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CHAPTER ONE

1.0 INTRODUCTION

1.1 General Introduction

CARROT POWDER - proper name is Daucus carota. Queen Annc's Lace is
the ancestor of the carrot you eat! 1f you pull up a young plant the tap root is worth
stcaming and cating. It will be whitish, though, and not orange. Other common
names for this plant are: Queen-Anne's lace, Bees' Nest, Bird's Nest, Carot, Carotice,
Carvol, Wild Carrol, Yarkuki, Zanahoria Wild Carrot, Birds Nest Weed, l)cvilg
Plague.  Garden Carrot, Bee's nest plant, Bird's nest root. (wwu. herbal-

connection.com/Carrot.html)

Carrot is a vegetable, rich in vitamins and minerals, including the recently
celebrated carotene. Carrots are good for your eyes, and can help with night
blindness, and weak vision. They may also help to lower cholesterol, and prevent
some types of cancer. They are good for the digestive system, and may soothe
diarrhea and indigestion. Ongoing studies are proving this to be a very valuable plant,
uscful in many areas of alternative medicine, a few are Alzhetmer's, Crohn's discasc,
Yarkinson's disease, Asthma-preventive, most, types of-cancer, Diabetes, [.cukemia,
[V, Spina-bifida, Migraine headache, obesity, and much more, cven the common

v

cold. (www herbal-connection.com/Carrot.itml)

Carrot powder is a 100% natural product made from fresh specially grown
carrots rich in carotene. (Natural Canine)

The cost of using carrot powder is equal to or less than the cost of using ficsh
carrots. With Jess waste and more convenience, you will never have to grind, clean
up or refrigerate carrots again. Carrot powder takes all the hassle out of feeding

¥

carrots. (Natural Canine)

Carrot powder
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e contains distilled oils to help fight worms and parasites.

e supports the immune system and improve health.

e builds resistance to infections.

e improves the skin and coat.

e acts as an antioxidant.
e is casy (o store, needs no refrigeration, no spoilage.
improve stool consistency.

L ]
e is convenient to carry on road trips. Dogs love the taste!

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

[ ]
e hclps in the formation of blood cells.
i
1.2 Problem Statement
Design a plant to produce 1000 tons/annum of carrot powder from carrot
1.3 Aim and Objectives
The aim of this research woik is to design a plant to produce carrot powder

from carrot. This aim will be achieved with the aid of the following objectives:

o Selection of a better process route for the production of carrot powdcr

{rom carrot.

o Preparation of material balances

o Preparation of encrgy halances

o Equipment selection and costing




g

ABSTRACT
The design of a small scale plant to product 1000 tonnes/annum of carrot
powder using carrot was carried out in this project. The operations involved in the
production of carrot powder from carrot include washing of the carrot plant, dryving,
crushing, grinding and screening. The results of the project show that the purchased
cost of cquipments was calculated to be $39431.94. Basced on further calculations,
catricd out using MathCAD Professional the project was found to have a fixed

sapital investment of $144261.74 and a working capital investiment of $15868.79

while the total capital investment was $160130.53.

In conclusion, this plant has been found to be viable with a rate of return of

94.34% and a payback period of t.06years.

vi




iA  Scope of Work
The scope of the work is Jimited to process design to prepare the material
balances across the equipment, cnergy balances across the cquipment, selection of

[
cquipment and cconomic analysis for the plant to produce carrot powder from carrot.




CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 Carrot

Carrol is a hardy, cool-season biennial that is grown for the thickened root it
produces in its first growing season. Although carrots can endure suniner heat in
many areas, they grow best when planted in carly spring. Midsummer 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 for
winter use. They are rich in carotene (the source of vitamin A) and high in fiber and
sugar content. (Wolford and Drusilla, 2005) .
Botanical: Daucus carota

FFamily: N.O. Umbclliferae

g, 2.1 Carrot

Source: (www.carrolmuseum.com)

2.1.1 History

The Carrot was well known to the ancients, and is mentioned by Greek and
lLatin writers under various names, being, however, not always distinguished from
the Parsnip and Skirret, closely allied to it. '[‘hle'(]reeks - Professor Henslow tells us -

had three words: Sisaron, first occurring in the writings of Epicharmus, a comic poct




, N andd Flanhohose sed by
(500 B.C.): Staphylinos, used by Hippocrates (430 B.C.) and Flaphoboscnm. w: od by

Dioscorides (first century AD.), whose description of the plant applics accurately to
the modern Carrot. (wivw.botanical.con/botanical/mgmb/c/carrot24.hiu )

There is one kind of wild pastinaca which grows spontancousiyv: by the Greeks
it is known as staphylinos. Another kind is grown either from the root transplanted or
clse from sced, the ground being dug to a very considerable depth for the purpose. It
hegins to be fit for cating at the end of the year, but it is still better at the end of two:
cven then, however, it preserves ils strong pungent flavour. which it is found
impossible to get rid of {Wolford, 2005). 5

In speaking of the ricdical virtue of the first species (which is evidently the
Carrot., the second variely presumably the Parsnip), he adds, 'the cultivated has the

same as the wild kind, though the latter is more powerful, especially when growing in

stony places. (www.botanical.com/botanical/mgmly/c/carrot24.htinl)

The name Carota for the garden Carrot is found first in the writings of
Athenacus (A.D. 200), and in a book on cookery by Apicius Czclius (A.D. 230). It
was Galen (sccond century A.D.) who added the name Daucus (o distinguish the

»
Carrot from the Parsnip, calling it D. pastinaca, and Daucus came to be the olficial
name in the sixteenth century. and was adopted by Linnacus in' the cighteenth
century.

From the time of Dioscorides and Pliny to the present day. the Carrot has been |
in constant use by all nations. It was long cultivated on the Continent before it
became known in this country, where it was first generally cultivated in the reign of
Qucen Lilizabeth, being introduced by the Flemings, who took refuge here from the
persecutions of Phitip Il of Spain, and who, finding the soil about Sandwich
peculiarly favourable for it, grew it there largely. As vegetables were at that time |

rather scarce in England, the Carrot was warmly welcomed and became a gencral




favourite, its cultivation spreading over the C()Llilll‘y. It is mentioned appré‘ciutivcly by
Shakespeare in The Metry Wives of Windsor. In the reign of James 1. it became the
fashion for ladies to use its feathery leaves in their head-dresses. A very charming.
fern-like decoration may be obtained if the thick end of a farge carrot be cut off and
placed in a saucer of water in a warim place, when the young and delicate leaves soon
begin to sprout and form a pretty tufl of verdant green, well worth the slight trouble
citailed.

Its root is small and spindle-shaped whitish, slender and hard, with a strong
aromatic smell and an acrid, disagreeable taste, very different to the reddish. thick.
lleshy, cultivated form, with its pleasant odour and peculiar, swect, mucilaginous

flavour. It penetrates some distance into the ground, having only a few lateral

rootlets. (Scagate, 2001)

2.1.2  Description of carrot

The stems are erect and branched, generally about 2, fect high, tough and
furrowed. Both stems and leaves are more or less clothed with stout. coarse hairs.
The leaves are very fincly divided, the lowest leaves considerably larger than the
upper; their arrangement on the stem is alternate, and all the leaves embrace the stem
with the sheathing base, which is so characteristic of this group of plants, the
Umbelliferae, to which the Carrot belongs. The blossoms are densely clustered
together in terminal umbels, or flattened heads, in which the {flower-bearing stalks of
the head all arise from one point ir rays, like the ribs of an umbrella, cach ray again
dividing in the case of the Carrot, 1o form a sc':;:()ndmy umbel, or winbellule of white
flowers, the outer ones of which are irregular and larger than the others. The wild

'

Carrot is in bloom {rom June to August, but often continues flowering much longer.

The flowers themsclves are very small, but from their whiteness and number, they .

6




form a conspicuous head, nearly flat while in bloom. or slightly convex, but as the

seeds ripen, the umbels contract, the outer rays. which arc to begin with 1 to 2 inches
long. lengthening and curving inwards. so that the head forms a hollow cup henee
one of the old popular names for the plant: Bird's Nest. The fruit is slightly flattened,
with numerous bristles arranged in five rows. The ring of fincly-divided and leaf-like
hracts at the point where the umbel springs is a noticeable feature. (Wollord, 2005)
The Carrot is well distinguished from other plants of the same order by having
(he central flower of the umbel. or sometimes a tiny umbelule, of a bright red or
deep purple colour, though there is a variety, D. maritimus. frequent onmany parts of
the sea coast in the south of England, which differs in having somewhat fleshy leaves
and in being destitute of the central purple flower. In this case, all the flowers of the
head have often a somewhat pinkish tinge. There was a curious superstition that this
small — purple  flower  of the Carrot  was of bencfit in epilepsy.

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

2.1.3  Cultivation of carrot

The root of the Carrot consists of Bark and Wood: the bark of the Garden
Carrot is the outer red layer, dark and pulpy and sweet 1o the taste; the wood forms
the yellow core, gradually becoming hard, stringy and [ibrous. The aim of
cultivation, therefore, is to obtain a fleshy root, with the smallest part of wood. This
depends on soil and the quality and kind of the seed. (Scagate, 2001)

lor its successful cultivation, Carrot needs a light, warm soil, which has been
well manured in the previous season. The most suitable soil is a light one inclining to

sand, a somewhat sandy loam or dry, peaty land being the best. but cven heavy

ground, properly prepared, may be made to produce good Carrots. Formerly the.
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on of the Carrot was almost entirely confined to the light lan

cultivati
and Suffolk. (wyyw.botanical.com/botanical/mamhL ¢/carrot24.hitml)

The ground should be well prepared some months in advance; he
should be lightened by the addition of wood ash, road scrapings, old potting soil and
similar materials. 1t is essential that the seil be in such a state as to allow the roots to
penetrate to their full length without interruption. Previous to sowing the seed, the
soil should be lightly forked over. and, if possible, be given a dressing of lcaf soil or
well decayed vegetable matter, but no fresh manure must be dug into the top spit of

oround intended for Carrots and Parsnips, as it may cause the roots o become forked.

The crops will, however, benefit by about an ounce of superphosphate to the square

vard, raked in before sowing, or by a light dressing of soot. (Wolford, 2005)

Sowing of the main crop should be done in calm weather about the middle of

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

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

the hands or a fine chalf sieve. The sceds should then be mixed with about twice the

bulk of dry carth, sand or sifted ashes (about one bushel of seeds 10 4 or 5 1b. of

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

flat-bottomed drills from north to south, 1/2 inch decp and 3 inches wide. Distribute

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

\

covered too lightly, 1 inch of fine soil is quite enough, and for ordinary use they may
[
be sown in drills one foot apart, but if extra large roots are desired, more room must

be given between the rows. As soon as the young plants arc large enough to handle
they may be thinned to 6 inches or § inches apart. The thinning may be at first to a
distance of 3 inches, and then a f{inal thinning later, the second thinnings being used -
as young Carrots for culinary purposes. Frequent dustings of soot will greatly benelit

the crop. Light hoeings between the rows to kcep the crop free from weeds is all that
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is necessary during the period of growth. Partial shade from other crops is often

. . ey Y
found beneficial. (\\'ww‘botamcal.com/hotamml/m_szmh/c/g;_\_g rot24.himl)

Main-crop Carrois are generally taken up about the last week in October, or
carly in November, by three-pronged forks, and stored in sand in a dry place, where
they can be kept till the following March or' April Some of the roots dug in the
autumn can be replanted in February, about 2 feet apart, with the crown or head a few
inches below the surface. Leaves and flowers will spl'ipg from them, and the sceds
produced will ripen in the autumn.

BBy making successional sowings, good crops of small roots will be always
available. In gardens, Carrots are grown in succession of crops from the latter part of
lebruary to the beginning of August. For early Carrots sow on a warm border in
I'ebruary: such a sowing, if made as soon as the state of ground allows, will assure
carly Carrots just when fresh and quickly-grown vegetables arc most highly prized.
They will be off in time to leave the ground ready for other crops.

(www.botanical.com/botanical/mgmh/c/carrot24 . .htinl)

After a good dressing of soot has been given, Carrots may be sown again. and
cven then it feaves the room vacant for winter greens or cabbage for use next spring.
Sowing as late as July 1s generally successiul in most districts. Main crops are often
sown too carly, cspecially on cold soils. Carrots arc liable to attacks of grubs and
insects, the upper part of the root being also alltlacked by the grub of a kind of 1y, the
best remedy being late sowing, to avoid the period at which these inscets are evolved
from the cgg. Dusting with ashes and a little soot or lime wards off both birds and
slugs (rom the young tender growths.

Carrots are a valuable product for the farmer in feeding his cattle, and for this
purposc arc raised in large quantitics. The produce of an acre of Carrots in Suffolk is

on an average 350 bushels per acre, but sometimes much more. In the Channcl

[
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i - crops of Carrots ¢ Yarsnips arc obtained than are
lelands and Brittany, much larger crops of Carrots and Parsnips arc obt an &

yiclded in England, the soil being deeply trenched by a spade or specially-
constructed plough. Far more Carrots arc grown in I'rance, Germany and Belgium for
fodder than here. Horses are remarkably fond of Carrots. and when mixed with oats,
Carrots form a very good food for them: with a small quantity of oats or other cormn. a
horse may be supported on from 20 to 30 1b. of Catrots daily. In Suffolk, Carrots
were formerly given as a specific for preserving and restoring the wind of horses, but
they are not considered good for cattle if fed too long on them. They may also with |
advantage be given both to pigs and poultry, and rabbits arc especially fond of them.
The kinds grown for farm purposes are generally larger than those in the kitchen
garden and are known as Red Carrots, the more delicate Orange Carrot being the
3
variety uscd in cooking. Some farmers sow the seeds on the top of the drills, which 1s
said to be an improvement over the gardener, who makes his Carrot-bed on the flat in
the ordinary way. This ridge system gives good results the Carrots being clean and
well-shaped and free from grubs. The farmers reckon about 2 Ib. of seed for an acre-

for drills, and 5 or 6 Ib. if sown broadcast. For ordinary garden purposes, one ounce

of seed is reckoned to be sufficient for about 600 feet sown in drills.

2.1.4 Chemical constituents of carrot

The juice of the Carrot when expressed contains crystallizable and
uncrystallizable sugar, a little carrot, extractine gluten, albumen, volatile oil (on
which the medicinal properties of the root depend and which is fragrant, aromatic and
stimulating), vegetable jelly or pectin, saline matter, malic acid and a peculiar

crystallizable, ruby-red neutral principle, without odour or taste, called Carotin.
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Carrots contain no less than 89 per cent ol water; their most distinguishing,
dictical substance is sugar, of which they contamn about 4.5 per cent

(www.botanical.conV/ botanical/mgmb/c/carrot24.html)

Owing to the large percentage of carbohydrate material contained by Carrots,
rabbits fed for some days on Carrots alone, are found to have an increased amount of
glycogen stored in the liver, carbohydrate being‘converled into glycogen in the body.

Sir Humphry Davy ascertained the nutritive matter of Carrots to amount to 98
parls in 1.000, of which 95 are sugar, and three are starch. Weight for weight. they
stand third in nourishing value on the list of roots and tubers, potatoes and parsnips
taking first and second places. Carrots containing less water and more nourlshing
matcrial than green vegetables have higher nutritive qualities than tunﬁps, swedes,
cabbage, sprouts, cauliflower, onions and lecks. Moreover, the fair proportion of
sugar contained in their composition adds to their nourishing value. (Seagate, 2001)

»

In the interesting collection of the Food Collection at Bethnal Green Museum,
prepared by Dr. Lankester, we learn that the maximum amount of work produccable
by a pound of Carrots is that it will enable a man to raise 64 tons one foot high, so
that it would appear to he a very efficient forceproducer. From 1 1b. of Carrots we
can obtain | OZ. and 11 grains of sugar, while out of the 16 oz. {ourtcen are water.,
When we consider that in an average man of 11 stone or 154 Ib. weight, about 111 of
these are water, we see what a large supply is needful to repair waste and wear and

{ear.

2.1.5 Uses of carrot
The chief virtues of the carrot lie in the strong antiscptic qualities they

possess,  which  prevent all  putrescent changes  within  the  body.

(www . botanical.com/botanical/mgmb/c/carrot24.htiml)




Carrots were formerly of some medicinal repute as a laxative, vermifuge,
poultice, cte., and the sceds have been employed as a substitute for caraways.

At Vichy, where derangements of the liver arc specially tr cated, Coarrols inone
form or the other are served at every meal whether in soup or as vegetables and
considerable efficacy of cure is attributed to them.

In country districts, raw Carrots are still sometimes given (o children for

cxpelling worms, and the boiled roots, mashed to a pulp. are sometimes usced as a

cataplasm for application to ulcers and cancerous sores.

Carrol sugar, got from the inspissated juice of the roots, may be used at table.

and is good for the coughs of consumptive children.

A good British wine may be brewed from the root of the Carrot, and very
tolerable bread prepared from the roots, dried and powdered. The pectic acid

»

contained can be extracted from the root and solidifies into a wholesome, appetizing
jelly.

In Germany, a substitute and adulteration for cbffee has been made of Carrots
chopped into small picces, partially carbonized by roasting and then graund.

In France and Germany a spirit is distilled from the Carrot, which yields more
spirit than the potato. The refuse after making the spirit is good for feeding pigs.

Attempts have also been made to extract sugar from Carrots, but the resulting
thick. syrup refuses to crystallize, and in com'pyctition. with either cane sugar or that
obtained from the beetroot, it has not proved commercially successful.

Carrots are also used 1 winter and spring in the dairy, to give colour and

lavour to butter, and a dye similar to woad has been obtained from the leaves. -

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

12
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2.1.6 Medicinal action of carrot

Diuretic, Stimulant, Deobstraent. An infusion of the whole herb is considered
an active and valuable remedy in the treatment of dropsy, chronic kid‘ncy discascs
and affeetions of the bladder. The iafusion of tga, made {rom one ounce ol the herb in
a pint of boiling water, is taken in wineglassful doses. Carrot tea. taken night and
mosning. and brewed in this manner from the whole plant, is considered excellent for
lithic acid or gouty disposition. A strong decoction is very useful in gravel and stone.
and is good against flatulence. A {luid extract is also prepared, the dose being from

1/2 to 1 drachin. (www.botanical.com/botanicai/igmby/c/carrot24.itml)

The seeds are carminative, stimulant and very useful in flatulence, windy

colic, hiccough, dysentery, chronic coughs, ctc. The dose of the sceds, bruised, is
(]

from onc-third to one teaspoonful, repeated as necessary. They were at one fime

considered a valuable remedy for calculus complaints. They arc excellent in

obstructions ol the viscera, in jaundice (for which they were formerly considered a

specilic). and in the beginnings of dropsies, and are also of service as an-

cmmenagogue. They have a slight aromatic smell and a warm, pungent taste. They
communicate an agreeable flavour to malt liquor, if infuscd in it while in the vat, and

render it a usclul drink in scorbutic disorders.

2.2 Process route for the production of carrof powder
‘The two main methods for the production of carrot powder are
(1) domestic method

(i1)  industrial method

2.2.1 Domestic method

13




gl e

S A

This is the method used for the production of carrot powder at howe.

Outlined below are the steps for the domestic production of catrot powder from

carrot as designed by Klix (2005).

it should be noted that carrots contain a lot of water. so they will reduce in

size quite considerably after production (Klix, 2005).

Figures 2.2a — 2.2¢: Steps for the domestic production of carrot powder {rom carrol

(a)

Alter topping and tailing the carrots, they were scrubbed i a bowl of water to

remove any dirt.

(b)




]
|

et i i

about pesticides.

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

(d)

15




cool down.

‘The dry carrots is then ground to become powder

After about 10 hours, the carrots was crisped to the touch and packaged.

Dried carrots can be used directly in stews and casscroles (Klix, 2005).

16




7.2.2 Industrial method

' 3 M - iy ANPN e G >y - m
The process flow sheet for the industrial production of carrot powder {rom

carrot is as shown below.

A

Additives (Benzoic

acid ¢ acetic acid)
Water acid and acc
i -ushi Mixing
Srenchy ergr Washmg Cmshmg ) o
Fresh carrot | > >
(]
Moisture
Drying Grinding Screening L
X
[
Residue Carrot powder

Fig. 2.3: Industrial production of carrot powder from carrot

2.3 Description of the selected technology

Bascd on the aim of this project to design a small-scale plant to produce carrot
powder from carrot, the industrial method is, chosen as the mcthod of production.
The description of the various operations involved in the technology of producing

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

17




2.3.1 Washing

This is the stage where the carrot plant is washed with water to remove the

dirty particles that might have clung onto its body. All raw carrols cairy forcign
matter, consisting of sand, stones, etc. The presence of foreign matter in the crushing
operation can be avoided by cleaning the carrot. The carrots can be passed into a
mechanical washer which is known as vegetable and fruit washer.
2.3.2 Crushing

The washed carrot is crushed with crusher so that its size can be 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 of the 12 and 20 litre presses or over a bucket with
the 9 litre press. There is a pair of contra-rotating shafts fitted with alternating
scrrated rollers and blades (made {rom acid-resistant alloy) driven by a cast ivon hand
wheel. Halved or quartered fruit is dropped into the stainless steel hopper. falls onto
the blades, 1s cut and then crushed by the rollers. The only maintenance required s a
hose-down with water alter each use.

Al this stage, the carrot is reduced to about Tem in diameter.,

2.3.3 Drying
The removal of frec water from the crushed carrot obtained from the crusher
[
or can be accomplished by evaporation, cither in the open air (sun drying) or in
ovens. In modern factories, oven drying is always combined with mechanical drying.
the whole operation, as in all other phases of the process, being conducted so as to

take the least possible time.
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The simplest type of oven consists of a firing tunnel of brickwork covered

with galvanized iron or copper plates on which the moist flour is spread in a thino
layer. Firing should be moderate; so as o keep the temperature of the plates well
helow the gelatinization point of the starch, and the fTour should be frequently raked
up. The space above the oven should be vigorously ventilated. Iinough wood s
burned in the tunnel to heat the cement surface to the required emperature. The

number of drying yards ranges from two to five. depending on the size of the factory

and the kinds of products.

2.3.4 Grinding

The dried carrot is then ground into powdered form. It is always necessary to
rupture the carrot plant in order to further reduce the size into powdery form. This
can be done by mechanical action. The mechanical action is carried out by slicing
passing the carrots into a grinding machine, which then grinds them into powder.

The size of the carrot (which is now in powdery form) is about 0.05mm.

2.3.5 Screening
The powdered form of the carrot obtained in the stage above contains some
unwanted particles which need to be separated. The separation, in this case, is
carricd out with a screen. Alter the screening, the carrot powder is rcady for
y
packaging while the residue is also collected separately. A screen ol appropriate
mesh size which will prevent the loss of the carrot powder (the main product) is

normally selected for this operation.

19




2.4 Flow sheet

The flow sheet for the production of carrot powder from

shown in Fig. 2.4 below.

carrot is the one

Additives (Benzoic
acid and acetic acid)

Water )
Tiresh carro,| Washing R Crushing ., Mixing _
Moisture 4 -
| Drying (| Grinding || Screening I
Residue Carrot powder

Fig. 2.4: Flow sheet for the production of carrot powder from catrot

2.5 Justification of the selected technology

The sclection of the industrial method of production of carrot powder from

carrot is the best option for the production

1

process because high quality carvot

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

process from sced selection, to growing, fertilizing and watering the crop can be

properly controlled to ensure thie highest quality, purity, taste and nutritional valuc of

the carrot.
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2.6 Flowsheeting

2.6.1 Labelled I'low Sheet

Additives (Benzoic

I'iber

21

Carbohyd rates

Potassium

Walter acid and acctic acid)
B I:
 Wachi 3 ‘rushing D Mixing
Fresh carror, | Washing |G Crasting LD -
‘ A 298K 298K EAR -
Moisture
G
. Drying u | Grinding | | | Screeming | I
208K 38K 318K 38K
J o
K
Residue Carrot powder
Fig. 2.5: Flow sheet for the production of carrot powder from catrot
26.2  Flow sheeting table '
Stream {From  [To Phase [I'emperature (K) {Component FFlowrates (kg/ann)
A lnput Washer {Solid 298 Water 1437990.61
B Fats  PB214.31

171542.53
S075223

540432




Phosphor

Sodium

Magnesium

Vitamin €

©iCalcium

Vitamin A

744.37

157.33

3400.40

236.84

16917.41

0.00

2537611.38

3975602.00

3214.31

R Vitamin B 6
) - "~ Niacin

B Folic acid
N ) ' . Dirty particles

""" T Additives
B fiput [Washer Sofid 98 CWater

C  [Washer [Crusher [Solid 298 - |Water
a CFats
' Carhdﬁ_ydraté;

I'iber

50752.23

Vitamin C

157.33

Vitamin A p400.40

22

A

156.77

25376

171542.53

- Potassium  (5464.32
o Phosphor p4437
R -~ Sodium 9201
Calcium {5677
- Magnesium 25376

VitaminB6 237




Niacin

Folic acid

FFolic acid

Vitamin C
Vitamin A

WVitamin B6

S A R Ibinty particles
) ~Additives
b e Mixer Koid g Waier
S I . TP
‘ T Carbohydrates
I :fi%&7w
[Potassium
o o Phosphor
) B  Sodium
o o [Caleium
. - M;gnesium 7
.
N ~ INiacin

Dirty particles

Additives

[P DU

CAddt

ats

Waer

B lﬁput ~Mixer Solid [298 o
B Mixcr Dryer Solid 298 Wi

23

15.56
236.84
0.00

0.00

397560200

1321431

17154253
50752.23
546432
744 37

59211

- 156.77

ps36

157.33
3400.40
h37

15.50

36.84

0.00

0.00

5476105

397560200

321431




7154253

053.76

R36.84

17154253

546432
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| Carbohydrales
e e e 5075228
R A R R T TPotassium  [5464.32
- T T Tohasphor (14437
B T T Sodiom 39211
b U aleium {#56.77
| B ' Magnesium
T T T Nitamin C (157,33
) ) — Vitamin A [3400.40
) o Viamin 36 237
I N o " Niacin 15.36
. | Folicacid
]  Dirty particles 0.00
) Additives  [54761.65
G Pryer GrinderSoRd I8 [Water
" - Fats B214.31
o i Carbohydratcs
o Fiber o
o Potassium
- Phosphor  [744.37
Sodium
" ICalcium -
T Magnesium  253.76
S Vitamin C ~ [157.33
"""" Vitamin A 3400.40

77520458

5075223

59241

45677




Vitamin B 6

Niacin

237

15.506

: e T olicacid 236.84
e e S s 000
B R Y TlAdditives [54761.65
1 [Grinder [Sieve  |Solid 318 TWater 77520458
A e Fats  p21431
‘ i ~ Carbohydrates 171542.53
i i i B T Fiber 5075223
- Potassium 5464.‘.‘32”7
i B o Phosphor C 174437
0 Sodium 39211
R Calcium 45677
B I Magnesium 25376
- o © NitaminC  |157.33
. Vitamin A 3400.40
S NitaminB6 P37
R 1 Niacin 1550
o ) ~ [Folic acid 236.84
- o Dirty particles 0.00
‘ T Additives [54761.05
[ ISicve SA((‘)‘liage Solid 318 ~ [Water 775204.58
Fats  B21431
o ~ [Carbohydrates {171542.53
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b

Fiber (.00
) T T T potassium (40432
e T T  hosphor 74437
T Sodium 59211
T T T Caleium [456.77
S T " Magnesium 25376
T CVitamin C - {157.33
N Vitamin A 3400.40
) N - ViemnBo 237
) ©Niacin 1556
I B S Folic acid ~ [236.84
- ~ Dirty particles 0.00
©Additives  [54761.65
I Sieve Bin  [Solid B18 Fiber 5075223




bonents
i

phydiates

Bsium
gphor
um
fum
hesium
hinC
min A
win B 6
in

$ acid
patticles
L

JTERIAL BALANCES FORT

CHAPTLR THRER

100 kg/day of carrot to be processed

Hosition of cg.[rvo_t___

wt percent
T 785.0006
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
1.0000
100.0000

finces across the units

it 1: Washer

fumption’ 150% of water is added

bration: Washing of the carrot using water to remove the dirty particles

HE PRODUCTION OF CARROT POWDER FROM CARROT

{ All percentage addition of materials like the water and additivies are based on the weight of the carrot

Water
Fresh carrot Washer ~M% carrot
Fig. 3.1: Flows around the washer
Input Output

priponents kg/day kg/annum wt% kg/day kg/annum wi%
jater 85.0006 14379906113 85.0006 235.0006 3975601.9950 94.3778
hts 0.1900 3214.3078 0.1900 0.1900 3214.3078 0.0763
@rbohydrates 10.1400 171542.5295 10.1400 10.1400 171542.5295 40723
fver 3.0000 50752.2277 3.0000 3.0000 50762.2277 1.2048
Dlassium 0.3230 5464.3232 0.3230 0.3230 5464.3232 0.1297
thosphor 0.0440 744.3660 0.0440 0.0440 744.3660 0.0177
Jodium 0.0350 592.1093 0.0350 0.0350 592.1093 0.0141
jalcium 0.0270 456.7700 0.0270 0.0270 456.7700 0.0108
fagnesium 0.0150 253.7611 0.0150 0.0150 2537611 0.0060

itamin C 0.0093 157 3319 0.0093 0.0093 157.3319 0.0037
Jitamin A 0.2010 3400.3993 0.2010 10.2010 3400.3993 0.0807
Yitamin 3 6 0.0001 2.3684 0.0001 0.0001 2.3684 0.0001
?iacin 0.0009 15.5640 0.0009 0.0009 15.5640 0.0004
Folic acid 0.0140 236.8437 0.0140 0.0140 236.8437 0.0056
Dity particles 1.0000 16917.4092 1.0000 0.0000 0.0000 0.0000
}\(I(Jiiives 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
‘otal 100.0000 1691740.9225 100.0000 249.0000 4212434.8970 100.0000
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Flion: Reduction of the size of the carrot

Jmption: No loss during the crushing operation

Waghed carrot ) Crusher Crushe_d’carrot
[}
Fig. 3.2: Flows around the crusher
s Input Output o
Hponents kg/da kg/annum wt% kg/day kg/annhum w f’o
:3‘:0' = 232,0056 39795601.9950 94.3778 235.0006 3975601.9950 94.3778
0.1900 3214.3078 0.0763 0.1900 3214.3078 0.0763
pohydrates 10.1400 171542.5295 40723 10.1400 171542.5295 40723
br 3.0000 50752.2277 1.2048 3.0000 50752.2277 1.2048
hssium 0.3230 5464.3232 0.1297 0.3230 5464 3232 0.1297
sphot 0.0440 744.3660 0.0177 0.0440 7443660 0.0177
Fium 0.0350 592.1093 0.0141 0.0350 592.1093 0.01414
Lium 0.0270 456.7700 0.0108 0.0270 456.7700 0.0108
finesium 0.0150 253.7611 0.0060 0.0150 253.7611 0.0060
min C 0.0093 157.3319 0.0037 0.0093 157.3319 0.0037
min A 0.2010 3400.3993 0.0807 0.2010 3400.3993 0.0807
min B 6 0.0001 2.3684 0.0001 0.0001 2.3684 0.0001
in 0.0009 15.5640 0.0004 0.0009 15.5640 0.0004
4c acid 0.0140 236.8437 0.0056 '0.0140 236.8437 0.0056
4y particles 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Hitives 0.0000 0.0000 0.0000 0.0000° 0.0000 0.0000
al 249.0000 4212434.8970 100.0000 249.0000 4212434 8970 100.0000
4t 3: Mixer |
pration: Addition of benzoic acid and acetic acid as preservatives
sumption: 1.3% additives are added to the carrot
Additives
Crushed carrot > Mixer Carro;—additive mixture
Fig. 3.3: Flows around the mixer
[N
Input Output -
guponents kg/day kg/annum wt% kg/day kg/annum wt%
jter 235.0006 3975601.9950 94.3778 235.0006 3975601.9950 93.1666
Is 0.1900 3214.3078 0.0763 0.1900 32143078 0.0753
rbohydrates 10.1400 171542.5295 4.0723 10.1400 171542.5295 40200
er 3.0000 50752.2277 1.2048 3.0000 50752.2277 1.1894
tassium 0.3230 5464.3232 0.1297 0.3230 5464.3232 0.1281
Josphor 0.0440 744.3660 0.0177 0.0440 744 3660 0.0174
{dium 0.0350 592.1093 0.0141 0.0350 592.1093 0.0139
Alcium 0.0270 456.7700 0.0108 0.0270 456.7700 0.0107
}\gnesium 0.0150 253.7611 0.0060 0.0150 253.7611 0.0059
famin C 0.0093 157 3319 0.0037 0.0093 157.3319 0.0037
Famin A 0.2010 3400.3993 0.0807 0.2010 3400.3993 0.0797
faminB6 0.0001 2.3684 0.0001 0.0001 2.3684 0.0001
Bcin 0.0009 15.5640 0.0004 0.0009 15.5640 0.0004
alic acid 0.0140 236.8437 0.0056 0.0140 236.8437 0.0056
Hty particles 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Tditives 0.0000 0.0000 0.0000 3.2370 54761.6537 1.2833
tal 249.0000 4212434.8970 100.0000 '252.2370 4267196.5507 100.0000
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yer
#1 Removal of moisture from the carrot
Ption: 75% loss of water

Water (Moisture)
[
Carrot-additive mixture, Dryer _Ml»)ned carrot
Fig. 3.4: Flows around the dryer
3 Input v Output o »
] kg/da kg/annum wt% kg/day glannum WA
il:_p_l‘}_lﬂs 23‘;.0056 397%601.9950 93.1666 45.8229 775204.5820 72.6664
: 0.1900 3214.3078 0.0753 0.1900 3214.3078 0.3013
bohydrates 10.1400 171542.5295 4.0200 10.1400 171542.5295 16;08_()1
r 3.0000 50752.2277 1.1894 3.0000 50752.2277 47574
hosium 0.3230 5464.3232 0.1281 0.3230 5464.3232 0.5122
tsphor 0.0440 744.3660 0.0174 0.0440 744 3660 0.0698
iwm 0.0350 592.1093 0.0139 0.0350 592.1093 0.0555
Fium 0.0270 456.7700 0.0107 0.0270 456.7700 0.0428
Jnesium 0.0150 253.7611 ().0059 110.0150 253.7611 040?3{3
amin C 0.0093 157.3319 0.0037 0.0093 - 167.3319 0.0147
Fmin A 0.2010 3400.3993 0.0797 0.2010 3400.3993 0.3187
imin BG 0.0001 2.3684 0.0001 0.0001 2.3684 0.0002
cin 0.0009 15.5640 0.0004 0.0009 15.5640 0.0015
fic acid 0.0140 236.8437 0.0056 0.0140 236.8437 00777
1y patticles 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Hitives 32370 54761.6537 1.2833 3.2370 54761.6537 5.1333
al 252.2370 4267196.5507 100.0000 63.0593 1066799.1377  100.0000
it 5: Grinder
Ieration: Grinding of carrot into powder
jsumplion: No loss of material
Dried carrot Grinder | Grinded carrot powder
1
Fig. 3.5: Flows around the grinder
' Input Output o
fomponents kg/day kg/annum wit% kg/day kglannum wth .
ater 45.8229 775204.5820 72.6664 45.8229 775204.5820 726664
his 0.1900 3214.3078 0.3013 0.1900 32143078 03013
larbohydrates 10.1400 171542.5285 16.0801 10.1400 171542 5295 16.0801
ber 3.0000 507£2.2277 4.7574 3.0000 50752.2277 47574
ofassivm 0.3230 5464.3232 0.5122 0.3230 5464.3232 05122
ghosphor 0.0440 744.3660 0.0698 0.0440 744.3660 0.0698
jodium 0.0350 592.1093 0.0555 0.0350 592.1093 0.0555
galcium 0.0270 456.7700 0.0428 0.0270 456.7700 0.0428
flagnesium 0.0150 253.7611 0.0238 0.0150 253.7611 0.0238
fitamin C 0.0093 157.3319 0.0147 0.0093 157.3319 0.0147
itamin A 0.2010 3400.3993 0.3187 0.2010 3400.3993 0.3187
Yitamin B 6 0.0001 2.3684 0.0002 0.0001 2.3684 0.0002
Miacin 0.0009 15.5640 0.0015 0.0009 15.5640 0.0015
Folic acid 0.0140 236.8437 0.0222 1+0.0140 236.8437 0.0222
Pirty patticles 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ndditives 3.2370 54761.6537 5.1333 3.2370 54761.6537 51333
frotal 63.0593 1066799.1377 100.0000 63.0593 1066799.1377 100.0000
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Grinded carrot gowder}

Sieve

Residue

Fig. 3.6: Flows around the sieve

Jion: Separation of the residue (especially the fiber) from the catrot powder
fuption: Total removal of the fiber

Carrot p}owder

30

Input Qutput
fiponents ky/day kg/annum wt% _kg/day kglfannum wit% .
er 45.8229 775204,5820 72.6664 458229 775204.5820 76.2961
0.1800 3214.3078 0.3013 0.1900 3214.3078 0.3164
pohydrates 10.1400 171542.5295 16.0801 10.1400 171542.5295 16.8833
Br 3.0000 50752.2277 4.7574 0.0000 0.0000 0.0000
nssjium 0.3230 5464.3232 0.5122 0.3230 5464.3232 0.5378
psphor 0.0440 744.3660 0.0698 1. 0.0440 744.3660 0.0733
Hium 0.0350 5382.1093 0.0555 0.0350 592.1093 0.0583
Tcium 0.0270 456.7700 0.0428 0.0270 456.7700 0.0450
gnesium 0.0150 253.7611 0.0238 00150 2537611 0.0250
fimin C 0.0093 157.3319 0.0147 0.0093 1657.3319 0.0155
amin A 0.2010 3400.3993 0.3187 0.2010 3400.3993 03347
Bmin B 6 0.0001 2.3684 0.0002 0.0001 2.3684 0.0002
cin 0.0009 15.5640 0.0015 0.0009 15.5640 0.0015
ic acid 0.0140 236.8437 0.0222 0.0140 - 236.8437 0.0233
ty particles 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ditives 3.2370 547616537 5.1333 3.2370 54761.6537 53897
{al 63.0593 1066799.1377 100.0000 60.0593 1016046.9100 100.0000
‘plcualation of scale up factor
onversion 1ton = 1016.0469
annum 335.0000 ‘
arrot powder production rate = 1000.6000
hich is the equal to 1016046.9100
nd also the same as 3032.9759
Larrot powder obtained from the basis = 60.0593
scale up factor = 50.4997




kg/ann. i

2537611381

2537511381

Fresh carrot

Cump.

Addt

Torai

kg/ann.
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%
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Card P17
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etV S At

b
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=109 ]

=3 1%

|
Pot |
Sod {

{Total
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3.2

Lnergy balances

Assumptions:

to

CHAPTER THREE

In carrying out the energy balances, the following assumptions arc made:

e The dryeris the only unit that has energy changes, 5o it is the only unit around which

the encrgy balances will be carried out.
The datum temperature is 298K.
The drier is 99% cfTicicent.

3.2.1 FEnergy balances around the dryer

Given that,

Carrot-additive mixture

(25°C, 298K)

Walter (Moisture),

(100°C, 373K)

Dryer (oven)

b

Fig. 3.7: Lnergy flows around the dryer

The mass of materials around the dryer is given as

The

3975601.9950

32043078
171542.5295
507522277
$164.3232
744.3660
592.1093
456.7700
253.7611
157.3319
34003993
2.3684
15.5640
236.8437
0.0000
54761.6537 /

kg

annhum

Water
Fats
Carbohydrates
Fiber
Potassium
Phosphor
Sodium
Calcium
Magnesium
"Vitamin C"
"Vitamin A"
"Vitamin B 6 "
Niacin
"Folic acid "

"Dirty particles
\ Additives

32

'

mass of carrot in the dryer is ZMi =4267 x 10" —5—

J

kg
annum

Dricd carrot.

(45°C. 318K)

775204.5820
3214.3078
171542.5295
S0752.2277
5464.3232
744.3660
592.1093
456.7700
253.7611
157.3319
3400.3993
2.3684
15.5640
236.8437
0.0000

L 54761.6537

annum



1 —
That 1s, carroty, = LMi

Mass of water in the carrot entering the dryer is wateriy carrot M;

[

3976 % 10° —€
waler,; 3.9706 % e
l“ (' ‘”()t annum
Mass of water in the carrot leaving the dryer is water i capor = M 0,
t 7.752 % 10°
water At = /. o X
Oln”baert annum
Ilence, water removed by the dryer is calculated as |
water removed = w '\tcrm carrot Wmcrout_carmt !
|\“._‘~
water_removed = 3.2 x 10" — =
annum

Oven temperature, T =318 K

oven’

-~ N e ry T eeygege o . s ( R
[nlet temperature of carrot Fearrot_in = 298+ K

Outlet temperature of carrot, Tfeed out = 318 \

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

because they are the main constituents of carrot.

FFor water,

o | 192961 472121077 AN\ 13388107 1314210 0 /T\°
pw 18 18 K ks

Considering the fraction of watcr in the carrot, which is 0.85 (85%)

. |:19.2‘)64 | 41212 1072 /N 133881077 T\ 1314210 " |>’
- - ey -—_——  — e e [ —
pw 18 18 Y i8 ¢ I8 K/

2
l -5
Cow =] 091140022 (=) -6322-107°- -!— + 612006 -
pw s kg K

For carbohydrates,

= 0.301 - .
pmlh <> ke - K
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)j Considering the fraction of water in the carrot, which is 0.1014 (10.14%)

1 kJ
. _ (N 4. ——
('pcarb = 00.301 <> 0.101 ke K
,‘ N W
C |)C:ll'h = (LO31 - I_ . ke K

So. the heat capacity of carrot is then given as

3
i s /M’ e /1 kJ
¢ loonvoosa (=) —6322-107° (=) +6206-107" (=) | ——
pe K K 5/ | ke K
]

With the oven temperature of

Toven = 318K = Toven
‘ ‘ e 205 (N o206 100 |
( pearrot 0911 4 0.053 - T ~ 632210 - {—) + 6.2006- : —l . T
Cpcarrot = 13.368 e K
According to assumption No. 2, the reference temperature, T, 0= 298K

ref
(.

The heat required to raise the temperature of carrot from 298K to 318K is

calculated thus;

ke
~ 0 g e . .
carrot: - = 4.267 x 10 I .r=298K T =318 K
m annun ref 0
Cpcarrm = 13.368 kg- K
I C— T A T T ) Q k'
carrot -~ CATOt,, - ("pcm‘r()t' ( o~ rcf) Heareor = 1141210 P

I'rom Basic Principles and Calculations in Chemical Engincering, Table C. 1,
page

040, the latent heat of water at (100°C, 212 °F)was found to be
BTU
Ib

Xatep = 970.3

which is equal to
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H 3 kJ
: A - 2257 % 10° —

g water
§ (4] l\g
W ater = Water, removed - Ay "
[} <
Hoy g = 1223 % 1 ———
watet annum
The total heat of the dryer is then given as
”(lrycr = Hearrot + Hyvater o Kkl
Ugpyer = 8:364 ¢ 107 -
— annum
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3.3 Specification of equipments
331 Specification of washer
designed as a cylindrical vessel to contain the carrot to be

The washer vessel is o be
washed

in order to remove the dirty particles in the carrol. - As such, itis desired to determine the

volume

ol the washer to accomumodate the carrot. ‘
The amount and densities of the materials in the washer as

Mass in kg Density in kg/m?
Tater 35 .
Taie C
Fals 0.1900 970
Carbohydrates 10,1400 o
. ()1\()
ST )
Fibet 3.0004 1130
Potassi 0.323¢(
otassium ) 860
Phosphor 0.04410
aspho 1820
Sodium 0.0350
070
Calcium 0.0270 .
. M = kg PSSO ke
Magunesium 0.0150 P 1740 ' 7
"Vitamin " 0.0093 "
. 1207
"Vitamin A" 02010 { "'
1059
"Vitamin B o " 0.0001
- 1045
Niacin 0.0009
1290
"Folicacid " 0.0140
1424
"Ditty particles” 1.0000
. 1300
Additives 0.0000
1266

Calculating, the average density of the mixture is

CAI Pyt I\AQ P2 -+- 1‘\13 P3 + M4' Pyt le Ps -+ M(,' pG“F M7 p']"" [\/18 pgt NI()' g ..
Mg pro My ppp+Mig-pig+Mizpiz+ Mpg-pa+ Mg pist Mg pag

—_ ) q kg
Pay ™ 974753 _—
n

So, the volume of washer is

ZM

v ——
washer 40
P av Vwasher = 4-931m

Faking the washer to be cylindrical, this means that, from the formula of a cylinder,

V=mu-r"h (Mathematical Four Figure Tables)

36




i WAL e

and, since

i
SRR

2
Vzn-@ -h

o« .
\/r:‘n~"—"h
4

Let h = pd, where p is a constaat

Therelore,

Making d the subject of the formular

!
4N
d = .
D - T

assuming that p := 1.55

g 3
4 Vivasher | Lot
dwasher = Ywasher © 1-271m
p-n

I'rom
h

washer = P iasher

h\\".‘lS'IL‘I‘ = 2471m

The area of the ditution tank is therefore,

d

2
) washer . dwasher ) 6o
Awasher = 27 2 ’ hwashcr + 2 “"‘2—“" ' A = 16.364m

washer

It should be noted the washer will have something like an agitator inside which will ensure
proper

mixing of the carrot and the water for good washing operation. The design of the agitator
is as

outlined thus;
The power of washer is given as

K
o2 (N2 (D) (Applied Process Design)

y
C
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where Ky 1s a consant

N is the speed of the agitator

1 D) is the diameter of the agitator

m is the viscosity ol the liquid

Knowing that

newton - 87

KZ = 215.00

5ok
RSPt =
m-s

D= 0.50-m

N op. 24
S

< i

K

) . W2 3
P vasher & ? SR (NYT (D)

=C

Pyasher = 2-177kW

VOIWZ\SIICI' = 210 - volt

P = .
washer lwushcr V(’lwashcr

‘)
) washer
washer '”
VOlwasher

1 ,

Iyasher = 10-360 A

(Applied Process Design)

IFor the voltage of 150V, the amount of current required is
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3.3.2 Specification of crusher

(riven the amount of materials in the crusher:

Mass in kg Density in kg/m?
o
Water 235.0006 1000
Fats 0.1900 970
Carbohydrates 10.1400 680
Fiber 3.0000 1130
Potassium 0.3230 460
Phosphor 0.0440 1820
Sodium 0.0350 970
Calcium M e 0.0270 ke iﬁﬁ() kg
Magnesium 0.0150 ' (A 1740 ' n;‘
"Vitamin (" 0.0003 1207
"Vitain A" 0.2010 1059
"Vitamin B 6 " 0.0001 TR
Niacin 0.0009 1990
"Folic acid " 0.0140 (429
"Dirty particles” ) 0.0000 L300
Additives 0.0000 %66

The average density of the mixture in the crusher is calculated thus:

C’ll . pl + 1\12 . p_'z - NI; . p_] 4 M4 . })4 +- M5 . DS -+ M« p(‘ i I\’['] . f)'] }- ]\lg g f l\lr/)' Py
Mg ot My pp+ Mygpia s Mg pys - Mg prgt Mys-pys+ Mg pog

Pay = rj—w
N>
N

., ke
Py = 988,656 -
[ 1y

m

So. the volume is

2"

0]

v -
crusher ) B ;
av Verusher = 3:013m

The volume given is the volume of the crusher without considering the volume that will
be

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

can ha iven ae

Q= (d-1-8) (Perry, 1998)
2965 ‘
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where

Q is the capacity of the crusher rolls in cm/min
1

d is the distance between the rolls, cm
[,is the length of rolls, em

s is the peripheral speed, em/min
Now, if

di= S oem

L= 6.1-cm

cm
S 1= 29500 - ——
min
.
_(d-L-8)
Qerugher =~ 0
296 s

. 13
chushcr = 5.006 % 10 "m

The total volume of the crusher is thus

AV = Vo QL {
{crusher crushet crusher . — .
V'l crusher © 3.6018m

Assuming that the crusher is cylindrical, this implies that

V=m-r-h (Mathematical Four Figure Tables)

and, since

d |
= :
2
2
V:‘II-@ - h
(\2
V=n-—"h
4

Let b = pd, where p is a constant

substituting for h,
2

V:?t't—l--(lrd)
4

4‘V:p~n-d3

Making d the subject of the formular
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‘ !
4N .
4= (——
) - T

assuming that p:= 1.23 and knowing that Vopgoocher = Vyerusher

3
VA .
| 4\ I'crusher
a.. T AT .1 852
crusher Do dcrushcr 1.553m

From
h.. c=pedl
crusher crusher L
B rusher L9Tm
The arca of the crusher is therefore,
derusher dcrusliér i A - 13108
Acrusher = 27 ———5_— “Berusher ¥ 27 5 crusher = ' 7"

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

L= (164 L= 1)K+ 1]-(1.64- D) -,
(Perry. 1998)

where

I¢ is the net power to drive a roll

1. is the inside length of the crusher, m

D is the mean inside diameter of the crusher, m

(4
155 is the net power used by a 0.6-m laboratory roll under similar operating conditions

K is a constant which is 0.9 for rolls less than 1.5m long and 0.85 (or mills over 1.5m
long

Choosing

L=1x 10 m’

K:= 0.93

D= dergher

Epi= 115 W

So,

E={(164-L-1) K+ 1] (1.64 - D)*° - B,

Epop = 1941 W
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3.3.3 Specification of nixer

Given that the amount of materials in the mixer s

Mass in kg Density in kp/m?

Water 235.0006 ' 1000
Fals 0.1900 970)
Carbohydrates 10.1400 680
Fiber 3.0000 1130
Potassivim 0.3230 860
Phosphor 0.0440 1820
Sodium 0.0350 970

Calcium M o 0.0270 ke 1550 ke

Magnesium 0.0150 } P a0 n?
"Vitamin C" 0.0093 1207
"Vitamin A" 0.2010 1059
“Vitamin B 6 " 0.0001 1045
Niacin 0.0009 1990
"Folic acid " 0.0140 (479
"Dirty particles" 0.0000 1300
Additives 0.0000 y 1966

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

611'[)] + ]\42'[)2"‘ M}f)} + M4'p4+ l\"is‘ps‘f [\4(,'()(,‘)' '\47'{)7" (\43'03" [\"()'pk)
My pro+Mpppr+ Myt Mysops Mg prg Misopys+ Mg pog

N = A

&)

ku
D gy o BRGS0 ==

The volume is '
ZM
mixer = “'p';“ Viiser = 361307
Assuming that the mixing tank is cylindrical, this implies that
V=12 h (Mathematical Four Iigure Tables)

and, since

d
2

2
V:fﬂ- - h
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i

o A A

s

i

oA R R SR

A TSRS

S AT

S

et h = pd. where K is a constant

substituting for h,

5

d”
N L L d)

£

3
/\»V-:p-it-d

Making d the subject of the formular

!

4N
4~ (—
G

assuming that p = 103

;oL = ,
\nnxcr lexcr
]
3
4 Vinixer | 66
diniser ) Gixer 7T ym
p-n
FFrom |
Mpixer = P dnixer
hmixcr ~ 1. 718m
The arca of the dilution tank is therelore,
\ . dynixer ‘ dnixer 3 03¢ 5
Apmixer ™ 2T “Pixer —'— Apmixer © 13.039m
2 2
|
A\
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3.3.4 Specification of dryer

Mass in kg, Mass out in kp
‘ 15.8220
Walter 235.0000 0 1900
s o190 10,1400
Cathohydrates 10.1400 0000
Fiber 3.0000 ;)‘3230
Potassium 0.3230 0010
I'hosphor 0.0440 S
Sodium 0.0350 .
Calcium M. o 0.0270 ke M, o= :::I:: ko
Magnesium ! 0.0150 B Loobs
"Vitamin (" 0.0093 )’m | ;)
"Vitamin A" 0.2010 .
"Vitamin B 6" 0.0001 ()‘“()U(‘
Niacin 0.0009 0.0009
"Folic acid " 0.0140 0.0140
"Ditty patticles” 0.0000 f’-”f"‘)"
Additives 0.0000 3.2370

Amount ol water in feed, water_in = N i water_in = 235001 kg

Dry solid in feed, solid = ZM - M, ’ sohid = 3337 % 10 ' ke
1

Watcer content in product, water_out:= M | water_out = 15.823 ko
!

Henee, water removed in the dryer is
water removed = water_in - water_out water_removed - 189178 kg

Inlet air temperature, Ty = (100 + 273) - K

Outlet air temperature, Toair = (294 273) - K

Inlet temperature of feed, Tifoed = 314 273) - K

Discharge temperature, Ty (63+273) - K
Asssuming that the Number of Transfer Units (NTU) is
NTU = 1.5

Using the relationship of the NTU which is,

t,y -t
NTU = 1| 221 (Joshi, 2002)
_tg7 ~ly

L1 = Tair
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., |d

(expONTU) -ty + L) - (w)

TR
a2 exp(NTU)

The energy balance has shown that the total energy required tor

discharge temperature is

i 6 kJ
Qo 2193 % 10 - —
day

The Log Mean Temperature Difference (LMTD) across the dryer, AT, s

[Il‘iair - Ti("ccd) - (vl‘d - ToaiJ]

m-e 1

AT : ‘
iair = Vifeed

—H(II - Touir)

i

Amount of air required is calculated using the relatioship

Given that

(hrzﬂmxlwli

day

C = 4.187- —

P kg - K
AT = Tiaie ™ Voair
So.

M, : Ql |

air " 7. Y
(('I"Al) My =

If the velocity of air is taken to be

. 2 kg
o= 290107 -

day - m’

Va

Area of dryer is thus calculated to be

Adrycr

A

= 320,158

' = 45.991

7377 % 10°

=25.438m’

aise the product Lo the

kg

day

o PR




Using the formula for the area of dryer which is

2
Adryvr =T Tdryer

whete Ao 18 the area of dryer
is the radius of dryer

Ydryer

If dger is used to denote the diameter of dryer.

2
ddrycr
/\drycr =T T

q 2
dryer
Adrycl‘ = 4 -

2
4 Adrycr =T ddrycr

, 4 Adryer

dryer 1

d

‘The diameter of dryer is thus equal to

ddrycr = ddrycr =5691m

Length of transfer unit has been related to mass velocity and diameter by the foHowing
relation,

" . .84 : -
LIU = 0.00064 - Cp - (G) 7 - ddryer (Joshi, 2002)

where G is the mass velocity which is equal to G = w,. , that is,

G
amn’

ke
G =200 — 5
day - m?
So.
LTU = 0.00064 Sp 6 \"" d LTU = 1.785m |
. . ) ‘jjl kg ] drycr .. = 1./8J0Mm
kg K dayvm2

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

L= LTU-NTU
lrye .
dryer l’drycr = 2.678m
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3.3.5 Specification of grinder

Giiven the amount of materials 1n the grinder to be

.. 7 M - /‘ 1
Mass in kg Density in kg
Water 45.8229 1000
Fats 0.1900 970
Carbohydrates 10.1400 6RO
Potassium 0.3230 860
Phosphor (.0440 1890
Sodivm 0.0350 970
Calcium 0.0270 '
M = kg Co ] ke
Magnesium 0.0150 f (740
m
"Vitamin C" 0.0093 1207
"Vitamin A" 0.2010 1059
"Vitamin B 6 " 0.0001 \ 1045
Niacin 0.0009 1290
"Folic acid " 0.0140 1190
"Dirty particles” 0.0000 1300
Additives 3.?37()) 1906
The average deusity of the materials in the grinder is calculated as
(’(l AR {\lz P -+ 1\43 3 + f\/’l,‘ P4 -+ M; Pt I\/1‘) cPgt f\l/ pgt !\’lg g \>
FMypo - Myg-prgt Mypopyp b Mpgop ot Mygopyg+ Mg pyy Mys pas t Mg pae,

Al b
May-

So, the volume is

Z M

av

. -
\ prinder -

&

vgrindcr

uG ke
Do o 968.80 =

m

= ().()_1411\]

The volume given is the volume of the grinder without considering the volume that will

be

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

rolls can

bc nivien ac

, d-1'-8)
Q==
2965

(Perry, 1998)
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R i bt

E“_i—
i
|
é
{
i

where

o ~ . TN 3 .
() is the apparentcapacity of the grinder in cm?/min

d is the distance between the rolls, em
I.is the length of rolls, em

s is the peripheral speed. cm/min
Now, if

d:= 55-¢cm

I':= 0.5-cm

cm
Si= 27500 ——

min
i-L'-S
b s
Zorindet o
2.96-s

The total volume of the grinder is thus

V'lgrin(lcr = Vgrindcr + Qgrindcr

Qgrindcr = 5.536> 10

v 3
V’l'grindcr =0.939m

Assuming that the grinder is cylindrical, this implics that

2
V=rn-1-h

and, since

d
o -
2
2
V:n-@ - h
(I2
V=g--—- h
4

J.et h = pd, where p is a constant

substituting for h,

|

d

Van.— - (p-d
;U )

4~V::p-7t-d3

Making d the subject of the formular

(Mathematical Four Figure Tables)

R
m




|

<“ oV 3
N
). T

assuming that p = 1.83 and knowing that Vi inder == Vypgrinder

!

3
4- V'l‘grin_d_c_r_
dgrindcr T o dgrin(lg&l‘ = (.8068m

I'rom

| 1588

: = prdonder
Wy pinder = P 7 “grinder Vapinder

The arca of the grinder is therefore,

pl
dgrinder dgrindcl' ) B
R [ =, . . e n . _ S - -~
/\gl‘indcr = 27 5 hgrmdcr AT 5 /\gl'lllL‘CI' S513m

I'he power regired by the grinder 1 given as

25

R TR X PR DI NG (164177 by (Petry. 1998)

where

I+ is the net power to drive the grinder shall
1.is the inside length of the grinder, m

D is the mean inside diameter of the grinder, m

I3, is the net power used by a laboratory grinder shaft under similar operating conditions

I is a constant which has value 0.9 for grinder shafl
Taking

l,=1x I()"}m]
ko= 09

D= dgrinder

by = 95 W

As such,

B (1641 1) K+ 11-(1.64- DY By
Egpary = 198 W
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3.3.6 Specification of sieve

Given that the amount of materials in the sieve is

Water
Fats
Carbohydrates
Fiber
Potassium
Phosphor
Sodium
Calcium
Magnesium
"Vitamin C"
"Vitamin A"
"Vitamin B 6 "
Niacin
"Folic acid "

"Dirty particles”

Additives

M =

Mass in kg

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

ke

Density in kgm?

1000
970
680
1130
860
1820
970
1550 kg
1740 [
1207
1059
1045
1290
1429
1300

!

1266

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

C’I‘ AR + MZ' [)2 -+ M}' [)3 -+ [\/14 P4 + ’\/15 Ps -+ M()‘ [)() -+ M7' D -+ Mg' Py -+ [\’1()' 79 \
IMig ot M- pii+ My pia+ Migepyt Miygepig £ Myspis o Mg py,

V-

The volume is

\

2M
. .
sieve

p av

@)

Y =0.934m’

sieve

Assuming that the mixing tank is cylindrical, this implies that

50
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I et h-pd, where k is a constant

substituting for Iy,

& _
Ven-— - (p-d)

I4

4. Vo= |)<7t-(l“

Making d the subject of the formular

!

<1 W
d e [
k. xt

assuming that p == 1.05

; N b ! .
\ Sieve \ sieve

3
| ) 4 - Vgieve | Lo
Ugieve deieve 0Pm
P
I'rom
.
Dieve = P dgicve
. - 0.
hsu:w: 1.004m

I'he area of the dilution tank is therefore,

2
\ ) dSiC\’C 0 5 dSiCVC ‘s A
- = . - . .- . . . ¢ o
Ngjeve - .10 5 ]SIC\"C - LT 5 ASlC\’C 5729m




3.3.7 Detail Design of Dryer
3.3.7.1 Chemical Engineering Design of Dryer
. T o/ 3
Mass i kg Mass out in kg Density in kg/m
45.8229 s
Water /235.0006 1000
0.1900 970
FFats 0.1990
10.1400 680
Carbohydrates 10.1400
.. . ’ 3.0000 1130
Fiber 3.0000 . ’
. . 0.3230 : 260
Potassium 0.3230 /
0.0440 1890
Phosphor 0.0440 00350
Sodinm 0.0350 ()’0;;/() 970
Calcium M 0.0270 I M, = ()'O;ﬁ() kg R 1550 ‘ kg
1. = - kg, 01° Y
Magnesium ' 0.0150 1093 1740 m
' 0.00¢
"Vitamin C" 0.0093 02010 1207
).
"Vitamin A" 4.2010 , 1059
0.0001
"Vitamin B 6" 0.0001 1045
0.0009
Niacin 0.0009 1294
0.0140
"lolic acid " 0.0140 1429
0.0000 .
"Dirty particles" 0.0000 1300
3.2370 N
Additives \_0.0000 / 1266,
lAli Pyt My py Mi Pyt Mi Pyt Mis P Mi Pt Mi7 “pg I\II-\ Pt Mi ) .
| 2 3 4 A o g .
l]\/II P b Ml Pyt I\Al P l\jl P t !\Al CPyg {\l. Pays }\ll e
10 1" 12 13 14 15 oo
Doy i - ) AL
< E M>
- ky
Py " 988.056 =% |
m ;

Amount of water in feed, water_in = M;
1

Dry solid in feed, sofid := ZM - M,
i

Water content in product, water out := M,
1

IHence, water removed in the dryer is

water_removed = water_in - water_out

[nlet air temperature, Tiqip = (100 + 273) - K

Outlet air temperature, Toair = (29 + 273) - K

52

water in = 235001 kg

solid = 669.71 kg

water_out = 45.823 kg

water_removed - 189178 kg



Inlet temperature of feed, Tipeq = 314 279 K
Discharge temperature, 1 = (63 + 273) - K
Asssuming that the Number of Transfer Units (NIU) is

Nt = 1.5

Using the relationship of the NTU which is,

i

ty Joshi, 2002
1 W Joshi, 2
NTU = In AR ( )
o2l
‘gl i
by ™ Td
(CXP(NTU) B tW)

Ly o) = 309.83
b= exp(NTU) o

The energy balance has shown that the total encrgy required to raise the product to the

discharge temperature is

. o ki
Qi 2093 107 —
day

The Log Mean Temperature Difference (LMTD) across the dryer, AT, s

B ,I]‘iair B ’l.il‘ccd) - (Td ’lﬂoz\irﬂ

m- | ST
iair ifeed
Inf At AT, = 44.507

(Td - ’l‘oair)

AT

Amount of air required is calculated using the relatioship

Q

(Cp-AT)

Griven that

M =

kJ
Q= 2.193x 10" =

day
kJ
C y = 4187 -
! kg - K
AT= Taie = Toair




kg

Oy i
M- 7377 % 10

a day

if the velocity of air is taken to be

kg
~29-10" ,,L

v
ait 2
day -

Arca of dryer is thus caleulated to be

M.
air ‘ ,
Adl‘ycr = 25.438m

Ay yer = N

air

Using the formula for the arca of dryer which is

2
Adeyer = Tdiyer

where Agyer 18 the arca of dryer

Vdryer 19 the radius of dryer

16 dyyye 18 used 10 denote the diameter of dryer,

2
dryer

d
Aryer =T F—i-—

2
ddrycr

Adryer © Ty

2
4 /\drycr =1 ddrycr
2 4- Adryer
d = ———
dryer n t

The diameter of dryer is thus equal to

d ) 4- Adryer
dryer ™ diryer = 5.691m

bie

Length of transfer unit has been related to mass velocity and diameter by the following

relation,
(Joshi, 2002)

LU = 000064 - C,o - (G - dgryer

where G is the mass velocity which is equal to G = vgies that 1s,
i
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kg
G = 290 ——5—
day - m

C G\ O
1.TU = 0.00064 - —T\ll)—— . N ddl')fbl LTU = 1.785m
5 _B L
ke K day~m2

Length of the dryer calculated (rom the formula which is given as

Eatryer = LTU - NIU Ljryer = 2678m

3.3.7.2 Mechanical Enginzering Design of Dryer

1.

Flight design:

s (Brownell and Young. 2003)
Numiber_of flights = 3 - ddrycr

Number_of flights = 17.073m

Radial height is taken as 1/8 of diameter,

That is,

ryer Brownell and Young, 2003
Radial_height ;= —- ;: ° (1 2. 2005)

Radial height = 0.711m
Thickness of dryer:
l.et x be the thickness of dryer.

Mild steel can be used since it can withstand temperature up to 2000C"

Density_ofl steel := 7688.86 - —
rn}
[)2 - I)‘ = 2 - X
Dy D Brownell and )
2 [ ownell « 2003
Volume of mild steel =\n.——-mn.—/ 1L (Brownetland Young, 2003)
4 4
Since Dy =Dy +2-x
')! 4+ 2 ,‘()2 Dl’2
Volume_of mild_steel =}n - ————— -5 ——}{ L

4

Volume_of mild_steel=n-D-L-x
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Assume xi= 15 mm

Wd|ycr e ddrycr' Ldryf:r' x - Density of_stecl

5827 10 o

\\'v(lr_\'cr

Assume hold up of 0.2, that is, hotd up: 0.2
Volume of dryer filled with material is given as

9

— RO
V|~ = 7 ddrycr l"dryer Vs P40 tm

-hold up

Weight of material at any time, W, == Vi pyy
W, - 5388 10"k

i

The dryer is supported over (wo-tension roll assemblies, 20t apart. tis uniformly
distributed load.

Mo Waryer” Ldryer (Brownell and Young, 2003)
e 3
b Q Ny 1 Q18- 10 bom
3. Diameter of the feed pipe:
S ,
leed rate, ¥, o= ——— B 103752
day : hr

Density of feed, p = 988.656 kgm™

l?
. ~ I - . -
[ence, volumetric feed rale, ¥ dryer 7 T (Brownell and Young, 2003)
1
. 5n m
dryar s
Assuming the velocity of air, vel,; = 150 - m
¢ hr
1 . . Vdryer
Cross section of feed chute, A, o= ——
vcl,‘~.
atl
5 0
/\cl\ulc == 6.996 ~,10  m
. - Achute " * (Brownell and Young. 2003)
Diameter of feed chute, d g o= [ - SRS
s
dchutc' 9438~ 10 m
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3.4 [:CONOMIC ANALYSIS »

Calculation of Equipment Costs

Generally. the equation for the purchased cost of equipment is given as

Ce=C-8§"

where Ce = purchased cquipment cost
§ = characteristic size parameter
(= cost constant

1 = index for that type of equipment

Purchased Cost of Washer

The cost of carrot washer is given as

Ce=C-8"

rom the selection of the equipment, the volume ol the washer was calculated to he

4 3
Viasher = 493 - m
So.
= 2400
Vwashcr |
S T S sy 4‘()3
3
m I‘

From Richardson and Coulson's Chemical Enginecring, page 258,
n = 0.60
So. [rom the expression,

( C'Sn

Cwasher -

The cost of the washer is, therelore,

C =9.376 x I()i naira

“Cwasher
Cost of crusher
The cost of carrot crusher is given as
Ce=C-S"
From the selection of the equipment, the vohlulne of the crusher was calculated to be

\Y = 3.0l ~m3

crusher
So.
C = 2400
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Vcrushcr S = 3.61

3. e

m

Irom Richardson and Coulson's Chemical Engincering, page 258.

n:= 0.60

So, from the expression,

. Lt
Cegpusher = © S

The cost of the crusher is, therefore, .
: Cegrusher = 7.777 > 10 nana

Cost of mixer
The cost of mixer is given as

Ce=C-§"

Irom (he selection of the equipment, the volume of the mixer was caleulated to be

= 3
VlniXCr'“’ 3.61-m
So,
C = 2400
\Y

§i= ——

nixer
S =3.61
3
m |
\ 3

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

n = 0.60

So, from the expression,

Cepixer = C S

The cost of the mixer is, therefore, . ) <
Cepixer ™ 7.777 x 10 naira

Cost of dryer
The cost of dryer is given as

Ce=C-S"
From the selection of the equipment, the heat transfer arca of the dryer was caleuluied

to be

_ 2
Adrycr = 2544 - m
So,

58



C o= 24000

- fﬂ??i S = 25.44
m”

I'rom Richardson and Coulson's Chemical Engincering, page 25 8,

ni= 0.53
So, from the expression,

. vl el
(’cdl‘yCI"“ C-S

T 23 > N 23 N & 1 g (™ p » (-‘ )
I'he cost of the dryer is, therefore, Ceregy = 2001 < 10 naira

Cost of grinder
The cost of grinder 1s given as
Ce=C-8"

From the selection of the equipment, the volume of the grinder was caleulated to be

_ 3

Vgrinder =300 m
So,

[

C = 2400

Vo a
o ... _grinder =311

lll‘s

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

n = 0,60
So, {rom the expression,

- P
("grinder =C-8

The cost of the grinder is, therefore, (

' o W s art
[ Cgl'ill(lCl‘ =710 > 10 naira

Cost of sieve
The cost of sieve is given as
Ce=C-S"
From the selection of the equipment, the volume of the sieve was calculated to be

L 3
Vsieve = 3.10-m
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s o i

So.
¢ 2400
Viiave
__Sieve S =300
3
m

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

n = (.60
So. from the expression,

C (. . S”

Coieve

The cost ol the sieve is, therefore,

Cegieve

The total cost of equipment is, therefore, given as

Cor® Coyusher * Cocrusher + CC + (’Cdrycr + ¢

. e 1 Ce..
mixer Cgrinder ¥ Csieve

7098 - 10 naia

6 .
& - C e g
Corp = S.915 % 10 naira

The purchased equipment cost is the total cost of equipment and is delined as thus:

PEC = Cyp

1

PEC = 5.915 » 10" naira

Istimation of Capital Investment Cost

1. Direct Costs
A.

1. Purchased equipment cost (PEC):

The purchased equipment cost (PEC) = total cost of equipment

ic., PEC:= Cyyp

LEquipment -+ installation + instrumentation + piping + electrical + insulation -+ painting

PEC = 5915 10" naira

2. Installation, including insulation and painting: (25-55% ol purchased

cquipment cost)

Considering the installation cost to be 40% of purchased equipment cost

ie., Insta:= 40% - PLEC

Insta = 2.366 x 10" paira
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3. Iustrumentation and controls, installed: (6-30% ol purchased cquipment cost)

Considering the instrumentation cost to be 119 of purchased equipmént cost
1€, Instr:= 11% - PEC Instr = 6.506 » 10" naira

4. Piping installed: (10-80% of purchased equipment cost)
Considering the piping cost to be 30% of purchased cquipment cost

1e.. Pip = 30% - PEC Pip = 1774 10" naira

5. Electrical, installed: (10-40% of purchased cquipment cost)

Considering the electrical cost to be 15% of purchased cquipment cost

ie., lect := 15% - PEC : s
! Elect 5% PEC Flect = 8.872 ~ 10 naira

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

painting is given as

CA = PEC 4 Insta + Instr + Pip + Elect )
CA = 1.159 % 10 vaira

B. Buildings, process and auxiliary: (10-70% of purchased cquipment cost)

Considering the buildings, process and auxiliary cost to be 20% of purchased

cquipment cost

1.€., Build ;= 20% - PEC . v
utid Yo PEC Build = 1.183 x 10" naira

C. Service facilities and yard improvements: (40-100% of purchased

cquipment cost)

< . . . g, . \ ’ -
Considering the cost of service facilities and yard improvement to be 50% ol
PEC

le., Servi:= 50% - PEC . ,
0 Servi = 2,957 » l()4 naira

D. Land: (1-2% of fixed capital investment or 4-8% of purchascd equipment cost)

1

Considering the cost of land to be 5% of PEC

i.c., Lan:= 5% PEC )
Lan = 2.957 x 10" naira

Thus, the direct cost is equal to

Direct_Cost := CA -+ Build + Servi + La ,
- et " Direct Cost = 1.603 x 107 naira
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IL Indirect costs: expenses which are not directly involved with material and

labour of

actual installation of complete facility (15-30% of fixed capital investment)

A. Engineering and supervision: (5-30% of direct cost) |
Considering the cost of engincering and supervision to be 13% ol direct cost |
[ '

. O .
1.C.. Engin = 13% - Dircet Cost Fngin == 2.084 » HI naua

B. Construction expense and contractor's fee: (6-30% of dircet cost)
Considering the construction expense and contractor's fee to be 15% ol direct

cost

PN N . 9/ . Dir ‘ast ) .‘
1.C., Const = 15% - Dircet_Cost Const = 2.404 » I()( Haira

C. Contingency: (5-15% of direct cost)
Considering the contingency cost to be 7% of fixed capital investment

ie., Conti := 7% - Direct_Cost b . , no
’ Conti = 1,122~ 10" naira

Thus. indirect cost is equal to
Indirect Cost:= Engin + Const + Conti . . o .
Indirect Cost - S.61~ 10 naira
111, Fixed Capital Tuvestment: |

Fixed capital investment to be Direct cost + Indirect cost

ic., Fixed Cl:= Dircet Cost + Indirect Cost . . 7.
Fixed €1 2064« 10 nara

IV. Working Capital: (11-20% of fixed capital investment)

1.C.. Working_C:= 11% - Fixed_C1
Working €= 2238 x 10 naira

1. Total Capital Investment (TCI):
Total capital investment to be Fixed capital investment 1 Working capital

ie., Total Cl:= Fixed Cl+ Working_C

Total Cl=2.102x 10 naira
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Estimation of Total Production Cost:
1. Manufacturing Cost 1o be Direct production + Fixed charges - Plant overhead cost
A. Fived Charges: (10-20% of total product cosl)

i. Depreciation: (This depends on life period, salvage value and method of
calculation

_ about 13% of ECI for machinery and equinpment and 2-3% of building value

for
l)uildiu%s ) o . o , ] o
Considering depreciation to be 10% of FCI for machinery and equipment anc
3% of

building value for buildings)

M e 0/ I o 394 . 1 .
Le., Depre := 10% - Fixed_Cl + 3% - Build Depre = 2.199 10° naira

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

t

Considering the local taxes to be 3.5% of fixed capital investment

i.C.. ”(,' = 3 0( M :.‘ > ‘ . S .
lax 5% Fixed_C1 Tax = 7.574 x 10 naira

iii. Insurance: (0.4-1% of fixed capital investment)
Considering the insurance to be 0.0% of fixed capital investment

Le. Insur := 0.6% - Fixed Cl
’ nsur 240 Fxed, Insur = 1.298 x l()5 naira

iv. Rent: (8-12% of value of fixed capital investment)
Considering rent to be 10% ol value of fixed capital investment
I

iLc., Ren = 10% - Fixed Cl .
¢ o Hxed. Ren = 2,104 % l()( naira

Thus, (ixed charges is given as

Fixed = Depre 4 Tax + Insur + Ren
Fixed = 5.251 x 10" naira

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

that is,

Fixed C = 5% - TPC

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

FC
15%

TPC =

63




. Fixed
IPC = ——

15% TPC = 3.5 % I()7nz\im

B. Direct Production Cost:

i. Raw materials: (10-50% of total product cost)
- . . ~ . ~ '
Considering the cost of raw materials to be 15% of total product cost

Raw mat:= 15% . TPC
fH .
Raw mat = 5251 » 10 naira

ii. Operating Labour (OL): (10-20% of total product cost)

Considering the cost of operating labour to be 10% of total product cost

Operl, = 10% - TPC Operl, = 3.5 % 10" naira

I

iii. Direct Supervisory and Clerical Labour (DS & CL): (10-25% ol OI)

Considering the cost for direct supervisory and clerical Fabour to be 15% of

Ol

DireS = 15% - Operl, A
Dire$ = 5.251 > 10 naira

iv. Ulilities: (10-20%0 of total product cost)

Considering the cost of utilities to be 12.5% of total product cost

Util = 12.5% - TPC ) v
: o1 Util = 4.375 x 10" naira

v. Maintenance and repairs (M & R): (2-10% of fixed capital investment)

Considering the maintenance and repair cost to be 3.7% of fixed capital
investment ‘

Maint ;= 3.7% - Fixed ClI . s .
am o hixed_ Mamt = 8.007 > 10 naira

vi. Operating Supplies: (10-20% of M & R or 0.5-1% of I'C’1)

Considering the cost of operating supplics to be 17% of M & R

perS = 17% - Mai ‘
Oper$ 7% - Maint OperS = 1.361 x 10 naira

vii. Laboratory Charges: (10-20% of Ol.)

i

Considering the laboratory charges to be 15% of Ol.

Lab:= 15% - OperS .
ab 15% - Oper$ Lab = 2.042 x l()‘llilll'il
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viit. Patent and Royalties: (0-6%0 of total product cost)

Considering the cost of patent and royalties.to be 4.5% of total product cost

Paten :== 4.5% - TPC Y
: 70 Paten = 1.575 x 10° naira

Thus, direct production cost is
DPC = Raw_mat + OperL + DireS + Util + Maint + OperS + Lab -+ Paten
DPC = 1.618 % 10 naira

C. Plant Overhead Costs: (50-70% of operating labour, supervision, and maintenance
or

5-15% of total product cost); includes for the following: general plant upkeep and
overhead, '

[

payroll overhead, packaging, medical services, safety and protection, restaurants,
salvage, '

laBopawiresingthstptapt dxeifidad. cost o be 55% of OL. DS & Cloand M & R
Therelore,

Plant := 55% - (OperL, + DireS -+ Maint)
Plant = 2.654 x 10° naira

Manufacture cost = Direct production cost + Fixed charges -+ Plant overhicad cost

1 = DPC + Fixed + Pla . 7.
Manufl = DPC + Fixed + Plant Manuf = 2409 x 107 naira

1. General Expenses = Administrative costs + distribution and selling costs 1,
[
rescarch

and development costs

A. Administrative costs: (2-6% of total product cost)
Considering the administrative to be 3% of total product cost

Admin = 3% - TPC ) .
dmin ’ ¢ Admin = 1.05 x I()()nana

B. Distribution and Selling Costs: (2-20% of total product cost); includes costs
lor

sales offices, salesmen, shipping, and advertising.

Considering the distribution and selling costs to be 11% ol total product cost

Distr:= 11% - TPC

Distr = 3.85 x I()() naira

65




. Research and Development Costs: ( about, 3% of total product cost)

.

Considering the research and development costs to be 3% of total product cost

Lesea = 3% - TPC _ v
Res a Resea = 1.05 10" naira
Thus, genceral expenses,

Gener = Ad in -+ Distr + Resee o
jenet dmin + Distr + Resea Gener = 5,951 o i

1. Total Product Cost = Manufacture Cost + General Expensces

Total prod cost = Manuf 4 Gener ]
Total prod cost . 3004~ 10 naira

V. Gross Earnings/hicome:
The selling price of carrot powder is equal to N75 per kg

; naira
75 . e

kg

&

Sclling price =
Ouantity produced == 101604691 - kg
Total income = Selling price x quantity of product manu factured

1.C., Total_income := Selling_price - Quantity produced

. . 7 .
Fotal income = 7.2 10 naira
. 38 . Y I -\
Gross income = Total income - Total Product Cost

Le., Gross_income = Total_income - TPC
. . . 7.
Giross income =L 12« 10 naira

Assuming the tax rate to be 45% (common). Tax rate: 45%
Net profit = Gross income - Taxes
Taxes ;= 45% - Gross_income 0 7.
o laxes = 1.854» 10 nana

Net profit:= Gross_income - Taxes
Net profit = 22606 > 10’ naira

Calculation of Rate of Return:

Net_profit
Total CI

Rate_of return = - 100%

Therelore,
. Net_ profit
Rate_of return ;= ——="——" 100%
Total_Cl

Ratc_of return = 94,339 %
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Caleunlation of Pay-Back Period

The pay-back period is caleulated as the reciprocal of the rate of return.

Thercfore,

1
Pay back period ;= ———mm—— - ¥
Rate of return
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4.1 Results

4.0

CHAPTER I'OUR

;-

RESULTS AND DISCUSSTON

The summary of the results obtained rom this project are as summarized in

the tables below.

4.1.1 Material balances' results

Table 4.1: Results of the material and encrgy balances

Washer

Crusher
Mixer
Dryer
Grinder

Screener

Input (kg_)

422935231

4212434.90

4267196.55

4267196.55

106679914

106679914

4.1.2 I'quipments specification’ resulls

Table 4.2: Results of equipments' specification

Area (") Diameter (m)

Output (kg)

4212434.90

4212434 .90

4267190.55

4267196.55

1006799.14

106679914

Washer
Crusher
Mixcr
Dryer
Grinder

Screener

4.93

3.61

3.601

0.93

0.93

16.36
13.11
13.04
2‘5’.44

5.51

068

2.47

1.91

1.72

2.68

1.59

1.09

il

[leight (im)

.04
5.69
0.87

.04



4.1.3 Econonic analysis’ results

Table 4.3: Results of the ecconomic analysis

Equipmcaé{_ S Cost(N)
“Washer 937600
Crusher 777700

Nixer 777700

Dryer 2000100

Grinder 711100

Screener 5915000

4.2 Discussion of Results .

The results of this project are as shown in Tables 4.1, 4.2 and 4.3. As can be
observed from the results, Table 4.1 shows the results material balances and Table
4.2 shows the results of equipment specification while Table 4.3 shows the results of
the cconomic analysis of the production of carrot powder from cﬂx‘rot.

Table 4.1, which shows the results of material balances, reveals that material
entering the washer was 4229332.31kg while the mass of the material leaving the |
was caleulated to be 4212434.90kg.  Similarly, the mass of matcerial entering the

i
crusher was calculated to be 4212434.90kg while the one coming out of the crusher
was 4212434.90kg. Al the mass in and mass out of cach equipment arc presented in
Table 4.1, Observing the results very \\'cll..it will be discovered that, in some
equipments, mass in is pot equal to mass out, even though it is a unit operation. The -
reason for this being the loss encountered in the equipment.

Table 4.2 that which shows the results of equipments' specification shows that -

) - . . 3 . . .
the volume of the washer for the carrot is 4.93m" while its diameter 2.47m and the

. - . - ' ! ~
height was=calculated to be 1.59m which finally gave the total surface arca of the

oY



washer 15 Be 16.36m" for the small scale production of carrot powder from carrot.
The dimensions of all other cquipments are shown thus in the table (Table 4.2).

Based on the sizes of the equipments, l‘l!c costs were calculated and tabulated
in Table 4.3.' According to the results, the cost of carrot washer was found to be
937600 while that of ¢crusher was found to be N777700. As shown in the same table
(Table 4.3). the cost of mixer, dryer, grinder and screencer were found to be N777700,
N2000100, N711100 and NS9TS000 respectively.

The purchased cquipment cost was caleulated as the sum of the costs of all the
cquipment to be NSOTS000. This, after applying the standard method of costing as ,
shown in the calculations of the cconomic uuul);'sis, the plant was found to have the

I
fixed capital investment of N21640000 and working capital of N2380000. Thus, the
total capital investment was calculated to be N24020000.

In conclusion, this plant has been found to be viable with the rate of return of

94.34% and payback period of at most 1.06ycars,

3
L
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fria
CHAPTER FIVE
50 CONCLUSION AND RECOMMENDATION

5.1  Conclusion

The results of the project show that the purchased cost of equipments was
calculated to be N5915000. Based on the further clzllcululions, the project was found
to have fixed capital investment of N21640000 and working capital invcstm!cnl of
N2380000 while the total capital investment was N24020000.

In conclusion, this plant has been found to be viable with the rate of return of

94.34% and payback pertod of at most 1.06ycars.

5.2 Recommendation
I

In this project, the design of a plant for the production of carrot powder using
carrot was carricd out for a small scale plant; it is, therefore, recommended that a
large scale plant should also be designed for the production of the same product

(carrot powder) using carrot,
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APPENDIX

Az CALCULATION OF FLOW OF MATERIALS

The Hlow of materials were calculated using the principle of law of conservation of
mass which states that

[nput 1 Generation = Output l [Loss

IFor instance, the weight leaving one unit to Elll(,;iIICI‘ unit will be calculated as

Output Input - Loss

Basced on this principle, all the flow ol materials was caleulated using spreadshect.

B: CALCULATION OF WEIGHT PERCENTAGLS

The weight percentages were calculated using the formula given as

wi
L L
Total wt

where
wi s the weight ol individual component

Total_wt is the total weight of all the components
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