby turning that
region into a major sugar exporting region, even as it remains a critical
element of the world's import market for sugar. The traditional imbalance
between domestic output 2nd demand while being reduced remains substantial in
North America. For the ysars 21980-31 output averaged nabout one-half of
consumption. This means that North America continucs to be an important sugar
importing region. The same is true for E. Europe where despite increases in
output supoly is about 70 per cent of consumption. The regions of Africa,
Asia and Oceania are broadly in balance with the excuption of Australia which
remains a major sugar exporting country. The output lsvels for sugar in 1580~
1981 indicated in Table 6 compare with a world output of RFCS of approximately
2.8 million tonnes in 1980 and 3.9 million tonnes in 1981. OF this amount the

USA produced 2.0 million tonnes and 2.4 million tonnes in respective years.
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Table 6

World Supply and Demand of Centrifugal Sugar, Raw Valuz (million tonnes) 1981

Supply Demand
1980 1981 1989 1981
Total Africa 5.96 6.42 6.71 6.90
Total Central America 12.70 13.79 5.33 %.08
USA 5.31 5.63 9.33 9.07
Total North America 5,40 5.73 10.34 10.01
Brazil 8.27 8.73 6.26 5.37
Total South America 13,31 13.50 10.70 10.44
India 4,53 5.99 5.04 5,39
_Total Asia and Ogeania 18.57 21.86 22.14 22.69
Total E. Europe 11.97 12.05 17.71 17.567
EEC 13.55 15.48 10.37 12.59
Total W. Europe 16.67 19.05 15.07 14.74
World Total 84 .50 92.40 §7.71 87.54

Sources: IS0 Statistical Bullctin, Landell Mills Commodity Bulletins.



19

Table 7 containe some projuctions to 1990 of world consumpticn a7 swegcteners
by mejor categories. The data thefe suggest that by41990, 81.2 ner cent of
swectener consumption will be in the form of centrifugal sugar and 9.2 per cent
will remain as non-centrifugal. Non-caloric sweetener consumption will be 1.2
per cent of the total and starch based sweatencrs 8.2 per cent of tihe total,
that is an amount of 11.6 million tonnes out of a total world consumption of
sweoteners of 141.4 million tonnes in 1990. The nature of the swectener
industry and market is such that projections of output and consumpticn are
invariably hazardous and it is not surorising how much in the past estimates
have varied from actual performances. Consequently these projections for as
far ahead as 1990, (as indced all others in this study) should be handled with
due caution.

While we are not concernad with a detailed analysis of the world's
sugar markst, certain features of it are important for forming the background
to the asscssment of both the HFCS industry and the sucro-chemical industry.
The first of these is that international trade accounts for only 20-25 per cent
of world sugar output. Of this 20-25 per cent only about one-tenth to one-
sixth of it is traded on the 'open free market'. The remainder is marketed under
special bileteral and regional marketing arrangements. Of the total sugar
traded as much as 99 per cent is derived from cane.

Second, the world market for sugar is characterized by periods of over-
supply and under-supply leading to wide fluctuations in the prices and quantities
" of traded sugar in the 'open free market'. Thus for 15 cut of thc last 26
crop years (1945-80) world production of centrifugal suger has exceeded world
demand. Stocks of sugar have fluctuated betwecn one-fifth t~ nver one-third of

annual consumption. A time series of world suger output and ending stocks as ©
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percentage of consumption is shown in Table 8, whils in Table S tne movements
in prices are revealed. Note the data in Tabiz © are on a crop-voear basis

and the ending stocks are as of August in each yeer. All these highlight the
high instability of sugar prices. In the years since 17530 five definite sugar
cycles have been identified, all of them with the characteristic boom in
prices followed by rapid declines. These five cycles are as follows:

1951-55; 1956-613 1962-68; 19€5-77; 1978-82.

Bocause so much of sugar is marketed by special agrecments the role of
political factors and government policy have been foremost in influencing price
behaviour. In an affort tc impose some order and harmony in these arrangements
a seventh International Sugar Agreement was signed in 1977. Many praoblems,

howevar, remain, the major one buing the non-participation of the EEC, which as

we have seen, has become under their domestic sugar support schemes a major

producer, importer and now exporter of sugar. Indced as we shall sce more

fully later the EEC's efforts to support the sugar beet industry of Europe is

the major factor discouraging the expansion of HFCS production in Europe.lz

Given the importance of political considerations in the operations of

the world's sugar market the range of countries which presantly trades in sugar

compounds thc difficulties of a common approach to an orderly internationzl sugar

regime. Presently significant sugar exportsrs now range from countries highly

dependent on sugar in terms of foreign currency earnings and where most of the

sugar produced is exported (Cuba, Dominican Ropublic, Guyana), through major

producers which have a high internal consumption so that only a relatively

small proportion of total output is exported (Brazil, Indic), to a third

group of major producers znd exporters for whom sugar plays a relatively minor

role in their economies (EEC, Australiz).




Table 3

World Sugar

Production and Stocks/Consumptio

Crop Year
Beginning
September

1972
1973
1974
1975
1976
1977
1978
1979
1930

1981

Source: USDA tconomic Resear
Outlook and Situation (variou

——

n Ratio (millicn tonnes)

Cane Sugar Beet Sugar Total Ending Stocks
Jutput Output as a s of
Ccnsumptior:

44.8 30.1 75.1 22.14%

48.0 32.0 A0.0 21.62%

50.0 28.5 78.5 24.,51%
49.9 31.7 81.7 26.52%

53.5 32.8 86.2 3C.28%

57.5 35.0 92.5 34.57%

5645 34.6 91.1 34,15%

50.9 33.5 84.4 26.37%“
54.5 32.4 87.0 24.,10%

61.3 35.0 96.3 28,96%

s issues)

ch Service, Sugar and Sweetener



Table 9

Raw Sugar Spot Prices (US cents per 1b)
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Year
1972

1973
1974
1975
1976
1977
1978
1379
1980
1581
Jan., 1982
Feb., 1982
March, 1982
April, 1982

World Price

7.43

.61
29,99
20.49
11.58

8.11

7.82

F.60
27.02
15,23

.12.99
13.65
11.24

9.54




Notes to Chapter 1

1. I. McDonald (1979).
2. See, R. Crott (1981).
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Chapter 2:  INNOVATION IN A MATURE INGUSTRY: THE CASE OF HFCS

Sectiqﬁ‘(i): The.Deveiooment of HFCS Technology

The food industry has traditionally used micrn-orgunisms derived from
neturaivsnurdes to produce products. Examples of these nrocrsses are the
brewing of ale, beer, etc., the making of alcohel and the praduction of
dairy'fpbds. It was alec known that starch could be converted into a sweet-
ener by ah.acid process (hydrolysis) and this pracese was commercislly utilized
on the bééis of potatc starch in the US ns e=rly as 1850. . In 1866, corn ‘sugar
or dextrose was‘being prouced in limited quantities in the US. These tradi-
tional uses of enzymes and ycasts were, hewever, limited in their applicaticns.
Thus in the case of the corn industry, wet millers knew as early as the 1800's

the process for conVerting D-glucose (an aldase) to D-fructose (o ketose).

This process is known as isomerization and explains why in Europe high fructose
corn syrup goes by the trade name of isoglucuse. The process then known “
consisted of treating glucose with an alkaline catalyst at a high Ph.  The
’tééﬁnology Qas limited in its appliéations because of two major circumstances

associated with this p-ocess. One was that in the proccss of conversion

' excessive by-prodGCts were produced.--These..tended to cause dark colours and to

develop off-flavours. This point underscores ths significsnce of the

procerties other than sweetness which determines the ugs of swecteners as
referred to in the provious chaptazr. Unfortunately, while tcchnically: these
undesired effeccts could have been removed, their rowoval was far too expensive

to make the product cconomical. The other limitatinon was that the process was

crude and really consisted of non-specific and uncontrollsble resacticns which

made its industrial uses very limited.




in face of this circumstance research on.sygar isomerization continued,
but much of Lhe research, however, was being donc on the matabolise of carbe-

hydrates in beeterial and anlmel ccl‘s end W3 conccntrq*ed 2N 5-c=rFa

sugars (psntoscs) instsad of the 5-carbon sugar° 11.4n r3—-gl!.Jc-L-3e 3y the
1950's, hewever, 23 significant discovery was meds. It wes found that freec
moncsaccharides outside the ccll woulc underqge ketolisomerizstion in the

presence of a proper enzyme. The proper wnzyme discovere! was xylose isomerase.

. This discovery was however, not made within the swestepar industry or the food
_industry but by biologicsl and medical scientists who were studyinc the role

of sugars in the metabolism of the bioloaical sys tem, The significance of
this work was not quickly appreciated by the corn wet mi}ling industries

until the publication by Hochster and Watson on xylose 1somerasc wWas 'acciden~

tally' noted by Elder, a research director in crPC International,él

Further rzsearch however, continued and this was directad tcwards'Finding
a glucose isomerase which could convert élucose to fructose through the
necessary re-arrangement of the molocular structurs oF‘glucase. The main
difference of the two sugars is that while glucose has 6 carbons, xylose has
5. Laboratory research by Marshall and“éooi revealed that the enzyme

prepared from Pseudcmonas Hydolphilia which was described in tihe literature as

a specific sylose isomerssc also functioned as a glucose iscmzrase in the
conversion o D—glubose to N-fructose. This discovery was of particular

moment because D-Fructose is much sweeter than D-gluccse. However, limitations
on its application in incdustrial processes existed and tha corn industry

did not adont the new scientiF;c discovery, although u patert was taken out

by the US firm CPC, on the itershall and Xooi's process (US pstent number

2,950,728, issued August 23, 1960).
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Rese=rch in the general arsa continuad in the 196%'s, but the center of
this research shifted to Japan. Here aleo the initizl focus was blological,

and nuch of the work was conducted in rosearch institutes =nd not industry.

It was only later that the commercial food orientation came to the fcrafront

end industry hegan to take note. In 1965 the Japonesc researcher J. Sato

repcrted that filamentous bacteria, Streptomyces, nrodured glucose isomerase.

Together with Tsumura, a Jepanese patent {(Number 1764C issued on October 7,

1966) was taken out on the Streptomyces (Actinonycie) species. At about the
same time Y. Takagaki enother Japanese researchar working st the Farmentation
Resecarch Institute of Japan published on the comaercielization of this process.
The article stressed the suitability of the process to the wet milling industry
for the nroduction of high fructese corn syrup. Acain CPC bought out exclusive
rights to utilize thevenzymc for production. The US paternt to Tskasaki

was given in 1971 (Patent number 3,616,221).

Despite these favour ble devolooments the corn wet millers still thought
the process too expensive. This reflects same of the osslflcatlon which
develops in a mature 1ndustry. The mein high cost gaotor was attriboted to
the cost oF enzymes. At the time soluble 2NZvMes Were Uqu in a batch
‘{_reactlon process and then dlscardcd. A momcntous breakthrough in the field of
enzyme t‘chnology vag however, at hand,.gs a newv tLLh r“ue of enzymev
1mnoblllzat1on had been develoocd whlch could permit the indefiniteiuse of
enzymes in thc process oF isomerizaticn., The oossibility of the repeated
re-use of enzymes would mean considerably lower costs of enzyme production.

However, it was not until 1967 that commercial US prcduction of HFCS
commencad. This was daone onvlicenco from Tskasaki and the Japanese gavernment.
The first production contained 15 per cent fructose. This was later raised

to 30 per cent and within a year to 42 per cent HFCS. The proccss uscd was the
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older batch system uging a soluble glucose isonerase. The ewsrging technology
of enzyme immobilization was nst used., The 42 or zent AFCS pradu:;d in 1563
~was the genuine firstvgéneratioh of'HFCé sweetsznars. By 19?2, hoWever,; 2
continuous procese using immobilized énzymes wes introduced at Clinton Corn
Procaessing Industry.

Ten years therafore elapsad between tha discovery =F the ylucose isomerase
and its significant commercial utilization. Two factcre =epearsd o he key
in the timing of its more jeneras development in 4S industry. ihe first was
the result of the legal action between CPC Internaticnzl and Standard Srands
Inc. which resulted in the removal of basic patent covcrage fir the isomerization
of glucose to fructose in 1%75, and which cleuraed the way for its more gensral
industrial use. The second factor was the tremendous beom in sugar prices of
1974 which at one stage peaked at 66 US cents per 1b. This served as a big
incentive for industriz) users to switch to HFCS and much of the industry's

.present capacity was built on decisions made during this period, thc industry
being; as we‘shall see more Fully later, very semsitive tc the price of
competitive swceteners. The ccllapse of sugsr prices after 1975 depressed
the industry particularly as over-capacity bccamc svident. However, by 1980-81
there was a partizl recovery of prices accompanied by all round technological
improVements which madc the industry more and more ccrpetitive and its
business outlook optimistic. while we shall discuse in detail these issues
in Chanter &, it is oertinaht to note herc that in the production of HFCS,
Ey—prcduét récovery (corn oil, corn feads end corn meal) hus ranged from 40-
60 per cent of the ger busnel corn cost. The nrices of these products had
also stren@thoﬁed durinq e period 1980-21, lmzding to » favourable impact
on the development oF the industry.

£nzymatic conversion of dextrose ints fructose reaches ecuilibrium at
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50 per cent conversion, thit ie e 50257 liguid mixgurc cf D-glucose end
D-fructoss, so thabt the "FCS produced at 42 per cenf'fructose &3 the com-
mercially practical limit while havirg the same sweetness o5 ligquid sugar.
In the industry thare has naturslly been a strong incentive to improve on
this conversion rate and as a result of a new fractionaticn techrology which
involves the chromotsgraphic separztion of fructose from dextrosce by means of
ion exchange rasins, a 55 par cent veriety HFCS was prodﬁced in 1978, This
is now in widespread commercial production. With the new fractionation
technology it is theoretically possible to produce up to 196 per cont fructose
bearing syrup, but to datz the 55 per cent, and to a far lesser extent 2 90
per cent product are the uniy ones commerciaily produced. The 55 per cent
product is 10 per cent sweeter than sucrose, while 70 per cent product is one
to one and a half times as sweet'as sucrose. It is largely used in health
foods and other such speciaity areas. The 55 per cent product is produced
by blending the 90 oer cent product with the 42 per cent product.

The breakthroughs in enzyme production have been of the grsatest signi-
ficance to the industry. In the USA this is one of the fagtest growing
'new' technology industries. Currently there are more than a dozen different
microbial producers of glucos2 isomerase, with six of these being commercially
produced.ég There is also a wide variety of techniques used in the immobi~
lizing of the enzymes and several types of reactors are used in the industry.
These latter have been classified as batch; packed bed, vontinucus flow stirrec
and ultra-centrifugation membranes. The most commonly used is the packed
bed.-é2

While the bottlienecks of enzyme production have been overcome and ara
still being improved on, the major remaining hurdle is the commercial crystal-

lization of HFCS. If this is don2 aon a cost effective bnsis it woeuld become
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a direct competitor to table sugar. Cetus Corporation (a Californian b;sed~
bio-engineering laboratory) has joined with Standard 0il Coy of Californis
to develop a process for the crystallization of fructose. The technique used
so far is to convert dextrose to fructose in a manner different to that cur-
rently used in the production of HFCS, but the process is so far not cost
competitive with sugar in all its uses, This will be amplified on in the
next section. |

A schematic outline of the processes involved in the production of HFCS
is shown below. In the first schema the production of dextrose syrup from

corn which is the substrate for conversion to fructose is shown:

Corn Steep Maize
i Steeping
Evaporation Pre-Grinding
Concentrated Steep Fine Grinding .
! Washing and Orying
| _
! ; m—emem--—-- Extraction
| l é '
‘f Fiber : 5‘ Corn 0il
N N !
- —== 3ieving W
Drying - - 0il Cakes
| v
{ —— — . Centrifugation
s K
; Concentration L
! and Drying
Corn i
Gluten Proteins
Feed Gluten
Meal J

Purification

&
Starch Slurry

Source: R. Crott (1981), p 16.



Having obtained the substrate, starch slurry, the isoalucocc process is as

follows:

Starch Slurry
' b e e e me = L1ME wateT
et e e i e ¢ x-niaylase
Feed Tank (pH 6-7)
Liq&efaction
G e mmin e - pH cdjustment (acid)

~

O e e eree e v ciane e i qluco-amylgse
.

Saccherinification

Filtration

Carhon Trestment

Ion Exchange
< _

Evaporation

e e e v on Mg S04

fommmm e e = a8 pH adjustment

i
1

Mixér

Heat Exchange

v . .
Isomerisation
Reactor

v
1

; e oo Acid pH ad justment

Mixer

Carbon

Tregtment
Icnifxchange
Evaﬁorntion

Hea¥ed Storage Tanks

Source: R. Crott, (1981) pp 17 and 18,
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In the pfdcess errléaf, the starch slurry which hzs 2bout one-third dry
sclids is liquafied by bactsrial--emylaze and hectéd to about 30% t3
lhilﬁoc. Thié-pfocess is a continunus one with the pH reised to 6-7. After =
short conling period (up to 62%) the 1iquéfied:st€féh.is'sacchari?iud by
abblicatidﬁ of gluco-arylase and the adjustment of Ehe pH to 4.0-4.5. The
folding time here is 24-90 hours. The fesult is a saccharificd starch of
' 94-96% dekfrbsa, measurad on & dry basis. This is then ds-colourisod with
carbon and the calcium ions which werc added fob liqucfzction are removed to
prevent their de-zctivation of the isomerase enzyae. In some proccsses this
de-ionizing step is omittcd where the x-amylascs usecd arc appropriate. The
refined dextrosc is then concentrated {to- about 450-45 per cent solids) and is
“placed in é mixar tank where various salts are added and the pH again adjustzd
to 7.0-8.5 depending on the typc of enzyme used and the reactor type. At
this stagé it is the de&trose content of the substrate which dstermines the
yield of the finished produét.. The only reaction of the gluccse iscmerase
introduced after this séage is to convert dextrose to fructose, This is
pdésible heceuse the continuous process using immobilizzd glucose isumerase
F;rm.a very minimai'by-product as fhe'contact time betwesén enzyme and substrate
is short.

After isomerization is completed and about one-hzlf of the dextrose
édnverted to fructosc the sclution is fefined, the pH adjustad to 4.0-4.5
and the product concentrated to 71 per cent dry sclids by evaporation. In
the case of 55 per cent HFCS, dry solids constitute 77 per cent.

Further details 2n reactcr design and enzyme usage ére not neéessary at
this juncture, but the féader'so interested can fnlluw the summéry given by
Crotf (i981). The impoftant pbint to note is that as indicated earlier

there is @ mixture of reactur desiyns in use. The prefernnce noted for the
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packed-bed twvpe is because in this type of vesctur the concentration cf

active gluccse is higher and contact time between onzymes and substrate shurtor.

This helps to reducs the costs of HFCS producticn.  Simiiarly ths effectivencss

of the znzymes depend on a number of parametsrs: cortzact time botween substrate -
and enzyme, oH, tempcraturs, oxygen, size of particles, purity of syrup,
presence of wetal ions, concentration nf syrugp, degree of mocrobizl inicction
of the strecm, etc. As Crott points out: '"it is herc that the 'craftsmanship'
and experiencc of the user is of impertance to ceisct and contrel the bast

/
possible mix of the parameters".Lﬂ

Section (ii): Amalytical Observations

A number of important analytical observations emzrg: from cur brief
survey of the development of HFCS technclogy. The first of thsse is the wide
range of disciplines which have convarged to make the innovaticn possible and

later ensured its application tc lzsrge scale prioduction. There has been the

traditional chemical interest in the role of micro-organisns in food production
which has been. transformed by the new developments in enzyme technology.

has alsc been the role of medical and.biological research in the metabo-

lism of sugars in the human body which was instrumental in the isolation of

the enzyme and the understanding we now: have of the process of isomerization,

There has alsgo bean the work of those scivntists who saw the cemmercial

poseibilities of what was o primarily scientific discovery and played an

important role in mecving the discovery from a scientific stagc to the
technological opplicaticn stage.

The convergence of these varicus discipliincs and the merging of basic
scientific research and tochnological innovation has not however, been easy

or straightforwvard. Long lags existed between the development of the basic




jisomerization process and its industrial application. This signals the

crucial role of interdisciplinary awareness in successful technological davelop-
ment. In the litefature on technical innovation there is presumed to be a
substanfial lag>(uédally 8-15 years) between the time technical innovation is
generated aﬁd it is used as an innovation: This' lage varies from product to
prdauct with chemical/pharmaceutical déveloﬁments falling in the mid-range.

In the case of HFCS, if 1952-53 is treated as the pivotal year for the break-
through discovery (Casey 1976), then it took seven years: of basic research and

a further seven years bF'fEChnolbgy advancement and two yéars For‘industry to
commercialize the results. A total éf just over a decadé and a half.

A sécdnd'observatidh is that while government and private corporations
have played a role in the development of HFCS, (the Japanese government
through its Fermentation Institute and the many corn milling corporations in
the US, Europe and Japan), much of the critical work was done in research
insfitufions. This factor may have helped determine the lag in the application
of these scientific advances in the corn starch industry, but an important
point thch emerges is that a crucial feature of S and T planning should
certainly be the creative networking of what might appear at first sight to be
indebéndentland often unrelated institutions, enterprises and agencies.

A third observation is that the long established and ‘mature’ nature of
the corn wet milling industry must certainly have hampered its flexibility
and creativity in dealing with the technical changes outlined here. Several
factors suggest that this was so. One is that while the starch inudstry
had élways supported enzyme research this has been confined to hydrolases or
degradative types. The breakthrough inherent in the possibilities of a
different class of enzymes which could rearrange the sugar molecule D-glucose

was not appreciated by the industry until Elder's 'accidental’ noting of .the
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work of Hochster and Watson. Anotner Factor is' that even.aftcr this was
appreciated it took-:more then a dELade. 'p un;11-176J, for US corn wet

millers to show lntengstn;n_the discovsries. ‘holan (1974) and Casey (1976)

sevarely criticized the.corn wel milling industries for thesz delays. Finaily,

gven after enzymes wers in use the industry was slow to adopt the immobilizatiun
techniques which were being developed. ‘s Casey observes

"the failure of industrizl carbohydrzte t.chnologists to

recognize at an e;r‘y defe the technical adventages and

econamic impact of enzyrie immobilization technology was a major

oversight, which can ‘be ascribed to scur knowladge exchange

Hetween sc1ent1f1c disciplines"./2
The immobilization of creativity and inncvation associated witih mature
industries: leads to long intecrvals in imnovaticzn, and these long intervals
in turn further immobilizes these industries, creating an unheai:hy spirzl of
technolegical conserv:tism,

A fourth impcrtant analytical observation iz the truly international

character of the development »f HFCStteéhnology.5 Early work in the US was

followed by a period of concentrated development of rescarch int: isomerization

in Japan supported by_governheht and universities. The long list of pub-
lications emanatingifrom Qapan between the years 1961-59 is good testimony to
the work done there. Later however, tha major applicztions Qere madé in'the
US./6 The reason why the ’auanese, ﬁbted for their quick spottindlaﬁd
implementaticn of. = profitable technlcal brea kthrougih did not appear to seize
the opportunities affaorded by the1r own researchers in thclr breaktnroughs in
HFCS technulogy is that as Far as the resource cenfiguration oF Japan goeg,
that country memains, rels tlvely 1nd1fferent torthe pattern CF development of
sweetener technology, It has no l?rge-scale sugar. beet 1ndustry or carr SEE

preduction, and both the tr dltlcngl oroduct;~ﬁ of sucrose and HFCS are hlghly

raw material intensive. The learing role nlayed in the development af the!'“
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industry by US corporations therefore in large measure reflects tﬁe pre-
ponderant global role of US corn producers.

A fifth observation is that from the inception there were always
three major technical hurdles which had to be overcome if HFCS was to be a

commercial success, viz.

(i) to produce a better than 42 per cent product;
- (ii) to produce‘and utilize enzymes efficiently;

(iii) to crystallize the final product.

The first of these technical hurdles was overcome by the development of
fractionation technology, that is the separation of a mixture, usually of
chemically related or otherwise similar components, into fractions of different
properties. This technology has been applied to crystallization and distil—
lization of mixtures making use of fractionating columns.

The second of the technical hurdles was overcome through the rapid
development of the enzyme industry. Indeed the HFCS indqstry combines thA
industries, the corn wet millers and the enzymes producers. Some corn wet
millers do of course, produce their ownvenzymes. The Unlted States market for
microbial enzymes is‘pfesently estimated at nearly $105 m;}lion, and the world
market at approximately $210 million. Discussiong‘with pefsons knowledgeable,
in the industry suggest that the rule-of-thumb is an annual growth of the
industry of approximately 15 per cent. A figure of 14* per cent was reporteu
in Chemical Weekly./7

These enzymes are not only used in HFCS production but alsq in: gasahcl,

waste treatment, blood tests, etc. 'When we examine sucro-chemlcals_ln the

next chapter we shall refer to this, as the fermentation processes are

important to the production of sucro-chemiczls. The expansion of R and D



39

and production capac:ty in enzymes is reflected in a significant fall in the
cost of enzymes in the production of HFCS. As we shall obsarve in Cnapter

4, whereas in 1972 these accounted for 16 per cent of the total cost of HFCJ,
currently it is under 5 per cent. . Presently as many as 100 organlsms have been
patented as isomerase producers even though as we indicated earlier only

about six are widely used, with firms utilizing not only different organisms
but different immobilization methods, as each has different pgoperties.
Despite all these gains the view is that 'most scientists believe anothzr
breakthrough may be required in enzyme genetics or in the discovery of more
heat stable varieties before additional savings can be made.'lg " While this
may be true for some industries, however, as far as HFCS is concerned the cost
savings to be anticipated wili‘only be marginal. It is important however not
to dismiss the impact of progressive improvements of an incremental soft in
enzyme technology and isomerizing conditions. °

One firm, Cetus Corporation oF the US has used a new route based on

olefins conversion. The olefin, a hallde ion and hydrogen peroxide are vatalyzed

by an enzyme to alkene halohydrin whlch another enzyme then converts to the

oxide, releasing the oxide for re;cyciing. A variety of cxides can be

produced with only small modifications. - The halide ion is inexpensive and

re-cyclable. This process may be upgraded with recombinant-DNA techniques

focusing on modifying the useful enzyme to produce more enzymes or fhe
enzyme's genetic coding may be transplanted to a different organism more
suited to industrial scaling upwards.lg

With reference to the third.bottleneck the following quote from the

General Manager of the Sweeteners Division of Tate and Lyle is apt:
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"If HFCS could be drisd to a oranular solid and stsbilizad
economically, sucrose could he very sericusly threatened.

The technical orotlem is not easy, but the ovize is substantial,
so it must he sgumed that congiderablz research is in prograss
in this area. ﬂ_l_ ‘ o "

.

.Dlscuss1ons Wth persons in fhu ;ndustry have alwavs 11;1L »d the view that
thlS recearch is well advancen‘and that hefLr' very long the commercialization
uf a cr/stalllne Drocess would be forthcomlnc. If this were to eventualize
'fhe threat toc sucrose would indeed be substantial, but even without it, as
we shzll obser?é in thevfollowihg'chapters the threat which zlready exists
is formidable indeed.

The final observation which I would like to mazkz, stems from the
relation of corn to HFCS.‘ As we have alrazady hinted, and as we shall discuss
in‘detail in Chapter 4, the production of HFCS yields important by-products

which have @ criticzl bearing on the economics of HFCS producticn. In

addition to this, corn can be used to produce nct only HFCS but an entirely

different nroduct, ever though using the same fermentation process, namely,
cthonol.  In turn, this product can be used ws either s chemical feedstock or
as is more likely a gasoléne extender. Alrea:dy sugar cane has been used in
this way, most notably in the Brazilian gaszhol prouramms. This alternative

use of corn is possible within more or less tnc same plant design and pro-

duction processes. Indeed, the flexibility even oxtends intu the yielding
of the same by-praducts (corn oil, ccrn feed and cern meal) as in HFCS
production. This flexibility of plant switching gives athancl produced by
corn a strategic competitive flexibility when compared tc the use of sugar cane
thereby incre as1ng the threat to the stability of = sucrcse industry based on
cane sugar.

In the USA the view is that ethanol has the moest 'immediate potential’

of all the renewable resourcee to cope with the pressnt energy criscs, From
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this point of view as tMordlund has obser&ed: "cbrn and grain scrghum [crel
the most atfructive.%eeﬁgéock in terms of availability and economics”.zgl

The US government has indzed =fforded it limited oncouragement as 2 fual
extender. Current US production is about 60 million galleons ~ndd it is
projected that output of this product could rsnge from 300-900 million

gallons this year. Two US corn pooducers had switched capacity to ethanol
production in 1969 in face of 'overfcapacity' in HFCS production, namely;
Archer~Danicls-!fidland in Cedar Rapids and CPC Inte;national in Pekin, Illinois.
In conclusion it should be noted that the US consumes on average over 300
million gallons of gasolenz annually.. To replace 10 per cent of this would

be equivalent to 2% times the entire annual consumption of ethanol on a 95°

alcohol basis.
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Notes to Chapter 2
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Chapter 3:  THE STRUCTURE OF THE HFCS INDUSTRY

Section (i): MWorld Strﬁcture

High Fructdse corn syrup is commercially produced in significant
quantities in the United States, Japan, Canada and the European Economic
Community, with minor levels of output reached in a few countries oF.Asia
and Latin America. These latter presently total about 56,000 tonnes. Total
world output for 1980 is currently estimated at 2.8 million tonnes, while the
1981 estimate of productioh is given as 3.4 million tonnes. These. totals ar=
slightly'abové the estimates given earlizar this year.ll Table 10 presents
the data on global production of HFCS from the crop year 1974-75 to crop vear
1979-80 along with projéctions'of Eariey to crop years 1984-85 ;ﬁd 1989913,
Before referring to the projections in this table we should note tﬁat
whereas total world output in crop year 1974-75 was justjovef~half a million
tonnes of HFCS, by 1979-80 this had increased to approximateiy 2.5 million
tonnes. Actugl.QQtpqt_Fgr the calendar years 1980 and l?Bl is as we havs
noted, 2.8 and 3;& miiiioautOHhesurgégégtively. From the inception the Unitec
States has been the overwhelmingly dominant produceftof HfCS. In the crop
year 1974-75 that country produced approximately 86 per[cent of total world
output and in the latter period 1979-80 despite increased output from other
countries this was still as high as 81 per cent of world output. Between
1974-75 and 1979-80 output of 55 per cent HFCS had risen from a negligible
amount to over 46 per cent of total world output of HFCS. In the United
States, 55 per cent HFCS has displaced the first generation 42 per cent
HFCS as the principal product of the industry accounting for over half of

its output of HFCS in crop year 1979-80. world output of 90 per cent HFCS,

however, remains negligible with only the US producing a small amount of
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Table 10

WBRLD HFCS PRODUCTION AND PROJECTIONS

120410, 1909-:0 1984-8) 198220
e 1,000 mt, raw sugar egnivslent
Jnited States 158 2,000 3,000 3,600
42% . 431 910 1,100 1,225
5525 27 1,040 1,800 2,200
9004 - 50 100 175
Canada - 75 210 275
425 - 45 9 110
55%, - 30 110 130
507 - - 10 35
furopean Community - 45 45 55
Japan 7 340 750 14175
4254 77 270 500 725
555 - 70. 220 410
90% - - 30 40
Other Couatries - - 30 40
Total 535 2,460 4,035 59145
42% 508 15,270 1,765 29155
5506 27 "14140 2,130 2,740
9055 - 50 140 250

Source : Tarley (1980)
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50,000 tonnes. As HFCS is producec from cotn it is useful to rote that cstimates
of the global output of all corn swaeteners in 1981 is anproximaztely 8.2
million tonnes, with reqular corn syrup accsunting for 3.6 millicn tonnus,
dextrose 1.2 million tsnnes, and HFCS the remazinder.

In the following sections we shall exanine ir some detail the
structure of the industry in the major producing areus, its major markate and
also malee projections of future output. Here it wou;d be useful to nomplete
the global picture by noting in a very preliminary way the sort of megnitudes
of total output being projected for the worid. Table 11 which follows

summarizes = few of the projections currently availehle and the dataes they were

made: .

Table 11

Projections of World HFCS Production (million tonnus)

. 128485 1989-20
Earley (1980) 4.0 5.1
Vuilleumier (1981) 5.6 -
GATT-Fly (1980) 4.0 -
~gelberq =nd Ahlfeld 1981)4.5 5.5
Koutras and Greditor (1961) 5.2 -
Thomas (1962) 5.4 -

Earley's projections are presented in some greater detail in Table 13. These

also go as far as 1989-90. It is useful to note that according tn his

estimates, 55 per cent HFCS should account for 2.7 mililion tonnes or 53 per
cent of total world oﬁtput in 1990, with 42 per csnt HFCS accounting for
2.1 million tonres or 42 pcr cent of the total, and 90 per zcent HFES the
remaining 5 per cent. My own estimates are baseé on eurrent capacity and

output levels together with announced capacity changes up to Aucust 1982,
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and allowing for a lag of 2-3 years between announcement of planned changee in
output and actual changes. The main advantage of my estimate over the othars

is its recency and the fact that they cover only a 2-3 year period ahead. Thc
variation in estimates are considerable, from 4.0-5.6 million tonnes. The

fact however that output recorded in 1981 was 3.4 ‘million tonnes and that

actual capacity in the US stands at 3.6 millicn tonnes up by one-third over

the past year suggests that tﬁe higher estimates are easily the morec reliablc.

A final point to observe in this prelihinary look at global production and

which is not self-evident from the tables is that almost all tﬁe world's output

of HFCS is sold in the internal markets of the producing countries. International

trade in HFCS products is negligible.

Section (ii): The United States Industry

The United States is the dominant country in the woerld's sweetener industry.
It is a major producer of all the principal sweeteners:' cane sugar, beet sugar,
corn syrup, déxtrdse, non-caloric sweeteners as well’as HFCS. It is also a
major importer of sweeteners - particularly canc sugar from developing -
countries. As aicohééquéncé, developments within the United States have the
profoundest sighi?iéénéé for future developments non a world scale. As we have
noted in Tablémiﬂ the United States is by far the world's largest producer of
HFCS. The raw material base on which its output has been built up is the
domestic availability of corn. The US is the world's largest producer of corn.
Its present oufput of about 170 million tonnes repreésents about half of the
world's output of corn, while axports of corn from the US alone accounts for
75 per cent oflwofid trade in this commodity. More than three-quarters of the,

corn produced, however, has so far been used principally as animal feed to
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sustain the meat and dairy industries.

In Table 12 estimates of nutritive sweetener deliveries in the US are
preserted for the years 1975-81, along with projections to 19?5. These data
indicate that between 1975 and 1981 the consumption of sucrose has been fairly
staticj the consdmption of dextrose, while‘relafively small, has been falling;
the coﬁsumption of HFCS has grown dramaticélly, while marginal increasss in
the consumption of corn syrup have taken place. The result of these develoopments
has been that overall corn sweetener deliQeries have risen rapidly relativs to
cane and beet sugcr deliveries. In 1975 corn sweetener deliverieé were 24
per cent of tptal deliveries, and by 1980-81 fhese averaged over ohe-third of
total deliveries. For the same period the overall growth in sweetener deliveries
was just over 10 per cent.

If we turn to Table 13 before looking at the projections in Table 12
we can observe sweetener deliveries on a per capita basis. There the striking
growth of HFCS consumption is readily observed. Whereas in 1975 per capita
consumption of HFCS was 2.3 kg, Sy 1981 it was estimated at 10.5 kQ,'that is
an increase by a factor of nearly &%. The decline in the pef capita consumption
of dextrose and sucrose should also be noted in this table. Corn syrup
deliveries have showed a small increase in per capité consumption, rising from
8.0 kg in 1975 to 8.3 kg in 1981, As a result total per capita corn sweeteners
consumption has ;rown from 12.6 kg in 1975 to 2074 kg in 1981, Total sweestenct
consuﬁption meanwhile was 53.6 kg in 1975 ana had risen by only six per cent
to 56.7 kg in 1981

Turning to the projections in both Tables 12 and 13, we should first note
the method of calculation used by the author. He assumes 924 per ceﬁt annual

decline in sucrose consumption over the period due to corn sweetener substitution.
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Table 13
Bohs  RPOCT I UETE STE R BYIVRLE. (PER_CAPITAY, 1915-05
.z
RLORTAN TCULL
Wex smme ©F. SR Gk
{Colse5+4+5) Aoowm.w+av
V_.NW AH_QQ moc NQV. MOW ;_N.ﬁ WW.@ Nb
1976 4340 8.0 3e3 2.3 136 5640 24
1977 43¢5 8e1 4.3 1.9 1443 57.8 2
1978 42,3 Be2 Unm 1.8 ‘_m.,om 5Te9 27
L_W.N@ A.‘_o\u. @ow ..\oO ‘_QMW ‘_.No‘_ m@-u MW
1980 38.7 8,2 ‘BT 1.6 18,5 56,5 53
1981 36.% 6.3 10.5 1.6 20.4 56,7 36
1982 34.9 87 12.2 1.8 22,7 57.6 39
1983 5343 8.8 13.9 1.8 2445 5743 42
) & 1984 31.7 8.9 15.8 169 26.6 5843 46
1985 30.2 2.0 1745 1.9 28,2 58.4 48

Sgurgo:  Vuilleumfer (1981), and USDA, Sugar Statistics (various issues)
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As far as corn syrup'end dektrose are concerned he essumes a marginal,

0.2 per cent, annual rate of inerease. HFCS growth rates are, however
substantial, with a 15 per cent increase projected for 1983-84, and 10 per

cent increase projected in 1985. On this basis corn sweeteners would account
fro 48 per cent of:the total sweetener market in 1985, wite HFCS elone account-
ing for 30 per cent of the market. Meanwhile sucrose consumpﬁioe is expected
to decline substantially, averaging only about one-half the sweeteeer

market by 1985, While projections of sweetener deliveries and consumption

are particulerly hazardous, Vuilleumier's estimates have not been far out.

Thus for example although the projections were made during the course of

1980, final figures for sucrose consumption for the years 1980 and 1981
respectively show 8.000 and 8.375 million tonnes as against projections of
8.545 and 8.éd3. The bracketed figures in Table 12 indicate the actual figures
for the years 1980 and 1981 and there it can be seen that no serious discrep-
ancies exist, except for a tendency to slightly underestimate HFCS output.

The complex nature of the industry and its high degree of susceetibility to
output variations besed.en price changes, weather, political and ether
circumstances are too well kﬁown for the difficulties of forecastihg to be
underestimated. Indeed at the time of writing ( third quarter of 1982)

prices are at a five-year low with a glut in world sugar subplies..iln turn
this has been exacerbaﬁed’By the US decision to imposc- import restrictions,

as well as this year's buﬁper crop projected for the EEC. It is already
evident, therefere,that if these conditions prevail, 'over-capacity' may

well emerge in the HFCS iﬁdustry over the period 1982-85, converting the cauticus

projections of Taeles 12 and 13 into unduly optimistic forecasts.
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The data presented in Table 14 show the projected output of HFCS
by product. These reflect the expectation that second generation HFCS,

that is the 55 per cent variety, will become the major product of the

HFCS industry, replacing the 42 per cent variety. As the data shew whiareas.
the 55 per cent product accounted for only 11 per cent of the total out.-
put of the industry in 1978 by 1985 this is projected to be as high as

59 per cent. Indeed Earley's estimates for 1989-90 presented earlier in
Table 10 show the 55 per cent variety as representinn 62 per cent of the
two varieties by that year. However, it should be noted that totals

given by Earley and Vuilleumier differ and that Carley also includes the

90 per cent variety HFCS in his projections, whereas Vuilleumier omits it,

because he relegates it to the small specialty market.

Data on the industrial deliveries of HFCS and sugar dy product %ﬁ
categories are presented'in Table 15. These data reveal a number of
interesting points. First, the major sales of HFCS are clearly in the
beverages, baking:and canning industries. O0f these major'markets, the
beverage industry's market is by far the largest - aecounting for 57 per cent
of all sales and 40 per cent of the total beverage's market For sweeteners.
The decision by the Pepsi-Cola and Coca-Cola Companles to use HFCS in Lhelz
products, subsequently followed by other beverage companles has been a‘
decisive factor in the development of the HFCS market. Indeed when it is
considered that Coca-Cola has only changed its formula thrice in 1ts hlstory,

the far-reachlng consequences of this decision cannot be ea311y over-estmated°

Because of the 1mportance of the beverages market, data’are presented 1n
Table 16 show1ng the current approved levels ‘of soft drinks replacement in

the US market. The smallest share of the market for HFCS is in the area of
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confections. Herz the Feilurs to develop a crystallin: product haz been
the decisive factor.

The data in Table 17 show the structure sf the !'S sucrose markst
in 1879 and 1380. From these data it carn be observed tihat less than
4C per cent of the sucrose is used for non-industrial pUrposes, with
industrial uses runging between 41-63 per cent of tectal sucrosa. Sinco
HFCS threatens the industrial market the structure of that mapiet is
particularly rclevant to our inquiry. The data in this tuble show clearly
that the major markets are firstly beverages, fnollcwed by baking and
cereals, and confecfionery. The market for canned Toods, confsctionary
3N dairy products, and miscellancous foods fnllow next. This marwet
structure for sucrase can be paofitably comparad with the possible theoreti-
calpenetr-tion of HFCS into these markets. Table 18 presants two such
cstimates, one by Rivero (1980) and the other by Vuilleumier. ‘'hile
there are some differences revealed in the Table both estimatzs agree on the
virtually complete switching over of the beverages industry into the use
of HFCS products. Rivero projects a 100 per cent switch over and Vuilleumier
a 9C per cent switch over. Rivero also sees a totzl substitution in the
canned goods industry but Vuilleumier limits his estimate to 60 per cent.
The next mejor markct scuments aredairy oroducts and mise 1luncous annducts
with Rivers =iving 0:1f of those to !FCS and Yeill usier 30 und 43 por cent
respectively. Eoth authors give baking and cerzals a 25 per cent penetra-
tion. In both estimates the confectionery market is the least likely to be
affected - reinfercing the imgortance of tihe technical hurdle of HFCS
peing a non-crystalline product. However, the projections vary signifi-
cantly with Rivero giving an estimate of .G per cent and Vuilleumier only

5 per cant,
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: Jable 17

USA: STRUCTURE OF SUCROSE MARK ™

e S B T A —— | oL B8 L o ® o

Industrial Actual Use Actual Use Actusl Use
USSP - { - SUUPUSUpa | :|: MBS | |-} S
Beverage 22,94 22.6% 20.1%
Canned Foods 8, 1% 6.2% 5.3% »
Ice Cream and dairy products 4.6 4;7% 5.05
Baking and cereals 11.2% 14,1% 14.,2%
Miscellaneous processed foods 6.00% 5.7% 6.%%
Confectionary 8,2%% 9,8% 10, 7%
61.3% 63,3% 61.5%
s Non—industrial 38.Th 36, 7% 38.5:
Total | 100,05 100.0% 100,07

Source : USDA,"Sugar and Sweetener Report", GAC "Report to the Dongress sugar and other sweetcners:
An industry assessmentVy and Barry & Gilbert (1981)
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PO RIVEO YUILL UIDR
Buverages 100% 99,
Conned foods 1007/ o
Dairy Products 507; 3064

Miscellaneous Processed
i

ooy 5004 ey
Baking and Tercals 257 254
Confections 20% 5

Source : RTivero (1980) snd Vuilleumier (1987)
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In Tat:les 19 and 20 estimates of #FCS deliveries by market are

qiven in both ebsolute and percsntage terms. In these cstimates the

predominance of the beverages market and the limited rcle of t~2 confect-
ionery market are once again highlighted. In Table 20, the actual figures for
1983 are given alongside Yuillszumier's estimate in order to notc the
sctusl varistions. ihile these data indicate a support for the ranking
of markete giver: by Vuilleumicr, there are differences betwaen the actual
and estimatad rercentages, the most significant being in the case of
beverages and canning.

Before leaving the issue of the market distribution of HFCS a few
observations nicked up from interviews and discussions with persons in
the industry are worth roting. One of these is the point already made

that the growth of the confectionery market for HFCS is limited by the failure

to produce a crystalline fructose at a competitive price. The moisture 4

affinity of the liquid product impairs its usec in the confectionery
industry although some producers of confectionery are using limited guantities
of HFCS. In the market for baked goods it would appear from discussions

that most of the growth so far has been by way of a substitution for

dextrose, so that the growth of HFCS here affects principally the corn
sweetener category. In the canned foods industry a major problern which exists
is the browning of the product from use of HFCS and this has so far

restricted its use. Finally, in the deiry industry, the growth of HFCS

has met with the obstacle of its tendency to lower the freezing point of
ice-cream. All thesc technical hurdles indicated here, can theoretically

be overcome. The issue, however, is whether this can be dcne at a competitive

srice. Indications are that the industry is confident of soon being able to
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Beverages
Baking

Canning

Dairy Products

Processed Foodg

Confections

Source :

McKeany-Flavell Co,, Inc, projections from "Sweetener Outlook", Ponaldson,

Table 19

4,88
——
14905

HFCS DELIVERISS DY FMARKET

e e i et

0. 1000 metric tons dry
1981 1982 1983 1984
15302 1,676 2,000 2,354
391 423 440 497
305 328 366 413
176 187 198 204
101 116 130 138
11 13 20 22

2,743

lufkin, and Jenrette, June 1980, with adjustments, as quoted in

Vuilleumier (1981)

1985

2,669
502
432
211
147

3,990
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Table 20

19652

Beverages - corbonzted and soun-carbonzted 51,05
Balzing 20407
Canning 15,04
Dairy Products 9,055
Processed Foods including Jjrms, oreserves 4.5
Confections o5%h

WCr T

=u

L I

Source : U.l.D.A. and Vuilleumier ©1981)

ACTUAT, 1980
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overcome these obstacles and evidence of this is said tc be given by the
production capacity expansioﬁs already announced by the industry.

Finally the data in Table 21 show that within the US eleven firms,
with 17 plants predominantly located in the Midwest are responsible for its
output of HFCS. . The largest of these is Archer Daniels Midland (with over
one-quarter of total capacity) followed by A. E. Staley just under one-
quarter and Clinton with 17 per cent of the capacity. These 3 firms alcne,
therefore, account for 68 per cent of the total market. Apart from Hubinga,
which accounts for 9 per c;nt of the market, the other seven firms have
capacities ranging from 1-3 per cent. A point of some significance which
will be taken up later in the study is that the HFCS producing firms in
the US also have major investments in cane and beet sugar along with maize,
and food products such as soya-bean, flour, etc.

Summing up we may therefore note the following:

1) The US is the world's largest producer of HFCS with capacity
projected to rise at a rapid rate over the next 5-10 years.

2) Most of the expanded output will be in the area of second
generation HFCS, or the 55 per cent variety.

3) The major markets for HFCS will be beverages, followed by
baking and canned goods; the smallest market will be confectionery.

4) The growth of market shares will depend on certain technological
developments in crystallization, but already the theoretical
possibility of penetrating the sucrose market is considerable.

5) The growth of HFCS occurs in the context of a static or declining
.growth in the overall sweetener market in the US.

6) The US firms in the industry have a highly oligopolistic structure.
They are also multi-product firms, in particular producing significant

quantities of other sweeteﬁer substitutes.
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asbor 250 - - - - 200 - - 050 200
Anheusor-casch 75 - - _ _ - - _ 5 _
* pcher Daniels Midlsnd 1,100 400 100} 850 - - - 1,200 1,250
LPC Intermasional 310 - 235 - 245 100 790 100

Carsill 260 - 50, 260 160 280 - - 370 540

Clinton &0 300 (150) 135 - - - - 520 435

Great ‘estern 30 0 - - - - 80 320 110 350
Aubinger 320 170 - - - - - - 320 17
Holly Sugar 100 - - - - - - - 100 -

Staley (Aele. MIg. 170 . 620 570 = - - 460 770 1,650
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m\ As percent of demand., Roughly 14% is required to allow for seasonal fluctuxtions.
Sources. Vuilleumier, 5 (1980); Barry R.D. & Gilbert A.Y. (1981}
L, fmith {1982)
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Secticn (iii):  The Canadian Industry

The Canadian markets for sweeteners genesnlly =nd LFES in particulsr
are far smaller than tiose of the United Statss. Thus in 1921 only 93,00C
tonnes of YFCS was produced. Like the US the market for corn swceteners
has nrown rapidly between 1975 and 1781, but in the latter yesr it
accounted far>19.4 per cent of the total swuetener market ss compared with over
ona-third in the US. Canada does not produce dextrose, and éll of is regquire-
ments are imported from the USA. In Canada also more corn s,rup was ccnsumed
than HFCS during 1981, but by the end of this year it is expected that
the situation would be reversed., Dats on a comparable basis to tﬁat used in
presenting the US industry are shown in Tatloe 22 and 23, There it will
be observed that Canadian production of HFCS only commenced in 1977, Like
the US, per cagita consumption of sucrose has becen Talling, from 43.5 kg per
capita in 1975 to 39.9 kg per capita in 1981. However, the level of per
capita sucrose éonsumption in Canada is slightly above tha® of the US,
but in overall sweetener consumption the US is ahead.

The projections in these two tables show that Canadian HFCS output
would reach 290,000 tonnes in 1985 or 23 per cent of total sweeteners
consumption and 37 per cent of industrial sweetensrs consumption. Sucrose
consumption would fall from 81 oer cent of total sweetener consumption in
1981 to 64 per cent by 1985. Like the US tne projections are based on & 4
per cent annual decline in sucross deliveries between 198C and 1985, but
corn syrup growth is nrojected here at 6 per cent annually over the same
period. HFCS capacity has been projected on the asis of an annual

increase of 50,000 tonnes to 1985.
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Year

1975
1976
1977
1978
1979
1980
1981
1982
1983 |
1984
1985

1975-80
1980-85
1980-85
1980-85

Sucrose

———

987
901
1,039
1,027
13,051
1,000
960
922
885
850
816

sucrose figures F.0, Licht;
sucrose figures assume a 4% annual decline due to corn sweetener penetration.
corn syrup growth assumed 6% annually.

HFCS figures assume a 50,000 ton annual increase due to capacity expansions,

Canada: ESTIMATED NUTRITIVE SWEETEKER _CONSUMPTION _(1975-85)

92
100
108
118
125
132
140
148
156

Table 22

S ———————————

90
140
190
240
290

Corn sweetener figures McKeany-Flavell estimates.,

As quoted in Vuilleumier (1961)

1000 metric tons dr

Dextrose

16
17
18
19
18
19
19
20
20
21
21

Dextrose growth assumed 3% annually.

Total
Cozxn

92
101
110
119
136
179
234
292
350
409
467

Total
Sweetener

1,079
1,002
1,149
1,146
1,187
1,179
1,194
1,214
1,235
1,259
1,283
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Year

1975
1976
1977
19786
1979
1980
1981
1982
1983
1984
1985

Canada: ESTIMATED NUTRITIVE

Table 23
SWEETENER _COMSUMPTION

{(Per Capitm) 1975-B85

Corn
Sucrose Syrup
43,5 3.3
39.2 3.6
44,7 3.9
43.8 4.3
44 .5 4.6
41.9 4.9
39.9 5.1
38.0 5.4
36.1 5.7
34,4 6.0
32.7 6.2

As quoted in Vuilleumier (1981)

kg dry

Dextrose

* s e o
O WV oO@mme @~~~

Total
orn

S
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Th: data in Takle 24 indicate that the incremental growthn of

[41]

;econd

7]

(0]

qgeneration HFCS hetween i?Sl and 1935 will be greatsr than that of th
42 per cent variety. This is in keeping with what we have come to expect
in this industry. Ths narket shares of sugar consumption in Canada sre
shown in Table 25.

2s one would expect the ranking is similar to that of the Us, except
that the nositicns of miscellaneous processed foods ard canning ars revers:d,
The figuree guotad in this table are all estimates and ton much reliance must
not be plascad on their accuracy aven though cverall they support the
trends we would expect.

The long torm pehetration poseibilities of FCS for zech of the
major market segments in Canada is shown in Table 25. Cenerally these accerd
lower levels of penstration to HFCS in the Canadian market, as compared with
thosc projzcted for the US market. The observe& diffcronces would secm
nrincipally to reflect the different levels of industrial development
attained and diFFerences.in the degree of differentation of the sweetener

markats in the two countries. However, the locction of Canada's industrial

heartland in close proximity to the US corn belt makes it impossible ts fully
separate the two markets.
In conclusion it should be noted that two companies control the

Canadian market. One of these, Zymaize is a subsidiery of Tate and Lyle of

Lendon, England, and the other Canada Starch is & subsidisry of cec
International. As Canada is a not importer of sugar and corn it follows
that the TNCs investments in Canadian HFCS ar: clearly based as much on
Canade's integration and access to the US corn markst s to Concdizn corn

producers.




Table 24

Canada: ESTIMATED HFCS PRODUCTION CAPACITIES

1000 metric tons dry

ADDITIONAL CAPACITY EXPECTED

e 3 2 8 % T s — S —

: | 1982 1985 “
: 1981 ;
! 42% 55% 42% 55% 42% 55% ,
Canada Starch
Cardinal 59 15 12 12
Port Colborne * 50 51 50 51
@ Zymaize Company

London 90 23 23 348

TOTALS 149 23 65 86 50 97
i CUMULATIVE TOTALS 149 23 214 109 264 206 i

* HFCS 42% and %5% production expected late 1982 with expansion potential to about 450 million 11bs.
Assumes 50% distribution b tween 42% and 557 production for 1982 and beyond,

Estimstes from public so'rces and Agriculture Canada.

As quoted in Vuilleumier (1981)
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Table 75

B e e

Estinatec For Capita dutritivs Sweetener

Products
Beverage

Baking
Processed Foods
Canning

Dairy
Confectians

dther

Dzliveries (1975-1935)

Theoratical long-term penctraticn of
HFCo

70%
20%
25%
40%
20%

5%

Source: Vuilleumier (1981)
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Section (iv): The Japanese Industry

Because of its resource configuration Japan is both an importer of sugar
and corn. There is no specific rescurce imperative leading to the develop~
ment of HFCS production; even though as we have noted Japanesa ressarchers
have played a key role in the technological innovations in this product.

As wculd bz expected the Jepaznese market for sweetensrs is lergz, totalling
3.7 million tonres in 1981 or approximately 25-28 per cent of the US

market. Because of its high level of industrialization, the demand for
industrial sugar is high, accounting for approximately 60 per cent of tntal
consumption. Like the USA, consumption of sucrosé betwsen 1975 and 1981

has not grown significantly. The expansion of HFCS consumption has,
however, been reaching a tctal of 456,000 tonnes ty 1981. Gverall corn
sweetener consumption has risen from 14 per cent of total sweetener consump-
tion in 1975 to 24 per cent in 17?81, with “FCS consumpticn rising from nil
to more than half of the corn sweeteners used in this pecriod.

Despite its high levals of industrialization per capita consumption
of sucrose in Japan was only 23.7 kg in 1981 or 65 per cent of the US
figure. Total per capita sweetzner consumption was also only 31.0 kg
during 1981 as comparcd with 57.3 kg in the USA, that is 54 per cent of the
US total. Not surprisingly therefore, HFCS consumption per cazpita remains
relatively small at 3.8 kg for 1981 as compared with the US total of
10.2 kg for 1981, that is 37 per cent of the US total. These data are

shown in Tables 27 and 28 which =slsa contain projsctions to 1585,
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Year

1975
1976
1977
1978
1979
1990
19681
1982
1983
1984
1985

. ESTL: TED MUTRITIVE SWEETERER

T:£lz

Sucrose

2,725
2,979
3,159
2,967
3,130
2,870
2,795
2,711
2,630
2,551
2,475

Source:

Corn

Syrup A2
316 -
330 -
353 162
293 218
304 251
270 285
270 150
273 177
276 208
279 244
2682 235

Vuilleumier (1981)

1000 metric _tons dr

90
300
a1
Jas
441
503

Dextrose

120
138
146
141
144
145
140
141
142
144
145

Total Total
Corn Swzetener
436 3,161
518 3,497
661 3,820
657 3,624
6992 3,829
790 3,660
860 3,655
932 3,643
1,014 3,644
1,108 3,659
1,215 3,690

Coxrn

14
15
17
18
18
22
24
26
28
30
33




1975-1985 ESTIITED JAPANESE PER CAPITA NUTRITIVE St

‘EETEMER  DELIVERIES

=

kg dry
Corn Total
Year Sucrose Syrup HECS Dextrose Corn
1975 24.5 2.8 - 1.1 3.9
1976 26,5 3.4 - 1.2 4.6
1977 27.8 3.1 1.4 1.3 9.3
1978 25.9 2.6 1.9 1.2 5.7
1979 27.1 2.6 2.2 1.2 6.0
1970 24 .6 2.3 3.2 1.2 6.7
1981 23,7 2.3 3.8 1.2 7.3
~ 1932 22.8 2.3 4.4 1.2 7.9
1983 21.9 2.3 5.0 1.2 8.5
1984 21.1 2.3 5.7 .. 1.2 9.2
' 1985 20.3 2.3 6.5 1.2 1G6.0

As quoted in Vuilleumier (1981)

< . - —

Total %
Sweetener Corn
28.4 14
3l.1 15
33.6 X7
3l1.6 18
33.1 18
31.3 22
31.0 24
30.7 26
3G.4 28
30.3 38
30.3 33




The proiections are based on the following assunctions:

1) a I per cent annual decline in suCrose consumption as conpared with

4 per cent in the USA;

2) corn syrup and dextrose deliveries are projected on a one ser cent
annual growth over the period, ac compared with 2 per cent for the
LiSA;

3) HFCS is projected on an annual 15 per cent increase as compared
with staggered US increazses of Z0 per cent over 1981-82; 15 per
~ent 15%3-84; and 10 per cent for 1985,

In the projections for Jagan Yuilleumier allocates HFCS in the ratio of
60:4C for the 55 per cent and 42 per cent varistiss. On the basis of thes=z
projections the total corn sweetener market is expected to increase its
share to 33 per cent of the total, with HFCS accounting for just under 20

ber cent of the totzal.

Production capacity of HFCS by manufacturers and type of product is
shown in Table 29. These data indicate a less oligopolistic market
structure than in the USA. The largast firm hés about 21 per cent of total
capacity with the next largest having just about 20 par cent. The next two
firms together account for about 17 per cent of capacity, making the 4
leadingvfirms responsible for 58 per cent of production capacity. This can
be compared with the 3 leading firms in the USA which account for 68 per cent
of US capacity. The seven remaining firms in Japan have capacities which
range from 3 ger cent to 2 per cent of the total. The data in this table also
reveal that the bulk of the present cgpacity is in 42 per cent HFCS, but
increases in capacity will as with Canada 2nd the US, favour the 55 per cent

product.
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in Table 30 the market distribution of HFCS in Japan ic shown

aleng with that of other corn swecteners., In contrast to the USA, dridry
products is the largest market segment in Japen, followed by hevereges,
canning, buiking and tho miscellaneous cateqory 'athers' which includes
confactisnery, other procussed foods, ete. If we rseoall in toe US the
major mariket is HSeverages which presently sccount for over one~half of
YFCS uze.  In Japun the ratio is only 28 per cent. In the .05, deirv
producis are 9 per cent of HFCS pruduced, bub in apen =is accounts for

33 per cent, that is the largest market share.

Section (v): The EEC Industry

Given its size and degree of industrialization one would have expected
the growth of HFCS in W. Europe to be rapid. This is not the case, howevar,
and the major reason for this is the policy of deliberste restriction of
HFCS growth in the EEC. Because of the gverriding role of EEC policy in
relation to market forces it would be useful if we begin by briefly outlining
this policy, for without an appreciation of it, the data presented in the
subsequent tables would lose much of their force.

Tn 1947 in an effort to restore the competitive position of starch
the FEC introduced measurss to subsidize its production. While the intentibn
was to restore the competitive position of starch vis-a-vis petro-chemical
Sased products (e.g. caper), by 1974 this subsidy was extended to glucose
producers which ware oroducing this oroduct from corn as well as wheat and
potato starch. This subsidy was carried over inte the 1975 rcqulation

governing thke common organisation of the community's cereal market. At
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Table 30

Japan: MARKET SHARES FUR CORN _SWEETENERS (1960)

A, CORN SYRLUP _§TINATED MARKET SHARE
Canfections STh
Sorbitol 18%

Jams & Preserves 9%
Canning 2%
Others 14%

100+

B.  DEXTROSE ESTIMATED ii\RKET _SH:RE
Confsctions 26%

Processed foods 17%
Beverages : 12k
Baking 10%
Canning T
Feed : ‘ Ti
Others ‘ 214
100%

c. CORN SYRUF SOLIDS ESTIMATED MARKET SHARE

Sake (wine) 50%
Ice Cream 40%
Others 10

10C%

D. HFCS ESTIMATED fMARKET  SriaRE
Dairy Products 3%
Beverages-carbonated

and noncarbaonated 28%
Canning 14%
Baking 13%
Others 12%

100%

As quoted in Vuillsumicr (1981)
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ahout this time, however, fhe oroduction of HFCS (czlled iscnlucosz in
Europe) had commenced znd it benefitted from the subsidy. In 1977 the

- policy was reversed. The subsidy for HFCS was abandonned as HFCS capacity
expended and several olans were: znnounced by producers for further increases
in output. If these developments went through they would have posed a scvaera
threat to EEC beet production, which was at that very time being encouraged
in Europe.

In ths FEC heet sugsr was subject to a production levy, linked zmong
other things to the EEC-ACP Lomé Sugnr Protocol.  In ordsr to maintain the
competitive position of beet sugzr, this levy was apoliad to HFCS. It was
alsc Further anncunced that HFCS. producers would have o help vear the costs
of exporting sugar surpluses from the Community. These policy measures wers
challenged in the Euroﬂean courts by the HFCS producers, who won a declzration
in October 1978.that the levy as it was then applied was invalid.

Following on this decision the EEC Commiseian nroposad a production
quota system similar to the one in use for sugar. Basically HFCS output
was categorized into three parts, namely, a basic or A quota calculated on
pfévious production, a 8 quota =qual to 27.5 per cent of the A guota on
which a levy is raised, and a C quota which has to be exported outside of the
Community, without any financial assistance from the Community. fter being
challenggd these =rrangements were declared invalid by the European courts on
procedural grounds. They were amended and subscquently reintroduced by the
Community - surprisingly with retroactive effect. This regime lasted until
1980. In 1981 a new common ragulation for sugar and HFCS wes introduced
for the fcIiowing five-year neriod. Basically this regulztion limits EEC

production of HFCS to a ceiling of 200,C00 tonnes for the neriod.
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The pressurcs existiné within the EEC to limit HFCS production do not
only arise from beet praoducers whom it is already cleer the Community wishes
to support in praference to both HFC3 producers and importad cane sucar, but

-the ACF grouping of cene suger countries olsc, who are anxious to prescrve
their market position. Here there is a definite convergence of interast with
the EEC's domastic beet sugar producers in the struagle to proserve markets
against HFCS competition. Because of this, it wetld be fair to conclucs that
far less. than in usual circumstances? will market forces sihape the future of
the EEC's production of HFCS.

' Examining the EEC's HFCS industry we ars immediately struck bv the fact
that the EEC is a net importer of corn. It produces only about 63 per cent of
-its domestic.r?quirements. The EEC, however, has a large, complex and highly
differentiated industrial market in which the demand for liguid sugar is quite
substantial. The data in Table 31 show the EEC sweetszner censumption for the
sugar year 1980-8l1. There it can be observed that totasl sweetener consumpticn
was over 1l million tonnes as compared with 12.7 million tonnss in the USA.
The consumction of cane and beet sugar was 9.8 million tonnaz, that is a
larger quantity than in the USA (8.2 million tares). This reflects both the
-support for beet sugar in the Community-and its commitments under the Lome
Convention. Corn swectener contribution to total ewecteners used amounted to
11.6 per cent, as compares with the US figure of 35 per cent, Japan: 24 per
cent and Cznada: 19 per cent.. The Community's -HFCS production in 1981 totalled
only 176,000 tonnes or 14 per cent of all,corn'sweeteneré used or 1.5 per cent
of total sweetener consumption. This makes HFCS productior in Europe the
least developed of the major Wastern industrial regicns. As the dafa in the

table indicate, in the Eurovean Community, the major producers of HFCS are
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Table 31

EEC: ESTIMATED_ NUTRITIVE S<EETERER CUNSUMPTICH (1980-81)
1000 metric tons dry
Totsl Total %

Country Sugar HECS Dextrose Coxrn Swsetener Lozxn
Belgium 355 11 19 62 a17 14.9
Denmark 240 1 8 23 263 8.7
France 2,030 26 45 151 2,161 6.9
Germany 2,150 55 70 260 2,410 10.¢
Izeland 165 0 15 43 203 20,7
Italy 1,775 18 35 118 1,893 6.2
Netherlands 660 3an 43 153 6813 13,3
United Kingdom 2,380 35 55 470 24850 16,5
TGTAL 9,755 176 290 1,280 11,035 11.6

Source: Vuilleumier (1981)

\

814



W. Germany, the UK, France and the Netherlands, but the tetuls producad
(the highest being 55,003 connes in . GCermany) cre rolaotively small,

The sane data are presented in Table 37 an ¢ per capita basis.
There it can be cbserved that the highest use of HFCS is in the Netherlands
where the figurc is only 2.1 kg per annum. Sweetencr consumpticn in
Europe is very high, ranging from 61.1 kg in Ircl=nc to 33.1 k3 in Italy.
Four countries; Denmark, Netherlands, UK and Ircland axceed an ernual
consumpiion of 5C kg; and apart from italy, ¥#. Nepmany (3v.d kg pel annum)
is the only country with an annual consumption under 40 kg per annui.

Finally in Table 33 we preé&nt data on the allceztion of 4HFCS quotas
in 1v80-€1, and the production cupacitices of varicus CEC Yiris, rnese
data show a2 total production capacity of 245,003 tcnnes, =S anrinst actual

14

output of 178,20C tonnes. The largest capacity resides in Belguim, fallowed
by the UK and Francz2. Because of the distribution of capecity, there is

intra-EEC trade in HFCS but, no extra-regional exports and hence ﬁc C nuotas.

In this regard, taken as a group, the EEC industry conforms to the picture
of an industry developing on the basis of satisfying its internal markets

first.

Given the role of EEC policy in shaping of HFCS production it would be
meaningless towmaﬁe.projections based on the usual elasticities population
growth rates, past output, ctc. The real issues is what EEC nollcy w1]l be,
as already for the next five yuars ba51c output is fixed at 200 00a tonnes.
while the bect farmers' lobby 1S clearly dominant at the moment , powerful
intcrests sre sheping up against it. Thus th. U¥ grouo of EEC consu%e;s,
in a submigsicn to 2 Select Committce of *he Housc of Lords on tho Europaan

Communities ‘FEC Sugar Policy) made the followin~ submigsions:
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Country

Belgium
Denmark
France
Germany
Ireland
Italy
tetherlands

United Kingdorw

Tblu

EeC;  ESTIM.TED . UTRITIVE SJELTEL.ER  CLMSUMPTIE
k7 dry
Lorn

Sua~r HFCS Dextrose
36.1 3.3 1.1

46.8 2.7 .2

37.9 1.5 ]

35,2 2.2 .9

43.5 8.2 0

J1.1 1.1 3

&m.m m..N NOH

42.7 6.0 N3

Source: Vuilleumier (1981)

o

i {per i

Total
Corn

6.3
4.5
2.8
4,2
12.6
2.0
1G.8
B.4

Sweetener




EEC: ESTIK TED HFCS 42,  (ISUGLUCUSE) QuLTAS, PRODUCTIuN,

metric tons dry

Basic "A" ngne Total
Country Juota fJuota Quota Production Lapacity
Belgium
Amylum/Analst 56,667 15,33 72,250 72,255 an,nee
Denm:ark - - - - -
France
o Roquette Freres/Lille 15,47 4,369 20,256 20,522 35,000
West Germany
) ¥aizena/Hamburg . 23,000 7,700 35,700 32,174 55,000
Ireland - - - - -
Italy ‘ .
FRAGD/Hilano 10,706 2,944 13,650 10,109 20,700
SPAD/Spinola 5,963 1,612 7,475 6,618 10,000
; Nethnrlands :
L 17 4: ] 7,426 2,042 9,460 9,00 20,000 »
: United Kingdo:n :
Tunnel Ref, Ltd,/London 21,636 5,967 27,563 27,483 45,060
TOTAL 146,245 40,217 1¢6,462 177,661 265,000 ;

Source: Crott (1981)

N 5y B
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"Isoglucose: CEGG is opposed to the application of the system of quctas
and levies to isoglucose. - We consider that the‘;roduct is being taxed and

penalized simply because it competes with sugar.waé

To the same Commission the UK Group of Industrial Users of Sugar included

the following statement in their memorandum:

"The UK industrial sugar-using associations cannot support the Commission‘s
proposals  for the 1980-85 sugar regime. Their views may be summarized =s

/3

follows .... they are unjust to the isoglucose industry."—=—

The Select Committse in its own conclusicns observed:

"The reason for the Commission's proposal to incorporate isoglucose and
sugar in one composite regime is not given. Were the proposal to mean that
soﬁe flexibility existed for isoglucose and sugar to cOmpete‘with each other,
rather than isoglucose production'being strictly limited by its production
quotas, then the proposal could be viewed as the development of a Community
sweetener policy. Unfortunately this is not the case. If anything, the
proposal is slightly more restrictive as the total of isbglucose production
quotas has been lowered by 8,000 tonnes (4.5 per cent).’ The proposal appears .
be mrinly a tidying-up operation by the Commission, whereaé the Cocmmittee
would welcome the evolution ofpa genuine sweetener policy which gaQe consumers

/4

unrestricted access to all forms of sweeteners.'~—

It is clear from the above that the technological impact of HFCS on
Europe-and subsequently on the Caribbean through the Lome: Convention would
depéndzon what future policies emerge in the Community. We shall return to

this issue in the final chapter of Part.I of this study.
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Section (vi): Other HFCS Producers

A miscellaneous group of countries in Eaétern Europe, Asia and Latin
America produce or have plans to shortly commence the'production of small
quantities of HFCS. In 1981 output from these sources totalled 181,000
tonnes and by the end of 1982 output is projected at 200,000xtohnes. Data -
on these producers are hard to come by, and what follows below is a summary
of the latest position as it is available to me. It should be noted that in
all the instances cited below, HFCS ﬁroduction is, or will be, gegred to the

beverages sector of tﬁe sweetener mérkeﬁ.

Europe

Yugoslavia has announced definite plans to establish at least one new
HFCS plant, with'énother under consideration. Spain has three plants producing

HFCS with a capaéity of 70,000 tonnes and an outputvin 1980 of approximately

55,000 tonnes. The future of the industry is however bound up with the eventual

outcome of its relations with the EEC.» In Eastern Europe one plant is ghgpt
to be commissioned in Hungary. This will pro&uce S0,00C tonnes of HFCS. In
the USSR, Romania and Bulgaria discussions are advanced for the construction
- of HFCS facilities. Reporfs indicate a 77,470 tunncs plant will soon come
into operation in the USSR, while the Romanian and Bulgarian projects are

being hampered by foreign exchange scarcity.

Latin America

In tatin America, Argentina is the only producer of'HFCS at present.
Current output is,approkimately:éo,doovtonnes. Uruguay has_recently announced

its intention of starting the construction of an HFCS Qroduction facility
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ionificantly the

e

shortly. This will producz 20,70G tonnes zrnusily. S
consortium nlanning this includes the local Coea fola hottler. tHexico bhas
recently éammiésioned Ltl?ﬂiéonnes-per day pinnt to prédu:e gluéosc £0In SYTUp,
while the Brazilien subsidiary of CPC has cbmmissionéf 2200 tonnee per day
plant zls0 to produce giucose corn syrup. The censtructicon of wst milling
plents t» service these corn sweetener plants may well be the fare-runner cf
HFCS producticin. Finally, from commodity intslligence reports Peru seems o
be on the vsrye of taking a decision to start an HFTS venture Lo produce

approximately 50,000 tonnes per annum.

In Asia; Indonesia has one small plant in upsratioii, and it is being
claimed that there is government intarest in establishing others using
cassava as the starch base. Pakistan has alsc announccd an interest in HFCS
production and the plan here is to use broken ricc as the starch base for a
45,000 tonnes nlant. Taiwan hed about a year ago znnounced zn interest in
HFCS nroducticn but this saoems to have been deferred on zcecount of declining
sugar prices. South Korea has HFCS plants in operation and it is said that
output currently accounts for ten per cent of South #crea's total sweetener
market. Kurea lizs always had a relatively strong corn sweetener incustry.
In 1980 =about 372,000 tonnes of corn was precessed -~ one-third of this amount
(125,000 tonnes) was used as sweeteners in a total market of approximately

650,00C tonnes for all types of sweeteners.
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Notes to Chapter 3

1. The estimates are given on a raw sugar equivaient basis, revised in
later issues sf the various publicztions cited in the text, as more
complete information hecomes available.

2. HMSO, March 198G, p 72.
3. ibid, p 60.

4. -ibid, p Xix.
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| Chapter 4:  THE ECONGMICS OF HFCS .PRODUCTION

" Following on the technological innovations of HFCS, world-wide
experience gathered so far point to certain basic factors which would
" geem to determine whether an industry can be successfully developed in

a country or not. The following are the most important:

1) For HFCS to be commercially produced the levels of income and the
degree of industrial development should be such th;t the demand for
sweeteners is high -. particularly for industrial purposes. In the US market
about 60 per cent of the: sugar consumed is for industrial purposes, while
in the Caribbean, despite high levels of per capitg consumption of sugar,

the industrial uses of sugar is less than 40 per cent.

2) In considering the industrial demand for sweeterners it is important
that a high proportion -of this should constitute a demand for liquid as
opposed to solid sweeteners. For this to gxist there must be a highly
developed processed foods and beverage indqétries, which in turn depends
not only on the'prevailing’levels of inpoqg, sizg of market and the extent
of industrialization, but on such social factors as the degree of urbaniz-
ation, cultural patterns in food congumption, andvso on. In the USA both
economic and social -factors favour a highly déveiéped "convenience foads"
industry and this has no doubt facilitated the rapid growth of HFCS in

that country.

3) The market configuration as outlined in (1) and (2) above means that
there is a high price elasticity of demand for sugar. In general,

industrial users of sweeteners are far more ready to substitute one
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sweetener for another, given favourable price changes than households. Such
substitution of course varies from firm to firm and from one segment

of the market to another, th the limits of substitution are effectively
those posed by the technical chafacteristics of individual sweeteners

and the foods in which they are to be used. Thus as Crott has observed:

"High prices of sugar have more influence on industrial users;
price elasticity is greater for them than for household users (e*éept
with very high prices in the case of low income groups). However, surveys
indicate that industrial users are equally concerned with stability of
price and purchasing prices not higher than those of their competitors.
Thus the quantity demanded by industrial déérs is more‘responsive to

changes in relative prices than the quantity demanded by household usel:s."-/-l

4) Because HFCS is raw material intensive in its production process

there should be an abundant source of cheap starch, whether in the fdrm of

domestic produce or cheap imports. In the US,corn supply is abundant so w‘fim

that after satisfying direct consumption requirements and ::nim-1 feed,
large quantities are available for export and diversion to HFCS production.
The other HFCS producers (Japan, Canada, EEC) do not have abundant |
supplies of domestic corn so thaf £heir industries, unlike that of the

US are more dependent on the availability of cheap imported corn.

5) Other things being equal, where a counfry is a.net importer of sugar,

its incentive to substitute with HFCS is greater. : As we shall see,

HFCS production is highly capital intensive, but the investments may be

considered strategically necessary in order to reduce dependence on the

vagaries of the international sugar trade. As we have pointed out
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the US is a large importer of sugar, along with Canada, Japan and the
EEC. In the case of the EEC, hawever, obligations through the Lome’
Convention has reduced its capacity to substitute sugar imports with

HFCS.

6) HFCS production is alsc favoured in circumstances where, although
domestic sugar is being produced this is at a relatively high cost. If
this situation exists it encourages protection of the dgmestic market
and increases the competitive edge of HFCS. There is of course the

extreme circumstance of the EEC where domestic sugar might be protected

to the point of the deliberate exclusion of HFCS.

7) Because of the capital and skill intensive nature of HFCS operations,
capital must be available in large quantities along with the associated
expertise in construction and operation of the facilities to make pro-
duction feasible. Again this favours relatively developed economies, with
a broad base of industrial skills in food, enzyme, and automated flow

technolaogies.

8) Finally, as we have seen the broduction of HFCS is highly dependent
on associated industries, mainly, chemicals, enzymes, transportation,
storage and utilities such as water, energy, eté.  The chemicals and
enzymes used in HFCS production require modern bio-technological industries;
which are mostly to be found in theﬁindustrialized economies. The volume
of products and by-products,entailed in. HFCS productiaon is also huge and -
the conditions of storage and.transport have at all times to be closely
controlled. Again this places great emphasis on the aygilability of such

facilities. Finally, the industry requires reliable energy and fresh
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water supplies to fuel it. Thus countries or locations with efficient

public utilities systems are also favoured.

An examination of cost structures of HFCS firms, particularly in
 the USA show that the major components of cost are those displayed in

Table 34. From this achedule it can be observed that the competitive

Table 34
Major Components of HFCS Production Cost

1. Cost of corn (3 bushels, 168 lbs, to produce _
' 100 1lbs of HFCS) ‘ o -

2. By=-products credits per bushel of corn
' a) 1.75 lbs of corn and oil

b) 1.5 lbs of gluten feed
¢)- 2 lbs of gluten meal

3, Labour

4. Utilities (water, energy, etc.)

5. Enzymes

6. Fixed costs (overhead)

7. Freight

position of HFCS depends on the cost of corn, the price of corn by-

products, the cost of lébour,iutility.supplies, enzymes, freight and
fixed overheads. Unlike the situation in cane sugar where a major .
by-product (bagasSe)'bhn'be used to generate its own energy for processing;

HFCS is a net'and substantial user of energy. However, its by-products.,w,%
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aro coensicerable (corn oii, corn feed and corn meal) and as we shzll see
derending on pricss these can account for more than one-hal? <7 the raw
material cost of production. In addition, two other considerations

figure prominently in '!FCS production cconorics. ©Onz is of course the pricee
of ciwnc nd beet sug-r, which sre the mzjor comneting product.

HFCS prices in the US have been offered =t discountes on sucar nrices and
these have declined from 85 per cent of suger prices in 1575 Lo 73 per cent
of sugar prices in 1981, or an average of 75 nzr «=nt during the period

1977-81. These data are shown in Table 35 below.

Table 35

HFCS and Suaar Prices(l)
Year HFCS Prices Sugar Prices Ratic of HFCS/
Suoar Prices
1977 12.44 . 14.66 84.¢
19278 12.12 17.16 70.7
1979 13.15 18.49 71.1
1989 23.64 30,76 76.7
1381 21,47 29,29 73.3
Note 1: Prices are cents per lb. HFCS price is the Chicago-

West 42 per cent fructose price. The sugar price is
bulk dry beet sugar f.o.b. plant.

Sourzs:  USDA, Sugar Statistics

The second consideration is the price of 0il, since corn can be
-4

alternatively used to prcduce =2thanol for use as 2 gasolens éxtender.

Several corn wet-millsre are evaluating this poesibility and it is expected
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that by the end of 1932, 12-15 per cent of corn nrocessed by US wet-

¥
millass could be devetad to fuel alcohel. This has been reported in 2
recent US Devartment of Agriculture, Sujar and Sweetensr Repert (February,

e

1951

~

nSeveral corn wet-milling firms are evaluating the asthanol (aleohol)
market fer blending grain alcohol with gasolene to make gasahol. Ono wel-
milling firm is currently producing fuel grade alcohol at its DRecatur,
I1lirnis, facility, and also plans to produce fuel-grarle alcohol in 1981,
under a joint agreemen® with a large gasolene company. Jther firms may
follow suit. A majer consideration in producing ethanol from corn is
whether a Federal loan guarantee can be obtained for zll or a substantial

portion of the cost of investment.“ﬁg

As reqards ethanol production, a very imnortant consideration which should
be horne in mind is that since producers can switch from HFCS to
ethanol using the save :lants, the seasonal nature of HFCS consumption
may lure scme producers to awitch facilities in the off{-peak periods.
Table 36 overleaf highlights the seasonality of HFCS consumption in the
JSaAa.

In Table 37 we present two estimates of the production cost of
HFCS in the USA. These show operating costs ranging from 13416 cents
per 1b of HFCS 42 per cent variety on a dry aquivalent basis and can
be ccmpared with the data on prices paid for HFCS presentec in Table 35.
The two estimates given in this table have been supported by perscns
knowledgeable in the industry. It would be useful thzrefore if we

axamine thesa data with s view towards highiighting factors of considerable
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Table 25

Seasonality of HFCS Consumpticn {U.S.A.)

Month

January
February
March
April
May

June
July
August
September
October
November

December

Total

Source:

1375 1aan
(% of total) (% of total)
6.2 A0
5.9 5.7
£.1 8.3
3.1 a,
9.0 9.5
9.5 9,4
9.2 9.3
1.1 11.4
2.6 13.0
8.4 2.7
7.2 6.1
7.6 5.8

100% 170

Drexel Burnham Lambert Incorporatad estimates,
Werld Sugar Journal, 1581, p Z2Z.
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Table 37
Production Cost of HFCS US (cents por 1b.)
1. Raw Corn Cost (197%) 2.03
. 1l
2., Return from by-products
a) oil 1,38
bh) feed 2.7
c) meal 0.5
4,92
3. Net Raw Material Cost (1-2) 4,11
. 2 . 3
4, 0Other costs Estimate A Estim:te O
a) Enzyme 0.4C 0. A0 -1,2C
b) Operating Labour 2.00 .00 - 1,20
c) Utilities (=n~2gy) 0,70 1.2 - 1.08
7.1 2,60 « 3,40
5., Total Variable Costs 7.31 .51 - 7.01
6. Fixed coste (pverhead) 2.00 2,00 - 2.3C
Freight 1,75 1,75 - 1,75
7. Total (1=-6) 11.08 10,26 11,28
8. Capitnl investmont cosis 2.0 - 4,50 2050 = 4,50
9, Total (7 and 8) (427 HFCS) 13,44 = = .55 12.56 <15.7&

10. Total (55, HFCS) + 157

MNote 1, Thrme hushels of corm to produce 100 1lb HFCS dry.
2. Brock, £, {1977)
3. Mordlund, J. £. (1981}

Source?. ‘dapted frorm, f. Breok (1377), . T. “arlund (1987} and
R. Crott (1982), :
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importance to the econoﬁics of the industry. To begin with the data in
this table reveal that raw corn cost is sasily the most significant cost
item in the production of HFCS. Within the industry the rule-of-thumt on
which operations are based is that a 50 per cent reduction in the orice
of corn equates to a one cent per lb improvemant in thz cost of producing
HFCS, all other factors being equal. <Second; the procassing of corn generates
by-products and these hav: accounted far nearly two-thirds of the corn over
the period 1978-81. In Table 38 we present data on corn cousts for US
No. 2 Yellow Maize and the by-product credits obtained by the industry
for the period, and the net maize input cests which foilowed. This shows
the substantial savings obtained from by-products. Because of this it follows
that the market prices of corn oil, corn feed and corn meal are important
considerations in determining the final price of HFCS. The prices of corn
feed and corn meal are sensitive to the animal feed markst whers most of it
is consumed; while corn oil price is somewhat independent, as it is influenced
principally by the.edible oil market. It should be observed in Table 38
that the by-products credits have ranged from 51-72 per cent of raw corn
cost, based on the average of annual nrices over the period 1978-81.

Third, labour cost in the industry is relatively small, ranging from
7 per cent of total cost in the lowest estimate to 15 per cent. The
industry's operational norm is that labour costs account for 10 per cent of
the cost of producing HFCS. Enzyme costs are also low, ranging from 3
per cent to 7 per cent. The industry's operational norm is 5 per cent.
Energy costs in the estimates are lower than those currently obtaining in

the industry, because of the raoid rise in energy price in the US.
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Table 38
Corn Prices and By-Products Credits (cents per 1b.)

Year Corn Prices By-Products Net Cost of
Credits Corn Inputs

1978 6.87 4.95 1,92

1979 7.85 5.58 2.27

1980 8.95 5.17 3.78

1981 9.44 4,80 4,64

1982

(January-March) 7.86 4.99 2.87

1982

(April-June) 8.29 4,73 3.56

The levels of capacity utilization or operating rates in the
industry have a significant impact on cost, reflecting the high levels of
capital intensity and high fixed charges for capital. In the estimates
given,these are as high as 35 per cent of costs of operation. Because of
this the industry tries to operate at above 90 per cent of engineered capac:.y
for about 330 days a year.

Since HFCS operation capacity was first established in the US
important changes have taken place affecting its production costs. To
begin with, while a decade ago the cost of enzymes accounted for 16 per
cent of total production costs, now the estimate is only 5 per cent.

This substantial fall in enzyme costs reflects the rapid development of

the bio-technology industry of the USA, from which HFCS production has
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benefitted. At the present levele of development of enzyme technology
it is as Nordlund speculates, aifurther significant lowering of these
costs would have to await breakthroughe in "enzymatic genetics or the
discovery of more heat stable varieties".éz Even so the savings to be
expected would fall within.the’Five per cent range of total costs of
production. So that even if costs were halved, the impact on total
production coste Would not oe very significant.

As a result of the developments ianractionation technology discussed
in Chapter 2, product recovery in the industry has been increased by 10-15
per cent, It is‘also claimed that water usage has fallen by half when
compared to the batch production processes used in the first phase of
HFCS production.li

In so Far as. HFCS production may be seen as the convergence of two
1ndustr1es, viz., enzyme productlon and corn wet-mllllng, the industry
has clearly benefitted con31derably From the developments in the bio~
technology of enzyme productlon. However, whlle significant cost savings
do not presently exist in this sphere,di would 1ike to re-iterate the
observations made in the previousbchapter; That is, one should not under-
estimate the impact on costs of tne_prodressive improvements of an incremental
sort in enzyme technology.and isomerizing conditions.

In keeping with similar developnents in other spheres of US industrial
life, HFCS plants haye been continuously upgraded, and a number of labour
saving devices has been introduced. Present day operations are far more
automatlc and computer controlled than prev1ously. This has led to a drastic

reduction in labour 1nput requ1rement, whlle-at the same time the level of

skrlls in the present lebour-Force has been'substantially increased. Thus
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it is claimed that: '"a high fructese syrup plant which required a work force
of 1304150 people in 1972 can be manned by'75-9d employees today if full
use is made of automation and computer technology.-/5

Contrary to the above, 1nvestment costs and energy costs have,

however, risen substantlally. Increases in the former set of costs reflect
inflation rates over the past decade and the high interest rates prevailing
in the USA. The industry rule-of-thumb is that whereas 1n1t;ally a new
facility would cost $1;mil;;on of investment for every 1,000 bushels of
daily grind; by 1975-76 this cest was $2 million; by 1980 $3.5 million and
by 1981 it had reached<$4.0 miliion. The U.S. Department of Agriculture

in its Sugar and Sweetener Report'(February 1981) put it as follows:

'y medium-sized wet-milling plant with a daily grind of 75, 000 bushels

(to come on stream in 1983) would cost around $300. million versus $150.
million just 6-7 years ago. Moreover, current financing charges are much
higher, and stricter environmental and health standards through EPA and
OSHA regulations must be met".lé o

The world-w1de 1ncrease in petroleum prices is too well known for us
to dweii'upon here. The effect in the industry has been an estimated
increase in Eneréy costs from &4 per cent of total costs in 1972, to about
15;20 per cent today. The industry has responded by seeking to conserve
energy used in the production of HFCS. Installation of equipment and
.dev1ces such as mechan1cal compressors, heat exchangers, vapour compression
wsteepwater evaporation systems, high pressure boilers and turbine systems for

‘ generatlon of electricity and process steam has become standard in corn

refining plants. Currently it is estimated that these equipment .and
devices have resulted in a saviné'o?"BO-BS eer'cent of energy use, as

compared with first generation HFCS plants.
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In crder to highlight the changing eloments in the cost of producing
HFCS, a comparison can he made between the operating costs data presented
in Tables 37 and an zarlier indicaticn of cost ratics derived from a study
by the Department of Agricultural Economics at Purdue University. This

is presented in Tabla 39 below.

Table 39

Cost Components of HFCS Production (%

Components Estimate
Corn 50
Energy 20
Labour 10
Chemicals 19
Enzymes 5
Miscellaneous 5

Source: Cubenas, G. J., et al, (157%)

In this study the cost estimates arrived at were, 9-13 cents per 1lb for 42
‘per cent HFCS, dry equivalent with the 55 per cent variety costing an
additional 7-15 per cent.éz The study also showed that scale of operations
is highly significant. Scale economiss in HFCS production sre considerable.
The study was based on three different capacities namely, 36,000, 72,000

and 108,000 bushels per day and six different opcrating rates. iable 40

ehows 3 summeny of the estimates of the cost of producing HFCS fuo vaizious
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plant sizes and operating rates. From these data we can see clearly both
the scope for scale economies in size and the significant economies to ba
derived from different operational rates. As scale increases costs fall,
and as operating rates rise within any given capadity‘COéts also fall.

The cost analysis undertaken in this study indiéates that the cost
of processing corn into HFCS is not particularly sensitive to any singie
factor, except of course corn prices and operating'rates."The approximate
relationship between production costs and operating rates which the study
establishes is that "a one per cent increase in the specified operating rate
lowers production costs by 0.3 per cent".zg The approximate relationship
between corn prices and cost of production, assuring by-product prié@s
remain constant, is for a "one per cent increase in corn price, the cost of
production increases 0.6 per cent".lz As the study concludes there is
therefore a strong incentive for HFCS prdducers.to run a planf as close to
maximum capacity as possible. The revealed cases of under-utilized capacities
. shown in ‘the sarlier tables are clearly not welcome by the firms in the
industry. Indeed if capacity is under-utilized and these firms do not
adhere to implicit price arrangements, then the variations in processing'
margins can be very wide.llg

All the studies of the HFCS industry in the US, and the sweetener
industry generally indicate that the costs of producing HFCS are lower
than that of domestically produced sucrose, whether it is beet or cahe
sugar. A study conducted under the auspices of the US Department of
Agriculture shows sugar cane-production costs in the US per acre, excluding
land at $1,029. in the 1981/82 crop year. “The Flgures.ranged from $5C5

.in Louisana to $3,162 in Hawaii. The per ton cost of producing and processin:
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sugar cane, (excluding lahdAcosts) was $28.80. The cost of cultivation

of sugar cané was 13.8 cents per 1lb. for the 1981/82 crop ycar. Sugar bset -

had $535. per acre for non-land costs of cultivation. Non-land costs of

beet sugar cultivated was 11.6 cents per lb. Processing costs for cane

sugar per 1b. was 12.2 cents - giving a total of 26.0 cents per 1b. If
by-product gains are téken out the net cost of cane sugar was 24 cents per
1b. The processing costs of beet was 17.8 ceénts per 1lb. Allowing for
by-product credits the net cost was 25.3 cents per 1b. These costs are
significantly in excess of those estimated for Hl-'CS./ll
Estimates of European HFCS costs indicate a figure of 17 cents per

b. in 1977.222

This cost of production was sufficiently low to permit
selling prices of HFCS in Europe to .be below sugar prices. For the years
1978 to 1980 HFCS prices in the EEC expresséd as o fraction of sugnr pricus wos
88, 77 and 77-86 per cent that is an ~verage discount of 20 per cent which con
be compared with the US discounts presented in Table 35 above. Current
estimates generally make EEC costs of produciné HFCS on average 1% per ceri
lower than that of sugar. We have already’noted,.however, that for the
immediate future, macro-econémic,politicalsand social policies of the . .
EEC Commission, rather than thé competitive eFFectiQeness of any particular
sweetener will determine the pattern of EEC outbut of HFCS and sweeteners, . -
generally. The conflict of interests between sugar beet prdduéers and their
demands for protection, the ex-colonlal arrangements of cane sugar ma:ket1n*
and the rising industrial and consumers interests in Favour of HFCS w1ll

.be determined more by politics than economics. Nevertheless, the cost.
advantage of HFCS cannot be ignored, for -if this is sustained over the long
run it could well emerge as thévéingle most-imbortant factor in favour of

the expansion of HFCS butput.
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See, I. Smith, (1978), Grosskoph and Schmidt, (1977) and Crott,
(1982).



Lss”

Chapter 5: HFCS AND THE FUTURE: AN ASSESSMENT

Section (i): Some Cuirent Vicws

A gowd place to begin an assessment of the technological impact of
HFCS development would be to look at some prevailing views. Although the
literature here is very sparse, the judgements which have been formally
expressad by knowledpeable perscns both within and outside the industry
unaninously stress ths fundamerntal nature of the transformation of the
aweetener industry which HFCS developmant has made inevitable. Consider as
examplaes the following published views:

T. C. Earley, formerly Senior Staff Economist, Council of Economic Advisers,
Office of the ’resident of the L3A:

"[HFCS] has been one of the main forces affecting the market during the
past few years and will continue to be so in the future because most of us
have still not fully adjustzd our thinking and cur analytical techniques in

/1

response to the very changed circumstances which HFCS has created".~=

N. A. Kominus, President, US Cane Suger Refinars Association:

"Change is the name of the game. The advent of HFCS has changed everything.
Unfortunately, not everyome in thc US sugar industry has come to accept
this change. And I am troubled to find that many woric sugar exporters seem
to be somewhat indifferent to the threat of HFCS. Hopefully this conference
may Open some eyes ... OUr members are concerned over the technological
progress in the corn sweetener industry. The corn people have almost

.. : ?
unlimitasd rescurces for research and development.“é—
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N. Rivero, Chief Commodity Group, OAS, Washington:

"With regard to the US sugar market the single most important phenomenon

of the 1970's was the establishment of the HFCS as a nutritive sweetaper.“42

D. £. Nordlund, Chairman, President 'and Chief Edecutive Officer, A. E.
Staley Manufacturing Co., USA:

"One can conclude that the future is promising for high-fructose corn
syrup in the United States. It is not without its préblems and limitations,

. . . cys 4
but it continues to evolve in a positive manner.mi—

G. Samuels, Agricultural Research Associates, USA:

"From all ihdications, in the next decade, corn derived sweeteners will
continue to substantially increase their share of the market at the expense

of sugar.“ﬂi

S. Vuilleumier, Researcher:

"Future fructose production and consumption is expected to expand beyond
traditional areas. Structural changes are taking place in several countries

that may eventually create an environment favourable to HFCS development."-/-é

Jose A. Cerro, Market Analyst, GEPLACEA:

"All the foregoing cieérly shows that the most important competitor for
sugar on the sweetener market is HFCS. Its present participation in sales
is, per se, high, and everything seems to indicate that it will continue

to rise.“éz

G. Rodrigo Steed, Farr Man & Co. Inc., USA:

"Looking at the investment side of corn ‘'sweeteners, there is no quegtion
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that HFCS is very capital intensive, but the feeling we get is that, onea
way or another, the necessary funds will be available for further expansion.
Some reports indicate in the next three to four years 1.5-2.0 billion dollars.-.-
will be invested in the Wet Corn Miiling Industry, and judging by the
industry's perfdrmance over the previous years, thefé is no reason to doubt:

these estimates. We can thus say that the Wet Corn Milling Industry is here

to stay, and is the only area of the US sweetener picture which-will continue. -

/8

to show a vigorous expansion.'

All the judgements expressed above support the view that the HFCS threat to
the sweetener market is indeed formidable. As with most technological
threats, however, there are two dangers to guard against: an overstatement
of the benefits of the new products by adherents newly won over to the
innovation, and self—protecﬁing scepticism expressed by established
interests in the industry, who decry the limitations of the neh products.
As experience has shown the most likely eventual result usually falls some-
where between these two extremes. It is my view that the HFCS innovation
will conform to this experience. After all, it should be remembered that. ..
market estimates‘of output vary between 5-8 per céht'of totaf“world’output of
sweeteners by 1950;-éithéﬁéh in ifs.leédinésmarkef, the USA, this could
probably represént as much as 30-40 per cent of its market. Such long range
projections are of course always highly speculative - particularly as the
data in Chapter 3 above show, the output projected by one study -for 1989-90
(Earley, 1980) was less than that projected in the course of 1981 for 1981
(Vuilleumier, 1981)! R |

It should aiéb bé realizéd théf busifess outlook in the HFCS -industry,

is, like other industries, strongly influenced by the general level of
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economic ackivity. In the mid-1970's, bectuce of the dizzyvina heignks of

r prices (1974-75) 2bcunding optimism pravailad and this srosoied rapid

)

sug
expansicn of capacity. B8ut as sugar princs subseauently r2ll and temporary
over-capacity emecged, pessimism grew, to Lﬁu point where scre even claimed

tnat the tH"-at o7 HrCS had been overstated:

"The Teaws that arose in the mid-7G's have gradually disappeared.
It has neer reccgnized that the impact on the international sugar csne
industry would be less than feared. At the presznt “ime the only country
. where WFCS is estimated o make & major in-road is the US. ... however the
‘changs in the sweatsner market in the US brought by HTCS could have a real

importance for its traditional sugar suppliss.”=—

whﬁnbprices revived in 1980--81, optimism returned. Currently, with depreséingly
1ow °uq3rvpr1c93 passwm;sm hae reasserted itself. In making'judgement on
the leny run impact of a techinological inﬁo?atioﬁ it ié important to
avﬁruc1ug Lbese cycliesal phaues in bu31ne5a outlook. Sucn swings in outlock,
alﬁhough olten =yagaprated do raftec. obJectlve c*sngeo in the course of

onomlc act1v1tv and are not only the °~“Jevt1ve whims and fancies of
producers. ;i is important therefore that we guard against treeting the
pravailing bﬁsinsss outiook as the only rezlity and not simply as being
unreal. The oéjective statué of HFCS as a cost rompetitive alternative
sﬁeetener should never be overiocked, if we are to accurately gauge its

aventual Zmpact on tne world's sweetener industry.
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Secticn (ii}; Long Run Considerztiong

The procise nature of the substitution of one technology for enother is
not vefy well-known. The common view is that bosed on the procuct life
cycles in marketing, an S-shaped curve would represeht the ?rocess of
substitution. This means that sales of the new product begin slowly, then
thera follows = period of rapid sgbstitution, foilowed by maturity to 2
plateau from which they eventually decline. The product being replaced has
a similar S-shaped curve of decline. While empirical studies have not always
supported this hypothesis, one early paper by Fisher and °ry (1971) postulated
thet the substitution of one technology for another follows the product
substitution S-shaped curve.élg

A later study by Cooper and Schendel (1976) elaboratcd on the patterns
of technolngical substitut:ion.-/--l-l They found inter alia that after the
introductidn of the new techmology, sales did not always decline immodiately.
In a couple of cases, sales of the old technology continued to axpand over the
entire period, even as sales of the new technology expand. VYhen sales of
the old technology did decline it took about 5-14 years to fall below the
sales of the new technology. They also found that where capital require-

ments were not large the new technology was generally innovated by new firms

outside the industry, while gemerally, firms outside the industry first

developed the new technology. The new technology was very frequently
expensive and relatively crude at first, leading to scepticism about its
eventuzl usefulness. Later, as scepticism rzceded, the new technclogy
often crested new markats which were not availiablz for the old technology.
The process of expanding salcs of the new t:chnology was to canture

sequentizlly a series of sub-markets. Finally, they found that errstic
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growth patterns of the new technology could be occasionzd By fabncemal®
gconomic and scecial conditions, e.Q. ware

How do these neneralizations in the literaturc stand up in this
particuler case? To begin with the case of HFCS represénts a new technology
which is principally being introduced by firms either within the broadly
defined swaetener industry or firms linked to the corn wet milling industry.
The precise neture of thess connections will be elaborated a little further
on as it is en important indicator when asssssing the future impact of
HFCS technology. Secondly, the new HFCS technology is highly capital intensive
and consequently the possibility of new firms entering the industry has so
far been coni'ined to its anciilary proceésses, €.g. production of enzymes.
Third, the commodity produced is a basic agricultural producflwhich competes
in a market for an agricultural staple that is homogeneous aﬁd pure. Th;
production ccnditions of.the range of products consuined in the sweetener
market is highly variogated, combining rich and poor countries alike and all thc
varied production conditions imp}icit in tihis. Because of such factors,
extra-economic ccnsiderations play an important part in production and
consumption decisions. In such circumstances therefore, the industry is
unlikely to follow closaly the classic pattern of technological substitution,
even though we cannct rule out entirely the possibility that some aspeacts
of this pattern may be reflected. Already one aspect of this, e.g. the
sequential capturing of a series of sub-markets is very svident.

Of prime importance to us at this stage of our analysis is not only

the issue of the threat of technolocical and product substitution but the

ragponses of the existing enterprises to this threat. Response refers here

to the abilitv of those threatened to both recognise and assess the threatening
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innovation. Fcor this purpose the traditional intelligence activities of thz

sugar croducers which have focussocd only on obhar sugar producers (whather

[ A el

they be bect or cane) must shift ta includc innovations in HFCS, as indeed
all other sweeteners, including the non-caloric types. As it has been

chserved elsewnere:

"It would be a mistake to wait until decline in szles of the
old technclogy triggered the need fer appraisal of the threat.
By then, much of the lead time would heve passed. Yowevor,
this means that tie new technology must be uppraised when it
is stili relatively crude ... it is not enough teo judge that
someday a new tecinology will replace an old one. HRates of
penctration must be determined./12

In the Jace uf a technulogical threst, firms resgonses strategies may be

. categorized as f"c:llc:ws:-ﬂ-2

1. Do nothing,
2. Monitor new developments.

3. Step up public reslations and legzl activity to deter market
acceptance and cxpansion of the new technolegy.

S

Increuse flexibility of the existing'enterprises/plants so as to
be able to respond to future developments, if necessary.

5. Take evasive action by decreasing dependence on the most
vulnerable segments of the market.

6. Upgrade the existing technology.

7. Resort to price cutting, sales promotion techniques, stc. to
_maintain salecs.

8. Participate in the new tcchnology.

In the instzance we are dealing with, while the new fechnology is being
developéd wifhin the cofporate structure of the mgst industrialized capitalist

mermbmy . the Arinninally threatened oroduct, sugar, is nroducad ip =2 wide

arrzy of agricultural systems of the developed and uhderdévelopcd world.
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Confronting the highly olijopolistic structure of the US high fructcse
gyrup industry is a rmultitude of inadequatcly organized =gricultural producers.
Indzed, the producers of the two main forme of sugar (bezt cugar and cane
sugar) stand in direct competition to each other. This ineans that a coordinated
sugar industry response'would bé particularly difficult to achieve.
Furthermofe, the cane sugar producing industry is several centuries
old and in its maturity it has tendecd to ossify around certain R & D practices.
These arz confined to improved cultivating practicee, improved plant varieties,
better pest‘control and more efficient conversion processes from sugar cane
plant to sugsr. Developments which have occurred in sucrc-chemicals and
which will be examined in the next section have all buen pioneered by the
TNCs who process this sugar in the industrialized countries. Witﬁin the
LCaribbean region, which we believe to be typical of other uﬁderdeveloped regions;,
these developments are not being monitured. Indeed knowledge of HFCS and the
threat it constitutes is vague. From all appearances, therefore, the
Caribbean cane sugar industry is responding oy 'doing nothing". What aver
monitoring of global developments is taking place is perfunctory and confined
to occa81onal syudles by researchers in such organizations like CGEPLACEA.
The teuhnologlcal impact and the future growtnh of HFCS would seem at
this stage therefore, to depend very heav11y on the rollow1ng factors:
Flrst, it will depend on the overall growth of the demand for sweeteners
_which is & function of populaticn growth, 1ncomes, etc. As we have noted,
the revealed ﬁattern of demand is a nearly static or low overall global
demard (unlikely to exceed in the best estimates 2% per cent per annum). In
the deveioped count;ies per capifa sweetener damand is tending to Fail or at

best remain static. In the underdeveloped countries, per capita demand is



113

rising, but from the existing pronouncements and agricultural pians; the
drive seems to be for self-sufficiency in sugar production, consequently the

impact of this rising demand on world trade will be largely negated.

Second, it will depend on the technical substitutability cf corn
sweeteners for sucrcse. The tendency is for curn swcetencrs in the industrial-
iéed countries to increase its range of users and so outstrip the growth of
sucrase swaeteners bhoth liquid and solid. As this substitution of corn
sweeteners.for sucrose develops, the grewth of HFCS will further depend on
its technical substitutability with other corn swecteners, i.e. corn syrups and

dextrose.

Third, since HFCS is liquid, its growth will be highly contingent on the
development of the market for liquid sugar. In turn, this market growth depends
on the growtn of the processed foods and beverages szctor, in particular the

latter which is the largest consumer, or potential consumer of liquid sweeteners.

Fourth, because the output of HFCS is dirsctly competitive with sucrose,

the future course of sugar prices will detcrmine the extent of the market.

This factor is distinct from the technical scope of substituting sugar with
HFCS. Unfortunately, sugar prices are extremcly difficult to forscast. While
in the post-war period a more or less definite, six-year cycle of suqar prices
~ seemed to have'emerged, since the commodity"boom of 1974 and the subsequent
cnliapse,stagflation,and emergence of major‘sfrﬁctural orobléms confronting
the giobal =conomy, the future course of =1l prices nre in aoubf let alone a
highly volatile price like that of sugar. It ic true that an International

~ Suger Agfcement exists, but as wz have alrendy seen,.this agreemént is still

to become an effective and officient reguiator of zugar oricss. As a result

)
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one might well conclude that the past and likely future volatility of sugar
prices will operate as a dis-incentive to the use of sugar and an incentive
to the substitution of the much more price stable HFCS, This effect will be
independent oF’the'effective differential ‘between the price of HFCS and

sugar prices.

fifth, the growth of HFCS w1ll depend on the future course of corn
prices. The price of corn (both gross and net) 1s the pr1n01pal cost Factor'
in HFCS production. In the US, corn is produced in abundance s0 that direct
consumption needs ahd"animal feed are amply met. The by-products prlces of
corn are also dependeht on these:factors. To date HFCS has been marketed. at
a discount against sugar prices. One advantage of the:corn price is as we
have seen it is:a stabler price than that of sugar. But because corn can
be used to produoe ethanol, the future course of corn prices will also be
deoendeht on the price of petroleum products. In other territories where
corn is:ihported and an HFCS industry exists, e.g. Japan and the EEC, the
course of internatlonal grain prices will determine the degree of substitution

which takes place.

Sixth,. although many technologlcal 1nnovat1ons have occurred since
HFCS was first commer01ally produced, it is still by 1ndustr1al standards a
'young' produott This means that there will almost certa1nly be further
technological improvements. The speed with which these occur and are com;
mercially adopted w1ll determine the future compet1t1ve threat of HFCS. lhe
critical technological hurdle whlch remains is the crystalllzatlon of the
product. Vhile th1s 1s already technlcally p0851ble, the process is not vet

commercially successful. The small plant producing crystalllne HFCS which is -
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in operation in Savannah, Illinois, sells the price of its product as hign

as $1.00 pef 1b. Crystallization of HFCS still remains the 'pig prize' to bei
seized in the sweetener industry. This apart, however, other éignificént
technological improvements can be anticipated, notably_in.the field of enzyme
efficiency, energy saving, and labour saving automated processes. Whilsf
propor@ionally these gains will not be as large as previously, the continucus
upgrading of the product‘which theyrconstitute can only'enhance its competitive

position in the sweetener market.

A seventh consideration is that the commercial gpplication of HFCS
technology depends on the availability of capital and the likelihood of
processing margins being wide enough to justify investments in the product.
Over the past six years the world economy has gone through major upheavals and
the process of structural re-adjustment is still underway, and far from |

completed. In these circumstances business outlook is not usually as sanguine

as it would be in periods of boom and rapid expansion. As a consequence,
investments in a new technology will be approached with greater cautioniand
hesitation. The first introduction of HFCS occurred in a period of boom in
sugar prices. Since then, evidence of 'over-capacity' in the industry had
emerged in the laFe 1970;5 and-the industry no longer supported the buoyant
expectations of the earlier period. The partial recovery of sugar prices in
1981 led to some feturn of bptimiém. Presently, however, sugar prices

(third quarter of 1982)'a:e at a S5-year low wifh a glut of world sugar. The’
situation has been woréened.by both the US decision to place restrictions on
sugar imports and thg bumper EEC beet' sugar crop; The current outlook there-
fore, is not particularly ehcouragind for investments which will mature in °

the medium term.
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An eighth factor which will determine the growth cf HFES is the
dbvelopment of the non-czlaric sweetener market. pt the moment this is
small, less than one per cent of sweetener consumption. However; health
éonéerhs are driVing consumers.iﬁ thé wealthy countries to look for a safe
non-caloric sWeeténef'which méets the qualities of tastz etc. Jiscussed
previously. If this can be found, not only HFCS, but indecd all csloric
sweateners would bu threatened. As we'have pointed out a number of such
‘sweeuennrs ex1st. The two most hopeful zre Talin = whitc crystalline powder
developed From'a tropiéal berry grown in the Vest African rain ferests, and
modified sdcrbse. Bbth'will be discussed in the next part of this study,
partlculurly the latter which falls within the ambit of sucrc-chémical
research. The former depends on the possibilitivs of commercial production
of a Hatural product. The fruit is called Thaumatoccus Dasnelli (TD) 2nd it
is claimed to be 3,000 times sweeter than sdgér. This is supposed to be

the worid's sweestest natural substance.

The final factor which will be mentiongd nere is the éwéetgnéf policies
which are pursued in both the established HFCS‘cquntries and.thﬁse iikely to
~ move into productlon in the near futurc. A= far as the latter group are
_concerned the maln 1ncent1ve woul4 be the productlon of a domestlc starch,

. an insignificant or 1n§ﬁff1c1ent sugar 1ndustry, and a glgnlflcant soft ”
drinks sector. Already as we have seen, 00untr1ﬂs llke Pakls*an, Voraa,
USSR, Argentina, Indonesia and China are produqlng or have advanced glans for
. the commencement of HFCSAproduction. .In all these cases the soft dfiﬁks
sectur is the main target, and in at lgast twe cases @ substituée starch

is being ugad, (that is broken rice in Pakistan and cassava in Indonesia).

Since isoglucose can be produced. from nther raw nat3r14ls €eGoy wh¢3t, potatoes,
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cassava and rice, the avaiiability of rice, sweet potato znd cessava should
make a differencz. However; the Caribbeaﬁ region. is already well zrdowed

to produce sugar cane and it is unlikely thet the substitution in favour cf
HFCS would occur. In other Third World countries, howevér, where corn is
available or domestic production of cane is not Feasible; HFCS may emerge s
sn important commodity. This development is, we believe, likely only ovar

the very long run. For the medium-term, sweetener policies in the established
markets, particulerly those of the USA, Japan and the £EC will be most

crucial for the industry. We have already indicated the major policy
directions in these markets. In the EEC over the next five years procuction
pf HFCS is being deliberately limited to 200,000 tonnes as the Community pursues
its policies of support for its domestic beet farmers, and its obligations
under the Lome Convention. Market forces are therefore presently playing a
very minimal role in the evolution of HFCS output in the EEC. In the US

the position is somewhat to thc contrary. Despite concern for its domestic
sugar producers and the import policies being pursucd market .forces are the
key alements in the growth of HFCS in the US. Bccause of this it is important

to note that the US firms which produce HFCS have substantial stakes in cane,

miize, and beet sugar production, as well as othsr agricultural based products,

e.q. soybean, and flour. Despite the stake in other sweeteners the tendency,

as we have secn has been to expand HFCS preduction. Thus to take a few
examples: American Maize (corn) and Amalgamated Sugar (beet) have a joint
venture HFCS praject to expahd capacity by 100 per cent; Amstar (the largest
US czne refiner and szcond largest best rroducer) is to expand capacity by
80 ner cent; ADM (soybean, fleour, corn) will expand¢ by 50 per cent; CPC

(corn) will expand capacity by 180 per cent; Great Western (beet) will
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expand HFCS capacity by 400 ber cent; and Holly Sugar despite
declining earnings and a long (21 months) proxy war is also expanding new
capacity.

In light of the interests in various sweeteners which these fi:sms
have, their willingness to:expahd HFCS is to my mind;lhe singie most
significant pointer to the confidence which they have in HFCé as the
sweetener of tomorrow. This confidence does not rule out periods of pessi-
mistic outlook, as when sugar prices are very low and over-capacity manifasts
itself, as it has already: done from time to time. But because the long
run commitment is there such periods of downturn in HFCS actiQity may lead‘
to price cutting given the large capital intensive overheads af these industries.
If the gaihs of the new technology are seriously reversed then a switch to |
ethanol production becomes possible as this production basically uses tie

same plant designs as HFCS.

As developments proceed the HFCS producers who presently se;l at 2
discount on sugar prices are more and more likely to set prlce ceilings wh1ch
will progressively eliminate all inefficient cane and beet producers. These
latter groups will have to depend more and more on subsidized or protected ”
arrangements, whether they be domestic support policies of the US and the -
EEC or regional and international price support schemes like the Lome
Convention and the ISA.

In conclusion therefore, HFCS represents the introduction of &

sweetener based on very highly advanced sectlons of modern 1ndustry, €. g.
bio-technology, automated flow processes, and waste management. To a mature
traditional industry like sugar, developed and st111 largely practlced on the.

basis of inefficient agricultural methods and‘syatems, the threat of HFCS
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is very likeiy to be all but mortal. It is‘well to bear in mind the
following observation of the Cooper and Schendel study referred to earlier;
nthat traditional firms ... continued to make substantial
commitments to the old technologies, even when their sales
had already begun to decline ... perhaps this demonstrates
the difficulty of changing the pattern of resource allocation
in an established organisation."/14
The threat posed to organizations which are nestablished" and "traditional”
should be combined with an appreciation of the fact that industrial
changes are most radical where the newly innovated product serves more
or less the same purpose as the existing one but has an entirely different
technological base - as is the case with sucrose and HFCS. Furthermore,
although HFCS is already a technically advanced product, experience in
other industries would suggest that technical improvement will continue
and peak after experience in its commercial application is deepened. Already
in the short period of time since it has been introduﬁed this can be
observed. The threat to sugar, therefore, is one which will progressively
gef worse unless cheaper and entirely new ways of cultivating and processing
cane sugar and beet sugar are found. Unfortunately, no such technological

innovations are on the horizon.

Section (iii): The Caribbean Position

whatever will be the eventual odfcdme of the competition between
HFCS and other sweeteners in the markeﬁ'of'the USA, Canada, EEC, and Japan,
one result is beyond doubt, that is,‘thé brunt of this competition will be

borne by imports. It is only to be eﬁbected that if internal adjustments
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of sweetener markets ars taking place that domestic publiic policy would
shift as much =s the burden as is possibl: onto fereign producers. (One

can therefore anticipate that as HFCS outnut grows imports will be the first
casualty as import restrictions are imposed. If this occurs, Caribbean
sugar, which is mainly export éugar is bound to be affectad.

This position is not intended to make light the obligations held in
the industrizl countries to give support to Third World exports. The US
import quota system, the Commonwealth Sugar Aqreement (CSA) éwd later the
Lome Convention, all testify to the fact that policies of guaranteed market
and prices have been introduced by these industrial countrics to foster the
growth and eventual competitivenass of Third world sugar exports. But as we
have seen with the CSA and later the Lome Convention these arrangements
have had to struggle to survive against powerful economic and political
pressure groups within the industrial markets. While traditional sugar
refiners may favour the nolicy of encouraging the exports of Third World
raw sugar, other domestic sweetener producers and consumsTs =re bound to
resist this if it means high prices and/or external subsidies.

Given these realities an important rase can be made for a Caribbean
approach to an International Sugar Agreement which does not only advocate an
agreement for sugar - but an international plan tc requlate the devilcpment
of all sweeteners including HFCS, in an effort iw ensurs an orderly and
planned cvolution which does not protect inefficiency indefinitzly but which
at the same time does not presume that market ailocations of sweetener
oroduction capacity will necessarily be sociailly just and cquitatle. A
" first step in this diroction would be a cail for the revicion of the

present International Sugar Agreement in crder tc inciude HFCS. The HFCS
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producers have =n interest in stable suger prices, even if they oppos
subsidies to cane and beset sugar producers. This interest sheculd be
exploited to the mutual benefit of both types of swectcner producsrs.

As we sow in Chapter 1, although sugar output has bcen deciining
regionally, sugar is still an important part of Caribbean economy ang society.
The region's commitment to an orderly =and raticnel development of the world's
sweetenar industry should therefore be as gfeet as that of any other country
or groun of countries. Because of this, a definite responsz that is more
than the "do nothing” policy which is presently being practised is called
for. The first and most important step in this direction would be to make
efforts to provide ~n 2 rsgional basis an afficient intelligence and moni-
toring capebility to cope with the thraet posea by HFCS to the region's
overseas markets.

Monitoring is = vital -aspect of managing technical innovation. According

Bright monitoring involves four basic activitias;

1) Scanning the scientific, industrial and social enviranment for key

signals that mey be indicators of important tachnological changes to follow.

2) Closely identifying the pcssible conseguencos of the technological

changes perccived.

3) Verifying the speed and directicn of the technolaéical changes and the
effects of its use, .. Oy the institution on whose behalf the monitoring is

undertaken s well as its use by competitors.

4) Fresenting the deta in a way which can make it possible for management

to denide about its orgorization's rea::i'.ion's.-/--]:2
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Such activities are imevitably complex and the difficulties which they

entail should not be underestimated by regional authorities in the sugar
industry. Indeed, it is perhaps such difficulties which have contributed
much to the response of "doing nothing". The uncertainties surrounding
technical changes have béeﬁ categofized as those of = "generalized" type which
stem from an insufficient knowledge of cause-effect rzl tionships; those of =
"contingent" type which stems from the fact that no organization can control
all the elements of the environment whose actions can impinge on it; and
“"internal" uncertainties which exist in all organizations because they are
based on limited resources, interdependent groups and functions and are

also affected by decisions made within them.llé In response to this

situation Utterback and Brown have suggested a simplified but effective method

of monitoring which basically involves two steps, namely:

" 1) idéntifying 'signals' of change in embryonic staggs;
and 2) gathering information on appropriate phenomena aéd‘pargmeters
to determine the rate of advance as well as the character and
form that potential impacts of the change might take. This ié
essentially a methdd for dealing with contingent uncertainty.
Prediction is improved by waiting for at least some of the
envirdnmental reactions to become clearer and by following this

/17

process until one or a few alternatives are clear".=—

It is monitoring along these lines which I am recommending. Needless to say
such monitoring to be effective should at least be as international in
character as the diffusion of the technology. Because of their relatively

closer affinity to our environmental conditions care should be taken to
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‘monitor the arrangements suréounding HFCS production in the Third World and
E. Europe. This is always very difficult because of data flows, and indeced
" this study while hopefully adding to the informational pool available to the
region is most deficient in this area. It should be constantly remembered
also that diffusion of technology is not only a multi-step process, but the
probability of a given firm (or country) adopting a product or process is an
increasing function‘of the number of firms (countrics)in the industry already
using it and an increasing function of the profitability of doing so.

The pursuit‘nf an international agreement to regulate the production
and marketing of all sweefenefs, together with the development of a regional
intelligence and monitoring capacity do not constitute a sufficient response
to the threat. Such measures are primarily defensive. What is also needed
is the rational pursuit of efforts to determine what are the technological
possibilities of using sug;r fof something more than a éWeétener. This
task‘cdqsﬁifptes the subject of the second part of this study, to which we

shall now turn. One final word is, however, needed. That is a reiteration

of aanarlie: observation that the interconnectibnrbetween the threat of

HFCS and the development of alternations-£echnologies to transform sugar into
products other than sweteners must constantly Be kept at the foreground of
our understanding. If this is done then it‘woula be seen that the recommend-
ations which émerge from the first pgrt of fhe study are not only incompletz,

but logically cannot be taken further at this stage.
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Part II: THE PROMISE: THE TECHNOLOGICAL IMPACT OF SUCRO-CHEMICALS
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Chapter 6:  THE INDUSTRIAL USES OF CAME SUGAR BY-PRODUCTS

. Throughout its hisfory the.cﬁitivation of the.sugar cane plant has been
primarily srierted to the productlon of sucrose with varying but never-
theless llmlted uses of 1ts by—products. In thls chr“tcr we shall provide
a starting pwlnt for our inquiry into thc promls° held by qucro-chﬂmlcals
_in delineating the tread industrial potential of the sugar cane plant before

. pin—poinpingwthe industrial potential of one of its preducts -- sucrose.

Cn dverage, for every 100 tonnes of sugar-cane ground the following
is producéd:

(1) 11.2 tonnes of raw sugar (98.5 Pol.);

- (ii). 5.3 tonnes of surplus bagasse (49 per cent meisture) =
1,300 k.w.h. surplus electricity;

(iii) 2.7 tonnes of molasses (89 Brix; sp. gr. 1.47);

(iv) 3.0 tonnes of filter mud (89 per cent moisture);
(v) 0.3 tonnes of furnace ash;
(vi)  -30.0 tonnes of cane tops/trash.

The quantities given above aréﬁin@hstrial avesiges andltherefore vary
considerably between countries:and between instollations in the same
country. Thus iﬁ the Caribbeén as fhe factories have declined in efficiency,
we Finq;that whgreas a deCadé*ago the average of 11.2 tornes of raw sugar
per. 100 tonnes of sugar cane gfoupq was close to the average for the region
'asiavwﬁolg, presently the_ratio'is:és low as 7-8 tonnes of raw sugar per
100 tdnnes of sUgar.caneéground:_‘Or to take another example where the

blant is burnt before it iS'reaped, there will be no cane tops/trash
rééoVery:' Ohe_éet of produéts excluded from the above list is fly ash

and carbon dioxide which escape from the boiler stacks in the Factbries.



Qur arsa of invastigation in this study is the industriai uces of
raw sugar only in thc sense of naturau's definition: “the conversiocn of
sucrose by chemicel mechanisms into nroducts of greater worth".él The
precise mechanisms of this chemical conversion will be discussed in the
next chapter, but it should be noted here that it is this arca which con-
stitutes the focus of sucro-chemistry. The utilization of the by=-nroducts
(items (ii) to (vi) above) falls into the ar:z known as "ékténded chemurgy",éz
As indicated in the first paragraph, despite cur primary focus, it would be
uscful to look at the broad features of by-proddct utilization of the
sugar-cane plant before we proceed.

Bagasse which comprises callulasé (peper produqts),pentosans (furfural),
and lignin (plastics) is a principal by-product of the sugar-cane plant and
studies have established that it has a wide ranqe cf industrial uses. The
most important are indicated beiow:

Bagasse - . (i)  fuel (electricity, charcoal briquets, methane
end prcducer gas);

(ii) fibrous products:(bUlp and paper, paper board,
fibre board, and particle board);

(iii) miscellaneous products (furfural which is used as
a selactive solvent in ‘the production of
lubricants, furfilic alcohol and certain
pharmaceuticals and pesticides; alpha
cellulose .used in the manufacture of rayon
and acetate fibres, cellophane, plastics,
explosives, films, lacquers and fine papcrs;
plastics; poultry litter and mulch; animal
feed; begasse concrete; and soil amendments).

The use of begzsse to fuel sugar-cane factories is universal, making the
production. of sugar from the sujar-cane plant energy self-sufficient. In
a number of countries fibrous products are made frcm the becassz along with

some of ite mizececllancous uscs, £.7. poultry litter and nmulen.
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A second by-nroduct is molasses which is rich in cugar end so can be used
" as a chemical raw material, nutrient for micro-crganisms or in speacific

.

chemicsl reactions. Its principal uses are listud below:

Molagses - {i) direct utilization (fartilizer, animal feed):

(ii) distilling industry (rum, ethyl alcohnl, rectified
spirits, power alcohol and zlcohol derivativas);

(iii) other fermentation industrics {vinegar ard acetic
acid, acetone~buturnl, citric =cid,
glycerine and yeast);

(iv) mlscellaweous oroducts (aconitic a‘ld, monosodium
glutamatz, duxtran ).

Like bagzsse, molasses is an impcrtant by-product of the cane sugar industry.
Its principal uses are as animal fecd and in the fermentztion industries.

As an animal feed it is heavily traded and computes directly‘with’haize,
thereby providing yet another major inter-connection between HFCS dnd sucrose.
The use of mol~sses in the distillation industries is world wide. Recently,
‘however, some countries have been moving to devélop gagolene extender
programmes, e.g. Tanzania anc M-uritius, and they arz ucing molzsses as the
feedstock for alcohol production, rather than the direct przoduction of

alcohol! from sucrose.

»

Filter mud is nof.a Widely utilized by-product. Its majc: uses are

'indicated below:

Filter Mud - fertilizers and soil conditioners; animal feeds, wax and
fats, and building materials extender.

The wax and fats in filter mud derive from ‘the water repellant property

of the cane ckin. This, however, only represents about 0.18 per cent of

the cane weight. Fuom all indications most of the filtasr mud is either
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wasted or added to soils ang feeds.,

The furnac: ash derived from the factories can be usad as kuilding materials.

This however, ccnstitutas only 0.3 per cent cf the sugar-cane nlant. Ths

cane tops and leaves make up the bulk of the by-products of the suger plant,

accounting for ss much as 30 per cent of its weight. It's principal use ‘s

in the form of animal fodder, but its availability is contingent on whether

the canes arz burnt or not prior to reaping.

In the Caribbean region by-product utilizstion is rather limited

and the focus nf the iﬁdUétry is overwhelmingly in favour of sucrosz pro-

used also as animal feed domestically or exported. In the distillation of

. spirits from molasses there is no significant use of the carbon dioxide and
the distillery stillage which are further by-products. The latter consists

of unfermented carbohydrates and dead yeast and usually it goes to waste.

Indeed there have been times when.molasses has been so “plentiful" that
it has been buried as a means of .disposal. Bagasss is of course widely
used in cane grinding factories as fuel. Some of the surplus also finds
its way into poultry litter and plant mulch, while a small amount of
bagasse board is produced. In the case of filter mud this is genmerally
spread on the fields as a fertilizer and soil conditioner. The fly ash is
sometimes used in this way also. Where the cane tops and leaves are not

burnt, small emounts find their way intc animal feed.

This relatively limited utilization of by-products in the raqion is

combined with an underdevelopment of local production of refined sugars and

oyiupPss  TNEol SuLgulS ANG S/.upS Al Lol aii Thle Cunrecllons, beverages ai.u

food processing industries and it is not unusual to find local processors
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requesting licences for their importation. As a result we can conclude
that the focus of the region's industry is not only on fﬁe production of
sucrose, but even more narrowly on the production of sucrose for export

and further refining abroad. As we have notad in Chapter 1, the region's

" per capita consumption of sugar is high. As a consequence, future growth in

demand is likely to favour a substitution of industrial for household uses
of sugar, rather than a rise in per capita consumption. The need for

domestic refining capacity is therefore likely to increase.

In our study of the HFCS industry in Part I we indicated how important
the corn by-products credits were to the industry, accounting for nearly two-
third's of the gross raw material co§£s of the industry. Reliable data
on by-products credits in cane sugar cultivation in the region are
not available but the evidence suggests that these are small, about
5 per cent of production costs. Beet sugar production also yields by-
products, the major one being sugar beet pulp. This is usually available
in molasses form (dried and wet) and is almost entirely coﬁfined to

providing animal feeds.

Bearing in mind this broad background picture of the potential
uses of sugar-cane by-products, we can now proceed to an examination of

the industrial potential of sucrose itself.
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1. 3. Paturau, (1969), p 1l.

2.  ibid, p 1L
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Chapter 7:  THE POTENTIAL OF SUCROSE AS A CHEmICAL FEELSTOCK

Secticn (i): The Pronerties of Sucrosa

As pointed out in the previous chapter our concern is w:th sucrose
as a potential feedstock for a chemical industry and not the utilization
of the traditional by-products of cane sugar production. Our investigation
in the previous chapter Filled~in some background information, as it were,
on traditional by-product utilization. These same by-products would
still be, of cuurse, available, if the sugar-cane plant is used to
prodﬁce sucrose which is then converted intc a chemiczl feedstock rather
than consured in tne way it iz at present. In this sense therefore the
description of the preQious chapter would still remain an ancillary aspect
of the industry and should therzfore not be discarded merely or account

of the shift in emphasis we are pursuing in this study.

" Approaching the study of sucr6~chemistry from a 'non-chemistry' back-
ground, I haye_found a useful starting point to be a generai understanding
of the chemiczal prpperties ofksucrose, particularly, as many chemists
themselves are not familiar with the field of sucro-chemistry. On the
basis of literature surveys, and discussions with knowledgeable persons
in the field I believe the following to constitute a fair summary of the
more important chemical pronerties of sucrose, and therefore those vital

to an evaluation of its potential as a chemical feedstack.

(i) Sucrose is the largest single cuantity of a pure defined
organic compound available to man. It has a low molecular weight (342)
and great chemical versatility. It is so pure that ordinary table sugar

contains 99.96 per cent of the molecule sucrose with more than one-half
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the remainder being wafer. Even the "raw sugar" shippéd from the
Caribbean has a purity ratio as high as ?7.5 per cent. Its bulk derives
from the fact that world output of sucrosa is currently approaching

100 million tonnes annuslly. These two properties, bulk and purity
constitute important assets of sucrose when considered from the point

of view of its use as a chemical fecdstcck.

(ii) Sugar is chemically versatile. As Vlitos points out because
it constitutes a "cheap polyhydric alcohol [it] can be used in a wide

/1

range of reactions to make resins, plasticisers, surfactants".=
Indeed, sugar is so versatile that it is claimed that it is technically
possible to produce from sucrose all the chemicals currently produced

from petroleum feedstocks.

(iii) Sucrose is water soluble, and in some chemical reactions this

is an important asset, while in others it can constitute a disadvantage.

(iv) Sucrose is readily metabolized by micro -organisms, plants,

animals, etc. This property mskes it bio-degradable and constitutes an

important advantage over some petroleum derived chemicals, e.g. detergents.

(v) Sucrose is non-toxic. Not unexpectedly this oroperty widens
its range of useful applications, particularly in such areas as food,

pharmaceuticals, and cosmetic preparations.
(vi)  Sucrose readily forms complexes with some metal ions.

(vii)  Sucrose is hygroscopic, that is, it has a tendency to absorb

meoisture.
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(viii) Sucrose is an important raw material for microabial conversion
processes =nd bacause of this it hes been traditionally used in the

production of alcoiols, organic acids, and so on.

L (ix)  Sucrose is unstable tc heat and this had tended to poss

problems in certain chemical processes.

" (x) Sucrose does not only produce enerqy but it also constitutes
mass. This gives it an important edge in the search for alternative
energy systems, since some of the alternatives being investigated, e.q.
wind, nuclear power, and water systems while producing energy, they dc

not constitute mass in themselves which they can pass on to other products.

(xi)  There are two manifest chemical reactions of sucrose which
must be continuously asppreciated. One is hydrolysis, that is the
inversion of the angle of polarisation in the presence of Lewis acids.
With water inversion yields two simple sugars D-glucose and D-fructose.
‘For our purpcses the point of significance is that for most sucro-
chemical processes, inversion is undesirable. This therefore poses the
requirement that reacéions must be carried out in the absence of Lewis
acids. The other manifest reaction is pyrolysis which is a more complex
reaction thaﬁ Eydrblfsié. It is a part of the familiar process of
carmelisation which 6ccurs wﬁen sugar is haated much above 140% in the
nresence of salt or‘acid catalysts. The products yielded are water and
an exceedingly complex mixture of degradative preductzs. As would be
expected, pyrolysis would generally be an unwanted reaction in sucro-
chemical nrocesces, and therefore auch reacticas would Liave cu oo

insulated from direct contact with Lewis acids and also opz2rate at moderate
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reaction temperntures,

(xii)  Sugar molecules (sucrose, hexoses, etc.) are notoriously
unstable. As Paturau observes:
“"These molecules play 2 most important part in the plant kingdom
where they are constantly being formed, broken up and trans1".71‘;1?5-6.!".1Z

dut what is an asset in biolegicul reactions can constitute serious

obstacles in ch2mical reactions.

(xiii)  Sucrose hydroxyls are usually less reactive than water.
This property poses a problem when making derivatives of sugar in

aqueous media.

(xiv) Finally, in suciose the high ratio of oxygen to carbon puts
a limit on the number of crgenic solvents which can be used, Pctroleum
is generally low in oxygen or has exclusively carbon and hydfogen atoms.
As a chemical feedstock this makes for good yields:
"Thus the theorctical yield/weight from petrclcum derived
ethylens is 165%, whilst ethanol production by fermentation results in
discarding two-thirds of the oxygen and one-third of the carbon, the

/3

maximum theoretical yield being 54 per cent.'

Such limitations do not constitute insupcr:ble obstzeles. As we
shall obscrve later there are ways around themjone beinc to Focus on
derivatives which while having poor to moderste yizlds may not be easily
substituted by other products. Another would be to focus on rceactions
where a biological process is used, e.q. citric acid, und yet cnother

would be to focus un those reaciions wiwre weight loss is minimal but

where alternative routings are not easily pursued c.g. sorh:tcl, mannitol.
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Section (ii): Chemical Operations with Sucrose

The schematic presentation in the previous section.of the important
chemical properties of sucrose equips us for the next step of the
analysis, which is to determine the nature of the chemical processes on
which a sucro-chemicals 1ndustry might be built. We shall attempt this
very important task in the present section, referring from time to time
to the significance of the properties listod above.

The fundamental issue is that in order to be able to utilize
sucrose commerc1ally it must be transformed to other products of
greater worth either chemically or mxcroblologlcallz. Unfortunately the
phrase "of greater worth" is sometimes overlooked in the excitement over
important technical discoveries whose importance as a contributor to net
worth cannot be presently justi%ied. Leaving this issue aside.for the
moment, however, there are two moJo; rootes in the chemical transformatlon
of sucrose,that is chemical degradatlon and directed synthe81s w1th

other chemicals. We therefore have in total three routes, namely,

- microbial conver31on
- chemical degradatlon
- chemical synthesis.

fach of these will be examined in turn.

Microbial Conversion:

In the case of microbial conversion there-are basically two points
which should be observed. , First, thlS approach is traditional and
perhaps is best exemplified, 1n the famlllar fermentatlon processes. In

this conversion certain vital factors should be appreciated:
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(i) The use of micr.-organisms in the conversion of one chemical
product to another is relatively non-specific. This means that after
suitable treatment most carbohydrate sources,not only sugar, can be made
into feedstock. To use this process would meanithat a chemical industry
based on sucrose must be highly competitive, cost-of-raw-material-wise,
with other carbohydrate sources, e.g. corn, rice, wheat, pota?o, cassava,
In other words the specific advantage of sucrose could well be lost in the

non-specific microbial conversiocn process.

(ii) Because micro-organisms are used in the conversion process
yields are inevitably low, since the micro-organism must metabolize a

proportion of the sucrose as a source of its energy.
14 . .

(iii) The microbial conversion process has low reaction rates, and
requires large volumes of the product and long residencé times. Although
research is improving on these vﬁriables,‘as we noted in the case of"
isomerization of corn to frucfosé where the..use of immqbilizéd enzymes
has replaced the older batch productionprocess,the -cost of doing so

relative to other processes, e.g.. petro-chemicals,is a factor which has

to be taken into account.

(iv) The separation of the.wanted product from others in the micro-
‘bial process poses major technological problems whose solution inevitably
"ﬁggises costs. Thus for example -the presence of water would normally
' £equire an energy input to concentréie'énd'separate-the'product.

| While the above observations éhow how, restrictive the microbizl
process is, some of these restrictions caﬂ-constituté advantages in

certain circumstances. To take a few examples. The presence of water and
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associstad non-sugars in chiemical operations may be desiraole. Op

the microbial processes can be seen as permiiting complex multi-step and

stereo-spzcific reactions and with improvod conveisian efficiencies this

can be an important. advantage., Siinilarly, this process can often utilize
substrates of quite low purity. and thercfore can be an important element

in the exploitaticn af what would normally be treated as waste residues.

The éggggg‘point to obszerve is the range of products which can be
produced by micrcbial conversion. A wide range of products can be
’produced as a result of ﬁhe metabolism snd grdwth of micro-organisms in
a carbon and energy éource such as sugar. The tachnical task is to find
the particular micro-organism which can carry out the specific chemical
transformations of the sucrose molecules which are required. While some
of these arc beyond the current.capabilities of oroanic chemistry the

. following constitutes the major prodUcfs which can be produced:

(i),A wide range of" antibiotics which is of course used in the
‘health sector.
(ii) Gluconic acid. The yield here is 70 per cent of the sucrose

used. This acid finds applications in: pharmaceutical prepara-

- tions where salts are used as a means of introducing trace
elaments to the diet, e.g. ferrous gluconate (iron) and calcium

gluconate (calcium); food and feeds whers it can he used as

a source: of calcium for chickens, or used s a stabilizer in
~shortening, or used to prevent excessive browning in deep fat

frying; cleaning compounds, where it is useful for cleaning

bottles and metals because as a cleansing agent the acid has

low toxicity and corrosive powers; paints where it is used



(iii)

(iv)

“and print pastes.

%9

for its antifcorrosive properties in marinc applicetions or it
is used as an additive o water based paints in order to
prevent "7l-shing" due to the presence of calcium and nagnesium.
Xarthan gums. The yield here is 65 per cent of the sugar

used Yanthen gum is a pscudo-plictic matericl

with unigue rheological propertiss combin:d with resictance to
temperature and pH changes. It is uszd in: foods in order to
improve mouth feel, freeze-thaw stability ir frozen foods, act
as a suspending and thickening agent in relishes and salads and
to provide the characterisfics of gluten in non-wheat flours;
cosmetics as = suspending and emulsifying agent in toothpastes,

ointments,. creams, etc.; o0il well drilling as a fiuid additive

because of its compatibildty with salts and its resistance to
temperature degradation. For oil well applications it is useful
as it has a high fluid carrying capacity and low watar loss

properties. It is used in many industrial products also as a

suspending, emulsifying and stablizing agent especially for

some difficult to stabilize polishes, clearers, ceramic glazes

Bio-pclymers. The synthesizing of high molecular weight polymers
from sucrose is a quite well-known process. It is claimed that
this process is an integral part of the metzbolism of all micro-
organisms and is not a surprising occurrence in view of the
important role of lipopolysaccharides in the structurc of most
micro-organisms. The best known of the tio-polymers is

dextran. . The yield of dextran is 33 per cent of the sugar

uged. It finds useful applications in medicine, as a blood
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nlasma volume extender; food processing, as a thickening acgeir.

and in oil well drilling. There are several plants produc.i.g

dextran around the world and one is located in the Caribbean
~ (Cuba).

(v) D-araboascorbic acid (iso Vitamin C). The yield here is very
low, 15 per cent of sugar used. It is normally produced
using a preparation of dried cells of penicillin notatum in
sucrose.

(vi)_ Kojic acid along with derivatives for use as pesticides. The

organism used is Aspergillus flavus.

(vii) Fructose, which can be produced from sucrose by the organism

Aspergillus niger.

(viii) Ethanol. This can be produced directly from sugar-cane juice
or from mol§§§§§,_ Ethenol can be used as a fuel extender; to
make potable alcocholic beverages, as an intermediate chemical i
and as a chemical feedstock. It is the most important product
of this route and as.we shall discuss in Chapter 9 it is seen
by_gg@e as the major future product of sucrose.

.....

Chemical Degradation

The szcond process is that of chemical degradation. The diagram
shown overleaf summarizes the process. As we shall observe more fully
in the next chapter, this route has typified ﬁhe research work of the
International Sugar Foundation. Experience has shown that it has been
from a commercial standpoint, a generally fruitless endeavour, althouah |
as we shall see many technical results have been achieved. The major prebioi

with this route appears to be that degradation products of sucrose are of
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a lower molecular weight thereby permitting their synthesization either
from cheaper ‘sources oF carbon, e.g. petroleum, or even from carbohydrate
wastes. There is the additional Factor that chemical degradative reactions
proceed in a relatively "uncontrolled" fashion thereby yielding a mixture’
of products from which the required product has to be then isolated. It -
would appear thereFore, that on-purely-e - priori grounds the eFFectiveness
of this route has to be restricted to special ‘circumstances where no
competitive products can be easily produced. - This pos1tion is supoorted
by Khan and Forage:.. |
o "Despite extensive research in“the- past in degradation reactions’

of carbohydrates to. yield:a variety of products this approach,

at present, is non-competitive."/%8

With these. cautions in mind we can complete the description here
by obserVing the various degradation reactions which have been identified

and which are summarized in the Figure above. These reactions are as

Follows:

(i) Mild conditions oF-catalytic hydrodenation of invert sugsr.

This yields the hexitols, mannitol and sorbitol. These are special
products and their output via this route is a1ready commercialized. The
sucrose demand, however, is. limited as very little sucrose is used in
their production. N

(ii) Vigorous conditions. of catalytic hydrogenation of sucrose.

This yields glycerol with by—products being propanediol, ethyleneglycol
and erythriol. It is estimated that in the mid-l960's about one-tenth
oF us production of glycerol was produced in this way. However, competition

from synthetic glycerols led to the closing down of the major plants in

1969.
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(iii) Hydrogenstion in the preaence of smonisz or primsry smines.

This yields 2-methyl-piperazine or the N-alkyl derivstives. The yield has
never incressed beyond 30 per cent and the result is thdught to be
uneconomicsl.,

(iv) Direct resction of sucrose With smonis. This yields s complex

mixture of nitrogen heterocycles in which dimethyl;imidazoles predomisrite.
Yields sre also unpromising snd this route is thought of as being

uneconomicasl as well.

(v) Wesk acid cstslysts at elevsted temperstures. This yields
5-hydroxymethyl Furfural. Yields are low, below 25 per cent snd demand

for this product is limited.

(vi) Strong acid.cstslysts st elevated temperaturea; This yields
lsevulinic and formic acida. This :buté has not been exploited com-
mercislly becsuse these products caﬁ be obtsined from furfursl.

(vii) Alksline degradstion of sucrose in the presence of lime.

This produces lacticiacidwin-good yield (70 per cent). The lactic
fermentstion process is however better (yields 85 per cent) snd so is
the preferred route. ' Synthetic lactic.scid.is slso bejng produced.

(viii) Nitric oxidstion of sucrose. This produces oxslic acid in

good yields, but is still uneconomic when compsred with the use of
cheapér cellulose*ahd:carﬁohydrate wastes.

(ix) Aerisl oxidstion of sucrose in the presence of plstinum

catalzata. This ‘yields arsbohic acid in good quantities and research
chemists are ssnguine @bout this possibility.

(X) Aerisl oxidstion of sucrose infthé;preaence of immobilized

glucose oxidase. This produces gluconic acid snd fructoge snd the

yields here are slao thought of ss promising.
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Directed Synthesis

| Given thevlimited scope fof économical application of sucrcse througn
both the processes of microbial conversion or chemical degradation, any
promise of a thriving sucro-chemical industry has to be based on technolo-
gicel breakthroughs, along the third route, namely directed svnthesis. The
two routes already considered basically seek tc use suerose as a source of
simpler products. The approach of the directed synthesis regecds sucrose
as a primary raw material itself and seeks to exploit the opportunities of
synthesizing it with otherlchemicals in order to produce higher valued products.
This approach makes use.of sucrose in the form it is normally marketed, that is
its pure anhydrous state.é2 The potential for using sucrose in this way
is bound up with the chemical properties of sucrose identified in section
(i) above, for the object of directed synthesis is to produce reactions with
selected synthesizing compounds, and these reactions will be determined

ultimately by the reactivity and stability of the sugar molecules.

Because sucrose is essentiallyiafpﬁlyhydric alcohol chemists point out
that it has the potential to give rise to an almost unlimited range of
derivatives.lé It will undergo all the typical reactions of alcohol.
Following Vlitos we can present these potential derivatives by'function as

/7

is shown below.“~ The right-hand column indicates the potential industrial

use of the derivatives, based on current knowlcdoe.

The first funéfion is esterification of sucrﬁse using conventional
methods leading to poly-ester. The resulting products would depend on the
conditidns and the acylating agent.whiqhvis employed. The séﬁond fﬁnction
. is etherification and this is also évailable by coﬁventional routes, although

not without some difficulty. The third function is the production of urethans.



The fourth function is the production of xanthatss, and the final functicn is

the production of acetals.

+ (1)

(ii)

(iii)

(v)

Esters
Monostearate
Honoacatate
Distearate
Hexalinoleate
Octa-Acetate
Octa-Benzoate

Di-iscbutyrate
Hexa-Acetate

Monomzthacrylate

Polycarbonate

Ethers
Mono-octadecyl ether
Hepta-aliyl
Octacynaoetlyl

Octa-Hydroxypropyl

Urethanes

N-Alkyl Fencx-nthates

-Acetals

Cetyloxysthyl Sucrose

145

Surf-ctant emulsifier
Humectant

Emulsifier

Surface coatings
Denaturant Plasticiser

Plasticiser:

Viscosity Modifier
Resin ionomer

Resin Intermediate

Surfactant
Drying 0il
Dielectric

Cross-linking agent in‘polyurethane resins
Surfactants, chelating agent

Surfactant
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”restrictéd solubility of tne reactznts in solventz othar than thnse which
.?re ginilzr in feactivity te sﬁcrose'iiﬁalf“. fis we shall see in the next
chaster, soime of the solvents used &.g. pyridine, dimetiylformanide.
dimethylsulphoxide are very costly if consider=ad on a commercial sczle.
This has ancouracad the search for products which would reauire nc solvents
or alternatively products thét can sell at 2 orice tc recoup the cost of
such expensive solvents. These issues will be taken ug in leter chapters,
for hare our objective is limited to the presentation of the major

technical issues at stake in the production of sucro-chemicals.

Section (iii): Conclusion

The first two secticns cf this chaoter scught to highlight the
technical ofﬁblems involved in the production of sucro-chemicals. Althouah
the focus was on the ‘chemistry' of the problem, it was impossible to

avoid indicating some of their commercial implicstions as we proceeded.

¥

TheApréééntation on.thé chehistry issues biegan with a summary of the
chemical properties of sucrose in order to identify its potentiality as 2
cﬁémical feedstock and then I proceeded to discuss the technical routes
yﬁowards the production of éuéro—chemicals. Threz routes were idertifiesd
and éach was discussed in thn. Directed synthosis was identified as the
preferred route and a pfééentation of sucrose dérivatives by chemical
 Function was displayed in the schema above. Ly way of concluding this

chaotsr, an alternative‘présentation which areucs thsz nroducts that sucrose

can produce by the type of rzaction which nroduces them is offersa. This

is baced on an earlier work of Paturau, and is of farad primarily for the



sake of completeness of the pr

adds no new information, neve

esentation of this chaoter.Z— while it

rthelass it olters the persnective from which

the potentiality of sucro-chemicals is presented. In this way it might

deepen our understanding of the issues at stake.

Type of Reaction

1.

N
.

g.

9.

Fermentation
Esterification
Allyation

Reaction with propylene

Reaction with pHenol and
formaldehyde

Oxidation

Hydrogenation

Acid degradation

Alkali degradation

Hydrolysis

Product

Ethanol, butznol, acatone, acetic acid,
citric and izctic acid.

Sucrose octe~scetats used in acdhosives;
as a cenakurant, plasticizer and in
cellulosics; “ztty acid esters; and
sucrose cctanitrate (sxolosives).

Allyl sucrose used 23 coa*ing materisals,
adhesives, fast drying paints, varnishes,
etc.

Hypose SF831 which is- the trade name for
octakis (2-hydroxypropyl) - sucrose used
in polyurethane foams s a plasticiser,
in resins and clue starches, etc.

Explosives.
Food and pharmaceutical products e.g.

D-arabonic acid used in the manufacture
of Vitamin Bjp.

Sorbitol and Mannitol which is used as

a humectant in medicine (e.g. laxatives and
blood pressure depressant); propylene
glycol which is used as a polyester resin;
and glycerol used in resins and gums.

Furfurals used as plasticizers, food and
pharmaceutical additives, etc.

Lactic acid which has a wide variety of
uses; methyl acrylate which is used as

an adhesive; polymzr; protective coatings,
etc.

Fructoes uesd in fooi and pharmaceutical
nreparations.,
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Chapter 8: HISTORICAL)FUNCTIUNAL ANALYSIS OF THE DEVELDPMINT OF
SUCRO-CHEMISTRY

With the chemical features of sucrose and the technical raoutes
towards the praoduction of sucrose chemicals behind us, we can now turn
to a brief examination of the historical course of resezarch in this
field. Only the most general of outlires will he attempted hcre,'but
hopefully this should be adequate for deepening our undsrstanding not only
of the course technical innovation nas fallowsd, but of the technological
hurdles which still have to be overcome. Honefully, also this would bring

greater coherence to the snalysis presented thus far.

If careful consideration is given to thé evolution of the chemical
industry it would be observed that agricultural raw materials have always
been an important feedstock for this industry. Sugar, starch, potash,
cellulose, and vegetable oils are among the better known and most widely
used of biomas materials. However, following on tne great oil boom in
the middle of this century, petro-chemical feedstocks beccame the major
input into the chemical industry. Thereafter,the chemistry of agricultural
raw material utilization in industry was replaced by the focus on a
more and more efficient utilization of petroleum fractions and their
derivativas. This substitution in favour of petralcum, affected not only
biomass, but was alsc to the disadvantage of coal, urtil then also a major

industrial input into the chemical industry.

From the industrizl point of view chemistry cannot be looksd at in
isolation frem energy. Energy is needed to power industry, to energize

our trznsport and communication systems, to hest our places of living and
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working as well as for proaucing the fertilizers,; pesticides, weedicidcs,
etec.,without which a modern agricultural system capable of feeding large
urban populations would be impossible. Energy is also needzd to' produce
the minarals which-we need, as well as the clothing, hcusing, recreation and
entertainment facilities without which we cannot live full lives as

numans. All this is familiar, but it takes on sdded significance in face

. of the current"FUel‘crisis. The current fuel crisis is the second major
fuel crisis to be identified in the period of capitslist industrialization.
The first is usually located in the early years of industrialization in

the middle of the 19th century in thz United Kingdom, (and much later in thc
Unitad States), when fu.l wood which wne thon  ext.nsively usad, hocamc

scereccrt and SCoredr.

In all the major energy systems used so far: coal, biomass and
petroleum, the raw material has produced both energy and mazs for chemical
utilization. Some of the newer energy systems being contemplsted, while
" producing eAGrgy do not produce mass. In so far as mass, or as it is
sometimes put a "harvest of tons" is required by industry, biomass has the
advantage of being a truly regeneréble resource which can mecet the large
variety of human energy needs as indicatzd above. This constitutes what
I believe to be the long run inherent structural advantage cf biomaés and
" so long as it remains tHis way, the search for breakthroughs in the
efficient utilizétion of biomass will procsed. It is truc that in the
past the search for breakthroughs was intensified during periods of critical
shortanes of fuel (necessity is the mother of invention!) and has receded
in times of gpperent bountifulness, but the underlying drive in his

direction has nevertheless continued, and will continuc. It is within this
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category of general considerations therefore, that the industrialization

of sucrosz has to be evalusted.

The development of sucro-chemist:y as a defined field of study is
associatéd with the estsblishment of the Sugar Research Foundation in
1943. ' The estsblishment of this institution czme at a time not when fuel
was scarce, but sugar was thought of as-plentiful, and there were fears

of disposal of surpluses. The Foundation was established with the aim of

bUrsuing on its own initiative, nd suppcrting clsewhere, studies on the non-
food utilisation of sugar. Despite this mandzte, however, during the::

first eight years of its life the Foundation concentrated on improving

sugar consumption through the systematic dispelling of what it termed as

"myths and misconceptions" of the health and diestary consequences of

/1

1ncreased sugar consumptlon. This purely defensive att:tude changed

somewhat with the appointment of Prof. H, 3. Hass, who as Hickson ‘ggﬁ

describes it "had gained an env1able reputation by taming the halogenation
and nitration of carbohydrates in the vapour phase".lg _It was under his
. leadership that a programme of sucro-chemistry research was officially

launched. This programme was defined by Hicksocn as "the conversion of sucrose

by chemical processes, 1nto materials of commercial value". L It was this
deﬁ;nition-he claims, which Prof. Hass christened as sucro-chemistry.

Interestingly, the definition given is not only technical, but is commercial

in its orientation as well.

The:issue of satisfactory solvents for use in sucrose derivatives

“was raided in the previous chapter.- It was not until the 1950's that a

major set of new soivents became available to chemists, principally, N,

N-dimethylformamide (DMF) and Dimethylsulfoxide (DMSQ),which could be used w.wgi



152

in the production of esters and ethers. In thz d=cade, 1950-60, after

.some promising discoveriszs chemists in the field became optimistic:and

begzn to proclaim that "the non-food uses of sugar would be the panacea for
surplus production".li - Hickson describes it graghiczlly: "the Foundation of
the mid-1950's  developed a high expectation for the potentials of the
sucro-chemical . programme. An eager . tecinnical .press graceted sach new finding,
lauding the programme as a breakthrough in the utilisation of biomass
resources ... this fanned the hopes of the sujar vroducers supporting the

Sugar Research Foundation. It certainly was great while it lasted."éz

‘The promlslng technlcal results however, could not be translated into
commercial successes and as Paturau remarked: "it was soon Fcund that the
1ndustr1al productlon and marketlng were indeed more difficult than had
been expected especially when in competltlon with the powerful petro-
chemical 1ndustr1es and other vested 1ntcreuts" Zé - This shoutd'not have

bsen surprising as it is estimated that there are 3,000 known surfactants

alone so that market penetration would always be a formidable task.

The work of Prof. Hass and his colleaques did, however, provide some
important discoveries with commercial' potential. One:good ekample‘of this
was the productlon of a surfactant ester under a process which was licensed
by Dai Nlppon Sugar ManuFacturlng Coy of Tokyo in 1960, and continued. by
.Ryotc Coy rn a joint venture with M}tsublshl,'to produce the Ryoto esters
used:in food, pharmaceuticals and cqsmet;c_industr;as. .The crigrnal
reaction solvent thet was used_uas_DMF;.but because of . problems of potential
toxicity etc.,'the company had to inyent a.prccess which did not require
_it use.; A SLCOﬂd good axﬂmple of ths werlk of this period 1s the process

for produc1ng sucro—glycerldes, Wthh is a m1xture of sucrose esters and
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fatty glycerides. Thic was first used in proaucticn under licence by
Melle-Bezons cf Paris and later the licence was acguired Sy Rhonc-Poulence.
The trade name is Celynols. This process is éapable of reducing the
regidues of DiMF, which is used as the reaction sol;ent, sufficiently
to.permit applications in the food industry. ‘The main market, however, is
animal feeds where it is used to reconstitutes vegetable cils into skimmed
miik for feeding calves. This latter process has been substantially
mddified and developed by Tate and Lyle and will form the subject of some

extended discussion later.

It is claimed that the very first commercialized sucro-chemical to
be produced was octa-acetate. The development of this product was due
largely to work done in the Mellon Institute in the‘USA. This product
has found two principal uses to date. One is as a plasticiser in the
cellulose esters where it is used as a bonding agent in laminated safety
glass, and the other is as a denaturant, e.g. in pharmaceutical ethanol.
This product has an exceedingly bitter taste and it is this property which
favours its use as a denaturant. The combined markets for these products,

however, is small, totalling approximately 50 tons per year.

The work of the Sugar Research Foundation was often done in collabora-
tion wigh, or at the prompting of other inétitutions; Thus the work on
the sucfose monoesters of “fatty acids was done at the request of the State
Covernment of Nebraska which was then looking for markets for inedible
animal fats, principally tallow. Research intc sucro-chemicals was also
not confined td the Sugar Research Foundation even during its honday.
We have already referred to the early work of thz Mellon Instituté; The

Kansas State Univarsity has also done impartant work in the arez of testing
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sucrose esters and other surfactants in the baking industry where severai:.
important roles have been identified. In addition Tate and Lyle and-its..
associated research laboratory at Reading University has been the: -organ-
igation most coneistently committed to a compreheneive programme of technicel
work in the area of sucrose chemicals during the last decade orso. As i
Tate and Lyle will form a special chapter of inquiry, (Chapter 10) we can- -

suspend discussion of these issues until then.

',

While ‘the: work oF the Sugar Research Foundation dominated. sucro~
chemiatry reaearch up until a decade or so ago ‘when this role was assumed
by Tate and Lyle, the object of the Foundation's research was to generate
information on the chemistry of sucrose, evolving syntheses of sucrose, and
detarmining the propertiee of the new sucro-chemicals created. The
emphasis was more acientific than technolog:i.‘ca]..éZ - It certainly was not:
commercial as Hass definition.suggests. One_reault.of this has been a
virtual neglect.oﬁ.the class of materials kb@wn;as._urgthaneg;ﬁ Urethane
technology'in the West has developed in the industrial milieu}of chemical
TNCs and the Foundation expected this to continue. In any case it. felt
that it did not have the resources which were required to make a significant

contribution in this area.

A central criticism of the Foundation's research is that it oroceeded
with far too heav11y an emphasis on the degradative products of aucroae.
The long list of degradative reactiona which was identified in the prev1ous
chapter ie largely the product of chemical research in one way or another
associated with the. Sugar Research Foundation. The criticisms of this
'approach which were made there, therefore hold true for the Foundation s |

work. . It was net until-after much effort in this direction that the o
£

1
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Foundation came to accept .that this was a dead end route in commercial
terms. It was the route of directed synthesis which would offer the best
prospepts, but by the time ;hig wpsA;ealized Tate and Lyle had assumed a

commanding role in the field, The story of the historical development of

technical innovation in sucro-chemicals will therefore, have to await the

discussion of Chapter 10 for completion.

A second major criticism of the Foundation's work is the.éhérgy
"wasted" in trying to disprove the health charges laid against sugar in
L L oEe T e . : . .

order to "stimulate" its consumption. This effort was revived again in

1959-60 a~1 lasted until 1969 as the foundation concentrated on trying to

prove the nealth dangers of cyclamate, the non-nutritive sweetener which

seemed to :hreaten the'sugar\marget.t«Referring to this period Hickson

points ou that after the introduction of cyclamates: ..

"the sugar industry bécame justifiably dismayed and draftad

the ~oundation to become the point of its defepsive stand.
Essentially all other kinds of research were abandonned to
concentrate a max;m’m of effort on protection from this extreme ,
€concmic pressure."

-

This extreme reartion hindered the Foundation's role in the emerging

wewady

technology and helped to confirm the dominance of Tate and Lyle in this;
field. We will therefore'take up the analysis of this development in

f

Chaptet 10. B
ey e :

.. In summary ve can therefore make the following observations: .

1) ‘Redéarch into the hon-food ﬁééé“bF#SUQaf was pfomptéd by the
su olus of sicrose combined with thé need to find a regenerable resource
which could provide an important input into the chemical induﬂstry. X

iyt Coe . : S




156

2) The respcinses of the industry wes to establish the Sugar Research
Foundation in 1943 whose initial interpretation of its task was to disprove

the allegations made about the dangars of sugzr in the human diet.

3) While the defensive outlook still continued, later by 1952,
under the guidance of Prof. Hass, sucro-chemistry, as a new field of

technical work was commenced.

4) The work of the Foundation in this area was helped by discoveries

of new solvents, although thsse were too expensive for commercial use.

5) Unfortunately, oost of the research was focussed in the area
of the degradative products of sugar, which from a2 commercial standpoint

is basically uncompatitive.

6) The later development of the approach of directed synthesis was to
be associated with the shift in the center of research from the Foundation

to Tate and Lyle Ltd. and its associated laboratories at Reading University.

7) While the Foundation shifted the emphasis of its raesearch as
indicated in (3) and (4) abovz, the development of non-nutritive sweeteﬁers,
particularly cyclamate led to a recrudesence of defznsive research work
aimed at proving the health dangers of cyclamates. This occupied the
Foundation from the early 1960's to 1969 and helped lay to rest its once

dominant role in the newly emerging technology of sucro-chemistry.
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Chapter 9:  SUCRO-CHEMICALS: SOME GEMERAL ISSUES

Having examined the properties and technical routes towards sucro-
chemical production, I shall discuss briefly in this chapter some of the
general issues which underline the potentiality for a large-scale develop-
ment of a sucro-chamical industry. This. would serve as aQVital prelude to

the analysis of Tate and Lyle which fcllows in the next chapter.

The first issue to»be examined is the production of.ethanol. This
subject is not dealt witﬁyat great length in this study, because the’terms
of reference of the projecf morehor less specifically excludes it, and leaves
it to be studied as part of.tHe technological impact assessment of alternative
fuel systems. This of coursé‘éfesumgs that the production of ethanol for
usé as a fuel extender will bé:tgé ;fincipal'ééondmic application of this
product. The focus developec here is one in wﬁich the dirécﬁed synthesis
of sucrose is the new tedhnology whiéh may permit the most profitable
line o% development of sucrose as an input into the chemical industry.
But as we have seen in Chapter 7, the fermentation of sugar-cane juice or
molasses in qrder to produce ethanol, althouqh‘employing no new technology,

is a possible route to the chemical industry also. Fermentation ethanol

is an organic chemical with four major applications, namely,

(i) the productidn of potéble alcoholic beVerages,
(ii)-  for use as an intermediate chemical, | |
(iii) for use as feedstock to proauce other‘éhemicals,
(iv) fer use a8 a fuol extender. o

rresently, the major uses of ethanol are to produce alcoholic beverages, to
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act as a chemical solvent, to serve as a Jasclene extendgr,.and finally

te produce a very small volume of other chemicals. Trad%tiqnally the main
uses of ethanol "have been to produce potable alcoholic beverages and as

a versatile speciality chemical. The recent interest disolayed in its

use as a fuel extender, in the wake of the oil crisis"; particularly in
Brazil and the USA, has somewhat diminished the priority of these roles.
Nevertheless, it is estimated that on a global basis they are still the
leading users cof ethanol.él When used as a solvent, ethanol finds its
principal uses in the production of toiletries and cosmetics, défergents,
paints and varnishes, disinfectants, processed foods, drug maﬁuFactUre and
pharmaceuticals, surface coatings, etc. Fermentation ethanol is“usually
preferred to its synthetic counterparg when used in potable products or on
the body, e.q. toiletries. Indeed because of this preference it is able

to command a premium price over its synthetic competitor.éz
As a fuel extender ethanol has three p6tential uses,; namely,

(i) boiler fuel,
(ii) diesel substitute, and

(iii) gasolene substitute.

As a diesel substitute there are a number of technical drawbacks which
limit its use, while as a boiler fuel it is thought to be an inferior use
of what is deemed to be a superior liguid fuel. Its major fuel application
therefore is as a gasolene extender, where it has demonstrated superior
characteristics, Because of these characteristics it is felt that: "its
unigue physical/chemical properties incfease ethanol's value, beyond its

-heating value, as gasolene substitute".zz

. %W%v : &Q .
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As a chemical feedstock ferimentation etlhienol nas “irst to be converted
into ethylane. Approximately 1.7 lbs. of ethenol are requirad to croduce
1 1b. of ethylene. The theoretical conversion ratio of sugar into ethanol
is 51 per cent. In practice it is clsimed that 3.7 1lbs. of fermentable
sugars are needed to produce 1 1b. of ethylehe;éﬁ In the petioleum
industry the primary products of :rude oil are fiuel oil and petrol. The
refinement of petruleum by means of catalytic cracking produces ethylene,
cropylene andC 4 hyydrocarbons (fbutane, butenes, butadiens) in quantitics
determined by the throughput and process concitions. The ethylene producec
in this way is followed by conversion into ethancl and finally production of
the chemical product froum ethanol eitlier by d.hydrugenation or by oxidation.
Ethylene is the most important intefmediate product in the petro-chemical

industry.

while fermentation ethanol can be dehydrated to produce ethylene,
the use of fermentation ethanol is more economical for oroducts involving
oxidation and dehydrogznation. The last two orocesses give'ethanol a higherw
valuz than ethylene, whereas for the first the opposite holds true. All
the ethanol conversion processes currently in use are designed for small-
scale operatiﬁns, compared with the tremendously large-scale plants using

ethelene based processes and reaping considerable economies of scale.

Because of the factors identifiad above, any major substitution of
petroleum products would depend on the economic relationships which exist
between fermentation ethanol derivad ethylene and petroleum derived athylene.
The inflaticnary increase in petroleum prices has brought the question of
its substitution by cheaper raw materials to the fore. But as the World

Bank study guoted earlier concludes:
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"Among the technologies currently available, ethylene orcductic:
from biomags ethznol is unlikely to be competitive withh petroleun
derived ethylene until the crude price of cil reaches $490-345

per barrel, (assuming an cconomic cost of sugar-cane at $10-%1Z

per ton). It is therefore, unlikaly that large-scale substitution
of petroleum derivatives (e.g. naptha or ethane) for the nroduction
of petro-chemical products based on ethylene as an intermediate,
can he justified on economic qrounds in the immediate future.

This conclusion could chenge in case petroleum prices rise much
fastsr than projected by the YWorld 3ank, or rew tzchnologies and cota-
lysts are developed to reduce tha cost of sthylene production
from ethanol. Many chemical firms wre working on the latter

issue and it is possible that sthariol use in the chemical industry
would become economic in the next 5-10 years."_2

Another estimate is that:

"without allowing for processing or capital cocsts, at the current
price of ethylene (24 csnts per 1b.) sugar would have to be
available at 6 cents per 1lb. for the process to become economically
feasible"./6

1

Or alternatively it has been claimed:

"allowing for capital and production costs, it has been estimated
that for ethylene derived from fermentation ethanol to be
competitive at current prices, the fermentable sugars would have
to cost no more than 1 cent per lb. Conversely ethylene prices
would have to re?ch 36 cents per lb.. equivalent to oil at around
845 per barrel"./l

As I have indicated in Chapter 7, microbial conversion processes
are non-specific, in the sense that any ca:bohydrate source can be used.
It is this which explains the fregquent réferences to this product as
"biomass alcohol", "fermentation alcohol"fand so on. While the conversion
process is non-specific, sucrose however has two distinct advantages
over other carbohydrate sources. Ong,qf_thase is that its carbqhydrate
content is already in the form of Fermentgble simple sugar. The other
is; beqause of the utilization of one of its by-product (bagassc) to

fuel the factories which process it, sucrose oroduction from the sugar-cane




162

plant is enerqgy self-sufficient. In constrast, starches,.hecause of
their greater molecular complexity have to be broken down first into
simpler sugars. This thererore adds 2 Furthef ”process-st;p" thereby
raising processing costs. In addition of course thusc other products
require outsice sources of energy, although it should be reported that
efforte are being made to reduce this by more scientific use of their

by-products.

The advantages which exist in relation to other carbohydrate
sources also exist in relation to other forms of biomass, e.g. celluosic
materials. Indeed it has been pointed out tnat the advantages here are
even greater because the cellulosic materials have a far more complex
molecular structure than the starches and have to be converted to
fermentable éugars by the complex and costly orocess of acid hydrolysis.
Furthermore, the alcohol conversion efficiency factor for these materials

is lower than is the case with sucrose.

While, as we have pointed out earlier, the technology of fermentable
alcohol production is old and weli-established, there have been signi-
ficanf improvements in this area in recent years. We noted this when we
conéidered the production of HFCS. One example of these improvements
is the use of continuous, as against batch fermentation processes, in
distillation. It is claimed that as a result, the alcoﬁol yield has
risen from the usual 8-10 per cent to as much as 12 per cent. Another

very good example is the introductien in the distilleries of the heat

' recovery designs which have been successfully used in other manufacturing

areas in order to improve enerqgy efficiency and save on costs. The

general picture therefore, is of significant incremental improvements
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being made to a long and well established technology and these are

enhancing the competitive position of fermentation alcohol.

Whether the improvements in fermentation technology will eventu: ly
yield a competitive ethelene production from fermentation ethanol rema: s
to be seen. The fact that it is essentially a well established and ol
technology would also seem to rule it out of our general purview. Nev -
theless the issues associated with the production of fermentation ethe 1
cannot be ignored in a study such as this. One good reason is that tt
discussion so far points clearly to the fact that the effective compe-
tition to sucro-chemicals is in fact petro-chemicals. While in market
systems it would be expected that in the long run the competiting price
relation between the two classes of chemicals will determine where
profitable inveﬁtments will be made, to arrive at this position one has
to take into account also a number of factors, other than price. Particularl:
when, as it is frequently the case, the prices quoted are price per
unit of ethylene derived from two alternative sources and Eased on

"standardized" factory models.

If we look at the Diagram on the following page we can easily see
the chemicals which can be produced frbm an ethanol feedstock. The wide
range of chemicals presented there, reinforces thé observation we have
made that sucro-chemicals as a class of products would have to substan-
tially displace the petroleum-natural gas-coal based chemical industries
now in existence. However, in so far as the chemical industry is pre-
dominantly orientated to the petroleum industry and in so far as both
industries, particularly the latter, has a high capital intensity and

hence a vast and costly world-wide network of production/research
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-Facilities these investments cannot be simply wished away. The
petroleum compahrea can be confidently expected to resist any serious
1nroads 1nto thelr markets. One important advantage which these
companles possess is a flex1b1e marketzng structure. Thls 13 based on
the consideratJon that the primary products derived from crude oil are

fuel oil and petrol. Ethylene, propylene and butane related products

are esentxally "by-products" whose output is determlned by the throughput
and process conditlons of the refinery. This permits the companies to

be flexible in the production of particular chemicals and to apportien

costs and'bhcrgé prices to their various products in a way which would

protect any threatensd product whi;ewOptimizing'overall profitability

from their operations:

:"The pricing policy of the industry will understandably be
to spréad increased raw material costs over primary and

- 'by-products in such a way as to maintain their balance.
Inevitably, therefore, 31gn1ficant competxtlon in a by-
product outlet will be countered by a price.reduction to
restore this balance.  In this sense, raw material prices
will not reflect d1rect1y increased o0il costs."/a

PR I . ..
¥+’ Such pricing mechanisms constitute a formidable advantage since

they reduce tﬁe effectiveness of one method of product diffusion, which éi
' /9

is to capture aegmented*marketexéqha:sequential way.~~ The cost of
penetrating markets on a brgaerﬁrqnt wi{@ be very high, particularly
when the_beaVygcapitaiizatianwof the aetrbleum industry is taken into
acpountfhléy;cegtrast the:infrastructggé.of_the sugar industry is
perhape,aot‘dereloped enough to launeh;a‘marketinglgffensive on the

<

scale required.
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One Further‘aspéct'of market penetration which . should bé mentioned
here is that the user industry often finds uses for chemicals which the
producer may not have anticipated. There can therefore be a cumulative.
virtuous circle, of initial market penetratian,'followed-by uses being . ..
found by'the initial user which the innovation may not have anticipated,
which leads to further demands for the product; 'and so on. But to
achieve these the market has to.be first pénetrated. One successful
experfence’bf a sucrose based chemical has been summed up this way:

_."When yoq have avchemlcal ytu need to find a use for it.
The sugar industry is not the best suited to find the
applicationg. These have to be developed by the 'user'
‘industry."/10; . 7 S :
As the author goes on to point out in the case of its éurfactant Tate
and Lyle found that whlle 1t was produced to 'service one need that
actual use 1n 1ndﬁttty has resulted 1n "over 15 dxfferent potentlal
appllcatlons because we found customers, who, in turn, Found uses for

the product we never even thought of. "lll

" Because the petroleum and .chemical industries are often considered
to be strategit industfies in terms of national security, an incressing
role of governménts;"over and -above that which they normally play can
be expected in determining the lines of- future energy development. . This
would be of ‘course, an'important countervailing force to.the power of.. -
the petroleum companies. The lines which any ‘government would. pursue
would deﬁehd on' the resource;"national security, social and political
objectives of the government. Thus in the case of Brazil, government
support for its gaéaﬁol programme in the absence of significant

quantitites of indigenous o0il deposits has been decisive in the
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orientation of both its snergy and chemical industries. Similerly, a
strategic commitment to nuclear energy has becn -important in ths develop-
ment of Sovist industry. One index o% the significance.of the -observa-
tion made here is the fact that the petroleum companies themselves have
been éctive in the acquisition of technical rights,R and D facilities,

as well as production facilities in the "new" energy technologies,

/12

as part of their strategic responses to the new technologies.~—~—

In addition to the high cost of merket penetrztion for new chenical
feedstocks onme must also consider the formidable barrier of expertise
which hss to be overéome. The orientation of the chemical industry
towards petroleum feedstocks has inevitébly influenced the pattern of
training and skills within the present chemical labour force. Universities,
colleges and other training institutions have geared their programmes
to the production of these skills and their conversion to sucro-chemistry
cannot be contemplatcd as an over-night affair. Furtharmore, the
petroleum companies have a reputation for high levels of femuneration
and material rewards. This reputation not only encourages the flow of
pérsons intd petro—chemiskry, but it also raises the cost of developing a

skills base in sucro-chemistry.

If the high cost of market penetration and development of a
skills base in sucro-chemistry are not enough obstacles in thomsclves,
onc must also ﬁake into account the cost of developing thelnew technologies
themselves. This cost encompasses thz long gestation period while
research takes place, the subsequent period of development 6F thé new
_product or process, then on to pilot testing and thc.esfabiishment of

production facilities. While in the early days some of these costs were
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borne "collectively" by the sugar producers through the Sugar Research
Foundation, the shift of the center of research to Tate and Lyle has
put a lot of these costs of development unto this TNC. The results of

+his will be discussed at some length in the follcwing chapter.

‘Two major advantages favouring sucro-chemistry are derived from
the fact that sucrose is an agricultural product. One of these we
have raferrad to ofter enough, that is, sugar is a replenishable
resourcs, wheraas petroleum is a "finite" resource. One should not,
howeVer, overstate the "finite" characteristics of petroleum. The known
global reserves of oil and natural gas exceed the amount of hydrocarbons
so far extracted. Deposits of coal ars prejected at being able to
meet current extraction rates for another three centuries, while shale
0il and tar sands heve not been exploited in significant quantitics
thus far. Furthermore, it should be pointed out that new reserves
are being continuously "discovered", while the huge increases in price
of this product has stimulated increasing concern overAenergy efficiency
and a search for alternatives, including as we have szen ethanol. There
will, however, always be an upward pressure on prices exerted by the
inelasticity of supply. While this can be countered by improved recoveries,
etc., it is a pressure that over the long run cannot be ignored. As a
replenishable product sugar-cane does not face the same difficulty,
particularly as in all the discussions so far it is not expected that
sucro-chemicals will lead to vast increases in acrz2age committed to sugar-
cane cultivation, except possibly in the case of fuel extenders.llz
The non-food uses of cane ana bset sugar are seen as beina compensated

for by increased output of alternative sweeteners, e.g. HFCS. Ac a
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consequence the impect on agricultural lanc availability is not assumed

to be particularly forbidding st this stage.

The second majo: advantage is the envirqnmentél inpact. Most
sUcfo-cheﬁicalé are biu-ddgrndablc,non-taxic, non-carciogenic, otc.
This provides for a favourable environmental impact. The major environ-
mental problems are posed when alcohol is fermented and distilled. The
_major by-products hcre are carbon dioxide, fusel oils and stillage. The
firat of these is normally discharged into the atmosphere. Fusel oils,
about 5 kg. per 1,000 litres of ethanol can be collected and further
utilized. Stillage is produced in large amounts (about 10-13 times the
volume of alcohol producéd). Because this has notential use as animal
feed and fertilizer, it is likely that disposal of this can také place
economically. As Vlitos sums it up:

"In general chemiéals derived from carbohydrates. or other biomass

products are more amenable to degradation in the biosphere,and

hence present 1933 of an env@ronmen?al hazard, Fhan do petro-/

chemicals, particularly the intransigent aromatic compounds."=—

In light of the considerations raised so far there is merit in
Parker's division of the potential sucro-chemicals markets into two
broad categories.élz: ’ Thésé‘éré the high-valued productsvprqdqced in
small volume, énd fhé low;vélued’products produced in large voiume.
In the formef market, thé che&iéal procéss is the important element of
coét and selling pricé. YWhat ié péiné sold.aré sophisticated chemical
processes ratherthén the réw méterial sucrose. Examples of such
:prbddcts are akpensive.to devélob4syst0mic fungicides and certain
pharmaceuticals. in the latté; market, sucrose is being sold as a

cheap chemical and the processes used are not costly. Exainpies of thase
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are the sucrdjlycerides, animai feed additivésﬁ resins, alcchol and
plasticisers. This market distinctioh, b} showing 2n appreciation of
_‘the”;elation of procesz to raw material cost alliows some order/ranking
.o be imposed on the range of over 10,00C :chemicale and chemical

- irtermedistes which sugar can producs.

Aithough:at présent cver 10,003 chemiczls can be produced from
" sucrose, the products which can be produced fall within certain broad

market:cat:egories.-é-l-é These are:

1, Foods o ] 10. Adhesives

2. Feeds ; e . 11. Paper
3. Fuels _ — - 12, . Pesticides
4. Explosives 13, vPlasticisers
5. Elastomers 14, Plastics
6. m_LUbricénts : 15. -Surf;ce Coatings
7.  Solvents o " 16. Surfactants
8. Soil Conditioners 17. Medicines/Pharmaceuticals

9. Fibres ' " 18. Cosmetics

The main lines of immediate exploitation of these marksts will
be discussed more fully in our study of Tate and Lyle in the next
~ chapter. At the moment what we may observe is that the most likely
b'markets to be developed are those listed as (1), (2), (13), (14), (16),
(17).and (18) above. This list deliberately excludes item (3) {fuels]
as it does not fall within the purview of this study. At preéent the
largest non-fqod onutlet for sucrose is nolyurethene c:sine. The market

is growing rapidly, (apnroximately 12 per cani per annum) and current
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US production is 0.75 billion lbs. Tc produce this guantity requires
about 50,00G tonnes cf sucrose. Thz use of sucrose mono-esters world-
wide is currently estimeted at 12,000 tonnes. As 2 result, while the
industrial potential of sucrose is considered to be great, only about
lOQ,GOG\tonnes is used in this way, that is considerably lzss than 1
per cent cf the world's output of this pruoduct. The reality is that
apart from the fairly general consumption of molasses in animal feeds,
potable alcchol fermentation from sugar-cane juice and mclasses, other
nicrobial routes which can compete with synthetic routes (e.g. citric
acid) and recently the gasahol programmes, the industrial use of sucrose
has not lived up to its promise. As the then Chief Executive, Group
Research and Develooment, Tate and Lyle Ltd. pointed .out the difficulties

are that while:

"Sucrose can be chemically modified or reacted to yield a

wide variety of products. Generally these products have not
found markets either because (i) the costs of production were
. too high relative to existing petro-chemically derived product,
or (ii) insufficient development work had been done to indicate
suitable applications, or (iii) the chemical industry ... was and
still is orientated to petro-chemical 'feedstocks’ rather than

to sucrose. There was no platform or infrastructure either
within the sugar industry or within the chemical industry to
ensure commercialisation of sugar-based chemicals. MNor was

there enough ‘patient' money available to invest in a very
longterm venture. The sugar industiry was not prepered to

invest the sums required to launch new chemical oroducts, especially
when the initial economics looked unfavourable. A long time lag
between the research work and commercialisation inhibited
investment. The chemical industry itself was not prepared to
invest very much on szeking alternative feedstuffs when petro-
chemicals were so abundant and cheap.ﬁ_il

In conclusion we may say that while the inflation of petroleum/
natural gas prices hac altered tc the disadventage of petrolzun, its

orice relative tn that of other sources of energy and chemicals, there
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is as yet not a sufficient alteration ss co maks tha cost adventages
of these zlternatives demonstrably. clear. In any case the price
structure of the petroleum industry together with the strategic and
political significance of petroleum and chemical products would not
allow this matter tc be resolved simnly in “the market place" - even
though price/écst consideration will be important to the eventual
outcome. Because of this it is my belief thst the futurs of sucro-
chemicals is bound up with its ability to win on: or more government®s
support for it on the basis of social, national, as well as market
considerations. It is only national governments which can yield a
suificient countervailing power against the TNCs. The sugar companies
alone cannot. This conclusion should be kept in mind as we consider
in the next chapter the gains and difficulties confranting the world's

leading sucroehemicals firm, Tate and Lyle Ltd,
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Chapter 10: SUCRO-CHEMICALS AND TRANSMATIONAL ENTERPRISE

Section’(i): The Importance of Tate and Lyle Ltd.

Téte and Lyle Ltd., the British owned‘TﬂC has been for tﬁe'past.
decade and more easily‘tﬁe leading force in the drive to develop sucro-
chemicals. Because of its'unquesfioned leadership in this field of
endeavour, its operations are probabiy thé'single most important index
of the possible impaqt of technological change in thevarée of sucro-
chemicals in the neér to medium ﬁérm, if not over the long term. Other
studies on monitoring technological opportunitieg féinforce the importance

which is attached here to the monitoring of the leading enterprise. Thus

Utterback and ‘Breown -observe:

"when a technical field or product area is undergoing rapid change,
or in cases where product life cycles are relatively short, it
would prove worthwhile to devote more of the forecasting effort

to monitoring resource commitments”./L .

s
St
¢

It seems self;evideﬁé‘éh;t the cdﬁmitment‘of>resources py an organization,
>‘ilet alone a COmmercial_one, to new prpduct;development and new technology
-ﬁmgbauld be a fruitfhi indiéator of thé commercial assessment of the new
pfoduct or teéhnoiogy. This boihf“gf view is also reinforced, in so far

as this commiémént'is‘first.made-bi;one or a very small number of firms,
since it is far easier to monitqg ihis, then it would be to monitor a large
assortment of patenté, technical‘papers, product and technology specifi-
cations, research in progress, efc.. The leading enterprise therefore,

can be seen as apting as a guide‘through this diverse array of documentation.

Of course the leading enterprise(é) can, and have made serious mis-

judgements in the past, so that this approach while useful still has to
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be pursued with great care and caution because of the known hazards of

forecasting technological opportunities and their commercial impacts.

Tate and Lyle Ltd. is the world's lergest privately owned sugar
company. It is a UK based transnztionzl which in 1981 embraced 72
subsidiary companies, of which 28 were based in the UX =and 44 overseas.
In addition there were 8 assccieted compasnies, "other" investments in
four corporations and a joint-venture with one. The company opérates in
all the continents wit~ a total turnover of more than $4 biilion. Its
trading sectors and operating bases are: agribusiness; bulk liquid
storage, cane-sugar production and refining; cereal sweeteners anc
starches; commodity trading world-wide; insurance; m2lting; molasses
trading, storage and distribution world-wide; warehousing, packaging and
distribution; and other miscellaneous activities. Details on the turn-
over and the composition of assets for these ten trading sectors and

operating bases are shown in Tables 41 and 42 overleaf.

Because of its substantial trading in sugar, molasses and other
agricultural products whose prices are very volatile, the composition of
assets and turnover shows wide swings from year to year. Unfortunately,
because of substantial accounting changes in the valuation and structure
of its assets the data on these sectors and categories are not available
for = long time series. However, it has been possible from a study of
the company's reports and accounts to pick up the main threads of both
the continuities and changes in its mzjor operations. The wide swings in
the value of the TNC's assets can, however, be seen from the 1980-8l1 data
alone. Thus in 1981 the value of assets in cans-sugar procduction and

refining was £152 miliion compared with about haif that value in 1980,
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Table 4l

Tate and Lyle Limited, Analysis of Turnover 1580-1981 (£ million)

TRADING SECTORS AND GPERATING BASES Turnover
. 1980 1981
1. Agri-business
United Kingdom 27.2 35.3
North America 2.2 2.7
29.4 8.0
2. Bulk Liquid Storage
United Kingdom 9.1 8.8
North America 0.4 -
9.5 8.8
3, Cane Sugar Production and Refining
United Kingdom 374.9 350.1
Canada 69.1 106.9
usa 77.9 133.3
Belize 14.0 15.8
Zimbabwe 18.1 26.7
554.0 632.8
4, Cersal Sweeteners and Starches
Canada . - 0.4
Europe 38.4 43.5
38.4 43.9
5. Commodity Trading Worldwide .
Sugar _ 431.0 1,105.5
Other 54,3 41,5
485.3 1,147.0
6. Insurance - -
7. Maltinn
Unitecd Kingdom 19.5 18.4
8. Molass2s Trading, Storage
and Distribution
Worldwide 222.4 246.9
9. Warehousing, Packaqing and
Distribution
United Kingdom 28.4 27.4
Nigeria 20.3 27.7
48,7 55.1
10. Other Activities
Shipping - United Kingdom 4.7 0.1
Starch - United Kingdom 48.2 10.0
Other 38.9 63.3
51.8 73.4
11. Total 1,452.1 2,264.3

Source: Tate and Lyle Ltd., Annual Report, 198l1.
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Table 42

Tate and Lyle Limited, Analysis of Assets froloyed; 1330-1981 (£ million)

£ millicn Total Total
306/10/8% 30/10/81
2. Bulk liquid stcrage 19.7 19.7
3. Cane suzar production and 79.3 151.9
refining
4, Cecreal sweeteners and starches 18.4 28.5
5., Commodity trading worldwide 83.5 36.2
6. Insurance 2.5 5.5
7. iielting 14,9 14.9
&. Molasses trading, storage and
distribution 23.6 36.5
9. Warehousing, packazing and
distribution 11.4 1G6.7
10. Other activities 31.0 21.2
Total operating asszts 293.3 337 .4
Speciality chemicals 13,5 7.3
Central {12.2: 5.1
Total 294.6 3472.8

Note: Changes in the valuation and structure of assets in 1981 restrict
the availability of comparative data to 1980 and 1981.

Scurce: Tate and Lyle Ltd., Annual Reports, 1980 and 1981l.
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(£79.3 million). This made cane sugar production and refining the largest
trading sector in 1981 but in 1980 it ranked second after commodity
trading worldwide. Similarly the vzluation of assets devoted tu commodity
trading worldwide fell from £83.5 million in 198C to less than half that
amount (£38.2 million) in 1981. Thesz wide variations in sssats structure
reflect the deep involvement of th: company in tne producticn, ~rocessing,
storage and trading of agricultural commoditics. #Ae we shall indicate
later, this involvement should certainly raise coubts as to whether such a
company can in fact sustain a long term interest in the pursuit of an
alternatively based chemical industry in the face of e competitor as

formidable as the petro-~-chemical industry.

The wide variations in assets employed ars inevitably reflected in

the company's turnover, as can be seen from the data in Table 41; although ’
the swings here are either in diffsrent directions or reduced: in comparison.
Thus the near-doubling of assets in cane sugar production gnd refining
between 1980 and 1981 is reflected in a_l& per cent increase in turnover.
Commodity trading worldwide grew by a factor of 2.4 between 1980 and 19681
while assets empldyegfﬁell‘by'a factor of 2.2. Agri-business turnover

also grew by oné-third between l98d'and'1981,'while assets employed grew

by a factor of 2.3.

Operationally, the research and development activities of Tate and
Lyle, along with its new ventures are located in its New Developments
Division. Within this division there is the T .lrus Development company,
a'wholly'owned subsidiary located in the UK and which forms the "bridge"
between research and commercialization. Thc TNC also maintains substantial

"research facilities at Reading University. While the research and
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development activities will be discussed in the next section, we may note

at this stage, that the speciality chemicals activities of the company are W'w
not unexpectedly, located in this division. The Chemicals Division of gi
. the company is a major part of its structdre and constitutes one of the -
four major divisions of the TNC, the others being the UK Division, 4

International Division and the North America Division. Most of the research

work in chemicals fall under the general direction of this division.

Studying the accounts and reports of Tate and Lyle it is very evident
that a decision was taken in the early 1970's to substantially reduce the
company's involvement in sugar and to find a more diversified production
base. The assets and turnover structure shown in Tables 41 and 42
therefore, are the product of more than a decade of diversification of
the corporation's structure. The TNC's base in sugar was of course the
launching pad into other operations. In 1976 the Chairman's Report
on the corporation's activities stated aé'follows:

"Tate and Lyle's business is to supply, trade and handle com-

modities and to provide the services for handling other people's

goods. The group has used its strong international base in sugar

to expand into many other related businesses, resulting in a

substantial presence in the worldwide markets for processing, /2

trading and handling many goods, feedstuffs, fuels and chemicals."—

The pace of diversification of the corporation's structure can be
gleaned from the fact that whilst in 1976 the major tradirg sectors were:
sugar, starch,.commodity trading worldwide, bulk liquid storage, shipping,
warehousing and distribution, and engineering and consultancy; by 1981
the last item was well established as an agri-business complex; malting,
~ insurance andS?BCiﬂiitY choniculs were added to its list of activites and

-the shipping fleet of the TNC had been dissolved. The diversification into
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North America was also racid - leading to the creation of a whole new

division to cover these activities.

The diversification thrust of Tate and Lyle had been brcught on by
a number of major develocments confronting the TNC. One of these has
been the rapid and unfavourable changes in the structurefof the world's
sweetener industry.. This was discussed at.soms‘length in Part I, and the
- points of major~imcortance tc note are tne*extreme uncertainty of sugar
prices; the rise of beet sugar production and consumption, particularly in
Europe; the growth of the HFCS industry; the slow growth of globai
consumption of sucrose; and the drive for self-sufficiency in sweeteners
among the develcping countries, whose consumption of sugar is rising. A
second development of major slgnlflcance was the ending of the Commonwealtn
Sugar Aqreement and the entry of the'UK into thé EEC. Tate and Lyle has
built its sugar refining operatlons on sugar-cane cult1vat10n in the WK's
ex-colonies and tie preferential access wh1ch this sugar had into the U
market.' W1th the UK's entry. xntc the E‘C th1s came to an end and was
replaced from ‘the TnC's standpc;nt w1th the less favourable "EEC-ACP
Agreement. In add1t10n, the sweetener reglme of the EEC, and in particular
its strong support for European beet sugar, has created major obstacles
for a company traditionally based on cane sugar production and refining.
The offect of these developments has been a drastic rationalization of
sugar refining operations in the company; occasioned by the large decrcase
in-the availadle.UK'market..:]bps in 1981 the company estimated the UK
market at 2.3\mil}ion tonnes of sugar. Of this total, domestic beet
production,in‘themuk wqg&dlpayeﬁabsorbed i.l million tonnes, and imports

of white sugars from tha EEC, 0.15 million tonnes. ‘The total supply of
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beet sugar would therefore have been 1.25 million tonnes leaving a
residual of 1.05 million tonnes for cane sugar. Meanwhile Tste and

Lyle's refining capacity was 1.34 million tonnes, that is an over-capacity
of about 27 per cent. In a recent report the company listed four causes

of the sugar refining crisis confronting it, namely:

f

a collapse of export margins;

an . increase in UK beet sugar production;

a contraction of the UK sugar market;

the importation of white sugar from the EEC.
The report theh goes on to state: | .

"Because the cane sugasr refining margin is so much lower than

that for beet processing, these four factors have forced Tate

Tine with shrinking demand for ite productasrdd )

. products."/=
. A third development leading to the diversification strategy was the

Teduced control the TNC could exercise over its investments in ovcrseas
sugar cane growing areas. A number of familiar political and social
facters is associated with this development and so do not require
repeating here, A fourth factor is that over the years of contact with
sugar cultivation and refining the company has developed a wealth of
‘expertise in related activities, e.g. shipping, bulk storage, znginsering
and cultivation consultancy capability in tropical agriculture, molasses
handling, and so on. It was therefore logical, that in a period of crisis
a constructive response to protecting the TNC's interests would héve heen

to exploit the skills capabilities which it had developed over the years.
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Théfiaét'and perhaps‘most decisive consideration, certainly in terms
of'timing.the transition to other activities was the inflation of oil
prices and reported scarcities of this product. This consideratioh more
thén any has specifically'intensified the search for sucro-chemicals,
eQen though its impact on the company's activities has been rar more

wide-ranging.

The data in Table 43 below show the TNC's accounting deductions from
profit for research and development expenditures and speciality chemicals
over the neriod 1977-81. These allocations are deducted from profits in
the year of its expenditure. In the case of joint ventures the figures

are net of the partner's‘contribution.

Table 43
Tate and Lyle: Research and Development Allocations
Year £ million
1977 3.3
1978 7.9
1979 3.5
1980 5.4
1981 6.8

Source: Tate and Lyle Ltd., Reports and Accounts (various issues)
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Section (ii): Tate and Lyle: Research and Development Activities

In this section, 1 shall highlight the main research and developrient
activities of Tate and Lyle in the general area of our interest in an
effort to pin-point the crucial growth points over the neaf to medium
term. Emphasis will be placed on the immediate pre-commerdializétion
activities. The analysis does not treat adequately with the TNC's
activities connected with the improvemznt of cane sugar cultivation and
processing in which the TNC has made important technical innovations

recently.

1. Degradation of Sucrose

We have already discussed at some length the limitations of the
degradation reactions of sucrose as a route towards the production of
chenicals. Much of the literature cited in this context, e.q., Parker,
Hickson, Vlitwns, Hough and Righelato comes from scientists and scientific
managers associated with Tate and Lyle's laboratories. The only signi-
ficant research in this area is the effort by Tate and Lyle to improve
the yields of mannitol and sorbitol. In many wavs it can be siad that
Tate and Lyle's research and dsvelopment work in speciality chemicals
has teen founded on the explicit recognition of the exhaustion of the
possibilities of this routé, and its consequent willingness to commit
resources in the pursuit of the developmcint of other routes to chemical

production from sucrose.

2. Sucro-esters
Work on the production of sucro-esters constitutes one of the major
areas of Tate and Lyle's research and devzicurent offorts and has resulted

in significant products reaching the commercialization and immediate
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pre-commarcialization sfége. The mein effort herz has been directed at
discovering commercial processes for the precducticn of sucro-esters for
use in detergents, as foud additives; in cosmetic and skin care products;
animal feeds, and polymers. The outstanding technological opportunity so
far has been the break-through discovery of the TAL orocess for producing

detergents.,

Tate and Lyle's work on the TAL process takes us back to our discussion
in Chapter 8, whare we observed that the Sugar Research Foundation had
pioneered research in the trans-esterification between a triglyceride and
sucrose, using dimethylformamide (DMF) asba solvent. The triglyceride
used was tallow and followed the initiative of the State of Nebraska in
the "USA in asking the Foundation for its help in Finding uses for its
surplus animal fats. As we noted in that chapter the discovery of
solvents such as DMF which made this trans-csterification pfocess possible
while a critical breakthrough, was nevertheless expensive because of the
high costs of the solvents. 1In addition to this it should be pointed out
that the Foundation's process of trans-esterification took olace in the
presehce of pdtaésium carbonate K,CO,, used as a catalyst at a temperature
of 90°C. The process initiated an incomplete reaction which yielded a
complex mixture of mono =nd diglycerides and sucrose esters. The mixture
also contained unreacted mixtures of sucrose and tallow. All these
additioﬁalufactors inevitably raised the coste of purification and analysis.
Mention was also made in Chapter 3 that questions were raised about the
possible toxicity cof OHF., As a result it was stipulated tnat if‘it was

used in food if had to be done in parts of less than 50 per million.

Some of the scientists associatad with this werle at the Sugar
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Foundation later joined'Tate and Lyle wherze an ¢ffort was being made o
improve upon this process in arder to lower nrocessing costs. This was
successfully achiezvad when scientists in Tate and Lyle's laboratories
discovered that under certain conditions sucrose would react directly with

A

a triglyceride in the absence of a solvent. A surfactant was prepared by

reacting the following materials:

Tallow 40.0 g (64.5%)
Sucrose 17.8 g (27.4%)
KyCOs 5.0 g ( 8.1%)

This was a simple reaction which yielded a complex mixture with the

following properties:

sucrose monoester 27%
sucrose higher ester 3%
gurrTran 13%
.triglycerides 3%
diglycerides 9%
monoglycerides 15%
potassium soaps 30%

The sucrose based detergents produced from this process has certain

highly esteemed properties, viz..

- complete and rapid bio-degradability

- non-toxicity tomammals, fish and micro-organisms

- low foaming, which enhances its use in automatic machines
- non-irritant

- non-<allergenic

- orthodermic

- excellent surface active, emulsification and oil
dispersing detergent properties.
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The environmentaiefelafed.éd;ahfages are formidable ones particularly as
the threat of accumulafed detergent residuee in inland waterways duz to
the low bacterial degredation ef‘alkylerysulphonateu was acute at the
time of this diecdvery. Whiie the switch to linear alkyl sulphonates has
reduced the severity'of the situation, it has not entirely removed it.
The product's main disadvantages are its thermal instability; its
instability to strong alkaliéé and its incomplete water solubility.

Removing these inhibitors invariably adds to the cost ef nroduction.

It is significant to note that in reporting on this pioneering work
Tate and Lyle scientists, remark on the "accidental" nature of the
discovery - thereby highlighting the "serendipity factor" in scientific

T R W : - . #

discovery:

"we did pot plan to fashion a new surfactant. One of our chemists
was working on the general reactivity of sucrose in the absence
of solvents: sucrose was reacted with tallow in the presence of
potassium carbonate at 125 Oc.n/4

¢

Two features associated with this process and.the product are worthy
of special note. One is that the triglyceride which can be used need not
be tallow. Any triglyceride, whether plent or aﬁimal can be euccessfully
used. This of course, widens the range of useful additives (e.g. coconut
oil), from the point of view of the underdeveloped countries. Secondly,
we should recall the observation made in the previous chapter about the
"user impect“ on a eroduct, or a new teehnolqu.lnlt was this same TAL
process which was cited in the example to show thet while if was produéed
with one-purpose in mind, actual indestrial use haquielded up to that'
point 15 different potential applications whieh hae‘nef eeeh.cenfempleted

at the outset.



Tate and Lyle is completing under the TALRES company an industrial
complex at Knowsley‘which‘ruﬁs a 5,000 tons/year capacity plant to
produce a véfiaty of surfactants with different physico-chemical pro-
perties. Whilé_there have been séme éignificant deleys and re-schedulings”
the aim is to %xpand this capacity to 22,000 tons/year. In addition to
its UK commercial operations in this area licencing deals are underway
in the Philiipines for a 25,000 tonnes plant using coconut oil as the
triglyceride. Japan and some countries in Latin America have also shown
interest. In order to encourage the use of this product the Corporation
was able to get the end products of this process classified in Annex I of‘

the EEC's permitted list of emulsifiers and stabilizers.
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While the detergent use of this surfactant has been the major break-through

in this catégory of applications, other important developments have also
taken place. In the food'sector, sucrose based surfacténts have yielded

the following adVantages:

In the cosmetics and pharmaceutical applications sucrose based surfactants

improved surfacé appearance

improved wetting properties in re-constituted dried foods
improved humectency

delayed staling properties

improved.oven spring

crumb softness

increased number and regularity of gss cells making for more
uniform slice

adds gluten to non-wheaten flours -

fat sparing properties in that it spreads the fat more
evenly over the flour granules permitting a good loaf to
be made with less expensive shortening.

Vo

have shown themselves to make superior skin cleansing formulations. In
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addition the products asre non-allergenic, non-toxic and completely
orthodermic. In animal foods, sucrose based surfactants produced at
Tate and Lyle are thought of as improving the digestion of fat in animal

rocds.

In herbicides, preparations made from sucro-ssters are particularly
efficient because they assist the absorption and transport of herbicides
in plants. Their non-toxicity is an advantage in that these preparations

also leave no persistent or toxic residues.

3. Chlorodeoxy Sug~rs,

Tate and Lyle laboratories discovered early that 11,a, 6, 61-tetrachloro
glacto sucrose is several hundred times sweeter than sugar. Subsequéent

1, 4, 6l-trichloro compounds are as

investigations have revealed that 1
much as 2,000 times sweeter than sugar. Most significantly these compounds
have a pure swzet taste which experiments have established as being
indistinguishable from sucrose. These processes clearly open up the
possibility of a new class of low-calorie sweeteners based on sucrose.
Currently, toxicological tests are underway as part of a major pre-
commercialization effort. As Hickson points out:

"These chlorinated sucroses really could qualify as the new

generation of artificial supersweeteners - that is if Zg?y
can pass the necessary rigid tests for health safety”.

12, 6, l-tetrachlorotetras

It should be pointed out that 1
deoxymannosucrosc is an exceedingly bitter substance, having more than
twice the bitterness of octaacetate and therefore a major challenger to

the markets for denaturants. Closely related also are the 6-chloro-



139
deodymonosaccharides which are being studied for their medical uses.

Table 44 below indicates the relative sweetness of the chloro-

deoxysucroses.

Table 44

Relative Sweetness of Cholordeoxysucroses

Sucrose 1
Galactosucrose not sweet
11 - chloro - 11 - deoxysucrose 20

4 - chloro - 4 - dooxygzlactosucross 5

6 - chloro - 6 - deoxysucrose bitter
61 - chloro - 61 - deoxysucrose 20
1! - 4 - dichloro - 1},
4~-dideoxygalactosucrose 600
11, - 61 - dichlors - 11,

6~ - dideoxysucrose 500
1}, 4, 6-trichloro - 1%,

4, - 6 - trideoxygalactosucrose 1,000
1}, 4, 6, 6! - tetrachloro - 1%, &,

6, 61 - tetr deoxygnlactosucrose . 200

Source: R. Khan and A. Forage (1979-80)




4, Microbial Conversion

Monitoring of Tate and Lyie's srasezrch and deveiopment work in
the area of microbial conversion indicates three ﬁajor significant
preduct/proééss-d;Qulopmcnts, The first of.thésé is the treatment of
wastes. 4s we have seen the procéssingfof sugar yieldg a number of
wasfé products e.g. stillagé; Arising out of its interest in this
area Tate and Lyle has embarked upon work in the area of enzyme technology
.féurecover saleable products from wastes. One of the directions of this
work is the possible utiliiation of waste streams and mother liquors‘
from sugar as a substrafe for the mixed culture of micro-organisms.
Another area is the use df mier .-organisms in anaercbic fermentation to
produce methane from waste treatment processes. A thi;d significént
direction is the usé of fhis technology to improve water burification

systems.

The second major area of technical development is the production of

microbial polysaccharides. These products are used asg geliing, thicken-
ing and suspending agehts';n a wide range of applications. The market for
these products is generéllyjhot large except for Xanthan Gum which is esti-
mated at 50,000 to 60,000 tonnes amnually. In s joint venture with Hercules
Inc. (subsequently abandonned), a'combany which has experience world-

wide in marketing water soluble polymers, three sucrose based microbial
polysaccharides are being produced. Xanthan gum is produced under the
trademark 2I0ZAH in three grades, viz.,

- food grade
- standard grade (for use in general and agricultural applications)
- 0il drilling grade.
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The Xanthan Gum has been described as:

"y high molecular weight, water soluble polyuer, with a

comoination of interesting rheological properties which are

maintained even at high temperatures. The gum's unusual

molecular structure in which the polymer backbone is protected

by negatively charged side chains, promotes its use as a

thickener and suspending agent in acidic, alkaline anc

highly saline media where other water soluble polymers might

be degraded or orecipitated.ﬁ[ﬁ

The third microbial conversion effort is the production of ethanol.
The TNC does not seek to produce ethanol per se but to innovate in the
processes of ethanol production. As we have seen in the previous chapter
the technology of fermentation ethanol is well established. In most
cases ethanol concentrations of less than 10% v/v are produced in the space
of 20-30 hours with conversion efficiencies of about 90% of the theoretical
maximum of 51%. Tate and Lyle research is directed towards developing

processes which can:

(i) increase the concentration of ethanol and hence reduce
distillation; -

(ii) reduce the costs of setting up distilleries.

The company claims that it is able to produce ethanol well in excess of

10% v/v with holding times in a continuous reactor of'less than 10 hours,
with no consequential loss in conversion efficiency. This permits the
installation of smaller; and hopefully cheapzr Fe:menters and stills, with
lower capital costs generally and less eneréy\input into the recovery of
ethanol. In some publications there are hinfs of a 30% zlcohol concentration
and of emzll =fficient converters capable cf conversion at ter or mcre times

faster than the normal rate.lz

The company's technological effort in this area has followec from its
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substantial interests in'starch, sugar and molasses. The wo;ldwide effort at
sugar-cane produced ethanol for enzrgy in the Third World has attracted

its efforts in this area. Its long history of direct contacts with sugar-
cane and molasses producers has no doubt given a Filip.to this development.
As pointed out the company has announced no plzns for ethanol production

of its own,

5. Talin Sweetener

Talin Swectenor along with the remaining items briefly discussed
below (6-9) do not fall within the ambit of sucre-chemicals, but these
activities are important because they indicate the hedging of the
corporation. Cne cutside threat to the sweeteners market which currently
exists is the development of a safe low calorie sweetener. Many people
who consume sugar (and those who do not) fear its calories while liking the
taste. A substantial financial prize exists for whichever enterprise is
able to produce a low calorie sweetener with the taste and other acceptable
properties of sucrose. The company's investitent in speciality chemicals .
research in the chlorodeoxy sugars reflect its commitment to invest
resources in this search.. Similarly, is its effort to produce a sweetener
from Talin, a West African plant mentioned in Chapter 7, (Thaumatoccus
danielli). The berry of this plant is not only several -times sweeter than.

sugar-cane, but is low in calories, non-carcicganic and lavour enhancing.

6. HFCS
While HFCS was discusséd in Pert I, it should be not=d here ir the
monitoring of Tate and Lyle's activities that along with Talin.Sweetener.

and the Chlorodeoxy sugars, activity in the YFCS are= indicates the
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integrated sweetener approach of the ~company. The focus of its efforts

seehs to be the use cf °nzymes in the producthn of HFCS, This complements

its work in other areas of m1croblal conver81on procasses, In collaboration

‘with the British Atomic Energy Research Establishment new techniques for

imhobilizing anzymes afe being pursued. The first successful cne was
amyloglucosidase. A 530 litre reactor containing this enzyme was in use
in the Tate and Lyle glucose factory. An effort is also being made to
develop a commar01al process for produc1ng HFCS From chlcory, an example

of yet another "hedge"

7. Cane and Beet Factories

Research and development in low calorie swe eteners and HFCS do not
end Tate and Lyle's research in the sweetener industry. A major effort is
also being made to develop improved factory processes for sale to cane and
beet processing factories. One outstanding innovation for which it has
won a British technological award is the TALO process. While we are_not
concerned with operations in this sector, the range of the company's research
effort and its base in the sweetener industry espproached as a multi-

product industry is definitely highlighted when these activities are noted.

8. Crop Protection

Long centact with tropicalvagricdlture, and more recently with
European agriculture has stimulztad this TNC to exploit its considerable
expertise in crop production. In so far as sucross based chemirals mr
yield importaht chemiczl oesticides, part of this effort is integrated with
its speciality chemieels ectivities. Howe ever, the major affort in this

field is to use fungi, bacteria, virusee and other micro-organisms to
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replace, or éomplement, the use of chemical pesticidés. This is an
important area of research as hany insects and pathogens are becoming resis-
tent to chemical pesticides. The recourse here to the natural enemies of -

these pests obviously constitute an important endeavour.

9. Aguaculture

Reseérch and development work here seem to be guided by two major
:considerations. One is the further exploration of the possibie uses of
water borne waste materials. The work here'fherefore complements the work
on wastes discussed above. Second, commercial fish-farming is seen as
one means of improving food supplies. Tate and Lyle efforts are aimed

at developing a saleable technology in this field.

Secti;ﬁ (iii): 'Réséarch Directions: An Assessment

| The new directions of fgfé and Lyle's research which were highlighted
in the previou5'séction followed as a direct result of the diversification
.programme which the company had commenced just ovér a decade ago. The
variety of research endeavours ovér the past twelve years fall into one or
other of three major categofiééé food, process technology for producing
and processing agricultural cfbps,'and speciality chemicals; all three of
these éategéries in turn fiﬁéﬂg common origin in the corporation's initial
: intereét in sugar. 'Divgrsi;icétion for the TNC therefore, did not mean an
abandonment ‘of sugar bpt:rather there were controlled efforts to build

on the spin-offs associated with sugar, either through moving into new

areas of activities or into new geographical regions.
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fFrom various reports and discussions it seems as if the company has
operated or tried to operate with a 10-year time-horizon as the "minimum"
for achieving best returns on its research ana development projects. The
projécté which are currently at the early commercialization stage, e.g.,

Xanthan gum and TAL detergents, fall within this time frame. It therefore

_appears to be a reasonable one, if indé;&‘the minimum is intended and this

is not converted into a "norm". Delays in the commercialization of both
of these products mentioned here, show how important it is not to become
impatient, as it were, towards the end. In the Annual Report of the
company's New pevelopments Division for 1979, the position was summed up
as FolloWé: |

"The commercial ventures currently reaching maturity - TAL

surfactants, Talin sweeteners, Xanthan gum - represent research
goals set a decade ago."/8

As the Report goes on to point out:

"Our long-term research focus is, therefore, on developing the
basic chemistry of sucrose and other carbohydrates, and
exploring processes for exploiting the potential of biomass

as a source of packaged energy. As the basic research advances,
the broad approach will converge on identifiable targets on
which R and D resources will be concentrated, under the guiding
pressures of marketin9 environmental, legislative and
sociological Forces"._é

If it can be said that the diversification of Tate andeyle'é"
operations and its new research and dévelopment activities were stimulated
by its fear of the dangers associated with its over-dependence on a

commodity as volatile aé cane sugar, these afforts have as yet not developed

to a point where wide shings in turnover, assets employed and profits

_(losses) have been eliminated. We have already noted in Tables 41 and 42
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how considerable fhese swings have been in the space of just on= year.

Data on the corooration's profitability (before deductisns) are shown in
Table 45 overleaf. These indicate clearly the high levzl of dependence on
sugar which still prevails. Thus in 1980 and 1981, caneé sugar »roduction
and rafining, molasses and sugar trading accounted for 186 and 37 per cent
respectively of profits less losses. The volatility of these earnings

can be seen in that in 1978 profits from cane sugar production and refining
was one per cent. By 1979 it has risen to 21 per cent and in 1980 and

1981 it wes 36 and 45 per cent of total profits, respectively. To this
basic consideration must be added the structural crisis conditions which
have been confronting the capitalist world economy since the mid-1970's.
If we bear these two points in mind we would be able to appreciate why, over
the past two to three years, the company nas come close to panicking over
its possible over-sxtension in research and development, and the over-
commitment of its resources to speciality chemicals based on sugar.

There has been in other words a substantial retreat from thé sucro-

chemicals programne started just over a decade ago.

After the boom in sugar prices of the mid-1970's had completely
subsided, pre-tax profits cf the corporation fell from £52.5 million in
1976 to £43.9 miilion in 1977 to a further low of £2£,5 millicn in 1978.
Given the rapid inflation of prices during this rcried the real Fail in
profits was considerably larger than the current values would indicate.
These events "coincided" with thz rctirement of the current Chairman of the
TNC (John O. Lyle) and the assumption of leadership of the company.by
Lt. Hon. Earl Jellicce. Whztever may be the "inside" events, it is

abundantly clear theat a number of factcrs had precipitated the decline
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Table 45

Tate and Lyle Limited: Analysis of Trading Profit, 1978--1981

Trading Profit(Loss)

1978 1579 1933 1981
&M % &M % £ S ER %
-TRADING SECTORS AND
OPERATING BASES
Agri-business
United Kingdom 2.6 é 2.2 6 (6.5) (x4) (0.3) (1)
MNorth America 1.9 4 0.1 - (1.1) {2) 0.1 -
4,5 10 2.3 5 (7.6) (13) (0.2) (1)
Bulk Liquid Storaqge
United Kingdom 1.3 3 1.1 3 2.7 6 2.6 5
North America 1.1 - 0.1 - 0.2 - 0.4 1
1.4 3 1.2 3 2.5 6 3.0 6
Cane Sugar Production
and Refinin
United Kingdom 1.2 3 5.4 15 5.6 12 9.4 17
Canada , 1.4 3 1.5 4 3.2 6 3.7 7
USA (2.8) (7) (0.4) (1) 5.0 10 9.1 17
Belize 1.3 2 1.0 3 2.9 6 2.3 4
Zimbabwe - - - - 0.7 2 0.0 -
1.1 1 7.5 21 17.4 34 24.5 45

Cereal Sweeteners and

Starches '

Canaaga N.A N.A. N.A. (0.3) (1) 1.3 (2)

Europe N.A. N.A. N.A. N.A. (0.9) (2) 0.7 1
3.3 1.9 (5) (1.2) (3) (0.6) (1)

Commodity Trading

worldwide ‘

Sugar 19.6 45 9.8 28 19.3 39 9.7 18

Other (1.7) (4) (0.8) (2) (2.5) (5) (0.1) -
17.9 41 9.0 26 ~16.8 35 9.5 18

Maiting

United Kingdom 2.0 5 2.4 7 2.3 3 2.0 4

Molasses Trading, Storage
and Distribution :
Worldwide 6.4 15 8.4 24 15.0 31 10.6 19




Table 45 (cont'd)

1575
M %
Warehousing, Fackaging
and Distribution
United Kingdom NJA. N.A,
Nigeria N.A,  N.A,
3.9 3
Other Activities
Shipping - United KlngdomN‘A. NLA.
Starch-United Kingdom MN.A. N.A,
Other N.A. N,A,
2.5 6
Total 44,0__100

Research and
Development (2.7)

Speciality Chemicals 0.2

Net Costs of R and D
Speciality Chemicals 2.9

Note: N.A. Not available/applicable.

199

1979 1983 1931
£ % & % &N, %
N.A. NJA. 0.1 - 1.5 3
MA. MA, 2.8 2 0.6 1
1.9 5 3.9 2 2.2 4
NnAn N-Ao 2.’!‘ 5 0.2 -
N.A. 0 NJAL O (3.2) () - -
N.A. N.A. 2.2 4 2.3 4
7.1 6 1.4 3 2.5 4
33.5__.100 48,7____100  24.7 ___100
(2.9) - (2.5) - (2.4) -
(0.6) - (2.9) - (404) -
3.5 - 5.4 - 6.8 -

The figurss above refer to group trading profit before deductions
of interest, central expenses, research and development taxes, etc.

Source: Tate and Lyle, Annual Report and Accounts, 1978-81.
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in profits; the'main ones being: the fall in demand in the UX refined

sugar (nentloned sbove), the 1mpact of UK membership of the CEC on the sugar
ragime Fac1na the THNCg the demonstrated excess cap3c1ty in the starch and
glucose industries, a capacity which had been built up durlng the buoyant
years of the sugar boom; & worldwide decline in ehloplng ratas; the much
higher cost of penetratlng the North American market than that whlch the

corporatlcn had originally antic 1pated

In order to combat the decline in profltablllty a major restructurlng
programme - was 1ntr9duced by the .new menagement. These had five major
production and trading elements.

One of these was the closure of some sugar refineries in a surgical
effort to rsmove over'capacity. The second was to sell and dispose of the
corporation's shipping Fleet. The third heesure was to move out of starch
and glucose production in a number oF its factories. A fourth was the
rather drastic prunlng of cverheads and central expenditures in the corporsa-
tion. Lastly, and of particular 31gn1f1canCL‘to us, a major re-appralsal
of the corporation's research and development work4and the speciality
ehemiceis:progremme in particular was undertaken. Accompanying this
restructuring p;ogramme was e major re-organisation of the management
etructure oF'the TNC, es is usual in such circumstances. As the Chairman
:pﬁt tt:.

‘"Throughout the group we are now:setting more urgent reguirements

' for profit return. We have, for.example,; re-appraised progects
" for our chemical division on which we are now taking a more
conservative view. In surfactants we have decided to write-of?

our initial expenditure while 1nt°n81fy1ng oyr effcrts to solve
.. the technical problams we have encountered. "

Y
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The attitude reflected in this quotation while making "hard-headed"
business sense reveals why I raised the question earlier, as to whether
a company with as volatile a trading struqture as Tate and Lyle can
reasonably be expected to sustain the long effort to develop a sucro-
chemicals industry. While on the one hand the volatility of the company's
pushes it on to find a stable manufacturing base in chemicals derived from
sugar, in order to ensure a better regulated sugar demand,on the other hand,
the very instability of earnings reduces its capacity to finance a long
term research effort. Whét is therefore reflected in the sentiments
expressed in the chairman's statement may be more than the usual pessi-
mism encountered during a downswing of economic activity. It may be the
manifestation of this particular dilemma. In any event, the present
persistent weakness of sugar prices is adding cohsiderably to the discourage-

ment of the effort in sucro-chemicels.

The approach of the new management to the sucro-chemicals programme

was put this way in the corporation's Annual Report. for 19é0:

"To develop and make profitable a new chemicals technology is,

we have always acknowledged, to accept a major challenge -
particularly at 2 time of acute depression in the chemicals
market. With the added burden of heavy start up expenses,

we have been in no position to make our planned impact on the
market and incurred substantial losses in 1980. It is taking
longer than we expected to commission the two new plants of

our production complex at Knowsley, Merseyside. With our

planned range of surfactant products we have encountered

serious technical difficulties and have yet to prove our

ability to produce these in volume and on commercially

viable basis. We are continuing our efforts to solve these
problems but, in view of the high risk nature of this venture, /11
have written our initial expenditure out of our balance sheet."===

Following this annouhéement the company has relinquished its share

in the bio-specialities programme and has solc its assets. It has also
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disposed of a>major part‘oF jte sharve in the common services at the
Knowsley complex. Its joint venture witii Hercules Inc. waes also terminated.
Finally, it has recently concluded an agreement with the chemical THC
toechst A. G. to "work jointly in crder to exploit our combined skills

in some areas cof chemistry and biolody".éig As the corporation has

put it:

"The agreement combines the experience of a major chemical company

and a major food company in developing specific new areas of /13

mutual interest in blptechnology and carbohydratz qhemlstry".—f—

Our examination of Tate and Lyle shows that to all intents and
purposes, the sucro-chemicals programne is well and truly at a cross-
roads. While there has been a considerable phasing down of the corporation's
efforts in this direction, nevertheless its movement towards joint arrange-
ments with Hoechst A. G. merks an important advance. I s;y this,bbecause
this company brings to the’ agreement not only a wealth of experience in
chemical production and trading but being a major "user" itself, it might
very well offer the solution to the question of how to penetrate the

existing chemicals markets with sucro-chemicals.

It should be noted that the downturn in profits which had precipitated
the drastic changes indicated above has been halted and a definite upswing

in profitability hnd started during 1981. As the chairman remarked:

"I am very glad to report that 1781 saw the return of the Tate
and Lyle Group to an improved quality of errnings and a more
acceptable level of profit - £36.3 millic c¢fore tax. This
result was achieved in a very difficult ac nomic climate, both
in the UK and worldwide. It is encouraging to see a stronger
group emerging from the drastic policy of rati?nalisation which
we have of necessity pursued in recent years."_lﬁ
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,Unfgrtuﬁatély Fr05 the standpoint of sucro-chemicals this was
achizved ;t its expense. In his Interim Report for the six months ending
Magch 27, 1982, the Chairman noted the continued upswing in profits, but
gdés onjtq point out fhat:

"The containment of expenditure on research and development

and substantial reduction of losses in speciality chemicals

also had a bearing on the Figures.ﬂ[lé

- One note on which this chapter must eﬁd ig a further re-<iteration
of the observation that a TNC with as volatils an earnings structure as
‘Tate and Lyle cannot be confidently expected to pioneer a massive break-
through for éucro-chemicais; At the gnme time, howsver, s dozen years
of sustained reseatéh and the commitment of large sums of money to
research in this'%ield constitute an important asset of the company. This
TNC is in fact the world-leading institution in the field of sucro-
chemicals. This considerable zsset should nct be esily given up, or worse
wasted. Perhaps in some ways the new partnership agreemeﬁt with Hoechst
A. G. may well hold the key to the future. The technical oroblems which
remain in this field are considerable let alcne the task of product
development and marketing. It would seem as if a now infusion of resourées
and the opening up of market progpedts are needed to get the momentum

going again. The question is, however, where will this come from?
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Chapter 11: THE THREAT AND THE PROMISE: . AN ASSESSMENT
Section (i): Context

In the previous chaoters we have presented a large amount of detail
on the development of HFCS and sucro-chemicsls tschnology, the structure
in which the industries associated with these technical innovations have:
dsoeloped, and the foguss prospects of these industries. In this chapter,
from the perspective of the Caribbean, a general assessment of the impact
of these developments will bs presented; and certain recommendations
will be.made. Ths‘ewphasis here will be judgemental and analytical
rather than the rsoetition of details on market forecasts, trends in
capacities, prices, and public policy, and the identification of technical
obstacles and problems which remain in the development of these technologies.
Certain general propositions about the Caribbsso region are implicit in
the presentation of toelmaterial so far. However, in order to erase any
doubts which may linger, about the context in which my judgements are
being exercised and the recommendations made, these will have to be
made explicit at this point. The fifst of the propositions is that,
historically, arising out of the process of colonisation and exploitation
by Europe, our agricultural system has been oriented to the production of
export staples for consumption abroad. Coming out of the relatively |
recent process of decolonisation some efforts are being made at the
replacement of the foods we eat which are imported from overseas. So far,
however, the diversification of agricultural output achieved under the imncrt-
substitution programme has been rather limited and projections into the
future do not indicate any dramatic improvements. This is a particularly
depressing state of affairs'since within the region, the overall food needs

exceed domostic supply. It is my judgement that in the present state of
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Caribbean agriculture, significant increases in the output of food would

depend, inter alia on the following:

~ a substantial decrease in losses of cutput due to pest
and diseases;

- = substantial increase in yields and improved reqularity of output
from presently cultivated erecs;

-~ vastly improved efficiency in the use of furtilizers, water,
" mechanical equipment and other energy intensive inputs;

- better storags, transportation, distribution and oricing
systems;

- improved social amenities in the rural areas, 2.g. health,
recreation, education, training, etc.;

- a socially just distribution of lend and other economic resourcesj;
- improved access to power and the mechanisms of control over their
social and:political lives by all rural classes, strata and
groups which have been historically excluded from these by
dominant minority groups.
Many, if not all the above provisions may well be considered as relevant
not only to the Caribbean region, but to the world as a whole. Unfortunately,
in the laffér instance, for those societies in which the improvements can
best»be,affo:dad, e.g. because there are reguléf surpluses of agricultural
output, théy are thé least needed, and where they are most needed they are

not readily achieved - green revolution notwithstanding.

A second proposition is that traditionally the region has been under-
industrialized, primarily for the same reasons of coloniai domination which
has determined the axport orientation of agriculture and the neglect of
internal food demand. Arising out of the post World Var II decoldnisatidn
process there have been determined local efforts at industrial diversifibétion,

mainly by way of programmes of fiscal and other incentives designed to
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substitute imported industrial products with domestically oroduced ones.
In saveral studies I have already soucht to lay bnre the essential weaknesses
of the industries established in this import substitution process. Here

I will therefore‘simply confine myself to listing some of the major

/1

defects, serially:—=

- these industries have low domestic value-addad becauss of their
reliance on the assembly of impcrted knocked-down equipment;

- -their labour absorptive capacity is also low;

- there are diseconomies of scale induced by the small and
fractured nature of their markots;

- despite small markets theré isvsignificant underutilization of
capacity ratings;

. = the industries create‘limitéd intér-sectoral links within the
national economy and are therefore incapable of generating
autonomous, self-reinforcing sesquences of growth;

- despite substantial capital subsidization the industries are
high cost producers which shelter behind protected markets and
use their monopoly status to.pass on these costs to their '
consumers;

- monopoly power is also exerted through the lowering of quality
and standards, poor after-salazs facilities, and exorbitant
financing charges;

- the industries although designed to save foreign excihange; have
very high import intensities suggesting at times negative
foreign exchange drains from the national economy, despite high
private profitability;

- as branches of TNC's these industries have no serious export
interest, except where regional marketing and production
conditicns make this necessary;

- the industries do little or nothing to enccurage the development
of an indigenous technological capability.
Recently in some of the larger tcrritories attempts have been made at the
development of a basic materials sector, for example Trinidad-Tobago where it
is being devel@oéd an the basis of its hwdru-corhon resocurces -nd imported

iron-ore.
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These efforts ars, however, still very much in their infancy. rlevertheless,
I do feel that they constitute =2n imdortant attempt to overconz the limit-
ations of the import-substituting jndustrialization process highlightad

above.

THe'patterns of agricultural development and industrializaticn which
1 have outlined signify a historical proczss of divergences between domestic
resources and domsstic production on the one hand, and the needs of the
population and the markast demand for food on the other. Because of this,
the bases (both physical and.social), for the development of an indigenous
technology are non-existent.éz It was, however, because of this particular
historical process .of divergences that I have elsewhere advocated an
jndustrialization model based on the first oriority of developing a basic

/3

materials sector for the national economy.= . Tne essential point of

" . this proposal is that only if we are ‘able to produce those commodities which

-‘are needed for the production of.all other commodities that we can aspire to
‘reverse this historical process of'divergences and end the perpetuation of
the dynamic of underdevelopment. The basic commodities used in tHe
production of all other commodities may.be indirectly requirec (e.g.,
foodstuffs for wage earners) or directly required (e.g. iron and steel).

From this criterion a list of the essential industrial products was drawn

up, and in this short list of a dozsn or so commodities, chemicals appear:ed.-éé

Pléced in this context the study of sucro-chemical technology falls
within the scope of the search for an industrial base in what is-a relatively
~ abundant regional raw material. The study is therefore, in a fundament=1
sense an 2xamination of the possibilities created_by tachnological advances

fro a chemical industry based orn sucroseg specifically, as opposed to
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hydrc-carbons or even other biomass resources, in the context of the more
general search for a pattern of investments, growth; output, consumption
and technologicazl change which would be consistent with the development; as
againét the perpatustion of the underdevelopment of the Caribbeswn region.
It is clear from this that if a chemical industry based on sucrose could
becomz technically and commercially viable, a singificant advance in the

cause of Caribbe=an development would have been madc.

The priority search for a capacity to produce the commoditizs which
enter diractly or indirectly into the production of =1l other commodities is
not a blueprint for autarchy. It is a programme aimed at the creation of
an autonomous, self-perpetuating sequence of investments which would inter-
nalize the bases of growth and development of the national economy. Further-
more, the success at creating 'such an internalized system of sequences would
be heavily contingent on the availability of foreign exchange with which
to finance it. Profitable trade in existing commodities which are being
produced is therefor2 a vital requirement cof the stratagy; In other words
while the search is for new basus of trade in which foreign demand for our
output is seen as the extension of domestic requirements, and our own
demand for foreign goods is similarly situated, the model specified also
seeks to meximize in this context the gains from existing trade patterns.
The threat of HFCS to cane sugar should therefore be placed in this context
of 2 threat to one of the principal sources of foreign exchange earnings in

the region.

Finally, from the global and regional natural resource point of view,
the sources of organic chemicals are oil, coal and biomass. Because the

range of these alternatives is restricted, an important propcsition is that
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the competitive relation between these alternatives is crucial in.determining
the pattern of resource exploitation. In this coﬁpetitive :elatian; I would
strees not only price, whose importance should not be under-estimatzd, but
such other factors also as access an& schfity of supplies, national
considerations, degree of monopoly control of nroduction and marketing,
environmental considerations, and so on. While initially the chemical
industry switched from biomass and coal to oil becausz of cheap oil based on
huge discoveries, the recent rapid inflation of hydro-carbons prices,
based on their presumsd long run scarcities, has Sesn a major push in the
direction of using biomass in general, and suctosz in particular as a
régenerable source of chemicals. The present petro-chemical industries,
however, posséss vast resources and an enormous zmount of political leverage.
They cannot reasonably be expected to yield their gains or their entrenched
positions easily. The successful fight for an alternatively based chemical
industry will inevitably require winniqg significant governmental support
for it, as a source of countervailing power. Meither the cane sugar industry
as it is globally organized, nor Tate and Lyle the major TNC in this field,
can reasonably be expected to genecate the resources for such a major

industrial transformation.

- i £ SA S e et e e
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. Saction (ii): Recomnendations

In our study of “FCS in Part I . abservec the following:

lj‘ That there was a slow rate of increases of globzl demand Fof -
sweefenefs (2-2% per cent, per annum maximum). This combined a
static or declining per capita demard in the developed countries
(usuglly those whers per capita consumptiorn of sucrose is in
excess of 45-50 kg per annum) and a rising per capita demand in

the underdeveloped countries, (usually those where per capita

demand was less than 15-20 kg par =nnui).

2) In the latter group of countries the drive for self-sufficiency
in sugar. is strong, and as a consequence increased demand
does not lead to significantly increased trade. Ffurthermore, in
the former group, countries traditionzlly thought of as major
importers are now major producers and exporters of sugar, e.g.
EEC, and this has.uéset the traditional global demand-supply-

trade balances in sugar.

3) Glcbally, HFCS output is projected to average about one-tenth
of total sweeteners demand by 1990 whereas in its chief growth
areé, the USA, output is expectcd to be substantially higher,

as much as 40-45 cer cent of demand.

4) While projections cf the sweetener market have always been
frzught with difficulties, there is little evidence to suggest
so far that these projecticns have 2rred on the side of
optimism. Tec the contrary, for to date output has always

exceeded projections.
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The growth of HFCS in courtries other then the USA where the
industrial configuration favours it, is heavily contingent on
the direction of public policy. The extreme example of this
situation is the EEC, where presently public regulations severaly

limit the production of HFCS to only 200,000 tonnes per znnum.

in some Third Vorld countries, HFCS capacity is being installed.

Here the emphasis is either on an abundant raw material which

‘can be utilized (corn, rice, cassava) or a large beverages sector

to be.serviced.

Technicélly, certain important hurdles need to be overcome
before HFCS can completely substitute for sucrose; e.3.,
crystallization. If these were to be overcome the rate and
pattern of its future growth would be even more dramatic and

spectacular than it has been so far.

Summing up, it was concluded in Part I that the major impact of
HFCS growth would be felt on international trade in sugar. ‘e
pointad out that only 20-25 per cent of the world output of
sugar was traded‘internationally, end of this 90 per cent was
cane sugar, Furthermore, the trade in suger was riddled with

a complex network of bilateral, regional end internationzl
agreements which reduced the "free" world market elemen:t to 2n
even smaller proportion of this global output, 2-4 per cent,
Traditionally the price on the "free" market has been sub ject
to wide swings which have made sugar prices notoriously unsteble.
The conclusion arrivaed at was, that in order to protect their

own consumers, or alternatively where domestic production of
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sweeteners takes place their own producer interests, countries

can be expected to restrict'imborts as a first line of defence if
. their domestic interests are enhanced or threatened by HFCS growti.

In this sense, therefore,the impact of HFCS on cane sugar trade

genaraiiy’and hence on the Caribbean in particular would be far

more éignificant than the output figures of HFCS and other

sweeteners would alone suggest.

On the basis of the above observations, two major recommendations

were made at the end of the survey of HFCS. The first recommendation

was tha£ a strong case could be made out for HFCS production and marketing
to be inzorporated intc the International Sugar Agraement (ISA). This

w;s advocgted as 2 position for the Caribbean to adopt. It was pointed

out 15 suaﬁbft oi" this idea that the HFCS produbers also had an intervest
in’é world sweetener market that was less volatile and unstable, and thers-
fore this interest should te nnéouraged in every way. In so far as ihe
volatility and instability of sugar prices stem from the peculiar ‘free”
markst structure for sugar, the inclusion of all major forms of swestener
production, whether traded or not, into an international sugar agreement

is necessary to ensure orderly marketing of all sweeteners. The recommnzndisa.-
ion therefore, envisaged not only the incorporation of HFCS into the nresen®
ISA, but the transformaticn of the ISA,itselF into a more general and
comprehensive framework in which to plan the production and marketing of

all major forms of sweeteners. To the extent that this recommendaticn cids
;hé formation of a regime of remunerative and stable prices for reasonably
efficient sugar producers;'to this extent also it promoter : brsiy on whick

the planned utilisation of sucrose as a chemical feedstock might be developed.
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In otﬁer werds, - all actions which make for a more orderly and stable
marketing of sucross, iggg:ﬁgggg alsao make For more orderly and stable
conditions when ptomoting its use gs:ﬁ chem1c1l foedstock. From the view-
point of science and technolagy planning this recommendation therefore
3@93? to suggest weys which might stabilize the production and marketing.
conditioné.of sucfose in order to encourage its dovelopment as a major raw

material input.

The second recommendation madg was that the Caribbean region should
iébare no-efforts in developing a moqitoring capacity to identify and so
. permit @ planned responsc to developmente in HFCS output and technology.
Two points were made with regard té monitoring. One wos that it'should be
seen a8 systehatic intelligence gathering - 2 necessary function which

falls within the fromework of natiomal and regignal Seiencc and Technology

Planning. To relnforce this comment at that point I wes careful to
identify the functions of what I termad meonitoring: (searching for
"signals" which nre indicators of significant innovation; 1dent1fy1nq tha
probable- éonsequences of these 1nnovat10ns, ch0u51ng the context in which
one could 1dentxfy thy ‘speed and dlrectlon of t1e technclogy‘and the offects
of its use; preaentlng the abﬂve data 1n ; tlnely manner tu énsure that
affective reactions czn be made by-menegement cn the basis'gflan asscssment
of it). The second point which was mece was that for monitaring to be
effective it had to ombraco all forms of swe teners. Traditionzlly eanc

‘ ~sugar producers Héve focussed on thé m;nituring of cnch othar's activities,
with scmc cecasi onal studics of 'ﬂvmlcpwunts in best sugar. ‘hat is callzd
for here is the 1nCurp3ratlon not only of HF'CS but sthor sweetencrs, @.g.
the low cclorie aond nnn-qalcric swectsners intc = systematic Fromework

of intelligence gathering. In the nerticulaer case of those tws examples
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citod here, the important pcint was made that a throot which overhangs
cano and bect sugar as well es HFCS itself is the pussible discovery of =
low calorie swectener with the taste and other mejor characteristics of

sucrose.,

Monitoring as sn aspect of natiznal and regiznal Science zanid Technolcgy

Planning should be extendsd alsc to include the entire field of sucro-
chemicals activities. In other words, both "the throat and the promise"

have to be thoroughly comprehende:d, if a satisfactcry regional/national

response is to be made. This, therefure, constitutes my third recommendation.

K

The particular importance of this rccommendatizn to the Caribbesn

is laid bare when we teke into account how maturc and ossificd the canc
sugar industry has boccme, and how limited has been its resserch focus and
interventions on sugar-issues in the region. There is much truth in the
observaticn of Hegelberg and Ahlfeld on both the beet and cane sugar
industries:

"Secure until rocently from cempetitisn by close substitutes, the
industry has felt little nced for product development, beyond the
immediate aress of refining quality, liquid sugar and dry bulk
shipment. Vhile the value of beet pulp and of beet cr cone mclasses

on geceasiocn may have meant the d}ffe;ence between prcfit and loss,
they have remained by-products."/3

The suthors go on to point out that:

"For all the rcnewcd interest in formentation alecchol

brought about by cscalating cil prices, beot anld cane are still
grown primarily to produce sugar, =nd suger is still used almost
exclusively for human consumption, although poricdically there
has been significant diversions,'/o :

The authars oo on to cite the production of high-test mclasses in Cubsa,

botween 1935 and 1958 and the use of fudder suger in the EEC, during the
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latg 1960's ond early 1970's, as examples of thcse "diversiuns".

Whatever'méy be said; it seems to me that the lack of innovatory drive
and imajinaticn in the Caribbean sujar industry is largely attributable to

the protectiun and suhsidies which have heen afforded tho sugar planters

- by various Caribbean and Colonial Office ¢overnments. Over the centuries:

the economic and palitieal peower commandad hy the recicn's sucar nlanters
has been-enounh tc ensure them considerable leverage: over state pulicy and
they have uscd this leverage with extreme.single min:cdness in the pursuit,
of their narruw intorests. In pursuit. of their guels thoy have heen 2ided
hy thevfact that sugar is & very lahour intensive activity in the region
and as such. it has been casy to make ~ny threet to the ariofitability of
sugar quickly trznslatable inta a threat of retrenchment and unemployment .
affecting the livelihood of hundreds of . thousands «f West. Indian people.
As scon as. this spectre was presented to gevernménts invariably they have

come to the "rescue" of the sugar planters.

Th stujy presente' here is 1n nany ”1‘furunt w_ys an ‘initial sffort
at monltur1n~ Hevelopments in the field of sucro-chemlcals generally and
Tate and Lyle! s Lct1v1ty a3 thu ladJlﬁH TNC in particular. From this *01nt
of view we cnnclured the last chapter by natln' that the future of sucro-
chamicels was at 2n extremely critical Juncturu. After morc tnan a decade
of consistent research and develmpmenf work, Tote anc Lyl> has retreated
cver tho pasf twe years invthe face cf de 11n1nJ srefitebility. While as we
sointed out its efforts to form 2 nartnershiy; with Hocdhst A. G, is o hopeful
step, it remains true that the expertize and marketing rUﬂﬂurccs reguired to
penstrete the petro-chomical fominance will roguirc not iny mera resodfées
but aﬁmure stalile ;crninus basis thon Tate ant! Lyle, baser as:it is on

sujer, cen cemmandd.  Yet, paradoxicnlly, as we have pointed out Lefore it is
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this same enendence and len rablllty caused Dy its-surar baszd 1ndustr1a1
'structure which has sustuined the TNC's effurts "t a breskthrough in sucro-

Chum1Cu18. : C

L

My fourth reccnmendatlon stems’ from the belief. that at this Juncture

what is required is an 1nJ~ct1un of entlrcly new resourcesa gnd the crestion of
new market cpportunitios to get the mementum in favour of sucro-chemicals
started again,  Since I have p01nt=ﬂ aut that ultimately only government
policy can ensure the requ1red countcrvalllng power to that exercised by

the petroleum TNC's my reccmmehdaticn is that the governments of thg region,
vatvp;:egianal level, shoul.d éonsider an agreement aimed at joint research,
tqchnology,development, prosuction and marketing of sucro-chemicals with

Tate anc Lyle. Such aﬁ égreement'should rango cver research in progress,

new research and develobment work béing7cantemplated, ag well as, thp
licensing of producticn of sucrc-chemiccis in the region. It is of course
recasonable tc expect that thfcuah'public policy, market develcpment for

these Hroducts can be guaranteed by licensingretc. To sugport this endeavour

regichal Venture:-Gapital Fund end o leL =1 rntlfy to cperate it should be

' crested and financed cut of a levy on sugjar pruductlon. fhe idea of a

sugar levy of this sirt is uf‘courag nzt new, sihcm aftcr Wrrlj War II the
colonial authorities hed introduced this in several territsries in the
repion, crea ting three funds, crne »f which waé directe:! towards the
rehebilitaticn and re-comsusition cf the capitzl stock then available to

the sujar industry. The difference betwoen then and mow is that the
recommenctdetion here involves ¢zliterate risk-toking, and hence the notion of
@ "venture" cooital fund to finance these activities, It is my strong

belief that while. Tote an. Lyls finds itself qt the cresent cféss-roaﬁs,

this is thc must oaportune time to 2ursuc an cquitablo arrzngement.,
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" Creating o venture capital fund of this scrt to fipance a joint
ressarch cnd devalopment; procuction and marketing effort with Tate and
Lyle would! not by itself e adequats for the puricses at hand. Vhat is alsc
needcd :is o planned effort. to develop an in-igencus rese erch capability in
this field. The following sugjestiuns in this direction. th”rufqro, const1~

tutc my fifth:recommendation. - As I see it what is n“e,uJ ultlngtoly is 2

shift from thc present reseasrch focus in sugar,v_Effgrts ?esigqedlppb
ensuru such a shift sheculd not only inclule the incorporation of sucro-
chemlc 1s act1v1ty but should alsa cover sther sreas as fermentation
technology (llnkeJ td a 30991ble gasahol prerammu), focd technology and
rbohyﬁrﬂte uses, process tcchnolugy in the SUﬁar ‘Factories; and cane sugar
harvesting and lOngthﬂl oporatlcns. Tc ensurc that this shift in focus
takes place the reﬂlon '3 tralnlnu faC111tles W111 have to be Jpprdpriately
geared. A "nni startlnn n01nt wouln be to mnke avallablL ;dst-gra4uat”*
tralnln‘ awards and fellowshlps to persons in thu Catibtean. From this
programme a corps of persons equxqpev 'to offer courses ct university’

levgl in these flelds can be creﬂted. As thls is takin- placL, 1ahoratories

and other reszarch facilities can be built up. Gaps in resources which are
identifiocd! can of course be fille:! by the sppropriate imgortation of
gkilled persons. Along with thosc efforts a proger documentati-.n center in
the field shoﬁ;d alsc be builfAup. The =im will be for this center tc
eventually take 6ver 8OMS df tﬁe Yasic monitsring functions indicoted in

recommendation 3.

One activity which I.believe is of scme urgency, and which underscores
e failurc of this study, is the nced fur on-the-spot monitoring of activi-
tics in sucrose chemicals and HFCS from corbohydrates other thﬂn c‘rn,

which arc tekin- place in other Thir! vorlid cruntrivs. Such activities oceur
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in an cnvironment much closer to curs and the problems enccuntered in
tﬁeir relationshins with the TNC's, the conétructi:n,nf facilities, actual
production and markcting Jifficulties will Ye of galutory velue. In cther
words we may bo able te learn from cthers' mistakus if we treat such
developments in the Thitd World as = "seccial laberstory” to bo closely
monitored. In the litérature it is remarkable how many Third World

countries have reopeatud the some mistakos others have made throuch ignorance.

In conclusion I should jerhaps reiterate an carlier cbservation that
although my study dces nut ‘encompass the use of sucrose as o source of
encryy, that ultimately the rcle of sucrsse in this rogard in the region
will be crucial. As we have noted the fermentetion technology fur ethancl
precuction is not new, although ~ many imprcvements. have taken nlace affecting
yields, residence rates, quality of the substrates in which the micro-
organisms arc cultivated, otc. .The rroducticn of sthanol on 2 large-scale
might be feasible in & gasnlene extunder projromme with the use of "excess"
ethanol cs a chemical feedstrock. T my mind, this route tﬁ sucrcse
chemicals could only be a preferred route in the context of such an overall
approech. Otherwise, directed synthesis is the preferred routc. The
question, however, which I want to refer to here is what would be thc impact
on regicnal food supplies if land werc Jdirected towards sucrose chemicols?
The answer is simple. A sucrose chemicals programme which Joes not envision
larje-scale gascline extonder production will nct require larye amounts of
sucrose. Indeed, when we realize thet the regiocn's current output of
sucrcse is about 60-71 zer cont of the region's capacity to produce sugar,
than the programme neest not even require the diversicn of export sales to

service it.
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I have heen careful not to specify any particuler institutional
structure to cover the proposals matie hero. Yowsever, in so for as both

CARICOM cﬁﬁ,the'CDBLlarc'repfesented in the Coordinating Committee of the

follow uzs on the propnsals made in this Report.
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Notes tq Chﬂpter 11. o ‘

1.
2.,

3.
4.
5.

6.

For further Ziscussion sec C. Thumas (1974, 1579 cnt 1982).

Th: thasis here is fully developed in Thomas (1974). The main
pnint of the discussion here is merely tu intraduce the specific

. location of the gucru-chemicals industry in a re-crganize! Caribhean

dovelopmental facus.
'

itid, ¢z 177- 227,

itid, pp 195-201.

.G. 8. Hagelbere am:! H, Ahlfeld, (1981) - 3.

ibid, n 3.
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