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CHITI~ A~D CHITOSA~ INDl:STRY AND ITS POTENTIAL IN Qt:EBEC
Hassan Teftal

Department of Agricultural Economies
~leGili l'nÏ\'ersi~'

2000

The shrimp proc~ssing industry has to d~al \\'ith the en:r-growing costs associated with

th~ disposaI of their residuals. How~\·~r. in\'~stigation into the possibility of making high-\'alu~

biopolym~rs (chitin and chitosan) l'rom this waste shows signiticant potential for d~\'eloping a

chitin and chitosan industry in Qu~b~c.

Based on the Gulf of St. Lawrence shrimp landings. it is estimated that more than 12.000

rnetric tons of shrimp \\ast~ is ~xp~ct~d ta be gen~rated by the shrimp processing industry in

Qu~bec ~ach year. ln reality. th~ quantity of shrimp waste is more than what is estimated since

• Quebec processors import shrimp l'rom the .-\tlantic Provinces and from the State of \'taine. This

wast~ is abundant enough to provide the raw materials needed for an environmentally friendly

technology to make high \'alue-added commercial products such as chi tin and chitosan to suit a

\'ariety of industrial applications.

The estimation of the production costs at the industrial level (0.65 Sig tor chitosan. 0.26

S g tor chitin and 0.07 S,g for carotenoprotein) shows gross margins O\'er 90% for making chitin

and its deri\'ative chitosan. This is due to the ease of the proposed process. the 10\\ cost of the

required equipment and the use of enzymes instead of chemical acids that require stainless steel

equipment and high-energy consumption.

The pharmaceutical and medicine industry is the target market for high-grade chitosan.

Based on the related data of cellulose derivatives (the closest substitute tor chitosan). the Bass

• model was used to forecast the sales of high-grade chitosan in Quebec. Il is estimated that the
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potential market for chitosan in Quebee is worth 37 million dollars (in 1999 priees) cumulative

for the next 20 year period and 59 million for Canada. In the tirst year of marketing chitosan.

sales in Canada (high-grade 1 are expected to reaeh $3.2 million from which $1.55 million is

expeeted to be generated in Quebee.

ii
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Chaque ann~~. l' industrie Queb~coise de la transformation des cr~\"ettes g~nère plusieurs

milliers de tonnes de déch~ts. Par cons~quent. dIe doit assunler l·augmentation ~ontinue des

coûts asso~i~s a l"éyacuation de c~s d~chêts. Pourtant. 1ïn\"estigation de la possibil it~ de

transformer ces résidus en produits biochemiques de haute qualité a montre que lïndustrie de la

la chitine et de la chitosane a de grandes opportunités au Québec.

Basé sur les quantités des deparqucnlent du tleun: du St Laurent. il est estimé que plus de

12.000t de carcasse de cren:ttes est genérée chaque année par les transformateurs au Québec. En

r~alite. la quantité des dechets est superieure a ce qui est estime \"ue que les transformateurs

quebecois impnent leur matien~ premiere des pro\inces atlantique et de retat du \-1aine. Ces

• dech~ts sont assez abondants pour fournir de la matière première nec~ssairc pour la continuité

d'une technologie en\"iron~m~ntale pour fabriquer des prlJduits commerciaux de haute yaleur

ajoutée comnle la chitine et la chitosane.

L'estimation du coût de production au ni\"eau industriel aftlche une marge beniticiaire

brute superieur a 90° 0 pour la chitine et sa déri\e la chitosane. Cette grosse marge est

principalenlent dûe a la facilite du processus d' extraction. au coût bas des equipements requis et

aussi aux enzymes utilisés qui ne nessite pas de grandes quantités d'energie contrairement aux

\"idles methodes d·extraction .

•
ïii
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lrn~ chitosan~ d~ haut~ qualité de\"ra être utilisée dans lïndustri~ pharmaceutique. En se basant

sur les donné~s historiques d'un polymer succetibk d'être remplacé par la chitosane (derin~s de

cellulose), l~ \Iode! de Bass a été appliqué pour faire les pre\'isions des "entes de la chitosane.

D'apr~s les resultats de ["analyse, il est pre\·u qu~ l~ marché potentiel de la chitosane de haute

qualité serait d'une \·aleur cumulati\"t~ Je 37 millions de dollar constant (1999) durant les 20

prochaines années. Pour la meme periode, la \·aIeur du marché Canadien est éstimée Li 59

millions de dollar. Lors de la premi~re année du lancement, les \·entes au Canada ,·ont

atteindreplus de 3.2 million don't 1.55 million serait réalisé au Québec.

iv
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FOREWORD

Th~ pot~ntial of chitin and chitosan industry in Quebec is analyzed and presented under

thr~e separat~ papers. This thesis fomlat conforrns with the polici~s of ~IcGill University

rdating ta theses. Th~ following text is reproduced from th~ guid~lin~s for thesis preparation

pro\'ided by !\-tcGill" s Faculty of Graduate Studies and Research:

··C~ndidates h~\'e the l)ption of including. as part of the thesis. the text of one or more

papers submittcd or to be submitted for publication. or the clearly-duplicated text of on~ or more

published papers. Thes~ texts must be bound as an integral part of the thesis.

1f this option is chosen. connecting texts that provide logical bridges between the

dift~rent papers are mandatory. The thesis must he written in such a way that it is more than a

mere collection of manuscripts: in other words. results of a series of papers must be integrated.

The thesis must still conform ta ail oth~r requirements of the ··Guiddines for Thesis

Preparation'" The thesis must include: :-\ Tabk of Contents. an ahstract in English and French.

an introduction \\hich ch:arly states the rationale and objectin:s of the study. a tinal conclusion

and summary. and a through bibliography or reference list.

.-\dditional material must be pro\'ided where appropriate (e.g. In appendices) and in

sufticient detail ta allaw a clear and precise judgement ta be made of the importance and

originality of the research reported in the thesis.

[n the case of manuscripts co-authored by the candidate and others. the candidate is

required ta make an explicit statement in the thesis as to who contributed to such work and to

what ~xtent. Super\'isors must aUest to the accuracy of such statements at the doctoral oral

d~t~nc~'"
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I~TRODl"CTIO~ A~D ORGANIZATION OF THE THESIS

fht: importalKè of s~al~Jod in thè Canadian diel has h~~n incr~asing O\"t:r lime. The

p~r (apita lish (onsumption \\ as 7.62 kg in 1988 and reached 8.84 kg in 1996\. \lany people

ar~ choosing Iish as an altemati\"c to red meat. in which there are high amounts of saturat~d

fats and cholcstêrol. The dèmand tor nO\'el and conn~nience seafood products is also

inereasing. Therefoœ. th~ mark~t response to the demand tor ready-to-use seafood products

has result~d in iner~ased \\~bt~ products in the industry. The main fOnTIS of this \\'aste are

heads and the hard carapace of crustacean species. The seafood industr: must dispos~ of its

matèrial \\ ast~ at a high (ost bC(aUSè of string~nt cnyironm~ntal standards. or conn:rt it into

high-\alu~ addèd produets .

.-\t the \ lacdnnald Campus llf \ kGi Il l' ni\ersit~. seientists arc inycstigating the

pnssihilit~ ll( making useful hiochemieals. such as chitin and chitosan l'rom shrimp shdls.

These hillchemie;}1s may be rcel)\cred in sup~ri()r qualit~ h~ inexpensin: biotechnological

pn.KCSSèS undcrtaken in Quehee making chi tin and chitosan a\aibhl~ tCI industries to n:place

synthetic inputs.

Chi tin and its derl\"ati\e chitosan an.: relati\eh ne\\ products in Quebec. They ha\"e

been Jç\ dopcJ and used dse\\here espècially in Japan. the l'SA and in Finland where th~~

are producèd on a mass scale. [n Canada. thcre is only an experimental production plant in

,"o\a Scotia.

For thè past 20 years. in Japan chi tin and its deri\'ati\'es ha\'e be~n used for thdr

health benèlits, In 1992. Japan' s Health Department appn.ned chitin and its deri\'ati\'es as a

functional food. T0 be considered as a functionaI food. it should passes the following 5

functions: fortitÏcation of immunity. pre\"l;~ntion of illness. pre\"ention of aging. reco\er:' of

illness. and control ofbiorh~1hm.Chitin has ail thes~ 5 functions .

" Statistics Canada 11C)961 - Cal. '0, 32-230-XPB
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The PUrpOSè of this study is to in\'estigate the potential of the chi tin and chitosan

industry in Qucbec. The study is presented under three separatt: papers.

The tirst paper entitIed .. Reco\'ery of Hig.h Yalue-:\dded Products from Shrimp

Processing Residuals: .-\.\'ailability of RJ\\ \latcriaIs in Quebec". estimates the quantity of

waste generated by the shrimp processors in Quebec. The paper in\'cstigatcs the CUITent uses

of this \\aste. sho,,"ing the potential for making new yalue-Jdded products such as chitin and

chitosan.

.\lter pn1\ mg th:.!t there is :.!hllndant Jml)Unts of r3\\ mJterÏ:.lI tll make chitin and

chitLlsan. the secllnd p;Jper estimatcs the Cllst of production. Bascd on the econon1ic

engineering theor:. an e\'aluation of the production costs was performed at a semi-pilot h~\'el

and then an estimate of the si.:Jled-up process plant \\as determined by using the cost~

Glpacit~ fJctnr. The estimates :.lre hJsed on the pillll pl:lnt 1l1cated Jt \lacdunalJ Campus of

\kGill l'ni\ crsit\.

ln general. the economlC yiahility of any rcsource recoycry operation will depend

largd~ l1n the re\enues expected from the s.1le of reco\ered products. Therefore. the success

llf:.ln estahlishment reCLl\ering chitin ;lnJ chitllsan frllm shrimp shells \.kpends on the \'olume

and the eCllnomic \alue L1f the tinal prndllcts. Paper three in\estigates the potcntial market

fnr high-grade chitosan in Quebec using the Diffusion of [nno\'J.tion Theor\' and using thc

Bass \ Todd hl forecast th~ S.1I~s.

Th~ thrce pap~rs :.!r~ logically connected. Th~ conclusions from this r~search are

pres~nted in the tina! section along \\ith J recomm~ndation for further res~arch.
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CHAPTERONE

RCCO\'C!1' of High '·alue-.-\dded Products from Shrimp Processing Residuals:

.-\\'ailabili~' of Raw \Iatcrial in Quebcc

Hassan T~ftal

Departmem of .-\g.rieultural Economies
\lacdonald Campus
\lcGiII L'ni\'ersit~

3
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Ahstract

Th~ ~stimation of th~ quantity of processed shrinlp in Qu~b~c was p~rfoml~d in ord~r

10 for~cast th~ quantity of \\·ast~ g~ner:lt~d by the shrimp processing industry. l"sing

a\"ailabl~ tim~ s~rics data. a rdationship between total processed shrimp. total allowable

catch and total shrimp Iandings ga\e better estinlates of the quantity of shrimp processed than

the naÏ\e IL)recast. the \lù\"ing .-\\èrage (\1.-\ 1 and the expùnential snl00thing modd. .-\S a

result. it is estim~lled that more than 12. 000 metric tons of shrimp wast~ is gen~rated by the

tish industry in Qucbec each year. This \·olume of waste is adequate to support the

proJuctil)n of making. high \ alue-aJJed cllmmercial products such as chi tin and chitosan

using a simple en\·ironment-frièndly technology.

Introduction:

The shrimp tisher~ in the Gulf IJf St. L.a\\n:ncè began in 1965. Pres~ntly. shrimp are

exploited from spring tl) IJll in lour management units by three proyincial t1eets (tig.l-l).

Fisheries and Oceans C~lI1aJ.a (FOC) assess stocks of ~hrimp è\èry year in order to determine

\\ hether to adj ust the consènation strategy and management plan.

ln 199ï. the total allowable catches (T.-\C s) for shrimp increased by 10°0 o\-er 1996

in threc of the four management units. Furthermore. landings in 199ï were th~ highest e\"~r

L)bsencd t\)r the tishery and the T.-\Cs \\ ere reacheJ in al! tishing areas. In tàct. the shrimp

biomass in the Gulf has increased continuously since the ~arly 1980s (Gascon~ 1998). The

specialists r~lated this increase ta the reduction in cod and redtish stocks. which are natural

predators l)f the shrimp.
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Figur~ 1-1. The ~Ianagement l'nits for the Shrimp Fishel1' of the St. La\\"ren~e Estual1' and
Gulf: Sept-Îles (Area 10). Anti~osti (Arca 9). Esquiman (Area 8) and [stua~' (Area 12)

~ 1
1

~ ~ œ ~ ~ ~ s ~

L·;".l~'.

Thl.: l)hjt:cti\t: of this stLlJ~ is to ~stimat~ th..: quantity of shrimp wast..: gt:n~rat~d by

tht: prOl:t:SSL)rS in QLld"~l:. to in\ ~stigatl.: th~ l:urr~nt USI.:S of this \\astt: and to show its

pot~ntial (or making n~\\ \alu~-aJJ~d products slll:h as l:hitin and chitosan. Th~ first s~ction

pro\idt:s sümt: int'Jm1ation about th..: biological charact~risticsof shrimp. The second section

is an o\":f\ie\\ of tht: Quebt:l: tisht:ries industry. tht: seafood industry and waste disposai

issut:s. Chitin ~"md chitosan an: t\\l) n~\\ \"alue-added products that can be made l'rom the

shrimp waste. Therefore. the detinition of th~se products. their general properties. methods

for preparation and their pott:ntial applications are present..:d in section three. [n the last

section. there is a l'oreeast of the quantity of shrimp waste that will be a\'ailable for making

5
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Biological Characteristics of Shrimp

The biology of ~orthem Shrinlp (Pandalus borealis) has had a direct impact on the

typ~ of tishing that has d~\'doped in the Gulf of St. Lawrence since the 1960s. Shrimp

n:produc~ in l'ail and the t~males carry their eggs under their abdomen all winter long. l'rom

Oetober to \1ay. ln spring. from April to mid \Iay the larvae are rdeased from the eggs.

After being rdeased. the pdagie (larvae) reach sexual maturity 30 months later. Shrinlp

spend the tirst fnur ~ ears of their li\\;:s as males. then change sex and reproduces as a fenlale

for :.Il leasl t\\l) years. rherdür~. egg-b~aring shrimp (t~mah:s) make up most of the

commercial cah.:hes. On the other hand. shrimp an.: distributed differently throughout the

area according to their age and size. :\ large concentration of young male shrimp are found

in ~halll)\\er areas. \\ hi II.: a smalh:r Cl1ncentration l)f l)IJer shrimp are round in the deeper

zones. rhen.:fore. tishemlen search for spots when:: yidds are highest to optimize the

proponiùn of large shrimp in their catch.

Since 1994. changes in the geographic distribution of shrimp ha\e bcen l)bserved. In

fact. geostatic analyses \\ere pertiJrmeJ on data cl)lIected l'rom 1990 to 1996 in order ta map

the :.mnual distribution of shrimp in the St. Lawrence Gui l'and Estuary. The mon:ment of

shrimp can be explaineJ as a reaction ta the en\'ironmental changes al'fecting either their o\\n

geographie distribution. or the distribution of their food (Sayard.L. 19(7).

The abundance of shrimp increased between the tirst hall' of the 1980s and remained

high until the early 1990s when they began tü decrease in 1992. Il remained stable in 1993

and increased again in 1994 and 1995. This increase resulted in higher catches in 1996 and

1997 as wdl. The T.-\Cs. \\hich had remained the same during the period of 1991-1995

6



• (16.600 mt) had increased in the following years. ln 1996 and 1997. TACs were reached in

aU fishing areas (tigure 1-2).

Figure 1-2. Landing and TACs of ~orthernShrimp in the Gulf of St. Lawrence
(1988- 1997)

_T:.:
~'-J"':''';S

•

•

The Quehet: Fisherics Indust~o: :\n Outlook

r\\l) impnrtant g~llgraphi(al tishing zones (haract~rize Eastern Canada: the .-\tlantic

Ocean anu th~ Gulf of St. La\\T~nc~. Qlleb~c tishermen are allowed to tish only in the Gulf

of St. La\\TenCe2 (\\ith few exceptions) \\here they shan.: their quotas with other tishermen

from :\l)\'a Scotia and 'ewfoundland. Therdore. when Quebec landings are compared to

thos~ l)f the .-\tlantic Cl)ast. they are kss signiticant than il" they are compared to the landings

of the Gulf of St. Lawn:nce (tigure 1-3). For example. in 1996. 7°0 of aIl species' landings

tor the .-\tlantie coast (657.800 mt) were recorded in Quebec and \Oalucd at S135.000 ( 12°'0 of

the total \'aILle L \ kanwhile the same quantity represents 220
0 of the St. Lawrence landings

Cod. lobster and redtish have traditionally dominated the fisheries in the Gulf of St.

Lawrence. ln last twenty years. signiticant changes haye taken place. The crab and shrimp

tïsheries greatly expanded as the cod and redtish tisheries c10sed dO\\TI toIIowing the

: Anon" 1997
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collapse of these resources. This collapse has had signiticant effects on tishennen. on

processing lish plants and their employees. For example. there were 6~ tish processmg

plants in Quebec in 1987. there were only 53 in 1996.

Figure 1-3: The Quebec Shrimp Landings Compared to those of the Atlantic Pro\>·inces· (a)..
and Quebec·s part of the Shrimp Landings from the Gulf of the St. Lawrence (1996) (b)

(a) (b)

NS
~ 9~1;

NB
6%

NR

54%

During thcse past years. there has been a sharp increase. especially in \'alue. of

~rustaceans' I~lndings in Qucbec. [n 1987. 58°u of the \'aille of Quebec landings was

composed of I.:nlstaceans. compared tù 66° 0 in 1991. and 92°0 in 1996 (.-\non. 19(7). The

I.kcIine of the g.round lish catch and the increase in crustaceans' Iandings has contributed to

this I.:hange. Fig.ure l-~ Jepicts the I.:l'mposition of Quebcl.: landings in 1996 in temlS of

quantity and \'alue. ln 1Q95. Quebec' s har.-est reached its maximunl "alue (S 177 million)

before decreasing by 2~oo in 19l}6. This decrease was mostly due to the dramatic drop in the

priee of crab. Ho\\e\'er. the \'olume of these Iandings increased by 60
0 in 1996 compared ta

the 1995 har\'est.

8



• Figure l-...J: The Composition orthe Quantities or Quebec Landings (a).. and
Their Respecti\'e Proportion in the Total Value (b).. 1996.

(a) (b)
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The Quebec Scafood Industry:

The sèafood inJustry is an important part of th~ Qll~b~~ food industry. çn:n though it

g.~nçratçd only 20
0 üf industr: saks in P·)97 (\L-\P.-\Q. 1998 l. This importancç comt:s l'rom

th~ \aluç of its exports to othçr pro\"incçs and to othçr countries as \\"dl. In fa~t. Quçbt:c

èxport~J S202 million worth of Sèa products. of \\hi~h 70°0 ~omprised seafood products.

\ tore than 80° Il of the total èxports \\çrç st:nt to the CS (59°'0) and Japan (25°0 l. Both of

these countries import Quçbçc sçatl)od products for dift~rent reasons. In the case of the l'S.

the demand tor seal'oaJ products is growing. o\"er time. This increase in demand can be

rdated to Ji ft~rent factors such as. lit~style changes (a shift away from red meats ta other

forms of protdn-rich products l. increase in the frequency of out-of-home eating. and

tèchnlll~)gy impro\"ements in thè preparation and marketing of seatood produ~ts. .-\lso. the

change in dçmographics related ta the increase in working and single consumers. has

increased demand for conn:nience (ready to use) products for cooking and storage (Lorne.

1995. ~innucan et al. 19(3).

The reasons for Japan's imparts are two-foId. Japanese households spend more on

seatood products than on chicken. beef and pork combined. Thus. Japan keeps importing

9
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more and more seatood products to satist~" its growing population' s dernand. A decrease in

Japan' s tish han.°est has also contributed to greater irnport need. Due ta the sharp decline in

Japan' s tish l:atch that started in 1989 caused by o\"ertishing. as well as increasing water

pollution in the inlanJ and coastal waters (Taha. 19(6). Japan needs to irnport more seafood

produl:ts.

Canadians are also induding mon: tish and shell tish products in their diet. though red

meat and poultry remaineJ the most popular choices for many l:onsumers (Statistics Canada.

19(6). In 1996. total tish consumptian reached aImost 9 kg per persan. up by more than 2 kg

from the 1q9 1 Ien:l. This increase wos due mainly to impro\"ed retaiI marketing. the on-going

(kmanJ for olher sources Llf 10\\ -fat protein. and 10 the tastes and prdt:rences of a growing

population Llf .-\sian llrigin (Statistics Canada. 19(7).

The \\Oasle Disposai Issues

ln 1Q96. the shrimp processing plants in Quebec had produced 5.163.70 ml of

proct:ssed shrimp. and generated more than S 5~ million (\I:\P:\Q. 19(7). But this

prOdUl:lion resulled in more than 15.000 mt of waste"~. Figure 1-5 shows the quantity of

processed shrimp produced and the waste generated by the shrimp processing plants in

Quebec. \Iore than 800
0 of this waste ( 12.730 mt) \\ as generated in the Gaspésie reglOn.

which represented a serious and costIy problem for the processors. The managers of these

plants said it cost them bet\\een 510.000 to 520.000 a year 10 get rid of there shrimp waste.

Sorne of them paid the cost of transportation to a compùsting company. while others had to

pay the dumping tt:es .

~ rhe proœss of 1kg of shrimp generares 0075 kg otwasre and 0.25 kg of final product
10



• In addition. the dumping sitt:s in the Gaspésie Peninsula are almost tilh:d to capacity.

.-\ccùrding to Quebec en\"ironmental la\\,-l. processing plants are the ones respansibk for

discarding the residue of production and the dumping sites are pri\"ately owned. .-\ccording

to the "En,"jmnnement et Faune Quebec" report. the situation in Gaspésie is problematic

becaust: llf the critical situation of its landtill sites~. therefore. the waste has ta be managed

and minimized. [n tact. due tù the negati \"t~ characteristics of the residue such as attracting

animais. causing L)dùrs. creating migration gases and making recycling moœ difticult. it is

important to minimizc.: the quantity of lish processing residuals being dumped in the landtills.

Figun: 1-5: The Value and Ihe Volume of Shrimp Proccsscd in Quebcc & Ihe \\'asle
gcncralcd 1986-1996

•
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.-\nother \\ay ùf disposing of the \\'aste is by sea dumping. Howe\"er. Enyironment

Canada regulates the disposaI of substances at sea through the Canadian En\"ironmental

Protection .-\ct {CEP.-\ 1. and ddi'"~r pennits for sea dumping. ln 1994. 126 permits were

issued f()r tisheries waste for the .-\tlantic region. compared ta only 60 permits in 1995. This

drop is due to th~ continuing cod and capdin moratorium. and the increase in cost of a permit

J La loi sur les cites ~t villes. le Code municipal et la Loi sur I"amenagemem et l'urbanisme. la Loi sur la
qualite de l'en\ ironnement
• The region has 5 sites. t\\O will close in Iq(N. one in 2002. and the other two will be tilled in 2003.
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fee (S2.500 instead of S50). CEPA is pushing the processors "eilher lO reL:n:le rheir U'aste

lhrough lish meal planl.v or L'umhinc! lheir sea dispu:'j(r/ operaliuns ",here no re"ycling

opporrwlilies exi.'·i!" (En\"ironment Canada, 1994. Part VI. p31.

ln other \\'ords. the shrimp processing plants ha\'e to deal with the e\·er-growing costs

associated \\ith the disposai of the residuals. \\"[th the mandatory dosing of municipal

landtills (t\\ 0 in Gasp~sie 1 and the en\"ironmentally costly practice of ocean disposaI.

industry has to lind a creati\"e way to dispL)Se of the incn:asing \'olun1e of waste.

CL)nlposting reqllires little technology and l)lTers a cost-effectÎ\"e approach to handle

lish processing \\astes. \\llen it is carried out properly. it can produce a bendlcial fertilizer

product \\hich is stable. tJdor frec. Jnd ~asily stored (~ing. 19(6). Howc\"er. due ta the

perishable nature of shrimp residuals. composting piles requin: diligent management to

pre\"t:nt probh:ms \\ith odars and animal attraction. \ torco\"t~r. composting should not be

iL)okcJ at as a money nlJking \cntun:. ;lS most r~h.:ilitics orten end up breaking C\ Cil. at best

(~ing. IQ(6).

FLlL)d processing rcsiduJIs in general are rapidly bccoming the focus of œsearch as the

ne\\ reco\cry prodllcts arc belie\cd 10 be a bctter altcmati\e to the CUITent methods of \\"aste

disposaI. By b~ing in\olycJ in th~ proccss of ~on\"t:rting its waste into high \"aluc-added

products. a tish plant ~:.ln enhanc~ its ~conomic r~tum. Th~refore. scientists ar~ in\'~stigating

the possibility of making us~ful biochemicals l'rom shrimp waste: one of these \'alue added

products is called chi tin.

12
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Definition of Chitin

Chitin is the second most abundant polysaccharide (large molecules consisting of

smalkr sugar mokl.:uks strung tl)gether 1 in nature. ufter cellulose and betL1re starch. It is

found naturally in the shdls \)1' crustJce~:ms. such as crab. shrimp and lobster. Insects. such as

buttertlies and ladybugs. ha\"\;: chitin in their \\ings. The cell walls of yeast. mushrooms and

\1ther fungi a1so cl1ntain this n:.llural suhstance.

.-\ccording to Simpson 1.:1 al. ( 199~ l. chitin has a structural resemblancc.: 10 cellulose.

It is associated with prolein in the exoskektons of marine in\·ertebrates. insects and in the

ccli \\aIls l)f \arious fungi ~:ll1d algae. Chitosan is deri\cd from the deacylation of chitin.

Rl.:sean.:h has Shl)\\ n that d1Îtin and chitl)san arc non-tox k. nl)n-ailergenic. and

hil1lh:graJahle. 'lurc than a hundred hillil)(1 tlms l)f d1Îtin is annualh produccd b~ animais

and microorg.anisms. hut the amount l)f annually accc.:ssible chi tin has becn estimated at one

hundn:d and lï n.~ thousand tons (Tsugita. 1L)S9).

On the l)ther hand. cellulose and starch are kc~ carhohydrates \\hich plants use as a

food Sl1urce 10 huild cdl \\3Ils. In addition. they ha\'e \\idespread use in industry.

Rese~.1fchers and entrepr~neurs see similar potential for d1itin and chitosan. [n fact. l'rom

1950 to the present. a substantial amount of \\ork h3S been published on these biopolymers

and thcir potential use (Skaugrud and Sargent. 1C}l)O). The interest in chitin and chitosan was

~n~ourag~d b~ tht: nt:cd tL1 bètter uti lize shdlfish shèlls. Scièntists \\orldwide began ta

chronick the morè distinct propertiès of chitin and its deriyati\'es and understand the

potential use of these natural polymèrs.

13
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General Properties of Chitin and Chitosan

\ lany studies on chitin ehemistry ha\'e shawn that il has several properties. The most

important are listed bdo\\":

- Chi tin and chitosan are natural. non-taxie. high molecular weight. water insoluble.

biodegradable and ha\e a Cilpilcity tl) foml tilms or cOilting.

- :\ccording 10 \ luzzarelli ( 1Q77} and Austin ( 1(88). chilin and chitosan are soluble in strong

minerai :.lciJs :.lnJ in :.lnh~ Jrous tl)[lllic ;lciJ but insùluble in ;llk;lli.

- Chitin C:.ln be cast intl) films L)r membranes because of its high degree of crystallinity.

- ~norr ( 1991 ). pro\ed th:.lt chitin can proJuce a number of tla\'or compounds \\hen it 1S

p~rl)lyseJ at high temperatures (about <.)00 "e).

- Chitl)San is maJe l'rom the Jeacylation 'Jf chitin. The characteristic difference between

chitin and chitl)San is their solubility. They are bath insoluble in alkaline solutions and

ùrganic soln:nts. but chitosan is round 10 be soluble in Jilute acid solutions. Therefore.

chitosan has ml.lre industrial uses than chitin.

- ChitL'lsan is a highl~ charged positi\dy polyekctrolyte (~1-I3-). As many materials carry

neg~lti\e charges (eg: proteinsl. their interaction \\ith ehitosan produces electric neutrality.

Thus chiwsan adheres to naturaI polymers Iike hair and skin .

1~



• \-Iethods for Preparation of Chitin and Chitosan

Th~ mast important sourc~ of comm~rcial chitin is shdlfish proc~ssmg wast~.

Simpson ( 199-t p.1581 \\Tote: "dlirill in .\·hdltish '.\'asf/! is riJ!hrf.'1: as.'wcùl1ed l\"Ïfh prolèins,

lipùl" pig111L'l1rS and c;"lciulJl dt!!w.\irs. Ther..: f{}J"t! , l!lest! SOl/l'Ct.! mt/leria!.... Iw\,t! lu he

•

•

prt.!lreal":c.! lu rL'mol'/! lh..:se l·0111pont!11ls." ln on.kr to Jo 50. twa major steps are r~quin:d: the

demineralization of th~ shdIs. and the ~kproteinization or protein s~paration. Th~s~

op~rations can b~ achi~\'~d ~ith~r in a ch~mical way or in a biological on~. The chemical

method requires a brge amount of alkali and causes a decr~:lse in the molecular size of the

product. \kan\\hil~. the biologieal method praduces chi tin with more consistent

.-\S descrihed carlier. chitosan is deri\'cd l'rom chitin by deacetylation. The chernical

J~3cetybtion needs high tcmpcraturcs and a large \olume of eoncentrated acctic acid.

Therell)re. thi::; mcthoJ of extraction inn)l\es a high-cnergy cast and is not en\ironm~ntally

sak. I--1L)\\e\cr. the biologieal operation produces a consist~nt chitosan lor maximum

economic use of shdltish waste. Figure 1-6 is a sugg~sted scheme for the production of

chi tin and chitosan by biological means.

Potential Applications for Chilin and Chitosan

The quantity of work done on chitin and chitosan shows an enormous potential for

these natural polym~rs. Their physical. chemical. and biological properties could be used in

industry and in sophisticat~d medical and biotechnological applications where ultra-pure.

wdl-characterized grades are required l Skaugrud & Sargent. 1(90). ~early 1.000 research

papers ha\'e been published on chitin and its deri\'ati\'es and nearly 200 patents have been
15
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issu~d in th~ C.S .. in addition to thos~ issued in s~\'eral other countri~s. Scientists from

doz~ns l,f countri~s. induding thç l' .S. and Russia gather e\"ery thre~ years to presc:nt the

ne\\-est research on chitin and its Jeri\'atin:s. \Iany belie\'e these natural compounds ha\'e a

great potential. especially in the biom~dical.nutrition and food industri~s (Anon. 1995).

Chitin extractil)n and chitosan processing can produce Jin~rçnt gradçs of purity depçnding

on th~ treatment us~d. The follo\\ing is a re\"ie\\ of the us~ of chitin and chitosan with

respect to their grade of purity. The re\iç\\ starts l'rom the lowest grade to th~ highest on~.

1- Industrial wastewater treatment: .-\S mentionçd earlier. the positi\-~ charg~ of chitosan

;lllo\\s it to tl)rm complçxes \\ ith metal ions. It cOllld then be used to tilter out contaminants

and pùllutants from industrial \\ast~\\ater. Presently. sonl~ companies decolorize their

waste\\ater \\ith ozon~ or other chemical treatm~nts but thes~ appeaf to be more toxic than

the original chemicals. Then:ll)re. they face J tl1xicity problem. HOWè\"èr. \\aste\\ater

treJtment CJn he Jonc \\ith chitin chitl)SJn in an cn\ iwnmentall~ sare \\'ay.

2· Protcio reco\'e'1': .-\t the cnd of 1970's Jnd during the 1980's. sci~ntists Llsed chitosan for

the reclHcry \Jf protcins l'rom sc\eral food processing wast~. The results rç\'caled the

ètlècti\~nèSSof chitosan c('lmpared to \"arious coagulating and t10cculating ag~nts.

3- Agriculture: FL)r agricultural PUrpOSèS. seeJs can be coated \\ith chitosan. prot~cting

plants from gem1inating and resulting in crop yield increases. Recent results pro\e that a

mixture of chitosan and Iiquid tt:rtilizèrs sprayed o\'~r fruit trees produce beneficial eftects by

retarding superticial lea\es and impro\-ing fertilizer ret~ntion. Chitosan has a1so been used in

the formulation of a fertilizer called "F1orograma" which has gi\'en encouraging results when

used in cereals .
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Fig. 1-6~. Produ~tion of Chitin and Chitosan b~" Biologi~al ~Ieans for ~Iaximum E~onomi~ Vse
of Shelltish ""aste .

Shrimp shells

1•
Reco\"er: of carotenoprotein by a trypsin-aided process for use as feed supplement for

cultured saln10nids

•Deminer:llizatiùn
\\ith 1.75 \: CI-I~COOH for 12h Olt ambient temperature

•
Fllrth~r d~protèinization \\ith proteases (e.g. chymotr:"psin)

•
\\'ashing and Jrying.

•
/~('h"IlID :,-------,/

•
D~acet~ lation with chitin deacetylase

., Souret:: Simpson ( 1qq~) p.16~.
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.-\ccording tù Hansen and Blanes ( 1994). the application of chitosan in agriculture is most

promising. becausc it can act as a fllngicidc. yirucide. growth enhancer. nutrient carrier and

protcctin: agent for plants and trces.

-1- Human food and food processing: During the processing of chitin. crab/shrimp shdls are

deprotdnized. obtaining a high quality protcin for human consllmption. One kilogram of this

protcin can be a substitute for 330 eggs (Knorr. 1(82). Thus. it is a good sllbslitllte for egg

white. Chitin and chitosan can also be used as a food additin~. being a functional ingredicnt

for texturc control in foods. fhey can alsa be uscd in fruit juice production to reduce

turbidity and aet as a prescn'ati\'c.

5- Diet supplement: Sinec chitin aets like a tibcr. it is largely indigestible and passes

through thc gut mostly llnchanged. Thesc fiber-like properties can he used ta replace calories

in food. Research has shùwn that ehickcns t"t:d \\"ith a microcrystalline form of ehitin wcre

h:aner than chiekens l'cd "Lth regular !t:cd. .-\S an added benetit. the study also found that

chitin rdic\'cd the lactllse intolt:rance causcd by t~cds containing whey. a cheese by-product

conlaining 70 percent lactose. ~ormally. whey had limited use in animal feed. since it can

kad ta diarrhea. But chickens l'cd a substantial Icn:1 of \\'hey with chitin did not de\"dop

diarrhea (Austin ct al.. 1981). It is thought that this same dTect may be achicn:d in humans .

.-\ccording ta the results of Kano. the growth rate of aU tish fed with 10°10 chitin supplement

recorded the highest val ue indicating diet superiority (Knorr. 1991 ).
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6- The application of chitosan in medicine: O\'er the past decade. researchers in Japan.

Europe. and the l'nited States han: tested chitin and its deri\'ati\'es in biomedical

applications. Sc\eral experiments pro\ cd that chitosan facilitates and acceIerates wound

healing and reduces blood serum cholesterol. Other studies showed that chitosan stimulates

the i1nmune system (~norr. 1991 1. Furthem10re. chitosan can make strong surgical sutures

that do not ha\'e to be remo\cJ as the~ slo\\'ly dissol\'e in the body. :-\lkrgic reactions seem

to be almost noncxistent (.-\non. 19951.

Chitosan has also becn considered tor pharmaceutical fomnllation and drug ddi\'ery

appl icatiuns. (n these applications. attention is focused on chi tin . s absorption-enhancing.

controlled releasc and hioadhesi\c propcrties. Synthesized l'rom a naturall: occurring

source. this pol~ mer has been sho\\n tu he bnth biocompatihle and biodegradahk (Dodane &

\ïli\alam. 1998).

Of aIl the applications of chitin and chitosan. health care applications orrer the mûst

potential in Quebec and Canada. Ho\\'c\'er. the market \\ il! take time to den:lop them. The

ke: facwr is appro\al from Health Canada. In order ta get such appro\'al. an important

in\'estment in lime and money is required. Howen:r. for potential Canadian in\'estors. we

bdie\'e that they \\'iIl not ha\'e to spend much lime and money for appro\'al. Chitin

properties \\ill be ablt: to lineage the extensi\'e research and dinical trials already in progress

in the L'S ~md Europe \\ hich sludy toxicity and optimize chitosan-based formulations for

drug delivef)' (Dodane & Viliyalam. 1998). Furthermore. as a rule of thumb. if the L~ .S. Food

and Drug .-\dministration (FDA) gi\'es ilS appro\'al. it will not take too much further time for

Health Canada to toila\\' .
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:\11 commercial production of chitin and chitosan relies on a\'ailable sources of waste

crustacean shdls. E\en though the \\'aste is plentit'"ul. its a\"ailability \"aries with tluctuations

in shdltish population and shelltish disease. (n the t'"ollowing. section. an estimation of the

shriolp waste in Quebec is perfomled.
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For~casts of Shrimp \\'aste in Quebec

Th~ quantity of shrimp \\"aste is lin~arly d~pendent on the quantity of the processed

shrimp (as mÇntilmed ~arlièr. onÇ kilogram of raw shrimp produces 0.25 kg of processed

shrimp and 0.75 kg of waste l. Thçr~for~. the ~stimation of the quantity of waste is the sam~

as the ~stimation ùf the quantity of the proc~ssed shrimp. Ideally. the best way to foœcast

this quantity is by estimating the production function of the shrimp processing industry.

As Jdined in the litçrature. a production function is a mathematical ml.1dd rebting

the maximunl output that can be produc~d from gi\'en quantiti~s of \"arious inputs

(\lcGuigan and \ toy~r. 1(>751. The major inputs ar~ raw mat~rial. labor and capital.

Thçrer~)re. h) estimate thç production flll1ctil)n l)f shrimp prl)CeSSOrs in Quebec. Jata rdated

tl) 1..}1Iantities l)( shrimp prl)CesseJ. the numhcr ~)r Cl)st of lahor hin:d by shrimp processors and

the capital in\ est~d must be gathen:d. Ho\\c\'cr. the only a\'ailable data is rdated to the

shrimp procèsscd. the quantity l)f shrimp caught and the T.-\Cs. The data rebted to other

\ariabks \\as not specitic iL) the shrimp industry. \\'essdis anJ Anderson ( 1992. P 22-l) said.

.... , il is ,{[{ih' âlaUl'17gil1g lu c.llll'mpl 10 L·(J11.";lrUCI (.'omp/I!ll! y('l realiSlic: I!colwmic models uf

st!ufiwd !J1Urke..'IS ... 11 is en:n mort: C/lLll/l'l1gÙlg lU I!mpirù:ally t!stima[!! lh!!s!! mvdels wi[/wl/[

/indu/y sa,:rifidng tilt! slrue.:lllrl! (J'tilt..' modt..'!, Lack u/dUla. as H'!!!! as /ack o/reliahililY and

aL'CllrL1L',\' or (/\"(,li/ahlt:' dLifa an: ,:ommOI1 proh/ol1s.·· Il is ah\'ays possible to estimate the

portion of \\hat \\ould be the \alue of thes~ missing \'ariabks for the shrimp industry. but the

results \\ould likdy laek aceurae~ and rdiability.

The objecti\ e of this study is to estimate and forecast the quantity of shrimp

processed in Quebec. The data related ta the Total .-\IIowable Catch and the \'olume of the

shrimp landings in Quebec \\as pro\'id~d by Fish~ries and Oceans Canada (FOC).
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\ kanwhi1~. th~ data rdated to the quantity of th~ shrimp processed in Qu~bec was pro\'ided

by \L-\P:\Q- .

.-\ccording to FOC. the T.-\Cs in 19L)8 are the same as in 1997 and ther~ will be no

risk for the sustainability of the resource. On the ùther hand. the biomass of redtish and cod

(th~ pn.:datL1rs of shrimp) is \'~ry la\\' in the GuI f. Th~ r~co\ery of cod abundance ta a\'erage

k\'ds \\ill tak~ s~\'t:ral years and a signiticant r~cù\-~ry of the redtish stock can only occur

s~\'I,:n L)r ~ight ycars (rL)m nù\\ f Gascon. 1998). Th~rcfùrc. \\~ assum~ that th~ T.-\Cs will

r~main the same (20.031 mt) tl1r at l~ast ti\'~ years.

The data rdated to the quantity L)f processed shrimp (PROC L the total allowable

catch (TACs) and the Queb~c landing (C.-\TeH) is from 1985 to 1996. For forecasting

plirpOS~S. PROC is the J~p~ndent \ariabk. Th~ cL1rrdation matrix shows that TACs and

C.-\TCII ar~ highly cl)rrelateJ (\\ hich is oh\'ious hecause CATCH Jepends on TACs 1. The

corrdation bet\\een T.-\Cs and C.-\TeH is higher than the corrdation b~t\\~en C.-\TCH and

PROC 1Tabk I-Il. Ther~fore. the \ariable C.-\TeH \\ill nnt be introJuced in the regression.

Table 1-1: Correlation :\Iatrh for Processed Shrimp. TACs and Shrimp Landings

PROC T.-\Cs CATCH
PROC 1
T.·\Cs n.72Q 1

C.-\TCI-I U.725 0.753

The linear regression equation is ddined as:

PROC = - 2038 + 0.328 TACs. Regression ( 1)

•
The regression is statistically signiticant (F=IO.18 ;}nd P=O.Ülll. The annual changes

in the T.-\Cs explain 53.1 0
0 ofth~ annual chang~s in PROC IR: = .531).

\tAPAQ: \linistere de r Ag.riculture. des Pecheries et de l'Alimentation du Quebec.
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Finally. th~re is a positi\-~ autocorrelation betwe~n PROC and TACs (Dllrbin-\Vatson

statisti~ dS= G.(3). Th~s~ r~sults are logi~al be~aus~ th~ quantity of shrimp pro~essed

J~pends on man~ other \ariabks SUl:h as the labor. the d~mand for proc~ss~d shrimp and so

on. How~\·~r. the regression equation can be used to torecast PROC and compare it with the

nai\-e forecasl. the \to\'ing A\'~rage forecast or th~ exponential smoothing forecast. Beton~

this cL)mparison is p~rfom1~d. the \'ariabl~s are n:ritied to sec if they are logarithmically

rdated or not.

(n facl. the correlation matrix (Table 1-2) shows that LnPROC is highly corrdated to

lnTACs and LnC.-\TCH. .-\Iso. no alltocorrelation betw~~n the independent \'ariables is

sllsp~ct~d.

Table 1-2: Correl.ttion ~latri\ for the Lo~.. rithm of the Total Pro~essed Shrimp (LnPROC).
Total .-\lIow.. blc Catchs (LnT.-\Cs) .. nd of the Shrimp Landin~s (LnCATCH)

1 lnPROC LnT.-\Cs lnC:\TCI i
-l-n-P-R-O-c--I 1

lnT:\Cs Il 0.7:5
LnC _-\TCHO.7_, 1-------
The regression e4uatiùn is:

LnPROC =-5.20 + 0.445 LoC.-\TCH + 0.927 LnT.-\Cs Regression (2)

•

The results show that this rdationship is statistically signiticant. no d~cision can be

made about the autocürrdatiCln (dl= O.812<d= 1. 12< dl = 1.5791 and 63.6° 0 of the \"ariation

in dep~nd~nt \'ariable i5 explained by the \ ariatiùn L)f LnC.--\TCH and LnTACs.

The mast critical factor in the sdection of a forecasting model is usually the modd·s

ability to forecast accuratdy (K-ress and Snyder. 19941. The m~thods llsed most often to

measure the accurac\ of a forecasting modd are: al the ~lean Absolute Difference (~lAD,

., ..
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which is the mean of the absolute \'alues of the errors. b) the \tean .-\bsolute Percentage

Error (\IAPE) which is used to express errors in percentages. C) the \'1ean Squared Error

(\tSE 1 \\"hich is used to sdect the forecasting modd that minimizes large errors. .-\ mode!

with the lowest \I.-\D or \l.-\PE pro\'iJes consistent accuracy and lowest a\'erage error.

\okanwhile. il modd with the lowest \oISE minimizes major torecasting errors.

T0 forecast the qllilntit: of the processed shrimp. six Ji fferent modds are llsed and

their accuracy is measureJ b: comparing the forecasted production to the actual production

of processed shrimp.

The tirst modd is the n~ü\"e tl)recast ( PROC._ 1 = PROCr • l represents year), The

second model is the \Io\'ing .-\n:rage with length 2 (the short mo\'ing d\'erage is used to

smooth the series because the time series were nnt seasonal). The third and fourth modds

are the single and double exponential smoothing. The ti fth modd is the regression ( Il.

From LnPROC = -5.:n - OA..t5 LnC.-\TeH ~ 0,927 L:\T.-\Cs

\\'c deri\l.:J the bst mL)Jel. which is:

The reslllts L)f the torecasts llsing each of the pre\'iOliS modds are shawn in the appendix 1.

The l1uantity 0 f the processed shrimp is \,dl forecasled with the regression (2). [n

tact. the mode! deri\'ed l'rom this regression has the lowest \1.-\0. \1.-\PE and the lowest

\ISE as wdl (Tabk 1-3). This modd is then the most accurate and the most consen:atÎ\'e.

Figure 1-7 shows the predicted and the actual quantities of shrimp \Vaste waiting ta be

pracessed.

Regression (21 predicts that -+.:08 mt of pracessed shrimp lS ta be produced in

Quebec in 1999 ~eneratin~ 12.62-+ mt of waste.... ...



• Table 1-3: Comparison of [rrors of Time Series 'Iod~ls l~s~d to Forecast the Processed
Shrim in uebec.

Forecasting 'Iodel 'ISE ~I:\D ~I:\PE

13.39

14.67°0
14.00
15.00
15.00

•

•

•

~ar\'èFon~cast ..H6.1Q9.90 440.06
\ lLn'ing .-\ \'erage (Lèngth 2) 431.276.00 -PO.OO
Single Exponential Smoothing ..08.131.00 441.00
Doubk Exponential Smoothing 273.699.00 438.00
Regression ( 1) 306.216A3 ..07.90

_R_e..g_ft_;... s_s_io_n....(2....) 1...2_5_7_._3_-+_1_.7_1 -"_... 8_6_,_7_5 1_2_.6_0 _

Figure 1-7: The Actual and the Predicted Quanti~' of \"aste G~nerated b~' the Shrimp
Processin~ Plants in Quehec
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Conclusion

Th~ obj~cti\'~ of this study is to ~stimat~ th~ quantity of shrimp waste g~n~rated by

the shrin1p proc~ssing indl1stry in Qu~bec. Bas~d on the stock ass~ssments and future

prospects of shrimp by the scientists at Fish~ries and Oc~ans Canada. we ~stimated the total

prL1Jw.:tiùn of processed shrimp consid~ring the total allowable catchs (T.-\Cs ~ and the total

shrimp landings in Qll~bel:. This estimation was used to deri\è the forecasts of the shrimp

\\aste that \\ill be generated in Queb~c. .-\ssuming that th~ stock of shrimp will rcmain th~

same t~)r ;lt least li\ c : cars. \\ c predict that during this perioJ. the Quebec shrimp processors

are expected 10 generate an ;l\c:rage amount L)f 12.6~O mt of shrirnp \\aste annually.

Howc\"cr. sorne limitations of the study must be pùinted out. The regression chosen explains

6306° 0 "Jf the \ ariations in the quantiti~s of shrimp proc~ssed. Som~ important \Oariables that

can :.lffect the prodw.:tion of shrimp \'ère omitted. Ther~for~. further research should be

undertaken in this ar~a to increuse the contidence in th~ res111ts .

26



•

•

•

CON~ECTING SECTION 1

Two L'.S. compani~s - on~ on the Wèst coast and one in ~èW Jèrsey - are already

~xtracting chitin l'rom crab waste: so are companies in :\sia and Europè. They mostly

producè a low grade chi tin and chitosan. This is not the case in Quebec e\'en though it has the

largest shrimp landing in the Gulf of St. Lawrènc~. The Quebec shrimp processors should

con\-~rt thèir \\aste into new \-alue-added products instead of dumping them in landtills

causing environmental damage.

Th~re are numerous applications in \\hich chitosan outperforms competitive products.

HOWè\er. th~ margins of protit appear to be too low. or product costs ar~ not competiti\'e.

The prodw.:tion cost t'or hig.h g.rade chitosan is twice as much as thè synthetics (Lemer.

1(98). [n faet. the current methods (ch~mical methodl for producing chitin and chitosan

result in produets \\ith inconsistent physioehen1ical characteristics (Simpson et:ll.. 1994) and

the n:4uireJ equipment and material for the process are expensi\"e and therefore the resulted

proJw.:tion cost is hig.h. Hl.H\e\er. the biologieal method of making chi tin and chitosan using

enzymes produces mon: consistent and highly puritied products.

\\'hat are the production costs of making high k\-ei of purity chitin and chitosan using

the biological methoJ': Furthemlore. is it even possible tG produce chitin and chitosan

protitably l'rom shrimp W:lste when it is only a\-ailJble on a seasonal basis'?

The l'ollowing chapter is thus an attempt ta answer these questions. .-\n estimation of

the production cost of making chitin and chitosan at the pilot plant levd \\as performed

applying the economic engineering concept. Th~ cost-capacity factor was appli~d to the

computed ~stimates in order to tind the production cost at the industrial le\·el .
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Estimation of the Production Costs of Chilin and Chitosan

Hassan Tdial

Dt:partm~ntof .-\gricultural Economies
~lacdonaldCampus
~1cGill Cni\'ersity
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:\bstract

:\ cost t:stimat~ of a full-scal~ chitin production facility was prepared based on the

r~sults of th~ estimations at a s~mi-pilot'l !e\'d. The estimates show that commercial

production of chitin. dùtosan and pigment \\ould be protitablc using a biological process.

ln facL the rt:specti\'c production costs for one g.ram of chitosan. chitin and carot~noproteinis

$0.65. $0.26 and $0.07. Th~ r~sp~cti\·~ gross margin of making each product is 90.71 °'0.

96.17° 0 and 98.06° o. This is due ta th~ simplicity of th~ process. the low capital cast and the

llse of enzymes instead of cht:mical acids that require stainless st~el equipment and high-

energy consumption.

Introduction:

l'he ml)st critical factors that determine \\hether or not a chemical proeess plant will

be protitable an: its design. location and capacity (Desai. 198~ 1. Proccss design is evaluated

on the basis of factors such as an inexpensin: and readily availabk raw material. minimum

capital inyestment. 10\\ operating. and maintenance costs. salabl~ by-products and minimal

pollution. [n addition. the geographical location has an important bearing on total costs. As

an example. if the plant is lùcat~d near the market for the products. the tÏrm has the

adyantages of quick delin:ry and minimum transportation costs. Finally. the plant capacity

(or the plant size) depends on the market projections tor the product and the a\'ailability of

ra\\' material and tinancing.

·l The hourl~ quantit~ of input processed in a semi·pilot plant varies bet\\een la and 100 kg, For the purpose of
the stud~ . the quantir~ processed per hour is 50 kg.
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The pllrpose of this study is to estimate the production cost of \Oalue-added products:

chitin. chitosan and carotenoprot~in l pigm~nt) l'rom shrimp wast~. In order to do 50. an

e\"aluation of the cost was performt:d at a semi-pilot le\"er and then an estimate of the scaled-

up process plant was Jetennined by using the cost-c3pacity factor. .-\ll the estimates are

baseJ on a pilot plant site located at \(acdonald Campus of \kGili L'ni\"t~rsityo

FirSL a description of the production process and equipment is pro\Oided. followed by

a cost estimation at a pilot plant k\"d. Then. the production cost of a scaled-llp process plant

is èstim:,uèJ. The final section discuss~s the results and limitations of thè study.

Production of Chitin~ Chitosan and the 8~o-Product Pigment

[n genèral. the quality of an output relates to the quality of the input. Theref()re. the

4uality l)f ~hitin :.mJ ~hitosan JepenJ on the quality of the shrimp \\astè used in the prOCèSS.

During the summèr of 199i. \\e sur\"èyeJ ail shrimp processing plants in the Gasp~siè

Peninsula. \\'c noticed that the processing \\as carried out under highly sanitary conditions

and gènèr~ltèd a good quality shrimp \\:IStè. Furthèfml)fe. the prOCèssors assun:d us that thè

\\aste material ~ould he ~ollèl.:ted in \èry gOl)d I.:ondition at a negligibk I.:ost in order to

process it into chitin and I.:hitasan. According ta Doctor Simpson. his laboratoryll) has becn

supplièd on sèn~ral occasions \\ith shrimp \\aste l'Of procèssing into chitin chitosan and

pigmcnts. The shrimp waste has al\\ays bcen shipped frozen and reached the laboratory in

excellcnt condition. The chemical analysis of chitinchitosan produced in his laboratory

shows that it is of good quality. Thus. the ne\\" method of processing shrimp waste allows for

III The Iaborator: of Dr. Simpson al \tacdonald Campus. \IcGill L"niversit:. where the ne\\ method of making
\alue-added products from shrimp \\aste was inno\ ated.
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the pilot plant to operate throughout the entire year instead of the designated shrimp

processlng season which takes place between the l'irst week of .-\pril to the tirst week of

'o\ember.

Description of the Production Process and Equipment Selection

The equipment required for the recoyery of each of the by proucts is summarized in

T~ble 2-1. This table indic~tes that sorne pieces of equipmei1t are common to the processes

for mJ.king chitin, chitosan and carotenclprotein ( for example, the balance and the pH meter).

The chemicals required in the recoyery processes are few, non-taxie and relati\'dy

inexpensin:. The following is a description of the process and the equipment used in each

step. lt must he noted that the duration of each step is based on the tindings at the pilot plant

k\el. In this stuJy. it is Jssumed that each batch cuntains 50 kg of dried shrimp \\aste.

The tirst step is the preparatiLm L)f the sample to be processed. Dried shrimp shells

are bknded using the grinder. The grinder used can process 50 kg of dried shrimp per hour.

.-\fter that. sorne chemicals and enzymes are added and mixed with the blended shells. Six

hours later. a tiltrate (Filtrate 1) and a residue (Residue 1) are extracted l'rom the tiltration in

Step~. The tilter s: stem used is made l'rom cheese c1ùth and a sie\"e. "Filtrate 1
0

• is then

precipitated and centritùged in order to obtain o'Residue 2" and "Filtrate 2", "Residue 2" is

dried at room temperature in order to gi\'e a tlrst tinal product called Carotenoprotein and

"Filtrate 2" will be used for the enzyme preparation. Steps 5 and 8 can be executed at the

same time 1See PERT chan L)n page 35 l. In fact. "Residue 2" can be dried while "Filtrate 1"

is precipitated. "Residue 2" cao either be dried al room temperature or by using the drum

dr:er. .-\ pre\"ious study estimated the production cost assuming that no dryer is used. This

assumption resulted in a fe\\-er number of batches that could be processed during a gi\'en

31



•

•

•

period (drying one batch at the room temperature requires at least 8 hours n~rsus 1 hour when

a drum dryer is used). For the purpose of this study. a drum dryer is used in the process.

During Steps q to 12. aIl of the proteins and minerais are remo\'ed from "Residue 2" which

has been dried using enzymes and a steam kenle. The resulting product "Residue 3" is then

decolorized. washed and dried using the dnlm dryer to obtain chitin. Chitin is then

deacylated. \\"ashed and dried in a freeze dryer to obtain the tinal product. chitosan.

The pikn plant is ;}ssumed tu nperate 50 \\eeks a year. From the PERT Chart. we set:

that the proJul:ti~Jn of one batl:h \..11' l:hitin requires 90 hours. The longest step is Step 10

(deproteinization) requiring 12 hours and thcrefore is the only restriction for a continuous

process. Thus. the maximum number of batches that can be processed during the 50 weeks is

equal to Iii lIas each batch comains 50 kg of shrimp shdls. Therefore. a total amount of

5.850 kg i = 1..11' dried shrimp shdls can be transfonned into 890.95 kgi~ (15.23 °0 yidd) chitin

each ;. ear ;It the pi lot plant. This quantity is equi\'alent to more than nineteen metric tons of

shrimp \\;Iste produced b~ the processing plants l-l( the shrimp \\i.lste contains an a\'erage of

70° Il moisture 1.

From the same process. a by-product (pigmentl called carotenoprotein is produced.

[he ~ iL'ld f~)r this pigment is 2° o. Therdore. 11ï kg of carotenoprotein will be produced in

the course of chitin production. The complete production of carotenoprotein requires 23

hours. The tirst 8 hours of the process are shared \\'ith the production of chitin.

t 1 II-={:'O \\eeks"~ da\ s·:2~ hours) -:-:2
:: 5850= :'Ok!! bmch .. i 1-::' batches
,~ 890.95 kg ~f chitin = 5850 kg dried shrimp .. 15.:23° 0 yield
:.. 1q:,oo kg l'( shrimp \\ aste = 5850 kg of dried shrimp 30° 0
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[f all ehitin is deacylated ta chitosan. the total production of chitosan will be 5-lü kg

(the yidd is 60.6°0 chitin ()r 9.23 0
0 dried shrimp shdls). Il must be noted that the process of

one batch of chitosan requires 41 hours and it can be processed at the same time as chitin.

Sinee chitin is needed lù produee chitosan. the sal11e nllmber of batehes of both products will

be processed. Thus. 117 batches of chitosan will be processed during a year if the objective

is to prodllce chitosan only.

Table ~-l : Process Steps and Required Equipnlcnt for the Production of Chilin.
Chitosan and Carotenoprotcin from Shrimp \Vaste

""tt'p 1)l'" igna t illn I>uration P rl'\ 10 u' 1· qui Il nt l' Il tu, l'lI ( ) u t Il u t a t t h l' l' Il li ot'

no lh) '1ll'p t hl' "h'p
Il Sample Preparation 1 0 Balance

""1
Grindin~ 1 1 Grinonr-

!3 \lixin~ '-~ :\~itation 6
.,

Balance-
4 Filtration U.5 .. Filter System Filtrate 1 & Residue 2,)

5 Precipitation 8 4 Container
6 Centrifu~ation 1 5 Centrifu~e Residue 1 & Filtrate :;
7 Df\'in~ (ResiJue) 5 6 Flat Surface C.·\ROT[~OPROTEI~

8 Dn'in~ (Residue 1) 1 4 Drum Dn'er
l) Deminerai ization 6 8 Container
10 Deproteinization 72 9 'Container Residue 3
11 Decolorization <J.5 10 Steam Kettle
12 \\·ashinl!. 0.5 11 Container
13 Drying 1 12 Drum Dryer CIIITI!'i

14 Deacylation 36 113 (ncubator Shaker
15 1 \\'ashin~ 0.5 14 Container
16 1Df\'in~ 5 15 Freeze Dryer CHITOSA'
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Pert Chart of the Integrated Approach of Making Chitin, Chitosan and Pigments from Shrimp Waste
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Processing Costs Estimation

Production costs (operating costs 1 are the expenses necessary to maintain a plant.

processing. line or equipment in production (Zugarramurdi and Pann. 19(5). They are \"ital ta

microeconomic theor;.. A protit maximizing tïrm sets production at a rate where marginal

reYt~nue equals marginal cost. \\"ith the condition that total rc\"enue co\"ers \ariable costs. But

\\hen the company has liule control ù\èr prices. it focuses on the rate of production and

minimizes costs 1Georgianna and Hogan. 14861. The purpose of this study is to analyze the

heha\ i()f of the production cast of three byproducts. and to find \\hich range of production at

which the pilot plant can operate and still make .1 protit. The most common bases for

compansons used in practice are the daily costs. the cast per unit of production. and the

annual cast. [n ordcr to e\en out seasonal \ariations and to factor for infrequcntly occurring

large c:\.penscs. thc annualizcd basis \\as preferred l Humphreys and \\·ellman. 1996).

Therefore. aIl the costs prescnted in dift~rent \\orksheets are annual (Appendix 21.

For a gi\"en project. cost estimates are prepareJ for t\\"l) basic purposes: to determine

the: pn)jcct' ~ cconl)mic t'easibilit~ ;Jnd to establish a hudget l'Of controlling costs. The dcgree

of accuracy required determines \\hich type of estimates to prepare l Desai. 1(84). A150. cost

estimating is particularly imponant to the manufacturer for pricing a product competitively to

rea[ ize protit (Lo\ett. 19951.

Th~re are a number of ways to estimate costs once they ha\"e been identitied.. The

mast common approaches are price quotes. historical comparison and the industrial

engineering method (Honon. 199~ 1. For the purpose of this study. the economic engineering

approach is used ta estimate the production cost of the yalue added products. Economie

engmeenng \\as chosen because it is a specialized fidd incorporating knowledge of
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n1ÎcrOCCl)nOnlics. T11~ tûllo\\-ing are the aSSllrnptions made to simplit~· the calculation

{Husack. 19821:

1- Each product is manufactured autononlously in a make-to-stock batch production no\\"

shl)p.

2- .-\5 soon as the processing of a unit i5 completed on a machine. it is immediately mo\'ed to

the subsequent machine for the next operation.

3- End product ::md input item stock out are not pemlitted.

4- The optimization objecti\ e is cost minimization.

:5- The pill1t plant is assumed tü be k)cated in a rented room at \lacdonald Canlpus of \1cGill

6- Gond management and practices are assumed at the pi lot plant.

Ail the neccssar~ co~t items \\cre identifled l'rom the lab experiments conducted b~ Dr.

Simpson at \ lcGill L ni\ersity.

The Equipm~ntCosts:

Estimating. the cost l)f equipment in\oh'es allocating the capital cost o\'cr the life of

the equipment and cLmsidering the operating. costs directly associated with the use of the

equipment. The basic modd to compute equipment cost i5 the annualized cast of capital

1inn?stment in the machine). The machines are assumed ta Iast 25 years \\-ith no sah-age

\'alue.

The annual equi\-alent cast of capital (.-\ECC 1 i5 as follo\\"s (Lo\'ett. 19951:

;( 1- j)"
AECC= P*--

(1- j)n - 1
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\\'here P is the cost orthe equipment. i is the minimum attractive rate ofretum (i=IO~/o) and

n is the equipment"s expected lit~time (number of years). The second dement of the

multiplication is also called the Capital Recovery Factor.

The cast of a piece of equipment is allocated to the production cast of each of the

proJucts bast:d on the frt:quency of use of that equipment in the process. For example. the

pH-meter is used in the making of chitin. pigments and chitosan. There1'orc. the portion of

the pH-nleter" s cost allocated to the production cost of each product is equal to 33°'0

(1 (1-1-1 )) of tht: :\ECC of the pH-meter. This portion is based on ho\\" many limes the

cquipment was llsed in the process of getting the output (rabk 2-1. p33). In other words. the

portion of the tixed cost (FC\-I) rdated to each piece of equipment is equal to:

rc\ t = (Cost Portion .-\llocated * AECC)

The list of equipment and the cost portion allocated to each process is sho\,,"n in the

respective cast breakdowll tables. as is the annual e4ui\'alent cast of capital of each machine.

The cast breakdown tables are presented in .-\ppendix 2.

Labor:

T\\o lab operators will conduct the process. The labor cost is as 1'ol1ows: they will

eaeh \\ork ~O hours a week during 48 working weeks at $9.00 per hour. The annuai cast of

labor is S36.000.00 1including ~o 1) for vacation). At the same time. the lab operators will

make different \'alue-added produets. Sinee we are making dift~rent products at the same

time. the net rcal izable \'alue method was appl ied to allocate portions of labor costs to the

production cast of each product a\'oiding multiple allocation ofthese eosts
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Joint Costs:

The term joint costs applies to twa or more kinds of products. which are produced

simuitaneollsly and are not identitiable as indi\'idllal types of products. until a certain stage of

production. the split-off point is reached (HlInlphreys. (987). Joint costs are combined costs

up to the point of separation. Ta distribllte the joint costs amongst chi tin. chitosan and

pigments. the net realizable \'alue approach is used (also called rdatin~ sales \'aille method).

It assigns the largest part of the common costs to the product with a highest market "alue.

The allocation is hased on net realizable \'alue (.-\ppendix 2. Table .~\2-~)

Opt:rating Costs Estimation: 1:;;

Operating costs or manufacturing costs are the expenses incurred during the normal

operation of the pilot plant. There are two categories: direct ~md indirect cost5.

Direct Costs:

Thesc costs are relatcd ta the factors lhat contributc directly ta the production of the

tinal outputs. From the results of the pilot plant. the quantity of the direct material rcquired

10 process one batch of 50 kg of dried shrimp waste was calculated. The direct costs are as

fol1t)\\ s:

l, Inputs: ra\\' matcrials and the necessary chemicals ta prodllce the tinal product. The cast

of raw materials is the cast of handling and transporting the shrimp shdls from ~'(atane ta

\Iantreal. The cast of the chemicals is obtained l'rom price catalogues of companies

sllpplying the laboratory of \Iacdonald Campus.

J~ The estimation ofthesc: COS(S is adapred from Humphrc::s and Wdlman. 1996
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Power required ta run the equipment is the priee paid by NfcGill University per k\\"-hour

per machine when it is in use.

3. Labor: the cost of labor is considered as a shared cast by ail the tinal outputs. The net

realizabk \"alue methoJ \\as applieJ to allocate the cost to each tinal product.

~. Supervision: the cast of supen'ision is equal to 15°0 of the labor cast.

5. \ laintenance: the maintenance cast is eqllal to 4°0 of the portion of capital cast allocated

to each praduct. l'he cost itsdf is 60° 0 ti..1r labl)r to maintain the equipment and ~OO'o for

parts.

6. Heat: according 10 the Facilities ~tanagement Department of ~teGill University. the cost

\Jf heating l)ne squ~lre foot is S1.25 per year. Thus. the total heating cost is S672.50 per

~ ear. This amount is allocateJ ta the dift\:rent outputs by using the net n:alizable \allie

method .

7. Pa~ roll dlarges incl udes \\ùrkers' compensation. pensions. group insllrance. paid

\acation and holidays. social security. unemployment. and so on. Pa~TolI charges

n:present 32° a of total labor cost. SllpenïSlon cost and 60°0 of maintenance cast (the

equi\"alent of the labor part!.

8. Contingencies (or miscdlaneous) c05ts are added to the estimate to allow for changes that

10 C .. . 1 -0 • h cl' Thmay occllr. ost contmgencles range tram tO)o at t e Irect C05tS. e a\'erage rate

of 3° 0 was chosen for this analysis.

Indirect Costs:

These costs are not directly assigned 10 the end product. \lany indirect costs are

related ta the direct costs. Sorne eompanies use a range of ratios or factors. which are
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follo\'"ing costs were identi lied:

ln this category. the

•
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1. Depreciation: is the r~duction of the market '"alue of a piece of equipment. For this

analysis. the cost of capital method was used. AlI th~ dectrical eqllipment will last 25

years with no sah"ation '"alue .

.., Rent: the reqllin:d space for the pilot plant is about 50 1l1~. The average rentai cost for

one squared t11èter in an industrial area on \ lontreal [Sland is about S7.00 per month 1~.

The annllal rent is therdore S-L2()().OO. This amount is allocated 10 the diffèrent output

using the net realizable ,"alue method.

3. [nsuran<.:e: .-\c<.:ording to \kGill Risk \lanagement & Insurance Depanment. the cast of

mSllran<.:e IS 1.25° 0 of the \alue of the eqllipment. Therdore. insurances cûsts were

alk)<.:atcd to each product hased lm the propol1iL)n of the equipment used in the process.

4. Plant o\"erhead costs: these costs are also called the indirc<.:t costs of manufactllring.

They arc allocated on sorne hase bdie'"ed to be cqllitable lS
. They are assumcd to be

eqllal to 40° 0 of the cost l1tïabar. supervision and maintenance.

:" :\m~rican Association ofCost Engineers: Standard ~o" IOS-90. trom Humphre~s and English (1993)
j- This is a rou~h estima[e ~i\en b\ sorne r~altors sur\~\ed.

i 8 AACE: Standard ~o. IOS-QO. t~om Humphre~ sand Énglish. Projec[ and Cost Engineers' Handbook. 1993.
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Results and Discussion

Results of the production cast calculation are summarized in Table 2-2. The lowest

cost of ail \'alue-added products occurs when the pilot plant is functioning at its full capacity .

.-\n increase in use of 20° ° (l'rom 80 to 100). results in the tollowing decreases in the

proJuctilHl CDstS: SO () for pigments. 1.25 0
0 lor chi tin and 1.6°'0 for chitosan. The pilot plant

can be efticiently exploited at 80° 0 capacity, ln fact. as shown in the tigure 2-1. the gross

margin of aIl products increases with capacity use. Howe\'er. the marginal change of the G~t

starts slowing down after the capacity has reached 60° o. and remains almast unchanged when

the plant L)perates bet\\t:en 80n
0 and 1OUOo of ilS capacil~.

Tabk 2-2: The Production Cost of tg of the Different Value·:\dded Products with
respect to the Capacit)· l:se of the Pilot Plant. \'1

PLA:\T C.-\PACITY l"SE 20(% 4W% 60(% 80(~1 100(~.

Dried Shrimp Shdls Processed (k!!) 1.170 2..340 3.510 4.680 5.850
Production Cast ùf 1!! Carotenoprotein 0.363 0.232 0.189 0.167 0.154
Production Cost of 1 !! Chitin 0.363 0.33 0.323 0.319 0.315
Production Cast of 1 !! Chitosan 0.872 0.77 0.744 0.731 0.719

The concept of gross protït margin was used for the analysis because the health of a

tïrm is rdlected by its protit margin (Zugarramurdi and Parin. 1995). :\Iso. the performance

of any company depends on the amount of sales realized and the production costs of the

goods solJ. Theretore. managt:ment and in\'~stors are intt:nsi\'dy inter~st~d in gross profits

and its changes (Horngren. 1993 J. The gross prattt margin must be large enough ta co\'er

operating expenses and produce a net incarne.

l" S~e tables :\2-6. :\2-- and :\2-8 in appendix 2 lor detailed calculation.
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Th~ gross margin of th~ pilot plant ~xc~~ds 9Qoo (Tabl~ :!-4) despite using diseounted

selling priees (the priee of chitin. ehitosan and earotenoprotein). As we assumed that good

management and practices at the pilot plant. the gross protit margin will be in the 60°'0 range.

These high margins are mostly due to the price rd~rence used to compute them. They are

more expensi\·e than bulk purchases for commercial scak. As an indication. in 199q the

gross margin of major chemieal industry (in L"nited States) is as 1'ollow5:

Tabl~ 2-3: (~ross \Iargin of the \Iajor Chcmicallndustrics in thc l'nitcd States in 1999
and thc .-\\'cragc of thc Prc\'Îous Fi\'c Ycars.

l'DLSTRY 1 GROSS \IARGI\; 5 YE.-\RS .-\VER.-\GE
S,·nthetie .-\~h~lnced Polymers 1 62,2 Ou 1 60.1 °0

Chemical - \lajor di\ersitied 1 33.1 () 0 36.2 () 0

.-\uricultural ChemicaIs 1
31.9 () 0 33A °0

Sourœ: Imp :\\ \\ \\ .mon~~c~ntrJl.msn.'om

Table 2--k Thc l'nit Gross \'largin of thc Thrcc B~'-Produclsal the Pilot Plant Lc\'cI20
•

Plant CaDacitv Use t%) 20% 40% 60% 80% 100%
Production Cast t1a)

Chltln 5036 5033 50.32 50.32 50.32
Plaments 5036 50.23 50.19 5017 5015
Chltosan 508i 5077 5074 50.73 50.72

Reference Price ISla)

Chltln 5667 56.67 5667 5667 56.67
P,aments 53 58 5358 53.58 5358 5358
Chltosan 5700 5700 5700 5700 S7.00

Gross Marain 1%)

Chltln 9456% 9505% 95.16% 9521% 9528%
Piaments 89.85% 93.53% 9473% 95.33% 95.71%
Chltosan 8754% 88.99% 89.37% 8956% 89.73%

:-1 Se~ ~-\ppt:ndix2. T3bI~s .-\2-6.. :\2-7 and :\2 ...8 for mor~ details .



• Figure 2-2: The Gross \Iargin of Producing the Value-added Products From
Shrimp Shells at the Pilot Plant Le\·el.
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Chitin is one l.Jf the inputs us~d to makt: chitosan. thus ~xplaining its higher gross margm

\\hen compareJ to chitosan. On the other hand. tht: production cost of chitosan is almost

double that nI' chitin. [n t~1Ct. th~ total prodw.:tion cast of chitin is il part of chitosan's cost of

production. .-\Iso, the reference pric~ of chitosan might be underestimated. In faet. the

priees listed in differcnt catalogues:! yary bt:t\\ccn 0.99 $, g and 98..+ S g for chitin.

\kanwhilc. the priees of low-grade chitùsan \'ar: bet\\een 0.11 S g and 16.3 $ g. \Ve based

our analysis using a ret~rence priee of 6.67 S g for chitin and 7 S,'g for chitosan in order to

present a consen'ati\'e scenario and to con1pensate for the risk of underestimating the

production cost of these \'u[ue-added products.

:1 Priee catalogue of Sigma-Aldrich Canada Ltd. Prono\a and other lab suppliers.
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Cost [stimat~s of Scaled-l~pProcess Plant

.-\ grt:at dt:al ùf research has bt:t:n done on production cost estimates for chemical

plants (Guthrie. 1(84). Res~archers studied:

1). Cost-capacity factor estimates applied ta major items of equipment or to complete

chemical plants (Pikulik and Diaz. 1(77). (Remer and Idro\-o. 19901.

2). The relationship bet\\een cast capacity ta estimate operating costs ll)r plants of

different sizes (Black. 1(82).

3). Factored operating costs correlation (Parin and Zugarramurdi. 19(4).

fhe cLmcept of cust-capacil~ factor \\as introJuced I\x the PUrpOSè of in\'eslment estimation.

rhis method \\ hich is \\ ide!: llsed. hdps lL) quickly estimate operating costs. lt is based on

the concept of economies of scale. \\ïlliams (1960) originally stated that the total inn:stment

(Ii. 1:) for l\\O plants \\-ith diftt:rent capacities lQI. Q:) bUl proJucing the same product are

linked b: the six-tenths nlle. This relation is tl)rmulated as follows:

h = 1. ( Q~ 1QI)\ where x is the cost-capacity factor.

··L is the cost {Jf the t:quipmem rt:quired to produce quantity QI··

The a\'erage \-alue of x tends lo bt: 0.6. But Remer and Chai (1990a. 1990b) found that the

a\ erage \alue of x for 200 cht:micai processt:s \\as equal ta 0.7. Therdore. ta estimate the

production cast (the tixed costs 1 of these \-alue-addt:d products at the industrial Iè\"d. we

appl: tht: cost-capacity 13ctor ta the capacity of raw material that can be processed and

assume that:

1. The plant will be llsed at its full capacity ( 100°0).

The cost-capacity factor is equallo 0.7.
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3. Tht: pilot plant production cast estimates are based on the quantity of waste processed

and the cost of output produced.

4. In general. the total cast of production is the sum of tixed costs. variable costs and semi-

\'uriable l:osts. The semi-\'ariable costs are neither tixed nor \'ariable and they do not

aft~l:t tht: gross profit. \\'e assume that there are no semi-\'ariable costs (SVC) for the

purpose of this stlldy:: Therdore. the total l:ost is the sum of the total tixcd and total

\'ariable l:osts.

5. l'he \'ariable costs are directly proportional to the quantity of shrimp waste processed.

They are the costs of processing. (ra\\' materiaI. chemicals) and power to nm the

machines. Labor cost is also consiJereu \'ariable but not linearly dependent on the

\olume of shdls processed. [n order ta scale-up the labor cost. we assumed the labor

requirement would \'ury by 0.25 power of the capacity ratio when processing plant

capacities are scalcJ up (Jelen and Black. 1QS3 1. Other nlriable costs arc those rdated to

supef\isit'n. payroll charges and ()\"I.:rheaJ costs. These costs are computed in the same

way as the pilot plant le\el.

6. The tixed costs an: scaled up lIsing. the cost-capacity factor of 0.7. The tixcd costs are for

depreciation. rent. insurance and heating. The maintenance costs are also extrapolated

using the cost-capacity factor because they are equal to 4°'0 of the in\"estment. For each

product. we scaled up the respective portion of the capital conlputed when the pilot plant

is operating at its full capacity.

-- In g~n~ral. s~mi-\ariabl~ ..:osts are the costs of administrative services. management and distribution
(Humphre~s. 19871.



• Figur~ 2-3 depicts th~ production cost cur\'~ of ~ach byproduct plott~d against the quantity

of dried shrimp waste processed.

Table 2-5: The Estimated Production Cost of Onc Gram of thc Valuc-Addcd Products
at thc lodustrial Lc\'cl. 23

•

Dried Shrimp Shells (Kg) 5.850 15.000 30,000 150,000 300,000 600.000
Pigment Total Production Cost ($) 17.982 38.900 65,604 245.352 448.486 832.557
Chltm Total Production Cost ($) 280.765 690.814 1.292,732 5.987.848 11.798.424 23.368.042
Chltosan Total ProductIon Cost ($) 388,010 973.756 1.887.935 9,111.909 18.095.867 36.021.517

Pigment Produced (Kg) 117 300 600 3.000 6,000 12.000
Chitin Produced (Kg) 891 2.285 4.569 22.845 45,690 91.380
Chrtosan Produced (Kg) 540 1.385 2.769 13.845 27.690 55.380
Production Cost per gram
Pigment (SIg) 0.15 0.13 0.11 0.08 0.07 0.07
Chitin (SIg) 0.32 0.30 0.28 0.26 0.26 0.26
Chitosan (Sig) 0.72 0.70 0.68 0.66 0.65 0.65

Figun: 2-3: Estimatcd Production Costs of thc ,.aluc-Added Products at the
Industrial Lc\'cl .cost of one gram)
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Results and Limitations:

ln general. high production rates allaw gr~ater use of facilities. The increased volume

of production acti\'ities spreads tlxed costs O\'cr a larger quantity of products produced

(Boger and Liao. 19901. That is why the production cast of ~ach of the value added praducts

del:rcase~ \\ith the increase of the capacity use of the pilot plant. The cost of producing on~

gram of chi tin. chitos:.lI1 :.lI1J carotenoproteÎn 1pigments) is respecti\'ely SO.315. SO.719 and

SO.154 at the pilot plant k\"el. For a plant proc~ssing 2.000 mt of shrimp wast~ a year. using

the biological process tn reco\er the value addcd products l'rom the waste \\ould result in the

prodw.:til)n of l.) 1 mt l)f chitin. 55 Olt l)f chitosan and 12 Olt of carotcnoprotein. The

n~spectÎ\'e production costs for l)ne gram of each product is SO.26. 50.65 and SO.07. Slight

economics of scak cxist up to the processing. of 50001t shrimp waste. Thus. costs of

proJucing chiws~m Îs alml)st dl)uhlc that l11' chitin .

Hl)\\ accuratc arc these estimates·.) rhcre are ~ome limitations to this study. These

shortcomings rdate mainly to data problems. The cast of different pieces of equipment did

not includc the installation Cl)stS. The energy charges \\'ere theoretical estimates and may not

be the best repn:scntation for the sdected equipment. The cast of the acquisition of the land

10 build the plant and the related construction costs \\ere substituted by the cost of the rcnL

Therefore. a scale up of the cast based on the cast of the rent may not be the best estimate for

the liabilities. .-\5 a result. the production co~ts of the value-added products might be

underestimated. Ho\\·e\er. other factors mig.ht contribute ta an on;~restimationof these costs

5uch as the method of scaling up the labor C05tS. Il did not take inta consideration the

e\'entual automation of sorne steps of the production process as it may reduce the need for

:-~ s~~ :\pp~ndix2. tables :\2-10. :\2-11 and :\2-12 for details.
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personnel. The estimate of sorne costs (dectricity. insurance. hem and renl) were based on

what would happen if the pilot plant \\as set up at \lacdonald Campus which might change if

the plant \\as in an indllstrial area. Finally. the cast of nlaterial used for the process was

based on the price paid by the laboratory to Sigma Chemical Company. These priees \\cre

more expensi\"e than bulk purchases ofthose materials for comnlercial seule.

On:rall. these estimates are preliminary estimates since. their approximate degree of

aecuracy l'aIls between 25 to 40 percent because of the method llscd (Desai. 1984). \Ve

bdie\"e that the biological process of making chitin and chitosan is much cheaper than the

chemical process sinl.:e it Joes not n:qllire high energy consumption. nor a great Jeal of

chemicals. Furthernlùre. the resllits of this study encourage further study of a complete plant

design and Jetaih:d Jescription of e\"ery item in\"ol\"ed in the proc~ss. This wOllld alla\\" for a

thorollgh in\estment and tinancing analysis .

~8
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CONNECTING SECTION 2

The success of an enterprise in reco\"ering and using bio-ingredients from seafood

processing \\'aste depends on: the a\'ailability of predictable \'olumes of waste. processing

requirement. t:ase of the prol:css. \'olume and economic \'alue of the tinal products.

competing products and potential market. ln general. the economic evaluation of any

resource reco\'ery operation will depend critically on the ren~nues expected l'rom the sale

of reco\'ered products.

The tirst paper analyses the possibility of making chitin and chitosan from shrimp

processing wastes in Quebec. For the next ti\'e years. it is estimated that the shrimp

processing industry will generate on :.1\'erage more than 12.000 mctric tons of shrimp

waste ever: ~ car. This abundant waste material is large1y unused. In addition. this waste

can he transformed into high value-added commercial products (chilin and l:hitosan)

instead \Jf l:onn:rting it inlo 10\\ \'alw: by-producls like compost. animal l~ed or simply

dumping il in landtills or the ül:ean. The second paper eSlimated the production cost of

chitin "lnd chitosan and found the gross margin of making these \'alue-added products

\'aries bet"een 90 and 98 percent.

In practiee. any industrial de\'elopment starts with a number of questions: How

many tons of a product can be sold? At what priee'? To whom? What is the current

supply'.' Thus. we ask the same questions about making high-grade chitosan in Quebee.

To answer sorne of these questions. an inn:stigation of the potential market for high

grade chitosan is performed in the third paper.
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CHAPTER THREE

The 'Iarket Potenthll for High Grade Chitosan in Quebec

Hassan Tdial

D~partm~ntof .-\gricu[tura[ Economies
~IacdonaldCampus
\lcGill l'niversity
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:\bstract

The primar:' objecti\'e of this srudy is to examine the market potential for high

grade chitosan in Quebec. The target market for this product was the Pharmaceutical &

\kdicine Industry. Based on relatt:d data for ~ellulose deri\'ati\·es. the Bass \tode! W:lS

llsed Il) forecast the sales of hi~h-~rade (hitosan in Quebec. It is estimated that the

potential market for chitosan is \\~)fth 37 million dollars (in 1999 priees) cumulative for a

period of 20 years of market penetration. In the tirst year of marketing chitosan. sales in

Canada (high-gradel are expected 10 reach S 3.2 million including S 1.5 million in

Quebec.

1ntroduction

The industrial prl)dw.:tinn ~nd use l)( chitl)San has been stcadily incrc:.lsing since

the 1Q70s (Dunn et. al. 19971. The Japanese production of chitosan increased 37°0 each

year l'rom 1978 ta 1Q83. In 1Q83. this production \\as 311 mt and rcached 1270 mt b~

1986. \1ajor applications \\en~ found in food processing and wastewatcr trearment. In

the l'nited States. chi tin and chitosan is used in agriculture and cosnletics industries

(Anan. 19951. Howe\"er. the industriaI application of chitosan is oriented towards

producing high-\"alue products for other uses. such as cosmetics. drug carriers. semi-

permeable membranes. and pharmaceuticaJs. These new applications are fueled by the

large ditTerence in \'alue bet\\een the products and the low-cost polymer. Biotechnology

membranes and gels ha\"e great palential for use in immobilized cell culture systems. the

mast protitable market segment seenlS to be within the pharmaceutical sector. It is•
is undertaking large-scale production of high-\'alue bio-products. Since chitosan

51



•

•

•

primarily for this reason this study is focused on the pharrnaceutical and medicine

industry. especially since chitosan produced through an enzymatic process such as the one

used in this study. is of a high-grade quality.

This study estimates sales of high·grade chitosan to the pharmaceutical &

medi\:inc industr; in Quebec. .-\s \:hitnsan i5 a new product for the industry (in Quebec J.

histùrical sales data is nt-)t a\ailable. Therefon~. we treated it as an inno\'ation and we

applied the Di l'fusion of [nno\'ation Theor;' to forecast the demand (sales) tor high·grade

(hitos3n.

[n order to rcach the objectin: of the present study. an O\'enïe\\ of the

pharmaceutical & medicine industry in Canada and in Qllebec i5 tirst presented. followed

by a re\'ie\\ of the Diffusion of [nno\'ation Theory and a description of sorne diffusion

moJcls and di l'fusion fllnctions. Forccasting methods without a rde\'ant database and a

discussion of the Bass mode! is presented in the second section and the sales fon.:cast for

chitosan and the limitations of the stud~ are prescnted in the tinal section .
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O"cn'icw of the Pharmaceutical and \'Iedicinc Indust~· in Canada

The Canadian pharmaceutical industry tirst deyeloped in \1ontreal at the tum of

the centur;.':~. En:n though this industr;.' has expanded within other provinces (especially

Ontario 1. it remains dynamic in Quebec. The Qllebec pharmacelltical indllstry benetits

from a strong research infrastructure and synergies bet\\'een companies. unin;,~rsities and

public and private research centers.

The pham1aceutical industr;. is an imponant contributor to the Canadian economy.

Il aCl.:üunts for 1 percent of manufacturing employment and 10 percent of aIl industr;.'

research and de\elopment (R&D) expenses. This industr;.' recorded high r~ltes of protit

during the late 1980s and early 1990s. The gross operating protit margin \\as in the arder

of 30 percent in bath 1986 and 1992. .-\ comparison \\"ith other R&D-intensin: sectors

showed that the retum l1n capital in the Canadian pharmaceutical industry was higher than

in other industries 1tigure 3-1 }

The CanaJian pharmaceutical industr;.' is characterized by high competition and a

protitability with abo\'e-a\'erage wage rates. The indllstr;.' is an integral part orthe health

care system in C~mada.

:-1 GOU\èmèmènl du QUèbec. \llCT 1993. F,JCltS on the Pharmacelillcal mdustr)', P.5
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Demand for Pharmaceuticals

Prescription drug saks in 1998 amollntt:d to O\çr 57 billion in Canada. The

CanaJian market is rdati\ dy small (== 2° 0 of g.lobal phannaceutical sales) compared to

the l"S market (40° 0 of the global market). Howe\'er. Canada ranks ~ighth in the world in

terms of consumption of pharmaceutical products. Canadians are the world's big.gest

lIsers of rnedicine. due t\J the social programs a\'ailable ta them. which includes free

access to the health cart: system.

O\'er the past ten years. generic dnlgs acquired a large market shan: of the number

of prescriptions \\Titten in Canada. Tht: reason behind this increase was mostly the result

of the pro\'inces' efforts to encourage substitution toward Iower-priced drugs. usually

generics. For example. in 1998 the generic sector represented -+ 1.2 percent of the total

nurnber of prescriptions tilled in Canada. This represents an increase of 39.8 % of the

\'oIurne. and 17.-+ 0"0 of the "alue in 1996 (CouII. 1998). As a result. many multinationals

2~ Pulh:d from hnp: s[ra[~gis.ic,gc,ca SSG phO I..C9~.html
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• ha\'e generic di\'isions or close ties with genenc companies. Figure 3-2 depicts the

e\'olution of the prescription market share of the both generic and brand name drugs.

Figure 3-2: Prescriptions" 'Iarket Share in Canada from 1993 10 1998

Brand
- Genencs

•

•

40% .

30% c-

20% --------

1993 1994 1995 1996 199ï 1998"

• 12 months ended :\ugust. 1QQ8
Source: Douglas Coul! The Globe and \1ail. Tuesda~ Octoba 20. 19Q5. Pag~ C6.

.-\l.:l.:ording to the HCJlth Indu~tries Branch of [ndustry Canada. the total real

gro\\1h of prescription brand-name dnlg sales l'rom 1996 to 2006 is expected to reach

approximatdy 3.5 percent a year. compared to the ·t 1 percent gro\\lh seen during 1986-

1995 period ([ndustr: Canada-Health Industries Branch. 19(8).

This slower projected gro\\1h i5 tied to the unwillingness of both public and

pri\'ate drug plans to freely reimburse rising drug expenditures. It must be noted that in

the long run. the gro\\1h rate of the market will ine\'itably rise gi\'en the growing aging

population. O\er-the-counter (OTe) products are anticipated 10 increase in sales. OTe

sales are expected to grow at 6.8 percent a year over the next decade. compared to the

5.1 0
0 increase from 1986 to 19952b

. The personal incarne gro\\1h and a tuming away

from prescription drugs will cause this change. In addition. sorne important prescription
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• drugs will soon be a\'ailable o'-er the counter in Canada2i
. An increase of drug

consumption will result on an increase of drug production. This results in more demand

tor tht: raw materials 10 make the drugs. :\mong these raw materials are polymers. that

can be replaced by chi tin and chitosan. Figure 3_3 2S sumnlarizes the gro\\1h of Canadians'

expenditure in pharmaceuticals ( 1986-2006).

Figun: 3-3: Annual Consumer Expenditure Gro\\"th in Pharmaeeutieals (est 1986 S)

•

PeReN
1:

10

1,
..
:
0
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•

The \Iajor :\~tors in the Canadian \Iarket:

The C:.maJian-ùwned generic companies use a highly efficient manufacturing

process tL) proJuce :.md sdi lower-priced copies of drugs that have come off-patent. or

o\"er the counter proJucts (non-prescription). Table 3-1 shows the ranking of

pharmaceutical companies (sales 1 in the Canadian market. for the tirst haif of 1998. Six

of the tl)P ten phannaceutical companies listed be1l0w operate within Quebec. Therefore.

Quebec represents an ideal place for the pharmaceutical industry investments.

:" Industr: CanaJa-H~alth Industrit:s Br.inch. Busint:ss Information by S~ctor. Pharmaceuticals: Gro\\1h
~.:ospects for the industr:.
- http: strategis.ic.gc.ca SSG phO 1·BOe.html

:S Pulied from hnp: strategis.ic.gc.ca SSG phO 1~30e.html
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ln g~n~rai. pharmac~utical companies t~nd to establish in large metropolitan areas

possessing th~ r~quired distribution networks and scientitic infrastructure. [t is not

surprising to see the strong pres~nce of this industry in Ontario and Quebec (Table3-2)

and concentrated in the areas of Tùronto and \lontreal.

Tabk 3-1: Top Pharmaceutical Companies in Canada in 1998'

Compan~' Sales ~Iarket l-Year
(Smillion) Share 0/0 chanae 0/0

\krck Frosst* 5~2.2 7.6 6.2
Johnson & Johnson* ~O~.I 5.7 13.3
Glaxo \\"dlcome 389.9 5.5 10.5
Astra Pharma 35~.9 5 18A
'o\'artis* 3~6.1 ~.9 8A
.-\potex 325.8 4.6 29.3
8risto1- \. tyers* 317A 4.5 16.3
Am~rican Home Product 277.8 3.9 11.6
:\bbott* 272.8 3.8 12.8
Ptizer* 291.5 ~.1 34.7
Total Canadian "Iarket 7124.1 100.0 0/0 13.7 0/0

, DatacO\t:rs.-\llgusr.lqq7!IJJlll~.19q8.

'btablisht:d ln Qu~bt:c

Sourct:: Douglas C~)ull Tht: Globe and \1ail. Tuc:sda~ October 20. 1998. Page C6.

Tabl~ 3-2: Pro\'incial Distribution of the Pharmaceutical Companies. 1994

Pro\'incel Region ~umberof

Establishments
.-\tlantic ..

-'

Qu~b~c 42
Ontario 54
Prairies ..

-'
British Columbia 4

Source:: SI;lllstICS Canada. \lanutacturmg. mdustnr:s ot Canada: 'ational and Pro .. incial :\reas.
Cat3logu~ '0, .3 1-20.3-XPB. annual.
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• ln 1995. the largest production reglon within the pharmaceutical and medicine

industry \Vas Ontario with 52.7 billion in sales (~8.9~.'o of total Canadian sales), The

second largest producing pro\"Ïnce was Quebec with S2,6 billion (~7,8% of total Canadian

salt:s), It is ckar thm almost ail of the Canadian production cornes l'rom Ontario and

Quebec,

The main manufacturing inputs used by the Canadian phamlaceutical industry are

tine chemicals. which represented 17,5 percent of the value of gross output in 1992

S~l "'91 -) "Il' ~'l( ._ -t.)( ml lon- ). L"nl<Jrtunatdy. the production of these chemicals is extremdy

•

•

limited in Canada. as up to 80 percent of these products are imported (Industry Canada-

Health Industries Branch. 19(8).

Grouped within these tine chcmicals are polysaccharides and their deri\'atives.

Polysaccharides are Llsed as carriers lor the Hydrophilic \Iatrix (H~t):

..... H.\/ systems ha.'·jed on po/y.",'w.:dwrù.le carriers remain cl highly popular design (~t

SliSlaiJled-rt:!ease (SR) dosaKe tc)rm. In ils simp/e,""llorm, al1 H.\! de\'ice is CI compres.\'ed
po \1 ,der mix (~(drlig \l'i/Il a ll'ater-swe/ling \'iSCOlfS po/ymer, .i \'arier)' (~(o/her excipients
may o{J{ionally ht: inc/llded {() aid lahleting proper{it:s, ()/1 CO/llaC{ 'l'ilh ,nlfer or ho((\'
t'uid..,', Lin H.\! dosage dues Ilot disinlt:grale, hw l'apidly de\'elops a l'elali\'e/y impe/TùH/.\"
f11uci/aginolls sllrti.IL'e hWTit:r ll'Ilich relards lllrllzer ingres...,' o( \l'aler and CIelS as a rate
c.:on{rol/ing ha,.riel' r() drug release ... The gr,;al maivriry (~( !-I.\/ dose (orms are {ahlel."· or
capsules -,ilr oral adminislr"riv11. Howe\'er, If.\! de\'ices Iu.n'c a/su heen lltili=edjùr drug
de!i\'e/:\' \'ia oll1er rVlIles, e,g., lo {he huccCl/ mueusa, perivdonfa/l'((t'iry. eye, rectum, and
c.:en'ù;a/ (.·c.mal. ..( \ klia. 1991 p396)

Tht:rt: is a \Vide rangt: of polysaccharides that forro successful Hrvt de\"ices. The most

widdy used and certainly the most intenseiy studied H~1 carriers is cellulose ether. ln

particular hydroxypropymethylcellulose (\Ielia. 1991). Research for alternatives to

existing cellulose ether continues. chitosan is one of these examples:

2~ Statistics Canada, Catalogue no. 46-250~XPB
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"Outstanding scientUic progress has beell made. demonstrating the application oj
chilosun in drZig delirelT systems. The properties of chilosan make it a \'ersatile
excipient. not only tùr conlrolled re/ease applinlfion....· hut also as Cl hioadhesh'e polymer.
depending on the route o( delirery. /n addilion. it appear....· {() hal'e putenlial as an
ahsorption l!n/ul/lcer promoling drug llpluke acros..... {Ize mucwial han'fer ... EXlensi\'e
rl!search ha..... heen dl!\"(Jled to {he demonstrt.uiu/1 (~( the sate~\' of chi{u.\'lI/1 hy per/ùrming
{OXÙ:Î{Y studies and ellicida{illg ils meL'!ulI1isms o(at'{iol1. Clinicalrnals are cl/rrently in
progre:'i.'i {() optimi=e chitosan-hased t()I'mu/ations loI' drZig ddil'ery ~ystems \\'it/1 a hroad
rangt! o(rherapelllic app/icatio/1s '. (Dodan~ ~t al.. 19<.)8 p251 )

rh~rt:for~. it ~an b~ surmis~d th:.lt th~ production of ~hitosan (onc~ th~ n:gulatory

barrit:rs arc surpassed) will tind an adt:qLlat~ mark~t within tht: local industry. For

~xampk. if it is f~asible ta make high-grad~ chitosan in Qu~b~c. a pot~ntial mark~t

alrcady ~xists with signiti~ant potential dcmand. [n fael. chitosan can be sold at a low~r

prie~ gi\'~n its rdati\"~ly IL)\\" production cost than the currently used polysaccharides.

Chitosan is also pro\'~n to be a \"~rsatik t:xcipi~nt. Furtht:rmore. th~ Canadian trad~

ddi~it t"l)r ~r.:Illl!L)Sr.: dh~r kr.:r.:ps inar.:asing. l'rom :.l d~ticit of 52.+ million in 199.+ to a

ddicit l)f more than S37 million in 1998 (lndustry Canada. Trade Data on line.

\\'w\\.strategis.il.:.gc.caL Thus. it is anticipat~d that the pharmaceutical industry will

s\\itch O\'er to chitosan.

Th~ d~\'elopmentof a ne\\- drug takes approximatdy 12 y~ars and is protect~d tor

20 years. This \\'ould imply that it would take long~r for brand-nan1e drugs to contain

chitosan. ln addition, the appro\"al procedur~s tor generic products are simplitied

(.-\.ronsson et al.. (997) and th~ dTort of pro\"inces and insuranc~ companies to encourage

the use of gen~ri~ dnlgs due to their 10wer prie~ contributes to the increase of the generic

drug market share in the prescriptions market. Therefore. the generic drug market would

be the tirst segment to be targ~ted by the e\"~ntual producers of high-grade chitosan.
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ln order to forecast the denland for high-grade chitosan in Quebec. we used the

Bass mode!. The assumptions of this modd are similar to the theoretical concepts in the

literature on new product adoption and diffusion (Bass. 1969). The following is then a

re\'iew of Diffusion of Innu\"ation Theory.

Diffusion of Inno\"ation Theo~'

.-\ccording to Rogers ( 1983). diffusion is the process by which an inno\"ation 1S

communicated through c~rtain channds o\"er time and anl0ng the members of a social

system. From a marketing point of \"ie\\. Onk\isit and Shaw ( 1989) defined the diffusion

process of inno\"ations as the use of nc\\ products or sen"iees o\'er tinle. This process is

carried out by adopting units \\ithin a social system in a gin:n culture as stimulated by

marketing acti\"itil.'s. B\ examining this detinition. we can have a better idea about the

Jiffusion process .

.-\ccording ta the Federal Trade Commission (Onk\'isit and Shaw. 1(89). a new

proJuct is also identi tied as an existing product that has been changed in a functionally

signi tieant and substantial manner.

Diffusion must take place \\ ithin a social structure. Howe\"er. the diffusion

process \"aries within cultures and across industries. The di ffusion of a new product does

not go on b~ itsdf but it is catalyzed by marketing acti\"ities. These acti\"ities consist of

the four Ps of marketing: product. priee. place (distribution) and promotion.
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Charactcristics of Inno"ations

\!any technologists think that ad\"antageous innovations will sel1 themsdves and

seem ta suggest that the ob\'ious benetits of a no\"d idea will quickly be recognized by

potential adopters allo\\"ing tor these inno\"ations to diffuse rapidly. L·nfortunately. lhis is

not the ~ase. \lost inno\:.ltions diffuse al a surprisingly slow rate. However. it should not

be assumed that ail inno\"ations I.:ould be analyzed similarly. In repeated studies

describing how product characteristics affect the rate of diffusion. tive product \"ariables

have been iJentitîed anJ han: gaineJ \\idespn:ad acceptance (Rogers. 1983). These live

product variabks are Il relative advantage. 2) compatibility. 3) obser\"ability.~) triability

and 5) complexity.

1- Relati \e aJ\"antage is the benetit deri\"ed l'rom a new product relati \e ta the benetits

on~red by the existing products. In arder to gain rapid acceptance. a new product must

be more attracti\"e than the other substitutes (existing products). Thus. the grcater the

pen.:ei\ed aJ\"antage. the mon: likely it is that the produc! will be adopted (Onk\"isit and

Shaw. 1{)891.

2- :\ new product should be compatible with the experiences. values and attitudes of

consumers as weil as with other products in their possession (Onk\'isit and Shaw. 1989).

.-\n idea that is not compatible with the prevalent \"ah.iis-and norms of a social system will

not be adopted as rapidly as an innovation that is compatible. The diftùsion process is

therefore slowed down as saon as the ne\\" product necessitates changes in the attitudes of

en:ntual adopters.

3- \\'hen an inno\"ation 15 found to be difficult to understand and not used by most

members of a social system. il represents a certain degree of complexity and as a result
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will also be adopted mor~ slowly. This means that individuals will generally hesitate in

adopting. a prodllct they do not understand ho\\' to use.

~- If a new ide;} can be tried on an installment plan. it will generally be adopted more

quickly than inno\"ations that are not divisible. Consumers are more likely ta try a neW

product if they do not han: to wait too long to use il. [n other words. the more divisible

and triable a ne\\' product. the mon: likdy it will gam acceptance (Onk\"isit &

Shaw. 1(89).

5- The most important characteristic that d~tennines whether or not a ne\\' idea will be

adopted is its obsenability. The easier it is tor indi\-iJllals ta see the results of an

inno\'ation. the more likdy they are to aJopt il. Obser\'ability rdates tù whether the use

of a new product is pllblicly \'isibl~ or not. The public use of a prodllct increases its

\isibility and identi tication. Then:fl1re. a ne\\' prodllct \\'i Il be successfully llsed if its

featllres ean easily be communicated into a social system.

[n g.enera!. inno\'ations perceived by recei\'ers (or adopters) as ha\'ing greater

rdati\t.? ad\ amage. cL1mpatibility. triability. observability and kss cL)mpkxity will be

adopted more rapidl~ than other innovations (Rogers 1(83). There are other

characteristics that affect the adoption of a new product. :\ccording ta Onk\"isit and Shaw

( 1989 L then: are t\\'o other \-ariables that are important:

6- Perceived Risk (physieal. funetional. or tinancial). In this case. innovators (early

adopters) ean be considered to he risk takers as they either do not \"isualize risk or may

not be concerned about the risk related to the use of the new product.

7- The Priee: \\hen a new product is launched. prices are usually high because of the lack

of economies of scale. Thus. the adoption of a ne\\' product is low when the relative price
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is high. Gin:n th~ product lif~ cycle. mass production makes it possible for prices to

decline later on.

ln conclusion. it must be noted that these se\'en characteristics (relative ad\'antage.

compatibility. obsen'ability. triahility. compkxity. percei\'ed risk and priee) associated

with product adoption are based on the consumer's perception. Therefore. they are not

necessarily objectin:.

ln on.kr to illustrate \\hat \\as mentioned earlier. Ryan and Gross ( 1943) studied

the diffusion L1f hybrid corn seed in Iowa. Their study is one of the most intluential

d'forts in diffusion them·y.

The Diffusion of Hybrid Corn in Iowa

The hybrid corn in\'estigation includes each of the four main dements of the

diffusion process: inno\ation. cL1mmunication channels. time and the social system.

:\gricultllral scientists :.lt Iowa State L'nin:rsity and other land-grant uni\'t~rsities

had den:loped hybrid corn seed. It \\'as one of the newest fann technologies when it was

presented to Iowa farnlers in 1928 and \\"as widespread in the 19305 throug.h to the 1950s.

The di ffusion of this inno\'ation \\as communicated (prornoted) by the (owa .-\griculturaI

Extension SerYice and by salesmen frorn seed companies (Rogers 1983).

Hybrid corn was inno\'ati\'e because it yielded 20°'0 more per acre than the open

pollinated yarieties that it repIaced. lt was also more drought resistant and better suited

hanesting \\ith mechanical corn pickers. On the other hand. the seed lost ilS hybrid vigor

aller the tirst generation. which rneant that farmers had to purchase hybrid seeds each

year. Therefore. the adoption of hybrid corn caused signiticant changes in tàrmers'
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beha\'ior. :\11 but 2 of the 259 Iawa famlers had adopted hybrid corn between 1928 and

1q~ 1" \\"hen plotted cumulati\"ely on a year-by-year basis. the adoption rate fom1ed an S

shaped cune o\"er time. The inno\"ation-decision period l'rom tirst knowledge to the

adoption decision 3\"eraged about nine years for aIl respondents. It took the a\'erage

respondent three to four y~ars alter planting his tirst hybrid seed. before deciding ta plant

100 percent of his corn acreage in hybrid \"arieties (Rogers. 1983).

On the other hand. the diffusion of inno\'ation inside 3 social system is

representl:d b: a nl1ml:.t1 cun\.? (Lili~n and K.otler. 1983). E\en thaugh it is unnatural to

,Jssume that ail the inno\ :.ttions· CLIn'es han: the same shape. mûst of the inno\'atians

fcdIow the sam~ distribution.
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Diffusion ~lodels

Forecasting market penetration 1S essential ln the de\'dopment and

commercialization stages of new products. There are different methods to forecast the

market penetration of a ne\\' product such as subjective estimation. market suryeys.

historieal analog~. time series models. econometrie moJels. diffusion models. ~conomic

costs moJd~ :.mJ discrete choiee moJds. For th~ purpose of this research. diffusion

models were chosen to foreeast the demand for chitin and chitosan-~lJ.

The diffusion process is concemed with the propagation of a new product in the

market place l Teotia and Raju. 19861. Beha\'ioral Theo~ underlines that new product

;lCl.:eptance i5 an adoption-imitation process. .-\ ne\\' product is tirst adopted by il few

people (or organizations 1 who. ilccording ta the Diffusion Theor: are called ÎW1O\'t.110rs.

[nno\ alors intluenl.:c other actors l)f th..: social system to us~ thc nc\\' product in question.

Di l'fusion modds can be ddined as modds (hat describe the process of the

diffusion of an inno\'ution in a society o\'er time (Rogers. [983). During the last two

decades. mathematical Jiffusion models ha\e been an acti\'c area of research and han~

been used in numerous applications. .-\5 is truc for aIl modds. diffusion modds are a

simplitication of reality. They 5er\'e as descripti\'e tools and help in describing a range of

phenomena in reality bya simple representation (Kalish and Sen. 1986).

\lode!s can also be used for forecasting. but the paranleters of the problem must

not change o\'er time. [n other words. a mode! must pro\'ide a good description of past

cases and ha\'e parameters (hat do not change oyer time.

~o The reason behind this is given in the next section of this chapter
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According to K:llish :lnd S~n ( 1986 L diffusion models predict the adoption rate

and sales of ne\\' products. fLlcusing on the adoption process. They mode! the number of

adopters o\'er tim~. \\hich is the nunlb~r of units sold of durable goods. Although there

h:ln: been sorne applications for non-durable goods. in this case. each adopter represents

a tlO\\ L)f sales. Essentially. diffusion models are conc~med with the diffusion of n~w

products from the factory to the end users. They also focus on the de\elopnlent of the

product 1ife-cycle cun't:. .-\ccording to \'1ahajan and \\ïnd ( 19861. ail new products show

a tirst-purchasc sales \olume cune regardless of \\hether they are bought once.

occasionall~ l)r freqllt:ntly. In general. diffusilm modds focus on this cune to forecast

Diffusion Functions

Lek\all and \\'ahlbin (1973) in their study of sorne assumptions llnderlying

Jiffusion functions re\'ie\\ed historical e\olution of ditTusilm functions..-\.ccording to the

authors. mathematical gro\\'th functions ha\'e been widely llsed in modeling inno\'ation

diftùsion processes sinc~ F. Stuart Chapin (1928) used the logistic lùnction ta analyze the

spread ür cenain ideas of public administration among .-\.merican cities. He detined this

function as the solution l)f a Jin~rential eqllation of the form:

dl'
- t (y.ll

dl

where (y} denotes sorne measure of the diftùsion le\el and (t) represents time.

Funhermore. the solution 1y) is a function of time (tl. The function (f) determines the

shape of the resulting diffusion cur\"e. which is called the logistic cun'e in this case.

ligure 3-4.
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• The shape of this cun'e is Jepicted in the figure bdow:
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•

Figure 3--k The Logistic Diffusion Function

The logistic function is the most widdy used diffusion tùnction. The basic assumption of

the mode! is that the diffusion rate at a gi\'t~n point in time is proportional to the

remaining distance to sorne preJetermincd saturation point.

\tathematically:

d\"
= "Y( "\" - Y 1

dl

\\'here (\;) is the saturation le'"e! (or asymptote of the curve). (t) the time and (a) the

proportionality constant. The diffusion function. as mentioned previously. is the solution

of the differential equation \\"ith respect to (y). Therefore. the function is detined as

follows:

X
r(t) = ---
- (1+ he - JSr )

\'"here b is a constant depending on the initial conditions.

The curve (S-shaped diffusion cur\"e) is symmetric around the intlexion point at 0.5 N.
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This cur\'c is supported by se\'eral empirical diffusion research studies o\'cr many years.

Griliches ( 1957) was one of the tirst researchers ta use the logistic function in his study of

the di l'fusion of hybrid seed corn among farmers.

The logistic function is not the only well known diffusion function. The modUled

expOl1elllia! function is alsa llsed ta l11e~t the same objecti\'c. This function is bas~d on

the assumption that the instantaneous di l'fusion rate Jepe:nds soiely on the n:maining

distance ta the: saturation le:\"el (Lek\'all and \\'ahlbin. 1973). ~Iathematically. the

moditieJ expllne:ntial function is the solution of the following Jjfl;:rential equation with

respèct ta (y l. pro\'iding the procèss starts at the origin:

dl'
._":- = a( S - \.)
dl .

Thereforè. the function is ddined as:

and its shape is J~picteJ by th~ tigur~ 3-5.

rhis modd has been t~st~d and has œCèi\'e:ù concrète empirical support. Fourt

and \\'oodlock ( 19601 llsed it ta predict the: market penetration of ne\\" groce~' products

and Dodd ( 1(55) also used the modd tûr testing laws of interaction. Similarly. Kelly

( 1(67) had used the moditied e:xponential function to predict the gro\vth in patronage of a

ne\\' retail outlet. .-\11 these studies and many others ha\'e given encouraging results by

producing forecasts closer to what happened later.
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Figure 3-5: The ~Iodified Exponential Function

[n th~ r~al \\orld. the Ji l'fusion ,-=unes show a more or kss asymmetric S-shape.

usually \\'ith the Llpp~r shank llf the "S" bdng mor~ ~xtended (Lekvall and \\"ahlbin

1973). The function that produc~s such characteristics is depicted by the Compertz's

Curve (figure 3-6). This function' s mathematical notation is:

_\ '( { 1 = ,\"u" . O<a<1. O<b< 1

•

The JitTerenc~ b~tween the Compertz· curYt: and the Logistic ,-=uryt: is the position

of th~ intlectiùn point. [n the case of Compertz·. it is bdo\\' hall' of the saturation level.

This explains the ùrigin of the right-hand skewness of the curYe_

Figure 3-6: The Compertz' Cun-e

Point of int1~ction for~' =O.J68N

Time
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~e\\' Product Sales Forecasting

Thousands of ne\\ products are ot1èred to consumers e\'ery year but only a tèw of

them gain acceptance in the marketplace. ln 1C)80. Hopkins reported that as many as t\\'o

thirds of industrial timls consiJered their Sllccess rate "disappointing" or "unacceptable"

(Hopkins. 19SlJ). Cooper ( 1(82) reported a mean failure of 41 0 0 for full~ de\'doped new

products. There is a high \'ariance in these failure rates. as it \'aries between 50°0 and

90° 0 (Choffray et al.. 19881. This has been the case in the past as weil (Twiss. 19841.

ln general. the introduction of ne\\' products is associated with uncertainty on aIl

sides: the lirm. the consumers and the competitors. This uncertainty is mainly due to

changes in man: faCtl1rS occurring during the introduction period. It is a known faet that

the introductor: perioJ of a ne\\' product i5 risky as many new products that are

commereialized n:sult in failun~s. The reasons behind these are \'aried and can include:

poor l11ark~ting. roor product design or simply bad buneh timing..-\nother reason. which

cannLH he ~J\erlooked. is the lnerestimation of sales forecasting. This o\"t~restimation is

generally caused by the o\'eroptimistic beha\'ior of technologists during the early stages of

ne\\' product de\dopment (Twiss. 198~ l.

.-\ccL)rding to T\\'iS5 (1 98~ 1. technolog: forecasting sun-ers l'rom a lack of

credibilit: :.llter bcing pl)pular in the carly 197üs. In his paper. T",iss ( 198~. p20) \\TItes.

"During the 01'0 dec.:aJes prior tu j 9-0 \fe lritnessed an lil1precedented rate ofeconumic
gro\rlh. \rhù:h \t'as re/atire!y stea,(1.". The forecastersjèll inro rhe trap (~(ex[rapola[ion. If
a paraml.!/t!r ,,:ou!d he plouedti'um pas! data as Cl straighl line 011 semi/og paper(or 15-20
years. they (elt confident in pro;ecting il tc)rll'ard i11l0 the 19-0s and 198()s. But the PCUI

{t!11 years han! het!/1 dUt'ert!l1l. There han: been discUl1,il1uilies ... (urecasting /U.15 been a
disappui11lm..:n"'.

Forecasting. which may o\"erestimate sales can lead to senous losses for a

company through o\"erproduction. The equally tragic experience of underestimation
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pr~\"~nts a pot~ntial1y protitabk product from bt:ing tully markt:tt:d (G~urts and

Reinmuth. 1(80).

Gi\'en a ne\\" prodllct. th~ following is a re\'i~\\" of \'ariolls types of approaches to

build fon:casting modt:ls that can be used to ~stimate salt:s prior to ilS introduction. [n the

case of chi tin and chitosan. one of the following modds \\ill be used tn fort:cast their

sal~s. as it is a ne\\ product in the market.

By detinition. salt:s torecast is the amoum of sales (in units or dollars) a tirm

expects 10 aehien~ during som~ fut urt: p~riod und~r expected market conditions (Kress

and Snyder. 199~), The common approach of tort:casting sales is ta ust: past sales of

similar products to ~stimate saks for the ne\\" product. But the change of circumstanct:s

and the product ditTerences cause inaccuracies in the sales estimation process.

Forecasters must al50 take into consideration the ('\'emual competitors' actions (as their

mark~ting ~frons Gill r~duc~ the saks of the new product 1. :-\nother major t~letor that

must be consid~red during the proeess of for~casting n~w product sales is the dTect of the

marketing mix \'ariables of the product (pric~. promotion and distribution). Finally. th~

quantit~ of sales expect~d depends aIso on the characteristks of the product according to

the Diffusion of [nnoyation Theory (relati\"e ad\"antage. compatibility. compkxity.

triability and obser\"ability).

Forecasting \\"ithout a Rele,"ant Database

Historieal data is not ;Jyailable when either a new product is introduc~d into the

markt:t. an old product is introduced inta a new mark~t or if the markt:t en\·ironment has

suddt:nly changed. In this Iater case. not only does the historical data not exist but it is

useless è\"en if it did. Therefor~. gi\"en the \'olatility of the t:conomy. forecasting models
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based on histl)rical data must be cnnstantly rt:eyaluated (Geurts and Reinmuth. 1980). In

general. forecasting modds need periodic examination in order to determine their

rde\"ance. Four forecasting schemes are used to forecast sales when there is no i.\yailable

past sales Jal;}. The follo\\ ing is a brief description of each one along with its limitations.

1- The Panel Consensus \Iethod:

\\'e assun1e that the company has experts or has access te them in each domain

(economy. marketing. production and human resource manag.ement). E\"er:'one has

specitic knn\\ ledge in his or her tidd. In addition. these experts are assllmed ta recog.nize

e;}ch L'ther" s specialized area of expertise and the~ arri\'c at a consensus. \\hich constitllte

the company" s Il1recast.

The Jifticult~ \\ith this method remams in compkx personality factors. \\'hich

may not lead tl) a consensus agreement. Furthermore. a hierarchical bias may exist within

the group so that a lo\\'er le\"d expert may not try ta contradict a higher !t:\'d expert. This

method has generally shown poor results in long. tem1 forecasting. and in g.eneral. its

short-tem1 predictions are not rdiable (Gellrts and Reinmuth.. 1(80).

2- The Delphi \Iethod:

The Ddphi \1ethod is a retinement of the consensus pand method. [t uses a

group of experts who make indi\'iduaI forecasts. :\ mediator who sends out the results of

the tirst attempted forecast conducts the pooling of the forecasts. The torecasters are

asked to make a re\'ised forecast and to explain the reasons tor their forecasted values.

The process continues untiI forecasters reach a consensus. This research method is

limited in its accuracy because forecasters may be pressured to reach the consensus

(Geurts and Reinmuth. 1980).
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3- Historical .-\nalo~":

This approach assumes that the tÏrm can use the historieal sales data of similar

produets in order to t'oreeast sales of a new but similar one. The assumption that sueh

data must satist\ before using this approach is to yeritY if the earlier product has had a

similar eccmomie and market en\'ironment during its introductory stage as the new

product being testeJo Historienl analogies are risky but tend to produce gond œsults in

medium and long-term torecasts. LOnfortunatdy. they perform poorly in short run

forecasts (Geurts and Reinmuth. 1980).

4- 'Iodcls l'scd for Forccastin~ :\cw Products:

\lany modds ha\"e been created to deal with the large number of \"ariables. which

must be considered \\hen forceasting new products. Howc\"er. mûst modds are specifie

to indi\'idllal products or sit1l3tions. In other \\ords. new product foreeasting modds \'ary

considerably with respect to their objecti\'es. Sorne toreeast total market demand. ùthers

fon:cast tirst pun.:hase. still LHhers foreeast repeat purchases (\\ïnd 1981). The well

kno\\'n article b~ Bass (1969) WJS primaril~ responsible for introducing mathematical

di l'fusion models in the marketing 1iterature. \ lany of the models that ha\"e appeared

sinee then are either direct extensions of the Bass model. or rdate w it in sorne way

(Kalish and Sen. 1986). Howe\"er. Fourt and \\'oodlock ( 1960) \\ere the tirst to make an

empirical use of a forecasting model. The follo\\"ing is a description of the chronologieal

eyolution of the modds used to foreeast sales for ne\\' products.
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a- Fourt and \Voodlock:

Fourt and \\·oùdlock ( 1960) were th~ tirst to set up a for~casting modd and use it

empiric31ly. Th~y de\'dop~d it to forecast th~ sal~s of grocery products. The object of

this forec3st \\as to predict the increase in penetration QI. The mode! is:

wherl.: rj. (the torecast of incremental sales) is a function of two \"ariables ,. and Q :

,. is the penetration rate for potential sales and it is constant. It is the estimated
percentage of the non-triers who \\ould try the product:

Q is the potential sales expressed as a proportion of a11 buyers who are exp~cted

to buy:
l - 1 is the pn:\"ioLls time perioJ and 1 i5 the CUITent period .
.-\fter a number l)fperioJs. rJ ;lpproaches O. (lim fJ = 0 when t goes to intinity).

The Jiffil.:ulty in using this modd is to estimate Q and,.. Initially. they are subjecti"dy

estimated. ;lnd only aftl.:r sall.:s ha\"e occuITed can they be deri"ed. Theoretically. Q

repn:sents the tLHaj poplIlJtilm. But in reality. the \alue of Q is always less.

The limitation of the FOllrt ;lnd \\·oùdlock approach is that they assume sales are only a

function L)f time (Geurts and Lawrence. 199~).

b- The Bass 'Iodel

Bass (1969) pioncered the introduction L)f diffusion modds in the marketing

literature. He suggested that the adoption process of a new good (in his case a durable

good) is similar to the spread of an epidemic. In this process. those who have not yet

adopted (the product) are induced into the adoption process by ward of mouth l'rom

CUITent adopters. as weil as by independent sources such as ad\·ertising. This model was

estimated glYen se\"eral data sets. and pro\·ed to be a good descriptor of diffusion
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This mode! foc uses on measuring the proportion of people who are inno\'ators

(early adopters) \'erSllS the proportion of people who are imitators (late adopters). The

basic assumption of the model is that the timing of a consumer"s initial purchase is

reluted to the number of pre\'iolls buyers. .-\5 stated by Bass (p.216). the probability P{t)

that an initial purchase will be made at time t gi\'en that no purchase has been made is a

!inear function of the number of previolls buyers:

: ,/ '
Pt 1 ) = p -: -- :}:

, 111'

where p. is the fraction of ail aJopters who are inno\'ators. It is constant:

:L * r rd1ects the proportion of the population who are imitators. qim is the rate
m
of imitation:
!Il is the qllantity of product expected to be purchased (initial purchases only)
during the time period under consideration (the life of the product)
r is the nllmber of pn:\'ious buyers at time t:

r = 0 therefore. p is the probability of an initial purchase at ( = 0

p is ret"ern:d 10 as the coefticient ot" inno\,atiL)n and '/ as the coefticient of imitation.

The magnitude of p ret1ects the importance of inno\'ators in the social system.

lt shollid be emphasized that ail of the parameters depend on the seaIe llsed to measure

time. ln this \\"ay. it is possible ta select a unit of meaSllre for time such that p rel1ects the

fraction of ail adopters \\ho are inno\'ators as detined by Rogers (Bass. (969).

[n order ta forrnulate a continuous model and a density function of lime ta initial

purchase. Bass referred to the linear probability element (P) as likdihood. He assumed

the tl1l kH\ing:

1- O\'er the lit~ period of the product. there will be m initial purchases of the product.

The sales unit of the product coincides with the number of initial purchases during that

period of lime for which replacement sales are excluded.
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• 2- The likdihood of a purchas~ at f. denoted f(r) gi\"en that no purchase has yet been

made:

( ( l )

F ( l )
p ( [ )

\\here
r

Fu) = 
m

•

from equations ( 1) and (2 L Bass arri \'t:s at:

[ ] [ ]
dF( l)

t (l) = p - '/F ( l l * 1- F ( /} = -
dl

Since (( /) is the likelihood and m is the total number of purchases for the time inter\'al

[o. 1\ and F( o} = n. \\'t: can \\Tite:

r::: fS(rldr=mfr(::ldr=mF(/)

Total number of purchases in the [O. t1 inter\'al (sales at [) is:

B~ èxpanding (:;, further Bass round:

•

~ ()}. l/ [}.]:
.~ (1 ) = pm... il - P : --,

m

The basic mode! is formulated by equation (6)31.

parameters p. l/ and m. Bass has used the following analogy:

(6)

In order to estimate the

(7)
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• where S! = sales at 1. and r -i = I::; S: cunlulati"e sales.

L sing the stochastic error ternl. Et. the regression equation now becomes:

(7a)

where a = pm
h = ,/ - P

cl
l' :::: - c'_ • :.mJ 1: is th~ ~rrL)r \\ith p. Ll. m >() and q>p.

nI

Gi \en regressinn I.:oefticients LI. h and c. the estimates of the paranleters p. ,/ and
m can be easily oblained :.lS 1'ollo\\'s:

•

a
p:::: -

m

'/ :::: - mL'

-h=::\h-4uL'
111= ., .

_l

(8a)

(8b)

(8c)

•

rh~ Bass mL1Jd has he~n ahk tl) pro\'id~ reasonably accurate forccasts. [lS sales

forecasts for color T\' were \'ery accurate tor the years 1968-1970: howc\"er. in later

years. color T\' sales rose and then fell demonstrating a continued cyclical pattern

fon:l.:asts (Geurts. La\\TenCe and Guerard. 1994).

On the ather hand. a number of estimation procedures haye been suggested to

estimate the p:.u-ameters p. (/ and 111 of the Bass model. The main question is which of the

se\'eral estimation procedures should be used for this research in particular and why. :-\5

mentioned abo\'e. Bass suggested estimating. the parameters by Ordinary Least Squares

(OLS) method. By doing 50. a time-imer\"al bias in the parameter estimates may occur

because of the use of the time discrete data to estimate a continuous-time mode!. As is

~I Further details and intl;~rrnediatesteps in calculation are presented in Bass (1969) publication.
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clear l'rom equation (7a). if there are only a few data points and a likdy multicollinearity

between \"ariables (Y I - l ) and (y2
'_1 J. parameter estinlates may he unstable or possess a

wrong sign (\tahajan et al.. 1986). The error tenn contains the net effect of a11 sources of

error such as nlarketing efforts. econonlic conditions and consumer attitudes.

Schmittlein and \lahajan ( 1982) had proposed \Iaximum Likelihood Estimation

(\ILE) in order to on:rcome sorne of the shortcomings of OLS estimation procedures.

The authors used appropriate aggregation of the continuous time model (o\"er the time

intef\aIs represented by the Jata) in order to diminate the time-intef\'al bias. Howen~r.

the Je\'dopment of pn:diction ",ith the \lLE r~quires kno\\kJge of the sample size and

consiJers ùnl~ sampling error \\hile ignl)ring aIl other sources of error.

Srini\"asan and \la50n (1986) proposed ~onlinear Least Squares Estimation

(~LS) to o\"ercome sorne of the shortcoming5 of the \ILE. Ho\\en~r. the estimates are

sensiti\e to the starting \"alues assumed for p. q and 111.

\ lahajan and Shamla ( 1985) de\"doped a simple procedure that does not requin~ a

sophisticated computer package. This procedure does not pro\"ide any standard errors for

the parameter estimates. The method is called .-\lgebraic Estimation (.-\E J. lt can generate

rough estimates of the parameters l'rom kno\\'ledge (based on actuul data or data rdating

to analogous products or management judgment) rcIe\"ant to the point of intlection of the

original equution. lt creates a time·interyal bias. and is not applicable if the sales have

not yet peaked. \Iahajan et al. (1986) empirically e\"aluated these four estimation

procedures. Based on data from se\'en inno\·ations. they tound that:

• among the four estimation procedures (OLS. \ILE. NLS & AE). the ~tLE and the

~LS pro\"ide better predictions:
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the standard errors for the pararncter estimates:

• in the ~LS. ex al1fe fonnulation. pro\'ides better and more rdiable predictions than

the ex pU,'''' fomlulation:

• the AE prol:edure generates better starting values:

• the OLS prol:edure is the easiest 10 implement.

• • the ~LS procedure pro\'ide rdativdy better predictions and more \'alid estimates of

•

•

c- The 'Iass~' "Iode':

\Iassy (1969). built a mode! to forel:ast sales for new products known as

l:onsumer con\'enience goods (products to be purchased every few weeks or month5).

Sales for period t l:an be estimated as follows:

\\'here SI[ is the aver3ge purchase \'olume of buyers in the ith repeat purchase dass at

time t and \;11 is the number l)f repeat buyers in the ith n:peat purchase c1ass at time t. The

modd is hased on measuring the degree of product loyalty that is de\'eloped after the tirst

purchase. Pand data is llsed to establish the Sand N.

The major limitation of the \ta5sy modd IS that it ignores marketing and

economlC acti\"ities. .-\ basic premlse is that the past pattern of sales 15 sufticient to

predict the future. Lnfortunatdy. such techniques. which ignore potential detracting

torces. produce inaccurate sales forecasts (Geurts et al.. 199~).

d- ~larket Research for Forecasting a Se", Product Sales:

\ larket research for new product forecasting requires asking potential buyers if

they \\ourd be willing to buy the new product. then e\"aluating the proportion who would

buy and the \'ariance associated with the estimate.
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There are two types of research designs. which can be used to estimate the

demand for a new product l'rom market research: exploratory research and conclusi\"e

resl:an.:h. Condusi\e n~search ~an be descripti\'t~ or causal. Descriptive research is

conducted ta des~ribc the consumer's perception of the product"s characteristics. the

beha\"ior of the market. or the characteristics of the samples. \h:anwhile. causal research

is conducteJ to Jetermine the cause and etTect relationship between di ftt:rent \"ariables

(.-\neja. 19(7). To ùbtain accurate new product sales forecast. the sun"eyed sample must

be l'rom the population that represcnts future buyers. But the task becomes difticult when

the e\entual users are \\ iddy dispersed.

[n nrJer ta be ml)rC precise in quantit~ing the expected purchase intention, Juster

( 1(66) ttJund that the respondent uncertainty about purchase intention is probabilistic and

not detemlinistk resulting in this information to hl: measured. He detined the probability

associateJ \\ith each Jescripti\"e \,"ord concerning the purchase intention. For example.

he assigned the probability of o.qq ta the descriptÎ\"e word "certain". and 0.30 to "some

possibility" and 50 on. Therefore. the forecasted sales are:

Forccast = ~p.

where p' is the a\"erage aftimlati\"e action probability .

ln general. results in short and medium term forecasting applications concluded by

way of market research has faired from good to excellent. Long-term forecasts have been

at best fair using these methods (Geurts and Reinmuth. 1980).
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Forecasting the Demand for Chitosan in Quebec

In the case üf i.l ne\\' product. the best \\'1~ to forecast its demand i5 by usmg

market research. From a practical point of \'ie\\'. it is preferable to use subjecti\'e

managerial judgment and'or experience \\ith analogous products in arder ta estimate

parameters prior to the launch of a ne\\' product (Lawrence and La\\1on 1(86). In fact. the

first suryey sent to aH the pham1i.lceutical cornpanies in Quebec in arder to estimate the

demand for chitosan and at the sarne time. to determine the price elasticity of this product.

\\'as not sllccesstul for lack of responsc from such companies.

In general. demand estimation for a new product is difticult and entaiIs a complex

set of probkms. These problems indude Jifticlllties in modeling. the growth of a ne\\

product \\'h~n market n:sponse data is not practically obtainable prior to lallnch. (Thomas.

1C)85a). \\·hile the problem of estimating future demand will al'Vays rernain difticult. the

concept of analogy offers one opportunity to manage the probkm..-\nalogy is the

obsef\atil~n of similarities bet\\een t\\O L1r more things l Thomas. 1985b l. [f a modd of

the demand gro\\lh can be de\"doped. and that O1odd is based in part on existing products

similar to chitin and chitosan. then this analogical modd may pro\'ide reasonable

estimates of sales gn.1\\1h for chitin and chiwsan in Quebec.

Cellulose ether \\as identitied as the O1ost widdy used polymer in drug deli\'ery.

Chitosan and cellulose haye the chemical similarities and the only difference between the

t\\"o is that chitosan is natural \\'hile cellulose ether is artiticial. Thus. cellulose ether has

been chosen as an analogous product for this study since il is a close substitute for

chitosan.
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The Data:

The time senes data rdated to cdlulose was gln~n by the "Bureau de la

statistique du Queb~c··. the publication is titkJ "Les Produits l'tilises par les

\Ianufacturiers Quebecois" (\Iaterial and Supplies l:sed by the Quebec \Ianufacturing

Industry). Statistics Canada produces these statistics for the Quebec \Iinistry of Industry

and Technology.

The conCèm \\as with regards ta the quantity or the \'aluè of thèse products used

b\ the pham1aceutical industry in Quebec. l'nfortunatd\'. these \'alues were kept

contidentiaI because of the problems mentioned \'is-a-\'i5 market competition, Therefore.

the \'alues l1l' celluiL1se deri\ati\~s gi\\:n are the \ aIlles L)( the '-luantities used by the entire

manufactllring indllst~ in Qlleb~c l'rom 1975 to 1qq3 (,-\ppendix31. .-\S \\e are dealing

\\'ith the \alue of sal~s. \\è tirst aJjusted for int1ation using the industrial product price

index (1\)86 = 1.001. The highest sales ($ 3.145 \Il \\ere reported in 1982. \kanwhile.

saI~s 1..11' cdluiL1se (h:ri\'~1ti\'èS in 19S8 \\ere \alued at S 660.000. This discrepancy can be

related lO the rate of response of the companies surYèyed and the situation of the market

(or the economy 1 in these years.

The principal ob.iecti\t~ of this research is to forecast sales for high·grade chitosan

111 Quebec but the ::l\ailable data are not specitic to the pharmaceutical and medicine

indus~-. Ho\\eyer. a study done by Technical lnsights (:\non. 1995) on the potential of

chitosan in the L"nited States ga\"t~ the market proportions of each grade of chitosan.

R~searchers. basèd on imeniews \\ith people in\oh'~d in the industry. produced an

estimate of the potential market for chitosan in the l·S. The follo\\"ing table i~ a summary

of their predictions.
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• Table 3-3: Segmentation of the Potential "Iarket for Chitosan in the LiS•

Percentage
Health Care (Hhzh erade)
Food and Bc\'crage
Agriculture
Cosmctic
\\'aste \\'atcr Treatmcnt
Product Separation Reco\'e~'

\Iiscellaneous
TOT.-\L

1 76.54°0
1.600

0

9.26° 0

4.07°0
3.09°'0
3.21 0

0

~ ""0_. __ 0

•

•

Bdie\ing that the .-\m~rican markt:t is similar to the Canadian market. these

proportions \\ il! be used for the purpose of this study. Therefore. the Bass modd \\ill be

applied tll the data related to cellulose deri\ ati\es sa as ta forecast sales of aIl grades of

chitosan. The estimation of the market tlJr high-grade chitasan in Quebec will then be

deri\"eJ t'rom these f()re~asts assuming that they represent 76.5~ percent of the wtaI sales

(Table 3-3 l. On the (lther hanJ. in arder to estimate the potentiaI of high-grade ~hitosan

in Canada. it is assumed that the Quebec market is proportionaI ta ilS shan~ in the

pharmaceutical anJ meJicine market. Thus. the potential market for high-grade chitosan

in Quebec is .Jssumed to be equal to ..80
0 of the Canadian market.
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The \'Iodel

ln the absence of historical data on the purchasing habit of the inter\"ening in the

pham1act:uti~al and medicine indl1stry. it is \-irtually impossibk to apply the repeat

purchase modds. Therefort:. \\e decided to apply the Bass modd with the following

assumptions:

• the companies bl1~ chitosan products once a year:

• the production cost of these companies will decrease if they switch ta chitosan l'rom

cellulose deri\''-lti\"es:

• chitosan is assumeJ to he a perl'ect substitute for cellulose deri\'atin~s:

• initial pl1rchases of the product are made by both "innovators" and "imitators":

• sales include tirst purchases and replacement ones as wdl.

From eqUJtil1n (6). sales are formulated as tûllows:

The next table shows the detinition of the different \·ariables and their analogue detinition

in the original Bass modd:

Table 3.4: Definitions of the ~Iodel's Variables and their Analogues in Bass Model.

Variable Definition in the Bass :\Iodel Definition in the ~Iodel for
Chitosan

't't-I The cumulative number of The value of the cumulative sales at
adopters at time t-1. time t-l.

\1 The total number purchasing. The maximum purchases that can be
during the period for which the made by the potential buyers.
densit\' function was :::: The potential sales during the life
constructed I.e. the maXImum cycle of the product
number of potenlial adopters

p The coefticient of inno\·ation Percentage of sales that can be made
by innovati\'e tirms (i.e. earlv buvers).

q The rate of imitation Percentage of sales made by the
tollower tirms.
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• \lodel Estimation and Performance:

Since the Bass modd contains three parameters (p. q. and m). theoretically it is

necessar:· 10 utilize only three data points ta estimate these parameters. HOWè\·er.

according to Srini\asan and \1ason ( 1986'1. the parameter estimates and the predictions

arÇ n:~r:· unreliable when only a fe\\ data points are used ta calibrate the Bass model.

Heder and Hustad ( 1(80) fùund that their predictions were improyed if the data used

induded the peak·~:.

.-\ccording. w the rcsults L)l' \ bhaj::m et al. ( 1Q861. the hest estimation procedure to

use "ould be the \:L)nlinear Least Squares estimation procedure. Therefore. we used this

procedure to estimate the parameters of the Bass mode!. which \\ere applied 10 data

•
relatcd tn cdlulose deri\·ati\e~ used in Quebcc l'rom 1978 to lQQ3. The conn:rgence was

achien:d after 3 iterations gi\en the 16 obscn·ations. The results were as 1'ol1ows:

Table 3-5: Regression Results

Coefticient Std. Error t-Stat P-Value
1562.559007 344.6609 4.533612 0.001

0.\ lQ"'52 O.O71l)50 1.664373 0.043

0.000006 0.000003 2.337184 0.036c = q m

R: = 0.4800

\"ariabk
J=pm

h= q-p

:\\:0\".-\

Source ! DF 1 SS ! \IS F P-Value
Reg.ression 12 3014431 1507215 4.86 0.027
Error

1

13 4034956 310381
Total 15 704938

•
Parameters are statistically signiticant and haye the correct sign .

-- \tahajan èt al.. 1986. p21-4
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Soh'ing for p. q anJ m leads to the following results:

m = S29 million (constant 1986). .-\pproximately S 37 million in 1999 dollar

Thus. a~~ording to th~ resullS. the patential market for ~hitosan (ail grades) in

Quebec is estimated to be equal ta S37 million (cumubtin: for 20 years). The inno\'ati\'e

tim1S will realize 5..+°0 of this "alue (S 2.03 \1) in the tirst year of marketing the product.

Table 3-6 is a summar: of the patential saks of high-grade ~hitosan in QUèbec and

Canada.

Table 3-6: Chitosan Sales Forecasts (i999SK): ~c,,· Sales and Total Sales [ach Year.
P~riüd 1 .-\11 Grad~s Ql1~hè~' 1 Ali GraJès QUèb~c' High Gradè Qu~b~c" High Grade Canada*

1

1
(First time Purchase) (,~\\ &. Repeat p,) ('è\\ &. Rèpcat P.) (~è\\ & Rèpeat P.)

1 i 202- 1 202- 1551 ... ., ... ,
-'--'-

.... 22S0 ~2-- ""'''''''' .... 6819- -'_i.)

3 2~S~ 1
6-31 SI51 10731

~ 2622 ! 9353 7163 1~922

.:; 2-42 1 12095 i 925~ 1 19280
6! 2-qq 1 1~89~ 11393 23735
-1 '::-83 1 176--:' 1 13536 281991 1

8 26q- 203-~ IS600 32~99

9 2S~6 22900 175~O 36553
10 23~1 2S261 19337 ~0285

II 1 2100 1 27361 20938 ~3620

12 1 1839 29230 22020 ~5876

13 15-8 30800 2360~ 49175
I~ 1329 3213 i

1 2~617 51285
15 1102 1 33239 25~5Î 53036
16 901 341~0 1 261~5 54469
1- 8~8 i 3~q88 i 26806 55847
18

1

-- ... 35-:'61
1

27393 5ï068.J

19 1 653 36414 27889 58102
20 ! 556 36970 1 28312 58984

, These sales are denved trom cellulose denvatlves sales by applYlng the Bass mode!. The model
estlmates sales ln 1986 dollars. whlch are then converted to 1999 dollar value,
" According to Technical Insight Study. 7654% of Chistosan sales are expected to be of High
Grade.
-It is assumed that the Quebec market for high-grade chitasan IS equal ta 48% of the Canadian
market (the same proportion as for the Pharmaceutlcal &MediCine Market)
The value ln 1999 dollars was derived using the Industnal Product Price Indexes 111.7%
"1986=1" (CANSIM, Matrix 5680) and 1161% "1992=1" (CANSIM. MATRIX 1878)

86



•

•

•

CONCLl'SION

:\ sal~s fon~cast can b~ a timl's most critical pi~ce of information becaus~ it has

major short and long-teml implications. In g~neraI. forccasting sal~s for a new product is

always difticult and compl~x. Th~ most \\eIl-known diffusion modd used to forecast

sales for ne\\' products is the Bass mode!. It has been adopted. extended and ~mployed by

marketing res~archcrs and used b~ many companies for forecasting purposes (Bass.

1980). Originally. th~ Bass rnodd was llsed to forecast sales for durabl~ goods, In this

study \\~ used il W estimale the pOlelltial market for a non-durable good. \\'hen Wè used

it to fon:casl sales r~)r a ne\\ anti-uker drug (a non-durabh: good) and compared these

results with the actual sal~s. the rcsults \\ère accurate and encouraged us to use the Bass

modd for chitosan. Ho\\e\er. there are sorne limitations to this research. The Bass

mode! ignores \ariabks. such as marketing effort. economic conditions and consumer

( tinn) attitudes. Finally. the data \\as the best that could be galhered by Statistics

Canad~/:;: there are limitations to its reliability.

The rn~)st imp~)rtant conclusion IJf this resc.:arch sho\\ s that there is good potential

lor chitosan sales in Quebec and Canada. The production cost of these biopolymers is

low compared to other substitutes. Sales forecasts for the introduction period are

encouraging. Therefon:. we recommend ta a potential producer to test the market by

distributing free samples to the pharmaceutical companies. In doing so. they will be able

ta measure the \\'illingn~ss of thes~ tirrns to buy th~ product and test aIl the variables that

can affect the purcha.se d~cision.
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THESIS Sl:"I~IARYAND CONCLUSIONS

This th~sis is an in\"t~stigationof th~ potential tor a chitin and chitosan industf)· in

Qu~b~~. ft ~ompris~s thr~~ s~parat~ papers logically link~d. Th~ tirst paper ~stimates th~

4uantity of shrimp wast\? gener:.1led by th~ proc~ssors in Quebec. in\'estigatcs the actual

uses of this \\aste and shows its poh:nti~ll for making new valuc·added products such as

chitin and chitosan. Based on th~ stock assessments and future prospects of shrimp by

the scientists at Fisheries and Oceans Canada (FOC). wc estimated the total production of

processed shrirnp with respe~t to the total allowable catch (detined by FOC) and the total

shrimp landings in Qucbe~. \Ve used this estimmion in order ta dcri\'t~ the quantity of

"aste gencrated in Qw:bec. \"c belie\c that these estimates are consef\'atin~ because the

shrimp processors import sorne of their ra\\' materials fron1 \1aine and some .~\sian

countries (Thailand. \ïetnam). Due to the scarcity of shrirnp predators such as cod and

redtish. we assume that the stock of shrirnp in the St. Lawrence will remain the same for

the next ti\c years. Therefore. we predict that during this pcriod. the Quebec shrimp

processors are expecting to generate an average annual amount of at least 12.640 metric

tons of shrimp waste. This arnollnt is adequme ta support an economically viable

enterprise making high-grade chi tin and chitosan. Fllrthermore. fe\\' companies in

Queb~c are cllrrently transforming the a\'ailable shrimp wast~ into law-value commercial

products. \'tore than 50° 0 of this abundant wast~ is thro\\"n into the sea or into landtills.

:: SÙmè tàctors can atlt:ct th~ accurac: ofth~ data such as sampling ~rrors. respons~ rat~ and th~ respond~nt

~rrors.
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• Howe\t:r. a more daborate study of the shrimp processing industry would be necessary to

estim:lte the quantity of waste generated by this industry more precisel)·.

The second p:lp~r ~stimates the production costs L,f chitin. chitosan and the hy-

product carotenoprotein using a biological process in\'olying enzynles. first. an

•

e\'aluation of the production casts was performed at a semi-pilot plant len:l and then an

estimate of the scaled-up process plant was determined using the cost-capacity tàctor. For

a plant processing ~o mdric tons of shrimp waste a \\eek during a tifty \\eek period.

reco\'ering the three \"alue-added products l'rom the waste would result in the production

of q 1 mt ()f chi tin. 12 mt l)f carotenoprotein and 55 mt of chitosan. The respective

production cost for one gram of eaeh product is SO.26. SO.07 and $0.65. The gross

margins are expecteJ to be qoo 0 tl)r making chitosan. Q6° 0 for ehitin and 98°0 tor

carotenoprotein.

These results of cost estimation ensure that the biological way of making chitin

and chitosan is much cheaper than the chemical way. [n faet. the materials required for

the reco\"ery proeesses are few. non-toxie and relati\'ely inexpensi\·e. Similarly.

•

equipment required are Ce\\. simple and se\eral aœ commun to the different processes for

rnaking the diftt:rent products. Howe\"er. sorne limitations of the study C:ln be mentioned.

These shortcomings relate mainly to data problenls. For example. the cost of different

pieces of equipment did not indud~ th..: installation eosts. .-\[SO. th~ ~stimat..:s of some

costs \\er..: based on \\hat \\ould happen if the pilot plant w~re to be set up at \Iacdonald

Can1pus. [n doing 50. the expense of r~nt was considered instead of the purchasing cost of

the land and any needed construction expenses. Furth~r res~arch in this area is required

before starting any \"enture.
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On:rall. these estimates can be used as preliminary estimates and ean be an

incenti\'e to inn::st in a more detailed feasibility study for a full seale plant design.

The third paper estimates the potential market of high-grade ehitosan in Quebec.

Of ail market segments for chitin and chitosan. the health care sector oft~rs the most

potential. Therefore. \\e focLlsed our target on the pharmaceutical and n1edicine industr:'

in Quebec, Il shl)uld he nlHed that chitosan is not yet produced in Quebec,

[n gêneraI. demand estimation t,x a ne\\' product is dinicult and in\'ol\'es a

complex set l1f problems. These prL)blems include difticulties in modding the gro""th of

a ne\\ product \\ hen market response data are not practically obtainable prior to Iaunch.

(Thomas. 1qSSb). The concept of analogy oftt:rs an opportunity ta manage the problem

of estimating future demand for chi tin and chitosan. :\s a result. cellulose deri\'atives

\\ere identitied as being similar 10 chitosan (because of their common properties) and its

rdated data \\as used tL1 forecasl sa\t:s t~)r chitosan.

The Bass mode! \\as used to fon:cast sales of high-grade chitosan. \\'e estimate

the potential sales of high-grade chitosan to reach 1.6 million dollars in the tirst year of

marketing it in Quebec and 3.2 milliL)n in Canada. ft is also estimated that the cumulati\'e

sales of chitosan (aIl g.rades) will reach a potential of S 37million by the 20lh year.

Howe\'er. the Bass mode! ignores variables such as marketing efforts (of chitosan

producers and their competitors l. economic conditions and consumer attitudes. Finally.

in spitt: of the efforts of Statistics Canada to produce an accurate database. somt: tàctors

can affect the quality of the data such as sampiing errors. the response rate and the

respondent t:rrors .
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Ta O\Oercome thçse limitations. it would be appropriate ta pertonn a market study.

Gi\'çn the "newness" and "uncertainty" of the product and confidential nature of the

intonnation that will be requested. it is recommended that free samples of chitosan be

distribllted ta the phannaceutic:lI companies. After that. one-an-one inten:iews with

decision-makl.:rs are appropriate ta mçasun: the willingness of these firms to buy the

product and test ail the \"ariables that can affect the purchase decision.

The tinding of this stlldy shows that there is a good potential for a chitin and

chitosan inJustry in Quebec and in Canada. There is enough raw materials to support the

inJustry. thl.: production costs are low compared to other substitutes and the sale torecasts

tor the introduction period are encouraging.
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:\PPE~DIX 1
Quantities of Shrimp \Vaste in Quebec:

Results of Different Forecasting ~Iethods
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Table .-\ 1-1: :\ai"e Forecast: PROC t - l = PROC I

P~riod Production For~cast Error

1 2619 * *.,
1804 2619 815-

'" 2763 1804 -959.Y

-+ 26451 2763 118
5 28021 26451 -157
6 2837 2802 .. -

<'1)

7 278.+ 2837 53
8 2.+02 2784 382
q 2900 2402 -498

10 3412.3 :900 -512.3
II 3520.6 3412.3 -108.3
12 5163.7 3520.6 -16-U.l

:\ccuracy \kasures
\ISE: 41619Q.QO
7\ l.-\D: 440.06
7\ l.-\PE: 14.67u ()

Table .-\1-2: "o'"ing .-\'"cragc: L~ngth = 2

P~riod PROC 7\ 1.-\ Pr~dict Errar
1 2619.0 * li< *.,

1804.0 2211.50 * *-
.) 2763.0 2283.50 2211.50 551.50
4 2645.0 2704.00 2283.50 361.50
5 2802.0 2723.50 270.+.00 98.00
6 2837.0 2819.50 2723.50 113.50
ï 2784.0 2810.50 2819.50 - 35.501

8 2402.0 2593.00 2810..50 -408.50
q 2900.0 2651.00 2593.00 307.00
10 3412.3 3156.15 2651.00 761.30
11 3520.6 3466.45 3156.15 364.45
12 5163.7 4342.15 3466.45 1697.25

:\ccurac~ \ kasur~s
\L-\PE: 14
~L\D: 470
\fSD: 431276
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Table .-\1-3: Single [xponential Smoothing. Smoothing Constant: .-\lpha: 0.839925

Time PROC Smooth Predict Error
1 2619.0 2601.99 2512.73 106.27

"" 1804.0 1931.74 2601.99 -797.99-.,
2763.0 2629.94 1931.74 831.26-'"

4 2645.0 2642.59 2629.94 15.06
5 2802.0 2776.-+8 26..+2.59 159..+ l
6 2837.0 2827.31 2776.-+8 60.52
7 2784.0 2790.93 2827.31 --L~ .31
8 2402.0 2464.26 2790.93 -388.93
9 2900.0 2830.25 2464.26 435.74

10 3412.3 3319.13 2830.25 582.05
11 3520.6 3488.35 3319.13 201.47
12 5163.7 4~N5.52 3488.3 :' Ib75.35

:\~~Ur3l:~ \ kasun:s
\1.-\PE: 15
\1.-\0: 441
\ISO: 408131

Table .-\1--1: Double Exponential Smoothing.
Cl1nstants: [en:l (Cl) = 0.21267. trend ("(1 =: 4..+8991

Time PROC Smooth Predict Error
1 2619.0 1815.19 15Q8.07 1020.93
"" 1804.0 2235.93 2352.60 -548.60-...

2763.0 2466.63 2386.57 376.-D.)

4 2645.0 2860.04 2918.12 -273.12
5 2802.0 2997.84 3050.74 -248.74
6 2837.0 2926.78 2C)51.03 -114.03
7 2784.0 2773.84 2771.09 12.91
8 2402.0 2581.88 2630..+7 -228..+7
9 2900.0 2364.90 2220.36 679.64

10 3412.3 2813.95 2652.33 759.97
1 l 3520.6 3761.88 3827.05 -306.-+5
12 5163.7 4627.26 4482.36 681.34

.-\ccuracy ~\'leasures

\1APE: 15
\1.-\0: 438
\ISD: 273699
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Table :\1-5: Fitted Values of PROC "'ith Respect to the Regression (1)

Period Production Forecast Error Error Squared .-\bsolute Error Abs ~'o Error
1 2619 2692.682 73.68167 5428.989 73.68167 0.02.,

1804 19~4.128 I~O.1282 19635.91 140.1282 0.07-.. 2763 2256.025 -506.975 257023.2 506.9745 0.18,)

4 2645 2256.025 -388.975 151301.2 388.9745 0.14

51 2802 2817A41 15A4059 238A117 15.44059 0.00

~I
2837 3098.148 261.1481 68198.35 261.1481 0.09
2784 3347.666 563.666 317719.3 563.666 0.20

81 2-W2· 3347.666 945.666 89~28.+.1 Q45.666 0.39
C) 2900 3347.666 447.666 20040.+.8 '+47.666 0.15

10 3412.3 3347.666 -6.+.634 .+ 177.557 64.63403 0.01
Il 3520.6 33'+7.666 -172.Q3'+ 29906.18 172.934 0.04
12 5163.7 38'+9.821 -1313.88 11'26279 1313.879 0.25

.-\ccuracy \ kasur~s
\ISE: 306216.-+3
\IAD: 407.90
\ f.-\PE: 13.390 a

Table :\1-6: Forecasted Values of PROC Deri\'ed from the fitted Values of
LnPROC with Respect to the Regression (2)

Pt:rinJ Production Fl)r~Glst Error Error .·\bSL)lute .-\bs °0

Squared Error Error

1 2619 2261.1.+7 -357.853 128058.6 357.8528 0.13.,
180.+ 1972.776 168.7763 28485.-+2 168.7763 0.09-

3 2763 2369.727 -393.273 15'+663.6 393.2729 0.14
.+ 2645 2516.088 -128.912 16618.31 128.912 0.04
~ 2802 3009.092 207.0917 '+2886.95 207.0917 0.07

6 2837 31'+3.096 306.0965 93695.05 306.0965 0.10
7 2784 3375.406 591..+061 3~976 1.2 591.-+061 0.21

8 2402 3028.395 626.3949 392370.5 626.3949 0.26
9 2900 3298.283 398.2835 158629.7 398.2835 0.13

10 3412.3 3369.032 -43.2677 1872.09 43.26766 0.01

1
11 3520.6 3407.964 -1 12.636 i 2686.9 112.6361 0.03
12 5163.7 3856.653 -1307.05 1708372 1307.047 0.25

.-\ccuracy \ 1easures
\fSE: 257341.71
~·t.-\D: 386.75
\ L-\PE: 12.60°'0
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• Table A1-7:

a. Correlation \Iatrix for Total Processed Shrimp (PROC), Total Allowable
Catches (TACs) and the Shrimp Landings (CATCH)

PROC TACs
- - - - -

PROC 1.000
T.-\Cs 0.729 1.000

C.-\TCH 0.725 0.753

b) The Regression Equation

PROC = - 2038 + 0.328 TACs

C.-\TCH

1.000

Regression (1 )

11 cas~s lls~d 1 cas~s contain missing \'alu~s

Pr~di~tor Cù~f StDt:\'
Constant -2038 1583
T.-\Cs 0.3282 0.1029

T
-1.29
3.19

P
0.230
0.011

c) Anal~·sis of Variance•
S=61S.8

Sùurc~ DF
R~gr~ssiùn 1
Error 9
Total 10

SS
3898~87

3~~6366

73~~853

~\'tS

3898~87

382930

F
10.1 S

P
0.011

•

R dt:not~s an obst:f':atiùn with a large standardized residual

Durbin-\\·atson statistic = 0.93 ( dL= 0.971& dt = 1.331)
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• Table ..\1-8:

a) Correlation 'Iatrix for the L.ogarithm of the Total Processed Shrimp (LnPROC),
Total "\lIowable Catches (LnT..\Cs) and of the Shrimp Landings (LnC..\TCH)

1 LnPROC LnT.-\Cs LnC.-\TeH
LnPROC 1.000
LnT.-\C O.7~5 1.000
LnC.-\TCII 1 0.731 n.722 1.000

b) The Regression Equation

LnPROC = - 5.20 + 0.4-15 L.nCatch + 0.927 LnT..\CS

Il I.:as~s us~d 1 I.:asç;:s ..:ontain missing. \al u~s

Regression (2)

Pn:dictùr Coç;:f StDt:\· T P
Constant -5.20 1 ~.330 -1.20 0.264
LnCatch 0.4~50 O.33~3 1.33 0.220
LnT.-\Cs 0.9272 0.6221 l Aq 0.174

• S = 0.1762 R-Sq = 63.60
0 R-Sq( adj) :::: 5~.5° 0

•

c) .-\nal~'sis of \'ariancc

Source DF SS \IS F P
Rt:gression

.,
OA33-D 0.21671 6.98 0.018-

Error 8 O.248~~ 0.03106
Total 10 0.68187

Source DF Seq SS
LnCatch 1 0.36443
LnT.-\CS l O.0689Q

Durbin-\\'atson statistic = 1.12 (dL= 0.812 & dl = 1.579)

106



•

•

•

APP[~DIX 2
Costs 8reakdo\\'n for Chitin, Carotenoprotein and Chitosan

Distribution of the Common Costs
Production Costs at the Pilot Le\'eI

Production Costs at the Industrial Le\'el
Summal1'
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•
Table A2-1

Joint Costs Breakdown

Direct Equipment Cost

• •

ITEM Cost
Energy Required ElCpecled Annual EqlJlvalenl Cosl of Portion allocated to Portion of

Depreciation
Power

lite CalHla\ the orocess investment reauired'"
Grinder $15.74000 1.7 kw 25 $1,73405 100.00% $15,74000 $1,734.05 $9.18
Balance 6.400,00 360w 25 70508 25.00% 1,600.00 176,27 0.49
Containers 19300 - 5 5091 50.00% 96.50 25,46 0.00
Cheese Cloth & Sieve 192.00 - 1 21120 100.00% 192.00 21120 0.00
Centrifuge 45,344,00 0,9kw 25 4,99546 0.00% 0.00 000 0.00
Freeze Drver 45,000.00 1.66 kw 25 4,95756 0.00% 0.00 000 0.00
Incubator Shaker 19,500.00 1.7 kw 25 2,14828 0.00% 0.00 0.00 0.00
Ph-meter 90000 SOw 25 9915 0.00% 0.00 0,00 0.00
Steam Kettle 4,00000 2.5 kw 25 44067 0.00% 0.00 0.00 0.00
Drum Oryer 47,000.00 2.5kw 25 5,17790 0.00% 0.00 0.00 0.00

Total $184,269.00 $17,628.50 $2,146.97 $9.67
·Consumpllon per balch

Direct Input Cost

Raw material
Prolease 1

HoAc
Total malerial
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•
Table A2-2

Chitin Cost Breakdown

Direct EquiDment Cost

• •

Energy Expected Annual Equivalent Cost of Portion allocated to Portion of Power
ITEM Cost Depreciation

ReoUired llfe CaDl'al the process Investment reQuired·
Steam Kettle $4,000,00 25 kw 25 $44067 100,00% $4,00000 $440,67 $6,75
Balance 6,40000 360w 25 70508 2500% 1,600,00 17627 0.49
Ph-meter 900,00 90w 25 99 15 3400% 30600 3371 0,12
Centrifuge 45,34400 09 kw 25 4,99546 000% 000 000 0.00
Grinder 15,740,00 1,7 kw 25 1,73405 000% 000 000 000
Cheese Cloth & Sieve 192,00 - 1 211,20 000% 0.00 0,00 0.00
Freeze Dryer 45,000,00 166 kw 25 4,95756 000% 0,00 000 0.00
Incubator Shaker 19,50000 1 7 kw 25 2,14828 000% 000 000 000
Containers 19300 - 5 5091 000% 000 000 000
Drum Dryer 47,000.00 2,5kw 25 5,17790 100,00% 47,000.00 5,177.90 27.00

Total 5184,269.00 552,906.00 55,828.55 $34.36
·Consumption per batch

Other Direct Costs
Direct Input Costl\

HoAc
Labor cost Assigned

Heat"
Maintenance"·

$1,750,00
$21,09500

$39407
$2,116.24

1\ Inputs required ta process one batch (50 kg dned waste)

• The annuallabor cost IS shared by ail the products produced by the pilot plant. the allocallon was dane by uSl/lg the net reahzable value rnethod

The Labor cos, 15 supposed to be hnearll~ dependent on the capaclt~ use of the piani ThiS amounlls the cost when the plantiS used al 100% capaclly

.. The same technique was apphed for the hea' cos, It IS a fumd cast

... The mallltenace cast 15 equal ta 4% of the portion of IIlvestment allocated to the process HIS Irneanly dependent of the capaclty use of the eqUipments
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Table A2·3

Pigment Cost Breakdown

Direct Equlpment Cost

• •

Encrgy E)(pected Annual EqlJlvalenl Cost of Portion allocated ta Portion of Power
ITEM Cast Depreciation

Reflulled Llfe Call1t''l the process investment reQuired*
Centrifuge $45,34400 0.9 kw 25 $4,99546 100.00% $45,34400 $4,995.46 $4.86
Balance $6,400.00 360w 25 $70508 2500% $1,60000 $17627 $0.49
Ph-meter $900.00 90w 25 $99 15 3300% $297.00 $32.72 $0.12
Grinder $15,74000 1.7 kw 25 $1,734 05 000% $000 $0.00 $0.00
Cheese Cloth &Sieve $192.00 - 1 $211 20 000% $0.00 $0.00 $0.00
Freeze Orver $45,00000 166 kw 25 $4,95756 0.00% $0.00 $000 $0.00
Incubator Shaker $19,50000 1.7 kw 25 $2,14828 000% $0 00 $000 $0.00
Containers $19300 - 5 $5091 0.00% $0.00 $0.00 $0.00
Steam Kettle $4,000.00 2.5 kw 25 $44067 000% $0.00 $0.00 $0.00
Drum Drver $47,000.00 2.5kw 25 $5,17790 000% $0.00 $0.00 $0.00

Total 5184,269.00 $47,241.00 55,204.45 55.47
·Consurnption per batch

Other Direct Costs
Direct Input Costl't

Hcl
Labor cast Assigned"

Heat....
Maintenance ..

$37.50
$1,486.86

$2778
1889.64

fi Inputs reqUired to process one batch (50 kg dned waste)

• The annuallabor cost IS shared by ail the producls produced by the pilot plant. the allocallon was donc hy USlllfj Ihe nel rcahzable value rnelhod

The labor cast IS supposed la be hneanly dependent on the capacity use of the plant' tllS arnountls the cosi when Ihe plant IS used at 100% capaclly

•• The same techllIque was applled for the heat cast Il IS a fl)(cd cast

••• The malntenace cast IS equalto 4% of the portion of Investment allocaled la Ihe process IIIS hnearlly dependenl of Ihe capaclly use of Ihe cqUipmenls
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Table A2-4

Chitosan Cost Breakdown

Direct Equipment Cost

• •

Energy Expected Annual EqUivalent Cost Dt Portion allocated ta Portion of Power
ITEM Cost Depreciation

ReaUired lite Capital the process Investment reQuired*
Incubator Shaker $19,500,00 1,7 kw 25 $2,14828 100.00% $19,500,00 $2,14828 $330,48
Freeze Dryer 45,000,00 166 kw 25 4,95756 100,00% 45,000,00 4,95756 44,82
Ph-meter 900,00 90w 25 99 15 33,00% 29700 32,72 0,12
Balance 6,400,00 360w 25 70508 2500% 1,60000 17627 0.49
Container 193,00 5 5091 5000% 96.50 2546 D,DO
Steam Kettle 4,000,00 25 kw 25 44067 000% 0,00 000 0,00
Centrifuge 45,344,00 0,9 kw 25 4,99546 000% 0.00 000 0.00
Grinder 15,740.00 1,7 kw 25 1,73405 000% 0.00 000 0.00
Cheese cloth & Sieve 192,00 - 1 211 20 000% 0,00 000 0.00
Drum Dryer 47,000.00 25kw 25 5,17790 000% 000 000 D,DO

Total $184,269.00 $66,493.50 $7,340.29 $375.91
·Consumptloll per batch

Other Direct Costs
Direct Input Costl\

Chitin
NaOH

Labor cast Assigned*
Heat**

Maintenance*"

$2,08001
$9995

$13,418.14
$250.66

$2,659.74

1\ Inputs reqUired ta process one balch (50 kg drled waste)

~This amount is the production cost ot chllin resulled tram the pfocess of one batch (50 kg) of shrlmp wasle

• The annuallabor cast IS shared by ail the products produced by the pilot plant, the allocation was done by usmg the net reahzable value method

The labor cast IS supposed ta be hnearlly dependent on the capaclty use of the plant ThiS amount IS the cast when the plant 15 used at 100% capaclty

•• The same technique was apphed tor the heat cast Il 15 a flxed cost

••• The mamtenace cast IS equal ta 4% of the portion ot mvestment allocated ta the process It IS hnearlly dependent on the capaclty use of the eqUipments
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Table A2-S

• •

Distribution of Common Costs Amongst the Three Final Products

The pilot piani will process shnmp waste in order to produce chitlll, chltosan and pigments
The processing of ail the producls will be done atthe same place, by the same people Furthermore, a couple of products will be processed al Ihe same lime.
Given Ihis, the labor costs, the rent, the heating costs will be consldered as Joint costs
The distribution of these common cosls ÜOlnl casts) la the different outputs will be based on the net realizable value melhod ( Humphreys and English, 1993)

Annual Labor Cast:
Annual RenI:
Annual Healing Cost:

$36,000.00
$4,200.00

$672.50

Quantity Reference Net Realizable Laborcost RentCost HeatCost
Final Produet Weighting

Produced (kg)- Priee I( g).... Value assianed assigned assigned
Chitin 890.95 $6.67 $5,942,63650 5860% $21,09500 $2,46108 $394.07
Chilosan 540.00 $7.00 $3,7BO,00000 37.27% $13.41814 $1,56545 $250.66
Pigments 117.00 $3.58 $418,86000 4.13% $1,48686 $17347 $2778

Total $10,141,496.50 100.00% $36,000.00 $4,200.00 $672.50
• The qllanllly pfOdllced when lhe plant IS used al Ils 100% capaclly

•• Ihese are the lowest priee eslilnates
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Table A2-6

Preliminary Operatlng Cost Estimate for Chitin & Pigment

• •

Dried shrimp waste
1170 kg 2340 kg 3510 kg 4680 kg 5850 kg

Plant Capacity use 20% 40% 60% 80% 100%

Direct production costs
Raw Material $63250 $1,26500 $1,92500 $2,58500 $3,217.50

Processing $593.86 $1,187. 72 $1,80740 $2,42708 $3,02094
Power $222.32 $444.64 $67662 $90860 $1,130.92

Maintenance $141 03 $282.06 $42308 $564 11 $705.14
Contengencies $4769 $95.38 $14496 $19454 $242.24

Indirect production costs
Depreciation $2,14697 $2,146.97 $2,14697 $2,14697 $2,146.97

Insurance $220.36 $220.36 $22036 $22036 $220.36
Plant Overhead $56.41 $11282 $16923 $22564 $282.06

Total Production cost $4,061.14 $5,754.94 $7,513.63 $9,272.31 $10,966.12

Total production of chitin (kg) 178.191 356.382 534573 712 764 890.955
Total production of pigments (kg) 23400 46.800 70200 93600 117000

Price of 1 gram chitin $6.67
Price of 1 gram pigments $3.58

Joint cost assigned to chitin $3,793.74 $5,376.02 $7,018.91 $8,661.80 $10,244.08
Joint cost assigned to pigments $267.40 $378.92 $494.72 $610.51 $722.04
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•
Table A2·7

Production Cost of Chitin

• •

Dried shrimp waste
1170 kg 2340 kg 3510 kg 4680 kg 5850 kg

Plant Capacity use 20% 40% 60% 80% 100%
Direct production costs

Processlng $40,25000 $80,50000 $122,50000 $164,50000 $204,75000
Power $790,22 $1,58045 $2,40503 $3,22961 $4,019,83

Heat $394,07 $39407 $39407 $39407 $39407
Labor $4,219.00 $8,438,00 $12,65700 $16,876,00 $21,095,00

Supervision $632.85 $1,265,70 $1,89855 $2,531.40 $3,16425
Pavro" charges $1,633,86 $3,26771 $4,901 57 $6,535.42 $8,16928

Maintenance $423,25 $846,50 $1,26974 $1,69299 $2,11624
Contengencies $1,450,30 $2,888.77 $4,38078 $5,87278 $7,311.26

Indirect production costs
Depreciation $5,82855 $5,82855 $5,82855 $5,82855 $5,82855

Rent $2,461,08 $2,46108 $2,46108 $2,46108 $2,46108
Insurance $661.33 $66133 $66133 $661 33 $66133

Plant Overhead $2,110,04 $4,220,08 $6,330,12 $8,440 16 $10,550,20

Total operationg costs $60,854.54 $112,352,23 $165,68781 $219,02340 $270,521,09

Joint cast assigned ta chitin $3,793.74 $5,376,02 $7,018,91 $8,661 80 $10,244.08

Total Production cost S64,648.28 S117,728.26 $172,706.73 $227,685.19 $280,765.17

Total production of chitin (kg) 178191 356.382 534,573 712764 890955

Cost per gram $0.36 SO.33 $0.32 SO.32 $0.32
Gross Margin % 94.56% 95.05% 95.16% 95.21% 95.28%

Reference Priee Sig $6.67
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Table A2-8

Production Cost of Carotenoprotein (Pigments)

• •

Dried shrimp waste
1170 kg 2340 kg 3510 kg 4680 kg 5850 kg

Plant Capacity use 20% 40% &0% 80% 100%

Direct production costs
Processing $86250 $1,72500 $2.62500 $3,52500 $4,38750

Power $12575 $25151 $382 73 $51395 $63970
Heat $2778 $2778 $2778 $27.78 $27.78

Labor $297 37 $594.74 $892 11 $1,18949 $1,48686
Supervision $44.61 $8921 $13382 $17842 $22303

Payroll charges $181.99 $363.99 $54598 $727.98 $909.97
Maintenance $37793 $755.86 $1,13378 $1,51171 $1,88964

Contengencies/Misc $5754 $11424 $17224 $23023 $28693

Indirect production costs
Depreciation $5,20445 $5,204.45 $5,20445 $5,20445 $5,204.45

Rent $17347 $17347 $17347 $17347 $17347
Insurance $590.51 $59051 $59051 $59051 $590.51

Plant Overhead $28796 $57592 $86389 $1,151.85 $1,43981

Total operating costs $8,231.86 $10,466.68 $12,74575 $15,02483 $17,25965

Joint cost assigned to pigments $267.40 $378.92 $494 72 $610.51 $722.04

Total Production cost $8,49925 $10,845.60 $13,24047 $15,63534 $17,981 69

Total production of pigments (kg) 23.400 46.800 70200 93.600 117000

Cost per gram $0.36 $0.23 $0.19 $0.17 $0.15
Gross Margin % 89.85% 93.53% 94.73% 95.33% 95.71%

Reference Priee Sig S3.58
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Table A2-9

Production Cost of Chitosan

• •

Dried shrimp waste
1170 kg 2340 kg 3510 kg 4680 kg 5850 kg

Plant Capacity use 20% 40°/0 60% 800/0 1000,'0

Direct production costs
Processing $66,947 13 $122,32596 $179,70323 $237,08049 $292,45932

Power 8,64587 17,291 75 26,313 53 35,335 31 43,98118
Heat 25066 25066 25066 25066 250.66

Labor 2,683,63 5,367.26 8,05088 10,73451 13,418.14
Supervision 40254 80509 1,207.63 1,61018 2,01272

Payroll charges 1,08971 2,17942 3,269 13 4,35884 5,44854
Maintenance 531 95 1,06390 1.59584 2.12779 2,65974

Contengencies 2,41654 4,478,52 6,611 73 8,74493 10,806.91

Indirect production costs
Depreciation $7,34029 $7,34029 $7,34029 $7,34029 $7,34029

Rent 1,56545 1,56545 1,56545 1,56545 1,56545
Insurance 831 17 831.17 831 17 831 17 831 17

Plant Overhead 1,447.25 2,894.50 4,341 74 5,788,99 7,23624

Total Production Costs $94,152,19 $166,393.94 $241,08127 $315,768.ÔO $388,01035

Total production of chitosan (kg) 107,991 215982 323.973 431 964 539955

Cost per gram SO.87 SO.77 SO.74 SO.73 SO.72
Gross Margin % 87.54% 88.99% 89.37°fc. 89.56°/0 89.73%

Reference Priee Sig S7.00



•
Table A2-10

• •

Scalled-Up Preliminary Operating Cost Estimate for Chitin &Pigment
cost factor 0.7

Dried shrimp waste

5,850 kg 15,000 kg 30,000 kg 150,000 kg 300,000 kg 600,000 kg
Direct production costs

Raw Material 3,21750 8,25000 16,50000 82,50000 165,000.00 330,00000
Processing 3,02094 7,74600 15,49200 77,46000 154,92000 309,84000

Power 1,13092 2,89980 5,79960 28,99800 57,99600 115,99200
Maintenance 70514 1,363 11 2,214 37 6,831 72 11,09816 18,02902

Contengencies 24224 60777 1,200 18 5,87369 11,67042 23,21583

Indirect production costs
Depreciation 2,14697 4,15031 6,74220 20,80084 33,791 07 54,89375

Insurance 22036 42597 691 99 2,13491 3,46818 5,63407
Plant Overhead 28206 54524 865.75 2,73269 4,43927 7,21161

Total Production cost 10,96612 25,98820 49,526.10 227,331 86 442,383.10 864,81628

Total production of chitin (kg) 890.96 2,28450 4,569.00 22,84500 45,690.00 91,38000
Total production of pigments (kg) 117.00 300.00 600.00 3,00000 6,00000 12,000 00

Price of 1 gram chitin 6.67
Price of 1 gram pigments 3.58

Joint cast assigned to chitin $10,24408 $24,277.07 $46,265.17 $212,36372 $413,25542 $807,87448
Joint cast assigned ta pigments $722.04 $1,71113 $3,26093 $14,968 13 $29,127.68 $56,941 80
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•
Table A2-11

• •
Production Cost of Chitin at the Industrial Level
The Extrapolation is Based on the Cosl-Capacity Faclor Method for the Flxed Costs

Cast-factor 0.7

Dried shrimp waste

5,850 kg 15,000 kg 30,000 kg 150,000 kg 300,000 kg 600,000 kg

Direct production costs
Processing" $204,750 $525,000 $1,050,000 $5,250,000 $10,500,000 $21,000,000

Power· $4,020 $10,307 $20,615 $103,073 $206,145 $412,290
Heat·· $394 $762 $1,237 $3,818 $6,202 $10,075
Labor" $21,095 $44,686 $51,164 $68,095 $77,269 $88,063

Supervision $3,164 $6,703 $7,675 $10,214 $11,590 $13,209
Payroll charges $8,169 $17,230 $20,104 $28,995 $34,830 $42,796
Maintenance" $2,116 $4,091 $6,646 $20,503 $33,307 $54,108
Contingencies $7,311 $18,263 $34,723 $164,541 $326,080 $648,616

Indirect production costs
Depreciation"· $5,829 $11,267 $18,304 $56,470 $91,735 $149,024

Rent·· $2,461 $4,758 $7,729 $23,844 $38,735 $62,925
Insuranceu $661 $1,278 $2,077 $6,407 $10,409 $16,909

Plant Overhead $10,550 $22,192 $26,194 $39,525 $48,867 $62,152

Total Operating Costs $270,521 $666,537 $1,246,467 $5,775,484 $11,385,169 $22,560,168

Joint cost assigned to chitin $10,244 $24,277 $46,265 $212,364 $413,255 $807,874

Total Production cost $280,765 $690,814 $1,292,732 $5.987,848 $11,798,424 $23.368.042

Total production of chitin (kg) 890.955 2,284.500 4,569.000 ~2,845.000 45,690.000 91,380.000

Cost per gram $0.32 $0.30 $0.28 $0.26 $0.26 $0.26
Gross Margin % 95.28% 95.47% 95.76% 96.07% 96.13% 96.17%

Reference Priee SIg $6.67

• These cast are vanable. Ihey are compuled Wllh respect ta Ihe quanllty OOlng processed

•• These are fu(ed costs. we apphed the cosl·factor method for Ihe scale-up

" ln order la scate·up Ille labor cosl. we assume thatlhe tabor requtremenls vary by 0 25 power of the capaclty ratio

when processlng capacltles are scaled up ((Jelen and Black. 1983)

The olher cos1s were calculaled wlth respect to 1he same rules we used for Ihe pilot piani calculallon
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• • •
Table A2-12

Production Cost of Carotenoprotein at the Industrial Level
The E)(trapolation IS Based on the Cost-Capacity Factor Method for the FI)(ed Costs

Cast-factor 0.7

Dried shrimp waste

5,850 kg 15,000 kg 30,000 kg 150,000 kg 300,000 kg 600,000 kg
Direct production costa

Processing'" $4,388 $11,250 $22,500 $112,500 $225,000 $450,000
Power" $640 $1,640 $3,281 $16,403 $32,805 $65,610
Heat.... $28 $54 $87 $269 $437 $710
Labor" $1,487 $3,150 $3,606 $4,800 $5,446 $6,207

Supervision $223 $472 $541 $720 $817 $931
Payroll charges $910 $1,860 $2,466 $5,281 $7,714 $11,561
Maintenance" $1,890 $3,653 $5,934 $18,308 $29,741 $48,314
Contingencies $287 $662 $1,152 $4,748 $9,059 $17,500

Indirect production costs
Depreciation'" '" $5,204 $10,061 $16,344 $50,423 $81,913 $133,067

Rent.... $173 $335 $545 $1,681 $2,730 $4,435
Insurance.... $591 $1,142 $1,854 $5,721 $9,294 $15,098

Plant Overhead $1,440 $2,910 $4,033 $9,531 $14,402 $22,181

Total Operating Costs $17,260 $37,189 $62,343 $230,384 $419.358 $775,615

Joint cost assigned to pigment $722 $1,711 $3,261 $14,968 $29,128 $56,942

Total Production cost $17,982 $38,900 $65,604 $245,352 $448,486 $832,557

Total carotenoprotein produced (kg) 117.000 300.000 600.000 3,000000 6,000.000 12,000000

Cost per gram SO.15 SO.13 SO.11 SO.08 SO.07 SO.07
Gross Margin % 95.71% 96.38% 96.95% 91.72% 97.91% 98.0&%

Reference Priee Sig 3.58

• These cost are vaJlable, Ihey are computed wlth .espect 10 Ihe quanllly bemg processcd

•• These are filced costs. we applied the cost-factor rnethod for the scale-up



• • •
Table A2-13

Production Cost of Chitosan at the Industrial Level
The Extrapolation is Based on the Cost-Capaclty Factor Method for the Flxed Costs

Cast-factor 0.7

Dried shrimp waste

5,850 kg 15,000 kg 30,000 kg 150,000 kg 300,000 kg 600,000 kg

Direct production costs
Processing .. $292,459 $749,896 $1,499,791 $7,498,957 $14,997,914 $29,995,828

Power· $43,981 $112,772 $225,545 $1,127,723 $2,255,445 $4,510,890
HeatH $251 $485 $787 $2,428 $3,945 $6,409
Labor" $13,418 $28,424 $32,545 $43,314 $49,149 $56,015

Supervision $2,013 $4,264 $4,882 $6,497 $7,372 $8,402
Payroll charges $5,449 $11,447 $13,580 $20,887 $26,124 $33,670
Maintenance"• $2,660 $5,142 $8,352 $25,769 $41,862 $68,004
Contingencies $10,807 $27,373 $53,564 $261,767 $521,454 $1,040,377

Indirect production costs
Depreciation' .. $7,340 $14,190 $23,051 $71,116 $115,528 $187,676

Rent" $1,565 $3,026 $4,916 $15,167 $24,639 $40,025
Insurance" $831 $1,607 $2,610 $8,053 $13,082 $21,251

Plant Overhead $7,236 $15,132 $18,311 $30,232 $39,353 $52,969

Total Production Costs $388,010 $973,756 $1,887,935 59,111,909 $18,095,867 $36,021,517

Total production of chitosan (kg) 539955 1384 500 2769000 13845 000 27690000 55380.000

Cost per gram $0.72 $0.70 SO.68 SO.66 SO.65 SO.65
Gross Margin % 89.73% 89.95% 90.26% 90.60% 90.66% 90.71%

Reference Priee $/0 S7.00

• These cosl are vanable, they are eompuled Wllh respecl ta Ihe quallilly belllg processed

•• These are fi)(ed casts. wc alllllled Ihe coslfactor Illethod for Ihe scale-ull



•
Table A2-14

5cale-up Costs Using Cost-factor Method
Cast-factor 0.7

C2=C1(Q2/Q1)"x

• •

Quantity of Shrimp Waste (Kg) 19,500 50,000 100,000 500,000 1,000,000 2,000,000
Dried Shrimp Shells (Kg) 5,850 15,000 30,000 150,000 300,000 600,000

Pigment Total Production Cost $17,982 $38,900 $65,604 $245,352 $448,486 $832,557
Chitin Total Production Cost $280,765 $690,814 $1,292,732 $5,987,848 $11,798,424 $23,368,042
Chitosan Total Production Cost $388,010 $973,756 $1,887,935 $9,111,909 $18,095,867 $36,021,517

Pigment Produced (Kg) 11700 300.00 60000 3,000.00 6,000.00 12,00000
Chitin Produced (Kg) 89096 2,28450 4,56900 22,84500 45,69000 91,38000
Chitosan Produced (Kg) 539.96 1,384.50 2,769.00 13,84500 27,69000 55,38000

Production Cost per gram

Chitin SO.32 SO.30 SO.28 SO.26 SO.26 SO.26
Chitosan SO.72 SO.70 $0.68 $0.66 SO.65 SO.65
Pigment SO.15 $0.13 SO.11 SO.08 SO.07 SO.07
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• APPENDIX 3

Table A3-1:

V;tlue of Cellulose Oeri\'ati\'es l~sed b~' Quebec ~IanufacluringIndusll1' (1978-1993)
Sales ;lre ;ldj usted for Inflation using the Industrial Product Priee Index

(1986 = 1.00) (S'OOO)

Year Actual Sales IPPI Deflated Sales
1978 1524 95.0% 1448
1979 1513 98.0% 1483
1980 1661 96.0% 1595
1981 1110 111.1% 1233
1982 3145 108.7% 3419
1983 2461 109.8% 2702
1984 2410 111.5% 2687
1985 1466 105.1% 1541
1986 1503 100.0% 1503
1987 1616 104.4% 1687
1988 999 135.2% 1351
1989 660 135.0% 891• 1990 1205 118.2% 1424
1991 916 120.8% 1107
1992 1087 111.7% 1214
1993 956 119.7% 1144

•
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