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ABSTRACT 

The design of the plant to produce 1 O,OOOliters/day of cashew kernel oil was carried out 

using computer spread sheet for the material balance and MathCAD for the energy balance, 

equipment specification and the economic analysis of the plant. 270,888 kg/day of cashew 

kernels yielded the desired 10,000 liters/day of cashew kernel oil. The plant has an over all 

energy requirement of758,700 kJ/h. The height and diameter of the conical crusher was found 

to be 6.1 13m and 3.057m. The height and diameter of the cylindrical extractor was found to be 

9,491m and 4.745m respectively. The height and diameter of the cylindrical desolventiser was 

found to be 4.l65m and 2.082m respectively. The height and diameter of the cylindrical column 

was found to be 5.56m and 2.78m respectively. From the economic analysis, the plant was 

t estimated to have a rate of return and pay back period of approximately 50% and 2 years 

respectively. 

vii 



1 
I 

TABLE OF CONTENTS . 
: .~. 

... 

Cover page 

. I .. Tit e ....................... : ................................................................ 11 

Declaration .............................................................................. , iii 

Certification .............................................................................. iv 

Dedication .................................................................................. v 

Acknowledgment. ....................................................................... vi 
, 
1 Abstract. ................................................................................... vii 

Table of Contents ......... '" ...................................... , ...................... viii 

CHAPTER ONE 

1.0 Introduction ............................................................................. 1 

1.1 Aims of Objectives ................. , ................. , ... '" ........................... 2 

1.2 Approach and Methodology .......................................................... 2 

CHAPTER TWO 

2.0 Literature Review ...................................................................... 3 

2.1 Cashew Anarcadium Occidentale L ...... ;.. ... ...... ... ... ... . '" .......... , .... 3 

2.2 Cashew Kernel ...................... , ................................................... 5 

2.3 Uses of Cashew ........................................................................ :6 

2.4 Production Techniques .......................................................... ; ...... 6 

CHAPTER THREE 

3.0 Process Description of the Production of Cashew Kernel Oil. .................. 7 

3.1 Crushing of the Cashew Kernels ..................................................... 7 

3.2 Extraction of Oil from the Cashew Kernels ................................ : ....... 7 

3.3 Desolventising the Cake ............................................................... 7 

3.4 Solvent Recovery from Miscella ...................................................... 7 

CHAPTER FOUR 

4.0 Equipment Design and Plant Econoll'ics, ............................................ 10 
I .; • \ • 

4.1 Equipment Design .................................... '" ............................... 10 

Vlll 
~. 

/ 



4.1.2 Design of Extractor .................................................................... 18 

; 4.1.3 1 Design of Desolventiser .......................................... ~ .................... 22 
" l 
i 

1 
4.1.4 Design of Distillation Column ........................................................ 31 

I 4.1.5 
% 

Design of Condenser 01 ............................................................... 34 

4.1.6 Design of Condenser 02 ................................................................ 43 

4.1.7 Design of Condenser 04 ................................................................ 51 

4.1.8 Design of Reboiler ....................................................................... 59 

4.2 Economic Analysis ........................................................................... 64 
, 

", 
4.2.1 Purchased equipment cost.: ................................................................ 65 

4.2.2 Total capital investment. .................................................................. 66 

4.2.3 Annual operating cost...................................... ... . ......................... 68 

4.2.4 Gross earning ................................................................................ 68 

4.2.5 Net profit .................. , .................................................................. 69 

4.2.6 Rate ofretum ................................................................................. 69 

4.2.7 Pay back period .............................................................................. 69 

CHAPTER FIVE 

5.0 Results and Discussion of Results ........................................................... 70 

5.1 Results ........................................................................................... 70 

5.2 Discussion of Results ........................................................................... 73 

CHAPTER SIX 
, 

6.0 Conclusion and Recommendations ............................................................ 75 

6.1 Conclusion ........................................................................................ 75 

6.2 Recommendations ................................................................................ 75 

REFERENCES........................... ......... ...... .. .... ... ... .......... . .................... 76 

IX 



CHAPTER ONE 

1.0 INTRODUCTION 

With the recent trends in governmental policies, Nigeria is gradually moving towards 

diversification of its revenue base from a solely crude oil based economy to one where other 

sectors playa central role. Also there is a sharp reduction in the importation of foreign goods 

which was the case some years ago. 

This trend has necessitated the development of the non oil sectors of the economy 

paripasu with the establishment of industries for the production of goods that were here-to-fore 

imported and any move towards thi~ direction is welcorr:d by the government as being 
I i 

evidenced by the rapid growth of small and medium scale manufacturing enterprises. This is the 

motivation for this work. 

Nigeria is the third largest producer of cashew nuts in the world and since research has 

shown that the cashew kernel oil (CKO) is edible and can be used in the pharmaceutical and 

cosmetics industries, this abundant raw material can be exploited to produce oil which can 

compete favorably with the imported oil brands. 

No evidence of the commercial production of CKO has been found in the world and by 

this, the proposed plant could be the sole producer of CKO in the world making it a very 

lucrative venture since demand will be high due to the lower cost as compared to other oil 

brands. This low price is as a result of a cut in the cost of production which stems from the fact 

that the raw material ( cashew nuts) occurs abundantly in the country, is easy to harvest and 

the cashew tree does not need too much care, all these facts as compared to the raw materials for 

producing groundnut oil, soyabean oil C.t.c which will rel\lijie T~!\t it br planted every year, 

weeded, fertilized and harvested by eitl:er intensive labour or mechanically, all these leading to 

a high cost of production. 

This work aims at designing a plant that will break even in a very short time (maximum 

of 3 years), there by ensuring that investors into such a project start making profit from the 

project in no time. 

I 
t 
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1.1 Aim and Objectives 

This project work is aimed at designing a vlant to produce cashew kernel oil with a very 

short pay back period (maximum of 3 years). Such a plant when built and running will: 

I. Provide employment for labor in the country. 

II. Reduce dependability on imported oil by increasing local production. 

III. Diversification of the revenue base of the government. 

IV. Cut the cost of production of vegetable oil due to the abundant and more easily sourced 

raw material. 

j 
\ V. Increase the supply of vegetable oil in the market which will translate to a cut in the 

selling price. 

1.2 Approach 

This design work will be carried out using a spread sheet for the material balance and 

MathCAD for the energy balance, equipments selection and specification, the costing of 

individual equipments and the economic analysis of the plant. 

, 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Cashew (Anarcadium occidcnta L.) 

The cashew is a member of the anacardiaceae family, allied with mango, pistachio, 

poison ivy, poison oak e.t.c. The anacardiaceae is known for having resinous back and often 

caustic oils in leaves, bark and frui ts. 

The cashew industry had to overcome severe limitation posed by caustic oils in the nut 

shell. But today, the caustic oil that made the plant domestication difficult has become a 

valuable byproduct of cashew nut production. 

specie and nuts are found in products that have a rain forest friendly label or connotation. 

Although the trees will grow in tropical wet forest, they rarely produce many nuts and 

production is far greater in areas with distinct wet and dry season, such as its native range in 
. 

Brazil, fndia and east Africa (F AO, 2002).", 

The Portuguese introduced cashew into the west coast of India and the east coast of 

Africa in the 16th century shortly after its disc~very in 1578. It was planted in India initially to 

reduce erosion and uses for the nut and pseudo fruit, the cashew apple, were developed much 

later. The trees were adapted to the region and became naturalized in Central America and the 

Caribbean islands. Natural domestication predated the arrival of the Europeans, although 

international nut trade did not occur until the 1920s. Native South Americans discovered that 

roasting nut in the fire wood would remove the caustic oil allowing the ~ut to be cracked and 

eaten without any ill effects. The roasting technique was either not known or not appreciated 

outside the native range so the cashew apple was the first produl.:i. to be consumed, with the nut 

being discarded. Natives also knew of many medicinal uses for the apple juice, bark and caustic 

seed oil which were later exploited by the Europeans. (greencottagc, 2000.) 

, India developed a more refined means of removing the caustic oil and this country is 

now being given credited for developing the modern nut industry. India led the world for many 
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years in nut production until recently when production in Vietnam surged about three fold in a 

few years. In its native Brazil cashew production ranks in the top five of the world, and virtually 

all cashew apple j~ic~ products come fr0m this country. Preliminary data suggests that cashew 

production surpassed almond in 2003, and thus, cashew now claims the title of the number one 

nut crop in the world. . 

1,870,284 million tonnes of cashew was produced commercially in 32 countries (FAO, 

2002). World production doubled in 1994, with most countries experiencing a substantial 

increase, particularly Vietnam. 

The top ten countries in the world based on cashew prc>duction is shown in the table 

below: 

Table 2.1: Top ten countries in the world based on cashew production. (FAO, 2002), 

Country Percentage production 

1. Vietnam 28 

2. India 25 

3. Nigeria 10 

4; Brazil 8 

5. Tanzania 5 

6. Indonesia 4 

7. Guinea-Bissau 4 

8. Coted'ivore 4 

9. Mozambique 3 

10. Benin 2 

The true botanical fruit is nut about 1 inch long shaped like a small boxing glove, 

hanging below a fleshy, swollen peduncle called the cashew apple or pseudo fruit The cashew 

apple resembles a pear in shape and size, is juicy, fibrous and astringent tasting. It has thin skin 
. . 

of either yellow or light red color, and yello~ flesh fruit are borne singly or in small clusters and 
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mature in 60-90 days. The nut develops first, followed by the rapid swelling of the cashew in the 

last few weeks of its growth. 

The nut shell has an inner and outer wall separated by a honeycomb tissue infused with 

caustic oil. Cracking the nuts fresh results in the oil contaminating the kernel, so nuts are roasted 

to drive off the oil before shelling. The nuts are about 22-30% kernel by weight and kernels are 

difficult to extract whole compared to other tree nuts. 

The composition of the cashew kernel is shown in th~ table below: 

Table 2.2: Composition of cashew kernel. (Weiss, 2000) 

Component Percentage 

1. water 3-7 

2. protein 18-22 

3. fats, ., 
\: 46 

4. carbohydrate 27 

5. crude fiber 1.1 

2.2 Cashew Kernel Oil (CKO) 

• 
The cashew kernel oil (CKO) is brownish, sweet oil whose property can be conveniently 

divided into physical and chemical properties. 

Tables of the physical and chemical properties of CKO are shown below: 

Table 2.3: Physical properties ofCKO.(Weiss, 2000) 

Properties Value/Remarks 

1. color brown 

2. odor sweet 

3. specific gravity 0.803 

4. boiling point 125°C 

5. ref. Index at 29°C 1.433 

6. density 820kg/m3 

7. viscosity at 29°C 0.OO359kg/ms 
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Table 2.4: Chemical propertie~ ofCKO (Weiss, 2000) 

Properties Values 

1. acid value 3.37 

2. saponification value 192.15 

3. iodine 71.06 

4. pH 5.6 

2.3 Uses of Cashew Kernel Oil 

From research studies carried out, it has been discovered that CKO is edible when 

fortified with vitamin A. (Oladele, 2005). Cashew kernel oil can be utilized in the 

pharmaceutical industries in lowering cholesterol level in blood, in helping cure diabetes and 

kidney, in relieving rheumatism and for curing skin diseases like eczema (F AO, 2002). 

It can also be used as a carrier for ligaments, as an anesthetic in leprosy and psoriasis and 

for blisters, warts, corns and ulcers. 

The CKO has a delicate and pleasant hazelnut smell which does not persist when 

incorporated in formulations. Its natural richness in vitamin E protects it against oxidation and 

gives the formulated product a free radical scavenging activity. As all unsaturated vegetable oils, 

it can be used for skin care products, hand cream, massage oils, sun and after sun products and 

lip balms. (Greencottage, 2004). 

2.4 Production Techniques 

CKO is produced using cashew kernel as raw material. The kernel is extracted from the 

shell 'by cleaning the cashew nut, soaking in water, roasting, shelling, and extraction of the 

kernel, drying, peeling, grading and packaging. 

The CKO can'then be extracted from the nut either by the use of hydraulic press, screw 

press or solvent extraction. Solvent extraction of the oil from the kernel is preferred because 

about 98% extraction can be achieved as compared to 80% and 90% for the hydraulic and screw 

presses respectively. (Shreve's, 1984). 
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CHAPTER THREE 

3.0 PROCESS DESCRIPTION 

The CKO will be processed via solvent extraction using hexane as the solvent. The main 

operations involved in the extraction of the CKO from the kernels involves the extraction of the 

oil using hexane and then recovery of hexane from the cake and miscella,(mixture of oil and 

solvent), leaving the extractor. A detailed description of the process is given below. 

3.1 Crushing of The Cashew Kernels 

The raw materials for the process are cashew kernels which are fed into a crusher at 

room temperature. This operation is carried out to reduce the size of the cashew kernels and 

hence provide a large surface area for solvent action. Due to the energy of crushing, there is a 

20°C rise in the temperature of the cashew kernels. Crusher rollers are used because the crusher 

can be set to give any convenient size of product. 

3.2 Extraction Of Oil From The Cashew Kernels 

The crushed kernels are fed into an extractor where extraction takes place using hexane 

as a solvent which is fed into the extractor at room temperature. After eXiraction the miscella 

leaves the extractor at 39°C and since the heat gained by the hexane stream is equal that lost by 

the kernel stream, the cake leaves the extractor at 37°C. The miscella is made up of 25% oil and 

10% of the oil is entrained in the cake. Equal amount of hexane and cashew kernels are used for 

the extraction. 

A counter current flow of the streams is favored and hence a Bollman's extractor is 

employed since the rotation of its perforated baskets containing the kernels allows the solvent to 

permeate through hence allowing for continuous extraction. 

3.3 Desolventising The Cake 

The desolventiser is an evaporator which contains plates with scrapers on each plate. As 

the mixture of cashew kernels and hexane is fed into the top of the desolventiser, the scrapers on 
! 

I .-

each plate scrape' the cake to ~\ lower plate while hexane evaporates. The desolventiser is 

operated at atmospheric pressure and at 70°C. 

3.4 Solvent Recovery From Miscclla 

The miscella from the evaporator IS pumped to a distillation column operated at 
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atmospheric pressure and at reflux of3. The oil comes out of the bottom at al OO°C and is cooled 

to room temperature and stored. The column condenser cools the recovered hexane to 25°C and 

the hexane is sent to storage. 

A flow sheet for the process is given below: 
to 

5 

1 

15 

6 ST 'OT"" (':' 
, '.'1 

Key: 

Stream Description 

1 cashew kernels t 
f 
( 

I 

I 
2a 

3 

crushed cashew kernels 

cashew cake and entrainc~ soh'c!l1t 
I 

4 miscella 

5 recovered hexane from cake 

6 cake to dryer, toaster and storage 

7 cooled hexane from column 

9 oil from column reboiler 

10 cooled hexane from desolventiser 

11 vapor from column 

12 reflux to column 

13 reboiler vapor 

14 bottom from column into reboiler 

15 cooled oil from reboiler 

2b hexane to extractor 
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CHAPTER FOlJlt 

4.0 EQUIl'MENT DI~SIGN AND PLANT I~C()NOMIC ANALYSIS 

The Equipment design involves the matcrial and cnergy balances across the major 

equipments and also the sc\ection and spccification of thcse equipmcnts. The Economic 

analysis covers the purchased equipment costs, total capital investment required for the plant 

" 

and also the total production cost. It also estimates the income of the plailt and gives the 

estimated rate of return and pay back period. 

4.1 Equipnlcnt Dcsign 

Ovcrnll malca-inl balance 

For a system without accumulation, the o\erall material balance is gi-.en as 

INPUT = OUTPUT, ............. , .... " ..... , ................................... 4.1 

cashew kernels = cashew cake + cashew kernel oil 

The design specifies that 66% of the fat be extracted and since 10,OOOliters/day of eKO is specified, the 

the starting mass of cashew can be obtained. 

kg 
Poil:= 820-

J 
111 

nlilssoil := P oil' voloil 

m1sso il 
tmSS cash kcnt:= 

- - 46% . (66%) 

From thp m,era" material balance 

) 
III 

voloil:= 10 
day 

, .)j • * 

Overall, enprgy bnlan~el 

An owrall energy balance of the plant Is gi\en as 

) kg 
Imssoil = 8.2 x 10 

day 

m.1SS cash kcnt:: 2.(1)1 ')( \{,1 kg, 
day 

k 
4 kg 

11\.'55 err c = 1.881 x 10--
- day 

ENTHALPY OF INPUTS + HEAT LOAD = ENTHALPY OF OUTPUTS ..... : ................. 4.2 

enthalpy of cashew kernels + heat load = enthalpy of cashew cake + enthalpy of oil 

The cashew kernels enter the system at 25°e. The eKO and cashew cake lea-.e at 250 e and 700 e 

respec!l\ely. The refrence 'em perature is taken to be 25°C. This implies that 

kJ 
Micas h kCn!:= 0 - h 

4 kJ 
61-lcBke := 7.587 x 10 

h 

kJ 
61ICKO := 0 

It 

From equation 4.2, the heat load for the system is gi\en as 

.1 kJ 
heal load = 7.587 x 10 .. , 

- h 
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4.1.1 Crusher design 

Stream 1 ------, 

Stream 2a 
L--____ ..,~. 

Fig. 4.1: Crusher. 

I. Material balance 

--_. . ----

A~~mption~! __ !o-"ec~~~ ... 
________ .. ____ .... __ _ Input. 

, ,) Stream 1 
- --- -~------ .-

f 
r 

~~:nenL_ ~.9/~~Y.·---3.9000IK9% ._- 0.0390 kg/daY'sc4a~~0~~31 
~!ot.e~~=~._..' -22.0000 0.2200i 248.3140[ 
~~! . __ . _ . _46.00001 0.4600i 519.20201 
~~~o~y_drate_ . ... 27.00001 0.2700i 304.74901 

g!Ud~fi~E~_. _ ._ 1.10001 0.0110[ 12.4157! 
~~x.ane ____ __ 0.00001 o.OOOOj O.OOOOl 
To~_I. __ . __ ... .. _. 100.00001 1.0000i 1128.7000i 

1 1 

-.'--~-=~=-:=~=-. 
Output . __ . ______ .. 

I Stream 2 __ . ___ ._._ 
i kg/day I Kg% ~.g/day)ca~. ~~_ 
i 3.9000

1 

0.0390 44.0193 

I 22.0000 0. 22001 _ 248_.3~40 

~~.~~. ~m~-_~-:~~;; 
0.00001 0.00001._. . .O:.~O 

100.00001 1. 00001 1128.7000 



II. Energy balance 

I ,. 

Assumption: There is a 200C rise in temperature 

Enthalpy of inputs 

44.0193 25 

248.3140 25 

519.2020 kg 25 
m'- T:= .-

304.7490 h 25 

12.4157 25 

0.0000 25 

Tref := 298K 

Enthalpy of water 

To = 298K IT\) = 44.019 kg 
h 

I 
water 

protein 

fat 

+27 carbohydmte 

crudefiber 

hexane 

kJ -2 kJ 
ao:= 18.2964 bo := 1.095· 10 

kg· K kg. K2 
Co := -4.891 . 10- 5 kJ do := 0 

kg. K3 

t.\T:= To - Tref 

Enthalpy of proteins 

TI = 298K 

kJ 
cp := 1.7 --

kg· K 

kg 
ml = 248.314 

h 

12 

kJ 
c = 0.956 -
P kg. K 

t.\T= OK 

kJ 
t.\H = 0-water h 

t.\T=OK 

kJ 
t.\Hprotein = 0 h 



rnthalpy of fats 

T2 = 298K 

kJ 
cp := 8.100 

kg· K 

kg 
nh = 519.202 

~ h 

Enthalpy of carbohydrate 
kg 

T3 = 298K mJ = 304.749 
h 

kJ 
cp := 1.344 

kg· K 

Enthalpy of crude fiber 

T4 = 298K 

kJ 
C := 0.98 -_. 
P kg. K 

I .". 

~T:= T4 - Tref 

Enthalpy of hexane 

Ts = 298K 

s kJ 
as:= 1.7212· \0 

kg· K 

kg 
~ = 12.416 

h 

kg 
ms = 0 

h 

bs :=-1.11378.102 kJ 
kg. K2 

13 

~T = OK 

~T = OK 

kJ 
~Hcarb = 0 .. . h 

~T= OK 

kJ 
~Hcrudefiber = 0 .. 

h 

I kJ 
Cs := 8.8734· 10-

kg. K3 
ds := 0 

kJ 
c = 2.276···· 
P kg. K 

~T=OK 

kJ 
~Hhexane = 0 . 

h 



Total enthalpy in 

kJ 
~HIN = 0 kg .'K 

Enthalpy of outputs 

44.0193 

248.3140 

519.2020 kg 
m'- T'-.- .-

304.7490 h 

12.4157 

0.0000 

Tref := 298K 

Enthalpy of water 

To =318K ~ = 44.019 kg 
h 

ao:= 18.2904 kJ bo := 1.095. 10- 2 kJ 
kg· K kg. K2 

~T:= To - Tref 

Enthalpy of proteins 

kJ 
cp := 1.7 

kg· K 

,. 

kg 
ml = 248.314 

h 

, .. 

45 water 

45 protein 

45 fat 
+ 273 K 

45 carbohydrat~ 

45 crudefiber 

45 hell'ane 

Co := -4.891 . 10- 5 kJ do := 0 
kg. K3 

kJ 
c = 2.276 .... 
p kg· K 

~T = 20K 

kJ 
~Hwater = 823.284-­

h 

~T = 20K 

3kJ 
~Hprotein = 8.443 x 10 -h 
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Enthalpy of fats 

T2 = 298 K 

kJ 
cp := 8.100 

kg· K 

kg 
ITI2 = 519.202 

h 

Enthalpy of carbohydrate 
kg 

T3 = 298K m) = 304.749 
h 

kJ 
cp := 1.344 

kg· K 

Enthalpy of crude fiber 

T4 = 298K 

kJ 
cp := 0.98 

kg· K 

kg 
Il\J ::: 12.416 

h 

6Hcrudefiber := Il\J . cp . ~ T 

Enthalpy of hexane 

Ts = 298K 
kg 

ms = 0 
h 

s kJ 
as := 1.7212· 10 

I kg· '> 
2 kJ 

b5 :=-1.8378·IQ 
r' . 2 

.' . kg· K 

- [as + bs ' Ts + Cs: {T5)2 + ds ' {T5)3] 
c '- ---------.------.-.. - - - -
p'- 86.177· 1000 

Total enthalpy out 

~T = OK 

kJ 
M-I fats = 0 

h 

~T=OK 

kJ 
~Hcarb = 0-

h 

~T= OK 

kJ 
~Hcrudefiber = 0 

h 

_I kJ 
C5 := 8.8734· 10 

kg· K 

kJ 
c = 2.36 . 
P kg. K 

~T = 20K 

kJ 
~Hhexane = 0 

h 

6HOUT := 6Hwater + 6Hprotein + ~Hfats + ~Hcarb + M1crudcfiber + 6Hhexane 

6 kJ 
~HOUT = 1.018 x 10 

kg· K 

Heat load of crusher 

QCRUSHER := ~HOUT - ~HIN 

15 

6kJ 
QCRUSHER = 1.018 x 10 

h 



III. Crusher selection and specification 
""1"'.311"" 

Type:crusher roles 
Material: carbon steel 
Assumptions: 
1.111e \Qid \Qlume is 10% of the \Qlume. 
2.111e crusher is assumed to be conical. 
3.111e thickness of the carbon steel is assumed to be 0.01 

44.0193 0.0390 

, 248.3140 0.2200 

519.2020 kg 0.4600 
mass := x·- d := .-

304.7490 h 0.2700 

12.4157 0.0110 

0.0000 0.0000 

(1'1k1SS0 + 111..1S51 + mass2 + 111<155) + mass4 + Inls55) 
volume := - . 

comp avcragcdclIsity 

volumevoid := 0.01 . VOIUlllCcomp 

volumecnisher:= VOIUl1lCcomp + VOhlll1Cvo id 

( 
VOIUll1Cncru5hcr) 3 

Dcrusher:= 6· 

The height of the crusher is gi\en as 

Hcrusher:= 2Dcrushcr 

The internal radius of the crusher is gi\er. as 

Dcrushcr 
Rinternal :=- 2 . 

1000 water 

530 protein 

910 kg fats 

680 3 carbohydrate III 

420 crudefiber 

236.9 hexane 

avcragcdcl1sity = 762.42 kg 
m3 

3 vo IllllICcomp = 1.48m 

3 
·;:!t·P~"llid =- O.OI5m 

3 
volull1Ccrus her = 1.495 m 

Dcrushcr = 1.419m 

"crushcr = 2.837m 

Ril1tcmal = 0.709111 



The external radius is gil.en as 

~xtemal:= ~ntemal + 0.01 

The lenght of the slope is L and calculated as 

The total surface area is then gil.en as 

Acrusher := 1tRextemal . L 

IV. Crusher cost 

The surface area of the crusher is 

2 
Acrusher:= 6.615m 

cost of carbon steel of thickness 0.01m and area 2.977m2 is 

2 
Apan := 2.997m costpan := 46000Naira 

r' 
~ . 

The cost of the carbon steel required for the crusher 

(Acrusher' costpan) 
cost := .... ' . . ..-

cs A' 
pan 

Rextemal = 0.719m 

L = 2.927m 

2 
Acrusher= 6.615m 

(Obitex, 2006.) 

cos tcs = 1.015 x 105 
Naira 

the cost of the crusher motor is estimated to be 15% of the cost of the carbon steel 

eostmotor := 15% . costes costmotor = 1.523 x 10
4 

Naira 

the cost of construction is estimated to be 10% of the cost of the carbon steel 

eos tcon := 10% . cos tcs costcon = 1.015 x 10
4 

Naira 

the estimated cost of the crusher is gil.en as 

eosterusher:= cos tes + costmotor + costeon costcrusher = 1.269 x 10
5 

Naira 

17 



4.1.2 Extractor design 
Stream 2a-------. 

Stream 2b 

Fig. 4.2: Extractor 

I. Material balance 

Stream 3 

Stream 4 

~~sumptio~:~ ~%~the fats is'remo\ed and 10 % of the sol\en\ is entrained i1the cake. 100fg/day of hex ape is added --I _ ~- _____ :-_==~~_~_ 
______ __ _ _ Input : : j I putput I i _ ___ ____ _ 

, I Stream 2 I . I, . :Stream 3' ; Stream 4 

I ~~t_ ~9.'.~_ _ - Kg% _ !kg/daytscale up : !kg/day :Kg% ,kg/day*scale up ikg/day !Kg% k~d~~~aj~--
! ~.ater _ _ __ 3. 0.019~ 44.0193

1 
3.£(00, 0.0490: 44.01931 0.('(001 O. O. 

1 Pro\~~_ _ _ __ _ }2. _ 0.1~. 248.3140
1 

• 22.0000: 0.2762i 248.31401 o. I O. o. 
f ~~ ___________ ~6. __ 0.2 519.202~ 15.6400: 0.1964! 176.5287 30. 

I ~ydrate ____ 27.~ _ 0.135 304.7~490 27.0000[. 0.33901 304.7490 O. 
t ~fI!d_efi~ _______ 1.~ _ _ 0'300 12.4157 1.1000: 0.0138\ 12.4157 o. 

t 
f:le...xane __________ !oo. _ _0. 1128.7 10.00001 0.1256[ 112.8700\ 90. 

I I 1 , Tolal 200. 1.0000
1 

2257.4 1 79.6400, 1.(000, 898.8967
1 

120. 
t -- - - - - --

1 

II. Energy balance 

Work is not done on or by the system but heat is transferred from the cashew kernel 
stream to the hexane stream. 

18 



f ,,,' • " Equipmcnt sclection and specification 

Type:Bollman's extractor. 
Material: Carbon steel. 
Assumptions: 
1. The \()id \()Iume is 10% of the \()Iume. 
2.The extractor is assumed to be cylinderical. 
3.The thickness of the carbon steel is assumed to be 0.01m. 
4.Contains 15 cylinderical carbon steel perforated baskets each 0.005m thick. 

44.01930 0.0195 

248.31400 0.1100 

519.20200 kg 0.2300 
mass := x:= d := 

304.74900 h 0.1350 

12.41570 0.0055 

1128.70000 0.5000 

the \Qlume of one basket is gi-.en below 

VOIUlllCcomp := 

(mnsso+ mass1+ mass2+ ma,s)+ mnss4+ mass~) 
15 

averagedens ity 

vO)UlllCvoid := 0.01 . volulllCcomp 

volulllCbasket := volumccomp + VOIUlllCvoid 

19 

1000 

530 

910 kg 

680 3 m 
420 

236.9 

water 

protein 

fats 

carbohydrate 

crudefiber 

hexane 

d
. kg 

average ens Ity = 499.66" -
3 

m 

3 VOIUITlCcomp = 0.301 m 

-3 3 
VOIUlllCvoid = 3.012 x 10 m 

3 
volulllCbasket = 0.304m 



'. ._ ( Y01Umebasket) 3 
Dt,asket.- 2· 

7t 

The height of the basket is gi\en as 

Hbas ket := 2Dbas ket 

The internal radius of the crusher is gi\en as 

Rintemal := 
Dbasket 

2 

The external radius is gi\en as 

~xtemal := Rintemal + 0.005 

The total surface area is then gi\en as 
f 

2 f· 
Abasket := rrRextemal + 27tRextemal' Hbasket 

the total basket area is 

totalarea := 15 . Abasket 

the extractor's \Olume, thus, is 

yolumeyoid := 0.01 . totalarea 

yolumeext := totalarea + yolumeyoid 

20 

Dbasket = 0.579m 

Hbasket = 1.157m 

~ntemal = 0.289m 

~xtemal = 0.294 m 

2 
Abasket = 2,412m 

2 
totalarea = 36.174 m 

3 
yolumeyoid = 0.362m 

3 yolumeext = 36.536m 



1 

De~ + voru~e~ r 
• ~ .' I' 

The height of the extractor is gi-.en as 

The internal radius of the extractor is gi-.en as 

Dext 
~ntemal:= 2-

The external radius is gi-.en as 

~xtemal := Rintemal + 0.005 

The total surface area is then gi-.en as 

IV. Extractor cost 

The surface area of the extractor is 

2 
Aexractor := 64.265m 

cost of carbon steel of thickness O.01rn and area 2.977m2 is 

2 
Apan := 2.997m 

I 
t 

COSlpan := 46000Naira 

21 

Dext = 2.855 m 

Hext = 5.709m 

Rintemal = 1.427 m 

Rextemal = 1.432m 

2 
Aext = 64.265 m 

(Obitex, 2006.) 



The cost of the carbon steel required for the bare body of the extractor 

costcs J = 9.864 x lOs Naira 

the extractor contains 15 perforated carbon steel baskets each of thickness O.005m and area 

11.0Sm2 respecti\.ely. 

2 
Ab?sket := 2.412m 

cost of carbon steel of thickness 0.005m and area 2.977m2 is 

2 
Apan := 2.997m COSl pan := 23000Naira 

The cost Of the carbon steel required for the basket 

the total cost of carbon steel is gi\.en as 

cosies := costcs I + costcs2 

(Obitex, 2006.) 

cos tcs2 = 1.85 J x \0
4 

Naira 

cOSIes = 1.005 x 10
6 

Naira 

the cost of construction is estimated to be 10% of the cost of the carbon steel 

costcon := \0%. costcs 

the cost of extractor is estimated to be 

costext := cOSIes + costcon 

4.1.3 Desolvcntiscr design 

Stream 5 

:.' 

Stream 3 __ ~r"~~~:~:i';l~ 

Stream 6 

Fig 4.3: Desolventiser 

22 
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I. Material balance 

I I 
Ik~daytscale up i 

0.0400 44.01931 

0.2762! 248.314~ 
0.19641 176.5287~ 
0.33~ 304.7490 

1 : 

0.013a 12.4157; 
O.12~ 112.8700; 
l.oo:xll 898.89671 

II. Energy balance 

I ~~~~-l 
OUlpul . I I 

ik~day .~~~m 5 
:,kglM{'".e UJl ,kg/day ~~':' e ~I.~~.~-j 

1 O.OCOO O.OCOOI O.ooooi 3.9000\ 0.044.0~~ 
O.OCOO O·oo:xl t 0.0000: 22.0c00j 0.315 1..2~~.3_1~ 
O.OCOO O.oo:xl; O.oooo~ 15.6400\ 0.22461 ...176.52~1 
O.~ O.oo:xl 0.0000 27.0000: O.3877j 304.7490

1 O.oo:xl O.oo:xl 0.0000. 1.1000: O.01~ 12.4157
1 

10.oo:xl 1.oo:xl 112.8700 O.ooOOi O.~ O.~ 
10.oo:xl: 1.OCOO i12.87oo: 69.64~ 1.000i~~~~O~1 

, ,.. 

Assumption:lhe desolventiser operates at 700 C 

Enthalpy of inputs 

44.0193 

248.3140 

176.5287 
m'-,-

304.7490 

12.4157 

112.8700 

Tref :: 298K 

Enthalpy of water 

To: 310K 

kJ ao .:= 18.2%4 -
,. kg. K 

37 

37 

kg 37 
T'-.-

day 37 

37 

37 

~: 44.019 kg 
h 

bo:= 1.095. 10- 2 kJ 
2 kg· K 

23 

water 

protein 

fat 
+273 K 

carbohydrate 

crude fiber 

hexane 

4 ~C' ~ kJ 
CO:=·- .11,·, . 10 do:: 0 

3 
kg· K 

kJ 
cp : 0.944 

kg· K 

tiT: 12K 

kJ 
6Hwater: 498.611 

h 



Enthalpy of proteins 

TI = 310K 

kJ 
cp := 1.7 

kg· K 

Enthalpy of fats 

T2 = 3\oK 

kJ 
C := 8.100 ... 
p kg· K 

Enthalpy of carbohydrate 

kg 
tn, = 248.314 

h 

~ = 176.529 kg 
h 

kg 
T3 = 310K tn) = 304.749 

h 

kJ 
C := 1.344·· 
P kg· K 

Enthalpy of crude fiber 

T4 = 310K 

kJ 
cp := 0.98 

kg· K 

~Hcrudefiber:= I11.t • cp . ~T 

kg 
n\1 = 12.416 

h 

24 

~T = 12K 

3kJ 
~Hprotein = 5.066 x \0 h 

~T = 12K 

4 kJ 
~Hfats = 1.716 x 10 

h 

~T = 12K 

3kJ 
~Hcarb = 4.915 x 10 -­

h 

~T = 12K 

kJ 
~Hcrudefiber = 146.009···­

h 



Enthalpy of hexane 

Ts = 310K 
kg 

nl, = 112.87 . h 

S 2 as:= 1.7212·10 bs :=-1.8378·10 

[as + bs ' Ts + cs' (Ts)2 + ds ' (Ts)3] 
c :=. ~ 

p 86. 177· 1000 

Total enthalpy in 

-1 cs := 8.8734· 10 ds := 0 

kJ 
c = 2.326 .. 
P kg. K 

<".T = 12K 

6H1N := 6Hwater + 6Hprotein + Mlfats + 6Hcarb + 6Hcrudefiber + 6Hhexane 

4kJ 
6H1N = 3.093 x 10 

h 

1 ,. . 
Ent/ralpy of outputs 

44.0193 70 water 
248.3140 70 protein 
176.5287 kg 70 fat 

T'- + 273 K m:= .-
304.7490 h 70 carbohydrate 

12.4157 70 crudefiber 
112.8700 69 hexane 

Tref := 298K 

25 



Enthalpy of water 

To = 343K 
kg 

11'Q = 44.019 
h 

ao:= 18.2964 bo := 1.095· 10 
-2 

[ao + bo' To + co' {TO)2 + do' (To)3] 
C '- . 
p'- 18 

Enthalpy of proteins 

TI = 343K 

kJ 
cp := 1.7 

kg· K 

Enthalpy of fats 

T2 = 343K 

kJ 
cp := 8.100 

kg· K 

Enthalpy of carbohydrate 

kg 
ml = 248.314 

.' h r 

kg 
m2 = 176.529 

h 

T) = 343 K ~ = 304.749 kg 
h 

kJ 
cp := 1.344 

kg· K 

-5 co:= -4.891 . 10 

26 

do:= 0 

kJ 
cp = 0.905 

kg· K 

6T = 45K 

3 kJ 
6Hwater = \.794 x 10 

h 

6T = 45K 

4kJ 
6Hproteil1 = 1.9 x 10 h 

6T = 45 K 

4 kJ 
6Hfats = 6.434 x 10··· 

h 

6T = 45K 

4kJ 
6Hcarb = 1.843 x 10 . 

h 



Enthalpy of crude fiber 

T4 = 343K 

kJ 
cp := 0.98 

kg· K 

I ,-

kg 
n1.1 = 12.416 

h 

Enthalpy of hexane 

Ts = 342K 
kg 

015 = 112.87 
h 

S 2 as:= 1.7212· \0 b5 := -1.8378· 10 

[as + bs ' Ts + Cs . {T5)2 + ds ' {Ts)3J 
c:= -

p 86177 

a:= 4.4544· 10
7 b:= 0.39002 

Ts 
T '­
r'- T 

c 

[( )
b+(CTr)+d.TrTr] 

a· 1- Tr 
~H := _ .. - - . 

v 1000.86.177 

~T:= Ts - Tref 

~Hhexane:= O1S' (cp ' i.\T + i.\Hv) 

Total enthalpy out 

-I 
Cs := 8.8734· 10 

c:= 0 d:= 0 

Tr = 0.674K 

i.\T = 45K 

kJ 
M-Icrudefiber = 547.532-­

h 

ds := 0 

kJ 
cp = 2.472 

kg· K 

kJ 
~Hv = 333.94 .-

kg 

~T = 44K 

4kJ 
L'.Hhexane = 4.997 x 10 - -

h 

i.\HOUT := i.\Hwater + i.\Hprotein + i.\Hfats + L'.Hcarb + Mlcmdefiber + L'.Hhexane 

skJ 
~HOUT = 1.541 x \0 

h 

27 



Heat load of desolventiser 
5kJ 

0DESOLVENTISER = 1.231 x 10 
h 

The mass of steam required for the heating process is 

)kJ 
6Hvwater := 2.26· 10 

kg 

°DESOLVENTISER 
"\team := 

III. Dcsolvcntiser selection and specification 

Type:Vertical tube evaporator 
Material: Carbon steel 
Assumptions: 
1.The \Oid \Olume is 10% of the \Olume. 
2.The desol\entiser is assumed to be cylinderical. 
3.The thickness of the carbon steel is assumed to be 0.01 

kg 
"\team = 54.491-

h 

4.lt contains 9 plates and scrapers spaced at a distance of O. 5m. The plates are 0.01 m thick carbon 
steel. 

44.01930 0.0490 1000 

248.31400 0.276~i 530 

176.52868 kg 0.1964 910 kg 
mass := x·- d'-.- .-

304.74900 h 0.3390 680 ) 
In 

12.41570 0.0138 420 

112.87000 0.1256 236.9 

averagedensity := Xo' do + XI • d l + X2' d2 + x)' dJ + Xt . d4 + Xs . d5 

28 

water 

protein 

fats 

carbohydrate 

crudefiber 

hexane 

, kg 
averagedensity = 640.181 -­

) 
m 



(01asso + mass) + O1ass2 + fl1aSS) + fl1aSS4 + O1aSS5) 
volulTecoll1p := . 

averaged ens fty 

volUlTevoid := 0.01 . volulTecomp 

volulTedesolventiser:= volulTecomp + volulTevo id . . 

( 
V01UlTede7tsolventiser)) 

Ddesolventiser:= 2· 

The height of the desol-.entiser is gi-.en as 

Hdesolventiser:= 2Ddesolventiser 

The internal radius of the desol-.entiser is gi-.en as 

Ddesolventiser 
Rjntemal:= --- 2 - -

The external radius is gi-.en as 

~xtemal := Rintemal + 0.01 

The total surface area is then gi-.en as 

2 
Adesolventiser:= 27tRextemal + 27t~xtemal . Hdesolventiser 

I .29 

) 
volumecomp = 1.4041l1 

3 
voluITlevoid = 0.01401 

) 
volumedesolventiser = 1.4181l1 

Ddesolventiser = 0.96701 

Hdesolventiser = 1.933 m 

Rjntemal = 0.483 m 

Rextemal = 0.493 III 

2 
Adesolventiser = 7.5 19 III 



The desoh,.entiser is assumed to ha-..e plates on which there are scrapers spaced at an 
interval of O.5m. 

(l :== O.5m 

The number of plates is thus gi-..en as 

Hdesolventiser 
Nplates := 

The surface area of the plates is gi\.en as 

'.- (Ddesolventise/ Ddesolvcntiser' 1 
Aplates .- Nplatcs' 7t 2 + 7t 4 . (l 

IV. Desolventiscr C,ost 

The surface area of the desol-..entiser is 

2 
Adesolv := 7.519m 

cost of carbon steel of thickness O.01m and area 2.977m2 is 

2 
Apan := 2.997m costpan := 46000Naira 

The cost of the carbon steel required for the desol\.entiser 

(Adesolv . costpan) 
cost 1:= -, ., 

CS. A 
pan 

the cost of the desol-..entiser plates is estimated to be 

2 
Aplates := 7.14m 

cost of carbon steel of thickness O.01m and area 2.977m2 is 

2 
Apan := 2.997m costpan :== 46000Naira 

The cost of the carbon steel required for the 12 plates of the column 

30 

Nplates == 3.866 

2 
Aplates == 7.14m 

(Obitex, 2006.) 

(market price) 



The cost of scrapers is estimated to be 80% the cost of the plates 

costcs3 := 80010 • costcs2 costcs3 = 8.767 x \0
4 

Naira 

The cost of motor is estimated to be 15% of the cost of the scraper 

costcs4:= 15%· costcs3 cos tcs4 = 1.315 x 10
4 

Naira 

The total cost of carbon steel required 

cos tcs := cos tcs I + costcs2 + costcs3 + costcs4 costcs = 3.258 x 10
5 

Naira 

costcon := 10%· costcs costcor; = 3.258 x 10
4 

Naira 

the estimated cost of the desoh,entiser is gi'.,en as 

costdesolventiser:= cos tcs + costcon costdesolventiser = 3.584 x 10
5 

Naira 

4.1.4 Distillation column design Stream 7 

.. ---

Stream 4 

I 

Fig.4.4: Distillation column 

I. Material balance 

: 

Stream 9 

I 

iStream 7 
IOutput 

1 1 i 
g% ikg/h IKg% !kglh'~,:ale up [kglh 

0.0000 o.ooooi 1 

I 
0.00001 O.~ I 1 

0.0000 I O.OOOOi O.OOOO! O.~ 
30.3600 0.0901 I 1.01~ 0.0010

1 

0.0000 0.0000 0.0000 O.~ 
0.0000 0.0000 0.0000 0.0000 

00.0000 0.9990
1 - _. -_. 

120.3600 1.0000, 

31 

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

!Stream 9 
lKg% kglh'scale up 

O:COO)i "--0.---

0.0000 O. 
30:~699 341.6 
0:0000 O. 
0.0000 O. 



II. Column selection and specification 

Type:Sie-.e tray column 
Material: carbon steel 
Assumptions: 
1.lhe \Oid \Olume is 10% of the \Olume. 
2.lhe column is assumed to be cylinderical. 
3.lhe thickness of the carbon steel is assumed to be 0.01. 
4.lt contains, O.005mm thick, carbon steel plates spaced at O.5m. 

0.0000 0.0000 I~l 
0.0000 0.0000 530 

342.67332 kg 0.2522 ::: f mass := x'- d '-.- .-
0.0000 h 0.0000 

0.0000 0.0000 

1015.83000 0.7478 236.9 

(masso + mass I + mass2 + mass) + rTk1SS4 + mass5) 
volume ':= . 

comp averagedensity 

volumevoid := 0.01 . volumecomp 

volumecolumn := volumecomp + volumevoid 

. \ 

32 

water 

protein 

fats 

carbohydrate 

crude fiber 

hexane 

d . kg 
average enslty = 406.656' 

3 
m 

3 volumecornp = 3.34101 

3 
volumevoid = 0.03301 

) 
volumecolumn = 3.37401 



; (VOIUmeltCOIUnm) 3 
Dcolunm:= 2· 

The height of the column is gi-.en as 

Hcolunm := 2Dcolumn 

The internal radius of the column is gi-.en as 

~ntemal := 
DcoIII O1n 

2 

The external radius is gi-.en as 

~xtemal:= ~ntemal + 0.01 

The total surface area is then gi-.en fJs 
I' 

2 
Acolunm := 2lt~xtemal + 2ltRextemal' Hcolumn 

the spacing between the plates is assumed to be 

Ct := 0.5 

the no. of plates in the column is then gi-.en as 

Hcolunm 
Nplate:= -----­

a 

The surface area of the plates are 

Dcolunm D.;;oluml1 
( 2) 

Aplates := Nplates' 1t 2 + 1t 4 . a 

33 

Dcolunm = 1.29m 

Hcolunm = 2.581 m 

~ntemal = 0.64501 

~xtemal = 0.655 m 

2 
Acolumn = 13.319m 

Nplate = 5.161 

2 
Aplates = 12.069m 



III. Column cost 

The surface area of the column is 

2 
Acol:= 13.319m 

cost of carbon steel of thickness 0.01mand area 2.977m2 is 

2 
Apan := 2.997m 

,: 

costpan := 46000Naira 

The cost of the carbon steel required for the ~are body of the column 

(A col ' costpan) 
costcsl:=· . 

Apan 

The cost of plates installation is estimated as 

2 
Aplates := 12.069m 

cost of carbon steel of thickness 0.005m and area 2.977m2 is 

2 
Apan := 2.997m costpan := 23000Naira 

The cost of the carbon steel required for the 12 plates of the column 

(Aplates . costpan) 
costcs2 :=- . .. 

Apan 

The total cost of carbon steel is gi\en as 

eostes := eostes I + eostes2 

costcol := costes + costcon 

4.1.5 Condenser 01 design 

(Obit ex, 2006.) 

costcs 1 = 2.044 x lOs Naira 

(Obitex, 2006.) 

costes2 = 9.262 x 10
4 

Naira 

costes = 2.971 x lOs Naira 

costcon =: 2.971 x 104 Naira 

costcol = 3.268 x lOs Naira 

><:---__ -+Strcam 7 

Stream 5 

Fig. 4.5: Condenser 01 
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I. Material balance 

Assumpti~n:N material is lost ; 
I 

Input 
I 

:Output 
Stream 5 

I 
Stream 10 

ikg/htscale up Component kg/h Kg% ikg/htscale up 
I 

kg/h Kg% 
Water ----- I I _ -._ _ -__ 

0.0000 0.00001 0.00001 0.0000: 0.00001 o. 
-- . -----

0.00001 
I 

Protein 0.0000 O.OOOO! 0.00001 0.0000
1 

0.0000 
I 

Fat 0.0000 0.00001 0.0000; O.OOOOi_ o.ooOOr 0.0000 
-.-- ---"-- -

g~rbo~y~r~~. 0.0000 0.0000 0.0000 0.00001 0.0000 0.0000 
----

Crudefibre 0.000 0.0000 0.0000 0.00001 0.0000 0.0000 
. __ .... --.-._-- _.- -_._- ---.- ---------------_.--
Hexane 10.000 1.0000 112.8700 10.00001 __ ·· 1.0000 112.8700 

- - ---.--~.~.-- --~ -.- 1.6bool-~ ._--- .-~-

Total 10.0000 1.0000 112.87001 10.0000
1 

112.870 
---.-.".-- --

II. Energy balance 

Assumptions: 1. Hexane is cooled to 250C 

2. There is a 300 C rise in the temperature of cooling water 

Enthalpy of inputs 

0.0000 0 water 

0.0000 0 protein 

0.0000 kg 0 fat m'- + 273 K .- T'-.-
0.0000 h 0 carbohydrate 

0.0000 0 crudefiber 

112.8700 69 hexane 

T ref := 298K 
t' , 
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Enthalpy of water 

To = 273K 
kg 

n\) = 0 
h 

kJ -2 kJ ao:= 18.2964 bo:= 1.095· 10 
kg· K kg. K2 

[ao + bo ' To + Co' (TO)2 + do' {TO)3] 
C := .. -. ... .. . 
P 18 

Enthalpy of proteins 

TI ::: 273K 

kJ 
cp := 1.7 

kg. K 

Enthalpy of fats 

T2 =273K 

kJ 
cp := 8.100 

kg· K 

Enthalpy o( carbohydrate 

kg 
ml =0 

h 

I~ = 0 kg 
h 

kg T 3 ::: 273 K m3 ::: 0 
h 

. kJ 
cp := 1.344 . 

kg· K 

36 

-5 kJ 
Co := -4.891 . 10 do := 0 

kg. K3 

kJ 
cp ::: 0.98 

kg· K 

6T = -25K 

kJ 
6Hwater::: 0 . 

h 

~T::: -25K 

~T:::-25K 

kJ 
~Hfats ::: Os -.­

day 

1T::: ·-25K 

kJ 
~Hcarb ::: () h 



Enthalpy of crude fiber 

T4 = 273K 

kJ 
c := 0.98 ~~ 
P kg· K 

Enthalpy of hexane 

Ts::: 342K 

kg 
"" ::: 0 h 

kg 
ms = 112.87 

h 

~ s kJ 
as:= .1.7212· 10 

kg· K 

2 kJ 
bs :== -1.8378· 10 

kg. K2 

[as + bs · Ts + cs· (Ts)2 + ds· (Ts)3] 
cp := .~.. .. - ~ 86177 ~ 

a := 4.4544. 107 
b:= 0.39002 

Tc:= 507.6K Tr := 
T5 

Tc 

[ ( )
b+(CoTr)+doTr"Tr] 

a· 1- Tr 
AH := 

v 1000.86.177 

Total enthalpy In 

4 kJ 
6H1N = 4.997 x 10 

h 

t' 

C:= 0 

37 

6T == -25K 

kJ 
6Hcrudefiber = 0 h 

cs :== 8.8734· ; 0 

d;== 0 

_, kJ 

kg. K3 
ds := 0 

kJ 
c = 2.472 -
P kg· K 

kJ 
AHv = 333.94 -

kg 

AT = 44K 

4kJ 
M-Ihexane = 4.997 x IO--~ 

h 



Enthalpy of outputs 

0.0000 

0.0000 

0.0000 kg 
T'-m'- .-.-

0.0000 h 

0.0000 

112.8700 

Tref := 298K 

Enthalpy of water 

To == 273K mo == 0 kg 
h 

kJ -2 kJ ao:== 18.2%4 bo := 1.095· 10 
kg· K kg. K2 

[ao + bo ' To + co' (To)2 + do' (ToY] 
C -. • 
p'- '" 18.. f 

Enthalpy of proteins 

TJ == 273K 

kJ 
cp := 1.7 

kg· K 

Enthalpy of fats 

T2 = 273K 

kJ 
cp := 8.100 

kg· K 

kg m, =0 
h 

38 

0 water 

0 protein 

0 fat 
+ 273 K 

0 carbohydrate 

0 cnldefiber 

25 he)qme 

5 ~J 
Co := -4.891 . 10- do :== 0 

kg. K3 

kJ 
C == 0.98 . -
P kg. K 

L\T=-25K 

L\T = -25K 

kJ 
L\Hprotein == 0 h 

L\T == -25K 

kJ 
L\Hfats = 0 

h 



Enthalpy of carbohydrate 
kg 

T 3 = 273 K mj = 0 h 

kJ 
cp := 1.344 

kg· K 

Enthalpy of crude fiber 

T4 ::: 273 K 

kJ 
cp := 0.98 

kg· K 

kg 
n\j = 0 

h 

6T = -25K 

kJ 
6Hcarb::: °h 

6T::: -25K 

kJ 
6Hcrudefiber::: 0 

h 

Enthalpy of hexane 

Ts = 298K 

5 kJ 
as := 1.7212· 10 

kg· K 

6T:= Ts - Tref 

6Hhexane:= ms· (Cp .6T) 

Total enthalpy out 

kg 
ms::: 112.87 

h 

bs := -1.8p8· 102 kJ Cs := 8.8734 . 10- I kJ 
kg. K2 kg. K3 

ds := 0 

kJ 
cp = 2.276 

kg. K 

kJ 
6Hhexane ::: 0 - -

h 

llHOUT := llHwater + llHprotein + .1Hrats + 6Hcarb + 6Hcrudefiber + 6Hhexane 

kJ 
llHOUT = 0 k~. K 

, 
t 
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Heat load of condenser 01 

QCONDENSEROI := ~HOUT - ~HIN OCONDENSEROI = -4.997 x 10
4 ~ 

111e mass of cooling water required is gi-.en as 

kJ 
cpwater := 4.187 , 

kg· K 
t.Twater:= (30 + 273) 

-OCONDENSEROI 
Il\:oolingwater:= . ~T 

cpwater water 

III. Condenser 01 selection and specification 

Type:Shell and tube heat exchanger-Horizontal shell-side. 
Material: Carbon steel 
Assumptions: 
1.111e \Oid \Olume is 10% of the \Olume. 
2.111e condenser is assumed to be cylinderical. 
3.111e thickness of the carbon steel shell is 0.01m. 

kg 
nlcoo lingwater = 39.388 h 

4.111e carbon steel tubes of thickness O.005m ha-.e a diameter of 0.08m . 

. ! 
I' 

0.0000 0.0000 1000 

0.0000 0.0000 530 

0.0000 kg 0.0000 '910 kg 
mass := x'- d:= .-

0.0000 h 0.0000 680 3 
m 

0.0000 0.0000 420 

112.87000 1.0000 236.9 

(masso + mass, + mass2 + mass) + m1ss4 + 11"':;:-'5) 
volurnecornp := . 

averaged ens Ity 

40 

water 

protein 

fats 

carbo h y d rate 

crudefiber 

hexane 

averagedensity = 236.9~g 
3 

In 

3 volurnecomp = 0.476m 



volumevoid := 0.01 . VOllilneeomp 

volumeeondOI := volumeeomp + VOIUn1CVo id 

._ ( 8 . vOlumeeondOI) 3 
DeondOI'- 3 n 

The length of the condenser is gi'.En as 

LeondOI := 1.5DeondOI 

The internal radius of the condenser is gi'.En as 

DeondOI 
Rintemat := 

2 

The external radius is gi'.En as 

Rextemal := ~ntemal + 0.01 

The total surface area is then gi'.En as 

2 
AeondOI := 2n~xtemal + 2nRextemal' LeondOI 

·41 

-3 3 
volumevoid = 4.764 x 10 m 

3 
volllmeeondOI = 0.481 m 

DeondOl := O.742m 

LeondOI = 1.113m 

Rintemal = 0.371 m 

Rextemal ~- 0.381 m 

2 
AeondOI ::. 3.576m 



The number of tubes required to fill the \Olume of the shell is gi-...en as 

(l := 0.OO5m D;nter := 0.08111 

4 

The lenght of the tubes is estimated as 3/4 the lenght of th.e shell 

3 
4ube:= 4 . LcondOI 

The area of the tubes is gi-...en as 

Dtubes 
Atubes := Ntubes . 2n . . 4ube 

4 

IV. Condenser 01 cost 

The surface area of condenser 01 is 

2 
AcondOI := 3.576m 

cost of carbon steel of thickness 0.01 m and area 2.977m2 is 

2 
Apan:= 2.997m costpan := 46000Nairn 

11Ie cost of the carbon steel required for the condenser 
t ,)I • ~ l 

(AcondOI . costpan) 
cOsies := . 

Apan 

The cost of the tubes is estimated below 

Ntubes := 76.196 4ube := 0.835m 

cost of carbon steel tube of diameter O.Oam and length 6m is 

Dtubes := Dinter + (l 

Dtubes = 0.08501 

Ntubes = 76.196 

4ube --, 0.83501 

2 
Atubes = 8.492m 

(Obitex, 2006.) 

costcs = 5.489 x 10
4 

Nairn 

4ubel := 601 costtubc I := 3850Naira (Obitex, 2006.) 
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The cost of the carbon steel required for the condenser 

Ntubes . ('--tube' costtubel) 
costtubes := 

'--tube I 

costtubes = 4.083 x 10
4 

Naira 

the cost of construction is estimated to be 10% of the cost of the carbon steel 

costeon := 10%· costes costcon = 5.489 x 10
3 

Naira 

the estimated cost of the condenser is gi\en ~s 
I 

costcondOI := costc~ + costtubes + costcon 

4.1.6 Condenser 02 design 

Stream 13 
------,~ 

Fig 4.6: Condenser 02 

I. Material balance 

.§umPti~.:ri m~~~U~ I~SI. dJeftux ralio j 3 
R= . 3. ----_. ----_.-----_.. .. 

input 
- --_. --... -.--.. -.. Stream 11 
-.- --.----
Compooent kglh I Kg% 
Walei-'" O. o. 
Protein o. 
------.~- .- -

Fat 
COOlohydrale 
CilIdefibfe"' o. 
Hexane'r"- -"---'00. -
i~f'-'" 90. 

kglh'scale up 

O.OCOO, 
O.~ 
1.0168; 
o.~ 
0.00J0

1 
1015.8290) 
1016.84~ 

I' 
costcondOI = 1.012 x 10

5 
Naira 

Stream 14 

Stream 7 

I 

!output 
Stream 7 I 

I ' 

r
glh Kg% 

O.OCOO 
! o.OCOOi 

O.022S! 
0.(00): 
0.(00); 

225(XX)' . I 

225225: 
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ikwh'scale up lkglh 
O.OCOOI O.OCOOi 
0.(00)1 O.OCOO: 

0'(Xll0! 0.2542i 
0.!XXXi: O.OCOO; 
0.(00) 
0.9990 

I 

O.LVJ()' 
253.9572! 
254.2115 

I 
I 

I 
t 
I ...... _ .. _._. __ 

IStream 12 

JK9% . _ k9!f1'~c~~_~~ 
0.. O.~ o. 
O.~ o. ._ ... 0.-

0.0676 0.001 , 0.76 

o.~ o.ocni.. o.~.~_ 
O~ o.~ o. 

:~:~~ ~:~. ~:!:~ 



II. Energy balance 

Assumption :Vapour from column is cooled to 25°C 

Enthalpy of inputs 

000000 

000000 

1.0168 kg 
m'-.- To-0.0000 It .-

0.0000 

1015.8290 

Tref:= 298K 

Enthalpy of water 

To = 273 K I1\J = 0 kg 
It 

kJ -2 kJ ao:= 18.2%4 bo := 1.095· 10 
k.g. K kg. K2 

[ao + b~. To + co' (To)2 + do' (Tor] 
C :=...... . - .... 
P 18 

Enthalpy of proteins 

T,:= 273K 

kJ 
cp := 1.7 

kg· K 

6T:= T, - Tref 

~Hprotein := m, 'Cp . 6 T 
I 

r 

44 

0 water 

0 protein 

69 fat 
+ 273 K 

0 carbohydrate 

0 cmdetlber 

69 hf,xane 

Co:= -4.891 0 10- 5 kJ do := 0 
kg. K3 

kJ 
C = 0.98 . 
P kg. K 

6T:= -25K 

kJ 
6Hwater = 0 .. 

h 

6T = -25K 

kJ 
.1Hprotein = 0 h 



Enthalpy of fats 

T2 = 342K 

kJ 
cp := 8.100 

kg· K 

kJ 
6Hv := 36.6675 . 

K 

6T:=T2 -Tref 

kg 
n'2 = 1.017 

h 

6Hrats:="'2' (cp ' 6T + 6Hv) 

Enthalpy of carbohydrate 
kg 

T J = 273 K m) = 0 
h 

kJ 
Gp := 1.344 

kg: K·' 

Enthalpy of crude fiber 

T4 = 273K 

kJ 
cp := 0.98 

kg· K 

~Hcrudefiber := 11\1 . cp . ~ T 

Enthalpy of hexane 

Ts = 342K 

kg 
11\1=0 . 

h 

, 
t' 

ms = 1.016 x 103 kg 
h 

6T = 44K 

kJ 
6Hfats = 399.671 

h 

6T = -25K 

kJ 
6H b = 0 car h 

~T=-25K 

kJ 
6Hcrudefiber = 0 

h 

s kJ 
as:= 1.7212·10 

kg· K 
bs := -1.8378. 102 kJ Cs := 8.8734. 10- I kJ 

kg. K2 kg. KJ 
ds := 0 

kJ c = 2.472 .. -_. 
p kg· K 
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a := 4.4544· 10
7 b:= 0.39002 

Tc:= 507.6K 

[( ) 
b+( cT r}+dT rT rJ 

a· 1- Tr 
~H := 

v 1000 . 86.177 

~T:= Ts - Tref 

M-Ihexane := '"s' (cp . ~T + ~Hv) 

Total enthalpy in 

1 
r 

c:= 0 d:= 0 

kJ 
~Hv = 333.94 -

K 

~T = 44K 

M-Ihcxane = 'i.497 x lOs kJ 
h 

~HIN := ~Hwater + ~Hprotein + ~Hfats + Mlcarb + ~Hcrudefiber + M-Ihcxane 

skJ 
~HIN = 4.501 x 10 h 

Enthalpy of outputs 

0.0000 

0.0000 

1.0168 kg 
m'- T'-.- .-

0.0000 h 

0.0000 

1015.8290 

T ref:= 298K 

Enthalpy of water 

To = 273K 11'{) = 0 kg 
h 

kJ 
ao := 18.2%4 --

kg· K 
bo:= 1.095. 10- 2 kJ 

kg. K2 

[ao + bo ' To + co' (To)2 + do' (To))] 
C :=--
p 18 

;: 
1 

t 

0 water 

0 protein 

25 fat 
+ 273 K 

0 carbohydrate 

0 crudefiber 

25 hexane 

Co := -4.891 . 10- 5 kJ do := 0 
kg. K3 
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~J 
cp = 0.9~ 

kg· K 



6T:= To - Tref 

Enthalpy of prote~ns 

TI = 273K 

kJ 
cp := 1.7 

kg· K 

Enthalpy of fats 

T2 = 298K 

kJ 
cp := 8.1 ()() 

kg· K 

" 
Enthalpy of carbohydrate 

kg 
ml = 0 

h 

kg 
11"'2 = 1.017 

h 

kg 
T 3 = 273 K m3 = 0 -

h 

kJ 
c := 1.344---
P kg. K 

Enthalpy of crude fiber 

T4 = 273K 

kJ 
cp := 0.98 -

kg· K 

47 

6T = -25K 

kJ 
6Hw8tcr = 0 .' h 

6T = -25K 

kJ 
L'lHproteil1 = Os 

day 

L'lT = OK 

kJ 
6Hrats = 0 

h 

L'lT = -25K 

kJ 
L'lllcarb = 0 

h 

6T = -25K 

kJ 
6Hcrudefiber = 0-

h 



Enthalpy of hexane 

Ts = 298K , 

5 1<1 
as:= 1.7212·10 

kg· K 

~T := Ts - T ref 

~Hhexane:= 1115' (Cp ' ~T) 

Total enthalpy out 

3 kg 
IllS = 1.016 .. x 10 

t 'h 

2 1<1 
bs :=-1.8378·10 2 

kg,' K 

Cs :=' 8.8734· 10 
_I 1<1 

3 
kg· K 

d5 := 0 

1<1 
C = 2.276 ' 
P kg· K 

L'.T =OK 

1<1 
L'.Hhexan~ = 0 h 

~HOUT := ~Hwater + L'.Hprotein + ~Hfats + ~Hcarb + ~Hcrudefiber + ~Hhexane 

1<1 
~HOUT = 0 

h 

Heat load of condenser 02 

QCONDENSER02:= ~HOUT - ~HIN 

The mass of cooling water required is gi\en '~s 

kJ 
cpwat~r := 4.187 

kg· K 

-QCONDENSER02 
~oo1ingwater := 

cpwater . ~ T water 

51<1 
QCONDENSER02 = -4.501 x 10 

h 

~Twatcr:= (30 + 273) 

kg 
~oo1ingwater = 354.805 h 

III. Condenser 02 selection and specification 

Type: Shell and tube heat exchanger-Horizontal shell-side. 
Material: Carbon steel 
Assumptions: 
1. The void volume is 10% of the volume, 
2. The condenser is assumed to be cylindrical. 
3. The thickness of the carbon steel shell is 0.01m, 
4. The carbon steel tubes of thickness O.005m have a diameter of O,08m. 

! 
t 
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0.0000 0.0000 1000 

0.0000 0.0000 530 

1.01685 kg 0.0010 910 kg 
mass := x:= d:= 

0.0000 h 0.0000 680 3 m 

0.0000 0.0000 420 

1015.82898 0.9990 236.9 

(masso + mass, + mass2 + m1ss) + lllaSS4 + masss) 
volume := ' 

comp averagedensity 

volumevoid := 0.01 . volumecomp 

volumecon d02 := volUlnecomp + volumevoid 

(8 vOIUlne1tcond02) 3 
Dcond02 := l3 . 

,~' 

The length of the condenser is gh.en as 

Lcond02:= 1.5Dcond02 

The internal radius of the condenser is gi-.en as 

Dcond02 
Rtntemal := 2 

49 

water 

protein 

fats 

carbohydrate 

crudefiber 

hexane 

. kg 
averagedenslty = 237.573 -

) 
volunlCcomp = 4.28 m 

) 
volulnevoid = 0.043m 

m3 

) 
volumecond02 = 4.323m 

Dcond02 = 1.542 m 

Lcond02 = 2.314m 

Rtntemal = 0.771 m 



The external radius is gi-.en as 

I\xtemal := R;ntemal + 0.01 

Rextcmal = 0.781 m 

Th~ total surfac.:; ar~a is then gi-.en as I 

2 
Acond02 := 2nI\xtemal + 2nI\xtemai . Lcond02 

Acond02 = 1).191 nl 

The number of tubes required to fill the \Qlume of the shell is gi-.en as 

a:= O.OO5m Dinter:= O.08m 

4 

The lenght of the tubes is estimated as 3/4 the lenght of the shell 

3 
~ube:= 4 . Lcond02 

The area of the tubes is gi-.en as 

Dtubes 
Atubes ;= Ntubes . 2n . . ~lIbe 

4 

IV. Condenser 02 cost 

The surface area of condenser 02 is 

2 
Acond02:= 15.191m 

cost of carbon steel of thickness O.01m and area 2.977m 2 is 

2 
Apan := 2.997m costpan := 46000Naira 

50 

Dtllbes := Dinter + a 

Dtllbes = 0.085 m 

Ntubes = 329.277 

4ube = 1.735 m 

2 
Atubes = 76.287m 

(Obitex. 2006.) 



4.1.7 Condenser 04 design 

Stream 9 

Fig. 4.7: Condenser 02 

I. Material balance 

I 
, ~~_~~nlption:N material is lost I 
; Input I, 

,----- Stream 9 I 

I-

~~.?'n~t.· kiJ' 0.0000 Kg% 0.0000 kglh'se.le ~~oooi 
< Protein 0.0000 0.0000 0.0000 
t F~ ~~~,~= =~=_'~~Q:~69~_____ 1.0000 341.6565 

Carbohydrate 0.0000 0.0000 0,0000 
Crudefibre---- 1----0.6066 ~,--- 0.0000 . I -0.0000 
Hex~lne----- ------0.6061--- 0.0000 0.0010 
Total------ -----'30.2700 - - 1.0000 341.6575 

II. Energy balance 

51 

Stream 15 
~ 

Output 
Stream 15 , 

·kg/h IKg% 
0.0000; 
0.00001 

30. 2699j 
0.00001 
0.00001 

l.<OOO~! 
30.2700: 

ikg/h*scale up 
0.0000 0.0000 
0.0000 -6.0000 

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

1. 0000 341. 6565 
--_.- -- ---.. _---

0.0000 0.0000 
0.0000 ---- ----c:60oo 

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

-~:~~~I----34~~~~;~ 



AssumptiOn :tjonom Trom cOlumn IS coolea to LOVI.J 

Enthalpy of inputs 

0.0000 
0 

0.0000 
0 

341.6565 kg \00 m:= 
T:= + 273 0.0000 h 

0 
0.0000 

0 
0.0010 

100 

Tre(= 298K 

Enthalpy of water 

To = 273 K 11\) = 0 kg 
h 

water 

protein 

fat 
K 

crudefiber 

hexane 

kJ -2 kJ 
ao:= 18.2964 bo := 1.095· 10 

kg· K .' kg. K2 
Co:= -4.891 . \0-5 kJ do := 0 

kg. K3 
t 

[;0 +;bo ' To + co' '(To)2 + d~. {To)3] 
C '= -
p' 18 

6T:= To - Tref 

Enthalpy of proteins 

TI = 273K 

kJ 
C := 1.7-
p kg· K 

Enthalpy of fats 

T2 =373K 

. kJ 
cp := 8.100 

I kg. K 

kg 
III I = 0 

h 

I1lz = 341.656 kg 
h 
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kJ 
cp = 0.98 --

kg· K 

6T = -25K 

kJ 
6Hwater = 0 -

h 

6T = -25K 

tiHprotein = 0 -~ 



6T:= T2 - Tref 

6Hfats := ""'2. (Cp . 6T) 

Enthalpy of carbohydrate 
kg 

T) = 273 K In) = 0 
h 

kJ 
cp := 1.344 

kg· K 

Eflthalpy of crude fiber 

T4 = 273K 

kJ 
C := 0.98- . 
P kg· K 

Enthalpy of hexane 

Ts = 373K 

kg 
1114 = 0 

h 

-3 kg 
Ins = 1 x 10 

h 

5 kJ 2 kJ 
as:= 1.7212· \0 . b5:~-1.8378· \0 

~·K ~.~ 

cp := 
[as + bs · Ts + cs· (TS)2 + ds · (Ts?] 

7kJ 
a := 4.4544· 10 

K 

Tc:= 507.6K 

86177 

b := 0.39002 

1 

" 
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c:= 0 

6T = ?5K 

skJ 
6Hfats = 2.076 x 10 . 

h 

6T = -25K 

kJ 
6Hcarb = 0 

h 

6.T = -25K 

kJ 
6Hcmdefiber = 0 

h 

_\ kJ 
Cs := 8.8734· 10 ds := 0 

kg. K3 

d;= 0 

kJ 
c = 2.634 ..... 
p kg· K 



m·-.-

6T:= Ts - Tref 

6Hhexane := ms . (cp . l'1T + l'1l-1y) 

Total enthalpy in 

skJ 
6HIN = 2.341 x JO 

h 

Enthalpy of outputs 

0.0000 

0.0000 

341.6565 

0.0000 

0.0000 

0.0010 

Tref := 298K 

kg 

h 
T:= 

'Enthalpy of water 

To = 273K 

kJ ' kJ 
ao:= 18.2964 - _. - bo := 1.095. 10- 2 

kg. K ~g. K2 

Enthalpy of proteins 

T( = 273K 

kJ 
c := 1.7 - - -
P kg. K 

kg 
m( = 0 

h 
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0 

0 

25 
+ 273 K 

0 

0 

25 

6T = 75 K 

4kJ 
l'1l-1hexane = 2.654 x JO h 

water 

protein 

fat 

carbohydrate 

crudefiber 

hexane 

Co := -4.891 . 10- 5 kJ do := {J 

kg. K3 

kJ 
c = 0.98 -
P kg. K 

6T = -25K 

kJ 
6Hwater = 0 

h 

6T=-25K 

kJ 
6Hprotein = 0 h' 



Enthalpy of fats 

T2 =298K 

kJ 
cp := 8.\00 

kg· K 

Enthalpy of carbohydrate 

, 
f 

<kg 
n"'2 == 341.656 

h 

kg 
T 3 = 273 K n13 == 0 

h 

kJ 
cp := 1.344 

kg· K 

Enthalpy of crude fiber 

T4 = 273K 

kJ 
cp := 0.98 

kg· K 

~Hcrudefiber := '14 . cp . ~ T 

kg 
Il\j == 0 

h 

Enthalpy of hexane 

Ts = 298K 
-3 kg Ins = I x 10 

h 

5 kJ , kJ 85:= 1.7212·10 bs :=-1.8378·10· 
~·K ~.0 

[85 + bs ' Ts + cs' (Ts)2 + ds ' {T5)3J 
C '-
p'- 86177 

, 
.; t 
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~T == OK 

kJ 
~Hfats == 0 . 

h 

~T == -25K 

kJ 
~Hcarb == 0 

h 

~T = -25K 

kJ 
~Hcrudefiber = 0···· 

h 

C5 := 8.8734· IU- 1 kJ ds := 0 
kg. K3 

kJ 
cp = 2.276 

kg· K 



j 

hT:= 1'5 - Tref 
hT= OK 

hHheXane := mS . (Cp . tl 1') 

Total enthalpy out 

hHOUT := hHwater + hHprotein + hHfats + hHcarb + hl\rudefiber + hHhexane 

kJ 
hHOUT = 0 

h 

Heat load of condenser 04 

QCONDENSER04:= hHOUT - hHIN 
skJ 

OCONDENSER04 = -2.341 x 10 h 

The mass of cooling water required is gi-...en as 

kJ 
cpwater := 4.187 

kg· K 
hTwater:= (30 + 273) 

-OCON DENS ER04 
mcoolingwater := 

cpwater' hT water 

III. Condenser 04 selection and specification 

Type:Shell and tube heat exchanger-Horizontal shell-side. 
Material: Carbon steel 
Assumptions: 

I 1. The \Oid \Olume is 10% of the \01 uljli e. 
2.The COndElnSer is assumed to be cYlinderical. 
3.The thickness of the carbon steel shell is O.01m. 

kg 
mcoolingwater = 184.525 -h-

4.The carbon steel tubes of thickness 0.005m ha-...e a diameter of O.OBm. 

0.0000 0.0000 ( 15~: I water 

0.0000 0.0000 protein 

341.65647 kg 1.0000 910 kg fats 
mass := x'- d '-.-

0.0000 h 0.0000 680 3 carbohydrate m 
0.0000 0.0000 420 crude fiber 

0.00102 0.0000 236.9 hexane 
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(masso + mass. + mass2 + 11k1SS3 + l11aSS4 + l11aSS5) 
volume := . 

comp avemgedcns Ity 

, .• oj 

volumevoid := 0.01 ' volumecomp 

volumecon d04 := volumecomp + volumevoid 

._ (8 . vOlumecond04) 3 
Dcond04 .- 3 1t 

The length of the condenser is gi-.en as 

Lcond04:= 1,5Dcond04 

The internal radius of the condenser is gi-.en as 

Dcond04 
·Rjntemal := 

2 

The external radius is gi-.en as 

I\xtemal:= Rjntemal + 0.01 

57 

• 
.1 

I' 

. kg 
avemgedenslty = 9\0 

3 m 

3 volunlCcomp = 0.375 m 

-3 3 
volumevoid = 3.754 x \0 m 

3 
volumecond04 = 0.379m 

Dcond04 = 0,685 m 

Lcond04 = 1.028 m 

Rintcmal = 0.343m 

Rcxtemal = 0,353 m 



The total surface area is then gi\.en as 

2 
Acond04 :== 2nRextemai + 2nRextemai . Lcond04 

2 
Acond04 == 3.059111 

The number of tubes required to fill the \Qlume o.f the shell is gi\.en as 

ex:== 0.005m 

2 
Dtubes 

n 
4 

Dinter :== 0.08111 

The lenght of the tubes is estimated as 3/4 the lenght of the shell 

3 
~ube:== 4 . Lcond04 

The area of the tubes is gi-.en as 

Dtubes 
Atubes :== Ntubes . 27t··' . 4ube 

4 

IV. Condenser 04 cost 

The surface area of condenser 04 is 

2 
Acond04 :== 3.059111 

cost of carbon steel of thickness 0.01m and area 2.977m2 is 

costpan :== 46oo0Naira 

I The cost of the carbon steel required for the condenser 
I .;i "t· 

(Acond04 . costpan)' . 
cos tcs :== . .. .. .. 

Apan 
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Dtubes := Dinter + ex 

Dtubes == 0.085111 

"Nt'Jbes == G5.oo6 

4ube == 0.771 m 

2 
Atubes = 6.692m 

(Obitex, 2006.) 

costcs = 4.695 x 10
4 

Naira 



The cost of the tubes is estimated below 

Ntubes := 65.006 ~ube:= O.771m 

cost of carbon steel tube of diameter 0.08m and length 6m is 

4ubel := 6m costtubc 1 := 3850Naira (Obitex, 2006.) 

The cost of the tubes is 

Ntubes . (4ube' costtubel) 
costtubes := 

4ubel 
costtubes = 3.216x 10

4
Naira 

the cost of construction is estimated to be 10% of the cost of the carbon steel 

costeon := 10010· eostes 

the estimated cost of the condenser is gi~n as 
I ,-

eos\ond04:= eostes + eosttubes I- costeon ' 

4.1.8 Reboiler design 

Stream 14 

Fig. 4.8: Reboiler. 

I. Material balance 

~~~p.ti~~ material is lost nd q is 1.01 I 
Q: 1.01 ._ .. _- -_.-

Input I 
Stream 14 I 

COmponent kglh Kg% \kglh'scale up i 
Water O.(XXX)i O.oooq O'(XXX)I 

~ei~____ 1~:~ __ ~.:~~ 21~:~C:! 
Ca~drate ____ i O. O. O. 
Crudr.fibre O. O. O. 
----_.-.'-"---" 

Hexane O. O. 0.0063

1 ToIaI ________ J~~.1311 _ 1.o:xJq 2134.7227 

I. Energy balance 

eosteon = 4.695 x 103 
Naira 

eostcond04 = 8.381 x \0
4 

Naira 

f----+~ Stream 9 

Output 
:Slream 9 

, 

:Kg% 
O.(XXX) 
O.(XXX) 

30.2699, 
O.COOOI 

O.(XXX)j 
0.0001· 

30.2700: 
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kg/h'scale up [kglh 
0.0000 0.0000: 
0.0000 0.0000\ 
1.00001 341.6565\ 
O lW1'l O.fII'M'1 .wNi UINV, 
0.0000) 0.00001 
0.0000 0.0010, , 
1.0000; 341.65751 

I· .=-] 
[Stream 13 j ~_ 
iKg% Ikglh'scale up _ 

OOOOJI 0.0000( _ O. 
0.0000, 0.0000 - O. 

158.~ 1.' - 1793.05-
O.(.~ o. O. 
o.ocooI O. o. 
0.0005\ O. 

158.8611[ 1. 



The energy required by the reboiler is determined from a balance around the column 

Enthalpy of feed Into the column 

T:= (39 + 273)K 

Xfat := 0.2522 

kJ 
Cpfat:= 8.1 

kg· K 

Xjlex:= 0.7478 

s kJ as := 1.7212· 10 .... 
kg· K 

bs := -1.8378. 102 k.I 
kg. K2 

[ as + bs . T + Cs . (T)2 + ds . (T)3] 
C '- . 
phex'- 86177 

kg 
"'feed := 1358.5033 

It 

Cs := 8.8734· 10 
_I kJ 

kg. K3 
ds := 0 

k.I 
cphex = 2.334 . 

. kg· K 

kJ 
cpfeed = 3.788 

kg· K 

6Hfeed ,= "feed' cpfeed . (T - 298) 4 kJ 
61"feed = 7.205 x 10 

h 

Enthalpy of products out of condenser 02 

kJ 
6HOUT= 0 . 

h 

Enthalpy of product out of the reboiler 

T:= (100 + 273)K 

Xfat:= I 

k.I 
cpfat:= 8.1 

kg· K 

"hex:= 0 

5 kJ as := 1.7212· 10 . 
kg· K 

bs := -1.8378. 102 kJ Cs := 8.8734. 10- 1 kJ 
kg. K2 kg. K3 

ds := 0 

, . 

I 
t 
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kJ 
cpreb = 8.1 

kg· K 



kg 
"'reb := 341.6575 

h 

Heat load of condenser 02 

skJ 
OCONDENSER02 = -4.501 x \0 

h 

Heat load of reb oiler 

t" ... ~ 

sl<1 
~Hreb = 2.076 x \0 . 

h 

OREBOILER:= -(OCONDENSER02) + ~Hreb + ~HOUT - ~Hfeed 

skJ 
OREBOILER = 5.856 x 10 h 

The mass of steam required for the heating process is 

)1<1 
~Hvwater := 2.26· 10 

kg 

OREBOILER 
I11gteam := 

~Hvwater 

III. Reboiler selection and specification 

Type:Shell and tube heat exchanger-Horizontal shell-side. 
Material: Carbon steel 
Assumptions: 
1.The \()id \()Iume is 10% of the \()Iume. 
2.The condenser is assumed to be cylinderical. 
3.The thickness of the carbon steel shell is 0.01r:n. 

. kg 
I11g team = 259. \3 h 

4.The carbon steel tubes of thickness 0.005m ha\e a diameter of 0.08m. 

0.0000 0.0000 
1000 1 water 

0.0000 0.0000 530 protein 

2134.7164 kg 1.0000 910 kg fats 
mass := x:= d '-.-

0.0000 h 0.0000 680 1m3 carbohydrate 

0.0000 0.0000 420 . c'lJdefiber 

0.0063 0.0000 236.9 ) hexane 
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(massQ + mass, + mass!'+ ffi1SS3 + nlo:1SS4 + masss) 
I volume :=. I . 

comp . avemgedens ity 

volumevo id := 0.01 . voll1lnecomp 

volumereb := volumecomp + volulnevo id 

(
8 vOlllmereb ) 3 

Dreb:= . 
3 1t 

The length of the reboiler is gi\en as 

The internal radius of the reboiler is gi\en as 

The external radius is gi\en as 

~xtemal:= Rintemal + 0.01 

62 

d
. kg 

avcmge enslty = 910 
m3 

3 
volumecomp = 2.346m 

3 
volumevo id = 0.023 m 

3 
volumereb = 2.369m 

Dreb = 1.262m 

Lreb = 1.893 m 

~ntemal = 0.631 m 

~xtemal = 0.64! m 



The total surface area is then gi-.en as 

2 
Areb := 27t'\x1emal + 27t'\x1emal . Lreb 

2 
Areb = 10.21 m 

The number of tubes required to fill the Vf)lume of the shell is gi-.en as 

·u:= O.OO5m Dintcr:= 0.08rn 

4 

The lenght of the tubes is estimated as 3/4 the lenght of the shell 

3 
~ube := . Lreb 4 

The area of the tubes is gi-.en as 

Dtubes 
Atubes := Ntubes . 27t· . ~ube 

4 

IV. Reboiler cost 

The surface area of reboiler is 

2 
Areb := 1O.21rn 

cost of carbon steel of thickness 0.01rv'and area 2.977m2 is 
, I '/' ,~. 

2 
Apan := 2.997m costpan := 46000Naira 

The cost of the carbon steel required for the condenser 

(Areb . costpan) 
costcs := ------

Apan· 
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Dtubes := Dinter + u 

Dtubes = 0.085 m 

Ntubes = 220.524 

~ube = 1.42m 

2 
Atubes = 41.811 m 

(Obitex. 2006.) 



The cost of the tubes is estimated below 

Ntubes := 220.524 ~lIbe:= 1.42111 

cost of carbon steel tube of diameter a.08m and length 6m is 

4ubel:= 6m costtube I := 3850Naira (Obitex, 2006.) 

The cost of the tubes is 

Ntubcs . (4ube' costtllbcl) 
costtllbes := 

411bcl 
costtubes = 2.009 x 10

5 
Naira 

the cost of constru~tion is estimated to ife 10% of the cost of the carbon steel 

costcon := 10%· costcs 

the estimated cost of the condenser is given as 

costreb := costcs + costtubes + costcon 

4.2 Economic Analysis of The Plant 

All percentages are obtained from Sinnot, 1999. 

4.2.1 Purchased equipment cost 

costcrusher 

costcxt 

costdesolventiscr 

costcol 
coste := Naira 

costcondOI 

costcond02 

costcond04 

costreb 

The purchased equipment cost peE is given as 

costcon = 1.567 x 10
4 

Naira 

costreb = 3.733 x 105 Nai l'3 

crusher 

extractor 

dcsolventiser 

column 

condenserO I 

. condenser02 

condenser04 J 
reboiler 

peE:= coste + coste + coste + coste + (coste + cos t + cost + cost ) 
o I 2 3 4 e5 e6 e7 

peE = 3.099 x !06 Naira 
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4.2.2 Total capital Investment 
I. Physical plant cost 

f is the fraction of the PCE that the item it is estimated for is. 

0.45 cquipmcnt_ ercction 

0.45 piping 

0.15 ins tnllnentation 

0.10 electrical 

f·-.- 0.10 buildings 

0.45 utilities 

0.20 storages 

0.05 site_developelnent 

0.05 auxiliary _bildings 

(Sinnot, 1999) 

Total physical plant cost PPC is gi\€n as 

ppe = 9.297 x 106 Nair:l 

II. Fixed capital; 

( 

0.25 J 
f:= 0.05 

0.10 
( 

design_and_engineering J 
contractors _ ree 

contigency 

(Sinnot. 1999) 

The plant fixed capital FC cost is gi\€n as 

Fe = 1.302 x 107 Naira 

iii. Working capital 

This is estimated to be 5% of the fixed capital cost. Therefore, working capital WC gi\€n as 

WC:= 5%· FC 

The total capital in\€stment of the plant, therefore is 

TCI:= FC+ we 
, 

t' 
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WC = 6.508 x 105 Naira 

TCI = 1.367 x 10
7 

Naira 



4.~.3 Annual operating costs 
The plant opera;tes for 24 hours in a day and 350 days in a year. 

I Variable costs 
1. Raw materials 

. 24h day 
attam := . 350 

day yr 

kg 
mcashew:= 1128.7 . attain 

h 

Naira 
costcnshew:= II , kg 

costRM := mcashew' costcnshcw 

2. Miscellaneous material: 10% of maintainance. 

costM := 10%·5%· Fe 

3. Utilities 
kg . 

"\:ooling water:= 578.718 - . attam 
- h 

vol
cw

:= "to.oling_water 

1000 kg 

m 

Naira 
cos tcw := 0.5 . 

liter 

3 

kg . 
""steam:= 259.13 . attam 

h 

. I 104 h attam = .26 x 
yr 

7 kg 
Illcas hew = 1.422 x 10 

yr 

8 Naira 
costRM = 1.564 x 10-

yr 

4 Naira 
costM = 6.508 x 10 

yr 

6 kg 
mcooling water = 7.292 x 10 

- yr 

3 
3 111 

volcw = 7.292 x 10 . 
yr 

6 liter 
volcw = 7.292 x 10 

yr 

3 265 10
6 kg 

Illstealll =. x 
yr 

Naira 
coststeam:= 1.61 

• kg 
(Sinnot, 1999) 

costutilities := volcw . costcw + ""steam' coststcalll 
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6 Naira 
costutilities ~ 8.903 x 10 

yr 



lor 
The variable operational costs is gi~n as 

VOC := eostRM + eostM + eostutilities 

ii. Fixed costs 
1. Malntalnance: 5% of Fe 

costmain := 5%· FC 

VOC = 1.654 x 108 Naira 
yr 

5 Naira 
costmain = 6.508 x 10 --

yr 

2. Operating labour: Four unskilled workers are needed to mount each 8-hour shift with a 
supervising engineer for each shift. The administration staff is made up of the manager, 
accountant, personnel manager, store keeper, two dri'vers and a security man. They are paid 
according to their skills. 

nskill:= 6 

nunskill := 12 

nsemiskiII := 4 

Naira 
costs kill := 1440000 

yr 
Naira 

eostunskill := 432000 
yr 

Naira 
eostsemiskill := 480000 

yr 

._ eo~tlabor:~ nskill' eostskill + nunskill' eostunskill + nserniskill' eostsemiskill 

3. Plant overheads: 50% of operating labour. 

costpo := 50% . costlabor 

4. Laboratory: 30% of operating labour. 

costlab := 30010 • eostlabor 

5. Capital charges: 10% of Fe. 

eostcc := 10%· FC 

6. Insurance: 1% of Fe. 

costins :== 1% . FC 

7. Local taxes: 1% of Fe. 

costLT:== 1%· FC 

1 

" 
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7 Naira 
cos tlabor = 1.574 x 10 

yr 

7 87 10
6 Naira 

eostpo = . 2x 
yr 

6 Naira 
costlab = 4.723 x 10 

yr 

cos tee == 1.302 x 106 Naira 
yr 

eostins == 1.302 x 105 Naira 
yr 

5 Naira 
eoslLT == 1.302 x 10 

yr 



The fixed operational cost is 

FOC:= costmain + costlabor + costpo + costlab + costcc + costins + costLT 

Iv. Direct production cost. 

ope:= voc + Foe 

7 Naira 
FOC. = 3.055 x \0 

yr 

ope = 1.% x 108 Naira 
yr 

Iii. Company's costs; These include general o-.erheads, sales expense, research and de-.elopment 
costs and company's reser-.es. Their value is 20% of ope. 

costcompany := 20%· ope 

The total annual operating costs is 

AOC:= ope + costcompany 

4.2.4 Gross earnings 

The selling price of cashew kernel oil is N45 per liter 

Naira 
SPOIL:= 56 . 

liter 

liter 
voloil:= 10000 

day 

incomeoil:= voloil' SPOIL' attainment 

The,selling price of the cashew cake is N~·per kg 
, . 

Naira 
SP cake := 7. -- .. 

. kg 

, kg 
mass cake := 786.02668 

h 

incomecake:= SPcake ' masscake' attain 

Total income is 

TI := incomeoil + incomecake 
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7 Naira 
costcompany = 3.919 x \0 -­

yr 

8 Naira 
AOC = 2.351 x 10 ..... -

yr 

. day 
attamment := 350 

yr 

incomeoil = 1.96 x 108 Naira 
yr 

h 
attain := 24 . 350 . 

yr 

. 7 Naira 
IIlcomecake = 4.622 x \0 ---

TI = 2.422 x 108 Naira 
yr 

yr 



Therefore, 

GROSSincome := TI - AOC 

4.2.5 Net profit: Assuming a tax rate of13% 

TAX:= 16%· GROSSincome 

~P:= GROSSi~come - TAX 

4.2.6 Rate of return 

ROR:= ( NP ) . 100010 
Tel 

4.2.7. Pay back period 

PB:= 
ROR 

, I " . 69 

6 Naira 
GROSSincome = 7.07 x 10 . 

yr 

TAX = 1.131 x 106Naira 

NP = 5.938 x 106 Naira 

ROR = 43.455 % 

PH = 2.301 yr 



I 
i 
1 
I 
i 
I 

I 
~ 

I 
I 

CHAPTER FIVE 

5.0 RESULTS AND DISCUSSION OF RESULTS 

5.1 Results 

The summary of the results obtained from the calculation of this project is as presented 

in table 5.1 to 5.5. 

The results of the material balance are shown below: 

Table S.l: The material balance for each equipment. 

Equipment input kg/h output kg/h 

Crusher 1128.700 1128.700 

Extractor 2257.400 2257.400 

deso I ventiser 898.897 898.897 

Distillation column 1358.503 135~.503 
I' 

Condenser 01 112.870 . 112.870 

Condenser 02 1016.846 1016.846 

Condenser 04 341.657 341.657 

reboiler 2134.723 2134.723 
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, ,: 

The results of the energy balances are shown below: . ' 

Table 5.2: The energy balance for each equipment. 

Equipment 

crusher 

extractor 

desolventiser 

Distillation column 

Condenser 01 

Condenser 02 

Condenser 04 

reboiler 

Total 

71 

Heat load (kJ/h) 

101,800.0 

o 

1231000.0 

o 

-4,9970.0 

-3,998.0 

-234,600.0 

13,9500.0 

7,5870.0 



The results ofthe economic analysis is shown in table 5.4 and 5.5 below: 

.Table 5.4: The equipment cost. 

Equipment Cost(Naira) 

crusher 126,900 

extractor 1,105,000 

desolventiser 326,800 

distillation column 326,800 

conder-ser 01 101,200 

condenser 02 621,000 

condenser 04 83,810 

reboiler 373,300 

total 3,099,000 

Table 5.5: The Economic description of the plant. 

Economic description Value 

PCE N 9,297,000 

FC zW 13,020,000 

we: zW650,800 

Tel W13,670,000 

ROR 50% 

PBP approximately 2 years 

-------------------,--,---,-------
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5.2 Discussion of Results 

The design problem states a 10000liters/day of cashew kernel oil (CKO). A 24- hour day 

and a 350-day year assumed to be the plant attainment. The overall material balance shows that 

270 1 Okgldayo[ cashew kernels was required as feed. The overall energy balance shows that the 

plant requires 75780kJIh 

It is observed that all the material entering each equipment comes out as output. This 

implies that accumulation does not occur in the system and the system can be assumed to 

operate at a steady state. 

The energy balance around the equipment show that energy is added to the system in the 

crusher, desolventiser and reboiler while heat is removed from the system at the condensers via 

cooling. No energy is added or removed from the system in the extractor but there is a transfer 

! 

I of heat from the higher energy cashew kernels to the lower energy hexane stream. Due to the 
~ 

J relatively large amount of material being handled, the heat load was also relatively high e.g, 

~ 
.~ 123,100 kJ/h for dcsolventiser and 450,100 kJ/h for condenser 02. 

The equipment selection was done bearing in mind the heat load and nature of the raw 

materials and product from the plant. Since the heat load is relatively high, steel was chosen as 

the material for construction of all of the equipment and since hexane, the cashew kernels and 

the cashew kernel·oilare not corrosive, tarbon steel is employed to reduce the cost of material 

for construction. 

The sizing of these equipment was approximately done and the Extractor was found to 

be the largest equipment with an area, height and diameter of 64.265m2
, 5.709m and 2.855m 

respectively. This size was due to the fact that a large amount of material is passed through it per . . 

hour. 

Economic analysis carried out on the plant- shows that the total purchased equipment cost 

(PCE) and the plant fixed cost (FC) were found to be W3,099,000 and WI3,020,000 respectively. 

Thus, the Total capital investment (TCI) and the Annual operational cost (AOC) per annum 

were found to be 1*13,670,000 and 1*233,100,000 respectively. The plant yields an annual profit 
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after tax of W5,938,000. A rate of return (ROR) of approximately 50%. and the plant pay back 

period (PBR) of approximately 2 years were estimated for the plant. 

From these, re~ults, it can, be seeI1'. that the proposed plant is economically viable since 

only 2 years is required for the plant to break-even, even at a selling price of the products that is 

lesser than the selling price of the conventional' oil brands. 

, 
I' 
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CHAPTER SIX 

6.0 CONCLUSION AND RECOMMENDATION 

6.1 Conclusion 

The result of this research work shows that for a plant to produce 10,000 liters/day of 

cashew kernel oil, the Purchased equipment cost is W3,099,000, the Total capital investment is 

1*13,670,000 and the Annual operating .cost per annum is W233, I 00,000 . 

Finally, the plant was found to be economically viable as it yields a net profit of 

5,938,000 Naira with a pay back period of 2 years. 

6.2 Recommendation 

Haven designed a plant for the production of cashew kernel oil, it is recommended that a 

cashew nut shell liquid (CNSL) plant be sited close to this plant so that the by product from the 

CNSL plant, cashew kernels, can be used as the raw material for the CKO plant. For a better 

quality product, a process of refining the oil should also be added to the proposed plant. It is also 

recommended that the plant be sited in the middle belt of Nigeria as cashew trees grow 

abundantly in this part of the country e.g. Kogi and Benue states. 

More importantly, this work is just a conceptual design work. So, before construction is 
I f 

contemplated, a more'detailed design of the plant has to be carried out with detailed research 

and development. Also, a refining process for the produced oil should be included in future 

designs. 
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