DESIGN OF A PROCESS PLANT PRODUCING
10 TONNES OF CAUSTIC POTASH FROM
COCOA POD HUSK PER DAY

BY

ONIBON MOSES KAYODE
(REG NO. 99/8322EH)

IN PARTIAL FULFILMENT OF THE REQUIREMENT
FOR THE AWARD OF DEGREE OF BACHELOR OF
ENGINEERING (CHEMICAL ENGINEERING)

DEPARTMENT OF CHEMICAL ENGINEERING
FEDERAL UNIVERSITY OF TECHNOLOGY
MINNA NIGER STATE.

NIGERIA.

NOVEMBER 2005




DECLARATION

I, ONIBON MOSES KAYODE, declare that this design work has been
done by me and that it has not been presented either in part or in whole for
the award of bachelor of engineering any where. All literature cited have

been duly acknowledged in the reference.

ONIBON MOSES KAYODE SIGNATURE AND DATE

i



CERTIFICATION

5* This is to certify that this design project titled “design of a process plant
producing 10 tonnes of caustic potash from cocoa pod husk per day” was

i , done by Onibon Moses Kayode, under the supervision of Prof K.R. Onifade
4 and submitted to the department of chemical engineering, Federal University
ff of Technology, Minna in partial fulfillment of the requirement for the award
)

of Bachelor of Engineering (B.Eng) degree in Chemical engineering.

Prof K.R. Onifade

- - Signature and date
(Design supervisor)
; 4
Dr. Aberuagba. F Signature and date
(H.O.D. Chem. Engineering Dept)
External Examiner Signature and date
}

R i 5

ST

i



DEDICATION

To the glory of God and honour of humanity. [ dedicate {

loved once. I [ove you all.

R

S g, i,

v

his work to all my



ACKNOWLEDGEMENT

Thank you Jesus for giving the strength to carry on you’ve being my

God in the good times and in the bad times that is Why' you are God.
I will like to say thank you to the department father and my design

supervisor, Prof K.R. Onifade for his fatherly advice, it went a long way

helping us.
To my parents Overseer and Deaconess Onibon, 1 don’t need a

soothsayer to tell me you are my God sent parents. Thank you a million
times. _
My éiblings Tosin, Bist, Mide, Philip thank you guys the lord is taking
us to greater heights.
To my cousins Ola, Barr lsaéc Oginni, Dele, TOﬁli, Tobi thank you all

for been there.
Grandma, mama you prayers are answered 0000.

To my friends, Oluwaseun Omoare, Solo, Siraj, Aewaii, Fulant, ﬁosa, musty,
Uwanna, Idi Baba, Sayje, Deen, Elderluaye, Rizo, you guys are worth being
called friends.

To all our Chimos, Ebi, Ronnie, Aisha, Enebaby, Ummi, Shaddy but

most especially you Bukkie Adelusi thank you for your love and care.
To my classiates you are worth been called classmates and my

political allies we shall storm the world by surprise.
And to those 1 have not mentioned your names your names cant just

contain this page cause it is to big in my heart thank you all and most

especially you.

i



S

ABSTRACT

This project was carried out to design plant for the production KOH plant
with a capacity of 10 tonnes per day, in which the Reactor, Evaporator and
Filter were the major units designed. Economic Analysis of the project based
on 95% plant operating time was also carried out using the cost index
method. The projéct was found to have a pay back period of 10 years, a raté

of return of 10% and a Net present value of $50, 896.
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CHAPTER ONE
1.0  INTRODUCTION

Potassium hydroxide also known as caustic potash, potash lye, potassa.
potassium hydrate, and lye. It is a white, highly deliquescent caustic solid, which
is marketed in several forms, including bcllcls., fTakes, sticks, lumps, and powders.
Food grade potassium hydroxide is obtained commercially from the electrolvsis
of potassium chloride solution in the presence of a porous diaphragm. The
reaction can be characterized as follows:

KCl 4 HyO ~===--- HCl+ KOH

Generally, KOH is considered a by-product of hydrochloric acid and chlorine
manufacturing (Curlin, Bommarju, and Hansson. [991).

Its main uses in food processing includc use as a direct food additive.

¥

formulation aid, pll adjuster, cleaning agent, stabilizer, thickener, and poultry
scald agent. It is used in dairy products, baked goods, cocoa, fruits, vegetables,
soft drinks, and poultry. Among the main foods that use KOIH are: chicken,
cocoa, coloring agents, ice cream, and black olives (Ash and Ash, 1995).

Non-food uses include: soap manulacture; electroplating: printing; as a
mordant for wood; as a highly reactive source of potassium in a wide variety of
industrial chemical syntheses and chemical analyses; in veterinary medicine as a
caustic used in disbudding calves horns and in'aqueous solution to dissolve scales
and hair in skin scrapings; manufacture of cleansers; in wart removal and as a

2.5% solution in glycerol as a cuticle solvent. This type of compound is also used




in washing powders, some denture cleaners, some non-phosphate “ccology™
detergents. and drain-pipe cleaners (Patnaik, 1992, ). The substance is
“prohibited for use in lye peeling of fruits and vegetables by a petitioner in 1995,
However it is permitted for all other FDA permitted uses. which include as a
direct food additive. formulation aid. pll adjuster. cleaning agent. stabilizer.
thickener, and poultry scald agent. Original concerns regarding Iye pecling
included the environmental effects of the waste products, and that mechanical or
non-chemical alternatives were available {or most fruits and vegetables. The stone
fruit (peaches, nectarines, and apricots) do not appear to currently have alternative
methods available on a commercial scale to achicve peeling without the use of

caustic substances.
»

The reviewers agree that the substance as used commercially is synthetic,
although one points out that it may also be naturally produced and has had
historical tood use. Two out of three reviewers agree with the petitioner that that
this annotation unfairly restricts certain types of operations, and find the
environmental affects can be mitigated with the use of good wastewater
management practices. The third reviewer finds that the principle of minimizing
the use of synthetics should be considered more fundamental than the need for a
particular form of a product, and is concéined about lack of international
acceptance of this material. This revicwer also believes that prohibitions on
products and processes will drive innovation and invention for the development

of alternative techniques.
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To buttress the foregoing discussion on this introductory aspect potassium
hydroxide is a strong base and is alkaline in solution. It is highly corrosive.
Caustic peeling is based on the differential solubilization of the cell and tissue
constituents. Pectic substances in the middle lamella are particularly soluble. It is
in aqueous solution. KOH 1s used with caramel, annatto, turmeric (Ash and Ash,
1995), and soap. Processors will often combine a number of alkali buftering
agents. After taking a close look at potassium hydroxide generally ie its
formation from various sources, its uses and characteristics; this design is
specifically to produce potassium hydroxide (KOH) caustic potash from cocoa
pod husk.

1.1 OBJECTIVES OF THE PROJECT
The objectives of this project are as follows:

(1) To design a plant that will have a capacity production rate of 10 tonnes
per day of caustic potash from cocoa pod husk.

(2)  To calculate the material balance values of the components across the
individual units.

(3)  To carry out the energy balance calculations of the components across
the individual units.

(4)  Detail design calculations of the major reactor mixer and evaporator
equipments used in the plant.

(5)  To prepare a block and flow diagrams of the plant.

(0)  To carry out detail cost estimation of the plant using plant cost index

method.
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CHAPTER THWO
2.0 LITERATURE SURVLEY

210 STRENGTH DETERMINATION OF CRUDE POTASSIUM
HYDROXIDE IN ASH

Crude caustic from different ash source has different strength/
concentration, this may be duc to the plant composition, and besides the ashing
temperature and duration of ashing go a long way to determine how strong or
concentrated crude caustic will be. This is to test if there is difference between
the caustic strength from furnace ashing (at 400°C) and the local method of
ashing, which is simply burning of dry plant to ash. And result are shown in
chapter four [13].

The procedures for strength determination are as follows:

1) 50g of ash were weighed and poured into a 2000ml beaker and
one (1) liters of distilled water was added.

2) The resulting solution was boiled using hot plate with magnetic
stirrer at 100°C with maximum stirring for three hours.

3) The resulting mixture was centrifuged using Shermond
centrifuge machine ad the supernatant solution was filtered
using filter paper.

4) The residue obtained form filtration was added to the solid

residue left in the beaker after centrifuging.



oS g

o i A

S SR i

St

5)

0)

7)

8)

9)

The filtrate from step (4) was collected in weighing stainless
plate labeled B1.

Another one (1) liter of distilled water was added to the beaker
that contained the residue. And step (2) was carried out again.
While step (6) was going on, the filtrate from step (5) was boiled
of until a constant weight of the stainless plate was obtained
(B1).

Step 3;5 were carried out on a mixture obtained in step (0)
lebeling the filtrate beaker B2.

Step 2-8 were repeated for one (1)more time with one (1) liters
of distilled water. The filtrate beaker was lebelled B1, B2 and

B3.
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10)  The mass of (KOI1) residue obtained in cach stainless plate (B-
B3) after evaporation to dryness were weighed.

1) Solution of known concentration was prepared from the residues
in (B1-33) the solution were then titrated against 0.1M HCl to
determine the caustic potash strength using phenolphthalein
indicator. :

2.2.0 PREPARATION OF CAUSTI ( POTASIH

Some reasonable amount of banana peels suspected to have concentration
of potassium ion (K') were gathered. dricd and burned to ashes. The desired
quantity of the ashes was then packed in a container. A measured volume of water
was pourcd' and boiled, transferred to a porous container and a clean container
kept at the lower end for collection of the crude caustic potash. The solution was
filtered to remove solid and unwanted dark colour. Jt was then concentrated by

evaporation.
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2.2.1 EFFECT OF CAUSTIC POTASH ON THE ENVIRONMENT.

Its manufacture, use. and disposal do not" have adverse cffects on the
environment and are done in a manner compdfible with organic bandling. A lye
peeling processing method is of concern to the agro-ecosystem duce to handling of

waste from the plant. Large volumes of water are uscd. which enter the waste

8
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stream along with the soluble potassium and alkali ions. Lye peeling with sodium
hydroxide is more of a disposal problem due to undesirable sodium content that
may be soil applied, whereas residual potassium is a plant nutrient, although it
would be considered synthetic and not permittéd for an organic farming system.
Peach processing plants using lye peeling are generally restricted by state and
local waste water treatment requircments. which have resulted in a limited
number of plants and sites in operation (O'Bara, 2001). Data supplied by the
petitioner indicates that alkalinity of waste is not a factor, due to the natural
acidity of the fruit, which must be additionally buffercd during on-site treatment
(Finn, 2001). Conventional tomato lyc"peeling processes may use 9800/liters
water /ton of tomatoes peeled. Advances in t’(%chn()l()gy to combine lye peeling
with mechanical scrubbers reduced the water consumption (Luh, 1988).

Dry causti,c‘ peeling was advocated in the 1970s to substantially reduce the
amount of plant wastewater discharged (National Canners Association. 1970).
This process uses infrared cnergy at 1650 degrees to condition the surface of fruit
that is treated with stronger sodium hydroxide solutions. The peel is removed
mechanically by soi‘t. rubber scrubbing rolls rather than by water, so that about
90% of the peel is removed as a thick heavy “pednul butter-like™ substance, which
must be disposed of (Woodroof, 19806). l(.",auslic peeling continues to be
considered more eftective at peel removal with substantial reduction in

wastewater when compared with conventional pecling (Lindsay, 1996).

9
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Disposal of KOH can be potentially dangerous. Mercury cells arc used to produce
most of the KOH in the United States (Freilich and Petersen, 19960). The stripped
mereury is gencrally reeveled and discharge o(!l‘m.‘rcury is forbidden.
3. If the nutritional quality of the food is maintained and the material itself or its
breakdown products do not fave adverse effects on human health as defined by
applicable Federal regulations.
Potassium is an essential mincral nutrient. Lye pecting with sodium hydroxide has
been shown to reduce the amount of the Pru p | protein in peaches (Brenna, et al..
2000). This is regarded as the major allergen in peaches and thercfore may be
considered of nutritional benefit. /\lleréans in rosaceae fruit are associated with
the skin (I'ernandez-Rivas, 1999). The petitioner has submitted experimental data
showing no increase in potassium content of the {ruit due to the use of potassium
hydroxide. In data from 1998, samples tested after hand peeling had comparable
levels of potassium to those that had been through the treatment line (average 665
ppm and 661 ppm respectively). Afler blanching, the potassium content drops
substantially, to 422 ppm.
Peeling methods can effect product nutrient l()sé, with the less flesh removed the
I
better the nutrient retention.
Nutrient loss can also occur from feaching out of water soluble constituents or
degrading of heat sensitive compounds. Ascorbic acid and thiamin were reduced

by 12% by lye peeling, although carotenoids were not reduced.

10
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Fruit that is canned without pecling, for instance. retains more nutrients
[

(Saluhnke, 1990). Mechanical peeling, coring. and slicing has the least effect on

nutrients, but is not an option for soft fruits.

l“reezinngl‘ fruit is not shown to contribute to nutrient loss. whereas canned fruit

does lose nutrients (Saluhnke. 1990). Oxygen sensitive nutrients such as vitamin

C can decline during storage if the fruit is not properly protected.

Iruit maturity is a key factor in the overall quality and level of nutrients found in

fruit. Fruit that is picked earlier for satisfactory texture in {reezing nllay not have

as high a content of various nutrients, but other forms of processing such as

canning and pureeing, will result in a loss of nutrients as well (Eskin. 1991).

4. Its primary purpose is not as a prescrvative or used only to recreate/improve

flavors, colors, textures, or nutritive value lost during processing except in the

latter case as required by law.

KOH does not serve as a preservative nor does it recreate or improve flavor or

color. It does aid in preserving texture in the final product. though this is not
i

strictly a recreation of texture.
_ y

2.3.0 GENERAL PRINCIPLES OF LEACHING OPERATION
Leaching is concerned with the extraction of soluble constituent from a
solid by' means of a solvent. The process may be used cither for the production of
a concentrated solution of a valuable solid material, or in order to remove an

insoluble solid, such as a pigment from a soluble material with which it is

contaminated. The proportion of soluble constituents present determines the



method used for extraction. Its distribution throughout the solid the nature of the
solid and the particle size. If the solute is uniformly dispersed in the solid. the
material ncar the surface will be dissolved first. Leaving a porous structure in the
solid residue. The solvent will then have to penctrate this outer layer before it can
reach further solutes and the process will become progressively more difficult and
the extraction rate will fall. If the solute forms a very high proportion of the solid,
the porous structure may breakdown almosl immediately to give a fine deposit of
insoluble residue, and access of solvent to the Solute will not impeded. Generally,
the process can be considered in the three parts.
1) The change of phase of the solute as it dissolves in the solvent.
2) Its diffusion through the solvent in the pores of the outside of the
particle, and
3) The transfer of the solute from the solution in contact with the particles
to the main bulk of the solution | 15]
2.3.1 PROCESSES OF LEACHING OPRATION
|1
Leaching processes fall into (wo principal classes: those in which the
leaching is accomplished by percolation (seeping of solvent through a bed of
solids) and extracting liquid and subsequently separated from it.
Leaching operations are carried out under batch, semi-batch (unsteady
state) as' well as under completely continuous (steady state) conditions. The
unsteady-state operations include those where the solids and liquids are contacted

in purely batch wise fashion and also those where a batch of the solids contacted

12
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with a continually flowing stream of liquid ( semi-batch method). The continuous

steady state operation can be broadly classified into two major categorics,
according to whether it operates in stage wise or in a continuous contact fashion.

viz, single-stage and counter-current multiple contact | 14].

2.3.2 MASS TRANSFER IN LEACHING OPERATION

Mass transfer rates within the porous residue are difficult to assess because
it is impossible to definc the shapes of the channels through which transfer must
take place. It is possible however, to obtain an approximate indication of the rate
of transfer from the particles to the bulk of the liquid, using the concepi of a thin

{ilm as providing the resistance to transfer the equation for mass transfer may be

writlen as

dn _ KACS - C)
di b

The diffusion coefficient approximately equal to the liquid phase

diffusivity. D, and it usually assumed constant for a batch process in which V, the

!

total volume of solution, is assumed to remain constant, then:

]



A =Vde..o (i1)
The time t taken for the concentration of the solution to rise from initial
value to a value is found by integration on the assumption that both b and A

remain constant Rearranging equation (1i)

¢ . / ’

- e _ f A (i)

Jes—c v

T (r)
Cs Vb :

! fg = e e, (vi)

Cs
C=Cs(t - ¥
where A= area of the solid-liquid interlace
b= effective thickness of the liquid film surrounding the particles.

C= concentration of the solute in the bulk of the solution at time t.

Cs= concentration of the saturated solution mn the contact of the

particle
M= mass of the solid transferred in time {.
It
14
J
i

. et



[Tas-Enthalpy of steam vapor at 12.16°C = 2523 kl/kg

s -Enthalpy of vapor leaving the third effect = Has + (Cp)sicam % (BPR3 )ssupernea

Hy = Hyg + Cpg - BPRy

o

)
Hy - 2523.942-—

J

P

hi— Enthalpy of outlet from third effect at 22.56°C = Cp3 x( - 0)
hy o 0.57- Cpy - Ty

k)
hy - 40.945 —
, ke

Wy hy (wr Wy - wz)-h2 = W; - Hy 4 (wfu W, - W,y - W3)~h3

kJ A o kI
ko 2302826 W 0.698kgs  hy - 101359
) kg B kg
kJ kJ
11y = 2523.942— hy = 40.945 —

kg kg

2393 . W2 | (l4.|65 - W WZ) - 101.359 = 2524 . W3 | (|¢1.|65 ~ Wy WZ - Wg) - 40.945
18.610024166583904393 - Wy 4 14.165000000000000000  41.100655477207269838 - W 4

W, =38.61- Wy = 4110 Wy + 14165

W, 3861 Wy 1 4110 Wy = 14,165

The equations are transformed into the following equations:

W - 0.11645 - Wy =0.009126

Wi LO6IS - Wy = 01313

W 38.61- Wy +41.10- Wy = 14.165

Wi+ Wy Wy =129

53



s I 11164 0 0 ) 0.009126
Wy 01 LO6IS 0 01313
Wa | looo 3861 4110 11165
: 0 1 | L 12,9
Wy N
W, W,
W, Wil
W, \,\:'2 see
\\'; \\/3/
W, 1838 % 10
Wil | reaax 0t |y
Wal |isoas ot
W .
3 1497 % 10"
Now. Q1=
()I = WS . }\,S

k]
Ql - 41501609.665 —
w

But  Q,=U, A Ay

Q)
Uy - Al

/\] =

2
/\‘ =784l m
k)z = “/VI . )‘I w

kJ
Qy - 10572954 —
sec

But Q,= Uy - Ay - Aty

Q
Ay = ——
Uy - Aty



2
As - 14162 m

kJ
0y ~ 9995.077 —~
i S¢C
| Q3
/\} T

Ay = 17.846 1112

Thus the obtained areas are within the acceptable range of 5% difference

Therefore the average area per effect of the evaporator is 232 mo.

Tube details:
Most generally used diameters today ranges from 1.25 to 2.00 in. outer diameter
and most generally used lengths of tubes ranges from 4 to 15 {t. Let us choose
5/4-in. nominal diameter, 80 schedule. brass tubes of 10-ft fength. Therefore Quter
diameter do = 42.164 mm
Inner diameter di= 32.46 mm
length .- 10 ft
, d, = 42.164 - mm
d; = 32,46 mm
2011
| L 6.096 m

Tube pitch Pr=1.25 x do

Apgi- 125 d

A P 0.053 m
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Surface arca ol cach tube a ool .dol.

2
a 0807 m

Number of tubes required No A /a

N, = 3
v a
N, 221

Area occupied by tubes = Nox (1/2) xPrx Py x sin 60

1 .
Api= N - (E) “Apg - Apg - sin(60)

2
At = (.009 m

But actual arca 1s more than this. Hence this arca is to be divided by factor which varies from (.§

1.0. Let us choose this factor as 0.9. Therelore actual area required = 0.7445/ 0.9

A

t

Actual Area Ac Ap = —
0.8

2
/\C =0.012m
The central downcomer area is taken as 40 to 70% of the total cross sectional area of tubes. Let u

take it as 50%.

Therefore Downcomer area =

noo2
Dp= 0.5 (Nt 7o )

2
Dp = 0.015m

Downcomer diameter =

Dd 041 m

Total area of tube sheet in evaporator = downcomer area '+ arca occupied by tubes



At A ! D
- 0.027 m’
Ap = 0.027 m
6.2 Reactor-Mixer Design
Amount of feed:-
Feed ;= N2
Composition of feed:
0/

Y% Composition of cocoa pod ash

Yppa = 291 %

Amount of 11O

Mppa = yppa - Feed

Mo« - 206.07 18
BPA -

% Composition of 11,0
YiRO T 70.9 - %

Amount of 11,0

Mij20 = Yip20- Feed
Density of feed:

Density of cocoa pod ash

- ke
Pppa = 982 =

m
Density of 11,0
kg
PHRO 1000 - —}
m

57



Volumetric flowrate of cocoa pod ash

. Mpgpa
VBpPA = T :
PBPA

: oom
Vigpa = 021
1

Volumetric flowrate of 1,0

, Mino
Vipo= —
PO -

3

] m
Vipo 05027

Total volumetric flow rate of the feed is:

Vi Vapa ' Vo

3 Vo 3

e |
v 0728 Safety Factor (10%) vy — vy 170820
hr 0.1 day

number tanks == 2 Each tank capable ()l‘llﬂt'\diiﬂg 1/2 the design flow. tanks to be circular
withdepth equal to diameter. The reasoning for using 2 tanks is redundancy. Eventually there
will be problems with the tanks themselves or the mixers or both. The plant needs to have a
backup. May want to consider stocking an extra mixing unit also. This particular design

through may not be optimum since if one basin is out of service all the water will, of necessity

go a single basin designed for only 1/2 the flow.
detention time 1 40 - sec This is somewhat longer than the guidelines given in the text,
0.5 10 10 seconds. It could be argued that if one basin is out of service that the remaining

basin will still have a 20 second detention time which is within the guidelines.

G:= 800- sec velocity gradient, units are ft/(sec*fl)



impeller type : turbine. 6 flat blades. vaned disc: K- 6.3

The drawing below for what a vaned disk impeller looks like

As part of you design proposal for this facility provide the following:

. Water power input in kW
2. tank dimensions

3. IWI mixer model number

4. rotational speed of the impeller in rpm.

SOLUTTION:

appropriate definitions and constants:

rad rad
tpsis 2o pmi 2w
sec min
) . volume
detention time = —-——--
flowrate
detention_time := 3 - day
- T
G= |[——
(- volume
P=K ! D 3
Shyptv o Pigyp P

P 998408 - —— 1
3

Model

I1Q50
ITQ75

ITQ100
ITQ150
ITQ200
JTQ300
JTQ500

ko
b 102710

m

-3 ncewton - sec

2
m

AVATLABLE MIXER MODELS

Rotational speed, rpm

30,45
45.70
45. 110
45,110
700110
110,175

175

power, kW

37
.56
15
1.12
1.50
2.24
3.74

impeller diameter should be between 0.2 and 0.5 the diameter of the tank

volume := detention time - V-

volume = 512.46m" total volume, the volume of each tank is 1/2 this value. The depth and

diameter of each tank is then:
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o] - ;
D olume 3 volume )’
7 volume 4t ( J )= 6.884m

D= 12
n

l)

G= e

( volume J
TN B

2 volume
PG pe- —
2

1

P 168.415kWpower required (o meet required velocity gradient, 800 sec

Assume that any mixer used is only 80% efficient at transferring power into tank. Therefore requ

mixer should have power rating of at least :

P
I

e L 01w
Pixer off dmiver ~ 2TOSTORW

eff = .80

At this point some judgements are used. We have rules of thumb regarding the relationship of
the size of the mixing impeller to the size of the tank. We have a G value to be met and we have

rotattonal speed of the impeller which is somewhat fixed by the avatlable mixers.

Using a maximum rotational speed of 175 rpm. a six blade. vaned disk impeller Ky = 6.30

(as described from the drawing) we can compute the diameter of the impeller. Looking at the tab

the smallest unit that will work is the JTQ300 which has a nameplate power level of 2.24 kW

n:= 175 - rpm 1 224 -kW . 8

)] .
actual -~

Computing the impelier diameter resulting from using a JTQ300 rated at 2.24 kKW is:
|

=5
P
actual
watt
Dimp = ; - m
n )
60) o}
< RSSO
P kg
3
L m |

Dipp = 0-409m This is the impeller diameter that results if we use a JTQ300 mixing unit
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Spap e . . . N 1nmp . .. . . .
['his results in an impeller to tank ratio of WB—L = 0.059 which is just inside the rule of thumb

vaned disk impeller
reference : Unit Operations
F 41 »’ 1.40 in Chemical Engineering

McCabe and Smith, 1976

-~

baffles ——» —

The tank has baffles attached to its periphery to break up bulk movement and promote mixing.

The rule of thumb is that the baftles should extend into the tank a distance of [0.1 x diameter]

actual

|
volume G = 82.522 —

b~ sec
2

We can use a slightly smaller impeller to bring G down to 800 sec™! i we care to

G - detention_time = 21389652952
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Reynolds and Richards also check the Reynolds number. which should be > 10,000 to assure tur

mixing conditions.

NRe " ——— NRe = 298411722 wirbulent mixing conditions

By examining mixing intensity, G, as a function of temperature

absolute viscosity at 02 C°  1.89% 102 gm/cm*scc

absolute viscosity at 300 C' == .8*10-2 gm/em*scc

2 ) . o
p:r*(l.X‘)-l() “.—513—),(1.840 2-~—‘“l'1’—J,..8-|0 2.

cm - sec cm - sec

volume

D

G vs Temperature

100
90

0 temperature ranging from 30°C to 09C
8K
&1

G() 80
76

” | \

68 —

6 T—

—

R

060) ’
0.08 0092 0.1 0.12 0.13 011 0.15 016 018 019 0.2

1l

T
The actual mixing intensity will range from just over 1000 sec-1 at 30°C down to 675 sec? at ne

[reezing water temperatures. 0°C

D 6884m
I'rom literature, Cerebro, 2003 ratio of tank diameter to tank height (D/11) is:
. D
Ratio = — = (.83
H
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.3 Filter Design
The deign of the filter was carried out by the use of a spreadheet
INPUTS:  ** SECTION FOR SPECHTC RESISTANCI::
: o Solid density: 2650
kx Cake concentration: 0.38
Particle Cumul've  **  Topsize Bottom Average
size mass o of of size
undersize  **  grade grade
{um) {%0) ** (um) (um) (um)
88.1 100 ** 102.1 88.1 95.1
76 09.7 ** 88.1 76 82.05
065.6 08.8 ** 70 65.6 70.8
56.6 07.2 ** 65.6 56.60 61.1
48.8 94.5 ** ' 56.6 48.8 52.7
42.1 90.7 ** 48.8 42.1 45.45
30.3 8§5.6 ** 42.1 36.3 39.2
313 79.1 ** 363 313 33.8
27 71.5 ** 31.3 27 29.15
233 63.6 ** 27 233 25.15
] 20.1 55.9 ** 233 20.1 21.7
17.4 49.2 ** 20.1 17.4 18.75
15 143 R 17.4 15 16.2
y 12.9 36.6 ** 15 12.9 13.95
1. 29.9 ** 12.9 M.t 12
9.6 243 ** 1.1 9.6 10.35
8.3 19.7 ** 9.6 8.3 8.95
7.2 15.9 ** 8.3 7.2 7.75
6.2 12.6 ** 72 6.2 6.7
53 9.2 ** . 0.2 5.3 5.75
4.6 6.3 ** 5.3 4.6 4.95
4 3.9 ** 4.6 4 4.3
34 2 x* 4 3.4 3.7
3 | ** 34 3 3.2
2.6 0.2 ** 3 2.6 2.8
22 0 ** 2.6 22 2.4
ok * % * %

{ALCULATED VALUES:

gﬁl’l'i(fll’lC SURFACE IS: 6 times 0.081549 1/microns
.;iic assuming spheres) = 489293.85 I/metres
KSauter mean diameter: 12.3 microns

gl’crmcahilily (by K& C): 1.379k:-12 square melres

iSpecific resistance: 720231606 m/kg
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kg/m~3

v/v
Mass

fraction

(-)

0
0.003
0.009
0.016
0.027
0.038
0.051
0.065
0.076
0.079
0.077
0.067
0.062
0.064
0.067
0.056
0.046
0.038
0.033
0.034
0.029
0.024
0.019

0.01
0.008
0.002

ks

Mass fract'n
over

mid point
(1/um)

0
3.656E-05
0.0001271
0.0002619
(0.0005123
0.00083061

0.001301
0.0019231
0.0026072
0.0031412
0.0035484
0.0035733
0.0038272
0.0045878
0.0055833
0.0054106
0.0051397
(.0049032
0.0049254

0.005913
0.0058580
0.0055814
0.0051351

0.003125
(0.0028571
(0.0008333

0.081549



Cumulative % mass less than.

100
90
80)

70 -

60

50 -

40

30 -

20

10 -

0

! N .
0] 20 40 00

Particle size, microns.

80

064

100




{ONSTANT PRESSURE FILTRATION.XL.S
Constant pressure filtration readings from vacuum or pressure test
cake and cloth resistance follows from
'\l|)[ RS Mdckokob ko okod lokckkokdokotol hokokoskok ok ok dekskokokok ks skokokook ok o o ok
%é’illcr area: 272w’
siquid viscosity: ' 0.001 Pas
squid density: 1000 kg/m"3
olids in slurry weight fraction: 0.1 -
Tass of wel cake sample: 1280 g
Hass of dry cake sample: 635 ¢
' Aok kodokokok otk dokokoteotokokokok  okokokoskok sk gk ok 4 ook ok ok ok ok ok ok
Filtration  Filtration  Filtrate =~ *¥¥¥¥¥#k3x  Tipme Pressure Fitted
time pressure  Volume  ***kkdsx over forming A%
: Rrdotrskx yolume cake
; (s) (bar) (11‘1“) ok ok okkok ok koK (s/m}) (Pa) (S/m})
: 0 3 0 sk ke ok ook ok ok
Fo92 3 0.024  FkxEkEaEr 3833 3333 50295 3859.785231
L 160 3 0.039  FkxEkxkrx 41025641 73977 4080.501486
L0232 3 0,054  FRxEE¥EExX 49062903 93557 4301.217742
o327 3 0.071 RREFREFEE 4605.0338 112013 4551.362832
t 418 3 0.088 " Ak 4750 127440 4801.507922
472 3 (0.096  FR¥EExEEE 4916.6067 133856 4919.223258
538 3 0.106  ¥**xx*xxdx 50754717 141235 50066.367429
sverage: 3 bar .
| °§ 6000 (
5 5000 | I
25,4000 T
> N
o <
| o §3000 T
E 72000
g 1000 |
E 0 - o
0 0.05 0.1 0.15
Filtrate volume, m”3.

05



CALCULATED VALUES: AR A
Moisture ratio of cake:

Dry cake per filtrate volume (equn 2.18):
Filtration pressure:

Cake specific resistance:

('toth resistance:

Cake forming pressure:
dokokokdokokokok okokskok ok dekokk ok ko ok ek skook sk ook bk

Regression Output:

Constant 35006.6392

X Coefficient(s) 14714.417

R Squared 0.9943521
0.12

0.1

0.06 /////////
004 T / V
0.02 +

0 200

Filirate volume. m"3.

008 -

Time, s.

ek e s ol ool s sk sk ok sk ok ok ol ook

2.015748
125.24655 kg/m’
300000 Pa
525K T mv/kg
2861112 m!
134176.96 Pa

LR EE SRR EE I EEEEREE R

400 600
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CHAPTER SEVEN
7.0 REACTOR EQUIPMENT OPTIMIZATION
(hemical reaction engineering involves choosing the optimum reacting system in order to produ
the greatest amount of desired product in the most cost-cflictient manner. It is important to deterr
which type of reactor should be used and under what conditions it is to be operated. For example
one must determine whether to use a batch or continuous process from the production rate. Ior
production rates greater than 1.118 lbmol / hr. it is more feasible to use continuous operations.
Once the operation process (batch or flow) is chosen the next
step is to determine which reactor to use. The sclected topics for reaction engineering are: deriva
of rate equation. reproducibility of selectivity vs. conversion for Acetone. and a detailed

discussion on reactor design

7.1 Types of fl()\v-react()l‘s

7.1.1 CSTR- Continually stirred tank reactor

In this reactor the contents inside are well stirred and the compeosition remains uniform througho
This is a steady-state operation where the exit stream has the same composition as the fluid insid

the reactor.

Reactants

Fracuncts
- -~

7.1.2 Plug Flow Reactor (PFR)

The main difference between the plug flow reactor and the mixed flow or CS'TR is that the
composition changes as the {luid moves through the reactor. The fluid {low through the
reactor is orderly with no fluid element overtaking or mixing with any other element ahead
or behind. Another identifying characteristic of plug flow reactors is that the residence time

in the reactor must be the same {or all elements of {luid.
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.2 Kinetic Experiments for Acetone Cracking

Jerivation of rate equations for non-isothermal reactor conditions is an involved process

~quiring ex perimental data, trial and error procedures. and calculated guesses. There are
arce main parameters are necessary to derive a rate equation:

ithe order of the reaction, n

: the rate constant, k

;z\clivalion cnergy. I

j:‘zllCLllati()11s are not perfect, since some reaction takes place in the preheat section of the reactor.
it the outlet section, where it is cooler. Qur reactor 1s non-isothermal. but by using the Hougen a

¥ atson method, we can reduce the data to isothermal conditions.

he idea of this section is to find a method for deriving approximate values for the rate constant.

.3 Reactor Volume:
A good place to start is the equation for the equivalent reactor volume, that is the volume under
3 '

jon-isothermal conditions, applicable to our design project, and is approximated by isothermal

hofiles. The equation, the Hougen-Watson method, from Fogler, 1986, is as follows:

WVhere, T is the reactor temperature and E is the Activation Energy. Calculation of VR
icquires knowledge of temperature profile along the reactor tube. and the Activation

inergy, I2. ce we solve this equation, the rate is based solely on the continuity equation:

F-dX=r- dVR

§

%.4 Determination of Activation Energy, E
I'here are two methods used to determine the Activation Finergy. There is Arrhenius' formula,

and there is a shortcut method.
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7.4.1 Arrhenius method

Arrhenius' method is a trial and error procedure calculated at several temperature levels. A
value of [ is guessed and with the values from a temperature profile, VR is derived by
graphical integration. Then from this value a rate constant can be derived. These values are

expressed in Arrhenius' formula:

R-1
k= k0 e

I

If this value is consistént with that used in the calculation of VR the whole procedure has
to be repeated with a better approximation of .

7.4.2 Shortcut method

Shorteut method is preferred over the Arrhenius' method. because it can give very
accurate results in a shorter amount of time, and does not require knowledge of the rate

constant. For this method, experimental data for at lcast two trials is necessary. There

arc two preliminary considerations. Firs(, the two temperature profile lines.
corresponding to xak and pac values. must be parallel. Second. the feed rates should be
adjusted so that equal conversion is obtained for both trials; then the pA vs. VR profiles
will be identical. Thus, the Activation Energy. E. can be determined graphicall‘y by using
the data from two experiments, say one at 710°C and another at 750°C. Figure 1,

(Froment, 1960),

i ’.'3 - -
..
f 0.5 s . .
*.
0 VST
- A =, ‘Li-m —a Ak T
i o3 - ‘
; > 03 i, e Xl 710
0.2 i

V\ﬂw.

3 ]

0.1

2 2.25 25 275 3
log F (cm”3/hr)

Figure 7.4.2: Estimation of Activation Energy (Froment, 1960)
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illustrates the nearly parallel lines at these two témperatures. By measuring the
horizontal distance between the two parallel lines on the graph of xak vs. log I
determination of the two feed rates is accomplished. From the following equation,

Activation Energy is now found.

7.5 Temperature Profile

Temperature profile along the reactor is the second calculation for determining the
volume of the reactor. There are three assumptions:

- wall temperature is known

- physical properties of Acetonc/reaction mixture are known

- flow composition is known

A temperature profile can be calculated using the Sieder-Tate equation,

(Froment, Pijcke, Goethals, 1960):

Lo lm - m-Cp
[PRER Y kp L

This equation can measure the lunpbralurc of the gas. tm, at any point along the
rcactor; this is done by a graphical method, since the only unknowns are tm and L..'l‘he
following Figure 2, shows the temperature as a function of the distance along the
rcactor, by using equation 5. The wall temperature is constant from the preheat section
through a g()od portion of the reactor, and then falls off around 105 cm. However, the
calculated temperature profile shows steep drops in the preheat section. and later

towards the end of the reactor. This deviation is not taken into account, since little

reaction takes place in these sections. It is important to note the heat effect was not

taken in account,
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Distance along tube. cm
Figure 7.5.1: Temperature vs. Reactor Position
because there is experiment evidence the heat flux from the components offsets the

endothermicity of the reaction. With the temperature profile and Activation Energy

known, plotting xak vs.

Vp/F Ao can solve the reactor volume. Then the continuity equation becomes:

, X
VR I
T — dX
“/\O k N n ¢
P
)

When the rate equation is in the form:

ra =k- PAH
Before the continuity equation can be sotved, it is necessary to express pac as a
function of x,. Figure 3 shows an empirica( fit of p,e as a function of xa shows a curve
fitted with the equation:

P =(1 1.05 Xu,\,)2

0.8 p
\ Pac = 1.10% - 2.1 1%+ 1.00

Pac, atm

i T U T T T

0 oA 0.2 03 0.4 0.5 0.5
Xak

Figure 7.5.2: Empirical it of Pac vs Xak
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I'hen the continuity equation becomes:

] i i )
: k= : -
I

1.05- _R : (?n I) d(l HOS - "\lz\k)k”

The experimental values of V/I' and xak are plugged into the above equation; then the
order and rate constant can be determined by a plot of graph kp vs. n. The intersection

¢ of the curves corresponds to k and n values.

— n 1 P
i g 009 r
§ g R ——— ’;’n‘F =fHil 5
; s 008
« § 'j“? JiIF =365
Foo e ViF =182
L =008 £ oo
g ond AT = e
: o 003 e MIE =00
oD vl - — W =66
. g oo —
)
005 1 15 2 25
n
i
Figure 7.5.3: Determination of rate-constant, k and order, n
The results show at 750°C, k=0.040, and n==1.5. The general rate expression,
which is a function of temperature, is determined through a manipulation of
Arrhenius' equation, as:
26600 1.5
r=exp| 22.780 - ——— |- P
Iikewise. this whole process is repeated for the decomposition of Ketene. 'The rate
cquation from this reaction is:
‘ ' 25660
: r=cxp| 19.617 - -—-fl--—-
¢ Substitution into the continuity equation leads to
i

26600 5 25660
F'dxke=exp[(22-78 “"‘l"‘) Py exp(l‘).m?» ——’G—j -d
. = a .

VR

P, is given earlier as (1-0.05X_,)? in equation cight.
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This last continuity equation can be integrated to:

.
: , P
gy 206603
‘ exp| 22, e .
1 R 25660 VR
X _— ()()SQ | 2. - (| exp 19617 i e
ke B ' T I

~

An application of the derived rate equation, and subscquent continuity equation. is

scen in this graph of the selectivity of Ketene (xke vs. VR/IF).

(L oo

U3 = s —
e A-"J __'_ﬂ‘—y'—‘ —
@ o
oLy .
> K

0 o 20 A0 40 Ho 6o 74

VIF

Figure 7.5.4: Experumental values at various temperatures {or X, vs V/F

In the above figure, from Froment, Pijcke, Gocthals, 1960; xke vs V/J7 are calculated

at various temperatures. The conversion to KO occurs at a faster temperatures.
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CHAPTER EIGHT

8.0  SAFETY AND QUALITY CONTROL.

In designing a plant. s;x[‘cl§' is one of the myjor criteria for selection of the best
alternative along with economic viability. This is because value placed on the operating
personnel and the equipment handled. Operating conditions and equipment in operation
are normally dangerous and could lead to serious injury or major damage to the plant as
well as disability or death {or the victim.

Safety becomes even more pertinent when the materials involved are hazardous.
This is the case in the design of the hydrogen synthesis plant. Also sitting of any process
plant should be far from the public to avoid environmental pollution. However, the
design and quality management plan.

For this design, the hazards and some of the actions that would lead to these
hazards are identified. Safety measures are then recommended to {it into the plant design.

8.1 HAZARDS

To identify hazards present in this design, a material and equipment inventory

was taken.

}‘or the material inventory. we have as follows:

(h KOII, which is volatile at high temperature
(2) Cocoa pod, which is a volatite {flammable gas
(3) Steam. KO which enhances corroston

Other means of ensuring the safety and quality of process industry, for instance acetic
anhydride plant, is by proper maintenance of the equipment involved. Maintenance plays
a very important role in optimizing a process also the layout of the plant should be such

that there should be reduction in the number of auxiliary equipment and short distance
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between the feed and the processing section t.e. pipe reduction. The use of natural flow

instead of an auxiliary cquipment can be part of the optimization i.e. use of gravity

instead of pump material for fabrication also plays an itmportant role in process

optimization. becausc a high installation price is cheaper than a higher graded materials

for fabrication.

8.2

0.

GENERAL SAFETY MEASURES
All materials of construction should be well selected on the basis of corrosion
resistance and structural strength. This is to avoid the collapse of any equipment
or structures.
All pipelines carrying flammable materials must be installed with {lame traps.
Relief valves should be installed along all lines carrying gases and vapour.
Automatic co_ntr()llcrs should be installed to control temperature, pressure, and
flow rates of the material or cquipment involved.
A badly maintained plant is a potential hazards. I‘'nsure that a competent staff is
responsible for recognizing maintenance and repairs on a planned basis.
Signs and placards warning of the hazardous materials should be placed all over
the plant.
Foam fire extinguishers or those using carbon dioxide should be widely and casily
available and ready for immediate use at all times.
Plant layout should be such that:

i The storage facilities should be placed away from the plant.

1. All electrical installation should be earthed and insulated and should

be kept away {rom the processing unit.
ii. Exit and escape route: - the concept of quality control analysis has
been greatly achieved by stalistical quality control method. The

general intent of SQC is that of sampling units and parts being
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produced and essentially determining trends in deviation from
production as continuously (affordable and achievable) as possible.
There are many important statistical tests. which can be used to
determine the quality of products.

8.4 MATERIAL INVENTORY

I Oxygen (O,) supports combustion

2 Steam. KOH and Cocoa pod ash enhances corrosion
8.5 EQUIPMENT INVENTORY

1. Reactor:

Allows for catalytic dehydrogenation of acetone at high temperature 700 °C, an

endothermic reaction followed by reacting ketene with acetic acid at 80 °C .

With the material and equipment inventory the following hazards were identified as

present in the design.

i Explosion

This is a sudden release of energy as a pressure or a blast wave. It usually occurs on
ignition of vapour cloud and also by a pressure build up that leads to the sudden release

from a containing vessel. Since, CO HCL Cly are in vapour form there is tendency for

explosion to occur.

i Fire
This is the combustion of material in air the material forms a mixture with are, which
would burn once ignited. The combustion of methane could cause if mishandled.

1it. Poisoning
This is related to the toxicity of the material and mainly affcets personnel safety. This

occurs in two forms first, it exists as health hazard. This continuous handling of these
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toxic materials exposes personnel to these dangers through emissions and leaks from

joints. This lcads to accumulation of these materials which would eventually affect the

health of such exposed personnel or toxic material identified in the design include KOIH,
Cocoa pod ash etc.

Other means of ensuring the safcty and quality of process industry (c.g. acetic
anhydride plant), is by proper maintenance of the equipment involved in optimizing
process, also the layout of the plant should be such that there be reduction in the number
of auxiliary equipment and short distance between the feed and the processing section i.c.
pipe reduction the use of natural flow instead of an auxiliary equipment can be part of the
optimization i.e. use of gravity instead of the use of pump material for fabrication also
places an important role in process ()[Jtill\iial,i()ll, because a high maintenance price thus

the use of a high graded materials for fabrication.

8.6 GENERAL QUALITY CONTROL MEASURES

Maintaining product quality in accordance with acceptable standard has been a
major role for industrial instrumentation since its inception decades ago with the ever
growing interest in speeding up production, one becomes increasingly aware of the fact
that rejects as well as acceptable products can be produced at very high rates.

The concept of quality control analysis has been greatly achieved by statistically
quality control (SQC) method. The general intent of SQC is that of sampling unité and
parts being produced and essentially determining trends in deviation from production as

continuously (affordable and achievable) as possible.

There are many important statistical tests, which could be used to determine the
quality of products, among techniques is the t-test hypothesis. There are three common

hypotheses and their corresponding t - equations are given below.
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Hypothesis A:
i 1o (one sample test)

dlF - n-l

_x- Mo
S ( X )

Hypothesis B:

N1 - N2 = 0 (two sample test  matched pairs)

dl’ =n-1

N1 = N2 (two sample test)

dF =ni+n2-2

X X,

S(X)

Where:

s(x) = s(x)/\/n

s(x) = s(x) ]/V,;]A 17%2

fo] o

s(x)=\——— -
ul 2 -2

n—1

df - degree freedom
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n = number of observations

However, before a statistical test is applied. the level oUsignificance is generally selected.
It is customary to preseribe significance O0f 95% or more before rejecting a specific

hypothesis.
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2.3.3 FACTORS INFLUENCING RATE OI' EKXTRACTION
There are four main factors that influence the rate of extraction.
i) Particle sivze.

Particle size influences the extraction rate in a number of ways. The greater
[

is the inter-facial areas between the solid and liguid and therefore the higher the
rate of transfer of material and the smaller is the distance the solute must diffuse
within the solid, on the other hand. the surface may not be so effectively used
with a very fine material if circulation of the liquid is impede and separation of
the particles from the liquid and drainage of the solid residue are more difficult. It
is generally desirable that the range of particle size should be small so that cach
particle requires approximately the same time for extraction and in particular the
production of a farge amount of the malérial should be avoided as this may wedge

in the interstices of the large particles and impede the flow of solvents.

ii) SOLVENT
The liquid chosen should be a g(md selective solvent and its viscosity should
be sufficiently low for it to circulate freely. Generally. a relatively pure solvent
will be used initially but as some extraction process the concentration of solute
will increase and the rate of extraction will progressively increase. Iirst, because
It

the concentration gradient will be reduced, and secondly, because the solution

f

will generally become more viscous.
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iiiy  TEMPERATURE
In most cases the solubility of the material which is being extracted will
increase with temperature to give a higher rate of extraction. I'urther, the diffusion
' I
coelficient will be expected to increase with rise in temperature and this will also
increase the rate of extraction in some cases. The limit temperature is determined

by secondary consideration, as for example the necessity to avoid enzyme action

during the extraction of sugar.

iv)  AGITATION OF THI FLUID

Agitation of the solvent is important‘bccnusc‘thcse increase the eddy diffusion
and therefore the transfer of material from the $lrface of the particle to the bulk of
the solution further. Agitation ol suspension of fine particle prevent sedimentation

and more effectively used is made of the interfacial surface.

Table 2.1a Composition percentage % of the “ash’ of cocoa pod husk

Constituents l’ercentage.
(range)
Ca0 0.22.059 5
MgO 0.40-0.52
K,0 2.85-587
P,05 O 030-049




Si0, 0.06-0.14

The silica (Si0;) content of ¢.p.h is low potassium oxide (K50), is the only
readily soluble oxide in the cocoa pod husk. Lxtraction of the K,0 in the form of

potassium hydroxide (KOI1) is achieved by leaching the ash with water.




CHAPTER THREE

3.0 MATERIAL BALANCE

3.1 BASIS: ll 0.000 kg per day of KOI.

13.2 ASSUMPTIONS:

11. 100 % material recovery

12, Other salts present in the cocoa pod apart from K>O are small in wt % and considered as inert
13. The dirts present in the peel as dust are consi(_.iered to be sand particles

:'l'hc percentage compositions of the cocoa pod in weight percent are:

1. caustic (K50) = 61 %

\' 2. water (H20) = 27 %

’3. other salts (Inert) 7 %

14 dirts in form of sand particles 5%

TTOTAL 100%

Since K5O is 61% of the cocoa pod, amount of K,0 to be produced from literature is

10 tonnes/day

{ Amount of cocoa pod required is:

tonne
10 -

day
0.01

; Cocoa Pod =
i cocoa pod (BP)is:

{tis assumed that 15% of the KO present in the feed is

4 Cocoa Pod
4 Cocoa Pod = ——=——
) 0.95
P Cocoa Pod Cocoa Pod = 172562585 —=
day
k
CP - 719.011 -2
hr

The components present in the cocoa pod and their numbers are:

I - caustic (K,0), 2-water , 3 - inert salt , 4 - dirt
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Deline

Stream indices j 1.9

Species indices (in the order listed for products): s:= 0.3

Q. kp ~
BASIS: " ¢P . 719.011 -2 of cocoa pod

Initialize compositions and flowrates:

ke ko
g =000 n = 0002 N.=0.-2
sl s, hr 1 ht

13.3 Material Balance of the Heater

Stream 1 is the feed chargedito the heater. From literature (Andy, 1995). the composition of
i cocoa pod obtained from laboratory data are:

I. caustic (K,0)=61%

1 2. water (H20) =27 %
3. other salts (I,n.ert‘) 7 %

4. dirts in form of sand particles 5%

i Heater )

STREAM 1

Voo . \ i

R [-caustic (K,0), 2-water . 3 - Inert (salts). 4 - Inert (ditts),
061
0.27
0.07

0.05

Basis of cocoa pod is:

2

cp

19




Amount of each component in kg:

ho- N,y

41

1801 s. |

Fs |

g

- 438.596 *I—_

194a33)

50331 e
35.951 L 194,133 -2

: hr

FFrom literature. (Ossai, 1991). it is assumed that afler ashing of the cocoa pod, 99.5% moisture,

fand 20 % of the inert is removed {rom the the heater.

{STREAM 2
1 Amount of water in stream 2:

— ) 995 .
"1,2' 0.995 nl,l

: k
N - 193162 -2
1.2 e

"

4 Amount of water removed in the heater stream 2:

'—.:( -
nl,}' 0).005 “l,l

ko
N 09712
1.3 hr

Amount of inert present in stream 2:

112’2 = 0.8 - nz‘ |

k
ny o = 40.265 =5

cn hr

Amount of inert removed in the heater stream 3:

"1,3:: 0.2 "2,]
k

n L= 10,0662
[ hr

Amount of dirt in strem 2 leaving the heater:

kg

= 35.951
2 hr

Il?‘

)

Amount of K5O in strem 2 leaving the heater:

20




kg

n
t hr

T 438.596

jlotal amount of stream 2 is:

‘ kg
N7 = 707974 —
= hr

1'he compositions of K5O in stream 2:

9.2

0277y Y9,2 = 062
2

#'he compositions of water in stream 2:

I'he compositions of inert in stream. 2:

B I\2y2

Y27 ¥2,2
2

I'he compositions of dirt in stream 2:

,\/3‘2 =0.051

0.62
0.273

i 0057

1 0051

i,
Z y5,2:]
*0

KTREAM 3
i/-\mount of water in stream 3:

n 3 = 0.008 - n

I, N

ko
noy 0.971 -8
= hr

21
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I Amount of inert present in stream 3:

"y 4 0.003 ke-s

Amount of dirt in strem 3 leaving the heater:

-1
Ny 37 0 kgs

Amount of K50 in strem 3 leaving the heater:

-1
Ny 3 0 ke-s

Total amount of stream 3 1s;

ko
N 110378
3 hr

The compositions of K5O in stream 3:

- o3 0
Y037 TN 0,37
3

The compositions of water in stream 3:

22




COMPONENTS INPUT (kg/hr)

"s.l

kg
K,0, 438.596 T%

1y
1,0, 194133
Salt 50.331
als, 35.951
Dirts,

k
Yon 719.011 2
s.1 hr

S
. k
2 N - 719011 -2
5.1 hr
N

3.4 Material Balance of the Reactor

Reactor 5

2
- o [

STREAM 4

From literature the amount of water added for leaching the solute is 6 times the amount of

cocoa pod
. - N
Nyo 3N
kg
N1 =2157.032 —
‘ hr

OUTPUT (kg/hr)

n : n -

5.2 <, 3
kg e —— kg
_438.5%] - o]
193162} 0971} ™
40.265 10.066
35.951 0
kg \ kg
= 707.974 = =11.037—=
Zn‘“\z hr ZHS-J hr
; s
- kg
Zns‘zw—an‘}:-ﬂ().()ll—l:;
S S

23
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© Amount of water in stream 4.

k
N - 21570322
[ hr

Amount of inert present in stream 4.

n}‘ L n3’3
kg

n = (=
3.4 hr

Amount of K>0O in stream 4

Po.a Mo4

kg
n”.4 = OE

kg
N = 2157032 —
A hr

The compositions of KpO in stream 4:

Mo 0
Yo N Yo.4~
4

The compositions of wate in stream 4:

n, 4

Yy 4T g YT !
A

The compositions of inert in stream 4

.24

s 8 S A
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I'he compositions of dirt in stream 4:

STREAM 5

Amount of water in streanm 51s:

", = N‘1 +n

I

1.2

4

n. . — 2350.194—

kg
b3 hr

Amount of inert present in stream S

k
n, o~ 40.265 s
hl
hr

Amount of dirt in stream 5

n}.5 = 35951 —

kg
n - 438.596 —
0.5 hr

Total amount of stream 51is:

. ! 1+ "
N \ +n b1 H‘},S

570,515 2.5




kg
N, 2865.006 =
I

The compositions of K50 in stream 4:

v e e vy 5 0013

COMPONENTS INPUT (kg/hr)

N

s.2
\ ke
K,0, 438.596)
”2()’ 193.162
. 40.265
Salts, 35.951
Dirts,
5 Tk
Z"‘ L= 707.974 -2
Sae hr

S

N N0 = 2865.006
8,2 s, 4 1
N S

OUTPUT (kg/hr)

“s,vl - ns,S

kg kg

0 T 438.596| -
_2.15710% 2.35103
0 40.265
0 35.951

I(g — kg
== }_‘ ng g = 2865.006 =

nt

-~ kg kg
-2 = 2157.032 = E = 11.037—
s hr 5.3 ‘ hr

S

hr
s

26
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3.5 Material Balance of the Filter

Iilter 6

STREAM 6
It is assumed that 10 % of water present in the feed to the filter is removed with the inert (cake)
Amount of water in streanm 6 is:

Dy o 0.90 - n‘

N .S

k 8

n“(‘ = 21151758 .

Itis assumed that 97 % of inert present in the feed to the filter 1s removed with the inert (cake)
Amount of inert present in stream 0:

"2‘() = 0.03 - 112‘5

kg
7 kg

n. [.208-
2.0 hr

It is assumed that 99 % of dirt present in the feed to the filter is removed with the inert (cake)

Amount of dirt in stream 6

n‘ : ().()I»n}‘?_‘

L
n}’(‘ = 0.36 ~h~r—

Itis assumed that 10 % of K, present in the feed to the lilter is removed with the inert (cake)

Amount of K5O in stream 6

. 9.
LR 0.9 n(

0,¢ ).5

ko
n. o =394.737 8
0,6 he

Total amount of stream 6 is:

N
o "o Mo M Mg

27




kg
N = 2511.479—
0 hr

The compositions of K50 in stream 4:

n(),()

67 TN 0.6
6

= 0.157

The compositions of water in stream 4:

] “l,() ‘
160N 1L
6

= 0.842
)

The compositions of inert in stream 4:

The compositions of dirt in stream 4:

"3,() \

}’3.():7 N( y},(\:o
5

0.157
0.842
4.81'104
1.431°104]

3

Z ys,(» -
s -0
STREAM 7

It is assumed that 10 % of water present in the feed to the filter is removed with the inert (cake)

Amount of water in streanm 0 is:

n ‘7:*— ().IO-HL5

Itis assumed that 97 % of inert present in the feed to the filter is removed with the inert (cake)

Amount of inert present in stream 6:

28



112‘7 = 097 - nz‘5
ko
n 239057 =
2.7 hr

Itis assumed that 99 % of dirt present in the feed to the filter is removed with the inert (cake)

Amount of dirt in stream 3

099 .
Ny gt 0.99 n}

3. .5

kg
N - 35.50] ~2
3.7 hr

Itis assumed that 10 % of dirt present in the feed to the filter is removed with the inert (cake)

Amount of K5O in stream 7

kg
Ny g = 43.86 —

hr

Total amount of stream 6 is:

7 0,7 1.7 2.7 3.7
) .
N, = 153527 <8
hr

The compositions of K,O in stream 4:

29
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The compositions of dirt in stream 4

Vg ¥y 7= 0101

COMPONENTS INPUT (kg/hr)

OUTPUT (kg/hr)

l\Sw 5 b ns‘(’ = I\S§7 =
' —eree e ke ko k g
K,0, _a385%] I CINE Y e 4386] =
.0 2.35-103] 2115103 235.019
o 40.265 1.208 39.057
Salts, 35.951 0.36 35.591
Dirts,
Zn 2865006 <2 > " 2511479 F8 Z n 153907 K8
s hr Caos.60 T hr s hr
S N S
2865.006 2 | 2865.006 2
n s . i n 3] = R )
Z $.3 ’ hr 2—4 5.0 Z 8,7 ’ hr
s s S

3.6 Material Balance of the Evaporator

6 F,.v‘aporator 8
’ (3)

STREAM 8
ftis assumed that 95.3 % of water present in the feed to the evaporator is removed with the

condensate leaving the evaoporator

30
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Amount of water in streanm 8 1s:

"l.R - 0.047 nl‘(’
kg
N 004135
1.8 hr

Itis assumed that SO % of inert present in the feed to the evaporator is removed with the
condensate leaving the evaoporator

Amount of inert present in stream §:

Ny ¢ - 0.50 - |\2V~(‘
ke
“7_‘ R 0.604 ~h—r

It is assumed that 90 % of dirt present in the feed to the evaporator 1s removed with the

condensate leaving the evaoporator

Amount of dirt in stream 8

n}‘8 =010 n3‘()

kg
ny g7 0.036—=

hr

s assumed that 1 % ol K50 present in the feed to the evaporator is removed with the
condensate leaving the evaoporator

Amount of K50 in stream 8

e 09 .
”U.X - 0.99 n()‘(‘
kg
n = 390.789 —
0,8 hr

Total amount of stream 8 is:

er n().R | nl,8 b n2,8 4 n3.8

ke

N, = 490.843
8 hr

The compositions of K,O in stream 8:

. .. = G
Y087 N Yo g = 0796

31




The compositions of water in stream 8:

v (R v 8 == 0,203

v o 28 vy, o= 0.00)
R T 2.8

y A8 Yy o & 0
3.8 Ng 3.8
3 ‘\:X
079
0.203
7123103
7324105

3

j = .2
Z Y g = 0204

s

STREAM 9

Itis assumed that 95.3 % of water present in the feed to the evaporator is removed with the
condensate leaving the evaoporator
Amount of water in streanm 9 1s:

. 957,
n,‘()- 0.95. "I,()

ke
n =2015.762
1.9 hr

It is assumed that 50 % of inert present in the feed 1o the evaporator is removed with the

condensate leaving the evaoporator

Amount of inert present in stream 9:

n g 0.50 - n,

2, 6
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k
n = (.604 <&
2.9 hr

It 1s assumed that 90 % of dirt present in the feed to the evaporator is removed with the
condensate leaving the evaoporator

Amount of dirt in stream 9

n 9 = 0.90 - 113

0 kas !
- ) kg-
3. o

6 I]3
It is assumed that 1 % of K,O present in the feed o the evaporator is removed with the

condensate leaving the evaoporator

Amount of K,O in stream 9

"()‘9 = 0.01 -.n“‘()
kg
n = 3.‘)47*5—
0,9 hr

Total amount of stream 9 is:

N(’:' n”.() i nl.‘) ! nj‘() i n}.()

kg
N, = 2020.636~=
hr
The compositions of K5O in stream 9:

"0.9

v I v
“0.9 1.9
N()

)
The compositions of water in stream 9:

LA N . - (.Yt
Yot N f\l,‘) 0.998

Vhe compositions ol inert in strecam 9:

nz 9
v —

Y297 TN 2.9
9

=0
Fhe compositions of dirt in stream 9:

yx‘() = = ()

113‘9
i y -

3.9
N9




\' fend
°$.9

71954103

0098
2089104

1601104

3

Ys.97 l
0

S

COMPONENTS INPUT (kg/hr)

OUTPUT (kg/hr)

n =
s,9

3.947

- 2.016'103

Mt
2"

S

al — l\g
n i Z n = 2511.479 =
s, 8 5,9 hr

ns.6 = ns, 8~
kg kg
K,0, 394.737| = 300789} -
2115103 99.413
I,0, e 2 e 220202
. 1.208 . 0.604
Salts, 0.36 10036
Dirts, T
- ko kg
= 2511479 =2 1 = 490.843 —=
Z "0 hr Z 's.8 hr
S ' N
- kg
Yng 281 1.479-2
s, 0 hr
s s S
SUMMARY OF MATERIAL BALANCE
T .
0 0 0 0
1 719.011 1 719.011
2 707.974 2 707.974
3 11.037 3 11.037
, kg kg
N 1a4) 2157103 o N [4] 2157103 -
ir 1r
5 2.865103 5 2.865-103
6 2511103 6 2.511-103
7 353.527 7 353.627
8 490.843 8 490.843
9 2.021-103 9 2.021-103
Vhe maternial balance across each unit:
0 1 2 3 4 5 6 7 8 9
0 0 38.596 $8.596 4] 0 }8.596 p4.737 |43.86 )0.789 |3.947
n=}1 094.133 p3.162 {0.971 $7.032 $0.194 |5.175 $5.019 $9.413 |5.762
2 030.331 }0.265 0.066 0 10.265}1.208 39.057 |0.604 | 0.604
P—'\; O 5.951 $5.951 0 01}5.951| 0.3635.59110.036|0.324

kg
hr

k
o = 20206362
hr

hr
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1he percentage compositions across cach unit:

0.62

0

0.153

0.273

0.088

0.82

0057

0.912

0
3 1
2
3

0.051

0

35
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CHAPTER FOUR

4.0 ENERGY BALANCE
Define: Stream indices

Species indices (order: caustic (K,0). 2-water . 3 - inert salt .4 - dirt)

Index of the heat capacity coefticients

Heats of Formation at 25

3 ol
1.785 - 10 1

13164 - 10" KJ

494027 10° | <8

1.926 - IO3

Table 1.Heat capacity constants

29.0063 249235 10 ° 1.86440 - 107 479892 . 107 ° 287266 - 10"
, ! -5 8 12
300471 -9.65064 - 10 3.29983 - 10 204467 - 10 430728 - 10
(S -
,
19.0223  7.96291 . 10~ 0 0 0
17.6386  6.70055 - 10 2 0 0 0

4.1 Energy Balance of the Heater

oo 298K T 303K

Inthalpy of stream |

k=0
h(s.Tl)
“eaeos] o
Caei| M
10809
|

36




Total enthalpy of stream 1
HI Zh(s,'ljl)
S

I‘nthalpy of strecam 2

; Ty = (273 4+ 90) - K T.= 298 K Ty = 363 K

’ ) kil sk 1
hio T L] Sk L Iy " ]
£ s, T4): — || - —-n
(+12) Z kool K K 5.2
k=0

h(s,'l'z) =
kJ
832.079| —
H hr
! 424134
i 118.663
i 92.966
; I - h{s, T
§ .
; 2 Z ( 2)
: S
. kJ

) = 1467.843 —

/ < hr

Enthalpy of stream 3

I, (2734 90) - K

| ! %,k T3 . T, k! J
i h{s, Ty} := — = - — S
i ( ‘ 3) Z k41 K K "s.3

k=0

h(s,'l“})

kl

O —_—

hr
2131
29666
—]

| H, = 211(5,'1'3)

S

kJ
: Il1 = 31,797 —

hr
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i

Input Enthalpy

kI
H F14.123 —
! hr

Output Enthalpy:

I H 1499 .64 k)
t = Od —
2 3 hr

Ieat Duty of the heater is:

kJ
Q, = 1385518 —
| hr

COMPONENTS INPUT (kg/hr) OuTPUT (kg/hr)

)BT ) () )

etk kJ kJ kJ
KZ(), 0] — 0 — 0| — 0| —

hr hr hr hr
"20, : 2.131 2.131 2.131 2.131
Salt 29.666 29.666 29.666 29.666
Dalls, 0 0 0 0
Dirts,

kJ kJ k} k]

Hl = 114123 -—— Q = 1385518— H, = 1467843 — 1, = 31.797 —
hr I hr 2 hr 3 hr

-kl kJ
H, 1 Q, = 1499.64 — H, + 1, = 1499.64 —
! T hl' 2 3 hr

4.2 Energy Balance of the Reactor

T,0-298 - K T/‘ =303 - K

Enthalpy of stream 4

N RIS AR |
h(s. T4} = SRAR . ] — =
(T = 2 | Pk K kg s
k=0 ’ i
38




h(s,'l“t) -
Y

ol —

 362458]

0

0

H‘] e Z h(s, '1‘4)
3

k]
H, - 362.458 —
gz hr

4

’ » ) kil
c N T8
—~ s,k (¢} v J
h(s,()):r" — | - — S n.
24 k1 (K) (I\J | kg S99

k=0 -

Estimation of the outlet temperature of the reactor

Listimate: 1t S00 K
3
Objective function: ft) = Z (h(s, b)) - (l12 + ”4)
s = ()
Solve: T root(f1),1) T.=317K

Enthalpy of stream 5

kJ

hr

s

!
H_ - 1830.301 'g
) hr

k)
Ho+ H) - 1830301 —
( 2 4) hr

39
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OUTPUT (kg/hr)

INPUT (kg/hr)

COMPONENTS

o S | o
14,0, ht ’1"5{’{:03 hr
Salts, 33.766
Dirts, 26499
K} ki kd
1, = 1467.843 — 1, = 362458 — T -~ 1830301 —
2 hr 4 hr K hr
_ k) X k)
H, A 1, = 1830.201 — .- 1830.301 —
2 1 hr 2 hr
4.3 Energy Balance of the Filter
T= 208 K Mo
IEnthalpy of stream 6
! ki o
% .k ('o) . (lr ;
. - i T e |
- A K K it ke 8.6
S
k
1 = 1594311 i
6 i
Lnthalpy of stream 7
b 208 . K o
| 298 - K I7A»r !5
N S8 k+1
4 t
b(s,T7):= Z s,k ' : J
) = A - — N
7 k+ 1 K K kg O 7

40




~aen)
152.368}
32753
T 26.234

INPUT (kg/hr)

COMPONENTS

h(s,'l'(,‘) B

K 2()a k) SR

24.635] — 24.635| -

H,0 : :

N “isaes] M 152368 "
Salts, 32.753 _32.753
Dirts, 26.234 26.234

kJ
o= 1594301 —
6

k]
HR - 1830.301 —
- hy

he

. ki
H, - 1830301 —
) o

4.4 Energy Balance of the Evaporator

1,0 298K Ty (100 1 273) - K

Linthalpy of stream 6

4 [ c T kil " kil
b s,k 9 r ]
hs, Tg):= —_— - -w) N,
(1) Zl_ku (KJ (K/ kg 5.9
k=0 '
h(s,'l")) -
kJ
8.644 r‘
5.112-103] "
2.072
0974}
H() = Z h(s,"l 9)
S
J
1, 5123633
hr

41

OUTPUT (kg/hr)

h(S,'l'7) =

klJ
H, = 235,99 —
7 hr

kf
1830.301 —
hw

kJ

hr
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i

Inthalpy of stream 8

Tp= 298 - K

h(s"l's) = z

Tgi= (100 +

273) - K

kel kil

Cs,k (_{_«‘f
k1 K.

k=0,
h( s,TS) =
———————— kJ
_855.74L) 1
2072,
__0.108]

Hy o Zh(s,'l‘g)

S

FHeat suppply by steam in the evaporator is:

0, (”x + H()) -

kIl
Q, 4639354 -—

hr

COMPONENTS

K,0,
11,0,

Salts,
Dirts,

”6

h(s,’l'(w) -

R

kemol = mol

INPUT (kg/hr)

| 855,741 lk“—' 855.741
252.111 252.111
2.072 2.072
0.108 0.108

3

kJ
”6 4 (32 = 6233.665 —

ki kJ
H( = 1594311 — Q, = 4639354 —

he 2

i

k1= 1000 )

K

hr

hr

42

855.741 |

252.111

2.072

0.108

I

8

H

8

OUTPUT (kg/hr)

Kt

hr

Lk kJ
= 1110.032 -l~ ll() = 5123.633 —
w

+ ”9 = 6233.665 &J‘

K
855.741 "”‘
252.111

2.072

| o.108]

hr

hr
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CHAPTER SIX
6.0 EFQUIPMENT DESIGN
6.1 DESIGN OF A TRIPPLE EFFECT FORWARD FEED EVAPORATOR FOR THE

CONCENTRATION OF KOH SOLUTION:

Design: KOH solution is to be concentrated from 17Wt% to a final concentration of 80Wt% The

feed is available at 50993 kg/hr and 27 ©C. Steam is supplicd at 103.66 kpa (Abs.) to the first
cifectand a vacuum of 74.2(Abs.) mm of Ig is maintained in the last effect. Heat losses by radia

and by entertainment are neglected. Condensate are assumed to enter each effect at its saturation

te mperature.
Feed := N
[
Xr] = 0‘7 '

KOH n feed
e . kg
GF = Feed - ‘(rl OF = 426951 —=

hr

Feed Rate

Feed = 0.698 kg-s-] Wi feed

Bottom outlet from third effect 303 =

BO3 - 0.132 kgs"

Total evaporation TE

TE = Feed - BO3

TE ~ 0.566 kg-s"

44




Assuming equal evaporation m all the three cffects.
Wi Evaporation rate in first effect

Wa- Evaporation rate in second effect

W5 Evaporation rate m the third effect

Wi=Wa=Ws=(12.9/3)= 4.3 Kg/sec

“/2 == “rl W'g = W2
, -1

Wy o= 0.189 kg's

Wy - 0189 kgs'

Wy = 0.189 kg's”

Outlet from first effect = Wr- Wi
OFF = Wy - W

OFE = 0.509 kg-s"
Outlet from second effect = Wr—~ Wi- Wa
OFSE = Wy W - W,

OFSE =032 kg‘s_l

Outlet from third effect = Wi — Wi W2~ Wa

OFTE = Wf- Wl - Wy - W}

OFTE = 0.132 kg-s'l

Concentration of KO in outlet from first effect =

We- Xp
7 2F
CGOF = — - 100 - %
kg
9.86 - —=
sec




GO - .1.2()3%

Concentration ol KO solution itr outlet from second effect

o WXy
CGOE = | — 1100 %

556 —2

sec

CGOE = 2.133%

Concentration of KOI1 solution in outlet {rom third effect

- We Xgy ,
CGOF = | = | 100 %
126 -2

seC

CGOE = 9.413%

Saturation temperature of inlet stcam 1s = 100 OC
Boiling point of water in the third effect = 12 9C

Temperature difference =100 — 12

1,0 100
Ty = 12

AT:= T, - Ty
AT 88

BOILING POINT RISE FOR KOH SOULTION

1) BPR for the third effect at 79 W% KOIT — 10.49C

2) BPR for the second effect at 17.8 Wt% KOI = 1.50C
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3) BPR for the first effect at 10 W% KOI1 = 0.59C
Sum of the BPR of the glycerol solwtion 104 1 1.5+ 0.5

BPR, = 104
BPR,: 15

BPRy = 0.5
S:= BPR3 4 BPR2 + BPRI
S- 124
I:ffective temperature difference = 88 - 12.4
ATp = AT - S
ATp = 75.6
Now we assume that the amount of heat transfer from steam to the solution is the
same in all thethree effects i.e. Q (heat transfer in the first effcet) -
Q (heat transfer in the second effect) = Q(heat transfer in the third effect) ;

OVERALL HEAT TRANSKER COFFFICIENT

i
1
£
5
H

Since it is a vertical effect evaporator. the overall heat transfer coefficient can safely
be assumed as {ollows:

In the first effect Ui = 2325 W/mYQ(C

In the second effect Ua = 1275 W/m? OC

In the third effect Us= 1031 W/m?29C

In the first effect Uy =
W

U] == 2325 -
m- 0(<

In the second effect Uz —

W
[y 1275 - -
m- OC
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In the third effect Us =

Now as we have assumed heat transfer rate’s to be cqual | we have

Q==

We design the triple effect evaporator such that the heating area in all the

three effect is the same

/\] = /\2 = .’\3

Ay U

/\12 i =

,”\[] “2
\[j Uﬂ
Aty

\lz - e

3]

Aty = 1237 A5

48




A S S

18- Aty + Aty + 1237 Aty =‘/\'l'l;/
13037 - ALy, = ATy ATy - 75.6

My =
27 43037

Aty = 17.566

/\ll SR RE /\‘2

Ay =21.729

ACTUAL BOILING POINTS IN EACH EFFECT

First effcet:
Ty Tg - At
T, - 68.381

Sccond effect:

15 = TI BPR‘ - A'?,

It

Ty - 40.414

Third effect:
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Iy - 17.185

HEAT BALANCE

FIRST EFFECT:

Workg t W Hes Wy (W w,) hy

latent heat of steam

ki
Ay 2257.86 - —
; kg

&

Iy Enthalpy of feed at inlet tem perature ( 27°C)

My = Cpy- (’rf - 0)

Cpyi— 418

Fpm 27

Hy= [0.578 - Cpy- (T¢- 0)] {3
: | e

ki
Hp 65233 =

kg

supethea

Hy- Enthalpy of vapor leaving the {irst effect = [ - (Cplstcam * (BPR1)

Hy o 2640
Cpi 1.884

BPR| := 0.5

P (e v Cp BPR ).51
2s 1 ke
kJ
Hy = 2640.942 —
kg

11~ Enthalpy of steam at 78°C = 2640 k1 / kg

; 3
11y - 2640 L)
2 ke
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kl
! Ijg = 2640 —

g

((‘g\)stcnm at 78°C = 1.884 kI/ ‘\‘t{

kJ
Cpe o 1.884 —
Ps kg

hi - enthalpy of outlet from first effect at 78.5°C ~ Cprx (0 ()

5 e kJ

hy e (062 Cpg- Ty} ”
K kJ
hy = 79.874 — Cpg = 1884 —
kg ) kg

W hg b W Hp= Wi Ty (We- Wy oy

kJ kg kJ
A =2257.86 — W= 0.698— = 65.233 —
; kg sec ke

kJ kJ

hy = 79.874 — Hy = 2640.942 —
1 1 )

ke kg

W - 2258 + (14165 - 65.233) = Wy - 2641 + (M.IGS W]) - 79.874

22598 - W 1 924025 = 2641 - W v 1131 79874 - W

3
9A267373652397927601 - 10 1 1164571 2408461549791 - W

W= 0.11645 - W + 0.009126
(14,165 - 79.874) = 1131415

SECOND EFFECT:

WA (wff-‘wl)h, = Wy Hy o+ (wf - Wy - \\’2)!12

13082258 1 (14.165  4.308) - 79.874 = 4308 2610 1 (1LI65 4308 4.308)362

kJ

hy = 325
2s ke

[.atent heat of steam at 78°C =
>\.l L ll‘ — hzs

KkJ
Ay = 2315.942 —
kg

s Enthalpy of steam vapor at 44.2 °C = 2580 kJ /kg




s S

e K
Hyg: 2580 =

kg

H- - Enthalpy of vapor leaving the second effect = s+ ¢ Cpacam < (BPR2Jsupretiea

Hy = ”35 + CPS' BPR,

< kJ :
H, - 2582.826 — Cpy = 418

ho-Enthalpy of outlet from the second effectat 45.7°C = Cp2 < (- 0)

hy = (0.6- Cpy - T3) - L

kg

kd
hy - 101.359 —

kg

WA+ (Wf—- W,)hl =Wy Hy + (wf—-v W, - wz)h2

kJ - k1

X 1 2315.942 - \\"~ 0.698 kg-s ' hl 79.874 ——

kg ke
: -1 kJ ki
Wi 0.698 kgs Hy - 2582.826-]—~ iy = 101.359 —‘:—
- KE - 8

D316 Wyt (14165 - W) 79.874 = W4 - 2583 1 (14165 - W~ W) 101,539

13127831618302879155 + 1.0615126632772446009 - W5
Wy =0.0313 ¢ 1.0615 - W,
THIRD EFFECT:

Wa o Xg 4 (w( SWy - Wa) o hy = Wty (W Wy Wy Wa) ey

—

atent heat of steam at 44.2°C =
)\,2 = l'z - h}s

t 190 k)
AP e
3s ke

}\2 = llz - h}S

kJ
Ay =2392.826 —

kg

52




CHAPTER NINE

1 9.0 PROCESS CONTROL AND INSTRUMENTATION

9.1 INTRODUCTION

In the design of an industrial plant, the methods, which will be used. for plant ()pémli()n
and control help determine many of design variables. for example. the extent of
instrumentation can be a factor in choosing the type of process and setting the labor
requirements. It should be remembered that maintenance work would be necessary to
keep the installed equipment and facilitics in good operating condition. 'The importance
of such factors which are dircctly related to plant operation and control must be

recognized and take into proper account during the development of a design project.

Processes may be controlled more precisely to give more uniform and highcr quality
products by the application of awtomatic control. often leading to higher profits.
Therefore, any process with an input and output which may be flow, pressure, liquid
level, temperature, composition or any other inventory. environmental or quality variable
that is to be held at a desired value must have some measure of control applied to it.

Change in output may occur:

I Randomly as caused by changes in weather or raw material quality.
2. Diurnally with ambient temperature
3. Manually when operators change production rate.

4. Stepwise when equipment is switched in or out of service, or

5. Cyclically as a result of oscillations in other control toops.

Variation in any of the ways stated above would drive the output (controlled variable)
further away from the set point (desired value) thus requiring a corresponding variable to

bring it back (manipulative variable).
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9.2 INSTRUMENTATION AND CONTROL OBJECTIVES

The key objectives adhered to in the specification of the mstrumentation and control

schemes are:

I Safe plant operation
1. Tokeep the process variables within known safe operations limits.
1. To defect dangerous situations as they develop and to provide alarms and

automatic shut -~ down systems

. To provide interlocks and alarms to prevent dangerous operation
procedures
2. Production rate. To achteve the design producer output
3. Product quality. To maintain the product composition within the specific
quality standards
4. Cost. They operate at the l(»;xfcst production cost. but not to the detriment of

the product quality.
In the plant destgn some of the variables needed to be monitored and controlled are, the
flow rate, temperature. pressure and composition.

i.  Flow rates/fecd ratio control: a {eed ratio controller is applied between the
methane stream and the oxygen stream with the aim of maintaining a
complete conversion of methane to the desired products. This is necessary
to avoid excess oxygen being built up in the reactor.

ii.  Temperature control reaction: temperaturc is controlled by regulating the
flow rate of the reaction into it. This can also be controlled by heat
transfer. The reaction is exothermic. It produces heat. which tends to raise
reaction {cmperature thereby increasing reaction rate and producing more
heat. This positive feedback is countered by negative feedback in the

cooling system, which removes more heat as reactor temperature rises.
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The temperature controller, which in turn operates the coolant value, to
counter the rise or drop in temperature i the sector.

1. Pressure control: pressure sensing is quite straightforward with the aid of

pneumatic instrumentation such as Bourdon gauge. diaphragms and

bellows. These sensors measure absolute pressure and pressure differences

between two  levels.  Therefore, pressure  control  is  achieved by
mantpulating the airflow rate in the compressor to avoid deviation from
set point.

i 1v. Composition control: first requirement here is to establish proper stoichiometry of the
reactants in propositions needed to satisfy the rcaction chemistry and alsé) the
desired output product. This is achieved by setting input flow rates in ratio to one
anothet. or a composition measurement (analyzer) can be used to trim the ratios to

the right proportion

;——1“—-" T
st

FF
7 l Controller | A

Steamn :

") —]
; F Heat Exchanger
1 o
F Liguid In T=uap
i Q2

L/
Condensale ‘

Fig. 9.1 Feedforward control of a heat exchanger.




Reactor Temperature
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Fig. 9.3 Cascade control of the distillation column.
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CHAPTER TEN

1.0 ENVIRONMENTAL ACCEPTABIHLITY

10.1  IDENTIFICATION OF POSSIBLE POLLUTANTS

Any project involving new technology or hazardous material such as hydrogen

synthesis plant requires a rational approach of assessing the methodologically sound in

order to identify systematically all possible pollutants. Suitability or acceptability of any

process plant depends on its impact to the life, propertics and environment. The possible

pollutants emanating from hydrogen synthesis gas plant are: carbon monoxide, ethylene,

1 methane and acetone.

1102 TREATMENTS OF POSSIBLE POLLUTANTS

Therefore to make this process suitable and acceptable to the environment, there

is need for these pollutants to be controlled. Presently, the following measures can be

{ used to control possible pollutants from acetic anhydride plant.

i. Recyeling of unconverted acctone minimizes loss of acetone as waste

i Absorption process this is used i based on dissolution of poisonous
impurities liquid (physical absorption), or selective absorption using chemical
active absorbent such as water, solutions of NaOll Na,COx and KMnO, the
major equipment used in absorption purification process is packed bed
absorption reactor

i Catalyzed conversion of pollutants in this method. the pollutants arc converted

to fewer sometimes harmless and products in presence of a catalyst. These

products are than concentrated removed from the gas stream or passed to the

atmosphere.

.
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{ The major advantage of this process is its high purification coefficient of about 99%.

1 Depending on the operating condition.

iv. Absorption using solid absorbents: the puwrification technique based on
selective removal of poisonous impurities from the gas. using solid absorption
can be physical or chemical (chemisorptions) process. Commonly used
absorbents include highly porous materials such as activated coal, silica gel,
synthetic zeolite. elc.

Absorption of gaseous impurities could be performed using the batch reaction with

the absorbent placed on the grid. The flue gases are passed to top-down at a velocity

determined by the hydraulic resistance of the absorbent layer with the absorbent lose
their absorptive due to saturation of their active sites by the solute gas (impurities)
they can therefore be regencrated by passing through them hot water vapour air or

inert gas-Nitrogen.

110.3 WASTE WATER TREATMENT

This is carried out by using both physically and chemical treatments. The physical

{treatment involves the removal of large floating or suspended particles from the waste

water. This is achieved by gravity settling. This is further processed by filtration to clarify

the effluents. The next stage is the chemical treatment. It involves the neutralization of

facids and alkali, conversion of ions to poorly soluble compounds. co-precipitation of
finorganic substances. oxidation, Electrolysis, catalytic oxidation. ctc. these methods are
imainly used to deactivate and remove the impurities of iorganic compounds.

110.4 THERMAL POLLUTION CONTROIL.

The waste heat should be reclaimed by raising the thermal potentials of the gas,

1by setting up cogencration technology: the water heat could be converted to mechanical

Tpower.
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CHAPTER ELEVEN

11.0 PLANT START-UP AND SHUT DOWN

START-UP
Put all the valves in manual position
Air-purge all the Cquimnmn and the process fine with compressed air.
steam purge all steam bcul'ing fines to debns which must have been contacted
during construction
Adjust controls to set point.
Start water into the tanks with enough water to run for about 2 hours, and
commission all the pumps.
Fill entire mixer (reactor) with cocoa pod ah and water and start operation by
commissioning PO
Start cooling water to heat exchangers. and start stcam to boilers.
Read all indicators and ensure process is in control

Turn all valves to automatic position

1 11.2 SHHUT-DOWN
1.

Turn all valves to manual position

Put burner off by isolating POl

Isolate all pumps, and stop cooling water and steam supply to heat exchangers and
boilers respectively.

])iséharge reactors content.

Flush all line with air to inert the system
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CHAPTER TWELVE

12.0 PLANT LAYOUT

The choice of site tor plant has a Jong lasting ctfect on the cost of

production and distribution room for expansion and safe living condition for plant

operations. The following factors should be considered when sitting a plant.

3

6

Availability of raw materials: hvdrogen svnthesis gas plant should be sited near its
raw material such as oil delta zone: so as to cut down the cost of transporting and

storing raw materials

Market Area: The plant should be located close to its market in order to reduce

cost of transporting products and time of delivery

Availability of energy: Power and steam requirements are high in hydrogen
synthesis gas plant. tHence. it should be sited where there is constant supply of

cnergy.

Climate: Excessive humidity or extremes of hot or cold weather can have serious
effect on the economic operation of a plant. Thercfore, this factor should not be

neglected during site consideration.

Water Supply: water, in hydrogen synthesis gas plant, is required for cooling,
washing steam generation and also as a raw material. The plant therefore must be

located where a dependable supply of water is available.

Transportation: The plant should be sited where 1t's accessible to roads, railways

and waterways for effective transportation of raw materials and product.

Waste Disposal: The site chosen for plant should have adequate capacity and

facilities for correct waste disposal.

Labour Supply: The type of supply of labour available in vicinity of a proposed
site must be examined. Skilled labour could he brought from outside site area. But

there should be adequate pool of unskilled labour in the area.
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0 Land considerations: The topography of land must be evajuated. The fand should be
relatively flat. well drained and have suttable load bearing characteristics. It

should also have allowance for real estate expansion.

10 Political and strategic considerations: Capital grants and other inducements are
often given by government to direct new investment to area or locations such as a
high uncmployment prone zone. The availability of such grants can be overriding

considerations in site sclection.

11 Community factors: The character and facilities of a community such as churches,
libravies. schools, civie theatres concert association. cte for satistactory hving of

plant personnel should be considered when choosing a site.

12.1 BUILDING LAYOUT
The hydrogen synthesis gas plant and auxiliary buildings should be laid out o give the
most economical flow of materials and personnel around the site. Consideration must
also be given to the future expansion of the plant. The auxiliary building s and services
buildings and services required on the site in addition to the processing units(buildings)
includes:

1. Storage for raw materials and products

2. Materials workshop

3. Stores for mamtenance and operating supplies
4. Laboratory for process control

5. Fire station and other elﬁergcncy services

6. Efftuent disposal plant
7. Offices for general administration

8. Canteen, car park. sccurity post. efc.
Building fayout is arranged in such a way that its processing steps from raw material to

the final product and location of auxiliary buildings should be in a way that minimum

time is spent by personnel in traveling between buildings.
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CHAPTER THIRTEEN
3.0 ECONOMIC ANALYSIS AND PROJECT EVALUATION

i3.1 Introduction

Chemical plants are designed to make profit. The profitability or otherwise of the
dlant is determined from the cconomic analysis and there are a number of techniqgues for
:leimating this. Some of these are:

e Pay back Period (PBP): This is the time required after the start of the project to

pay off the initial investment from income generated. Payback period is usually

between 2.5 to 5 years (12).

PBP - Total cash Invested ......................... (10.1h
Annual cash flow
e Return on Investiment (ROI): Return on Investment is the return of annual profit

to investment is a way of measuring the performance of the capital invested. The

higher the RO, the better.

ROI= Profitafter Tax .............coiine (10.2)
Total investment !
e Discounted Cash Ilow Rate of Return (DCFRR): This is a measure of the

maximum rate that the project could pay and still break-cven by the end of the
project life. It takes into consideration the time value of money.
e Purchased Equipment Cost: This is the purchased price of the equipments.

The purchased cost of stripper and absorber is given below as:

M&S 66 0shr
Y i ;(101,90--““}105“& )

~0oU

pc="

The purchased cot of heat exchanger and cooler is given below as:

M&S | RN
: (101.3.4°CF. ) (%)

PC= —
v 280

i The cost estimation calculation was carried out using Microsoft excel spreadsheet.

é
|
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13.2 Purchased Eqnipment Cost

Reactor
NS
Avea

VO
Purchased Cost of Reactor

Evaporator
M_S
Area

fm
CSICS

FC
Purchased Cost of Evaporator

Filter
M S
Area

'm
CS/CS
CS/SS
SS/88S
CSITi
TVTi

FC
Purchased Cost of Filter

Heater
MS
Avea

Fm
CSICS
(S/SS
SS/SS
CSITi
TUTi

e
Purchased Cost ot Heater

1100
119

2R
{
181
375
808
[REIM

LIS

72,950 23

1100
870325

281
i
181
vis
895
1308

35108
$25.654 15

1ot
)

1305
l
284
RIVA
8.95
1208

2002275
FHE30R3.01

1o
fol o

178
1
281
3.75
895
1303

16875
$50.819 17

90

tp
<500
1000
2000
000

I'p

SO
1000
000
ANHH

tp

300
1000
2000
3000

Fp

S00
1006
2000
RISHIY

[
DIV n

[

128
152
1.55

e =
SRS

[
N




Compressor
M S
Area

m
1oCsICs
L CSISS
SS/SS
CS/Ti
TilTi

FC
Purchased Cost of Compressor

Chiorine Storage Tand

Volute of Tank
Cost of Tank

Fm

CSICS

CS/88

$S/SS

CSITh

T

Fe

Volume of Tank
Cost of Tank

Famp 1

Capacity 1
Capacity 2
Cost 1

M S 1979
M S 2005

Cost of Pump |

Pump 2
Capacity 1
Capracity 2
Cost 1

M S 1979
M S 2008

Cest of Pump 2

Pump 3
Capacity 1
Capacity 2
Caost 1
M_S 1979

M_S 2005

Costof Pump 3

3
&
5
3

1100

870325
284 Ep 125

i 500 t

184 1000 135
s 2000 132
8§95 annn 155
1305

15125

$I5.654.48

K0 00

281 Fp 1.25
! 500 i

281 L) !
178 2000 t
805 3000 1
{205

RN

832

$335K .85

[P
2

N
o

10.00
0917
$1.000.00
S48
1098
Cost 2 =Cost {*((Capacity YCapacity 1)) (M_S_2005/M_S_1979)
$R9115

1000
0.1
$1.000.00
545
1058
Cost 2 =Cast V(U apacity 2Capacity 175V S 20050 S 1979)
I 92

10,040
0338
$1.000.00
545
1098
Cost 2 =Cost P*(Capacity 2YCapacity 1" )*(M_S_2005/M_S_1979)
$636 8S
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13.3 Fixed Capital Investment

Equipment

Name Installed Cost
Reactor $72,956
Evaporator $25,654
Filter $113,983
Heater $50,819
Compressor $25,654
Storage Tank $559
Pump 1 $894
Pump 2 $421
Pump 3 $637

9

Name

Installed Cost




Total $291,577

Fixed Capital Investment

Multiplier= 4.74 (Default is 1.5)
FCI $1,382,077

List your equipment by name and installed cost. Then
enter the Fixed Capital Investment Multiplier. This multiplier
will take into account the additional cost associated with
building the plant.

There is a large difference between purchased cost and
the installed cost of a piece of equipment. if you only know
the purchased cost, you can multiply this cost by a "Lang”
factor as shown below:

4.74 for Fluid Processing Plants
3.63 for Solid-Fluid Processing Plants

3.10 for Solid Processing Plants

et e e
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13.4 Operating Labor

Fguipment
Name Installed Cost
Reactor §72,956
Evaporator $25.654
Fier $113,983
Heater $50.819
Compressor $25,654
Storage Tank $559
Pumpt $894
Pump 2 $421
Pump3d $637
$0

=== {=1 (=3~ {=]L=1

Scroll Down

Name

Installed Cost

Enter the expected annual salaries of operators in the plant

$51.000 US

Equipment

Aucxiliary Facilities

Air Plants

Boilers

Chimneys and Stacks
Cooling Towers

Water Demineralizets
Electric Generation Plants
fPortable Generation Plants
Electric Substations
Incinerators

Mechanical Refrigeration Units
Waste Water Treatment Plants
Water Treatment Plants
Process Equipment
Evaporators

Vaporizers

FFurnaces

Fans

Blowers and Compressors
Heat Exchangers

fowers

Vessels

Pumps

Reactors

Now based on the equipment list that you have above, enter the total number of each type of unit in the space below.
You may not have auxiliary equipment in your list, but you should enter the number of pieces below.

For example, if you have 6 heat exchangers in your equipment Jist, you should enter "6" under "heat exchangers”.
Also, if you have heat exchangers with cooling water in them, you'll probably have at least one cooling tower as well.

Equipment # of units JOperators per shift
Auxiliary Facilities

Air Plants 0.00

Boilers 4.60
Chimneys and Stacks 0.00
Cooling Towers 0.00

Water Demineralizers 0.00 .
Electric Generation Plants 0.00
Portable Generation Plants Q.00 '-
Electric Substations 0.00
Incinerators 0.00
Mechanical Refrigeration Units 0.00

Waste Water Treatment Plants 0.00

Water Treatment Plants 000
Process Equipment e
Fvaporators _ 000
Vaporizers T0.00
Furnaces o
f'ans

Blowers and Compressors 000

Heat Exchangers 000 B
Towers 0.00 B
Vessels 000
Pumps 0.00 -
Reactors 0.00

94

Total Number of Operators Needed

Annual Cost of Operating Labor {Coly =

Qperators per Shift

10
1.0
00
1o
0.5
05
3.0
00
20
05
2.0
2.0

0.30
0.05
050
0.05
0.15
0.10
0.35
0.00
0.00

0.50




3.5 Utilities

Utility costs vary widely from region to regfon, you cah change these values as you see fit

Utitity
Air Suppiv

Sleam from Boilers

Coolng Tower Water

Other Waler

flectrical Substation

Fuels

Retngeration

Thetmat Ol Systems

Wasie Disposal

Wasle Water Treatment

Description Cost $/GJ
Pressurized and Drind

a Process

b Instrument

Process Sieam | atent iHeat

a tow Pressure (5 barg, 160 OCh 3317
b Medium Pressure 110 barg. 184 0CY 3 6B
o Hhgh Pressure (41 barag. 254 () L0
racess Cooling Walaer

30 0C t0 4045 0C

Hhah purity water for

a. Process Use

b Boiter Feed Water

¢ Potable (drinking}

d. Deionized Water

Electiic Distribution

110V, 220V, 440V $16.80
a FuelOil (no 2 §4 00
b Natural Gas $2.60
c. Coal ('O mine mouth) $120
a Moderately t ow Tomp 5 0C $20 00
b Low lemp 200C $£32 00
c Very Low Temp .50 0C $60.00
a Moderately High Temp. to 330 0C $4 00
b. tiigh Temp. to 400 0C $5 20
©. Very High Temp' to 600 0C $F 00
a. Non-Hazardous

b Hazardous

a. Primary

(fiftration)

b, Secondary

{filtration + activated sludge)

¢. Tertiary \

(fitration, activated studge. chem procy

Cost $fcommon unit

230
8470

3662
573
SR 65

§540

$0.04
$2 54
$0.26
%1.00

$0 06

517000

$0 09

$31 00
Process cooling duly
Process cooling duty
Process cocling duly
Process healing duty
Process healing duly
Process heating duty

$36.00

$145.00

$39.00

$41 00

$53 00

95

per 100 m3
par 100 m3

per 1000 kg
e 1000 ko
ner 1000 ko

pec 1000 m3

per 1000 kg
per 1000 kg
per 1000 kg
per 1000 kg

““This can also be used as condensate
retum credit amount

per kWh

perm3

per std m3 **Based on lower heating value
por metric 1onne

per metric tonne
per melric tonne
per 1000 m3
per 1000 m3

par 1000 m3
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Scroft Down

Equipment

{enter a description)

(Calc from Table at Left)

Name

Utility Type

Annual Utility Cost

Heater
Compressor
Storage Tank

Pump 1
Pump 2
Pump 3

Fuel

Process Cooling Waloer
Process Coolng Water

ss Cooting Water _

_JProcess Cooling Water T

821879
$1.079.84

cioioloicloicicicloicio c o ool

Utility Cost Not Associated with Equipment

Description

96

As an éxﬁmple. tat's say that yoLu reactor needs to be
mainted at 350 0C by a Therminol or Dewtherm lnop within
the plant  The henting duty turns out to be about 75.000
G pet year Your atibty caleulalion fer the reastor would

he
(75,000 GJéyeary x (85 2/G.J) 8390000 per year

The $5.2/GJ is from the ulility table under thermat systems
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Total Utility Cost per Year (Cut) =
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13.6 Raw Matcrials and Profits

Enter any raw material costs. Remember that sometimes, utilities can be used as raw materials.
Some processes may utilize low pressure steam as a reactor feed for example.

Raw Material

Annual Cost

Cocoa Pod

$63,000.00

Total Annual Raw Material Cost (Crm) =

TR,

00000

P

Enter any profits. These should consists of your main, salable reaction products as well as any generated utilities

that can be sold. Low pressure steam, for example, can be generated in heat exchangers and sold to other facilities.

Or condensed steam can be credited as boiler feed water at times

Profit Material

Annual Profit

KOH

$2,811,000.00
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Total Annual Profits =
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13.7 Financial Summary of the Project

iThe foilowing assumptions are made in the cash sheet

. Optimization function used is “Net Present Vaiue"”

Total Instailed Cost: Operating Labor ishown below:
$291,577 Col = 30 11. Two years for construction of plant
2. Five year depreciation schedule
FCI 51,382,077 ;3 10 year plant operating fife
Utilities ‘4. Cost of constructing the plant is spread over two.years
Raw Materials Cut= S 547 948 55 Taxation rate is defaulted to 40%. '
Crme 383,000 }6. The discounted cash flow rate is set at 8%.
. 7
i

Profit from Products
Annuai Revenue= 52.813.000 “

Financial Outlook

COM= $2,230,238.04 (without deoreciation) "*assume 15% of FC! as salvage value™ Cumulative
Year Depreciation FCl-deprec. Revenue COM Cash Flow Discount Cash Discounted
0 - $1.382.077 - - (3691.039) (5691.039) (3691.039)
1 - $1.382.077 - {$691.039) ($639,851) ($1,330,889)
2 $276,415 $1,105.662 $2,811,000 $2.230.238 $459.023 $383.539 {$937,351)
3 $353,812 $751.850 $2,311.000 $2.230.238 $489.982 $388.963 {5548.387)
4 5144355 S607 495 $2.811.000 $52.230.238 5406.199 5298.569 ($249.,819)
5 5116,639 5450.856 $2,811.000 $2.230.238 $395.113 $268,907 $19.088
6 $47.122 5443734 $2,811.000 52.230,238 $367.306 3231,465 $250.554
7 - 5443.734 $2,811.000 $2.230.238 $348.457 $203,321 $5453.875
8 - $5443.734 $2.811,000 $52.230.238 5348.457 $188,261 $642,136
i} - 5443.734 $2.811,000 352.230.238 5348.457 $174,315 5816,451
10 - 3443.734 352,811,000 $2.230.238 $348.457 $161.403 3977.854
11 - 5443734 $2,811.000 $2.230.238 $555.759 $238.360 31.216.214
Taxation rate= 0.4 Discount rate= 0.08

NPV= $1,216,214

{Net Present Vaiue)

PBP= 4
(Pay Back Period)

ROR 25%

(Rate of Return)
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CHAPTER FOURTEEN
14.0 CONCLUSION

From the aspects of the design of the KOIH plant from cocoa pod has been carried out, the

following conclusions can be drawn:

I. Economic analysis of the project gave the following resuits:

Return of Return 25%

Pay back period 4 years
Total capital investment $ 1.387.077
Net Present Value (NPV) $1.216,214

2. The plant is therefore profitable to invest in and shall be beneficial to the country
because it shall cater for the perennial shortage of the KOIT related chemicals and
its precursor. provide employment. and enhance industiial development.

3. 'The plant being designed can be expanded to increase production rate.

4. The plant has a satisfactory safety level as provisions for ensuring this have been

put in placc.
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