
CHAPTER 2

B A C K G R O U N D S  A N D  L I T E R A T U R E  R E V IE W

2.1 Used Lubricating Oils

L u b r ic a n ts  a re  g e n e ra l ly  p r o d u c e d  f ro m  b a s e  s to c k s  r e f in e d  f ro m  h e a v y  f ra c t io n s  
o f  c r u d e  o il o r  o th e r  h y d ro c a rb o n s , in to  w h ic h  v a r io u s  a d d i t iv e s  a r e  b le n d e d . T h e  
c o m p o n e n ts  o f  lu b r ic a t in g  o il a re  b a s ic  o il ( c ru d e  o il o r  s y n th e t ic  o i l)  a n d  a d d it iv e s . 
L u b r ic a n ts  a r e  u s e d  in  a  w id e  r a n g e  o f  a p p l ic a t io n s ,  in c lu d in g  e n g in e  a n d  t r a n s m is s io n  
lu b r ic a n ts ,  h y d r a u l ic  f lu id s , m e ta l  w o rk in g  f lu id s , in s u la t in g  a n d  p r o c e s s  f lu id s  a n d  
g re a s e s .

P a r t  o r  all o f  th e  lu b r ic a n t  m a y  b e  c o n s u m e d  d u r in g  th e  p r o c e s s ,  w h ic h  u s e  th e se  
p r o d u c ts .  T h e  b a la n c e  te n d s  to  b e c o m e  c o n ta m in a te d  w i th  s u b s ta n c e s  s u c h  a s  w a te r , 
m e ta l  p a r t ic le s ,  ru s t ,  d ir t , c a rb o n  a n d  le a d , a n d  w ith  o th e r  b y - p r o d u c ts  o f  th e  c o m b u s tio n  
o r  th e  in d u s tr ia l  p ro c e s s . T h e  c o n d i t io n s  a n d  c o n ta m in a n ts  d e t e r io r a te  th e  q u a li ty  o f  th e  
o il, a n d  a f te r  s o m e  tim e  it lo s e s  th e  a b i l i ty  a s  a  lu b r ic a n t  a n d  n e e d s  to  b e  re p la c e d . 
G e n e ra l ly ,  7 0 %  o f  L u b r ic a t in g  O il r e m a in  a s  w a s te  o r  " U s e d  L u b r ic a t in g  O il, U L O ". 
C h a r a c te r i s t ic s  a n d  c o m p o s i t io n s  o f  U L O  v a r ie s  b a s e d  u p o n  o il ty p e s ,  a d d it iv e s , 
g e n e r a t io n  s o u rc e s ,  an d  c o l le c t io n  m e th o d s  [5 -6 ],

U L O  c a n  b e  g r o u p e d  in to  a u to m o t iv e  a n d  in d u s tr ia l  s e c to r s .  A u to m o tiv e  lu b r ic a t in g  oil 
in c lu d e s  e n g in e  o il, g e a r  o il a n d  b re a k  f lu id  In d u s tr ia l  lu b r ic a t in g  o il in c lu d e s  g e n e ra l  u se  
o il, s p e c ia l  u s e  o il, p r o c e s s in g  o il a n d  M e ta lw o rk in g  o il [6 ], In  T h a i la n d ,  6 8 %  o f  U L O  is 

a u to m o t iv e  w h e r e  a s  2 2  %  is in d u s tr ia l  [5]
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2.2 Characteristics of ULO

T h e  th r e e  m o s t im p o r ta n t  a s p e c ts  o f  U L O  a re  c o n ta m in a n t  c o n te n t ,  e n e rg y  v a lu e  
a n d  h y d r o c a r b o n  p ro p e r t ie s .  C o n ta m in a t io n  o f  U L O  m a k e s  it u n s u i ta b le  f o r  it o r ig in a l u s e  
d u e  to  th e  p r e s e n c e  o f  c o n ta m in a n ts  o r  im p u r i t ie s  o r  th e  lo s s  o f  o r ig in a l  p ro p e r t ie s .  U L O  
c o n ta in s  h y d r o c a r b o n s  f ro m  a d d it iv e s  a n d  im p u r i t ie s  d u e  to  p h y s ic a l  c o n ta m in a t io n  an d  
c h e m ic a l  r e a c t io n s  o c c u r r in g  d u r in g  its  u sa g e .

U L O  c o n ta in s  v a r io u s  c o n ta m in a n ts ,  d e p e n d in g  o n  th e  n a tu r e  o f  th e  p ro c e s s , su c h  as 
h e a v y  m e ta ls , b y - p r o d u c ts  o f  th e rm a l b r e a k d o w n  a n d  s u b s ta n c e s  a s s o c ia te d  w ith  sp e c if ic  
u s e s  ( le a d , c o r r o s io n  in h ib i to r s ) .  E x a m p le s  a r e  [6 ]:

- U s e d  g a s o l in e  e n g in e  lu b r ic a t in g  o il c o n ta in in g  d e g r a d e d  a d d i t iv e s ,  to g e th e r  w ith  
h a z a r d o u s  s u b s ta n c e s  a r is in g  f ro m  c o m b u s t io n ,  p a r t i c u la r ly  le a d  c o m p o u n d s  an d  
P o ly c y c l ic  a r o m a tic s  (P C A s )

- U s e d  d ie s e l e n g in e  lu b r ic a t in g  o il c o n ta in in g  P C A s  a n d  u n b u r n e d  fue l.
- U s e d  m e ta lw o r k in g  f lu id s  in e i th e r  n e a t  o r  e m u ls io n  fo rm , w h ic h  c o n ta in  a w id e  

r a n g e  o f  a d d i t iv e s  in c lu d in g  c h lo r in a te d  p a ra f f in s .
- U s e d  a v ia t io n  lu b e s  b a s e d  o n  m in e ra l o i ls  c o n ta in in g  P C A s  a n d  c h lo r in a te d  so lv e n ts  

u s e d  in  m a in te n a n c e  d e g re a s in g  o p e ra t io n .
- U s e d  t r a n s f o r m e r  o il c o n ta m in a te d  w ith  P o ly c h lo r in a te d  b ip h e n y l  (P C B s )  a n d  

P o ly c h lo r in a te d  te rp h e n y l  (P C T s )  e tc .

P o ly n u c le a r  a ro m a tic s ,  h a lo g e n a te d  o rg a n ic  a n d  t r a c e  m e ta ls  a r e  c o m p o u n d s  o f  p o te n tia l  
c o n c e rn  in  U L O . S e v e ra l p o ly n u c le a r  a r o m a t ic  h y d r o c a r b o n  c o m p o u n d s  a re  k n o w n  
c a r c in o g e n s  a n d  m u ta g e n s  s u c h  a s  P N A s  a n d  P C A , w h ic h  a re  p r e s e n t  in  th e  p e tro le u m  
b a s e  s to c k  a n d  c a n  b e  p r o d u c e d  d u r in g  th e  u s e  o f  th e  o il H a lo g e n a te d  h y d r o c a r b o n s  m ay  
b e  p r o d u c e d  in o il d u r in g  n o rm a l u s a g e  c y c le s  b y  th e  r e a c t io n  o f  b a s e - s ta c k  h y d ro c a rb o n s  
h a lo g e n a te d  c o m p o u n d s ,  ty p ic a l ly  in o rg a n ic  c h lo r id e s  f ro m  th e  a d d i t iv e  p a c k a g e  T ra c e  
m e ta ls  a r e  in t r o d u c e d  in to  th e  o il a s  p a r t  o f  th e  lu b r ic a t in g  p a c k a g e  o r  f ro m  e x te rn a l
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s o u rc e s  s u c h  a s  th e  w e a r  o f  m e ta l p a r ts . M e ta ls  s u c h  a s  z in c , c h r o m iu m , a lu m in iu m  an d  
b a r iu m  a re  e x a m p le s  o f  c o n ta m in a n ts  th a t  a re  in t r o d u c e d  in  th is  m a n n e r  [7],

T a b le  2 .1  s u m m a r iz e s  th e  c o m p o s i t io n  o f  h a z a r d o u s  m a te r ia ls  in  U L O  u s in g  th e  
f o l lo w in g  b r e a k d o w n :  m e a n , m e d ia n  (5 0 th p e r c e n t i le ) ,  7 5 th a n d  9 0 th p e rc e n t i le  
c o n c e n t r a t io n s  a n d  ra n g e . A l th o u g h  U L O  c o n ta in s  m a n y  h a z a r d o u s  c o m p o n e n ts  as 
d e s c r ib e d  a b o v e , it a ls o  h a s  o th e r  im p o r ta n t  p ro p e r t ie s ,  w h ic h  m ig h t  b e  o f  h ig h  v a lu e  su c h  
a s  h ig h  f la s h  p o in t  a n d  re m a in  e n e rg y  c o n te n t  v a lu e .

Table 2 .2  P h y s ic a l  p r o p e r t ie s  o f  u s e d  lu b r ic a t in g  o il [8 ],

P ro p e r tie s
N o. o f  
sam ple

M ean M e d ia n
R a n g e

L o w H ig h
F lash  P o in t 2 8 9 210 - 60 5 2 5
V isco sity , c S t @  100 F° (3 7 .7 8  c ° ) 70 71 4 7 1 5 1 3

A PI g ra v ity , °A PI 48 28 2 7 13 80

E nergy  c o n ten t, B tu/lb . 231 1 6 ,4 9 5 1 7 ,2 0 0 4 .1 4 2 2 3 ,0 4 5

B o tto m  sed im en t and  w ater, % 3 2 0 19 9 0 99
W a te r  on ly . % 36 11 5 0 67

A s  s h o w n  in  T a b le  2.2, th e  f la s h  p o in t  o f  U L O  r a n g e s  b e tw e e n  60-525 F ° (15-274 
c°) c o m p a re d  to  v irg in  lu b r ic a t in g  o i l ’s o f  100- 400 F ° (37-204 c°); th e  lo w e r  v a lu e  is 
p r o b a b ly  d u e  to  th e  p r e s e n c e  o f  h ig h - ig n i ta b le  c h lo r in a te d  m a te r ia ls  a n d  o r g a n ic  s o lv e n ts  
f ro m  e n g in e  b lo w . T h e  e n e r g y  c o n te n t  o f  U L O  ra n g e s  b e tw e e n  4,142 a n d  23,045 B tu /lb .,  
c o m p a re d  to  v i rg in  lu b e  o i l ’ s o f  20,000 B tu /lb  [8],

T a b le  2 .3  r e p r e s e n t  th e  c o m p o s i t io n  o f  U L O  v a r ie s  c o n s id e r a b ly  f ro m  o f  v irg in  
lu b e  o il a n d  o th e r  v i rg in  fu e ls . T h e  s im ila r  p r o p e r t ie s  o f  U L O  c o m p a re d  w ith  o th e r  fu e l 
a r e  s p e c i f ic  g r a v i ty ,  f la sh  p o in t  a n d  p o u r  p o in t. S ig n if ic a n t  d i f f e r e n c e s  a re  o b s e rv e d  w ith  
r e s p e c t  to  a sh , b o t to m  s e d im e n t  a n d  w a te r , a n d  c a rb o n  c o n te n ts ,  v is c o s i ty  le v e ls , as  w e ll 
a s  h e a v y  m e ta l  c o n c e n t r a t io n s .



Table 2.1 Concentration of potential hazardous constituents in Used Lubricating Oil [8]
S a m p le  w ith  d e te c te d  th (h C o n c e n tra tio n  ran g e

C o n ta m in a n t  y ° ta ! c o n ta m in a n ts  M e a n  C o n e . M e d ia n  C o n e . ^ 0 n c ’ a t .M^ C o n e . a t  9 0  (p p m )s a m p le  7___ โ \ p e r c e n t i le  p e r c e n t i le
N u m b e r  %  (p p m ) (p p m ) (p pm ) (p p m ) L o w  H ig h

M eta ls
A rsen ic 537 135 25 17.26 5 5 18 < 0.01 100
B arium 752 675 89 131.92 48 120 251 0 3 ,906
C adm ium 744 271 36 3.11 3 8 10 0 57
C h ro m iu m 756 592 78 27 .9 7 6.5 12 35 0 69 0
L ead 835 760 91 6 6 4 .5 0 240 740 1200 0 2 1 ,7 0 0
Z inc 810 799 98 580 28 48 0 872 1130 < 0.5 8 ,610

C h lo rin a ted  S o lven ts 
D ic h lo ro d iflu o ro m e th an e  
T rich lo ro tr if lu o ro e th a n e  
1,1,1 -T rich lo ro c th an e  
T ric h lo ro e th y le n e  
T  c trach lo ro c th y len e  
T o ta l C h lo rine

87 51 58 37 3 .2 7 20 160 640 < 1 2 ,2 0 0
28 17 60 62 ,9 3 5  88 160 1,300 10 0 ,0 00 <  20 5 5 0 ,0 0 0

616 388 62 2,800 .41 20 0 1,300 3 ,5 0 0 <  1 110 ,000
608 259 42 1,387 .63 100 200 800 <  1 4 0 ,0 0 0
599 352 58 1,420 .89 106 600 1,600 < 1 3 2 ,0 0 0
590 568 96 4,995 1,600 4 ,0 0 0 9 ,5 0 0 40 8 6 ,7 0 0

O th e r O rg an ic
B enzene 23 6 118 50 9 6 1 .2 0 20 110 300 < 1 5 5 ,0 0 0
T o lu en e 242 198 81 2 ,2 0 0 .4 8 380 1,400 4 ,5 0 0 < 1 5 5 ,0 0 0
X y lene 235 194 82 3 ,3 8 5 .5 4 550 1.400 3 ,2 0 0 < 1 139 ,000
B e n z (a )an th racen c 27 20 74 71 .3 0 12 30 40 < 5 660
B e n z o (a )p y ren e 65 38 58 24 .55 10 12 16 <  1 405
N ap h th a len e 25 25 100 4 7 5 .2 0 33 0 560 800 110 1,400
P C B s 753 142 18 108.51 5 15 50 0 3 ,8 0 0
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Table 2 .3  P r o p e r t ie s  o f  v a r io u s  o i ls  a n d  fu e ls  [8 ],

P r o p e r ty F u e l
U L O V irg in  lu b e N o .2 F u e l N o .6 F u e l C o a l

P hy sica l P ro pertie s
S p ec ific  g rav ity 0.91 0 .882 0 .836 0 .979 -
V iscosity , ร บ ร  a t 37 .78 c ° 324 - 36 - -
B o tto m  sed im en t and  w ater, %  vol 12.3 0 0 1.0 -

C arb o n  residue, %  w t 3 0 0.82 - -

A sh , %  w t 1.3 0.94 0 .002 0.25 10.5
F lash  po in t, c ° 175 - 165 210 -
P o u r po in t, c ° 37 - 3 7 -20 40 -

C h em ica l P ro pertie s
S ap o n ifica tio n  N o. 12.7 3.94 - - -

T o ta l ac id  N o. 4 4 2.2 - - -

T o ta l base  N o. 1.7 4 .7 - - -

N itro g e n , %  w t 0.428 0.05 - - -

S u lfu r, %  w t 0.42 0.32 0 .30 2.15 3.0
H ea v y  m etal co n tam in a ted , ppm

L ead 7,535 0 0 2.9 71
C alc ium 1,468 1,210 - 48 15,536
Z in c 1,097 1,664 - - 123
P ho spho ru s 931 1,397 - - 32
M ag nesiu m 309 675 - 14 2,723
B arium 297 37 - - 258
Iron 205 3 - 120 14,466
S od ium 118 4 - 241 469
P o tassium 31 <1 - - -

C o p p er 29 0 - 0.5 64
S ilicon 24 4 - - 24 ,160
C h ro m iu m 15 0 - 13.7 24
T in 13 0 - - 276
M an ganese 4 0 - - 101
M oly b d en um - - - 2.3 16
T itan iu m - - - 5.5 1,889
V an ad ium - - - - 30

C h a r a c te r i s t ic  o f  U L O  in T h a i la n d  f ro m  th e  G u id e l in e  o f  C o l le c t in g  U s e d  
L u b r ic a t in g  O il P i lo t  P ro je c t  r e p r e s e n te d  in  T a b le  2 .4  [9 ],



Table 2.4 C h a ra c te r i s t ic  o f  U L O  in th e  G u id e l in e  fo r  C o l le c t in g  U s e d  L u b r ic a t in g  O il
P i lo t  P ro je c t ,  T h a i la n d  [9],

Parameter No. sample Minimum Maximum Average
F lash  po in t, c 35 126 265 227 6
V isc o s ity  @  50 c ,  est. 35 46 .34 182.11 83
In so lu b le , % w t 

P en tane 35 0.04 75 7.65
T o lu en e 35 0.02 2 ,9 8 9 572

W ater, %  vol 30 0.1 2.7 0.52
A sh , % w t 5 0.11 1.35 0.75
H eating  v a lue , K cal./K g. 35 10 ,530 10,771 10646
H eavy  m eta l, ppm  
A lum inu m 35 2 46 12.74
C alc ium - 35 27 37 96 1143
C o p p er 35 2 1194 190.46
Iron 35 12 1055 313
M ag nesiu m 35 2 1055 261
P h o sp h o ru s 35 147 1121 805
L ead 35 0.05 24 3.82
Z inc 35 0.01 1158 538 .17

R e m a rk :  F lash  po in t; A S T M  D 92, K inem atics V isc o s ity ; A S T M  44 5 , W ate r con ten t; A ST M  
D 95 , H eating  V alue; A S T M  240, In so lu b le ; A S T M  D 8 93-A , and  H eav y  m etal; 
IC P -S C A N

2.3 Technology Options for Managing Used Lubricating Oils

T h e  m a n a g e m e n t  o f  U L O  is o f  p a r t i c u la r  im p o r ta n c e  d u e  to  th e ir  th r e a t  to  th e  
e n v ir o n m e n t .  T h e  p ro b le m  b e c o m e s  s e r io u s  a s  U L O  is c u r r e n t ly  p r o d u c e d  f ro m  v a r io u s  
s o u rc e s  in la r g e  q u a n t i t ie s ,  a n d  th e y  a re  n o t a lw a y s  h a n d le d  p r o p e r ly .  H o w e v e r ,  it is 
k n o w n  th a t  U L O  h a s  an  in h e re n t  v a lu e  a n d  c a n  b e  e m p lo y e d  a s  an  e x c e l le n t  s o u rc e  o f  
e n e rg y  T h is  h a s  s t i r r e d  w o r ld w id e  r e s e a rc h  in te r e s ts  in  th e  s e a r c h  o f  te c h n o lo g ie s  fo r  th e  
r e c o v e r y  o f  v a lu a b le  c o m p o n e n ts  f ro m  th e  U L O  T h e s e  U L O  m a n a g in g  te c h n o lo g ie s  c a n  
g e n e ra l ly  b e  c la s s i f ie d  in to  tw o  a p p ro a c h e s , r e g e n e r a t io n  a n d  r e c o v e r y  a s  fu e l o r  as 
v a lu a b le  p ro d u c ts .

T h is  s e c t io n  w ill  p ro v id e  a ro u g h  in tr o d u c t io n  to  e a c h  o f  th e s e  te c h n o lo g ie s .
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2.2.1 Regeneration

T h e  r e g e n e r a t io n  o f  U L O  in c lu d e s  a  p h y s ic a l  a n d  a  c h e m ic a l  t r e a tm e n t ,  w h ic h  
r e m o v e  p r a c t ic a l ly  c o m p le te ly  th e  s u s p e n d e d  a s  w e l l  a s  d i s s o lv e d  f o re ig n  m a tte r ,  th e  
a g in g  p r o d u c ts  a n d  p r o d u c ts  s u s c e p tib le  to  a g in g , a s  w e ll a s  th e  a d d i t iv e s  r e m a in in g  in 
th e  o il.

T h e  m o s t  p o p u la r  m e th o d  fo r  r e g e n e r a t io n  o f  U L O  is r e - r e f in in g  w h ic h  a re  
a d v a n c e d  a n d  c o m p l ic a te d  te c h n o lo g y  p ro v e n  to  b e  e f fe c t iv e . T h e  b e s t  f e a tu r e  o f  th is  
te c h n iq u e  is  th a t  U L O  c a n  b e  r e - r e f in e d  r e p e a te d ly . N o r m a l ly ,  th e  c o n v e n t io n a l  re -  
r e f in in g  U L O  p r o c e s s  c o n s is ts  o f  5 s ta g e s  a c c o rd in g  to  T a b le  3 .1

Table 2 .5  C o n v e n t io n a l  s ta g e  p u rp o s e  o f  r e - r e f in in g  U L O

Stage purpose Processes
1. C o a rse  re m o v a l o f  w a te r  an d  

fo re ig n  so lid s
S e d im e n ta t io n , C e n tr ifu g a t io n

2. R e m o v a l o f  lo w -b o ilin g  fra c tio n s H e a tin g , A tm o s p h e r ic  d is ti l la tio n , G as  oil
an d  re s id u e  w a te r s tr ip p in g

3. R e m o v a l o f  o x id a tio n  p ro d u c ts , S u lfu r ic -a c id  tr e a tm e n t, S o lv e n t  e x tra c tio n ,
a d d itiv e s  a n d  U L O  c o n ta m in a te P ro p a n e  e x tra c t io n , v a c u u m  d is ti l la tio n  or
su b s ta n c e s . W ip e -f i lm  e v a p o ra tio n , H y d ro tre a tm e n t, 

C h e m ic a l t re a tm e n t, etc.
4. S e p a ra tio n  o f  p ro d u c t an d  re s id u e D e c a n tin g , F il t ra t io n
5. T re a tm e n t o f  th e  b y  p ro d u c ts  an d T re a tm e n t w ith  b le a c h in g  c la y ,

s ta b il iz a tio n  o f  th e  fra c tio n s H y d ro f in is h in g

T h e  m a in  s ta g e  w h ic h  le a d  to  b e  v a r io u s  t e c h n o lo g ie s  is  th e  s te p  to  re m o v e  
o x id a t io n  p r o d u c ts ,  a d d i t iv e s  a n d  c o n ta m in a te  s u b s ta n c e s .  A s  s h o w n  in T a b le  3 .1 , th e re  
a r e  m a n y  p r o c e s s e s  e  g . a c id  c la y  t r e a tm e n t ,  s o lv e n t  e x t r a c t io n ,  p r o p a n e  e x tra c t io n , 
v a c u u m  d is t i l la t io n ,  h y d r o t r e a tm e n t  e tc . In  a d d i t io n  o n e  p r o c e s s  m ig h t  n o t b e  e n o u g h  in



o r d e r  to  o b ta in  th e  g o o d  q u a li ty  p ro d u c t .  C o n s e q u e n t ly ,  c o m b in a t io n s  o f  m a n y  p ro c e s s e s  
a r e  p ro v id e d

A  t r a d i t io n a l  r e - r e f in in g  U L O  is a n  a c id -c la y  p ro c e s s .  T h is  p r o c e s s  is s im p le  to  d e s ig n  
a n d  o p e ra te .  T h e  p r in c ip le  o f  th e  p r o c e s s  is  th e  r e m o v a l  w a te r  f ro m  th e  w a s te  o il b e fo re  
m ix in g  w ith  s t r o n g  s u lfu r ic  a c id  ( 9 8 % )  to  e x t r a c t  im p u r i t ie s  a n d  a d d i t iv e s  a n d  a c id ic  ta r  
s e t t le s  T h e  s l ig h t ly  a c id ic  o il th a t  r e m a in s  is  m ix e d  w i th  a c t iv e  c la y  to  a d s o rb  a d d it io n a l 
c o n ta m in a n ts  a n d  to  im p ro v e  c o lo r . T h e  o il is  f in a l ly  n e u tr a l iz e d  a n d  d is t i l le d  T h e  sp e n t 
c la y  is s e p a r a te d  f ro m  th e  b o tto m  b y  f i l t r a t io n . I t y ie ld s  4 5 - 7 5 %  o f  th e  fe e d  o il T h is  
p r o c e s s  g e n e ra te s  a c le a n  o il w h ic h  c a n  b e  r e u s e d  a s  a  lu b r ic a n t  a g a in . H o w e v e r ,  th e  a c id  
s lu d g e  a n d  s p e n t  c la y  f ro m  th e  p ro c e s s  c o n ta in s  s u l fu r ic  a c id  c o m b u s t io n  p ro d u c ts ,  lead , 
o r g a n o m a te l l ic  s u l ta n a te s ,  e tc . T h is  c a u s e s  a  d is p o s a l  p r o b le m  b e c a u s e  th e s e  w a s te  
p r o d u c ts  a re  to x ic  a n d  m u s t b e  h a n d le d  a s  a  h a z a r d o u s  w a s te .  B e s id e s ,  u s in g  c la y  c o n ta c t  
a s  a  f in i s h in g  s te p  s till le a v e s  h ig h  p o ly c h lo r o b ip h e n y ls  ( P C B 's )  c o n te n t  in  th e  U L O  [8],

O v e r  th e  y e a rs , s e v e ra l  p ro c e s s e s  a n d  te c h n o lo g ie s  h a v e  b e e n  u n d e r  d e v e lo p m e n t  to  m e e t 
th e  c h a l le n g e  o f  th e  tr a d i t io n a l  a c id  c la y  t r e a tm e n t .  T h e  n e w  r e - r e f in in g  p r o c e s s e s  u s u a lly  
c o n s is t  o f  th r e e  m a jo r  s te p s ; r e m o v a l  o f  w a te r  a n d  l ig h t  h y d r o c a r b o n  c o m p o u n d s , 
r e m o v a l  o f  c o n ta m in a n ts  an d  a d d i t iv e s ,  a n d  f in is h in g  o r  p o l i s h in g  th e  p ro d u c ts . T h e  
a l t e rn a t iv e  te c h n o lo g ie s  l is te d  b e lo w  a re  s o m e  m o d e rn  r e - r e f in in g  p r o c e s s e s  [1 0 ]:

P ro p a n e  e x t r a c t io n /h y d r o t r e a tm e n t  ( In s t i tu t  F ra n ç a is  d u  P e tro le :  IF P , 
S n a m p r o g re t t i )
D e m e ta l l i z e  w ith  d ia m m o n iu m  p h o s p h a te / f i l t e r /h y d r o t r e a tm e n t  ( P h il l ip s  re - r e f in e d  
o il p r o c e s s ,  P R O P )
S o lv e n t  e x t r a c t io n /h y d r o t r e a tm e n t  ( B a r t le s v i l le  E n e r g y  R e s e a r c h  C e n te r ,  B E R C )  
M e ta l l ic  s o d iu m  tr e a t /  v a c u u m  d is t i l la t io n  ( R e c y c lo n ,  L e y b o ld  H e r a e u s )
T h in  f i lm  v a c u u m  d i s t i l l t i o n /h y d r o t r e a tm e n t  ( K in e t ic s  T e c h n o lo g y  In c ., K T I)  
T h e rm a l d e a s p h a l t in in g /  v a c u u m  d is t i l la t io n  ( V is c o lu b e - T D A )
P r e t r e a t / th in  f ilm  v a c u u m  d i s t i l la t io n /  h y d r o t r e a tm e n t  ( M o h a w k , E v e rg re e n , an d  
S a fe ty  K le e n )
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P ro p a n e  e x t r a c t io n /c la y  t r e a tm e n t  ( In te r l in e )  ( a  s o lv e n t  is 2 5 %  is o p ro p y la lc o h o l ,  
2 5 %  m e th y le th y lk e to n e ,  5 0 %  n -b u ty l a lc o h o l ;  B E R C  is  B a r t le s v i l le  E n e rg y  
R e s e a r c h  C e n te r ,  p a r t o f  U S  D e p t. O f  E n e rg y )

M o re o v e r ,  s o m e  r e p r o c e s s in g  m e th o d s  in v o lv e  a  t r e a tm e n t  to  s e p a r a te  so l id s  a n d  
w a te r ,  a n d  to  r e m o v e  in s o lu b le  c o n ta m in a n ts  a n d  o x id a t io n  p r o d u c t s  f ro m  U L O . T h e s e  
m e th o d s  in v o lv e  th e  fo l lo w in g  s te p s : h e a t in g , s e t t l in g ,  f d te r in g ,  d e h y d ra t in g  an d  
c e n t r i fu g in g .  D e p e n d in g  o n  th e  q u a li ty  o f  th e  r e s u l t in g  m a te r ia l ,  th e s e  te c h n iq u e s  c a n  b e  
f o l lo w e d  b y  b le n d in g  w ith  r e p ro c e s s e d  o il a n d  a d d i t iv e s  to  r e tu rn  o r ig in a l  p ro p e r t ie s

2.2.2 Recovery as fu e l or valuable product

T h e  in h e r e n t  h ig h -e n e rg y  c o n te n t  o f  U L O  a n d  h y d r o c a r b o n  p ro p e r t ie s ,  w h ic h  
i l lu s t r a t e  in T a b le  2 2 m a y  e n c o u r a g e  th e ir  u s e  a s  f u e ls  o r  p r o c e s s in g  to  o th e r  v a lu a b le  
p e t r o le u m  p r o d u c ts  s u c h  a s  c o k e  an d  g a s  lu b r ic a n t  f e e d s to c k .  C o n s e q u e n t ly  th is  a p p ro a c h  
is  v e ry  f a v o r  o n e . F ro m  th e  d a ta  c o l le c t io n , d i r e c t  b u rn in g ,  r e p r o c e s s in g  in  p r im a ry  
r e f in e ry  a n d  p y ro ly s i s  h a v e  fo u n d .

•  D ire c t  b u rn in g  f o r  h e a t

D ire c t  b u rn in g  m e a n s  b u rn in g  U L O  w i th o u t  p r e t r e a tm e n t /p r o c e s s in g  to  re m o v e  
c o n ta m in a n t s  s u c h  a s  w a te r ,  so lid  p a r t ic le s ,  a n d  h e a v y  m e ta ls . E x a m p le s  o f  u n it 
o p e r a t io n s  th a t  c a n  a c c o m m o d a te  th e  b u rn in g  o f  U L O  in c lu d e  s p a c e  h e a te r s ,  b o ile rs , an d  
in d u s tr i a l  fu rn a c e s .

In  m o s t  s p a c e  h e a te r  d e s ig n s , a  lo w - p r e s s u re  a to m iz in g  n o z z le  in t r o d u c e s  o il in to  
a  b u r n in g  c h a m b e r  in  w h ic h  th e  o il is m ix e d  w ith  c o m p r e s s e d  a ir  a n d  b u rn e d  T h e  
p e r f o r m a n c e  o f  e m is s io n  f ro m  sp a c e  h e a te r s  d e p e n d  o n  th e  f r e q u e n c y  o f  m a in te n a n c e , 
c o m p o s i t io n  o f  U L O , h e ig h t  o f  th e  s ta c k , a n d  fu rn a c e  s e t t in g s  th a t  d e f in e  th e  a ir - to - fu e l 
r a t io ,  o il d r o p le t  s iz e , a n d  f la m e  te m p e r a tu r e  [7],
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•  R e c la im in g  fu e l /F u e l  B le n d

In  th e  U K , r e c o v e ry  as fu e l is  m u c h  s im p le r  a n d  c h e a p e r  th a n  o th e r  m e th o d s . 
U L O  is h e a te d , t r e a te d  w ith  d e m u ls i f ie r s  to  c o u n te ra c t  th e  e m u ls i f i e r s  w h ic h  k e e p  so l id s  
in  s u s p e n s io n  d u r in g  u se , s o l id s  a r e  r e m o v e d  b y  s e t t l in g , a n d  th e  o il is f i l te re d . T h e  
r e s u l ta n t  o il is b le n d e d  to  a c h ie v e  th e  re q u ire d  s p e c i f i c a t io n  fo r  a  fu e l o r  fu e l e x te n d e r . 
T h is  h a s  b e e n  w id e ly  a p p lie d  a r o u n d  th e  w o r ld , in  p a r t i c u la r  in  c e m e n t  k iln s , a s p h a lt  

p la n ts ,  u t i l i ty  b o ile rs , p u lp  a n d  p a p e r  m ills  [1 0 -1 1 ] ,

•  R e p ro c e s s in g  in a  p r im a ry  r e f in e ry  to  p r o d u c e  p e t ro le u m  p r o d u c t s  /  S l ip s tr e a m in g

T h is  p r o c e s s  u s e s  r e p r o c e s s e d  U L O  ( o r  s o m e tim e s  n o t  r e p r o c e s s e d )  a s  f e e d s to c k  
in  r e f in e r ie s  w i th  c r u d e  o ils  to  p r o d u c e  v irg in  lu b e  o il. W ith  s l ip s t r e a m in g ,  u s e d  o il 
( a p p r o x im a te ly  1%  o f  th e  f e e d s to c k  m a te r ia l )  is  m ix e d  w ith  th e  v i rg in  o il, a n d  fe d  in to  

th e  r e f in in g  p r o c e s s  w h ic h  w ill r e m o v e  c o n ta m in a n ts  in  th e  U L O  [1 1 ]  H o w e v e r ,  m a n y  

r e f in e r ie s  h a v e  n o t  p u rs u e d  th is  o p t io n  b e c a u s e  th e y  a re  c o n c e rn e d  a b o u t  u s e d  oil 
c o n ta m in a n ts ,  w h ic h  h a v e  th e  p o te n tia l  to  d e a c t iv a te  e x p e n s iv e  r e f in in g  c a ta ly s ts . 
L i t e r a tu r e  s e a rc h  re v e a le d  th a t  th e re  w e r e  o n ly  2 c o m p a n ie s  ( L lo n d e l l  a n d  T e x a c o )  w h o  
h a d  s u c c e s s f u l ly  p ro c e s s e d  U L O  in  p e t ro le u m  c o k e s  [7]

•  P y r o ly s is  to  v a lu a b le  p ro d u c ts

P y r o ly s is  o f  U L O  c a n  p r o d u c e  v a lu a b le  c h e m ic a ls  s u c h  a s  B T X , lig h t o le f in s  
( e th y le n e  a n d  p r o p y le n e ) ,  an d  l ig h t  a r o m a tic s  T h e  q u a l i ty  o f  th e  p y ro ly s is  p ro d u c ts  
v a r ie s  s ig n if ic a n t ly  w i th  th e  o p e ra t in g  te m p e r a tu r e  a n d  p re s s u re .  L o c a t io n  c a n  s o m e tim e s  
p la y  a n  im p o r ta n t  ro le  in  th e  d e c i s io n  a b o u t  th e  o p tim a l c o n d i t io n s  fo r  p y ro ly s is . F o r  
in s ta n c e ,  i f  p y ro ly s i s  is c a r r ie d  o u t  n e a r  a re f in e ry , th e  p y r o ly s i s  p r o d u c ts  c a n  b e  e a s ily  
a d d e d  to  th e  r e f in e ry  f e e d s to c k s . In  th is  c a se , th e  p r o d u c t io n  o f  l ig h t  o le f in  is m o re  
f a v o r e d  a n d  th e  b e s t  r e s u lts  a re  o b ta in e d  a t a te m p e r a tu r e  o f  650°c a n d  a  p re s s u re  a ro u n d
0 .1  M P a . H o w e v e r ,  i f  th e  in s ta l la t io n  is  in d e p e n d e n t ,  a  s o - c a l le d  “ h y b r id ” m e th o d  is 
p r e f e r r e d  w h e re  a lk a n e s  o r  B T X  p r o d u c t io n s  a r e  th e  e n d  p r o d u c ts .  T h is  p y ro ly s is  w o u ld  
th e n  h a v e  to  b e  o p e ra te d  at h ig h  te m p e r a tu r e  a n d  p r e s s u r e  [1 2 ],
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T h e  c o - p y ro ly s i s  o f  a  U L O  a n d  c o a ls  h a s  b e e n  r e p o r te d .  T h e  c o - u t i l i z a t io n  o f  c o a l an d  
w a s te  m a te r ia ls  is  n o w a d a y s  a  v e ry  p o w e r fu l  t e c h n o lo g y  e m p lo y e d  a s  a w a y  o f  
e l im in a t in g  w a s te  m a te r ia ls  a n d  p r o d u c in g  a t  th e  s a m e  t im e  v a lu a b le  p ro d u c ts  fo r  
in d u s try . P y r o ly s is  o f  c o a l is a g o o d  m e th o d  fo r  p r o d u c in g  c h e m ic a ls  su c h  as B T X  an d  
l ig h t  o le f in s ,  b u t  th e  y ie ld s  o f  th e s e  p r o d u c ts  a r e  l im ite d  b e c a u s e  o f  th e  lo w  h y d ro g e n - to -  
c a r b o n  r a t io  in  co a l. F o r  th is  r e a s o n , it is n e c e s s a r y  to  s u p p ly  H 2 f ro m  o th e r  s o u rc e s  in 
o r d e r  to  im p ro v e  th e  p r o c e s s  p e r fo rm a n c e , w h ic h  r e n d e r s  U L O  s u i ta b le  fo r  th is  te c h n iq u e
[1 3 ]

Other options:
S o m e  m ig h t  d i re c t ly  re u s e  th e  U L O  in  “ in a p p r o p r ia te ” a p p l ic a t io n s  s u c h  as 

l iv e s to c k  o i l in g , o i l in g  o f  e q u ip m e n t  s u r fa c e , w e e d  k i l l in g , a n d  r o a d  o i l in g  e tc  H o w e v e r , 
th is  o p t io n  is n o t  r e c o m m e n d e d  a s  it m ig h t  h a v e  a n  u n c o n t r o l l e d  p a th w a y  w h e re b y  th e  
p o l lu ta n ts  c a n  u s e  to  c o n ta m in a te  th e  e n v iro n m e n t.

D is p o s a l  is  u n d e s i r a b le  a n d  s h o u ld  b e  c o n s id e re d  a s  a  la s t  r e s o r t  fo r  c a s e s  w h e re  
U L O  is  h ig h ly  c o n ta m in a te d  an d  n o t  c o s t - e f f e c t iv e  fo r  c o l le c t io n ,  t r a n s p o r ta t io n  an d  
re c y c lin g . T h e  r e c o m m e n d e d  d is p o sa l o p t io n s  a re  th e  g e n e r a l ly  a p p r o v e d  m e th o d s  fo r  th e  
t r e a tm e n t  o f  h a z a rd o u s  w a s te s  o r  in c in e ra t io n , w i th  s o l id i f i c a t io n  o f  th e  re s id u a l  fo llo w e d  
b y  d is p o s a l  in  a s e c u r e  la n d f ill  [7],

2.4 Environmental Impacts

A n  e n v ir o n m e n ta l  im p a c t c a n  b e  d e f in e d  a s  a  c h a n g e  in  o n e  o r  m o re  o f  v a r io u s  
s o c io e c o n o m ic  a n d  b io p h y s ic a l  c h a r a c te r i s t ic s  o f  th e  e n v ir o n m e n t .  E n v iro n m e n ta l  
a s s e s s m e n t  is, th e re f o r e ,  an  e v a lu a t io n  o f  th e  p ro b a b le  c h a n g e s ,  w h ic h  m a y  r e su lt  f ro m  a 
p r o p o s e d  o r  im p e n d in g  a c tio n  [14] T h is  te rm  is a ls o  u s e d  to  im p ly  th e  s y s te m a t ic  

id e n t i f i c a t io n  a n d  e v a lu a t io n  o f  th e  p o te n tia l  im p a c ts  ( e f f e c ts )  o f  p r o p o s e d  p ro je c ts , p la n s , 
p r o g ra m s  o r  le g is la t iv e  a c t io n s  r e la t iv e  to  th e  p h y s ic a l - c h e m ic a l ,  b io lo g ic a l ,  c u l tu ra l  an d  
s o c io e c o n o m ic  c o m p o n e n t  o f  th e  to ta l  e n v ir o n m e n t ,  w h ic h  is  a ls o  c o m m o n ly  k n o w  as 
E n v ir o n m e n ta l  Im p a c t  A s s e s s m e n t (E IA ) . H o w e v e r ,  th e  s c o p e  o f  w o r k  fo r  E IA  is u s u a lly
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b r o a d e r  th a n  th e  t r u e  m e a n in g  o f  e n v i r o n m e n ta l  a s s e s s m e n t  a s  it in c lu d e s  as w e ll th e  
c o n s id e r a t io n  o f  m e a s u r e s  to  m it ig a te  u n d e s i r a b le  im p a c ts .  T h e  p r im a r y  p u rp o s e  o f  
e n v i r o n m e n ta l  im p a c t  a s s e s s m e n t  is  to  e n c o u r a g e  c o n s id e r a t io n  o f  th e  e n v iro n m e n t in 
p la n in g  a n d  d e c is io n -m a k in g  a n d  u l t im a te ly  to  a r r iv e  a t  a c t io n s  th a t  a re  m o re  
e n v i r o n m e n ta l ly  c o m p a t ib le  [1 5 -1 6 ] ,

I t is d e s i r a b le  to  q u a n t ify  im p a c ts  w h e r e v e r  p o s s ib le . T h is  m a y  b e  a c c o m p lis h e d  th ro u g h  
th e  u s e  o f  in s t ru m e n ta t io n , d a ta  a c q u is i t io n ,  a n d  a p p l ic a t io n  o f  m o d e l o r  o th e r  
q u a n t i f i c a t io n  te c h n iq u e . T h e r e  a re  s p e c i f ic  n u m e r ic a l  s ta n d a r d s  o r  c r i te r ia  th a t  c a n  b e  
u s e d  a s  a  b a s is  fo r  im p a c t  in te r p r e ta t io n  [1 4 -1 6 ]

2.5 Economic Analysis
In  o r d e r  to  d e c id e  o n  a l te rn a t iv e  p r o je c t  o r  in v e s tm e n t  f o r  th e  m a n a g e m e n t  o f  U L O , th e  

im p o r ta n t  f a c to r  th a t  m u s t  b e  e v a lu a te d  is e c o n o m ic  f e a s ib i l i ty  [1 7 ] , T h e  p ro p e r  
a p p l ic a t io n  o f  e c o n o m ic  p r in c ip le s  to  e n v ir o n m e n ta l  p r o b le m s  is  e s s e n t ia l  in o rd e r  to  
id e n t i fy  a n d  im p le m e n t  th e  m o s t  c o s t  e f f e c t iv e n e s s  s o lu t io n  In th is  s tu d y  cost 
effectiveness analysis w ill b e  e m p lo y e d  a s  a n  e c o n o m ic a l  to o l  fo r  th is  p u rp o s e  F u r th e r  
d e ta il  fo r  th is  a n a ly s is  c a n  b e  fo u n d  e ls e w h e r e  [1 8 -2 0 ]  F u n d a m e n ta l ly ,  th e  a n a ly s is  w ill 

e s t im a te  an d  c o m p a re  th e  p e r f o rm a n c e s  o f  d i f f e r e n t  a l t e r n a t iv e s  in  te r m s  o f  so m e  
c o m m o n  in d ic a to r s ,  s u c h  a s  a v e ra g e  p r e s e n t  u n it  c o s t  o f  t r e a tm e n t  U L O , a v e ra g e  p re se n t 
u n it  c o s t  o f  p r o d u c t  a n d  R e v e n u e  p e r  c o s t.

2.6 Literature review

T h e  m a n a g e m e n t  o f  U L O  h a s  b e e n  v a r ie d  f ro m  t im e  to  t im e  a n d  f ro m  c o u n try  to  
c o u n try . A ll c o u n t r ie s  a ro u n d  th e  w o r ld  s h o w  th e  s a m e  t r e n d  o r  d e v e lo p m e n t  b y  u s in g  
d e v e lo p s  c o u n t r ie s  s u c h  a s  th e  U S A  a n d  E u r o p e  a s  m o d e ls .

M u lle r  A s s o c ia te s ,  Inc . [8] d e s c r ib e  a n d  a s s e s s  th e  w a s te  o il re c la im in g  
te c h n o lo g y .  T h e  a s s e s s m e n t  e n c o m p a s s e s  a ll a s p e c t s  o f  t e c h n o lo g ie s  in c lu d in g  th e  o i l ’s
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g e n e ra t io n ,  c o l le c t io n  u t i l iz a t io n  a n d  d is p o s a l .  E x a m in a t io n  th e  s o u rc e s ,  p ro p e r t ie s  an d  
a v a i la b i l i ty  o f  w a s te  o il a s  w e ll a s  e v a lu a te s  th e  c o l le c t io n  a n d  u t i l i z a t io n  in f r a s t r u c tu re  in 
te r m s  o f  e n e r g y  a n d  e n v ir o n m e n ta l  c o n s id e ra t io n s ,  e c o n o m ic  v ia b i l i ty  a n d  r e g u la to ry  
c o n s tr a in ts .

G ra z ia n o ,  D  J an d  D a n ie ls  [7] c o n d u c te d  a  s tu d y  to  id e n t ify  an d  a s se s s  
o p p o r tu n i t ie s  fo r  th e  r e c o v e r y  an d  r e c y c l in g  o f  w a s te  o ils . T h e  e m p h a s is  o f  th e  s tu d y  w a s  
o n  e s ta b l i s h in g  a  c o n s is te n t  m e th o d o lo g y  th a t  c a n  b e  u s e d  to  p r io r i t iz e  r e d u c t io n , re u se , 
r e c y c l in g  a n d  d is p o s a l  o p t io n s  fo r  w a s te  o il o n  th e  b a s is  o f  e n e rg y , e n v iro n m e n t,  an d  
e c o n o m ic  im p a c ts .  T h is  r e s e a rc h  r e f le c ts  th e s e  p r io r i t ie s :  1 .) I n c r e a s e  th e  a v a i la b i l i ty  a n d  
e f f e c t iv e n e s s  o f  c o l le c t io n  p ro g ra m s  fo r  d o - i t - y o u r s e l f  a n d  o f f - r o a d ,  u s e d -o il  g e n e ra to r s ,  
2 .)  R e d u c e  th e  v o lu m e  o f  lu b r ic a t in g  o il c o n s u m e d  o r  u n r e c o v e r e d  a n d  3 .)  In c re a se  th e  
v o lu m e  o f  r e - r e f in e d  o il m a n u fa c tu r e d  a n d  so ld . F o r  th e  th ird  o p tio n , d e v e lo p m e n t o f  
t e c h n o lo g ie s  fo r  in te g ra t in g  r e - r e f in in g  in to  e x is t in g  lu b r ic a t in g  o il r e f in e r ie s  is  p ro p o s e d .

B ill  W i ls o n  [9] d e f in e s  th e  f o u r  m a in  r o u te s  f o r  r e c la im in g  u s e d  o i ls  r e c o v e ry  as 

fu e l, r e c o n d i t io n in g  o n  s ite , o il la u n d e r in g  a n d  r e - r e f in in g .  P la c e s  u s e d  o il r e - r e f in in g  in 
its  h is to r ic a l  c o n te x t  a n d  p re s e n t  p ro f i le s  o f  th e  tw o  u s e d  o il r e - r e f in e r s  in U K , O rc o l an d  
In te r l in e . T h e  d e ta i ls  o f  th e  O rc o l a re  c o n f id e n t ia l  b u t  in c lu d e  d e h y d ra t io n  a n d  th in  f ilm  
v a c u u m  d is t i l la t io n  fo l lo w e d  b y  m o le c u la r  f i l t ra t io n . F o r  th e  I n te r l in e  o p e ra te s  a p a te n te d  
s o lv e n t  e x t r a c t io n  r e f in in g  p ro c e s s .

P y z ia k  a n d  B r in k m a n  o f  S a fe ty - k le e n  C o r p o r a t io n  [2 1 ]  r a te d  u s e d  o il d is p o s i t io n  
te c h n iq u e s  f ro m  th e  m o s t im p ro p e r  to  m o s t  o f  e f f e c t iv e ,  a r e  a s  fo llo w s : in d is c r im in a te  
d u m p in g ,  la n d f i l l in g , ro a d  o i l in g  a n d  fo l ia g e  c o n tro l ,  b u r n in g  fo r  e n e rg y  re c o v e ry , 
r e c la im in g  a n d  s e v e ra l  ty p e s  o f  r e - r e f in in g  p r o c e s s e s  s u c h  a s  in t r o d u c t io n  o f  w a s te  oil 
in to  c r u d e  o il r e f in in g  s tre a m s , a c id /c la y  p r o c e s s  a n d  th in  f ilm  e v a p o r a t io n  H e a v y  
m e ta ls ,  c h lo r in a te d  s o lv e n ts  a n d  fu s e d - r in g  c o m b u s t io n  b y  p r o d u c t s  (e  g  P N A s )  c re a te d  
u s e d  o il a s  a  h a z a r d o u s  w a s te  W h e n  s e le c t in g  a  f a c i l i ty  to  p r o c e s s  u s e d  o il, it is im p o r ta n t  
to  c o n s id e r  m o re  th a n  c u r r e n t  c o s t  In  th e  lo n g  ru n , it s h o u ld  b e  s e le c t  th e  fa c il i ty , w h ic h  
is f in a n c ia l ly  s ta b le , e n v ir o n m e n ta l ly  s o u n d , a n d  o p e r a t io n a l ly  c le a n  s h o u ld  b e  s e le c te d
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A li, F a rh a t  M o h a m m a d  a n d  e t  al. [2 2 ] s tu d ie d  th e  s e c o n d a r y  u s e  o f  u s e d  
a u to m o t iv e  lu b r ic a t in g  o ils . T h e  p r o c e s s  te c h n o lo g y  o f  M e in k e n  a n d  M o h a w k  w a s  
s e le c te d  fo r  t e c h n o -e c o n o m ic  e v a lu a t io n . A  p la n t  s iz e  o f  5 0 0 0 0  T P A  w a s te  o il r e - r e f in in g  
w a s  c h o s e n  fo r  e c o n o m ic  s tu d y  o f  th e s e  p ro c e s s e s .  T h e  e s t im a te d  p r o d u c t io n  c o s t fo r  th e  
M e in k e n  p r o c e s s  w a s  fo u n d  to  b e  $348.8 p e r  to n  a n d  f o r  th e  M o h a w k  p ro c e s s ,  a s s u m in g  
h y d r o g e n  s u p p ly  to  b e  m a d e  a v a i la b le  f ro m  a d ja c e n t  r e f in e ry , it w a s  e s t im a te d  to  b e  
$ 1 9 8 .4  p e r  to n  T h e  M e in k e n  p r o c e s s  a p p e a r s  to  b e  m o re  p o p u la r  b u t p ro f i ta b i l i ty  w a s  
fo u n d  to  b e  lo w e r  th a n  M o h a w k  T h e  M o h a w k  p r o c e s s  is p r o c e s s  is l im ite d  d u e  to  th e  
lo c a t io n  f a c to r  w h ic h  r e q u i re s  h y d r o g e n  f ro m  a n  a d ja c e n t  p e t ro c h e m ic a l  p la n t

In  T h a i la n d , U n ite d  N a t io n  I n d u s tr ia l  D e v e lo p m e n t  O r g a n iz a t io n  (U N ID O )  [4] 

h a s  s tu d ie d  th e  f e a s ib i l i ty  o f  R e - r e f in in g  u s e d  lu b r ic a t in g  o il T h e  c o n c lu s io n  f ro m  
e x p e r ie n c e  in  in d u s tr ia l iz e d  c o u n t r ie s  fo u n d  th a t  p r o d u c t io n  a v e r a g e  fo r  sm a ll r e - r e f in in g  
is 1 5 ,0 0 0  to n /y e a r  a n d  c a n  s a v e  m o re  th a n  6 0  m il l io n  $ o v e r  15 y e a rs  o f  o p e ra t io n  tim e . 
T h e  b r i e f  r e s u l t s  a re  s h o w n  as  fo l lo w s :

P a y  b a c k  p e r io d < 6 y e a r
In te rn a l  R a te  o f  R e tu r n 18 %
B e n e f i t  c o s t  ra tio 2 2  %

P ra c h a  N ic h a p a n u i t  [3] h a s  s tu d ie d  a  w a s te  o il c o l le c t io n  s y s te m s  in  T h a i la n d  : A  

c a s e  s tu d y  in  B a n g k o k  M e tro p o l i ta n  A r e a s  (B M P ). It is a ls o  e s t im a te d  th a t  a b o u t 85 %  o f  
all U L O  g e n e ra te d  in  B M P  is c o l le c te d  fo r  r e u s e  a n d  r e c y c lin g , in c lu d in g  4 0 %  fo r  
b u rn in g ,  3 0 %  fo r  re - r e f in in g , 1 0 %  as  a  s t r ip p in g  m o ld  a g e n t ,  5 %  fo r  o th e r  u ses . T h e  
r e m a in in g  is s u s p e c te d  to  b e  w o rs t  o r  d u m p e d . R e c o m m e n d e d  u t i l iz a t io n  an d  d is p o sa l 
m e th o d s  o f  U L O , r a n k e d  f ro m  b e s t  to  w o rs t  in  th e  c a s e  o f  B M A , a re  r e - r e f in in g , e n e rg y  
r e c o v e ry , t r a n s f o r m a t io n  to  re f in e ry  f e e d s to c k ,  a n d  r e c o n d i t io n in g  o f  U L O .

C h a n p e n  k h u m k e a w  [4] s tu d ie d  s i tu a t io n  a n d  p r o b le m s  o f  u s e d  lu b r ic a t in g  o il in 
T h a i la n d  T h e  r e su lt  o f  th is  w o r k  s h o w n  th a t  50  p e r c e n ta g e  o f  lu b r ic a t in g  o il u s e d  w a s  
tu rn e d  in to  u s e d  lu b r ic a t in g  o il. T h e  c o l le c t io n  s y s te m  as  w e ll a s  t r e a tm e n t  te c h n o lo g ie s
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c u r r e n t ly  u s e d  a re  n o t te c h n ic a l  v ia b le . T h e  d a ta  f ro m  q u e s t io n n a i r e s  in  th e  in d u s tr ia l  
s e c t io n , d e m o n s t r a te  th a t  7 8 %  o f  th e  f a c to r ie s  s tu d ie d  h a d  c o l le c t io n  s y s te m  fo r  U L O , 
m o s t o f  w h ic h  c o m m in g le  c o l le c te d . O n ly  3 0 .5  p e r c e n ta g e  c o l le c te d  w ith  o il ty p e . T h e  
u t i l i z a t io n  o f  U L O  c o l le c te d , in o v e r  all p ic tu re s ,  it c a n  b e  s o ld  o ff , u s e d  a s  fu e l o r  u se  fo r  
o th e r  p r o p o s e s ,  w h ic h  p e r c e n ta g e s  d is t r ib u t io n  o f  5 4 .9 , 2 6 .8  a n d  18 .3  r e s p e c tiv e ly . F ro m  
th is  s tu d y  it is s u g g e s te d  th a t  th e re  a re  2 s u i ta b le  w a y s  to  r e u s e  th e  U L O . F irs tly , re -  
r e f in e ry  is r e c o m m e n d e d  a s  it c a u s e s  le s s  e n v ir o n m e n ta l  im p a c t  a s  w e ll a s  r e v e rse s  
n a tu ra l  r e s o u rc e s .  T h e  s e c o n d  m e th o d  r e c o m m e n d e d  is to  u s e  it a s  fu e l in  C e m e n t  k iln .

R e w a d e e  C h u a y k u l [2 3 ] u t i l iz e d  th e  w a s te  lu b r ic a t in g  o il b y  m ix in g  w ith  

w a s te w a te r  s lu d g e  a n d  b u rn e d  th e  m ix tu r e  in  a  f lu id iz e d  b e d  in  in c in e ra to r .  T h e  
e x p e r im e n ts  u s e d  th e  ra tio  o f  lu b r ic a t in g  o il a n d  s lu d g e  w a s te  a t 1 :5, 2 :5  a n d  3 :5 , p e rc e n t 
b y  w e ig h t .  T h e  f lo w  ra te  o f  a ir  w a s  k e p t  c o n s ta n t  a t  1 5 2 .6 4  m 3/h r . T h e  c a rb o n  an d  
h y d r o g e n  c o n te n ts  in w a s te w a te r  s lu d g e  w e r e  4 4 .6 4  a n d  11 .21  % , r e s p e c tiv e ly . A  s u ita b le  
ra t io  o f  a ir  a n d  fu e l m ix tu r e  w e r e  6 .3 -7 .4 , 8 -9 .4  a n d  9 .2 - 1 0 .9  a t th e  lu b r ic a t in g  o il a n d  
s lu d g e  w a s te  ra tio  1 :5, 2 :5  a n d  3 :5 , r e s p e c tiv e ly . T h e  q u a n t i t i e s  o f  g a s e o u s  p o l lu ta n ts  in 
th e  f lu e  g a s  w e r e  lo w e r  th a n  th e  e m is s io n  s ta n d a rd  o f  P o l lu t io n  C o n tr o l  D e p a r tm e n t.  In 
a d d it io n , th e  a v a i la b le  h e a t  in  th e  f lu e  g a s  w a s  c a lc u la te d  to  b e  1 4 0 2 , 17 65  a n d  18 90  
k j /k g  o f  th e  m ix tu re  a t  1:5, 2 :5  a n d  3 :5 , r e sp e c tiv e ly .
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