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CHAPTEU ONE 

1.0 INTRODUCTION 

1.1 Gel1eralIntroductioll 

CARROT POWDER - proper name is DaUCllS carata. ()uccn Anile's l,ace is 

the ancestor or the carrot you eat! If you pull up a young plant the tap root is worth 

steamillg and eating. It will be "vhitish, though, and not orange. (Hher COlllll1()1l 

namcs for this plant are: Queen-Anne's laec, Becs' Ncst, Bird's Nest, enroL Carotte. 

Carrot, Wild Carrol, Yarkuki, Zanahoria Wild Carrot, Birds Ncst Weed. Devils 

Plague. (iardel1 Carrot, Bee's nest plant, Bird's nest rool. (www.herbal-- ... -.-~---. --.--.- .. -.. -

, , 

Carrot is a vegetable, rich in vitamins and minerals. including the rccently 

celebrated carotene. Carrots are good for your cyes, and can help wilh night 

hlindness, and wcak vision. They may also help to lower cholesterol, and prevent 

some types of cancer. They arc good for the digestivc systcm, and l1Iay soothe 

diarrhea and indigestion. Ongoing studies are proving this to bc a very valuahle plant, 

lIseful in Illany areas of alternative medicine, a few are Alzheimer's, Crohn's disease. 

Parkinson's disease, Asthma-preventive, most , types of. cancer, lJiabetcs, Lcukemia, 

r II V, Spina-bilida, Migraine headache, obesity. and much more. evcn (he CUn1l1Wn 

Carrot powder is a 100% natural product made f)'om n'csh specially grown 

carrots rich in carotene. (Natural Canine) 

The cost of using carrot powder is equal to or less than the cost or using fresh 

carrots. With less waste and more convenience, you will ncver have (0 grind, clean 

lip or rel/'igeraLc carrots again. Carrot powder takes all the hassle out of feeding 
, , 

carrots. (Natural Caninc) 

Carrot pO\vder 
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• contains distilled oils to help light worms and parasites_ 

• supports the immune system and improve health. 

• builds resistance to infections. 

• improves the skin and coat. 

• acts as an antioxidant. 

• is easy to store, needs no refrigeration, no spoilage. 

• improve stool consistency. 

• is convenient to carryon road trips. Dogs love the taste! 

• contains iron and further the metabolism of the liver and thyroid. 

• helps in the formation of blood cells. 

1.2 Problem Statement 

Design n plant to produce 1000 tons/annulll of carrot powder (,-om cando 

1.3 liim lind Objectives 

The aim or this research work is to design a plant to produce carrol powder 

II-Olll carrot. This aim will be achieved with the aid of the following objectives: 

o Selection of a better process route for the production or calTot powder 

from carrot. I, 

o Preparation of material balances 

o Preparation of energy balances 

o Equipment selection and costing 

I, 

2 



J 
( 

I 
~ 

ABS11lACT 

The design of a small scale plant to product 1000 tOlllleS/(lIl1ltllll or 1'1l1ml 

powder lIsing carrot was carried out in this project. The operations involved ill the 

productiOIl or carrot powder fI.·om carrol include washillg 0(' the carrot plallt dryillg. 

I I 

crushing, grinding and screening. The results of the project show that the purchased 

cost 0(' equipmcnts was calculated to be $39431.94. Ilased 011 further calculations, 

carried out lIsing MatheA)) ProtCssional the project \vas fOllnd to have a lixed 

capital investment of $14426l.74 and a working capital investment of $15RM~.7l) 

whilc the total capital investment was $160130.53. 

III conclusion, this plant has been found to be viable with a rate or return or 

94.34% and a payback period or I.06years. 

f' 
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1.4 Scope (~l 'VOl'/( 

The scope or the work is limited to process desigll to prepare till' lllall'ri,d 

hal<lIlces across the equipment, energy balances across the equipment, :~clccl iOIl (If 

I, 

equipmcllt and ecollomic analysis Ii)!" thc plant to produce carrot powder rrolll carrot. 
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! CHAPTEN TWO 

2.0 LI11~'RATURE REVIEW 

I, 

2.1 Carrol 

Carrot is a hardy, cool-season biennial that is grown I'or thc thickclled root it 

producl's in its first growing scason. Although carrots can cndure SUllI'mcr hC<lt ill 

mallY areas, they grow best when planted in early spring. Midslll11IlH.:r plantings. 

which mature quickly in cool fall weather, produce tender, sweet "baby" carrots that 

arc much prized. Carrots are eaten both raw and cooked and they can be stored rm 

winter lISC. They are rich in carotene (the source of vitamin A) and high in liber and 

sugar content. (Wolfurd alld Drusilla, 20(5) I, 

Botanical: Daucus carota 

Family: N.O. lJmbelliICrae 

Fig. 2.1: Carrot 

2.1.1 HisIOl}' 

The Carrot was well known to the ancients, and is mentiolled by Greek and 

l,(ltin writers under various names, being, however, not always distinguished 11'0111 

I, 

the Parsnip and Skirrct, closely allied tu it. The Greeks - Professor Ilenslmv tells liS -

had three words: Sisaron, tirst occurring in the writings or Epichannus, a comic puct 

4 
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()()O It< '.): Staphylill(ls, lIsed by J lippocratcs (/130 B.C.) and I ':lapho\)()(;CIIIIL lIsed hy 

I )ioscoridcs (first century A.D.), whose description or the plant applies accurately !ll 

tile II](H!cnl ('arnlt. (~v_~\/~y.bsJJ()njcaLc01gd'?QI!}l1i~al!tmpl)h/c/carro(24 .1111111) 

There is one kind ur wild p,istinl:lca \vhich grows spontallcously: hy tile (;reeks 

it is known as stnphylinos. Another kind is grown either 1\'0111 the root tl (lIISpllllltcd or 

else rrom secd, the ground being dug to a very considerable depth ror the purpose. It 

hegins to be lit lor eating at the clld of the year, but it is still hetter aliltc elld or two: 

even then, however, it preserves its strong pungent flavour. whieh it is found 

impossiblc to get rid of' (Wolford, 2(05). 
I, 

III speaking of thc medical virtue of the first species (which is evidently the 

Carrol. the second variety presumably thc Parsnip), he adds, 'the cultivated has the 

Si.llllC as (lie wild kind, though the laUer is more powerrul, especially whcn growing in 

Thc name Caroia for the garden Carrot is found lirst in the writings or 

!\thcllacus (A.D. 200), and in a book on cookery by Apicius Czclius (A.D. 230). It 

was Galcn (second ecntury A.D.) who added the name Dallcus to distinguish the 
I, 

Carrot ("Olll the Parsnip, calling it D. pastinaea, and Daucus came to bc thc ol'!icial 

Ilalllc III thc sixtccnth century. and was adopted by LilllltlCtiS ill'the eighteellth 

cClltury. 

From thc time of Dioscorides and Pliny to the present day. the Carrol has been 

111 COllstant lise by all nations. It was long cultivated on thc COlltinent before it 

bCC<lnIC kllown ill this country, where it was lirst generally cultivated in thc reign or 

Quecn Elizabeth, being introdtlccd by the Flemings, who took rcfuge here Ihllll the 

persecutions of Phi!ip II of Spain, and wl1b, finding the soil ahout Sandwich 

peculiarly favourable for it, glew it there largely. As vegetables wcre,lt tll<ll lilllc 

rather scarce ill England, the Carrot was warmly welcomed and IWC<IIIlC a general 

5 
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(~\vouritc, its cultivation spreading over the CO~l~ltry. It is mentioned appre'ciativcly by 

Shakespeare ill The Merry Wives of Windsor. In the reign of James J, it became the 

fashion for ladies to lise its feathery leaves in their head-dresses. A very charming. 

ICm-like decoration may be obtained if the thick end of a large carrot be cut 011 alld 

placed in a saucer of water in a warm place, when the young and delicate \caves suon 

begin to sprout and form a pretty tuft of verdant green, well worth the slight trouble 

elltailed. 

Its root is small and spindk-shaped \vhitish, slender and hard, with a strong 

aromatic smell and an acrid, disagreeable taste, very di ('('erent to the reddish. thick. 

Ileshy, cultivated form, with its pleasant odour and peculiar, sweet, lI11lcilagillolls 

llavour. It penetrates some distance into the ground, having only a lew Iatend 

rootlets. (Seagate, 20(1) 

~ 2.1.2 IJe.'·icriptiOI1 of carrot 

The stems are erect and branched, generally about 2, feet high, tough and 
I, 

furrowed. Both stems mId leaves are more or less clothed with stout coarse hairs. 

The leaves arc very finely divided, the lowest leaves considerably larger than the 

upper; their arrangement on the stern is alternate. and all the leaves embrace the stelll 

with the sheathing base, which is so characteristic of this group of plants, the 

I Jl\1beIlilerae, to which the Carrot belongs. The blossoms are densely clustered 

together in terminal umbels, or Battened heads, in which the Hower-bearing stalks or 

tlte head all arise from one point in rays, like the ribs of an umbrella, each ray again 
I I 

dividing in the case of the Carrot, to form a secondary umbel, or ull1bellule of white 

nowers, the outer ones of which me irregular and larger than the others. The wild 

Carrot is in bloom from June to August, but often continues i10werillg much longer. 

The flowers themselves are very small, but from their whiteness al\d number, they. 

6 
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\()\'\ll a con~picl\ous head, m;arly Jlat while ill bloo\ll, or slightly convex, bllt ;1S the 

;;eeds ripel\, the t1mbcl~ contmct, the outer mys, which arc to begill with I t() ) illchc~ 

long, lengthening and curving il1\vards, so that the head forms a hollo\\ Clip hctln~ 

one or the old popular names ror the plant: BinI's Nest. The fruit is ~Iight Iy Ilallcllc<\, 

with IlUlllerous bristles arranged in live rows. The ring of finely-divided nntl lear-like 

hract~ at the point where the umbel springs is a noticeable ICature. (W()lrord, 7J)(}~) 

The Carrot is well distinguished from other plants ofthe same Older hy having 

the celltrlll !lower or the umbel, or sometimes a tillY umbelluk, or a bright led m 

deep purple colour, thol1~dl there i~~ a variety, D. ll1aritillllls, frequent ()\1 111;\11)' parts or 

the sell coast in the south of England, which differs in having sOIlH.:what Ilcshy leaves 

;l1ld in being destitute or the central purple flower. rn this case, all the !lowers or the 

head have ollcll a somewhat pinkish tinge. There was a curious superstition that this 

SI1I<1I\ purplc flowcr or the Carrot was of benefit III epilepsy. 

2.1.3 Cu/fillation (~l('tl,.rot 

The root of the Carrot consists of Bark and Woou: the hark oj' the Ciarucn 

(,'arrot is the outcr red layer, dark and pulpy and sweet to thc t(lstc; the ,v()()d 1()('IllS 

the yellow core, gradually becoming hard, stringy and fibrous. The aim or 

cultivation, therefore, is to obtain a lleshy root, with the smallest part of' wood. This 

depellds 011 soil and the quality and kind of the seed. (Scagatc, 200 I) 
I. 

For its successful cultivation, Carrot needs a light, warm soil, which has bcc1\ 

we!llllanured in the previous season. The most suitahle soil is a light one inclining to 

sand, a somewhat sandy loam or dry, peaty land being the bes!' hut evell heavy 

ground, properly prcpared, may be made to produce good Carrots. Formerly Ihe 

7 



cultivation of the Carrot was almost entirely confined to the light lallds or Norli)lk 

and Sufl<')lk. (\V\~-W .botanical.collll'botanicallmgmllLclcu!TQJ:L4JlJ.!uJ) 

The ground should be well prepared some months in advance; heavy groulld 

should be lightened by the addition of wood ash, road scrapings, old potting soil (llld 

similar materials. It is essential that the soil be in such a state as to allow the roots to 

penetrate to their full length without interruption. Previolls to sowing the seed, the 

soil should be lightly rorked over .. and, if possible. be given a dressing or lear soil or 

well decayed vegetable matter, but 110 fresh manure must be dug illto the lop spit or 

ground intellded for Carrots and Parsnips, as it may calise the roots to become forked. 

The crops \vill, however, benefit by about an ounee of superphosphate to the square 

yard, raked in before sowing, or by a light dressing of soot. (Wol rord, 2(05) 

SowiIlg o/' the main crop ~,hould be done in calm weather abollt the middle of 

March or carly in April. The seeds frequently adhere to one another by means or the 

forked hairs which surround them. These hairs can be removed by rubbing through 

lhe hands or a line chaiT sievc. The seeds should thell be mixed with about twice tile 

bulk or dry earth. sand or sifted ashes (about one bushel of seeds to 4 or 5 lb. of 

sand). When the ground is thoroughly prepared and has been firmly trodden, draw 

flat-bottomed drills from north 1.0 south, 112 inch deep and 3 inches wide. Distribute 

lhe seed along the row evenly and thinly and cover lightly. Carrots call hardly be 

covered too lightly, 1 inch of fine soil is quite enough, and [or ordinary use they may 
I. 

be sown in drills one foot apart, but if extra large roots arc desired, more room Illllst 

be given between the rows. As soon as the young plants arc large enough to handle 

they may be thinned to 6 inches or 8 inches apart. The thinning may be at first to a 

distance of 3 inches, and then a final thinning later, the second thinnings being lIsed 

as young Carrots for culinary purposes. Frequent dustings of soot will greatly benefit 

the crop. Light hoeings between the rows to keep the crop free {i'OIll weeds is all tltat 

I, 
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IS necessary during the period of growth. Partial shade li'om other crops IS olicll 

\{)und belle lieia \. (~\'w\yJ~li1:lniea 1.~l)m/!2otanj-'~~!!fnlgll!l!Lq~~~l!J~~)J2LLltl111l) 

Main-crop Carro(~ are generally taken up about the last week in October. or 

carly in November, by three-prollg~d forks, and stmeu in sanu ill a dry place, where 

they can be kept till the following March or· April Some of the roots dug in thc 

autumn can be replanted in February, about 2 feet apart, with the crown or hcad a kw 

inches below the surface. Leaves and flovvers will spring from them, cllld the seeds 

produced will ripen in the autumll. 

By making successional sowings, good crops of small roots will be always 

available. In gardens, Carrots are grown in succession of crops {i'om the latter part \)1' 

February to the beginning of August. For early Carrots sow on a warlll border in 

\;ebruary: such a sowing, if maue as soon as ~\1e state of ground allows. \ViII assure 

carly Carrots just when fresh anu quickly-grown vegetables are most highly pri7.ed. 

They wiIl be olT in time to leave the ground ready ror other crops, 

J\ Iter a good dressing of soot has been given, Cmrots may he SOWIl again. ;1I1d 

evcll then it leaves the room vacant for winter greens or cabbage for usc next spri1lg. 

Sowing as late as July is generally successlul in most districts. Main crops arc oftell 

SOWIl too early, especially on cold soils. Carrots are liable to attacks or gruhs and 
I. 

insects, the upper part of thc root being also attacked by the grub or a kind or 11y, the 

best remedy bei1lg late sowing, to avoid the period at vvhich these inseL'ts arc evolved 

li'o\ll the egg. Dusting with ashes and a little soot or lime wards olT both birds and 

slugs rrom the young tender growths. 

Carrots are a valuable product for the farmer in feeding his cattle, and Cor this 

purpose arc raised ill large quantities. The produce of an aere or Carrots in Suffolk is 

un an average 350 hushels per acre, but sometimes much morc. In the Channel 

I, 
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Islands and Brittany, much larger crops of Carrots and Parsllips arc obtained thall arc 

yielded in England, the soil being deeply trenched by a spade or specially

constructed plough. Far more Carrots are grown in France, Germany alld Belgiulll for 

fodder than here. Horses arc remarkably fond ,of Carrots. and whcn mixed 'vvith oats, 

Carrots form a very good food for them; \vitll a small qWlIltity or oats or other corll. H 

horse may be supported on from 20 to 30 lb. or Carrots daily. In Sliffolk, Carrots 

were formerly given as a specific for preserving and restoring the wiud or horses, but 

they are not considered good ror catlle if fed too long on them. They Illny also with 

advantage be given both to pigs and poultry, and rabbits are especially fond or thelll. 

The kinds grown for farm purposes are generally larger than those in the kitchen 

garden and arc known as Red Carrots, the more delicate Orange Carrot being the 
, , 

variety used in cooking. Somc fanners sow the seeds on the top ofthe drills, which is 

said to be an improvement over the gardencr, who makes his Carrot-bed 011 the nat ill 

the ordinary way. This ridge system gives good results the Carrots being clean alld 

well-shaped and free from grubs. The farmers rcckon about 2 lb. of seed ror an acre· 

It)r drills, and 5 or 6 lb. if sown broadcast. For ordinary garden purposes, one Ollilce 

or sccd is reckoned to be sufficient for about 600 feet sown in drills. 

, , 
2.1.4 Chemical cOllstituellts of carrot 

Thc juice of the Carrot when expressed contains crystallizahle and 

1I1lcrystallizabie sugar, a little carrot, extractillc glutcn, albulllclI, volutile oil (Oll 

which the medicinal properties of the root depend and which is fragrant. aromat ic and 

stimulating), vegetable jelly or pectin, saline matter, malic acid and a peculiar 

crystallizable, ruby-r~d neutral principle, without odour or taste, called Carotin. 

, , 
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Carruts contain no less than X9 per cent or water; thcir most distingllisilill)', 

f I · I It' I tl':; I)cr cellI. dictical substancc is "ugar, o· w HC 1 t lCY con am a )Oll L •• 

Owing to the large percentage of carbohydrate material contained by Carrots, 

rabbits fed ror some days on Carrots alone, are found to have an incrcascd amount or 

glycogen stored in the liver, carbohydrate bein!?,collverted into glycogen in the body. 

Sir llumphry Davy ascertained the nutritive matter of Carrots to amount to 9R 

parts in 1.000, or which 95 are sugar, and three are starch. Wei~ht ror weight. they 

stand third in nourishing value on the list of roots and tubers, potatoes and parsnips 

Inking first and second places. Carrots containing less water and 1llore nourIshing 

material than green vegetables have higher nutritive qualities than turnips, swedes, 

cabbage, sprouls, cauliflower, onions and leeks. Moreover, the rair proportioll ()r 

sugar contained in their composition adds to their nourishing value. (Seagatc, 200 I) 
I, 

III the interesting collection of the Food CoIleclioll at Bcthnal Green tvlUSl:HIll, 

prepared by Dr. I,ankestcr, we learn that the maxirnulll :unmllll or work prmluccablc 

by a pound of Carrots is that it will cnable a man to raise 64 tOilS one foot high, so 

that it would appear to ~lC a very ei1icicnt forceproducer. From [ lb. of Carrots wc 

can obtain I Oz. and 11 grains of sugar, while out or the 16 oz. fourtcell are water. 

Whcn wc consider that in an average man of 11 stone or 154 Ih. wcight, about III or 

these arc watcr, we see what a largc supply is needful to repair waste and \Year and 

tear. 
I, 

2.1.5 Uses ofclIrrot 

The chief virtues of the carrot lie in the strong antiseptic qualities they 

possess, vvhich prevent al1 putrescent changes within the hody. 

(www.botanical.com/botanicallmgmh/c/carrot24.html) 

11 I, 



Carrots were rormerly or some medicinal repute as a laxativ(', vcnni Illg\.'. 

poultice, etc., [\nd the seeds have been employed as a substitute for caraway's. 

;\t Vichy, where derangements of the liver arc specially treated, ( 'nrrots ill Olle 

!iml\ or the other are served at every meal whether ill soup or as vegctahles (Illd 

consitierabJc crEcacy of cure is attributed to thy~l1. 

III coulltry districts, raw Carrots are still sometimes glvell to childrl'lI fCll' 

expelling worlllS. and the boilcd roots, mashed to (l pulp. are someti1l1CS llsed as a 

eataplaslll for application to ulcers and cancerous sores. 

Cnrrot sugar, got from the inspissated juice of the roots, nwy be used at table, 

and is good for the coughs of consumptive children. 

;\ good British wille may be brewed Ih>lll the root of the Carrol. and 'Try 

t()lerable bread prepared from the roots, dried and powdered. The pectic arid 
I' 

cOBtained can be extracted from the root and solidifies into a wholesome, appetizing 

jelly. 

III Germany, a substitute and adulteration for coffee has been made or Carrots 

chopped into small pieces, partially carbonized by roasting and thcll grqulld. 

In France and Germany a spirit is distilled from the Carrot, which yields more 

spirit than the potato. The refuse ailer making the spirit is good for reeding pigs. 

Attempts have also been made to extract sugar from Carrots, but the resulting 

" thick syrup refuses to crystallize, and in competition with either cane sligar or that 

obtained from the beetroot, it has not proved commercially slIccessful. 

Carrots arc also used in winter and spring ill the dairy, to give colour Hlld 

Ilavour to butter, and a dye similar to woad has been obtailled (i'OI11 the Ic(lvcs. 

I, 
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2.1. (, ltJedicil1al actioll of carrot 

Diurelic, Stimulant, Deobstr<lcnt. An infusion of the whole herb is considered 

nil active alld vnlllable remedy in the treatment of dropsy, chronic kid,ney diseases 

lIlld arfCctiolls of the bladder. The infusion oftf.::,a, made rrom one ounce or Illl~ herb ill 

a pint or boiling water, is taken in vvineglassrul doses. Carrot Ica. taken Ilillht (II III 

1Il0rnill!l. ~\Ild brewed in this manner from the whole plant. is COllsidercd c:\ccllell( j()r 

lithic (lcid or gouty disposition. A ~;Irong dccoction is very useful in gravel aJld slone. 

alld is good against flatulence. A lluid extract is also prepared, the dose beillg li'ufll 

The seeds arc carmillative, stimulant and very lIseful ill l1alulclll'c. "vindy 

colic, lIiccough, dysentery, chronic coughs, ell'. Thc dosc or the seeds. bruised, is 
I, 

I I"< 1Il1 olle-lhird to onc teaspoonful, rcpcated as necessary. They \vcre al nile 1 illlc 

cOllsidercd a valuable remedy fur calculus complaints. Thcy arc CXCeilellt ill 

obslmctions or the viscera, in jaulldice (for which they were forlllcrly considered (l 

speci lie). alld in the bcginnings of dropsies, and arc nlso of service as all 

ClllIllCIWgOgUC. They have a slight aromatic smell and a warm, pungent lastC'. Tltey 

communicate all agreeable flavour to malt liquor, if infused in it while in the vat. and 

rCllder it a useful drink in scorbulic disorders. 

I. 

2.2 Process route for the production ofcal'mt powder 

The two main methods for the production of carrot powder arc 

(i) domestic method 

(ii) industriallllcthod 

2.2.1 Domestic method 

I I 

13 



This is the method used for the production or carrol powder al 110111e. 

Outlined beluw are the steps for the domestic production of carrot powder frolll 

carrot as designcd by Klix (2005). 
I, 

It should be noted that carrots contain a lot of water, so thcy will reduce in 

si7:c quitc considerably after production (Klix, 2005). 

Figures 2.2a - 2.2e: Stcps for thc domestic production or carrot powder frolll carrot 

(a) 

Aller lopping amI tailing the carrots, they were scrubbed ill a bowl or \\aler [0 

remove any dirt. 

(b) 

I, 
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One may wish to peel the carrots if olle has any worries about pesticides. 

(c) 

It is then chopped into 2-4mm slices and placed on the dryer trays. 

(d) 

" 
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;\ ncr a lCw hours drying, the dry carrots were allowed to cool dowll. 

(c) 

The dry carrots is then ground to becomc powder 

Allcr about 10 hours, the carrots was crisped to the tOllch Hlld packaged. 

Dried carrots can be used directly in stews alld casseroles (Klix, 2(05). 
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2.2.2 [mil/stria/method 

f'o[' tll'~ industrial l)roduction or carrot powder 11'0111 The process now sheet '"' I 

carrot is as shown below. 

Water 

Fresh carrot ... ---------,.-
Washing 

, , 

Moisture 

. t~l [ ~-1 Drying •. 
Grinding 

, ' 

Residue Carrot powder 

Fig, 2.J: Illdustrial prodli;~ti()n of carrot powder f)'om carrot 

2.3 Descriptioll oftlte selected techllology 

Based on the aim of this project to design a small-scale plant to produce carrol 

powder 11'0111 carrot, the industrial method is, ~hosen as the method or production, 

The description of the various operations involved ill the technology or producing 

carrot powder from carrot on a small-scale industrial level arc as outlined below. 

17 



2.3. / JVashing 

This is the stage where Ow carrut plant is vvashed with water to remove the 

dirty partic\cs that might have clung onto its body. All raw carrots calTY foreign 

IlIaUer, consisting of SaliJ, stones, ctc. The presence of roreign lllaHer ill the crushing 

operation can be avoided by cleaning the carrot. The carrots can be passed illto a 

Illcchanical washer which is known as vegetable and fruit wasller. 

2.3.2 Crushing 

The washed carrot is crushed with crusher so th,it its size can bc reduced. This 

can be carried out using a machine called Crusher A. 

Crusher A rapidly reduces fruit to a consistency suitable for pressing. The 

hardwood frame fits over the cage orthe 12 and 20 litre presses or uver a bucket with 

the 9 litre press. There is a pair of contra-rotating shafts fitted with alternating 

scrratcd rollers and blades (made from acid-resistant alloy) driven by a cast iron hand 

wheel. Halved or quartered fruit is dropped into the stainless steel hopper. f~llls Ollto 

the blades, is Cllt and thell crushed hy the roilers. The only mailltcllallCC rL'ljuircd is a 

hose-down with water aller each use. 

At this stnge, the carrot is n~duced to about I CIll ill diameter. 

-\ 

2.3.3 /)1)Jillg 

The removal or free water from the crushed carrot obtnincd frolll thc crusher 
I, 

or can be accomplished by evaporation, either in the open air (sun drying) or ill 

ovens. In modcm fllclories, oven drying is always combined with mechanical dryil1f.'.. . " , 

the whole operation, as in all other phases or the process, being cO\lducted so as tll 

take the least possible time. 

i8 
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The simplest typc of oven consists or a tiring tunnel ur brick\'vork cuvercd 

with galvanized iron or copper pbtes on which the moist nour is sprcad ill a thin 

layer. Firing should be moderate: so as to keep the temperature or the pl<ltcs well 

helow the gelatinization point or thc starch, and the 110ur should he li-cljllClllly raked 

lip. The space above the oven should bc vigorously vcntilated. Fn()ugh \yoml is 

burned ill the tunllel to heat the cemellt sur!;lce to the required IClllpcraltl1e. 'I he 

1\l1J11bcr or drying yards ranges 1'1'0\11 two to !ivc. depending on the sill' of" till' !:lCtury 

alld the kinds or products. 

2.3.4 Grindil1g 

The uricd carrot is thcn ground into powdercd form. It is always necessary 10 

rupturc the carrot plant in order to further reduce the size into powdery !()lIll. This 

can be done by mechanical action. The llleclF~l1ieal action is carried out by slicing 

passing the carrots into a grinding machine, which then grinds them into p(lwder. 

The si7.e of the carrot (which is now ill powdery Conn) is about 0.0)111111. 

2.3 . .5 ,\'creel1 il1g 

The powdered Corm of the carrot obtained ill the stage above COIlUlillS sOllle 

Ullwanted particles which need to be separated. The separation, in this case, is 

carried out with a screen. Aller the screening, the carrot puwder is ready ('or 
I, 

packaging "vhile the residue is also collected separately. A screen or appropriate 

mesh size which will prevent the loss or the carrot powder (the maill product) is 

normally selected for this operation. 
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2.4 Flow slleet 

I r "lITot IS the one The now sheet for the production of carrot pOWl er rOI11 c, 

shown in Fig. 2.4 below. 

Water 

Washing Fresh carrot -'-- II-

Moisture 

1 

--_._,--_._---,---

~_~~{. __ D_r_Y_ill_g _ ____.:I----- .. IL __ C_JI_'_il_ll_ti_ll_g_,_,--.-J 

Residue Carrot powder 

Fig. 2.4: Flow sheet l()l" the production of carrot powder from carrot 

2.5 ./ustificatio/l of tile selected techllology 

Thc selection of the industrial method of" production of" carrot powder li'OIlI 

carrot is the best option for the production process because high quality carrot 
I, 

powder is produced via this method. Apart from tilat, using this lIlethod. the entire 

process fi'0111 seed selection, to growing, fertilizing and watering the crop can he 

properly controlled to ensure thc highest quality, purity, taste (llId lIutritional vnlue or 

the carrot. 

, I 

20 



2 (j Flo H'sheetill CT .. , h 

2.6.1 Labelled PlolV Sheet 

......•..... _--_ .. -.--._----

Moisture 

(' 

.------<111,---

I\ddil ivcs (I kll/( lie 

<Ie id "'H~I' i, '" i,1\ 

Mixing 

.J 

'IRK] 

Residue ('arrot po"der 

Fig. 2.5: Flow sheet {'or the production of carrot powder. from carrot 

26.2 Flow 5lileeting (llb/e 

Stream FWIll To Phase Temperature (K) Component Flowratcs (kg/alll!) 

Input Washer Solid 298 Water 1437990.61 

Fats 3214.31 

,. -- .. ~ -"_.-. -----'---'- --."-" "._"-------_._----._-_ .. _-_._---_.-_. - ._- ------.-.-._----.- - ---_. 

Carbohydrates 171 )112.53 

... - . 

Fiber 507)2.23 
I, 

.--~' .--~------~-.. -~-~---- --.--~~.-----"----. -.-~-. ---_.-----_.. - .-

Potassium )464.32 

21 



Phosphor 744.37 

----1----------------------- -.. -----------.------- ---------- -------- Sodium 592.11 

--- -~- --- -------- -.--_._- .. _-_ .. _.-- ~ -- -- ."--" 

--------.- - -------------- --- ---- .. --- I, Calcium lS6.77 

---"_.'-- ." -----. ------------- ---.-.--;----.---.-. 7(J ------.- ------ Magnesium 253.) 

.----. -------------------. __ ... - --- ----- --- ----
. ---" 

Vitamin C 157.:n 

.-.---.------ ---.------ ---.. ---f----- ---.------------ Vit(~~~i~1-B6--· 2.37 

---- ~-~--- --_.- ---- - - - - - ---------- ---- -----
Folic acid 

----.-.--- -~ - --- --------- ----------- ------ --.~.----.- .. -- -.-' -

I, Dirty particles 16917.11 1 

._------_. ------------ ----_. __ . __ . --------------_. __ ._- _._. -.--

Additives 0.00 

13 Input Washer Solid 298 Water 2537611.3X 

-_._-_. - ._----- --- ---- ---.-------------------- ----_ .. ------_._---.-

C Washer Crusher Solid ~98 Water 3975602.()O 

---. ----1----------+-----11---------- --- ... .-.-----.----.-.----- - - --- .--
Fats 3214.31 

.------- --".- ---.. --~--- ------- ------_.---------------.- ----- ------ --- -- .. - -

I, 
Carbohydrates J 71 542.53 

_ .... - ..... _- .. _--.--_._-- ._----- ._--_ ... _-_._------_._---._.-.- ... -. 

Fiber S0752.23 

Potassium 5464.32 

_ .. - .. _-- _ .. _---- --_._------_._---- _._----.-----_._. _._-_. - _ .. - -_. 

Phosphor 744.37 

-

Sodium )92.11 

_ .. _.---.. -_.- ------'--- -----.---- ._----- --_ .. _._. __ .. _._-------_. 

Calcium 45(i.77 

_._------ ------ -----I~-- ---------.-----... -.--

Magnesium 253.76 

_._--- -- -- _ .. _------- .------_.- -----_. __ ._.- _ ... __ ._._. ----. '--'._- --_._--' --_. 

Vitamin C 157.33 
I I 

-----------{----t----l 
Vit~llnin A 3400.40 

------1---- -I-------!- --------- ---------.----.- - .-----

Vitamin 13 6 2.37 
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Niacin 15.)(1 

.-._--- -.- .. -- .. --~---- --" ----------.-----

I, 
Folic acid 

.- - .--. -

Dirty particles (l.OO 

- -.- .. 

Additives 0.00 

397,)(,()2.{){) --
Crusher Mixer Water Solid 29S f) 

.-. 

Fats 321 /L31 

------- - --.---- --- - -. - -- -.---" - -- --

Carbohydrates 171542.53 

-----

Fiber 50752.23 
I, 

Potassium 

----

Phosphor 

Sodium 592.11 

---- -

Calcium tl56.77 

-- -

Magllcsiulll 253.76 

Vitamin C 

Vitamin A 3400.40 
I, 

Vitamin 13 6 2.37 

---

Niacin 

0---_"" ___ • 

Folic acid 236.S4 

Dirty particles 0.00 

Additives 0.00 

--" -.. -

)'1761.6') 

.- _._._- ------ -_ .. -_._ .. _--_.---_.- ._--!--------- - .. 

F Mixer Dryer Solid 1298 Watcr 1975602.00 

.. -.----- - .... --. -.-.--.. -. --.-.-.-.. -- __ 1
1
. ______ . ------.-- . - -

Fats ")) 14.31 

__ . __ .. _____ . __ . __________ '--_i ___ . _______ ._. _______ .... . __ . ____ _ 



----- ~- -- -- - -.-------- .----

. ----- --_ .. ---------_ .. _- -_.-

I I 

Carbohydrates 171542.:'13 

-

Fiber S07S2.2~ 

--

Potassium 

- --.- --.- ---.--- --_ . 

Phosphor 744.~7 

- --
Sodium 592.\ I 

. ----.-
-------_ ... -- --_.--._._--- - ~------ ------ - -. - -- ------ --- --.- -- - -- - -

Calciulll 456.77 

Magnesium 253.76 

Vitamin C \57.~3 
I, 

-_. - . __ ... -- -- .. _---. _.. - .. ..-

Vitamin 1\ 3400.40 

-_ .. _----- ----- ------. -----------_ .. _-------------- ---------_. __ . _._---- _._-_.- ._-------_. 

Vitamin B 6 2.37 

Niacin 15.56 

... --------.- -- .--"--" --------- ------ --_.---------------_._- --- ------------- --.- ... _._. 

! Folic acid 236.84 

.-+-- .-'. ----- .-- -- -" .-"- _ .. -.-._---- --.---- -_ .. _-----..• --_. __ ... -. ---"-' ---_.- ._------.-- - .-. 

Dirty particles 0.00 

Additives 

. - - .------ .-._- --_ .. _- ------ ---~- .---.-----.------j.~---. --------~ -.-~--.~--~ .~--.-.-" .-- - -- ~ 

Dryer Grinder Solid 318 Water 775204.5R 

~ --

Fats 3214.31 

- -

Carbohydrates 17\542.53 

Fiber 50752.23 

--- --------- ----------- ---- ----/---------------- --------------------- --------------

Potassium 5464.32 

Phosphor 744.37 

Sodium 592.\ J 

-- ------- ----------t------,I--+---------------r~- ----------------- --- - ---~---------- -
Calciu111 456.77 

Magnesiulll 253.7(, 

.. _-.------ . --- ... ~--~--.-- - - .. _----------- --.---~----.... --- .. ~ .---~-.. ---_. __ . --

Vitamill C 157.33 

Vitamill A 3400.40 
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I, 

Vilalllin B 6 l.r! 

~ --_. --- ---._--- - .-.. ' 

Folic acid 236.84 

---- -- -_._ ...... __ .... - ---.-------~-.- .--_.----- .. - ------- ---_.------

Dirly particles 0.00 

- .-. - -

-- - ~ -- .+ - - -- - -- -- - - -- - -
Additives 54761'()) 

Water (irinder Sieve Solid 318 11 
._.--_.---_.--- --------_ .. _-.- ---_._. --- ----.------_._-----_ ..• ----_ .... _. __ ._--_ .. _---_ .. _---_ .. -----

77520 fL58 

" 
-~ ~ 

Fats 
-_. ----------------------------- -- ------ - ---- ---

3214.31 

---_ .. _---.-._--- --_._---- --_ .. _-.- -._----_.----_ .. -.-. -.-----.--- -----." .. 

Carbohydrates 1715i~2.5~ 

Fiber 50752.23 

_. --.-~~-----~---- .~---I------------~~- ------------ ~.--~--~',- ~~ ... --.------

Potassium 5464.32 

Phosphor 744.37 

Sodium 592.11 

Calcium 456.77 

_______ ~ ______ ~ __ ~ ________ I_I __________________ _ 

Magl\esium 253.76 

Vitamin C 157.33 

Vitamin A 3400AO 

.. -- --.-' ---_. --.... -.-- ._------ --- -----.. _--_._---- -- -- .~.- -._-_._---- _. -.~.---. -.. - - -_ .. -
Vilamiu B 6 2.37 

Niacin 15.5() 

-

Folic acid 236.R4 

Dirty parlicIcs 0.00 

---- ------ -----.~ ~----- --- ------1-r-- -~---- ---- ... --- --- ._-. --- --

Additives 54761.e)5 

-- - -

Sieve Storage Solid 31 g Waler 775204.5R 

rats· 3214.31 

~-.-.-~--~-- -.~~-----.-- _._----_.- --- -- --~------.--~-.~ ... ~--.---.- ~-- ~~---.-~ ---

Carbohydrates 171542.53 
~~ _____ ~_ __. ___ ---'-~ ___ -L..._---L _______ .L __________ ~ __ 
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Fiber 0.00 

-_.---.-,.".------ --- ---------
Potass i LIm 

--".-- -

5464..12 

_______ • _____ 0 ___________ i _1" ___________ . ____ •• ___ •• __ _ 

. - - -- -" -.--... -.-" Phosphor 
_ .. _. 

744.37 

Sodium SlJ2. I I 

---- - - ----- -- - - ----- -- - - -----

Calcium 456.77 

- --- ---- .-- --- -- - - ---------- - - -- -----"--"- - --- ---- --_ .. -. 

Magnesiulll 

-._-- - ... - .--_ .. _--_. ------- --_.-.- --- - -------- .---- -- - -- --- -
Vitamin C 

.-. 

157.33 

Vitamin A 3400.40 

Vitamin B 6 2.37 

... -------.------ ----.. --.-.-------- "IT- Ni~~i;~ -- ---

15.56 

Folic acid 236.X4 

--- ---. "----. ---------- ------ ----.------".---.'._"----" --.. -.. --.. - --- ." ._._- -

Dirty particles 0.00 

- ."- - -

Additives 54761.65 

.. - .... --.- ... - .... "'-'-1--- --------. - .. ---.---.- .. ----.- -.-----.-.- .------ ..... --- .. - ... "-. '.- -

J Sieve Bin Solid 318 Fiber 50752.23 

" 
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clll\\' I LH IIUZLL 

,fERIAL BALANCES FOR THE PRODUCTION OF CARROT POWDER fROM CARROT 

100 kg/day of carrot to be processed 

] 

rS,~\~tOf C:r~~~C~~: 
fJl1yd'Clles 10,1400 

ositlill 
pilOI 

1111 

tlIn 
lesitlm 

t,· :;::: ~ {i 
~:11 
f acid 
t paltlcies 

~-
i 

I 

3,0000 
0,3230 
0,0440 
00350 
0.0270 
0.0150 
0.0093 
0.2010 
0.0001 
0.0009 
0.0140 
1.0000 

100.0000 

I, 

f All pel centage addition of materials like the water and additivies are based on the weight of the cal rot 

r"ces across the units 
" 

f
'! 1: W"sher 
"ratioll. Washing of the carrot using water to remove the dirty particles 

. lJllI[1t:Oll' 150% of water is added 
1 
i 

j Water 

J 
I 
i , 
j 
j 

rres~car!9~l wa_s_h_e_r_---....JI---w-a-s-he-tcarrot 

J 
! 

Fig 31. Flows around the washer 

1 ".---_ .. _--------_ .. _----------
Input 

_~E~.!'_en~ __ ~/day kg/annum wt% kg/day 
85.0006 1437990.6113 85.0006 235.0006 

lis 0.1900 3214.3078 0.1900 0.1900 
riJot1vdr8tes 10.1400 171542,5295 10.1400 10.1400 

ber 3.0000 50752.2277 3.0000 3.0000 
J\8ssiulll 0.3230 5464.3232 0.3230 0.3230 
losplior 0.0440 744.3660 0.0440 0.0440 

odiulll 0.0350 592.1093 0.0350 0.0350 
alciurn 0.0270 456.7700 0.0270 0.0270 
C1gnesiul11 0.0150 253.7611 0.0150 0.0150 
it8111in C 0.0093 1573319 0.0093 0.0093 
itamin A 0.2010 3400.3993 0.2010 

I, 

0.2010 
ilalllill [3 G 0.0001 2.3684 0.0001 0.0001 
iacin 0.0009 15.5640 0.0009 0.0009 

··olic acid 0.0140 236.8437 0.0140 0.0140 rty pm ticles 1.0000 16917.4092 1.0000 0.0000 
ddilives 0.0000 0.0000 0.0000 0.0000 

100.0000 1691740.9225 100.0000 249.0000 

Output 
kg/annum 

3975601.9950 
3214.3078 

'171542.5295 
50752.2277 
5464.3232 
744.3660 
592.1093 
456.7700 
253,7611 
157.3319 

3400.3993 
2.3684 
15,5640 

236.81\37 
00000 
0.0000 

4212434.8970 

wt% 
94.3778 
0.0763 
4.0723 
1.2048 
0.1297 
0.0177 
0.011\1 
00108 
a OOGO 
0.0037 
0.0807 
0.0001 
0.0004 
0.0056 
0.0000 
00000 

100.0000 P!51! --------.----.---
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Crusher 
. ,\ion Reduction of the size of the carrot 

.. mption No loss during the crushing operation 

i 

l 
I 

Washed carrot .r crushe~y"i carrot 

I, 

1 : 
1 

Fig. 3.2: Flows around the crusher 

Input 
kglday kglannum 

235.0006 3975601.9950 
1 poncnts~ __ '-:::;:l:.'::::::'L-_--:-:~=7-::::-::-::-;:--
er 

ohydrates 
. r 

.1ssiUIll 
sphol 
illin 
;iulli 
111csiulil 
l1lill C 
min 1\ 

min B 6 
.. ;in 
: c acid 
y pelf tides 
itives 
I 

t 3: Mixer 

0.1900 
10.1400 
3.0000 
0.3230 
0.0440 
0.0350 
0.0270 
0.0150 
0.0093 
0.2010 
0.0001 
0.0009 
0.0140 
0.0000 
0.0000 

249.0000 

3214.3078 
171542.5295 
50752.2277 
5464.3232 
744.3660 
592.1093 
456.7700 
253.7611 
157.3319 

3400.3993 
2.3684 
15.5640 

236.8437 
0.0000 
0.0000 

4212434.8970 

wt% 
94.3778 
0.0763 
4.0723 
1.2048 
0.1297 
0.0177 
0.0141 
0.0108 
0.0060 
0.0037 
0.0807 
0.0001 
0.0004 
0.0056 
0.0000 
0.0000 

100.0000 

ration: Addition of benzoic acid and acetic acid as preservatives 
ul1lption: 1.3% additives are added to the carrot 

Additives 

k~ 
235.0006 

0.1900 
10.1400 
3.0000 
0.3230 
0.0440 
0.0350 
0.0270 
0.0150 
0.0093 
0.2010 
0.0001 
0.0009 
0.0140 
0.0000 
0.0000 . 

249.0000 

Output 
kglannum 

3975601.9950 
3214.3078 

171542.5295 
50752.2277 
5464.3232 
744.3660 
592.1093 
456.7700 
253.7611 
157.3319 

3400.3993 
2.3684 
15.5640 

236.8437 
0.0000 
0.0000 

4212434.8970 

1 

I 
.~ 

I 
1 

Crushed carrot ~,--__ M_ix_e_r ~tadditive mixture 

f 
Fig. 3.3: Flows around the mixer 

I, 

Input Output 
Illponents kg/day kg/annum wt% kg/day k9'annum 
tcr 235.0006 3975601.9950 94.3778 235.0006 3975601.9950 
s 0.1900 3214.3078 0.0763 0.1900 3214.3078 

. rbohydrCltes 10.1400 171542.5295 4.0723 10.1400 1715425295 
er 3.0000 50752.2277 1.2048 3.0000 50752.2277 

; tassiulll 0.3230 5464.3232 0.1297 0.3230 5464.3232 
.: ospl1or 0.0440 744.3660 0.0177 0.0440 744.3660 
diul1l 0.0350 592.1093 0.0141 0.0350 592.1093 
IGium 0.0270 456.7700 0.0108 0.0270 456.7700 
gllesiulll 0.0150 253.7611 0.0060 0.0150 253.7611 
arnin C 0.0093 1571319 0.0037 0.0093 157.3319 
alllill 1\ 0.2010 3400.3993 0.0807 0.2010 3400.3993 
alllill B 6 0.0001 2.3684 0.0001 0.0001 2.3684 
cin 0.0009 15.5640 0.0004 0.0009 15.5640 

lic acid 0.0140 236.8437 0.0056 0.0140 236.8437 
ty particles 0.0000 0.0000 0.0000 0.0000 0.0000 

. ditives 0.0000 0.0000 0.0000 3.2370 54761.6537 
tal 249.0000 4212434.8970 100.0000 '252.2370 4267196.5507 

} 
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I 

1 
j 

. __ .. _----_.- ---- --.~ .---- .. 

wt% 
-- -------_.- -----

94.3178 
O.07G3 
40723 
1.2048 
01297 
0.0177 
0.0141 
0.0108 
0.0060 
0.0037 
0.0807 
00001 
0.0004 
0.0056 
0.0000 
00000 

100.0000 ----

--------.----

wt% ----- ---_.- ---------
93.16G6 
0.0753 
40700 
1 1894 
0.1781 
0.0174 
0.0139 
0.0107 
o 0059 
0.0037 
0.0797 
0.0001 
0.0004 
0.0056 
00000 
1.2833 

100.0000 --------



f 
f , 
1 

i 
f 

1 

vcr 
n: Hernoval of moisture from the carrot 

Water (Moisture) 

~-\-" . . . Dried carrot Ca<rol-adgr"~e m"lure.[_~.___-.. 

! Fig. 3.4: Flows around the dryer 
I , 

1--·--
____________________ -n;-:;:::-:;:'------------

Output Input 

lpollClllS k~/da}' kg/annum 
fr-------- 235.0006 3975601.9950 , 

0.1900 3214.3078 I 
1~()I1Ydl nles '10.1400 171542.5295 

~)OOOO 507522277 

ssium 0.3230 5464.3232 

sphOl 0.0440 744,3660 

illln 0.0350 592.1093 
.: i lIl1l O.O?70 456.7700 

lllesiul11 0.0150 253.7611 

min C 0.0093 157.3319 
mill 1\ 0,2010 3400.3993 
min B G 0,0001 2.3684 

cill 0.0009 15.5640 
, C Acid 0.0140 236.8437 
y pill tides 00000 0.0000 
litivcs 3.2370 54761.6537 
al 252.2370 4267190.5507 

\ ----.. _-_._-," -_ .... _. 

it 5: Grinder 
(~I Cllio,,: Grinding of carrot into powder 

, Sl1l11plioll: No loss of material 

wt% 
93.1666 

~~ 
~~--. 45.8229 

0.0753 
4.0200 
1.1894 
0.1281 
0.0174 
0.0139 
0.0107 
0.0059 
0.0037 
0.0797 
0.0001 
0.0004 
0,0056 
0.0000 
1.2833 

100.0000 

0.1900 
10.1400 
3.0000 
0.3230 
0.0440 
0.0350 
0.0270 

I, 0.0150 
0.0093 
0.2010 
0.0001 
0.0009 
0.0140 
0.0000 
3.2370 

63.0593 

__ k.",g/annulll--- ___ . ____ ~tO/~---__ ~_ 
775204.5820 726()(i1\ 

32143078 0,301:1 
171542.5295 160flO 1 
50752.2277 4,7571\ 
54643232 0.5122 
744.3660 0,0698 
592.1093 0,0555 
456,7700 0.0428 
253.7611 00238 
157,3319 

3400.3993 
2.3684 
15 !i640 

236.81\37 
a.nooo 

54761.6537 
1066799.1377 

O.OI'l1 
03181 
00002 
o DO 15 
o O?/ 7 
o 0000 
5.1333 

100. (JUDO 

Drjl>.d-"arrQL_{~~~~ri"$ed carr 01 powder 

Fig. 3.5: Flows around the grinder 

Input 
" ~_!P_(~I_lellts kg/da}' kg/annum 

ilter 45,8229 775204.5820 
lis 0.1900 3214.3078 
arbohydrates 10.1400 171542.5295 
her 3.0000 507S2.2277 
otnssiul11 0.3230 5464.3232 
l1osphor 0.0440 744.3660 
odillll1 0.0350 592.1093 
81ciuIl1 0.0270 456.7700 
ill)l1esilll1l 0.0150 253.7611 

'ilal11ill C 0.0093 157.3319 
ital11in A 0.2010 3400.3993 
itamin B 6 0.0001 2.3684 
iacin 0.0009 15.5640 
olic acid 0.0140 236.8437 
illy par ticles 0.0000 0.0000 
ddilives 3.2370 54761.6537 
otal 63.0593 1066799.1377 

I, 

------------------,,-_ .. _---------

wt% kg/da}' 
72.6664 45.8229 
0.3013 0.1900 
16.0801 10.1400 
4.7574 3.0000 
0.5122 0.3230 
0.0698 0.0440 
0.0555 0.0350 
0.0428 0.0270 
0.0238 0.0150 
0.0147 0.0093 
0.3187 0.2010 
0.0002 0.0001 
0.0015 0.0009 
0.0222 I, 0.0140 
0.0000 0.0000 
5.1333 3.2370 

'100.0000 63.0593 

29 

Output 
kgfannum wt% 

7752045820--------72.6G61----- -

3214.3078 03013 
171542.5295 16.0801 
50752.2277 4.7574 
5464.3232 05122 
744.3660 0.0698 
592.1093 
456.7700 
253.7611 
157.3319 

3400.3993 
2.3684 
15.5640 

236.8437 
0.0000 

54761.6537 
1066799.1377 

0.0555 
0.0428 
0.0238 
0.0141 
0.3187 
0.0002 
o.ao 15 
0.0222 
0,0000 
5.1333 

100.0000 



I 
~·;:pa'"tion of Ihe residue (especially the fibe'-) from tile canot powder 

f'Plinn Tolal remOV:1 of Ih: f'be~ ~J ca;rot p'owder 

I Grinde carro pow er ~~_._ .. 

I Residue 

j 
~ 
l:-

Fig. 3.6: Flows around the sieve 

I·' Iponents 
.er 

LOhYdrates 

ssium 
sphar 

-iUnl 

nesiurn 

cin 
. ic acid 
ly particles 
ditives 
lal 

kg/day 
45.8229 
0.1900 
10.1400 
3.0000 
0.3230 
0.0440 
0.0350 
0.0270 
0.0150 
0.0093 
0.2010 
0.0001 
0.0009 
0.0140 
0.0000 
3.2370 

63.0593 

Icualation of scale up factor 
nversion 1 ton = 

annum 

larro! powder production rate = 
hiell is the equal to 

: lei also tile same as 

Input 
kg/annum 

775204.5820 
3214.3078 

171542.5295 
50752.2277 
5464.3232 
744.3660 
592.1093 
456.7700 
253.7611 
157.3319 

3400.3993 
2.3684 
15.5640 

236.8437 
0.0000 

54761.6537 
1066799.1377 

j lmrot powder obtained from the basis =: 

tcale up factor == 

:j 

wt% 
72.6664 
0.3013 
16.0801 
4.7574 
0.5122 
0.0698 
0.0555 
0.0428 
0.0238 
0.0147 
0.3187 
0.0002 
0.0015 
0.0222 
0.0000 
5.1333 

100.0000 

1016.0469 
335.0000 

1000.0000 
1016046.9100 

3032.9759 

60.0593 

50.4997 

kg/daX 
45.8229 
0.1900 
10.1400 
0.0000 
0.3230 

1.0.0440 
0.0350 
0.0270 
00150 
0.0093 
0.2010 
0.0001 
0.0009 
0.0140 
0.0000 
3.2370 

60.0593 -

! 
J 
I 
I 
I 

J 

I 
j! 

J 
1 
I 
J 

30 

-------
Output 

kg/annum wt% . ._-------
775204.5820 76.2961 

3214.3078 0.3164 
171542.5295 16.8833 

0.0000 0.0000 
5464.3232 0.5378 
744.3660 0.0733 
592.1093 00583 
456.7700 0.0-150 
2531611 00250 
157.3319 0.0155 

34003993 03347 
2.3684 0.0002 
15.5640 0.0015 

236.8437 0.0233 
0.0000 0.0000 

54761.6537 5.3897 
1016046.9100 100.0000 

~->-~ -.-~-------,-----. -
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FLOWSHEET FOR THE PRODCCTlOS OF CARROT POWDER FRO.\! CARROT 

[C1~p.--~n-.-~, 

i. ... d;;t I 51~5\1)51 

Irma! ;.1701 ;:))! 
P=:'--r::~;:;o:.:; :,--- .... 

. . 
:Comp. ,f..~'ann. l 
!\\'ate:- .-::,--:D3Q-; J.,: 

C.lITot ;:c~ .. :der 
I"", '---l 

' I """M, , ~--"'---i I(om". ; :-;-'~04 58\ 

I\\o:er . .- _ I n l IF",,: \_;~~~~~I 
II'" "MI , Ie,' I ce", 

i \Fwer "'~6~ 3:1 Res)'::u!! \1 Pei. 1 _ ~"\' 

IComp. kg/ann. 1 Compo ik~/anlL i 
I Water 14379906lj \\la!er I 397560: 001 
Fats 321~ 3; I Fats : 3:1 4 3!j 
Carb 17154:,3J Corb I 17\54253j 
FIber 50752231 Fiber 1 50752 23\ 

Cump. Ikt:/ann. 
Water ) 3q75bO~ 00' 

~-: 3:113; i 
CarD i 1'15~25Jt 
Fiber I 5075223 J 

iComp. Ikglllnit. Como. ikglllnn. - i ;C,)mp. 'k~/(mn.. 

I Water ! -:.Q 7 5tlO:::<::)1 Wa:e: 7i5:0~ 5:31 j\V?ter , ~75:Q4 58\ 

!F3.ts ! .3:1~ 3' i !Fa:s 3:i43T! iF::ns 3"l).! 3 d 
CJ.!"lJ i;15J:~:'1 ICarD 17l5..12_:531 :CJ.fD i 71 :5":: 531 

IF'ber 50~52 :31 iF:ber 50752 :3 \ \F:ber 50~5::31 ii 
, '~4.\." 'IPh05 1 

i ~ I k"'!mn. I d. 392 11 
1 L ,mtp. I ....::: '-O::;C:""'--i---:;:;;;:n 

: ;:,~:; 1 :~=~~ ~~ I !~;~~ ~~E~ \ 
!:I:~ ~~OJ.\01 
"".\ - '71 
1\'1:36 ,5561 
i?'laC'" "68.:1 

\!~j, :~~~H~! 

LPot I 5464 32\ Pot 1 546..1 ;2 

Phos I 744371 Phos \ 74-1 37 

Sod I 592 \ \ I Sod I 59: 11 

Cal I 456,771 Cal I 45677 

Mag 253 761 Mag : :53 7b\ 
VitC 157331 Vlt( : : 57 :::31 
VitA 3~OO 401 VItA : 3400 ~O 
VitB6 237! VItB6 \ 2 :;7 

Niacm 15561 N13cm I 1556 
iFoitc 236841 Faile :36 S~ 
I Dirts 169\ 7.\1 ! jDll""S o ~IJ 
!Addt 0001 jAddt G Uu 
iTotal ':6417~Oq:\ iTotal ;:1:43" COl 

Pot I :-';64 3:1 

Phos J 7.+437 J 

Sod ! 59211 ! 
Cal \ ':'56 "';''7 1 

!\blJ 2:53 -6,' 

vue I \ 57 JJ I 
VitA 1 3';00,40\ 

VitB6 1 237J 
Nlac:n I \556\ 
FaIle I ::;C; 8~i 
Dirts o 0Gi 
Adat :J :)01 

TO~21 .:: 1 :~:;.: 90\ 

Pct 5~b-l]:! IpO! 516d 3:1 JPQ! 5~~ ;;\ 
lPhOS 7.!..! 37j tPoos 714371 \Ph05 

!~od 59: lS0d 592 11 \ ISoc S: iii 
Ie:!! -1.56 -~ I ,C.).1 456771 ,e: 156'~ 
\ I~:,n i'Joe -5: --::1 2507 '.1 ;'.1,,, :;;; -r-, ~ 

,VI! C i:57 ~3 j IV,tC :57 ~31 I\'"C '5i 3:!; 

1\,,, A ,JCO OUI ~A ,JOO ~Ol 1\'" ,~ 3~QO ~O\ 

IVit B6 ::!.~'7i \1 It B6 :: 37 \ !Vn 86 ::.3~1 

,;'\!IJ.cm :5 5~l !!'hacm \5561 !~;ac:n : 556\ 

F"ilC ~:;!~ .s~i lFoilc :36 ")..!j ;Fr.j)c -:~ 
ID,rts 0:::;::'! Dr:-rs 'J COl I Dn:s o c(~ i 

!AJdt 5~761 ,51 Addt 5-:'76! 65! (Ad::!t 5"':-61 f):5! 

,ITo~3.i ":;:~1-;.96 ~5: iT'1t~1 . ..:.1::,-;.::::9·...:.1 i:>~2.. .':6,-:;'9 

11 

71 

~i 

rig. 2, Flow sheet for the produce ion of carrot powder from carrOl 



CHAPTER TllREE 

3.2 F"e,.~y balallces 

ASSUI11pt iuns: 

III carryi llg oul the energy balances. the 11:.111 owing assumptions arc made: 

• The dryer is the only unit thaI has energy changes. so it is the only ullit around which 

the cncrgy balances will be cmried out. 
• The datum temperature is 298K. 
• The dricr is 9(Y/'() clTicicnl. 

3.2. J Ellergy balallces aroulld tile (b:yer 

Givcn thaI. 

Water (Moisture). 
(toone, 373K) 

_1 ___ _ 
Carrol-mJdilivc l11iX_ll_Il_.C ___ ..... [,Drycr (ove\l)--~ Dried carr()1. 

(25"C,2()XK) J----- -- ""-(45"C 31 RK) 

Fig. 1,.7: Encrgy flows around the dryer 

The mass or materials around the dryer is given as 

J()75GO 1.9950 Watcr 77520'IS!C'O 

:1214.:1078 rals 
I. 

:12\,1.107R 

171 ~q2.52()5 ( :arbohydratcs 171542.S29S 

~O752.2277 Fiher 507')2:J 'l77 

5IM.12:Q Potassiul1l 5,16'U.J .r1 

7,I'U6GO Phosphor 7'1:I.Vi()() 

592. I 093 Sodium <;92.1 (l(n 

'15G.7700 kg Calcium 
1\1 i :=- .--

25.\.7G II annum Magncsium 

456.770() 
M '-= o· 

253.7611 

157.3319 "Vitamin C" \S7.TH9 

.j,IOO.3993 "Vitamin A" .140(U9()1 

D684 "Vitamin B 6 " 2."~(jS!1 

15.5640 Niacin IS. SIi·1 () 

236.8437 "rolic acid" 236.H37 

0.0000 "Dirty particles" 
I, o .O(l()() 

5'1761.6537 Additives ,54761.6';'17 

The mass of carrot in the dryer is ~'Mi -= 4.267 x 1({)~-
L.... anllum 

32 

kg 

[11111\111\ 



That is, 
, ' 

Mass ofvvatcr in the carrot enterinG the dlycr is watcrin carrol:=C Mi 1 

(, kg 
\V 'IICI" - :l.9'76)1 1 () ---" 

, III canol . 
allll I 1111 

Mass ofwater in the carrot leaving the dryer is walerOlll carrot:"" Mo 
. 1 

" ko '775 7 10-..!?watcrollt carrot = . ~ x 
allllUIll 

lienee, water removed by the dryer is calculated as 

watcrrcmoved := w:>tcrin carrot - waterollt carrot' ' 
- -

h ku 
water rcmoved = 3.2 x 1 0 --~-

allllUIll 

Oven temperature, Toven := 318 ' K 

Inlet telllperature of'earrot Tcanot in>' 298, K 

Outlet temperature of carrot, Treed out:== 318 . K 

The heat capacity of carrot is calculated using the heat capacities of water and 
carbohydrates 

because they are the main consti tuents of canol. , ' 

For water, 

COllsidering the fraction ofwakr in the carrot, which is O.RS (85°;()) 

k.l 

kg· K 

C
r
)\V",,[I<),2964 + 47.21~~IO-2.({~_133,88'IO'i.fl\"1 1314.2'IO_'(~'(~\J1 ,O.XS. kJ 

I 8 \J.y' I 8 \J.<) I 8 \J~} ,_ kg . K 

Cpw = [J.9 I I + 0.022 . (0 -6.322· 10' 5 . (0 2 + 6',206· 10- 8 . ~J J . kg":' K 

For carbohydrates, 

C,Jcarb = 0.301 . /1.\ . ~ \J.<) kg· K 
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I COllsidering the fraction of water in the carrot, wh'i~h is 0, 1014 (IO.14'~)) 

~.~ k.l 
(' ,.1 ~.·O.301· - .0.1014'-.-. 

peat 1 r kg , 1\. 

l'llC;\l11 .- 0.03 I . fJ.\ , ~~
~) kg· K 

So. the he;lt capacity or carrot is thell given as 

('=~).l)11 + 0.053. (~\ ·-6.322' 10 S. (~\2 -1- 6206· IO·R. (J\J .. -~-
pc L ~</ ~</' ~J _ kg· K 

With thc oven temperat me of 

lovell c., .11 R K T : •. \WCIl 

('Ilctrrol :.- ~l.<) II + O.DS] . iJ,0 --- 6.322· 10· 'i . (~\ 2,. 6.206. lOR . (J~ Jl k.l L ~J ~J ~J kg . « 

k.l 
C,mllTot == 13.36R ---: 

kg· '" 

According to assumption No.2, the reference temperature, Tref: c 2()RK 

The heat required to raise the temperature of carrot from 298K to j 18K is 

calculated thus; 

canolill =. 11.267 x I()(i~ 
allllll 11 1 

kJ 
(',)Carrot == 1.1.368-

kg· K 

To :-= 31 R . K 

k.l () 

"carrot =. I. I ,11 ;.: I () .. 
<llllHllll 

Frolll Basic Principles and Calculatiolls in ehelllic~l. Engineering, Table c'1. 
page 

M6, the latent heat of water at (lOOoe, 212 °P)was found to be 

UTU 
"waleI' := 970.3 . Ib 

which is equal to 

34 



3 kJ 
"\\'aler .~. 2.257 x 10 -

kg 

Ilwater:'" water removed· "'water 

The total heat of the dryer is then gIven as 

35 

I, 

I, 

( . 

\) kJ 
Ilwater '" "1.223 x 10 ----

alllltllll 

() lei 
Ildryer -= 8.36,\ x 10 -------

annlllll 



3.3 Sl'ec~/iL'lIti()1l (~l equipme1lt:; 

3.3.1 .S'pecUimtioll (~l washer 

Till: \vasher vessel is to be designl:d as a cylindrical vessel to contain the l'mrol to he 

washed 

in order to remove the dirty particles in the carrol. As such, it is desired to detertllille the 

volume 

or tile \vas her to accommoda te the carrot. 
The amount and densities of the materials ill the ~yasher as 

Mass ill kg Ikllsih ink!!!1111 

Waler S~ .OOO(i I()OO 

I'al<.; (J.l <)()() 
<no 

('al \1uhydrates 10.1'100 (,gO 

hiler 3.()()Oll 
Iun 

Put;l<.;silllll 0.3230 S(;O 

Phu<;plwr IUl4/1() 
IS20 

Sodillill 0.0350 ()70 
( 'alciulll 0.0270 

i\lagllcsilllll 
!VI :'" . kg IS'iO ko 

0.0150 p> ' -.. !::. 

"Vitamin ('" 
11,10 \ 

O.OO()3 
111 

1'207 
"Vitamin !\" 0.20 I () 

, , 
10')9 

"ViUllllin B ()" 0.0001 
I ()!\ 'i 

Niacin 0.000<) 
I.H)O 

"Folic acid" 0.0140 I/pt) 
"Dirty particles" 1.0000 

IWO 
Additives O.OOO() 

12<>(, 

Calculating, the average density ofthe mixture is 

~I' P I -I M 2 · P2 -I- 1\1 3 ' P3 + M4' P4 -I- Ms' P5 + Me,' P6 -I' M7' f}7 -I- Mo' 1)0 I- M . i) ) i\1 ' ., • Q, g ... 

r nv :,",.1 I () . P 10 -I- I'v\ I ( , P II + M 12' P I~ -I- M 13 ' P 13 + M 14' P 14 + MIs' P lSi M 16' Pit; 

So, the vplume of washer is 

LM 
V washer := -

Pav 

(I~----

V ~ 4 ()' I \ washer- . .) 111 

ko 
P '1\'- 9),1.75.1 --"'--

, 1 
III 

Taking the washer to be cylindrical, this means that, from the formula or a cvlinder . . 

V = 1t . r2 . II (Mathematical Four Figure Tables) 

36 
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/ 

amI. si nee 

U 
r ~-= -

2 

vo=n.®2. h 

Let h == pd, where p is a constant 

There({m~, 

o 
eI-

V c= IT . -- . (p . d) 
4 

d
] 

4·V=p·]t· 

Making d the subject of the fonnular 

asslIming thal p;= 1.55 

~. . V waShC~' 3 

dwnshcr :== ----
p·n 

From 

The area of the dilution tank is therefore, 

" 

I, 

Uwashcr f!washe~ 2 
;\washcr;= 2It . 2 . hwasher of 2n: . \: 2 J' 

It should he noted the washer will have something like an agitator inside \vhich \vill ensure 
proper 

mixing or the carrol and the water for good washing operation. The design or the agitator 
IS as 

outl ineu thus; 
The powcr of washer is given as 

K2 2 J 
P"'-·~l·(N) ·(D) (Applied Process Design) 

gc 

I, 
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where K2 is <I COllsant 

N is the speed or the agitator 

I) is the diameter ofthe agitator 

111 is the viscosity ofll,c liquid 

K Ilowi ng t1wt 

fl : ... 1 . 1 () 
2 kg 

III . s 

I) :-c 0.50· 111 

mel 
N:~ <)0·-

s 

1<.2 
I' '.,... - . I[ . (N)2 . (1)3 

\\'i1.~lIcr . " , 
gc 

Pwasi1er = 2.I77kW 

(Applied Process Design) 

For the voltage of 150V, the amount of current required is 

Vol washer := 210 . volt 

I' washer =c Iwasher . Volwasher 

Pwasller 
Iwasher:'" VI-

o washer 

Iwasher cc Il>.366 1\ 

I, 

I, 
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3.3.2 SPl'CUiClItioll oj crusher 

(iiven the amount of materials ill the crusher: 

Mass in kg . . I I \ I )enslt y III <g In 

I, 

Water 235.0006 lOOn' 

Fals 0.1900 'n() 
( ';Jrhohydrates 10, I ,100 

(,!lO 

Fiher :-I.(l()O() 
II\!) 

I'()ta~silll\l 0.32.10 xr;o 
Phosphor (),()4,IO 

IR20 

SodiullI O,03S0 
'f70 

( 'alciul11 O,()270 
1550 kg 1'1 :- . kg 

T'vlagnc.siulll ().015() I' : 
1710 \ 

III 
"Vilaillin C" O.OO()I 

1.l()7 

"Vitaillin ;\ " 0.2010 I (l'i() 
"Vitamin B (1 " (l.OOO 1 

I ()IS 
Niacin O.DOO!) I I :J<)() 

"Folic acid" 0.01'10 
I'I:~!) 

"Dilly particles" o O()()() 
I \00 

i\dditivcs o (JO()() 
1'(,(, 

Thl: avemge density of tile mixture in the crusher is calculated thus: 

So. the volullle is 

\' ' 

'crusher' 
P av 

v- 3'" 11 .1 crusher -- _.n - III 

k L~ 
I' a\ - 9RR,()5(, -' 

III 

The volume given is the volume 0 r the crusher without consi deri ng the volull\e that wi II 
he 

occupied by the rolls. Considering the rolls, the volume of the crusher occupied by the 
rolls 

can hp. f1;,,('Iot'l '::11.." 

(d· L· S) 
()c=---

2.% . s- I 
(Perry, ] 998) 

I, 
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where 

Q is the capacity of thc crusher wlls in cm3/min 

J is the distance between the [L)II~;, cm 

L is the length ol'rolls, em 

s is the peripheral speed, cm/mill 

Now,if 

d :- <; . CIII 

L':cc (i. 1 . cm 

cm 
s:'"' 29<;O() . --

111111 

(d·L'·S) 
()crushcr:=- -----

2.%' s·1 

The total volume of the crusher is thus 

"Tcrusher:'" V crusher + Qcrllshcr 

<)crushcr - 5.()(i() y 10 

"Tcrushcr '" :1.G I R'm \ 

Assuming that the crusher is cylindrical, this implies that 

1 1 
111 

v 0= n . r" . h (Mathematical Four Figure Tables) 

and, since 

d 
r"" -

2 

, 
d'

V=n·-·h 
4 

Let h = pd, where p is a constant 

suhstituting for h, 

d
2 

V 0= 1( • - . (p . d) 
4 

4 . V == P . n . d3 

Making d the subject of the formular 

I, 
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~ 0
1 

d =- -
) . 1t 

assuming that p:= 1.23 and knowing that VTcrllshcr> VTcrllshcr 

'", ~4 . VTCrllShC9' ) 
dcrllshcr' - p . n 

From 

hcrusher:= p . dcrusher 

The area of the crusher is therefore, 

~I I '9~ dcrllshcr ( crusher 
'- . --- . h + 21t . ;\crllsher'- 211: 2 crusher 2 

The net power to drive a roll ball was found to be 

E ~ I ( 1.64 . L - I) . K + I I . ( 1.64 . D) 2.5 . E2 

where 

E is the net power to drive a roll 

L is the inside length or the crusher, 111 

D is the mean inside diameter of the crusher, III 

I' 

7 

;\crllsher =- 1:1.1 OR III' 

(Perry, 1(98) 

E2 is the net power used by a 0.6-m laboratOlY roll under si mi lar opcrati II!! C(JIll! it iOlls 

K is a COllstant which is 0.9 ('or rolls less than I.SIll IOllg allli (l.XS Ill) l1li lis ovcr 1 . ."111 
IOllg 

('hoosing 

K:", 0.93 

D:=- dcrusher 

E2 :== I \.5 . W 

So, 

E .CO [( 1.64· L - 1) . K + 1] . (1.64· D)25 . E2 
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1 , 
J 

3.3.3 SpccUica(ioll (~ll1lixcl' 

(li\'cn tllHt thc amollnt of Illateri<l\s in thc mixer is 

l\ilass ill kg 

'v\':ltn :-:-' 5 ,OOOG 

Fats 0, 1900 

( 'arbohydratcs 10,1400 

Fiher 3,0000 

Potassiulll 0,3230 

Phosphor Il.04 i H) 

Sodiulll 0,0.150 

( 'alciull1 0,0270 
IlvI := I' kg 

fVlagllcsilllll 0,0 J 50 

"Vitamin C" 0,009.1 

"Vitamin A" 0,2010 

"ViI.ullin II G " (j,OOOI 

Ni[lcin (LOOO9 

"Flllic acid" 0,0 I ,10 

"Dirty IHlIticlcs" 0,0000 

Additives (j,O(JOO 

The avcrage dellsity urthe mixturc in the crusher is cnlculated thus; 

The volume is 

IM 
vlIlixer:= -

Pay 
3 

Vl11ixer ' .. ~ 3,613 III 

Assuming Owt the mixing tank is cylindrical, this illlrlics lImt 

~ 

V = 7{ , r~ , h (Mathematical Four Figure Tahles) 

awl si nce 
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tl
2 

V 'c 11 0 -- • h 
1\ 

I,d h c-:o pd, where k is a ~onstal\t 

~ubslitulil\g ror \1, 

1 dO 
V 1l 0 _.( p o d) 

·1 

1 

l\oV o"p olI 0d 

Making d the subject or the rormular 

a~~lI\1ling that r :" 1.05 

From 

h
11l

ixer:== p . dmixer 

The area or the dilution lank is therefore. 

hlllixer' \ 071 R 111 

I· 
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3.3.4 Srec(/iw(iol1 (~r titTer 

Mass ill kg 

\\'alL'r 

Fals 

( 'ailHli1ytiralcs 

Fiher 

Polassium 

Phosphor 

Sodiulll 

Calciu111 

t\ lagncsiunl 
Mi :=-

"Vilaillin ('" 

"Vilanlin.'\ " 

"Vitamin B () " 

Niacin 

"Folic acid" 

"Dirty pmt ieles" 

Additives 

/\IIlOllllt or \vater ill ICed, water_in:== Mi 
I 

I hy solid in ICed, solid :== LM -- "\ 

Waler contcnt in product. water.out :== tvl" 
I 

lienee. \vtlll'r removed in the dryer is 

water removed :c-: waler in -- water oul 

Inlet air temperature, 'l'-a·,':== (100 + 273)· K 
" I 

Outlet air tcmperature. Toair:= (29 -I- 273)· K 

2.15.00()() 

O. I <)()() 

10.1 !JOO 

:I.()OOO 

0,32J0 

0.0440 

0.0350 

0.0270 

0.0150 

0.00<)3 

0.2010 

(J.OOO I 

0.0009 

0.0140 

0.0000 

0.0000 

Inlel temperature or reed, Tj['ccd:'" (31 + 273)· K 

1 )isehar~c temperature, Td := (63 -I- 273) . K 

, 

. kg 

J\sssulllillg that the Number of T1'ans[er Units (NTU) is 

NTlI:-= 1.5 

1 Ising the relatiollship of the NTLJ which is, 

NTU '" Inl1t.::::.g_1 _--_l_wn 
[tg) - twJ (Joshi, 2(02) 

44 

f\1ass (lut ill kg 

1"K)~') 

0.1 ')O() 

1 (ll ,100 

.U1O()() 

(LillO 

().OI/J() 

(lin ~() 

0.0270 
Mo :-" 

()O 1 ~() 
\ 

O.O()'),I 

0 .. ')01 () 

().O()OI 

O.(H)!)') 

0.01 riO 

(l.OOOO 

3.2T7() 

Willer ill c- 235.0() 1 kg 

\ 
solid --- 3.:n7" III k:~ 

water out - ·1" .IP3 kg 

waleI' 1'C111()vcd 1 Xl).17X kg 

. k!! 



(exp(NTU)' tw l Igl - tW) 
I,,) :~ .. -----.-.-.----.-,-.---
,,-- exp( N 1 U) 

The CIlCll!,)' balance has shown thallllc lolal encrgy rcquired to raise lhc product to the 

discharge lcnlpcralure is 

Ii kJ 
()l :-. 2,193 x 10 .-

day 

The Log Mcan Tcmperalure Di [Tercnce (LMTD) across thc dryer, A1 111 , is 

"'Inl :' 

AIm'"' 1\ 5 ,<)() 1 

Amollnt ur air required is calculated lIsiJlg the rclatiosilip 

(It ,. 1'vI, (' . A\ 
l' 

l,ivCIl that 

() k.l 
(.\ C~ :Z,I(n x 10 -

clay 

k.l 
c):~ 4,IR7· ---

1 kg, K 

AT '.- T- ' .- T ' ,-- lair naIr 

So, 

Vt 
1\1, 'c= --

all" (c 'i\T) p' 

Irthc velocity orair is takcnto be 

v '- 2 () 102 kg air ,-- " , ---2 

day' Ill' 

Area 0 r dryer is thus calculated to be 

['I'I air 
Adrycr:= -

Vail' 

45 

1 kg 
1'1'1 air = 7,377 x 10 .

day 



Using the formula for tile area of dryer which is 

2 
;\ dryer'" 11 • rdryer 

where )\drycr is the area of dryer 

rtltycr is the radius of dryer 

If ddrycr is used to denote the diameter of dryer. 

f 1drycA
1 

I\dryer =' rc . \-2-; 

2 
ddrycr 

1\lrver ~ J{ . ---
. 4 

1 

" . ;\dryer == J{ . ddrycr~ 

2 4· Adryer 
ddryer .,., ----

11 

The diameter of dryer is thus equal to 

4· Adryer 

1T 
d dryer == 5.69 I III 

Length ortransler unit hn~ becn rclated to mass velocity and diameter by the f()IIm.ving 
relation. 

LTlJ =c: 0.00064· Cp . (G)084 . ddryer (Joshi, 20(2) 

where G is the mass velocity which is equal to G >" IVair' thai is. 

So. 

kg 
G =: 290-""=::'--

2 
day· 111 

LTtJ :== (l.00064 . -. -.p . -- . dd' c ~ G )0.84 
~~ ~L lyer 

kg K day.m2 

LTlJ "" I. ?SSm 

Length of the dryer calculated from the formula which is given as 

"dryer:== LTU . NTU 

I, 
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3.3.5 SI'L'('~/icllti(}1I (~r grimIer 

(liven the amollnt or materials in the grinder to be 

Mass ill kg I h'l1sity ill kglill \ 

Water 45.R229 IOOIl 

Fats 0.1900 l)70 

( 'arh(]hydratc~ IO.lfIOO (,~W 

l'ikr 3.0()O(J 1 1 jO 

PutassiulIl 0.3 no R60 

I'hllSphor 0.04'10 11W) 

SodiUlIl 0.0350 
<)70 

( 'rilcillill 0,0270 
,~~() kg 1\., :,~ . kg 

Magnesium 0.0150 p :-
, 7'10 \ 

III 
"Vitamin e" 0,0093 

1207 
"Vitnllli II A " n.20 I 0 

10<;9 
"Vitamin B G " 0.0001 

I(H~ 

Niacin (),()OO9 
12()() 

"Folic acid" 0.0140 
I 'L~() 

"Ilirty particles" 0.0000 
I _,00 

Additives 3.?l70 
I-)b() 

The average dcnsity ofthc materials in thc grinder is calculated as 

k" 
Pal' ,)(iR.RG·':::: 

So, the volumc is 

V ~rill(lcr := 
P av 

\ ' 0,9_14 Ill' grinder c-

The volllille given is the volume of thc grinder without cOllsiderillg the \oitlllll' th~lt \\'ill 
be 

occupied by the rolls. Considering thc rolls, the volume of the grillller occnpied hy the 
rolls can 

be 11;"(~n r,ll.' 

Vee: (d· L'- S) 

2.% . s' I 

(PCtTy, 1998) 
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where 

o is the apparentcapacity of the grillder in cl1l-~/Il~iJ1 

d i!.; thl~ distallce between the rolls, CIlI 

L is the length orro\ls, em 

sis the peripher,d speed, cm/mi n 

No\v, it' 

d :-. <; " . CI11 

I ' . -- 6.:'i . el11 

CIll 
S:7 27:;00·

III III 

(el - L' - S) 
Q",illdcr :'- -

r 2.9G. s I 

The (o!al volume or (he grinder is thus 

V-lgril1cler:= Y grinder -I <)grineler 
\ 1. _ _ ,- () !) j<) 1111 

I grinder . . -

i\sSlll11i lIg that the gri nder is cy lindrical, this il11 plies that 

and. sillce 

d 
r -- --

2 

el
2 

Y·~1T·--h 
4 

J ,et h ,cc pd, where p is a constant 

substituting for h, 

el
2 

Y = 7r . - - (p . el) 
4 

3 
4,Y=p·7r·el 

(Matilc1ll(ltical Four Figure Tables) 

Making d the subject of the forl11ular 
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,Jssu1l1ing that p:c= 1.83 <lnl\ knowing that V 1grilldcr :'C v1'gtindcr 

I"rom 

The area ofthe grinder is thcrefore, 

l\grillt\cr' :;.:; 1.\ Ill' 

The pO\ver req ired by the grinder is gi veil as 

(Perry, ll)l)R) 

where 

F is til!: net power to drive thc grinder shan 

I, is the inside length oCthe grinder, III 

D is the mean inside diameter or the grinder, 111 

E2 is the net power used by a laboratory grinqer shalt ullder si mi lar opcrati Ilg c()lIdili OilS 

K is a constant which has value 0.9 for grinder shan 

Takillg 

L = 1 x 10 

K:'" 0.9 

, , 
'm 

I)." II . , .. ' grinder 

As such, 

E =- l ( 1.64 . L - 1) . K + 1] . (1.64 . 1))25 . E2 
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3.3.6 Specificatioll (~l s;el'e 

(liven that the amollnt or materials in the sieve is 

Mass in kg Dellsity ill kg 'Ill 
1 

Water 45.8229 10(1) 

Fats 0.1900 (no 
Carbollydrates 10.1400 

()~w 

Fiber 3.0000 IU() 
l'ot<lssiull1 0.3230 

R()O 

Phosphor 0.0440 IR20 
Sodium 0.0350 <)70 

1~50 kg 
p :' 

I 7 tI() 1 
III 

( 'alciuIll 0.0270 
M := . kg 

I'vl agnesiull1 0.0150 

"Vit;unin COl 0.0093 
1207 

"Vi tami 11 A " 0.2010 
IO~9 

"Vitamin B G " 0.0001 
I(H5 

Niacin 0.0009 12()() 

\ 142') 

I:iOO 

"Folic acid" 0.0140 

"Dil1y particles" 0.0000 

Additives 3.2370 
1266 

The average density ofthe mixture in the crusher is calculated thus; 

Pav :'" 

f'1\ . r' \ + M 2 . P 2 + M 3 . P 3 -\- M 4 . P 4 + M 5 . P 5 -I M (, . P 6 -I M 7 . P 7 + MR' P R I rvl') . p I) .. )~ 
~. !'vi \ () . P \ 0 + !'vi 11 . P 11 + M 12 . P 12 + M 13 . P 1)\ 'M \.\ . P \4 I !'vi 15 . P \ 5 I l'vI\ (I . I~~. ______ _ 

The volume is 

V sieve :cc -
P av 

AssLlllling that the mixing tank is cylindrical, this implies that 

V = n ... 2. h 

and, since 

d 
r =

') 

"-

v=n.q)2. h 

50 

III 



'J 

d' 
V it· --.- . It 

4 

I,c( \1 pd, where k is a constant 

substituting ror \1, 

d2 
. v,: T\ . -- • (p . d) 

{I 

.\ 
,I . V -' p . Jt . d 

j\,laking d the subject or the ror1l1ular 

d ." fL~~) \ 
\k. it 

;lsslIllling that p> I.OS 

dsicyc> ~ . VSiCYCJ:1 

P'11: 

From 

The area orthe dilution lallk is therefore. 
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3.3.7 Detail Desigll (~r J)q'er 

3.3.7.1 Clremicall!"Ilg;Ileerillg Desigll (~r Dryer 

Mas~; in kg Mass ou( in kg . . I I \ Dc.:I1S1ty III '~g"" 

Water 235.0006 
45.X229 ' , O(H) 

O.19()() 
970 Fats O.llJOO 

10.1400 6RO Cmbohydrates 10.1400 

Fiber 3.0000 
3.0000 III() 
0.32.10 

R60 Potassium 0.3230 
0.0440 

IX2() Phosphor 0.0440 

SodiUIll lJ.0350 
(U)YiO 

(nO 

0.0270 
'S~() kg Calciul1\ 0.0270 !'vl o :'- - kg 

rVl i := . kg 0.0150 p: 
I 7/fO 1 1\1agnesiuI11 0.0150 III 

"Vitamin CIt 0.0093 
(l.OO93 

1207 

"Vitamin A " 0.2010 
0.20 I 0 

1059 

"Vitamin B G " 0.0001 
0.0001 

IIHS 

Niacin 0.0009 
0.0009 12()() 

"Folic acid" 0.0140 
(J.(1I ,to 

I,P9 

"Dirty particle'S" 0.0000 
o . lJ() ()() 

130() 

Additives o.onoo 3.2370 
12(iG/ 

(

I .. P I I M· . (17 + M· . P3 + M· . P,I \- M· . r'i I M· . P6 I M· 'P7 I 1\1· 'I'x I !'vIi' (''I ") 
I I 12 ,- 13 I., I S 1(, 17 I ,~ \j 

1M· ·PIO+M· ·I'II+M· ·Pll-IM· ·Pu IM · ·PI4-11\1· 'PI~II\Ji 'I'll' 
110 III 112 113 11.\ 115 1(' 

P av :" --- --'--------,---------------- --'--,---,--- ----' 

(l>0 
m 

Amollnt or water in leed, water in :" M· 
- II waterill = 2YiOO I kg 

J)ry solid inked, solid:= 'M - M· L.. I, solid ~, (l69,71 kg 

Water content in product, water out:= M - 0, water _out'" 1S.X2.l kg 

IIcnee. wa(er removed in the dryer is 

water_removed := water_in -, waleI' oul water removed - 18'), I 7R kg 

Inlet air temperature, Tiair := (100 + n3)· K 

Outlct air tcmperature, Toair:= (29 + 273) . K 
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I II let ten I pcmt ure 0 r feed, 'Ii ICed := (3 I 1 27'\)' K 

I )ischargc temperature, Ttl := (6:\1 273)· K 

i\sssumilig that the Number OrTrallSfer Ullits (NTU) is 

N III :- 1:'1 

llsillg the relationship oCthe NTU \vhich is, 

(Joshi, 20(2) 

Ig I : - .\ iair 

(cxp(NTU) 'Iw l Igl" tw) 
I). -----.--------
g~ cxp(NTU) 

The energy balance has shown that the total cnergy required to raise the product t(l the 

dischmge temperature is 

I) k.J 
0t: 2.193x 10 .-

day 

The Log l\lcan Tempcrature DiJlcrcllce (LMIU) aclOss the dryer, A1111' is 

Amount or air required is calculated lIsing the rclatioship 

o c-. rvl . C . sr 
'I p 

(,iven that 

(, kJ 
Vt := 2.193x 10 -

day 

kJ 
<',):= 4.187·-

kg· K 
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If the \'c.\oeity of air is taken tu lw 

1 kg 
vair:- 2.9· \0" . ~ 

day' n( 

Area or dryer is thus ca\c.ulated to be 

t J sing the f a rill ula [or the area of dryer which is 

whCle Adryer is the area or dryer 

ldl)'l"r is tile radius or dryer 

If drll\er is used to denote the diameter PI' dryer, 

~\drye0' 2 
" -)t.--, dryer - 2 

2 

ddrycr 
1\lrvcr 'co J{ . -

J 4 

The diamcler or dryer is thus equal to 

Length of transfer unit has been related to mass velocity and diameter by the fo\lowing 

relation, 

LTU -= 0.00064 . C:-, . (G)084 . ddrycr 
(Joshi, 2002) 

where G is the Illass velocity which is equal to G:= v . ,that is, atr 

" 
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I 
I 
I 
I 

I 
I 
I 
t 

1 

j 

I 
I 
! 
I 
I 
t 

So, 

kg 
(; -, 29()-' --

2 
day' III 

LTlJ :'= O.O()064 . -p_. -- . ddry'cr C C G )0.84 
-~~, -.~-
kg-K daY'I'/ 

LTlJ co 1.7R51ll 

Length oCthc dryer calculated Crom the formula which is givcn as 

I ',- I 'I'Ll· NTlJ 
dryer'" Ldryer - 2.671\ III 

3.3.7.2 MedulIliclll Engineering Design of IJlyer 

I. Flight design: 

Radial height is taken as 118 of diameter, 

That is, 

. ddrycr 
Radial helght:-= -.-

R 

2. Tit idOl ess of {byer: 

Let x bc thc thickness of dryer. 

(I3rownell and Young, 200J) 

I, 

(Brownell und YOllng, 200\j 

Mild stcel can be uscd since it call withstand tcmplTature up tn 20(lO(', 

kg 
[)ensity.ol steel :== 7688.86 . --.::. 

. 1 
n!' 

( D 2 D ~ 
VnlullleoCmild_steci == ~ • ~- -, 1T • +) . L 

Since D2 == DI + 2 . x 

Volul11c_oCmild_stecl == 1T ' D· L· x 
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;\SSUII1C x :cc 15· 111111 

\V I '"CC 1I . d I . L I ' r' X· Delisi!)' of sted (Iyer' l ryer l rye: .. - _. 

;\SSll!lle hold up 01'0.2, that is, Iwld liP: (l7 

Vol\lme of dryer tilled with material is given CIS 

7 
V r ;Cc 71 . ddryer" . Ldryer . hold lip 

\'1' q I') 1111' 

Weight of material at any time, \Va!:- Vr · Pav 

The dryer is supported over two-tension roll assel\1blies, 201l apart. It i~; lllli !\l\Ill 1\ 

distributed load. 

(Brownell and Y OUllg, 20m) 
1\1"111 

1 X IX 
\ 

11) I,,, 111 

3. Diameter (~lt"efeed pipe: 

LMj 
Feed rate. F '", ----I' . 

day 

Density of feed, P av := 988.()56 kg 1lI-
1 

kg 
F ."0 10.:n5 ---

1 hI' 

I, 

Fr 
lienee, volumetric Iced rate, Vdryer:C"O -

P <IV 

(Bwv,llell and I' oun!!. :)()()l) 

;\ssuming the velocity or air, vel· '0 150.~· 
air' hI' 

v drvcr 
Cross section offeed chute, A ' • chutc'''" ---

vd air 

Diameter or feed chute, d I t '= c IU c· 
1I 

Achute·4 1 ____ \' 
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I 

3.4 ECONOMIC ANAL YSIS 

Calcu/atio1l (~r Equipmellt Costs 

(lcncrally. thc equation for the purchased cost or cquipment is gi\'cll as 

Ce'~ C . s" 

whcre Ce = purchased equipment cost 

S = characteristic size parameter 

C = cost const dnt 

n -= index for that type of equipment 

I, 

1'lIfcJIllsed Cost of Waslter 

The cost or carrot washer is given as 

Cc"" c· S" 

From the selection of the equipment, the volutne orthe washcr was c,t1ClIllIkd 10 \1(' 

V '-4()1' 3 washer .'- . - 111 

So. 

( , :'" 240() 

Vwasher 
S:=' ---

3 
1\1 

s =-,4.[)3 

I, 

From Richardson and Coulson's Chemical Engineering, page 25R, 

So. 11'0111 the cxpression. 

( 0, C S" ewasher:-' ,'., 

The cost 0 r the washer is, therehxc, 

Co.'It (~r cl'lIslter 

The cost 0 r carrot crusher is given as 

Cc == c· S" 
I, 

From the selection of the equipment, the volume of the crusher was calculated to be 

So. 

3 
V crusher:== 3.6 I . III 

C :== 2400 
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1 
j 
1 
f 

V crushcr 
s:", ---

.1 
m 

I, 

s =-' 3.6\ 

From Richaruson and Coulson's Chemical Engineering, page 25R, 

11:'" 0.60 

So, from the expression, 

" 'co c. S" 
(ccrllsllcr' 

The cost of the crusher is, therefore, . 7 \" CCcrushcr'~ 7. 77 x () n<1I1:1 

I, 

Cost of mixer 

The cost ofl1lixer is given as 

From the selection ofthe equipment, the volume of the mixer was calculated to be 

\ 1 '- 1 (j \. 3 mixcr.-- .. J m 

So, 

c:= 2400 

Vmixcr 
s:==--

3 
111 

s = 3.6\ 
I, 

From Richardson and Coulson's Chemical Engineering, page 258. 

11 := 0.60 

So. from the expression, 

(. Co, S" \. cmixcr := . , 

The cost of the mixer is, therefore, CCmixcr c" 7.777 x \ ()' naira 

The cost of uryer is given as 
I, 

Ce == C . S" 

From the sci ecti 011 of the cquipmcnt, the heat transfer area 0 r the dr\'er \Vas ca Iculalcd 
to bc . 

A '- 2) 44. 2 dryer'- . . m 

So, 
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. ''\Irycr 
S :~c -----

2 
III 

From Richardson and Coulson's Chemical Engineering, page 258, 

11 :cc 0,53 

So, ii'OIl1 the expression, 

. (' s" CCdrycr:'" .'. 

The cost urthe dryer is, therciore, 

Cost (~(gr;l1dl!f 

The cost of grinder is gi ven as 

Cc ,= C . s" 

From the selection orthe equipment, the volul11e of the grinder was clI!c"la1l'd \11 k 

So, 

3 
Vgrilldcr:"" 3.11 . 111 

C := 2100 
I. 

s~':u I 

From Richardsoll and Coulson's Chemical Ellgineering, page 25X, 

II :'0' O.GO 

So, from the expression, 

l ' (' s" l'grinder:== .'-

The cost orthe grinder is, therefore, ('Cgrilldcr' c 7,111 Y IO'llail:t 
I I 

Cost of sieve 

The cost of sieve is given as 

Cc == c· s" 

From the selection ofthe equipment, the volume of the sieve was calculated to he 

3 
Vsieve:== 3.10· m 
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So. 

S :-
1 

III 

S=,I.IO 

From Richardson and Coulson's Chemical Engineering. page 2SR. 

II :-0 (l.GO 

So. JI-OI11 the expression. 
" 

" ',-- c. S" ( (sieve' - . 

Tile cost or (he sieve is. lhercf(llT. (', 1.()')X - I i1llail<1 C~;ic\L' 

The total cost oj'eqllipment is, therefore, givcn as 

The purchased equipment cost is the total cost ofcquipment and is derined as thus: 

I. 

/:'.\·til1lllliOIl of Capital /i'l'estlllellt Cost 

I. Direct Costs 

A. F.quiplllcnt 1- inst(lll(ltion -I- instrumentation + piping -I- electrical + insulatioll 1 paillting 

I. l'urclwsed equipmellt cost (pEq: 

The purchased equipment cost (PEC) "-.. total cost of equipment. 

I.e., 

I. 

2. Illstallatioll, i11c/lidillg ill.mla/ioll alld paintillg: (25-.55% or pmchllscd 

clJui pl1lcnt cost) 

Considering the installation cost to bc 40(Vc) of purchased CqUiplllCllt cost 

i.e., Insta:= 40% . PEe 
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3. Illstrumelltatioll amI COli troIs , installed: «()-30(YtI of purchased equiplllcllt c()st) 

Considering the instrumentation cost to be 11 (~-o of purchased cquipment cost 

I.e., Instr:= 11%· PEe Instr c, 6.5()(j/ 10' n,lil a 

4. Pipillg illstal/ed: (10-80% of purchas(::d equipment cost) 

Considering thc piping cost to bc JOo;;, oC purchased equipmcnt cost 

I.e., Pip :,.= 30%· PEt' Pip' 1.77,1>: lO"lIair" 

5. Electrical, ills/ailed: (10-40% of purchased equipment cost) 

Considcring the electrical cost to be 15% orpurchascd equipmcnt cost 

i.e., Elect:= 15(~,,· PEe 
Elect - 8.872.v IO\aila 

So, the cost or equipment, installation, instrumentation, piping, electrical, insulation 
and 

I, 

pai nting is given as 

CA:~ PEe -I Instn + Instr + Pip'- Elect 
C;\ -, I. IS') x tOinair;] 

B. Buildillgs, process {lmlauxiliary: (IO-70(Vt, of purchased equipment e(l~,t) 

Considering the buildings, process and auxiliary cost to be 20% or purchased 
equipl1len~ cost 

Le., Build := 20% . PEe 
Build = 1,183 x I ({'naira 

C. ,\'erl'ice jilcilities amI yard i iIlprol'C mell/s: (40-100% or purchased 

cquipmcnt cost) 

Considering the cost of service facili ties anG yard improvement to be '50% 0 r 
PEe 

I.e., Servi := 50%· PEC 
Scrvi 0-' 2.()S7" I 0" naira 

D. Laud: (1-2(% or fixed capital investment or 4-8'Y<l or purchased equipment cost) 

Considering the cost of land to be 5% ofPEC 

I.e., Lan := 5%· PEC 

Lan = 2,957>< IO'naim 

Thus, the direct cost is equal to 

Direct_Cost:= CA + l3uild + Servi + Lan 
Direct Cost ,-" I ,60l" l07naira 
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II. I"di,.ect costs: expenses whidl are not directly involved with material and 

lahour or 
actual installation or complete l~lCility (15-30% of fixed capital invcstll1Cl\t) 

A. E"gineering ami supervisiol1: (5-30'1() of di rect cost) 

Considering the cost of engillccring and supcrvision to be 13% or direct l'ost 
I, 

1.(' ., Fngill:c- 1:\%. Direct Cost 

B. CO/l.\t,.lIctioll expellse awl cOl1tl'adol"sfee: (6-30% of direct cost) 

Considering the construction expense and contractor's lee to be lSI!,;) or direct 

cost 

I.e., Const :,~ 1 5 'Yo . Direct Cost COllst =' 2.404 x 1 0(' Ilai~a 

C. COlltingellcy: (5-15°;() of di red cost) 

Considering the contingency cost to be 7~~) orfixed capital investment 

I.C., COllti := 7%· Direct (:ost I, 

Conti :~ 1.122" I 0" nail a 

lhus, indircct cost is equal t(' 

Indirect Cost:- 1':l1gil1 I CUIlSI I Conti l11d i rect (\ ,st 
{, 

~.(" J III nail:! 

Ill. Fixed Capital 'I1l'estmellt: 

Fixed capital investment tl) be Direct cost -\ Indirect cost 

I.C ., Fixed ('I :'" DircctCost I Inliirect ('ost 

IV. JVo,.king Capitlll: (11-20'Yo of fixed capi tal investment) 

I.e.. Working_C:= 11%, Fixed CI 

J< Total Capitlll Illvestmellt (TCI): 

Total capital invcstmcnt to be Fixed capital investlllent I Working ('apit;t\ 

I.e., 

Total ('I = 2.,102 x 10
7 

naira 

I' 
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Estimatiol1 (~rl'(}tall'l'Odllctioll Cost: 

I. Malll~f{lcturil1g Cost to be Direct production 1- Fixed charges I Pla\l! ovcrhcml cost 

A. Fi\ed C/rarges: (10-20% of total product cost) 

I, 

i. Dcpreciatiol1: (This depends Oil li[e period, salvage value and Illcthod or 
calculation 

_ about 13% ofFCl for machinery and equiupl1lcnt and 2-Y/~J of building valul' 

for 

buildings . ' COllsiuering depreciation to be 10% of Fel [or lll<lchmery and eqlllpment ami 
3%01' 

building value [or buildings) 

I.C., LJepre:= 10%· Fixed_ Cl + 3'Yo' Build Depre == 2.199 x I (t naira 

ii. Local Taxes: (1-4% of fixed capital investment) 

I, 

COllsidering the local taxes to be 3.5% of fixed capital invcstmcnt 

I.e., Tax := 3.S'Y,,· Fixed CI Tax=7.574x IO'naira 

iii. II1surallce: (0.4-1% of fixed capital investment) 

Considering the insurance to be 0.6<Yo of fixed capital investmcnt 

I.e., lnslIr:== 0.6% . Fixed Cl 
lnslIl' == 1.298 x 10

5 
naira 

;1'. /lCl1t: (8-12'Y<J of value oflixed capital investment) 

Considering rent to be 10% of value of fixed capi tal investment 
I, 

I.e., [{en:== 10%· Fix('d~CI 

TIlliS, fixed charges is given as 

Fixed := Deprc -I- Tnx -1 lnslir + ReI] 
Fixed, 5.251 x 10(' naira 

Considering the fixed charges to be 15% of total product cost 

that is, 

Fixed_ C == 15% . TPC 

making total product cost, TPC, the subject of the formula, 

Fe 
TI'C ==--

15% 
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Fixed 
'11'(' := ---

15°1., 

II. lJil'(!ct Prodllctio/l Cost: 
I, 

i. RaJI' materials: (l 0-50%, orlolal product cost) 

\ 

Considering Ihe cost of raw materials to be 15% orlotal product cost 

Raw llIal: cc 15%· TI'C 
Raw Illal cc 5.251 x 10(, naira 

ii. Opemtillg Labour (01.): (10-20% ortola1 product cost) 

('o]lsidering thc cost of operating labour to be 101
/;) of total product cost 

Oper!,:= I O'!;, . TI'C Oper!,'c 3.5 x Id'naira 

I, 

iii. Direct Superl'i.\'(J/Y amI Clerical Labour (lJS & CL): (I 0-25'~;, of ()\ ,) 

('ollsiderillg the cost for din;ct supervisory and clerical I:lholll 10 Iw I SO;, III 
OL 

DireS :-- IS'!··;,· Oper!, 
DireS 5.:?51:-~ IO'llaira 

il'. Utilities: (I 0-2(r>~ of total product cost) 

Considcring thc cost or utilities to be 12.5(Yr, oftotal plOduct cost 

Ulil:== 12.5%· TPC 
Util == 4.375 x I ({' naira 

", Maillte11flllct! allll repairs (ftf & R): (2-10% of fixed capital invcstllll'llt) 

Considering the maintenance and repair cost to bc ).7(!'~, or fixed c;lpital 
invcstmcnt 

Mainl:"" 3.7');,· Fixed CI 
f\ lainl R.()()7 x I ()" naira 

I'i, Operatillg Supplies: (10-20% or M & R or 0.5-1 % of FC!) 

COllsidering the cost of operating supplies to be 17% of M & R 

OperS:= 17%· Mainl 

l'ii. LlI/Jo/'lltory Charges: (10-20% orOL) 
I, 

" Opel'S '" 1.36 I x I () naira 

Considering the laboratory clunges to he 15 lyo of ot 

Lab:= 15%· Opel'S 
Lab .= 2.tH2 x IO·ln<lil<l 
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.. iii. I'atellt (Iml Royalties: (O-6S';) of total product cost) 

Considering the cost of patent and royaltieB ,to be 4.5110 or total product cost 

Paten ;Cc 4.5%· TPC 
Palen C~ 1.575 x I d'naira 

Thus, direct production cost is 

Iwe:=- Raw __ l11at + OpcrL + DireS + Util I Maint + Opel'S I Lah I Palen 

DPe", 1.6IS" I07naira 

C. 1'1(1111 Ol'erflelltl Co.'~ts: (50-70% of operating labour, supervision, and maintell,lIlce 
or 

5-1 Y% or total product cost); includes for the following: general plant upkeep and 
overhead, 

I, 

payroll overhead, packaging, medical services, safety and protection, restaurants, 
salvage, 

Plant:= 55'%· (OperL + DireS I- Maint) 
Plant =- 2.654 x I O<i naira 

Ivlallufacture cost = Direct production cost 1- Fixed charges 1 Plant overhcad cost 

I\lalluf := DI'C + Fixed + Plant 
Manllf = 2.409 x 10

7 
naira 

II. Gelleral E.xpellses = Administrative costs -I- distribution and selling costs I. 
I' 

research ' 

and developrnellt costs 

A. Adl11illi'llratil'e costs: (2-6% ortotal product cost) 

Considering the administrative to be 3(YtJ or total product cost 

Admin := 3% . TPe 
Admin = 1 J)5 x I 06 IJail a 

/1. Di\lributiolllllltl Selling Costs: (2-20% oftolal product cost); includes costs 
/01' 

sales offices, salesmen, shipping, and advertising. 

Considcring the distribution and selling costs to be l((Vo ortotal product cost 
I, 

Dish':= 11%· TPC 

Distr = 3.85 x I (/' naira 
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C. U<,s/'{fr('h lIlId Developmellt ('osts: (about, )0/c) oftol<d product cost) 

COllsider illg t he research and develop! 11 ent cost s to he :V~,;) 0 r tot:]1 prod lIet ('(l~;t 

Rcsca>' 3% . TI'(' I{csca ... 1.0) v I (J" Ilail a 

Thus, gelleral expcnses, 

CiCllcr:'" i\dmill I- Distr + Rcsl'<! 

HI". Tota/Prot/uct Co.'11 = Manufacture Cost I (Jeneral Expenses 

Tiltal pJ(ld cost : .. l'vialluf I C'clll.'r 

J: Gross ElIl"llillg,\J/II('ome: 

The selling price of carrot powder is cqual to N75 pcr kg 

Ilaira 
Sellil1!!, plicl' :·c 75· 

kg 

()U<1lltity produccd : .. IOI()O'I(>.()j . kg 

Total IllCOJl1C C Sellillg price x quantity or pwduct tll<lIlUI;lctlllnl 

I.e., Total incomc:'"' Sclling.pricc . Qualltity produccd 

, , 

Gross i IICOlllC Total income - Total Product Cost 

I.e. , Gross Illcome:= Total illcollle ... ("PC 
(iross II!COIllC ·I.I} " 1117 n:lir:l 

i\ssullli Ilg the tax ratc to be 45% (comlJlon), Tax rale: ·15";, 

Net profit = Gross income - Taxes 

Taxes := 45% . Gross illcome Taxes.' I.S5 f \ y 10
7 

Iwil<l 

Net profit:= lIross illcomc" T<lxes 

Calculatioll (~f Rate (~f Refill'll: 
, . 

Net profit 
Rate of return = . IOO'Yo 

... - Total CI 

Thcrdi.m:, 
. Nctprofit 

Rate of return:= ---.-- . 100% 
.' - Total CI 

Ratc of return ,,9·1 .. 1.19 % 
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('alc"laliol1 (~r 1'1I.l'-BliCIi Period 

The p:\y-back period is calculated as the reciprocal ortile rate ur retllrn. 

'I'here fore, 

1 
Pay backpcriod :C~ -.----- . yr 

. Rate (If return . Pay hack pel iod 
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CIlAl'7ER FOUR 

4.0 RESUL7~~' AND DI,~'CUSSI()N 

4.1 f{ eSlllts 

The S1l111ntary or the resu\(s obtained Ii'olll this prujecl ~IlT as ~;llllll11;lrilcd ill 

the tables below. 

4.1.1 lIfaterilll Imlllllces' results 

Table 4.1 : Results or the lIIaterial and energy hal<lnces 

- -- - - --.----_.- ~--.-- .... - -.-----.-.----- .. --~-.- --_ .. _--- .- .-- ----_ ... "----- -._-_.-.------ - -_ .. __ ._--_.---- - -- --

Illput (kg) Output (kg) 

Washer 4229352.31 42124.14.90 

( 'rusher 4212434.90 4212434.9() 

1'\11 i xcr 4267196.55 42671l)6.)) 

I )ryer 4267196.55 4267196.55 

( ;rillder 1066799.14- 1 O(i67l)<). 14 

ScrCCller 1066799.14 I06679l).I/~ 

I, 

4.1.2 Equipmellts 5pec~ticatioll' results 

Table 4.2: Results or cquipments' specification 

L .~--~ ------ - ---- - -------- _.-- - ~- -. - .-
Area (m) Diameter (Ill) 11eight (III) 

------ ------_._--_._--------._---------

Washer 4.93 16.36 2.47 1.59 

Crusher 3.61 13.1 I I. 9 J I.SS 

Mixer 3.61 13.04 1.72 1.()4 

Dryer 25.44 2.68 5.69 , , 

Grinder 0.93 5.51 1.59 O.X7 

Screener 0.93 5.29 1.09 I.(H 

---- -------~.--------- -.--- ------ - -
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4.1.3 1:'COlIOI1I;(' ("Ht~r ... ;s' I'e.'illll.\· 

Tahk .. LJ: Re~lIlts of the eClllllllllic allalysis 

Eqlliplllen~ 

Washer 
" 

Crusher 7777(H) 

~Iixer 7777()!) 

Dryer ~()()()I()() 

Grillder 7 I 1 1 O() 

Screener 5915()()() 

4.2 /);.\'('II,,,,·s;OIr (~l Re ..... ulls 
I' 

The results or this project arc as shown in Tables 4.1, 4.2 and 4.3. As can be 

observed from the results. l"hk 4.1 shows the results material balances and Table 

4.2 shows the results or equipmcllt sped licatioll while Table 4.3 shows thc rcsults of 

the economic analysis of the production or carrot powder Ii'olll carrol. 

Table 4.1. which shO\\'s till' rcsults or material balances, reveals that matcrial 

entering the washer was 422t)JS2.J 1 kg whde the Illass or the material leaving the 

was calculated to be 42 I 24J4.t)Okg. Similarly. the mass or material entering the 
I, 

crusher was calculated to bc 4212434.90kg while the onc coming out of thc crushcr 

was 4~124J4.t)()kg. All the mass ill alld milss out ofcach equipmcnt arc prescntcu in 

Table 4.1. Obsen'ing the n:sults \ cry' \\1:11. it will be discovered that, in somc 

cql1ipments, mass in is 110t equal to mass out, even though it is a unit opcration. Thc. 

reasoll 1'01' this heing till' loss ellcoulllL'red in the equipment. 

Table 4.2 tllat which SIHI\\S the n:sult~ Ill'eql1ipments' specilication shows that 

the \olullle or the washlT Ill!' Ihl' carrut is ·L9.11l1 \ while its diamctcr 2.47111 and the 

I· 

heig.ht \\'t\H-""",tlculatcd 10 be I .Sl)1l1 \\hich linally gave the tolal Surl~lCC area of the 
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\\'asher t81'ic 16.3("11~ ror the small scale production of carrot powder from carrot. 

The dinH:nsions of all othL'r L'quipnll.'llts are sho\\'1l thus in thc table Crable 4.2). 

!lased on the si/es of the equipments. the costs were calculated and tabulated 
I' 

in Tnble 4.3. According. to the results. the cost of carrot washer was found to be 

9J7(IO() \\ hilL' that or crushL'I' \\ a~ I'(lulld to be N777700. As shmvn in the same table 

(Table ..t.3). the cost or mi\er. dryer. grillder and screener werc found to be N777700, 

N20()() 100. N7111 00 and N5 l ) I 5()()() respectivdy. 

The purchased equipment cost \\as calculated as the SUIll of the costs of all the 

equipmcnt to be N5915000. This. aner applying the standard method of costing as 

shown in the calculations or the economic analysis. the plant was found to have the 
II 

fixed capital investmcnt or N21 (,..t()()()O and working capital or N2380000. Thus, the 

total capital im'cstlllcnt was calculated to he N2..t020()()O. 

In conclusion. this plant has been fOllnd to be viable with the rate of return of 

94.34°/r, and payback period or at l1lost I.O(lyears. 
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CIIAPTI:'1l FIVE 

5,0 COSCI.l·,\·/OS ,·fN/) RECOilJilJENDATION 

5,1 COI1c1usioll 

The results or the projcct sho\\' that tile purchased cost of equipments was 

calculated to be N5l) 15()()(). Ba\l'tl ()n thl' further calculations, the project was found 

to havc Ii.\cd capital inH'stmcnt or N21 (,,,WOOO and working capital investment of 

W23XO()OO while the total capital investment was N24020000. 

In conclusion. this plant has hccn found to he viable with ~he rate of return of 

94.34°;() and payback period or at most I.O(,),ears. 

5.2 Recollll1lelltiatioll ,I 
In this project. the design or a plant for the production of' carrot powder using 

carrot \\as carried out 1'01' a small scale plant; it is. therefore, recommended that a 

large scale plant should also bc designed for the production of thc samc product 

(carrot powder) lIsing carrot. 

II 

I' 
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API'HNJ)/X 

/I: CALCULATION OF FLOrV OF AlA 11~R1ALS 

The !low or IIwterials were calculated lIsing the principle or 1<1\\' or C()f1sCI'v<ltiOIl of 

Il1ilSS which states that 

Illput Gellcratioll Output 1,()sS 

hlr installce, the weight leavillg Olle ullit to allother ullit will be c;dcIII,llcd ,IS 

()utpul Input I,oss 

Based 011 this prillciple, all the /low or Illaterials was calculated IIsillg spreadsheet, 

Tile weight percentages were calculated using the formula given as 

wI 
IVt% "'-'-'-- , I ()O 

Tutal wt 
I, 

where 

'.vt is the weight or individual compollcnt 

Total __ ,vt is the total weight of all the cOll1poncnts 

I I 

I, 
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