
Chapter 4

Technical Analysis

เท this chapter will describe and the theory o f heat transfers in each type the 
theory of homogenization, the meaning o f tubu lar heat exchanger, and the process 
diagram  which is as a process model of th is project. A fter that, will be the equipment 
requirement and cost estimation o f equipment.

4 .1  H e a t t r a n s f e r  t h e o r y

Two substances must have different tempeiatures in order to transfer heat 
from one substance to another. Heat always flows from the warm er substance to 
colder. The heat flow is rapid when the temperature difference is great. During heat 
transfer, the difference in temperature is gradually reduced and he rate of transfer 
slows down, ceasing altogether when the temperatures are equalized.

Heat can be transferred in three ways, by conduction, convection and 
radiation.

C o n d u c t io n

Conduction means transfer of thermal energy through solid bodies and through 
layers of liquid at rest (w ithout physical flow  or mixing in the direction of neat 
transfer). Heat transferred by conduction to the handle, which becomes warmer

C o n v e c t io n

Convection is a form  o f heat transfer that occurs when particles with high heat 
content are mixed with cold particles and transfer the ir heat to the latte ' by 
conduction If the teaspoon is rinsed with running cold water, heat is transferrer: Tom 
the spoon to the water, which is heated in the process. The heated wa te r is replaced 
by cold water, which in turn absorbs heat from the spoon. Heat tra n s V  by 
convection continues until the spoon and the running water have the same 
temperature.

R a d ia t io n

Radiation is the em ission of heat from  a body, which has accumulated thermal 
energy. The thermal energy is converted into radiant energy, em itted from the Dody 
and absorbed by other bodies, which it strikes. A lmost all substances em it radiant 
energy.
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4 .2  H e a t t r a n s f e r  p r in c ip le s

All heat transfer in dairies takes place in the form o f convection and 
conduction. Two princip les are used, direct and indirect heating.

4 .2 .1  D ir e c te d  h e a t in g

Direct heating means that the heating medium is m ixed with the product. This 
technique is used

• To heat water, s team  is injected d irectly into the water and transfers heat to 
the water by both convection and conduction.

• To heat products such as curd in the manufacture of certain types of cheese 
(by m ixing hot water with the curd) and to sterilize m ilk by the direct method 
(steam injection or infusion of m ilk into steam).

The d irect method of heat transfer is e ffic ient fo r rapid heating. It offers certain 
advantages, which will be considered on long life m ilk production, it does, however, 
involve m ixing the product with the heating medium , and this necessita tes certain 
steps in the subsequent process. It also makes strict demands on the quality of the 
heating medium.

4 .2 .2  In d ire c t  h e a t in g
I

Indirect heat transfer is therefore the most commonly used method in dairy. เท 
th is method a partition is placed between the product and the heating or cooling 
medium. Heat is then transferred from  the medium through the partition into the 
product.

We assume that the heating medium is hot water, flow ing on one side of the 
partition, and cold m ilk on the other The partition is consequently heated on the 
heating-medium  side and cooled on the product side. เท a plate heat exchanger 
the plate is the partition.

There is a boundary layer on each side of the partition. The velocity of the 
liquids IS slowed down by friction to a lmost zero at the boundary layer เท contact 
with the partition. The layer immediately outside the boundary layer IS only 
slowed down by the liquid เท the boundary layer and therefore has a low velocity 
The velocity increases progressively, and is highest at the center of the channel.

Sim ilarly, the temperature of the hot water is highest in the m iddles of the 
channel. The closer the water is to the partition, the more the cold m ilk on the other 
side cools it. Convection and conduction, to the boundary layer transfer heat. 
Transfer from  the boundary layer through the wall to the boundary layer on the other 
side is almost entire ly by conduction, while both conduction and convection  
accomplish fu rther transfer to the milk in the central zone of the channel
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4 .3  H e a t  e x c h a n g e r

A  h e a t  e x c h a n g e r  is  u s e d  to  t r a n s fe r  h e a t  b y  t h e  in d i r e c t  m e th o d .  It is  p o s s ib le  
t o  s im p l i f y  h e a t  t r a n s fe r  b y  r e p r e s e n t in g  t h e  h e a t  e x c h a n g e r  s y m b o l ic a l ly  a s  tw o  
c h a n n e ls  s e p a r a te d  b y  a  t u b u la r  p a r t i t io n .

H o t  w a t e r  f lo w s  t h r o u g h  o n e  c h a n n e l  a n d  m i lk  t h r o u g h  th e  o th e r .  H e a t  is  
t r a n s fe r r e d  t h r o u g h  th e  p a r t i t io n .  T h e  h o t  w a t e r  e n te r s  t h e  c h a n n e l  a t  a  h ig h e r  
t e m p e r a t u r e  is  c o o le d  t o  a  lo w e r  t e m p e r a t u r e  o f  a t  t h e  o u t le t .  M i lk  e n t e r s  t h e  h e a t  
e x c h a n g e r  a t  a  lo w e r  t e m p e r a t u r e  a n d  is  h e a te d  b y  t h e  h o t  w a t e r  t o  a n  e x i t  
t e m p e r a t u r e .  T h e  t e m p e r a t u r e  c h a n g e s  d u r in g  p a s s a g e  t h r o u g h  t h e  h e a t  e x c h a n g e r .

H

Heat flow

F ig u r e  6 : T h e  d ir e c t io n  o f  h e a t  t r a n s fe r .
S o u r c e :  D ia r y  p r o c e s s in g  h a n d b o o k ,  T e t r a  P a k .

/
4 .3 .1  H o ld in g  tu b e

C o r r e c t  h e a t  t r e a tm e n t  r e q u i r e s  t h a t  t h e  m ilk  b e  h e ld  f o r  a  s p e c i f ie d  t im e  a t  
p a s te u r iz a t io n  t e m p e r a tu r e .  T h is  is  d o n e  in  a n  e x te r n a l h o ld in g  c e l l .  A  h o ld in g  c e ll  
u s u a l ly  c o n s is t s  o f  a  p ip e  a r r a n g e d  in  a  s p ir a l  o r  z ig z a g  p a t te r .  T h e  le n g t h  o f  th e  p ip e  
a n d  f lo w  r a te  a r e  c a lc u la te d  s o  t h a t  t h e  t im e  in  th e  h o ld in g  c e l l is  e q u a l  to  r e q u ir e d  
h o ld in g  t im e .

F ig u r e  7 : H o ld in g  t u b e s
S o u r c e :  D ia r y  p r o c e s s in g  h a n d b o o k ,  T e t r a  P a k .



34

4 .3 .2  T u b u la r  h e a t  e x c h a n g e r s

T u b u la r  h e a t  e x c h a n g e r s  a r e  in  s o m e  c a s e s  u s e d  f o r  p a s te u r iz a t io n  U H T  
t r e a tm e n t  o f  d a i r y  p r o d u c t s .  T h e  t u b u la r  h e a t  e x c h a n g e r  u n l ik e  p la te  h e a t  e x c h a n g e r s  
h a s  n o  c o n ta c t  p o in t s  in  t h e  p r o d u c t  c h a n n e l  a n d  c a n  t h u s  h a n d le  p r o d u c t s  w ith  
p a r t ic le s  u p  to  a  c e r t a in  s iz e .  T h e  m a x im u m  p a r t ic le  s iz e  d e p e n d s  o n  t h e  d ia m e t e r  o f  
t h e  t u b e .  T h e  t u b u la r  h e a t  e x c h a n g e r  c a n  a ls o  ru n  lo n g e r  b e tw e e n  c le a n in g s  th a n  th e  
p la te  h e a t  e x c h a n g e r  in  U H T  t r e a tm e n t .

F ig u r e  8 : T u b u la r  H e a t  E x c h a n g e r
S o u r c e :  D ia r y  p r o c e s s in g  h a n d b o o k ,  T e t r a  P a k .

4 .4  I n t r o d u c t io n  to  H o m o g e n iz e s

H o m o g e n iz a t io n  h a s  b e c o m e  a  s ta n d a r d  in d u s t r ia l  p r o c e s s ,  u n iv e r s a l ly  
p r a c t ic e d  a s  a  m e a n s  o f  s ta b i l iz in g  th e  f a t  e m u ls io n  a g a in s t  g r a v i t y  s e p a r a t io n  
H o m o g e n iz a t io n  p r im a r i ly  c a u s e s  d is r u p t io n  o f  f a t  g lo b u le s  in to  ทานc h  s m a l le r  o n e s .  
C o n s e q u e n t ly ,  it d im in is h e s  c r e a m in g  a n d  m a y  a ls o  d im in is h  t h e  t e n d e n c y  o f  
g lo b u le s  t o  c lu m p  o r  c o a le s c e  E s s e n t ia l ly  a l l h o m o g e n iz e d  m ilk  is  p r o d u c e d  b y  
m e c h a n ic a l  m e a n s .  M i lk  is  f o r c e  t h o u g h  a s m a l l  p a s s a g e  a t  h ig h  v e lo c i t y .  T h e  n e t  
r e s u l t  r e d u c e s  th e  f a t  g lo b u le s  to  a p p r o x im a te ly  1 p m  in  d ia m e te r .

H o m o g e n iz a t io n  t h e o r ie s

M a n y  t h e o r ie s  o f  t h e  m e c h a n is m  o f  h ig h - p r e s s u r e  h o m o g e n iz a t io n  h a v e  b e e n  
p r e s e n te d  o v e r  t h e  y e a r .  F o r  a n  o i l - in -w a te r  d is p e r s io n  l ik e  m ilk ,  w h e r e  m o s t  o f  th e  
d r o p le t s  a r e  le s s  t h a n  o n e  p m  O 'a m e te r ,  tw o  t h e o r ie s  h a v e  s u r v iv e d .  B o th  o f  th e m
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g iv e  a  g o o d  e x p la n a t io n  o f  th e  in f lu e n c e  o f  d i f f e r e n t  p a r a m e te r s  o n  th e  
h o m o g e n iz a t io n  e f fe c t .  T h e  t h e o r y  o f  g lo b u le  d is r u p t io n  b y  t u r b u le n t  e d d ie s  is  b a s e d  
o n  t h e  f a c t  t h a t  a  lo t  o f  s m a l l  e d d ie s  a r e  c r e a te d  in  a  l iq u id  t r a v e l in g  a t  h ig h  v e lo c i t y .  
H ig h e r  v e lo c i t y  g iv e s  s m a l le r  e d d ie s .  I f  a n  e d d y  h i t s  a n  o il d r o p le t  o f  its  o w n  s iz e , th e  
d r o p le t  w i l l  b r e a k  u p .

4 .5  P r o c e s s  m o d e l a n d  e q u ip m e n t

T h e  p ic t u r e  o f  p r o c e s s  m o d e l b e lo w  w i l l  b e  u s e d  a s  a  m o d e l f o r  c a lc u la t io n .

F ig u r e  9 : P r o c e s s  d ia g r a m  o f  f r e s h  m ilk  p a s te u r iz a t io n

A c c o r d in g  t o  th e  p r o c e s s /m o d e l  a b o v e ,  th e  b e g in n in g  o f  t h e  p r o c e s s  IS m ilk  
r e c e p t io n .  T h e  f r e s h  m i lk  w il l  a r r iv e  f a c t o r y  in  t a n k  c a r ,  5 0 0 0  -  1 2 0 0 0  K g /c a r ,  a n d  w il l  
b e  lo a d e d  t o  s to r a g e  t a n k .  A f te r  th a t ,  f r e s h  m i lk  w il l b e  s e n t  to  c o f f e e  p r o c e s s in g  a re a ,  
d is t a n c e  is  2 0 0  m e te r .

•  P ip e

T h e  d is t a n c e  f r o m  f r e s h  m ilk  r e c e p t io n  to  p r o c e s s in g  l in e  o f  l iq u id  coffee is  
a r o u n d  2 0 0  m e te r .  I t is  n e c e s s a r y  t o  h a v e  2  p ip e s ,  o n e  is  u s e d  t o  t r a n s fe r  a n d  t h e  
o t h e r  is  f o r  c le a n in g  c h e m ic a l  f o r w a r d  p u r p o s e ,  c le a n in g  in  p la c e  (CIP) S o ,  
l e n g th  o f  p ip e  w il l  be 4 0 0  m e te r  w it h  d ia m e t e r  2  in c h e s  a c c o r d in g  t o  th e  e x is t in g  
p ip e  d ia m e te r

T r a n s f e r r e d  p i p e /
c l e a n in g  r e t u r n —

R a w  M i lk C o f f e e
r e c e p t i o n ^ _____ d i s s o l v i n g

C IP  f o r w a r d p r p a

H-----------------  200 ทา. ------------ H
F ig u r e  1 0 : T h e  d is t a n c e  f r o m  m i lk  r e c e p t io n  a r e a  to  c o f fe e  p r o c e s s in g  a r e a

•  B e n d s

T h e  p ip e l in e  h a s  2 0  p o in ts ,  w h ic h  n e e d  to  u s e  b e n d s ,  in  o r d e r  t o  r e v e r s e  t h e  f lo w  
b a c k ,  in s ta l l  p ip e  f i t  to  t h e  b u i ld in g .  T h e  d ia m e t e r  is  2  in c h e s .

T  £ 0  4 - P O  4 - 1 4
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F ig u r e  11 : B e n d

•  V a lv e

V a lv e  u s e d  to  o p e n  o r  c lo s e  to  c o n t r o l  t h e  f lo w  o f  l iq u id ,  n o rm a l ly ,  it is  
r e c o m m e n d  to  u s e  h y g ie n ic  t y p e .  W i t h  t h is  p u r p o s e  it w i l l  u s e  th e  v a lv e  w h ic h  h a s  a  
c o n t r o l  u n i t  o n  t h e  to p ,  a u t o m a t ic  v a lv e .  It w i l l  u s e  3  u n i t s  f o r  t r a n s fe r r in g  a n d  3  f o r  
C IP  p u r p o s e .  A l l  6  u n i t s  a r e  2  w a y s  v a lv e .

F ig u r e  1 2 : A u t o m a t ic  v a lv e
S o u r c e :  D ia r y  p r o c e s s in g  h a n d b o o k ,  T e t r a  P a k .

■ P ip e  s u p p o r t  a n d  c la m p s

N o rm a l ly ,  i t  is  r e c o m m e n d  h a v in g  c la m p s  a n d  s u p p o r t s  a t  every 8  m e te r s  p ip e  
le n g th  a n d  e v e r y  a n g le  p ip e .  S o , it w i l l  b e  a r o u n d  7 0  p ie c e s .

F ig u r e  1 3 : P ip e  s u p p o r t  a n d  c la m p
S o u r c e :  D ia r y  p r o c e s s in g  h a n d b o o k ,  T e t r a  P a k
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F o r  t h e  h y g ie n ic  r e a s o n s ,  a l l p r o d u c t - w e t t e d  p a r t s  o f  d a i r y  e q u ip m e n t ,  w h ic h  
a r e  m e n t io n e d  a b o v e ,  a r e  m a d e  o f  s ta in le s s  s te e l .  T h e  m a te r ia l  g r a d e s  a r e  u s e d  is  
A IS I  3 1 6 ,  w h ic h  o f te n  c a l le d  a c id p r o o f  s te e l.

•  S m a l l  b a la n c e  ta n k

T h e  s m a l l  b a la n c e  t a n k  w i l l  u s e  f o r  b u f fe r in g  th e  m i lk  in  o r d e r  t o  h a v e  a  c o n t in u e  
d o s in g  t o  c o l lo id  m il l .  T h e  s iz e  is  5 0 0  l i t e r s  w it h  t h e  le v e l c o n t r o l  u n i t  a n d  s ta in le s s  
s te e l  m a te r ia l ,  m in im a l s t a n d a r d  u n it .

•  R e g e n e r a te  p la te  e x c h a n g e r

I t is  u s e d  t o  h e a t  u p  a n d  c o o l d o w n  th e  p r o d u c t  in  th e  p r o c e s s in g .  T h e  
p u r p o s e  o f  h e a t in g  s e c t io n  is  t o  p r e p a r e  m i lk  f o r  o il d o s in g ,  th e  c o n d i t io n  o f  
d o s in g  is  a r o u n d  4 5  °c. T h e  f u n c t io n  o f  c o o l in g  s e c t io n  is  m a k in g  h e a t  t r e a tm e n t  
m ilk  b a c k  t o  n o rm a l t e m p e r a t u r e ,  a r o u n d  3 0  ° c .  T h e  f lo w  ra te ,  w h ic h  p a s s e d  is  
a ls o  1 0 ,0 0  l i t e r / h o u r .  T h e  in f o rm a t io n  g iv e  to  s u p p l ie r ,  w e  g o t  t h e  p r e s s u r e  d r o p  
f r o m  p la te  e x c h a n g e r  a t  0 .5  b a r .  เท t h e  h e a t in g  s e c t io n ,  th e  s u p p l ie r  w il l s e ll 
in c lu d in g  t h e  c i r c u la t e d  p u m p  in  o r d e r  t o  f i t  t o  h is  d e s ig n .

/

F ig u r e  1 4 : R e g e n e r a t e  p la te  h e a t  e x c h a n g e r  
S o u r c e :  D ia r y  p r o c e s s in g  h a n d b o o k ,  T e t r a  Pak.

•  A u t o m a t io n

T o  f i t  t o  t h e  e x is t in g  d e s ig n ,  it s h o u ld  b e  o p e r a t e d  w ith  th e  s a m e  s ta n d a r d ,  s o  
a u to m a t io n  is  a p p l ie d  w i t h  t h is  p u r p o s e .  T h e  a d v a n ta g e  o f  u s in g  a u to m a t io n  to  
c o n t r o l  t h e  p r o c e s s in g  a r e  m o r e  s a fe ty ,  b e t t e r  p r o d u c t  q u a l i t y ,  r e l ia b i l i t y ,  f le x ib le  
p r o d u c t io n  a n d  s ta n d a r d  p r o d u c t io n  c o n t r o l .  W i t h  t h is  p a r t ,  th e  c o n t r a c t  s u p p l ie r  w ill
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b e  h a n d le d  d e s ig n s ,  in s ta l la t io n  a n d  in s t r u m e n t  b a s e d  o n  e x is t in g  in s t r u m e n ts .
M o r e o v e r ,  t h e  w ir in g  c a b le  is  in c lu d in g  w i t h  t h is  jo b .

•  P u m p

T h e  p u m p  is  r e q u ir e d  f o r  2  u n i t s  in  o r d e r  to  t r a n s fe r  m i lk  f r o m  m i lk  r e c e p t io n  
a r e a  to  l iq u id  c o f f e e  p r o c e s s in g  a r e a  a n d  s u p p ly  m i lk  t o  c o l lo id  m i l l .  T h e  c a p a c i t y  
o f  p u m p  f o r  t r a n s fe r r in g  m ilk  is  1 0 ,0 0 0  l i t e r / h o u r ,  s a m e  a s  s u p p ly  p u m p  to  c o l lo id  
m il l .  T h e  c a lc u la t io n  o f  f r ic t io n  lo s s  f r o m  p ip e ,  d is t a n c e  a n d  v a lv e  o f  t r a n s fe r r e d  
l in e  a r e

F r ic t io n  lo s s  f r o m  d is ta n c e ;  2  in c h e s  d ia m e te r  w it h  c a p a c i t y  1 0 ,0 0 0  l /h r  a t  
v e lo c i t y  1 .5  m /s e c .

F r o m  th e  c a p a c i t y ,  f r i c t io n  lo s s  a n d  v e lo c i t y  f lo w  s ta in le s s  s te e l p ip e ,  
w e  g o t  lo s s  a t  5 .5  ทา./ 1 0 0  m . o f  p ip e .  S o

2 0 0  m e t e r  p ip e  le n g th  lo s s  =  11 m .

-  F r ic t io n  lo s s  f r o m  b e n d ,  2  in c h e s  o r  5 1 m m .  d ia m e te r

F r o m  th e  f r ic t io n  lo s s  e q u ip m e n t  in  m e te r  s t r a ig h t  s t a in le s s  s te e l p ip e  
f o r  o n e  f i t t in g  ta b le

W e  g o t  lo s s  1m  s t r a ig h t  l in e /b e n d .  I f  2 0  b e n d ,  i t  is  e q u a l  t o  2 0  m  
s t r a ig h t  p ip e  S o ° t h e  f r ic t io n  lo s s  w i l l  b e

2 0  X 5 .5  =  1 .1  m .
100

F r ic t io n  lo s s  f r o m  2  w a y s  v a lv e ,  2  in c h e s  o r  51  m m . D ia m e te r

F r o m  th e  f r ic t io n  lo s s  e q u ip m e n t  in  m e te r  s t r a ig h t  s t a in le s s  s te e l p ip e  
f o r  o n e  f i t t in g  ta b le

W e  g o t  lo s s  8 m  s t r a ig h t  p ip e / v a lv e .  I f  2  u n its ,  it is  e q u a l  to  1 6  m  
s t r a ig h t  p ip e .  S o , t h e  f r ic t io n  lo s s  w il l  b e

16  X 5 .5  =  0 .8 8  m
Too

T h e  t o ta l  lo s s  f r o m  p ip e ,  b e n d s  a n d  v a lv e s  is  1 2 .9 8  m . T h e  f r ic t io n  lo s s  1 0  m  
is  e q u a l  to  1 b a r ,  if  ! 2 98 ทา it w i l l  e q u a l  to

1 2 .9 8  =  1 .2 9 8  a p p r o x im a te  1 .3  b a r  
10

T h e  p r e s s u r e  d r o p  f r o m  p la te  e x c h a n g e r  is  0 .5  b a r ,  s o  t h e  o p e r a t in g  
p r e s s u r e  o f  t r a n s fe r  m i lk  p u m p  w il l  b e  2  b a r .

F o r  t h e  c o l lo id  m il l ,  t h e  r e q u i r e m e n t  o f  s u p p ly  p r e s s u r e  is  1 b a r  a t
1 0 ,0 0 0  l i t e r /  h o u r ,  s o  th e  o p e r a t in g  p r e s s u r e  s u p p ly  m il l to  c o l lo id  m i l l  is  1 b a r .
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Friction loss equivalent in meter straight stainless steel pipe

Diameter o f pipe

25 mm 38 mm 51 mm 63.5 mm 76 mm 101.6 mm
Fitting

Two-way valve 6 8 8 9 10 10
Three-way valve 7 9 9 10 12 12

Elbow(bcnd) 0.8 1 1 1 1.5 1.5
Tee 2 3 3 4 5 5

T a b le  5 : T h e  f r ic t io n  lo s s  a t  e a c h  e q u ip m e n t  t y p e  
S o u r c e :  F lu id  H a n d l in g  c o m p o n e n t  b o o k ,  A P V  2 0 0 1 .

•  T u b u la r  H e a t E x c h a n g e r

T h e  T u b u la r  H e a t  E x c h a n g e r  is  r e q u ir e d  a t  f i t  to  th e  f lo w  r a te  o f  s u p p ly  p u m p ,  
t h a t  is  1 0 ,0 0 0  l/h r .  T h e  t e m p e r a t u r e  is  r e q u ir e d  a t  p a s te u r iz e  t e m p e r a t u r e  8 5  °c a n d  
h o ld in g  f o r  3 0  s e c o n d  ( f r o m  th e  s tu d y  o f  N e s t le ,  it d e p e n d  o n  m ic r o o r g a n is m  lo a d e d ) .  
T h is  s p e c i f ic a t io n  w il l  b e  s e n t  to  c o n t r a c t  s u p p l ie r  f o r  c a lc u la t io n  o f  s iz e  a n d  m o d e l.  
T h is  u n it  w i l l  b e  in c lu d e d  o f  s te a m  c o n t r o l  u n it .

4 .6  C o s t  e s t im a t io n  o f  p r o je c t

T h e  in v e s tm e n t  c o s t  is  c o m in g  f r o m  th e  c o s t  o f  e q u ip m e n t  a n d  la b o r  c o s t .  
T h e  s u p e r v is o r y  c o s t  d o e s  n o t  in c lu d e  b e c a u s e  o f  u s e  t h e  c o m p a n y ’s  e n g in e e r  to  
c o n t r o l  w o r k .

•  P ip e  c o s t

T h e  c o s t  of p ip e  w ith  d ia m e te r  2  in c h e s  is  6  ทาe te r / 5 , 0 0 0  B a h t .  S o , th e  c o s t  o f  
p ip e  w i l l  b e

4 0 0  X 5 0 0 0  =  3 3 3 ,3 3 3  B a h t
6

•  B e n d  c o s t  ( e lo o w )

T h e  c o s t  p e r  u n it  is  3 0 0  B a h t .  S o , th e  c o s t  o f  b e n d  w il l  b e

2 0  X 3 0 0  =  6 ,0 0 0  B a h t
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• Support and clamp

The cost of support and clamp is 500 Baht /set. It uses 70 set, the cost will be 

70 X 500 = 35,000 Baht

• Pump

The specification of pump, 10,000 liter/hour, 2 bar operating pressure with 
sanitary material type. The cost from contract supplier is 150,000 Baht not include 
VAT 7% and discount 5%, include shipment cost. So, the cost will be

Pump : 150,000 X 0.95 = 142,500 Baht 
VAT 7% : 1 42 ,5 00 x0 .0 7  = 9,975 Baht

The total cost o f pump (centrifugal pump) will be 152,475 Baht/unit. So, 2 
units the cost will be

152,475 X 2 = 304,950 Baht

• Small balance tank

Small balance tank can supply by local supplier, the cost of tank is 45,000  
Baht and the control unit is 120,000 Baht. So, the total cost of balance tank is
165,000 Baht. /

■ Automatic valve

Automatic valve composed with 3 units, actuator, top unit, and valve body. 
These 3 components has been sold separately, the cost o f each part are 
below;

Actuator 10,000 Baht
Top unit 11,000 Baht
Valve body 4,300 Baht

The estimate number of valve is 6 complete units, so we will multiply 6 in 
each unit. The estimation cost of valve will be

Actuator 10,000
Top unit 11,000
Valve body 4,300

Total 
Vat 7%

X 6  = 60,000 Baht 
X 6 = 66,000 Baht 
X 6 = 25,800 Baht 

151,800 Baht 
10,626 Baht 
162,426 Baht

• Automation

The cost of Automation part is 2,200,000 Baht. It doesn’t include VAT 7%. 
The automation cost will be

VAT 7%; 2,200,000 X 0.07 = 154,000 Baht



To ta l cos t in c lu de  VA T  : 2 ,354 ,000  Bah t

The generate plate exchanger

The cost is 720,000 Baht, not including VAT 7%, including shipment cost. So, 
the cost a fter VAT will be

VAT: 720,000 X 0.07 = 50,400 Baht 
Cost include VAT : 770,400 Baht

Tubu lar Heat Exchanger

The cost from  supplier is at 4,000,000 Baht. It doesn’t include VAT 7%, so the  
price of Tubular will be

VAT 7% : 3,000,000 X 0.07 = 210,000 Baht

Total cost of Tubular Heat Exchanger will be 3,210.000 Baht.

Installation

The cost from welding, pipe work, industria l u t i l i t y  and installation is 300,000  
Baht as a contract supplier.

From the above estimation cost o f investment w i l l  be

1. Pipe cost 333.333 Baht
2. Bend cost 6.000 Baht
3. Pipe support and clamp cost 35,000 Baht
4. Pump cost 304 950 Baht
5. Valve cost 162.426 Baht
5. Small balance tank 165.000 Baht
6. Automation and installation 2,354.000 Baht
7. The generate plate exchanger cost 770,400 Baht
8. Tubular Heat Exchanger 3,210 000 Baht
9. Installation cost 300.000 Baht

To ta l 7,64 1,109 Baht
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