
RESULTS AND DISCUSSION
CHAPTER IV

4.1 Hot-Mixed Asphalt
In this study we can gain acceptance the actual hot-m ixed asphalt data from 

T haiw at Engineering Co ,,Ltd (Bangbuatong) only so w e use basis o f  hot-m ixed 
asphalt data to approach w arm -m ixed asphalt data w ith calculation from  any research 
sim ilar to our research.

4.1.1 D escription Sites o f  Data Collection
O n Tuesday m orning o f July 31, the team  visited  Thaiw at Engineering 

Co .,Ltd (B angbuatong) to co llect the data in the tem plate firstly as show n in Figure 
4.1.

Figure 4.1 The team  visited T haiw at Engineering Co ,,Ltd (B angbuatong).

4.1.1.1 Process o f Thaiwat Engineering Co ,,Ltd (Bangbuatongj

4.1.1.1.1 Production Process
In the production process, there are 6 m ain steps as

illustrated in Figure 4.2.
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Figure 4.2 The hot-m ixed asphalt production o f  Thaiw at Engineering Co ,,Ltd 
(Bangbuatong).

Asphalt binder 
Hot Oil 
Electricity

1. A sphalt Binder

Asphalt binder 
150 °c

The plant buys asphalt binder from  PTT Co ,,Ltd 
and Shell Co ,,Ltd( Sriracha at Chonburi) and keep in storage tank w ith heating at 
1 5 0  °c  by electricity. So asphalt b inder is pum ped from  a heated storage tank to an 
asphalt bucket, w here it is weighed to achieve the desired aggregate-to-asphalt 
binder. The transferred pipe has 2 layers which asphalt binder is inside and hot-oil is
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outside. Hot-oil is for keeping tem perature at 150 °c and is circulated system. 
A dding hot-oil w hen it is not full in outside pipe m oreover it has fabric insulation for 
losing heat.

Figure 4.3 A sphalt binders in storage tank.

Figure 4.4 A sphalt binders bucket. Figure 4.5 H ot oil storage tank.
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2. Aggregate Preparation

Aggregate
Diesel
Electricity

Aggregates are 
sorted out

There are 4 aggregate sizes which are fine 
aggregate, 3/8 inches aggregate, 3A inches aggregate and Vi inches aggregate. They 
are piled up and transported to 4 cold aggregate buckets by tractor. Then the 
aggregate is transported into a rotary dryer.

F ig u re  4 .6  Pouring aggregate and transporting inside.

F ig u r e  4.7 Cold aggregate tank and transporting to rotary dryer.
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3. Rotary Dryer

Rotary Dryer is for driving away moisture and 
burn aggregates with fuel oil to 1 5 0 - 1 6 0  °c

F igu re  4 .8  Rotary dryer system and fuel oil storage.

There are the dusts abundantly in burning 
process so the plant uses water to spray for protecting the spread dusts.

F ig u r e  4.9 Trapping the dust and piling up of sediment.
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T h e  p l a n t  h a s  p o n d  f o r  s p r a y in g  a t  t h e  b a c k .  

T h e  t r a p p e d  w a t e r  w i l l  b e  f l o w  t o  f o l l o w  in  t h e  r i d g e  w h i c h  f o r  t u r n i n g  b a c k  to  p o o l .

Figure 4.10 P o n d  o f  p la n t . Figure 4.11 R i d g e  o f  p l a n t .

4 .  W e i g h t i n g

A g g r e g a t e  1 5 0 - 1 6 0  

E l e c t r i c i t y

A g g r e g a t e  

A g g r e g a t e  o f f - s p e c

A f t e r  b u r n i n g  a g g r e g a t e s ,  t h e y  a r e  t r a n s f e r r e d  

to  h o t  s c r e e n  a c c o r d i n g  to  s iz e .  T h e r e  is  a g g r e g a t e s  o f f - s p e c  a b o u t  2 - 3 % .  T h e  

p r o p o r t i o n a t e  a g g r e g a t e s  a r e  k e p t  a t  h o t  b i n  ( i t  is  g r e e n  p a r t  in  F i g u r e  4 .1 2 )  w h i c h  f o r  

w a i t i n g  to  w e i g h  a n d  m i x  w i t h  a s p h a l t  b in d e r .
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Figure 4.12 H o t - m i x e d  a s p h a l t  p la n t .

5 . M i x i n g

A s p h a l t  b i n d e r

A g g r e g a t e

E l e c t r i c i t y

A s p h a l t  c o n c r e t e

T h e  a s p h a l t  b i n d e r  a n d  a g g r e g a t e s  w h i c h  is  

p r e p a r e d  a r e  t r a n s f e r r e d  to  w e i g h t  a n d  m i x .  T h e  m i x i n g  u s e  a b o u t  4 5  s e c o n d s  a n d  a l l  

p r o c e s s e s  a r e  c o n t r o l l e d  a u t o m a t i c a l l y  i n  c o n t r o l l e d  r o o m .
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Figure 4 .1 3  C o n t r o l l e d  r o o m

6 . T r a c k  L o a d  O u t

A s p h a l t  c o n c r e t e

E l e c t r i c i t y

D i e s e l

^ P a v e m e n t

A f t e r  m i x i n g ,  a s p h a l t  c o n c r e t e  is  l o a d  o u t  to  

t r u c k  to  p a v e m e n t  a n d  t h e  d i s t a n c e  b e t w e e n  p l a n t  a n d  p a v i n g  i s  3 7  k i l o m e t e r s .

4 .1 .1 .1 .2  P a v e m e n t  P r o c e s s

O n  F r i d a y  m o r n i n g  o f  N o v e m b e r  2 ,  m y  t e a m  v i s i t e d  

T h a i w a t  E n g i n e e r i n g  C o  , ,L td  ( B a n g b u a t o n g )  to  c o l l e c t  t h e  p a v i n g  d a t a  a t  

C h i a n g r a k n o i  (เชียงรากน้อย). T h e r e  a r e  6  T r a i l e r s  a n d  4  t r u c k s  f o r  t h i s  p a v in g .
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Figure 4.14 I n t e r v i e w  S u p e r v i s o r .  Figure 4.15 I n t e r v i e w  F o r e m a n .

T h i s  is  t h e  j o b  o f  r e p a i r i n g  t h e  r o a d  w h i c h  p a v e  o n l y  

w e a r i n g  l a y e r .  W e a r i n g  w h i c h  is  c o v e r e d  w i t h  a  t h i c k n e s s  o f  5 c m  a n d  a  w i d t h  o f  1 0  

m e t e r s  a n d  a  d i s t a n c e  o f  1 .1  k m .  B e f o r e  t h e  p a v e m e n t  o f  w e a r i n g  l a y e r ,  t h e y  w i l l  

p r e p a r e  t h e  b a s e  l a y e r  b y  r e c y c l e d  t r u c k .  A n d  s h o v e l e d  t h e  o l d  m i x e d  w i t h  C e m e n t  3 -  

4 %  a n d  2 - 3 %  w a t e r ,  a n d  p o u r  i t  b a c k  o n  t h e  r o a d  in  a  s i n g l e  s t e p  a n d  l e a v e  i t  f o r  7 - 1 5  

d a y s  to  m a k e  t h e  C u r i n g .  W h e n  e x p i r e d ,  P r i m e  c o a t  w i l l  b e  p a v e  b y  a  r u b b e r  C S S 1  

a n d  l e a v e  2 4  h o u r s .  I n  b o t h  s t e p s ,  w e  d id  n o t  s e e  b e c a u s e  t h e y  h a v e  p r e p a r e d  s in c e  

l a s t  w e e k .  T h e n  w e  s t a r t e d  to  g e t  c o v e r e d  b y  p a v i n g  o f  w e a r i n g  la y e r .

1. A s p h a l t  c o n c r e t e  t r u c k s  a r e  c a r r i e d  m i x e d  

w h i c h  t e m p e r a t u r e  is  a b o u t  150-160 °c f r o m  t h e  p l a n t .  T h e  s i t e  w h i c h  is  l o c a t e d  

a b o u t  3 7  k m .  T r u c k  w a s  p a r k e d  a n d  t h e  c a r  l a t e r  p u l l e d  u p  n e x t  to  a  c a r  t h a t  w a s  f i r s t  

s h o w n .
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Figure 4.16 T r u c k  f o r  c a r r y i n g  a s p h a l t  c o n c r e t e .

2. A s p h a l t  c o n c r e t e  t r u c k s  p o u r  h o t - m i x e d  a s p h a l t  

i n t o  p a v e r  w h i c h  w a s  u s e d  to  p a v e  a n d  15 t o n s  o f  w e i g h t .  P a v e r  a n d  a s p h a l t  c o n c r e t e  

t r u c k  m o v e s  w i t h  a  s p e e d  o f  7.28 m / s  (  F r o m  a  d i s t a n c e  o f  a b o u t  15 m  a n d  a  t i m e r  f o r

2.06 m i n u t e s  ) , t h e  t e m p e r a t u r e  o f  t h e  a s p h a l t  c o n c r e t e  p a v i n g  w i l l  s t a r t  a t  a b o u t  1 4 5  

° c  b y  u s i n g  a  t h e r m o m e t e r  to  m e a s u r e  t e m p e r a t u r e .  I f  t h e  t e m p e r a t u r e  is  b e l o w  120 
° c , i t  c a n n o t  p a v e .

Figure 4.17 Thermometer to measure temperature.
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Figure 4.18 A s p h a l t  c o n c r e t e  t r u c k  p o u r  h o t - m i x e d  a s p h a l t  i n t o  p a v e r .

B e c a u s e  t h e  r o a d  is  p a v e d  l a n e  b y  l a n e  t h a t  is  5 

m e t e r s ,  s o  t h e  o p e r a t o r s  u s e  p i c k a x  to  e q u a l i z e  a t  e d g e  j o i n t s .  M o r e o v e r ,  t h e y  p a v e  

m o r e  a  t h i c k n e s s  o f  2 5 % ,  t h a t  i s ,  i f  t h e  s p e c i f i c a t i o n  is  5 c m  t h i c k ,  t h e y  w i l l  p a v e  

6 .2 5  c m .  a n d  it  b e c o m e s  to  5 c m  a f t e r  s t e a m r o l l e r .

Figure 4.19 Equalize at edge joints.
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3 . A f t e r  p a v e  b y  p a v e r ,  s t e e l  d r u m  r o l l e r  o r  

B r e a k d o w n  t h a t  w e i g h s  9  t o n s  u s e  t o  c o m p r e s s  t h e  r o a d .  T h e  s t e e l  w h e e l s  a r e  

l u b r i c a t e d  w i t h  w a t e r  f o r  p r o t e c t i n g  a s p h a l t  c o n c r e t e  a t t a c h e d  t o  t h e  w h e e l s  s e e i n g  

t h a t  t h e  t a n k  o f  w a t e r  i s  t h e  t o p  o f  t h e  w h e e l .  S t e e l  d r u m  r o l l e r  w i l l  b e  r u n n in g  a l l  2  

p a t h  (1 p a t c h  =  g o  +  b a c k )  a n d  h a v e  to  u s e  w a t e r  1 0 0 0  L i t e r s  p e r  5 0 0  m e t e r s  

( e s t i m a t e  f r o m  f o r e m a n ) .

Figure 4.20 S t e e l  d r u m  r o l l e r s  ( D Y N A P A C  C S 1 4 2 ) .

4 . A f t e r  t h a t ,  s t a t i c  p n e u m a t i c  t r i e d  r o l l e r  w h i c h  

h a s  9  w h e e l s  ( 4  w h e e l s  in  f r o n t  a n d  5 w h e e l s  in  b a c k )  a n d  1 4  t o n s  o f  w e i g h t  c o n t i n u e  

t o  c o m p r e s s  t h e  r o a d  r u n n i n g  a l l  14  p a t h  (1 p a t c h  =  g o  +  b a c k ) .  I n  g e n e r a l l y ,  s t a t i c  

p n e u m a t i c  t r i e d  r o l l e r  u s e  w a t e r  l u b r i c a t i n g  s a m e  a s  s te e l  d r u m  r o l l e r s  b u t  i t  is  

b r o k e n .  S o  t h e y  u s e  s o l a r - o i l  f o r  p r o t e c t i n g  a s p h a l t  c o n c r e t e  a t t a c h e d  t o  t h e  w h e e l s  

a n d  h a v e  to  u s e  s o la r /o i l  1 0  L i t e r s  p e r  5 0 0  m e t e r s  ( e s t i m a t e  f r o m  f o r e m a n ) .
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Figure 4.21 S t a t i c  p n e u m a t i c  t r i e d  r o l l e r  ( S A K A I  T S 2 0 0 ) .

B e t w e e n  t h e  p a v e m e n t s ,  t h e  t r u c k  o f  c a r r y i n g  th e  

w a t e r  a l w a y s  p a r k  f o r  a d d i n g  w a t e r  to  s te e l  d r u m  r o l l e r s .  T h e  t r u c k  c o n t a i n s  w a t e r  

1 5 ,0 0 0  c u b i c  m e t e r s  o f  a  d a y .

Figure 4.22 T r u c k  f o r  c a r r y i n g  t h e  w a te r .
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4 .1 .1 .2  D a ta  In ven tory

•  A s p h a l t  B i n d e r

A s p h a l t  b i n d e r  is  b o u g h t  f r o m  P T T  a n d  S h e l l  a t  

S r i r a c h a ,  C h o n b u r i  b y  1 8 - w h e e l  t r u c k  w h i c h  lo a d s  2 5  t o n s  a n d  u s e s  d i e s e l  f u e l .  F u e l  

c o n s u m p t i o n  is  a b o u t  2 .4  l i t e r s  o f  f u e l  p e r  k i l o m e te r .  B e f o r e  a p p l y i n g ,  a s p h a l t  b i n d e r  

s a m p l e  i s  t e s t e d  t h e  v i s c o s i t y  w i t h  f l o w i n g  w h i c h  s h o u l d  b e  m o r e  1 2 0  s e c o n d s  w i t h  

t e s t i n g  c u p .  A s p h a l t  b i n d e r  i s  k e p t  in  f i v e  t a n k s .  T h e r e  a r e  2  t a n k s  a n d  3 t a n k s  

c o n t a i n i n g  3 0  t o n s  a n d  15  t o n s  r e s p e c t i v e ly .

W e  c o l l e c t  d a t a  f r o m  t h e  c o n t r o l  r o o m .  T h e  

c o m p u t e r  s e t  a t  6 7 .1  k g  t o  p r o d u c e  1 b a t c h  (1  b a t c h  =  1 5 6 7 .1  k g ,  1 5 0 0  k g  o f  

a g g r e g a t e  +  6 7 .1  k g  o f  a s p h a l t  b in d e r )  b u t  a s p h a l t  b i n d e r  i s  d r o p  6 8  k g  a t  t h e  r e a l  

t im e .

•  A g g r e g a t e

T h e  p l a n t  o r d e r s  f r o m  S i r a m i t j a c h e o n  C o  , ,L td  

(โรงโม่หินศิลามิตรเจริญ (อู่ทอง) จำกัด) a n d  K a r n c h a n a s i r a p a n  C o  , ,L td  (โรงโม่หินกาญจนาศิลาภัณฑ์),

S u p h a n b u r i .  A g g r e g a t e  h a s  4  s iz e s  w h i c h  a r e  d u s t ,  3 /8  i n c h e s ,  3 /4  i n c h e s  a n d  1 /2  

i n c h e s .  T h e  t r a n s p o r t a t i o n  u s e s  1 8 - w h e e l  t r u c k  w h ic h  l o a d s  2 5  t o n s  a n d  u s e s  d i e s e l  

f u e l .  F u e l  c o n s u m p t i o n  is  a b o u t  2 .4  l i t e r s  o f  f u e l  p e r  k i l o m e t e r .  A g g r e g a t e  w i l l  b e  

p i l e d  u p  a n d  t r a n s p o r t e d  t o  4  c o l d  a g g r e g a t e  b u c k e t s  w i t h  a c c o r d i n g  s i z e  b y  t r a c t o r .  

T h e  t r a c t o r  w i l l  b e  u s e d  f o r  t r a n s p o r t i n g  w i t h i n  t h e  p l a n t  w h i c h  c o n s i s t s  o f  a g g r e g a t e  

a n d  s e d i m e n t  t r a n s f e r r i n g .  T h e  t r a c t o r  w o r k s  b y  u s i n g  d i e s e l  f u e l  a n d  5 0 0  t o n s  o f  

a g g r e g a t e  u s e d  a b o u t  8 0  l i t e r s  ( 0 .1 6  L i t r e s  /  t o n ) .

T h e  d a t a  o f  t h e  a g g r e g a t e  c o l l e c t  f r o m  t h e  

c o n t r o l  r o o m .  T h e  c o m p u t e r  s e t  1 5 0 0  k g  t o  p r o d u c e  1 b a t c h  (1 b a t c h  =  1 5 6 7 .1  k g ,  

1 5 0 0  k g  o f  a g g r e g a t e  +  6 7 .1  k g  o f  a s p h a l t  b i n d e r ) ,  w h i c h  is  p r o p o r t i o n a l  to  t h e  s i z e  

o f  t h e  j o b  m i x  d e s ig n .  I n  t h i s  p r o j e c t  u s e s  o f  7 0 0  k g  o f  d u s t  a g g r e g a t e ,  4 5 5  k g  o f  3 /8  

i n c h e s  a g g r e g a t e ,  1 8 5  k g  o f  3 /4  i n c h e s  a g g r e g a t e  a n d  1 6 0  k g  o f  1 /2  i n c h e s  a g g r e g a t e  

b u t  t h e  f a c t  t h a t  t h e  a g g r e g a t e  is  d r o p p e d  to  e x c e e d  t h e  1 5 0 0  k g  a b o u t  0  t o  2 .4 % .
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•  P o n d  W a t e r

T h e  p l a n t  w i l l  u s e  t h e  w a t e r  f r o m  t h e  p o n d  

b e h i n d  t h e  p l a n t .  U s i n g  p u m p  d i s c h a r g e  f l o w  r a t e  c o n s t a n t  b y  1 0  a m p e r e s  c u r r e n t ,  

2 5 0  v o l t s  v o l t a g e  a n d  2 ,5 0 0  w a t t s  o f  p o w e r .  W a t e r  is  u s e d  f o r  t h e  w a t e r  t r a p  d u s t  

a r i s i n g  f r o m  t h e  p r o d u c t i o n  p r o c e s s  a n d  p u l l e d  i n  r o l l e r s  f o r  p a v e m e n t .

T h e  d a t a  o f  w a t e r  is  u s e d  to  m e a s u r e  t h e  f l o w  

r a t e  o f  w a t e r  b e c a u s e  w a t e r  is  r e c y c l e d  w h ic h  c a n n o t  f i n d  t h e  e x a c t  a m o u n t  o f  w a t e r  

u s e d .  T h e  m e a s u r e m e n t  o f  f l o w  r a t e  i s  p o u r i n g  w a t e r  i n  1 5 ,0 0 0  l i t e r  t a n k  a l o n g  w i t h  a  

t i m e r  u n t i l  t h e  w a t e r  i n  t a n k  is  f u l l .  F r o m  t h e  c a l c u l a t i o n ,  t h e  f l o w  r a t e  o f  w a t e r  is

1 ,1 4 9 .5  l i t e r s  p e r  m i n u t e  o r  1 9 .1 1  l i t e r s  p e r  s e c o n d .

N o t e  t h a t  w e  w o u l d  l ik e  t o  d i s c u s s  e v a p o r a t i o n

w a t e r  l o s s  a b o u t  1 0 %

•  F u e l  O i l

T h e  p l a n t  o r d e r s  f r o m  S h e l l  C o m p a n y  in  

S r i r a c h a ,  C h o n b u r i  b y  1 0 - w h e e l  t r u c k  w i t h  1 5 ,0 0 0  l i t e r s  p e r  e a c h  a n d  u s e  d i e s e l  fu e l .  

T h e  o i l  i s  u s e d  f o r  b u r n i n g  a g g r e g a t e  to  1 6 0 - 1 7 0  ° c  t e m p e r a t u r e .

F r o m  a s k in g ,  w e  h a v e  f o u n d  t h a t  u s i n g  1 2  l i t e r s

p e r  o n e  b a t c h  a s p h a l t  c o n c r e t e .

•  H o t  O i l

H o t  o i l  i s  u s e d  a s  a  fu e l  f o r  h e a t  a n d  c o n t r o l  t h e  

t e m p e r a t u r e  o f  t h e  a s p h a l t  b i n d e r  a t  150 °c. T h e  p l a n t  w i l l  b e  p u r c h a s e d  f r o m  S h e l l  

a t  S r i r a c h a ,  C h o n b u r i  b y  t r u c k  w h i c h  u s e d  d ie s e l  a s  f u e l .  T h e n  b e  s t o r e d  in  t a n k s  a t  

t h e  p l a n t  w h i c h  h a s  a  c a p a c i t y  o f  600 l i t e r s .

O f  i n q u i r y  f o u n d  t h a t  t h e  a d d i t i o n  h o t  o i l  a b o u t

2 0 0  l i t e r s  p e r  y e a r .  •

•  E l e c t r i c i t y

T h e r e  a r e  t w o  m e t e r s  w h i c h  t h e  l a r g e  m e te r

c o v e r s  a  t o t a l  a r e a  a n d  s m a l l  m e t e r  is  f o r  t h e  w o r k e r s  h o u s e .
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T h e  d a t a  is  f r o m  m a k i n g  a  n o t e  o f  t h e  b o th  

m e t e r s  a n d  b e f o r e - a f t e r  p r o d u c t i o n .  T h e n  s u b t r a c t  t h a t  v a l u e .  M o r e o v e r  e l e c t r i c i ty  

c o n s u m p t i o n  w i t h i n  o f f i c e  a n d  p a r t i a l  w o r k e r s  h o u s e  w i l l  b e  e l i m i n a t e d  f o r  

r e m a i n i n g  e l e c t r i c i t y  c o n s u m p t i o n  in  t h e  p r o d u c t i o n  o n ly .  E l e c t r i c i t y  b i l l  w i l l  h e l p  to  
c a l c u l a t e  e a s i e r .

พ'พุ้*'ไพ1 f r o t a £ n s f t « M * M  H ส น า เ O w t i

u î พ้แใi«)7w\r>V' '>1' .  » .ะแท่:?ใ»Itเท่! 3» น2 ฯใ1๙''» '3 m: A fï‘ r 0.-1 ÎÙ1-I-.V*
ฟ้'(1*juwliaa •*»» ’.i!»«,v --«ÎÎUftHllv JWM -J-vl'jvi นรเ1"* f 6'I VAT?) i\:

2'Oi 102006? 3Ü/09/Ù5 '362 91,000 3 6 9 ,0 0 2 .3 6

I _M  พ ' น » . itatfsi 1 WMA4 i'.'t j-3 ' Xïûw» 1
tr.iumîttÎH

A เไฟฟ่ uîiUiV̂ i'j
Ol wn 1.  t’4 i

AriitÀuaiTîoôitrnl'i
*  TU น. <**61.9?% พ' MS kW**> 
l iw v i 1 t ไÇi^OV. y )U*|Jใ เพ่’3iîti -liiTtî -1 
ท ุ่ใ ไ ห ^ iJ W tll (T*.)
■*v»>!>» ฯ: TVV;*îjuftimii Ie*

1๙ » ใ ฟ ฟ ์' เน >1ÎM  >1วง  1'* ต U ' i j s j ' j r s !
11»» {ฟ้ ii*K>hl*r*KihtuTW ร ».2 10‘J*0

นไท

I
'โ :» , ใ ■ เ ร ่. ,:•ร

นาท

น’*ท} เทฯ บ”>1 
บ’!» 
\T-rf

r*i imwOiûpy Q.4ÉQÔ บliVviน่วบ ,
ท ํน 2ÏÎ Cn» Pw & 3 ? # 0 0 0  พ ิเร แ

< h v ~  tr?  fcâk 5-4, oc G หนไ»MV, o» ft*kvnj.v aft r*«fc
325 <n»w 220 «fttrîiw ?74 fftnTB

g™ §jySj i**ggg r»
mr* f T ร'ร' * jrm ruWhJi ‘• *Yà ♦ .พ» พโทฺเ U6.USJ0 11ไท

» M.b'Jjvu-t*aiïÿimmv !“* 2*1Hi 9B -j->» J17. 504.C0 น'*ท 
2*3. M » ? 0 น-พ

gpg ;

Figure 4.23 E l e c t r i c i t y  b i l l .



6 3

Table 4.1 R e s u l t s  o f  th e  in v e n to r y  a n a ly s i s  o f  e le c t r ic i t y  fo r  o f f i c e

E lec tr ic  eq u ip m en t „ 0 .
II _0+

S/H?Iใ(hour/day) (W a tt) U n it
M e e tin g  R o o m

1 B u lb 6 3 15 0 .2 7
2 F lu o rescen t 4 3 3 6 0 .4 3 2
3 A ir  C o n d itio n er 1 3 12 00 3 .6

O ffic e
1 PHILIPS 107 SI Computer 1 15 5 0 0 7.5
2 W eig h ter 1 15 2 0 0.3
3 E P S O N  L Q -3 0 0 -II  Printer 1 15 6 0 0 .9
4 F lu o rescen t 7 15 3 6 3 .7 8
5 S creen  C o m p u ter 2 15 3 3 0 9 .9
6 C P U 2 15 150 4 .5
7 loudspeaker 2 15 10 0.3
8 U P S 1 15 1 2 00 18
9 E P S O N  S ty lu s  Printer 1 15 6 0 0 .9

10 S m a ll Printer 1 15 4 .5 0 .0 6 7 5
11 Photocopier 1 15 2 0 0 3
12 F ax 1 15 6 0 0 .9
13 T P -L IN K  T D 8 5 4 W 1 15 15 00 2 2 .5

1 T o ile t
1 L o n g  ligh t bu lb 2 2 3 6 0 .1 4 4

B u ild in g
1 B u lb 6 8 18 0 .8 6 4
2 F reezer 1 8 150 1.2
3 Fan 2 8 6 0 0 .9 6
4 T e le v is io n 1 8 6 0 0 .4 8
5 R efrigerator 1 8 120 0 .9 6
6 Sh ort ligh t b u lb 8 18 0

6 h o u ses
1 S h ort ligh t b u lb 36 8 18 5 .1 8 4
2 T e le v is io n 6 8 60 2 .8 8
3 R efrig era tor 6 8 120 5 .7 6
4 Fan 12 8 6 0 5 .7 6

T ota l 1 0 1 .0 4 1 5
1 m onth 3 0

3 ,0 3 1 .2 4 5
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Table 4.2 Results of the inventory analysis of electricity

August July June
Amount of hot-mixed asphalt production (Ton) 4 ,723 2 1 ,9 8 2 13,859
Electricity used total (unit) 6 3 ,0 0 0 167 ,000 133,000
Electricity for habitation within the plant (unit) 8 ,9 4 6 .2 9 8 ,9 4 6 .2 9 8 ,6 5 7 .7 0
Electricity for office within the plant (unit) 3 ,1 3 2 .3 0 3 ,132 .30 3 ,0 3 1 .2 6
Electricity for hot-mixed asphalt production (unit) 5 0 ,9 2 1 .4 1 154 ,9 2 1 .4 1 121 ,3 1 1 .0 4
Electricity for hot-mixed asphalt production (unit/Ton) 10.78 7 .0 5 8 .75
Average electricity for hot-mixed asphalt production (unit/Ton) 8 .8 6

• Bitufresh
Bitufresh is used to adjust the flavor of the 

Asphalt binder and required that the addition of 1 liter bitufresh per 15 tons asphalt 
binder.

• Lubricant
Lubricant is used to lubricate machinery and 

required the addition of 1 kg per day (no matter how large or small it will be 
produced).

• Sediment
Dust is trapped with water. This will precipitate 

out. The plant will use a tractor for transporting to leave from the factory every day.
For the production of the Asphalt concrete 500 tons,

sediment dust is about 5 tons. •

• Emission
Emission is analyzed from Environmental 

Responsibility with accuracy measurement.
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Figure 4.24 Analysis emission report.
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4.1.1.2.1 Production Process

Table 4.3 Results of the inventory analysis of one ton asphalt concrete production

Raw material

.... g j j  I J #

Products
u  ̂ _____ .

Asphalt binder 43 kg asphalt concrete 10 00 kg
Fine Aggregate 439 kg

3/8 inches Aggregate 300 kg Waste
3/4 inches Aggregate 107 kg Aggregate (off spec) 0.968 kg
1/2 inches Aggregate 122 kg Sediment 1 0 .1 0 kg

Pond water 688 Litres Waste emission
Electricity 9 units Waste water 68.82 Litres

Grease 1.79 grams
Bitufresh 0.00286 Litres Air emissions

Fuel S02 66.92 ppm
Fuel Oil 8 Litres NOx 247.11 ppm
Hot oil 0.00123 Litres CO 962.70 ppm

4.1.1.2.2 Transportation
In this study, data divide 7 parts of transportations 

which present emission based on one ton hot-mixed asphalt production at all.
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Table 4.4 Emissions from transportation for asphalt binder

Transportation o f Asphalt Binder
Input Inventory Output Inventory

Description Unit Amount Description I Unit 1 Amount 1
R e s o u r c e Product
Diesel kg 0 .0 7 3 5 Asphalt Binder [ kg 43

E m is s io n  to  a ir
Carbon dioxide (C0 2) g 274 .41
Carbon monoxide (CO) g 1.2151
Nitrogen oxides (NOx) g 3 .2 6 9 8
Particulate matter (PM) g 0 .2 4 5 4
Hydrocarbons (HC) g 0 .2 8 2 2
Methane (CH4) g 0 .0 0 6 6
Benzene (C2H6) g 0 .0 0 5 3
Toluene (C7Hg) g 0 .0 0 2 0
Xylene (CgH,o) g 0 .0 0 2 0
Non -  methane volatile organic compounds (NMVOCs) g 0 .0 6 1 8
Sulfur oxides (SOx) g 0 .0 5 0 0
Nitrous Oxide (N20 ) g 0 .0 0 9 2
Cadmium g 7 .11E-0 7
Copper g 1.2 1 E-0 4
Chromium g 3 .5 5 E-0 6
Nickel g 4 .9 7 E-0 6
Selenium g 7 .11E-0 7
Zinc g 7 .11E-0 5
Lead g 7 .8 3 E-0 9
Mercury g 1.4 2 E-0 9
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Table 4.5 Emissions from transportation for aggregate

Transportation o f Aggregate
Input Inventory Output Inventory

1 Description Unit Amount Description [ Unit 1 Amount 1
; R e s o u r c e Product
1 Diesel kg _ 1 .2 4 3 7 Aggregate r  kg 9 6 8

E m is s io n  to  a ir
Carbon dioxide (C0 2) g 4 6 4 3 .1 5 7
Carbon monoxide (CO) g 2 0 .5 6 1
Nitrogen oxides (NOx) g 5 5 .3 2 6
Particulate matter (PM) g 4 .1 5 2
Hydrocarbons (HC) g 4 .7 7 6
Methane (CH4) g 0 .111
Benzene (C2H6) g 0 .0 8 9
Toluene (C71I8) g 0 .0 3 3
Xylene (CgHio) g 0 .0 3 3
Non -  methane volatile organic compounds (NMVOCs) g 1 .046
Sulfur oxides (SOx) g 0 .8 4 6
Nitrous Oxide (N20 ) g 0 .1 5 6
Cadmium g 1.2 0 E-0 5
Copper g 2 .0 5 E-03
Chromium g 6 .0 1 E-0 5
Nickel g 8 .4 2 E-0 5
Selenium g 1.2 0 E-0 5
Zinc g 1.2 0 E-03
Lead g 1.3 2 E-0 7
Mercury g 2 .4 0 E-0 8
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Table 4.6 Emissions from transportation for fuel-oil

Transportation o f Fuel-Oil
Input Inventory Output Inventory

Description Unit Amount Description 1 Unit Amount
Resource Product

D ie s e l k g 0 .0 1 4 F u e l-O i l k g 7 .1 2
E m i s s i o n  t o  a i r
C a r b o n  d io x id e  ( C 0 2) g 4 3 .9 7 7
C a r b o n  m o n o x id e  ( C O ) g 0 .1 5 1
N i t r o g e n  o x id e s  ( N O x) g 0 .4 5 3
P a r t i c u l a t e  m a t te r  ( P M ) g 0 .0 3 4
H y d r o c a r b o n s  (H C ) g 0 .0 3 9
M e th a n e  ( C H 4) g 9 .8 0 E - 0 4
B e n z e n e  ( C 2H 6) g 7 .4 7 E - 0 4
T o lu e n e  ( C 7H 8) g 3 .1 5 E - 0 4
X y le n e  (C g H ,o ) g 3 .1 5 E - 0 4
N on -  m eth an e  vo latile  o rg an ic  com pounds (N M V O C s) g 7 .5 1 E - 0 2
S u l f u r  o x id e s  ( S O x) g 9 .4 8 E -0 3
N i t r o u s  O x id e  ( N 20 ) g 1.7 4 E -0 3
C a d m iu m g 1 .3 5 E -0 7
C o p p e r g 2 .3 0 E - 0 5
C h r o m iu m g 6 .7 6 E - 0 7
N ic k e l g 9 .4 7 E - 0 7
S e le n iu m g 1 .3 5 E -0 7
Z in c g 1 .3 5 E -0 5
L e a d g 1 4 9 E - 0 9
M e r c u ry g 2 .7 0 E - 1 0
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Table 4.7 Emissions from transportation for hot-oil

Transportation of Hot-Oil
Input Inventory Output Inventory

1 Description Unit Amount Description 1 Unit 1 Amount
Resource Product

1 D ie s e l k g 7E-06 H o t- O i l k g 0.00107
E m i s s i o n  t o  a i r
C a r b o n  d io x id e  ( C 0 2) g 0.0203
C a r b o n  m o n o x id e  ( C O ) g 2.51E-04
N i t r o g e n  o x id e s  ( N O x) g 5.40E-05
P a r t ic u l a t e  m a t t e r  ( P M ) g 1.69E-06
H y d r o c a r b o n s  ( H C ) g 4.70E-05
M e th a n e  (C H 4) g 1.12E-06
B e n z e n e  ( C 2H 6) g 8.96E-07
T o lu e n e  ( C 7H 8) g 3.75E-07
X y le n e  (CgHio) g 3.75E-07
N on  -  m ethane v o la tile  o rg an ic  com pounds (N M V O C s) g 2.44E-05
S u l f u r  o x id e s  ( S O x) g 4.64E-06
N i t r o u s  O x id e  ( N 20 ) 8 8.31E-07
C a d m iu m g 6.63E-11
C o p p e r g 1.13E-08
C h r o m iu m g 3.32E-10
N ic k e l g 4.64E-10
S e le n iu m g 6.63E-11
Z in c g 6.63E-09
L e a d g 7.30E-13
M e r c u ry g 1.33E-13
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Table 4.8 Emissions from transportation for grease

Transportation of Grease
Input Inventory Output Inventory

1 Description Unit Amount Description 1 Unit Amount
Resource Product

D ie s e l k g I E - 0 5 G re a s e I k g 0 .0 0 1 7 9
E m i s s i o n  t o  a i r
C a r b o n  d io x id e  ( C 0 2) g 0 .0 3 4 1
C a r b o n  m o n o x id e  (C O ) g 0 .0 0 0 4
N i t r o g e n  o x id e s  ( N O x) g 9 .1 2 E - 0 5
P a r t ic u la te  m a t t e r  (P M ) g 2 .8 5 E - 0 6
H y d r o c a r b o n s  ( H C ) g 7 .8 9 E - 0 5
M e th a n e  ( C H 4) g 1 .8 9 E -0 6
B e n z e n e  ( C 2H 6) g 1 .5 1 E -0 6
T o lu e n e  ( C 7H 8) g 6 .3 0 E - 0 7
X y le n e  ( C ,H ,o ) g 6 .3 0 E - 0 7
N on -  m eth an e  vo la tile  o rgan ic  c o m p o u n d s (N M V O C s) g 4 .1 1 E - 0 5
S u l f u r  o x id e s  ( S O x) g 7 .8 1 E - 0 6
N i t r o u s  O x id e  ( N 20 ) g 1 .4 0 E -0 6
C a d m iu m g 1.11 E - 10
C o p p e r g 1 .9 0 E -0 8
C h r o m iu m g 5 .5 9 E - 1 0
N ic k e l g 7 .8 1  E - 10
S e le n iu m g I . 1 1 E - 10
Z in c g 1 .1 1 E -0 8
L e a d g 1 .2 3 E -1 2
M e r c u ry g 2 .2 3 E - 1 3
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Table 4.9 Emissions from transportation for asphalt concrete

Transportation o f Asphalt Concrete
Input Inventory Output Inventory

Description Unit Amount Description Unit Amount
Resource Product

D ie s e l k g 0 .5 1 2 8 A s p h a l t  C o n c r e te k g 1 0 0 0
E m i s s i o n  t o  a i r
C a r b o n  d io x id e  ( C 0 2) g 1 6 0 7 .6 5
C a r b o n  m o n o x id e  ( C O ) g 5 .5 0 9
N i t r o g e n  o x id e s  ( N O x) g 1 6 .5 5 8
P a r t i c u l a t e  m a t te r  ( P M ) g 1 .2 4 0
H y d r o c a r b o n s  (H C ) g 1 .4 3 9
M e th a n e  (C H 4) g 0 .0 3 3
B e n z e n e  ( C 2H 6) g 0 .0 2 7
T o lu e n e  ( C 7Hg) g 0 .0 1 2
X y le n e  (C gH io ) g 0 .0 1 2
N on  -  m ethane  vo la tile  o rg a n ic  com pounds (N M V O C s) g 2 .7 4 5
S u l f u r  o x id e s  ( S O x) g 0 .3 4 8
N i t r o u s  O x id e  ( N 20 ) g 0 .0 6 3
C a d m iu m g 4 .9 6 E - 0 6
C o p p e r g 8 .4 0 E -0 4
C h r o m iu m g 2 .4 7 E -0 5
N ic k e l g 3 .4 6 E -0 5
S e le n iu m g 4 .9 6 E - 0 6
Z in c g 4 .9 6 E - 0 4
L e a d g 5 .4 4 E -0 8
M e r c u r y g 9 .8 8 E - 0 9
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Table 4.10 Emissions from transportation for water

Transportation of Water
Input

Inventory Output Inventory
Description Unit Amount Description Unit Amount

Resource Product
D ie s e l k g 0 .0 0 1 8 W a te r k g 3 .7

E m i s s i o n  t o  a i r
C a r b o n  d io x id e  ( C 0 2) g 5 .5 2 6 7
C a r b o n  m o n o x id e  (C O ) g 0 .0 1 8 9
N i t r o g e n  o x id e s  ( N O x) g 0 .0 5 6 9
P a r t ic u la te  m a t t e r  ( P M ) g 0 .0 0 4 3
H y d r o c a r b o n s  ( H C ) g 0 .0 0 4 9
M e th a n e  ( C H 4) g 0 .0 0 0 1
B e n z e n e  ( C 2H 6) g 9 .3 9 E - 0 5
T o lu e n e  ( C 7H 8) g 3 .9 6 E - 0 5
X y le n e  (C g H io ) g 3 .9 6 E - 0 5
N on  -  m eth an e  v o la tile  o rg an ic  co m p o u n d s  (N M V O C s) g 9 .4 3 E - 0 3
S u lf u r  o x id e s  (S O „ ) g 1 .1 9 E -0 3
N i t r o u s  O x id e  ( N 20 ) g 2 .1 9 E - 0 4
C a d m iu m g 1 .7 0 E -0 8
C o p p e r g 2 .8 9 E - 0 6
C h r o m iu m g 8 .5 0 E - 0 8
N ic k e l g 1 .1 9 E - 0 7
S e le n iu m g 1 .7 0 E -0 8
Z in c g 1 .7 0 E -0 6
L e a d g 1 .8 8 E -1 0
M e r c u ry g 3 .4 0 E - 1 1
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4 .1 .1 .2 .3  P a v i n g  P r o c e s s

Table 4.11 R e s u l t s  o f  t h e  i n v e n t o r y  a n a l y s i s  o f  p a v i n g  p e r  o n e  t o n  a s p h a l t  c o n c r e t e  

p r o d u c t i o n

Process Construction
P a v in g B rea k d o w n  R o llin g F in ish  R o llin g

T im e  U s e d 0 .0 0 5 2  h 0 .0 0 1 0 3  h 0 .0 3 5  h
E n e rg y  co n su m ption  (M J)

F u e l (D ie s e l ) 5 .7 9 0 .2 6 2 3 1 2 .1 6 4 1
W ater u sed(L itres)

W a te r  u s e d - 4 .5 7 6 2 4 .5 7 6 2

4 .1 .1 .2 .4  D i s p o s a l  P r o c e s s

T h e  w a s t e  m a n a g e m e n t  o f  t h i s  s t u d y  h a s  t w o  d i f f e r e n t  

w a s t e  t r e a t m e n t  s c e n a r i o s :  l a n d f i l l  a n d  r e c y c l e .  I n  t h i s  r e s e a r c h ,  t h e  in v e n t o r y  

a n a l y s i s  o f  e n d  o f  l i f e  p h a s e  i n v o l v e s  t h e  c o l l e c t i o n  a n d  c o m p u t a t i o n  o f  d a t a  to  

q u a n t i f y  r e l e v a n t  i n p u t s  a n d  o u t p u t s  o f  th e  s y s t e m ,  t h e  u s e  o f  e n e r g y ,  a n d  e m is s i o n s  

to  a i r .  T h e  i n v e n t o r y  d a t a  w e r e  f u r t h e r  a n a l y z e d  b y  S i m a P r o  7 .3  p r o g r a m  w i t h  E c o -  

I n d i c a t o r  9 5  m e t h o d  a n d  C M L  2  b a s e l i n e  2 0 0 0  m e t h o d  w a s  u s e d  to  c o m p u t e  e n e r g y  

d e m a n d  a n d  e n v i r o n m e n t a l  i m p a c t  p o te n t i a l s .

4 .1 .1 .2 .4 .1  T r a n s p o r t a t i o n  f o r  W a s t e  C o l l e c t i o n

T h e  t r a n s p o r t a t i o n  a s p h a l y  w a s t e  f r o m  

p a v e m e n t  s i t e  t o  d i s p o s a l  s i t e  is  a p p r o x i m a t e l y  3 7  k m  b y  u s i n g  1 0 - w h e e l  t r u c k  a t  fu l l  

l o a d  1 6  t o n s  a n d  g o  t h r o u g h  a l l  k i n d  o f  h a r d s h i p s  a n d  d i f f i c u l t i e s  c o n d i t i o n .
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Table 4.12 Emissions from transportation for waste collection

Transportation o f Asphalt Concrete
Input Inventory Output Inventory

Description Unit Amount Description Unit Amount
Resource Product

D ie s e l k g 0 .5 1 2 8 A s p h a l t  C o n c r e te k g 9 9 0
E m i s s i o n  t o  a i r
C a r b o n  d io x id e  ( C 0 2) g 1 6 0 7 .6 5
C a r b o n  m o n o x id e  ( C O ) g 5 .5 0 9
N i t r o g e n  o x id e s  ( N O x) g 1 6 .5 5 8
P a r t i c u l a t e  m a t t e r  ( P M ) g 1 .2 4 0
H y d r o c a r b o n s  ( H C ) g 1 .4 3 9
M e th a n e  ( C H 4) g 0 .0 3 3
B e n z e n e  ( C 2H 6) g 0 .0 2 7
T o lu e n e  ( C 7H 8) g 0 .0 1 2
X y le n e  ( C sH ,o ) g 0 .0 1 2
N o n  -  m ethane  v o la tile  o rg a n ic  com p o u n d s (N M V O C s) g 2 .7 4 5
S u l f u r  o x id e s  ( S O x) g 0 .3 4 8
N i t r o u s  O x id e  ( N 20 ) g 0 .0 6 3
C a d m iu m g 4 .9 6 E - 0 6
C o p p e r g 8 .4 0 E -0 4
C h r o m iu m g 2 .4 7 E -0 5
N ic k e l g 3 .4 6 E - 0 5
S e le n iu m g 4 .9 6 E - 0 6
Z in c g 4 .9 6 E - 0 4
L e a d g 5 .4 4 E -0 8
M e r c u ry g 9 .8 8 E - 0 9

4 .1 .1 .2 .4 .2  L a n d f i l l

In  l a n d f i l l ,  w e  u s e  i n f o r m a t i o n  f r o m  e c o - i n v e n t  

d a t a  b a s e  w i t h  l % l o s s .  T h i s  s tu d y  a n a l y z e d  b a s e d  o n  1 t o n  a s p h a l t  c o n c r e t e  t r e a t e d  

a f t e r  s e r v i c e  p e r i o d  o f  t h e  r o a d .
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Table 4.13 R e s u l t s  o f  t h e  i n v e n t o r y  a n a l y s i s  o f  l a n d f i l l  b a s e d  o n  o n e  t o n  o f  a s p h a l t  

w a s t e .

Quantity Quantity^

R e c l a i m e d  a s p h a l t  p a v e m e n t A s p h a l t  b i n d e r  +  a g g r e g a t e

4 .1 .1 .2 .4 .3  R e c y c l i n g

F o r  r e c y c l i n g  w e  u s e  i n f o r m a t i o n  f r o m  l i t e r a t u r e s .  

T h e  r e c o v e r y  a n d  p r o c e s s i n g  o f  t h e  r e c y c l e d  a s p h a l t  c o n c r e t e  r e q u i r e  a d d i t i o n a l  

e n e r g y  i n p u t s .  T h e s e  i n p u t s  i n c l u d e  t h e  e n e r g y  r e q u i r e d  t o  r e c o v e r ,  l o a d ,  a n d  c r u s h  

a s p h a l t  c o n c r e t e  ( L e v i s ,  2 0 0 8 ) ;  h o w e v e r ,  t h e  G H G  e m i s s i o n s  a s s o c i a t e d  w i th  t h e s e  

a d d i t i o n a l  e n e r g y  i n p u t s  a r e  o u t w e i g h e d  b y  t h e  G H G  s a v i n g s  f r o m  t h e  a v o i d e d  r a w  

m a t e r i a l  e x t r a c t i o n  f o r  a g g r e g a t e  a n d  c r u d e  o i l ,  a s  w e l l  a s  t h e  a v o i d e d  a s p h a l t  b in d e r  

p r o d u c t i o n .

Table 4.14 R e s u l t s  o f  t h e  i n v e n t o r y  a n a l y s i s  o f  r e c y c l i n g  s c e n a r i o  b a s e d  o n  o n e  to n  

o f  a s p h a l t  w a s t e

I n p u t

R aw  m ateria l

É M U
Q u a n t i t y U n i t

O u tp u t
I t e m

i ะ
Q u a n t i t y

-T? V  
( u n i t

R e c l a i m e d  a s p h a l t  p a v e m e n t 1 0 0 0 k g A s p h a l t  b i n d e r  +  a g g r e g a t e 9 9 0 k g

E n ergy W aste
P o w e r  s h o v e l 1 0 .0 2 1 M J A s p h a l t  b i n d e r  +  a g g r e g a t e 1 0 k g
M o t o r  g r a d e r 1 .9 9 3 M J
S t o r a g e ,  c r u s h i n g ,  s c r e e n i n g 2 5 M J
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4.1.1.3 Life Cycle Impact Assessment
A f t e r  L C I  f o r  h o t - m i x e d  a s p h a l t  w a s  c o m p l e t e d ,  l i f e  c y c le  

i m p a c t  a s s e s s m e n t  ( L C I A )  c o u l d  b e  a n a l y z e d  f o r  o n e  t o n  o f  h o t - m i x e d  a s p h a l t  f o r  

r e l e v a n t  i m p a c t  c a t e g o r i e s ,  u s i n g  b o t h  i m p a c t  a s s e s s m e n t  m o d e l  C M L  2  b a s e l in e  

2 0 0 0  a n d  E c o - I n d i c a t o r  9 5 .  F i g u r e  4 .2 5  i l l u s t r a t e s  a  s i m p l e  p r o c e s s  d i a g r a m  o f  h o t -  

m i x e d  a s p h a l t  p r o d u c t i o n ,  w h i c h  c a n  b e  d i v i d e d  i n t o  3  m a i n  u n i t  p r o c e s s e s :  h o t -  

m i x e d  a s p h a l t  p r o d u c t i o n  ( r a w  m a t e r i a l  +  p r o d u c t i o n ) ,  t r a n s p o r t a t i o n  a n d  p a v e m e n t .  

F i g u r e  4 .2 6  s h o w s  t h e  g r e e n h o u s e  g a s  ( G H G )  e m i s s i o n  in  e a c h  u n i t  p r o c e s s  p e r  t o n  

o f  H M A  p r o d u c t i o n .  I t c a n  b e  s e e n  f r o m  t h i s  f i g u r e  t h a t  r a w  m a te r i a l  h a s  th e  h ig h e s t  

G H G  i m p a c t  a m o n g  t h e  f o u r  u n i t  p r o c e s s  o f  t h e  o v e r a l l  h o t - m i x e d  a s p h a l t  

p r o d u c t i o n .

Figure 4.25 A  S i m p l e  p r o c e s s  d i a g r a m  o f  a s p h a l t  p r o d u c t i o n  a n d  u s a g e .
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Figure 4.26 G H G  e m i s s i o n  o f  h o t - m i x e d  a s p h a l t  p r o d u c t i o n  f o r  e a c h  u n i t  p r o c e s s  b y  

C M L  2  b a s e l i n e  2 0 0 0 .

•  G l o b a l  W a r m i n g  P o t e n t i a l  ( G W P )

G W P  i m p a c t  i s  r e p r e s e n t e d  b y  G H G  e m i s s i o n  a s  

s h o w n  i n  F i g u r e  4 .2 6 .  F r o m  t h e  f i g u r e ,  i t  c a n  b e  s e e n  t h a t  t h e  m o s t  G H G  e m i s s i o n  in  

r a w  m a t e r i a l  i s  f r o m  b i t u m e n  b e c a u s e  i t  i n c l u d e  e m i s s i o n  f r o m  c r u d e  o i l .
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Figure 4.27 C o m p a r i s o n  o f  G W P  o f  p r o d u c t i o n  p r o c e s s  b e t w e e n  B a n g b u a t o n g  

p la n t ,  H M A _ L e n g  a n d  A l - Q a d i ( 2 0 1 1) a n d  H M A _ B u t t  ( 2 0 1 2 )  b y  u s i n g  C M L  2  

b a s e l i n e  2 0 0 0 .

c y c l e  a s s e s s m e n t  ( L C A )  b e t w e e n  w a r m  s t o n e  m a s t i c  a s p h a l t  ( S M A )  a n d  

c o n v e n t i o n a l  S M A .  S p e c i f i c a l l y ,  t h e  s tu d y  e v a l u a t e d  a n d  c o m p a r e d  t h e  l i f e  c y c le  

e n v i r o n m e n t a l  a n d  e c o n o m i c  p e r f o r m a n c e s  o f  t w o  m i x t u r e s :  a  w a r m  S M A  b in d e r  

c o u r s e  m i x t u r e  w i t h  a  c h e m i c a l  a d d i t i v e  a n d  a  c o n t r o l  h o t  S M A  b i n d e r  c o u r s e  

m i x t u r e .  B o t h  o f  t h e s e  m i x t u r e s  w e r e  u t i l i z e d  a s  p a r t  o f  a  c o m p l e t e  o v e r l a y  p r o j e c t  o n  

t h e  V e t e r a n s  M e m o r i a l  E x p r e s s w a y  ( 1 -3 5 5 )  n e a r  C h i c a g o  a s  p a r t  o f  t h e  I l l i n o i s  

T o l l w a y  s y s t e m .  M o r e o v e r ,  B u t t  ( 2 0 1 2 )  r e p o r t e d  t h e  s e l e c t e d  p a v e m e n t  p r o f i l e  a n d  

m a t e r i a l s  w e r e  b a s e d  o n  a  c o m m o n l y  b u i l t  S w e d i s h  p a v e m e n t  s t r u c t u r e  t h a t  is  

d e s i g n e d  t o  h a v e  a  s e r v i c e  l i f e  t i m e  o f  2 0  y e a r s .  T h e  p a v e m e n t  c o n s i s t e d  o f  a  5 0  m m  

t h i c k  w e a r i n g  c o u r s e ,  b in d e r  c o u r s e  ( d i f f e r e n t  f o r  d i f f e r e n t  c a s e s  d e p e n d i n g  o n  th e  

d e s i g n )  a b o v e  a n  8 0  m m  b a s e  c o u r s e  a n d  a  4 2 0  m m  g r a n u l a r  s u b - b a s e  l a y e r .

h a s  s h o w n  to  b e  t h e  h ig h e s t  G W P  w h ic h  i s  e q u a l  to  4 3 .6 4  k g  C O 2 e q .  /  T o n  o f  

a s p h a l t .  T h e  l o w e s t  G W P  is  H M A J 3 u t t  ( 2 0 1 2 )  h a s  s h o w n  t h e  G W P  2 8 .5 0  k g  C O 2

L e n g  a n d  A l - Q a d i  ( 2 0 1 1 )  p r e s e n t e d  t h e  c o m p a r a t i v e  l i f e

F r o m  F i g u r e  4 .2 7 ,  i t  c a n  b e  s e e n  t h a t  B a n g b u a t o n g  p la n t
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e q .  /  T o n  o f  a s p h a l t .  F o r  F I M A _ L e n g  a n d  A l - Q a d i  ( 2 0 1 1 )  w h i c h  i s  e q u a l  to  3 0 .6 1  k g  

C O 2 e q .  /  T o n  o f  a s p h a l t .

Figure 4.28 C o m p a r i s o n  o f  G W P  o f  t r a n s p o r t a t i o n  b e t w e e n  B a n g b u a t o n g  p la n t ,  

H M A _ L e n g  a n d  A l - Q a d i ( 2 0 1 1) a n d  F l M A _ B u t t  ( 2 0 1 2 )  b y  u s i n g  C M L  2  b a s e l i n e  

2 0 0 0 .

F r o m  F i g u r e  4 .2 8 ,  i t  c a n  b e  s e e n  t h a t  F I M A _ B u t t

( 2 0 1 2 )  h a s  s h o w n  to  b e  t h e  h i g h e s t  G W P  w h i c h  is  e q u a l  t o  8 .0 5  k g  C O 2 e q .  /  T o n  o f  

a s p h a l t .  T h e  l o w e s t  G W P  is  H M A _ L e n g  a n d  A l - Q a d i ( 2 0 1 1) w h i c h  is  e q u a l  to  0 .1 6 8  

k g  C O 2 e q .  /  T o n  o f  a s p h a l t .  F o r  B a n g b u a t o n g  p l a n t  h a s  s h o w n  t h e  G W P  7 .6 0 7  k g  

C O 2 e q .  /  T o n  o f  a s p h a l t .
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Figure 4.29 C o m p a r i s o n  o f  G W P  o f  p a v in g  p r o c e s s  b e t w e e n  B a n g b u a t o n g  p l a n t ,  

H M A  L e n g  a n d  A l - Q a d i ( 2 0 1 1) a n d  H M A _ B u t t  ( 2 0 1 2 )  b y  u s i n g  C M L  2  b a s e l i n e  

2 0 0 0 .

F r o m  F i g u r e  4 .2 9 ,  i t  c a n  b e  s e e n  t h a t  F I M A _ L e n g  a n d  A l -  

Q a d i ( 2 0 1 1) h a s  s h o w n  to  b e  t h e  h i g h e s t  G W P  w h i c h  is  e q u a l  t o  1 .0 5  k g  C O 2 e q .  /  

T o n  o f  a s p h a l t .  T h e  l o w e s t  G W P  i s  H M A B u t t  ( 2 0 1 2 )  w h i c h  i s  e q u a l  to  0 .1 1  k g  C O 2 

e q . /  T o n  o f  a s p h a l t .  F o r  B a n g b u a t o n g  p l a n t  h a s  s h o w n  t h e  G W P  0 .3 3  k g  C O 2 e q . /  

T o n  o f  a s p h a l t .

W h e n  t h e  c o m p a r i s o n  t o  in  a l l .  T h e  t o t a l  C O 2 e m i s s i o n  in  

B u n g b u a t o n g  p l a n t  is  t h e  h ig h e s t ,  f o l l o w  b y  H M A _ B u t t  ( 2 0 1 2 )  a n d  F I M A J L e n g  a n d  

A l - Q a d i ( 2 0 1 1) is  t h e  s lo w e s t  w h i c h  a r e  5 1 .3 6 ,  3 6 .8 8  a n d  3 1 .8 3  k g  C O 2 e q .  /  T o n  o f  

a s p h a l t  r e s p e c t i v e l y .  I t  i s  s p e c u l a t e d  t h a t  t h e  d i f f e r e n t  c o u n t r i e s  m a d e  t h e  v a r i o u s  

G H G  e m i s s i o n  a n d  d u e  to  e f f i c i e n c y  i n  th e  p r o d u c t i o n  o f  a s p h a l t  a n d  u n c e r t a i n t y  in  

p r i m a r y  d a t a  a t  e a c h  s i t e .
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Figure 4.30 G W P  o f  1 0 0 % R e c y c l e  a n d  1 0 0 % L a n d f i l l  t e c h n o l o g i e s  b a s e d  o n  1 to n  

a s p h a l t  t r e a t e d .

M o r e o v e r ,  F i g u r e  4 .3 0  s h o w s  t h e  G W P  i m p a c t  f o r  t h e  e n d  o f  

l i f e  p h a s e  w h i c h  p r e s e n t s  t h e  r e s u l t s  o f  t w o  c a s e s  s tu d i e d :  r e c y c l e  a n d  l a n d f i l l .  B o t h  

c a s e s  w e r e  a n a l y z e d  b a s e d  o n  1 t o n  a s p h a l t  c o n c r e t e  t r e a t e d  a f t e r  s e r v i c e  p e r i o d  o f  

t h e  r o a d .  T h e  r e s u l t s  s h o w e d  a n  o b v i o u s  b e n e f i t  o f  r e c y c l e  t h a t  t h e  G W P  o f  r e c y c le  

t e c h n o l o g y  is  - 2 3 .1 5  k g  C 0 2  e q . / t o n  o f  a s p h a l t  t r e a t e d  c o m p a r e d  to  2 .2 9  k g  C 0 2  

e q . / t o n  a s p h a l t  t r e a t e d  f o r  l a n d f i l l  t e c h n o l o g y .  T h i s  n e g a t i v e  G W P  w o u l d  h e lp  

s i g n i f i c a n t l y  r e d u c e  t h e  o v e r a l l  G H G  e m i s s i o n s  o f  a s p h a l t  a s  m u c h  a s  4 5 %  o f  t h e  

t o t a l  G H G  e m i s s i o n s  in  i ts  w h o l e  l i f e  c y c le .

•  E n e r g y  R e s o u r c e s

T h e  d a t a  f o r  e n e r g y  r e s o u r c e s  w e r e  t a k e n  f r o m

E c o - I n d i c a t o r  9 5  m e th o d .
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Figure 4.31 E n e r g y  r e s o u r c e s  o f  h o t - m i x e d  a s p h a l t  p r o d u c t i o n  f o r  e a c h  u n i t  p r o c e s s  

b y  u s i n g  E c o - I n d i c a t o r  9 5  m e th o d .

F r o m  F i g u r e  4 .3 1  s h o w s  t h e  e n e r g y  r e s o u r c e s  in  e a c h  u n i t  

p r o c e s s  p e r  t o n  o f  H M A  p r o d u c t i o n .  I t  c a n  b e  s e e n  f r o m  t h i s  f i g u r e  t h a t  p r o d u c t i o n  

h a s  t h e  h i g h e s t  e n e r g y  i m p a c t  a m o n g  t h e  f o u r  u n i t  p r o c e s s  o f  t h e  o v e r a l l  h o t - m i x e d  

a s p h a l t  p r o d u c t i o n .  B e c a u s e  e m b e d d e d  e n e r g y  o r  f e e d s t o c k  e n e r g y  o f  b i t u m e n  ( i .e . ,  

h e a v y  f u e l  o i l )  i s  n o t  i n c l u d e d  in  r a w  m a te r i a l .  It c o u l d  b e  c o n s i d e r e d  a s  i t  is  

b o r r o w e d  f r o m  t h e  n a t u r e  a n d  r e t u r n e d  w i t h o u t  b e i n g  u s e d  a t  e n d  o f  l i f e .  T h e  

t r e a t m e n t  is  s i m i l a r  to  s e v e r a l  o t h e r  s t u d i e s  s u c h  a s  O e r s  et al. ( 2 0 0 2 ) ,  a  c e r t a i n  

f u n c t i o n a l  e l e m e n t  f r o m  a  n a tu r a l  r e s o u r c e  w h ic h  c a n  b e  r e c y c l e d  a n d  h a s  a n  

e c o n o m i c a l  r e s e r v e  is  c o n s i d e r e d  a s  b o r r o w e d .
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Figure 4.32 C o m p a r i s o n  o f  e n e r g y  r e s o u r c e s  o f  p r o d u c t i o n  p r o c e s s  b e t w e e n  

B a n g b u a t o n g  p l a n t ,  H M A _ L e n g  a n d  A l - Q a d i ( 2 0 1 1) a n d  H M A  B u t t  ( 2 0 1 2 )  b y  u s in g  

E c o - I n d i c a t o r  9 5  m e t h o d .

F r o m  F i g u r e  4 .3 2 ,  i t  c a n  b e  s e e n  t h a t  B a n g b u a t o n g  p l a n t  h a s  

s h o w n  t o  b e  t h e  h i g h e s t  e n e r g y  r e s o u r c e s  w h ic h  is  e q u a l  to  5 8 0 .5 8  M J  L H W  T o n  o f  

a s p h a l t .  T h e  l o w e s t  e n e r g y  r e s o u r c e  is  F I M A  B u t t  ( 2 0 1 2 )  F I M A  L e n g  a n d  A l -  

Q a d i ( 2 0 1 1) w h i c h  i s  e q u a l  to  3 6 7 .6 0  M J  L H V  /  T o n  o f  a s p h a l t .  F o r  h a s  s h o w n  th e  

e n e r g y  r e s o u r c e s  5 3 7 .6 0  M J  L F IV . /  T o n  o f  a s p h a l t .
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F i g u r e  4 .3 3  C o m p a r i s o n  o f  e n e r g y  r e s o u r c e s  o f  t r a n s p o r t a t i o n  b e t w e e n  

B a n g b u a t o n g  p l a n t ,  H M A _ L e n g  a n d  A l - Q a d i  ( 2 0 1 1 )  a n d  H M A  B u t t  ( 2 0 1 2 )  b y  u s in g  

E c o - I n d i c a t o r  9 5  m e th o d .

F r o m  F i g u r e  4 .3 3 ,  i t  c a n  b e  s e e n  t h a t  H M A  B u t t  ( 2 0 1 2 )  h a s  

s h o w n  to  b e  t h e  h i g h e s t  e n e r g y  r e s o u r c e s  w h i c h  is  e q u a l  t o  1 0 1 .9 3  M J  L F I W  T o n  o f  

a s p h a l t .  T h e  l o w e s t  e n e r g y  r e s o u r c e  is  F I M A J L e n g  a n d  A l - Q a d i  ( 2 0 1 1 )  p l a n t  w h ic h  

is  e q u a l  to  2 .2 8  M J  L H V  /  T o n  o f  a s p h a l t .  F o r  B a n g b u a t o n g  h a s  s h o w n  th e  e n e r g y  

r e s o u r c e s  9 0 .9 9  M J  L F 1V . /  T o n  o f  a s p h a l t .
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Figure 4.34 Comparison of energy resources o f paving process between 
Bangbuatong plant, HMA Leng and Al-Qadi (2011) and HMA_Butt (2012) by using 
Eco-Indicator 95 method

From Figure 4.34, it can be seen that HMA_Leng and Al-Qadi
(2011) has shown to be the highest energy resources which is equal to 32.06 MJ 
LHV/ Ton o f asphalt. The lowest energy resource is HMA_Butt (2012) which is 
equal to 4.10 MJ LHV / Ton of asphalt. For Bangbuatong plant has shown the energy 
resources 18.32 MJ LFIV. / Ton o f asphalt.

When the comparison to in all. The total energy resources 
in Bungbuatong plant is the highest, follow by FIMA Leng and Al-Qadi(2011) and 
HMA Butt (2012) is the slowest which are 689.89, 571.94 and 473.63 MJ LFIV/ Ton 
of asphalt respectively. Similar to GHG emission, it is speculated that the different 
countries made the various GF1G emission and due to efficiency in the production of 
asphalt and uncertainty in primary data at each site.



87

30.00

น 20.00
I

2 29

Landfill

-20.00
-23.15

-30.00

;ะ
I  10.00
ะ#?<5
I  0.00

Recycle
น -10.00

Figure 4.35 Energy input per 1 ton asphalt concrete treated by 100%recycle and 
100%landfill after service period.

Moreover, Figure 4.35 shows the energy resources for the end 
o f life phase which presents the results o f two cases studied: recycle and landfill. 
Both cases were analyzed based on 1 ton asphalt concrete treated after service period 
o f the road. The results showed an obvious benefit o f recycle that the energy input of 
recycle technology is -16.93 MJ LHV/ ton o f asphalt treated compared to 30.97 MJ 
LHV/ ton asphalt treated for landfill technology. This negative energy resource 
would help reduce the overall energy input o f asphalt in its whole life cycle, but the 
impact might not be significant as its value is only about 2.5% o f the total energy 
input.
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4.2 Warm-Mixed Asphalt

4.2.1 Description Sites o f Data Collection

4.2.1.1 Process ofThaiwat Engineering Co ,,Ltd (Sriracha)

4.2.1.1.1 Production process
In the Production process, there are 6 main steps as

illustrated in Figure 4.34.

Figure 4.36 The hot-mixed asphalt production o f Thaiwat Engineering Co ,,Ltd 
(Sriracha).
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1. Asphalt Binder

A s p h a lt  b in d e r  -----------------------------►

H o t  O i l   ►

E le c t r ic i ty  -----------------------------►

A s p h a lt  b in d e r  

> 150°C

The plant keeps asphalt binder in storage tank with 
heating at 150 °c by electricity. So asphalt binder is pumped from a heated storage 
tank to an asphalt bucket, where it is weighed to achieve the desired aggregate-to- 
asphalt. Hot-oil is for keeping temperature at 150 °c and is circulated system.

Figure 4.37 Asphalt binders in storage tank.
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Figure 4.38 Asphalt binders bucket. Figure 4.39 Hot oil storage tank.

2. Aggregate Preparation

A g g re g a te

D ie s e l

E le c t r ic i ty

A g g re g a te s  are 

s o rte d  o u t

There are 4 aggregate sizes which are fine 
aggregate, 3/8 inches aggregate, 3/4 inches aggregate and !/2 inches aggregate. They 
are piled up and transported to 4 cold aggregate buckets by tractor. Then the 
aggregate is transported into a rotary dryer.
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Figure 4.40 Cold aggregate tank and transporting to rotary dryer.

3. Rotary Dryer

A g g re g a te  

F u e l O i l  

W a te r  

E le c t r ic i ty

A g g re g a te  1 5 0 -1 6 0  °c

Rotary Dryer is for driving away moisture and 
burning aggregates with fuel oil to 150-160 °c.

Figure 4.41 Rotary dryer system and fuel oil storage.
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There are the dusts abundantly in burning 
process so the plant use filters which contain bag filters for trapping the going down 
dusts to be sediment.

Figure 4.42 Trapping the dust and piling up o f sediment.

4. Weighting

Aggregate 150-160 _______ ^
Electricity __________^

*  Aggregate 
^.Aggregate off-spec

After burning aggregates, they are transferred 
to hot screen according to size. There is aggregates off-spec about 5-6%. The 
proportionate aggregates are kept at hot bin which for waiting to weighting and 
mixing with asphalt binder.
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Figure 4.43 Hot-mixed asphalt plant.

Asphalt binder
Aggregate
Electricity

5. Mixing

Asphalt concrete

The asphalt binder and aggregates which is 
prepared are transferred to weight and mix. The mixing use about 45 seconds and all 
processes are controlled automatically in controlled room.
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Figure 4.44 Controlled room.

6. Track Load Out

Asphalt concrete
Electricity
Diesel

^Pavem ent

truck to pavement.
After mixing, asphalt concrete is load out to

4.2.1.1.2 Pavement Process
On Monday afternoon of December 24, my team 

visited Thaiwat Engineering Co ,,Ltd (Sriracha) to collect the paving data at Thai-oil.
This is the job of repairing the road which pave only 

wearing layer. Asphalt concrete trucks are carried mixed which temperature is about 
130 ๐c  from the plant. The site which is located about 25 km. Truck was parked and 
the car later pulled up next to a car that was first shown.
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1. Asphalt concrete trucks pour hot-mixed asphalt 
into paver which was used to pave and heat asphalt concrete more than 120° c. The 
temperature o f the asphalt concrete paving will start at about 125 ๐ c  by using a 
thermometer to measure temperature.

Figure 4.45 Asphalt concrete in paver.

Because the road is paved lane by lane so the 
operators use pickax to equalize at edge joints.

Figure 4.46 Equalize at edge joints.
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2. After pave by paver, steel drum roller or 
Breakdown that use to compress the road. The steel wheels are lubricated with water 
for protecting asphalt concrete attached to the wheels. Steel drum roller will be 
running all 5 path (1 patch = go + back) in 3.30 minutes.

Figure 4.47 Steel drum rollers (DYNAPAC CC211).

3. After that, static pneumatic tried roller which 
has 9 wheels (4 wheels in front and 5 wheels in back) continue to compress the road 
running all 25 path (1 patch = go + back) in 23 minutes. In generally, they use solar- 
oil about 30-40 litres/day (estimate from foreman).

Figure 4.48 S ta tic  p n eu m a tic  tried  ro lle r  (S A K A I T S 2 0 0 ).



97

4.2.1.2 Data Inventory

• Asphalt Binder
Asphalt binder comes from warehouse at 

Pathumthani by 18-wheel truck which loads 25 tons and uses diesel fuel. Fuel 
consumption is about 2.4 liters o f fuel per kilometer.

We collect data from the control room. The 
computer set at 73 kg to produce 1 batch (1 batch = 1523 kg, 1450 kg o f aggregate + 
73 kg o f asphalt binder).

• Aggregate
The plant orders from Siramitjacheon Co .,Ltd. 

Aggregate has 4 sizes which are fine, 3/8 inches, 3/4 inches and 1/2 inches. The 
transportation uses 18-wheel truck which loads 25 tons and uses diesel fuel. Fuel 
consumption is about 2.4 liters o f fuel per kilometer. Aggregate will be piled and 
transported to 4 cold aggregate buckets to according size by tractor.

The data of the aggregate collect from the 
control room. The computer set 1500 kg to produce 1 batch (1 batch = 1523 kg, 1450 
kg o f aggregate + 73 kg o f asphalt binder), which is proportional to the size o f the 
Job mix design. In general uses o f 705 kg o f fine aggregate, 345 kg o f 3/8 inches 
aggregate, 190 kg o f 3/4 inches aggregate and 210 kg o f 1/2 inches aggregate.

• Fuel Oil
The plant orders from warehouse at 

Pathumthani by 10-wheel truck with 15,000 liters per each and use diesel fuel. The 
oil is used for burning aggregate to 160-170 °c  temperature.

From asking, we have found that using 7-8
liters per one batch.

• Hot Oil
Hot oil is used as a fuel for heat and control the 

temperature o f the asphalt binder at 150 °c. The plant will be purchased by truck
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which used diesel as fuel. O f inquiry found that the addition hot oil about 300 liters 
per 3 months.

production.

• Electricity
The data is from bill and number o f asphalt

• Lubricant
Lubricant is used to lubricate machinery and 

required the addition o f 3 kg per day, no matter how large or small it will be 
produced.

• Sediment
Dust is trapped with air bag. This will 

precipitate out. The plant will use a tractor for lapping to leave the factory.
For the production o f the Asphalt concrete, 

sediment dust is about 500-1000 kg/day.

Table 4.12 Results o f the inventory analysis o f one ton asphalt concrete production

II
Raw material

aput
Quantity

Products

nut
_—_____ ะ_ ■- un it

Asphalt binder 54 kg asphalt concrete 1000 kg
Dust rock 491 kg
3/8 inches Rock 240 kg Waste
3/4 inches Rock 132 kg Aggregate (off spec) 58.20106 kg
1/2 inches Rock 146 kg Sediment 6.01154 kg
Electricity 7.05 units
Grease 24.05 grams Air emissions

Fuel SÛ2 ppm
Fuel Oil 5 Litres NOx ppm
Hot oil 0.00523 Litres CO ppm
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But we cannot gain acceptance the actual warm-mixed asphalt 
data from asphalt industry at the time of this study so we use basis o f calculation 
from any research similar to our research for using in the according and comparison 
to the information that we have received from real site.

4.2.1.2.1 Basis o f Calculation
Kristjansdottir et al. (2007) and Olard, Héritier and 

Beduneau (2008) published details o f energy input calculations for a typical hot mix 
and mixes with the same aggregate grading manufactured by three versions o f the 
L E A  processes. The same methodology will be used to compare energy inputs for 
different energy saving processes. For this purpose, the specific heats o f the various 
components are required. Different aggregates and bitumen have different specific 
heats, and specific heats o f water and bitumen vary with temperature. Representative 
values will be used (Table 4.15).

Table 4.15 Representative specific heats o f asphalt component

Material Notation Specific heat (kJ/kg °c)
Aggregate Cagg 0.85
Water (10-100°C) C h20 4.191
Steam Cvap 1.85
Bitumen at T ° c Cbit(T) 1.779 + 1.967X10'3T (Pfeiffer 1950)
Paraffin wax c w 2.9
Slaked lime (Ca(OH)D Clime 1.2

It follows from the data above that the heat required to 
raise a kilogram o f bitumen from temperature Ti to temperature T2 is given by

Q b i t ( ท .  T , ) =  ( \ 1, ( T ) d T

= 1.779 (T2-T 0  + 9.835x1 O'4 (T2 -  TO2 kJ/kg
In addition to the above data we require for damp 

aggregate heated above 100°c the latent heat o f vaporization o f water:
L v a p  = 2270 kJ/kg
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In cases where paraffin wax is present and heated 
above its fusion range, we need to account for the heat o f fusion:

L f u s  =  220 kJ/kg
The calculation is based on the production o f 1 ton of 

mixed asphalt. Energy input is divided into two types o f energy usage: fuel oil and 
electricity. Bitumen is heated by using electricity whereas aggregates are heated by 
using fuel oil. Total energy input is a sum of both.
Hot-mixed asphalt : The total heat required for the bitumen = 10.142 MJ

The total heat required for the aggregate = 177.808 MJ 
The heat input for one ton is therefore = 187.95 MJ 

Warm-mixed asphalt : The total heat required for the bitumen = 9.835
The total heat required for the aggregate = 160.88 MJ 
The heat input for one ton is therefore = 170.712 MJ 
As seen above, the decrease in energy required for 

heating bitumen is 0.307 MJ which is equivalent to a decrease in electricity required 
to heat bitumen in case o f warm-mixed asphalt o f 0.085 kWh or 0.085 units. 
Moreover, the decrease in energy required for heating aggregates is 16.928 MJ which 
is equivalent to a decrease in fuel oil used to heat aggregates in case o f warm-mixed 
asphalt o f 0.397 kg or 0.45 L.

To quantify the energy and emission benefits o f WMA, 
Lecomte et al. (2007) measured the energy consumption and emission at a plant 
producing a warm asphalt mixture and a conventional asphalt mixture in Italy. They 
found by reducing the mixing temperature from 356 to 257 °F (180 to 125 °C), the 
percentage reductions o f various emission flows, as shown in the second column of 
fable 4.18 , were also measured. Due to the unavailability o f the plant-measured 

energy consumptions and emissions, this analysis assumed that the reductions of the 
energy consumption and emission are proportional to the temperature reduction. In 
this study, the control HMA was mixed at 160 °c, while the WMA was mixed at 140 
°c. Therefore, the reductions in emissions shown in the last column in Table 4.14 
were obtained and incorporated into a life cycle inventory that describes emission o f 
the WMA mixture.
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Table 4.16 Emission Reduction

Emission Emission Reduction Emission Reduction
Flow (1 8 0 °c  to 125°C) ( 1 6 0°c to 1 4 0 ° C)

SOx 25% 9.09%
NOx 6 0 % 21.82%
C 0 2 35% 6.36%
CO 8% 2.91%

Particles 28% 5.09%
v oc 83% 15.09%

4.2.1.2.2 Production Process

Table 4.17 Results o f the inventory analysis o f one ton WMA production

11,.,,, Quantity Unit
Output

'Item
M S B

Quantity
ร :  m

Unit
Raw material Products
Asphalt binder kg asphalt concrete 1000 kg
Fine Aggregate 442.92 kg
3/8 inches Aggregate 302.51 kg Waste
3/4 inches Aggregate 107.86 kg Aggregate (off spec) 9.7647 kg
1/2 inches Aggregate 123.18 kg Sediment 10.1010 kg
Sasobit 1.302 :. kg Water emission
Pond water 756.76 Litres Vapor 68.796 Litres
Electricity ฐ units
Bitufresh 0.0029 Litres Air emissions
Grease 1.79 grams S 02 67.503 grams
Fuel f l l l f NOx 249.256 grams
Fuel Oil 1 ร - 2 1 ร Litres CO 971.076 grams
Hot oil 0.00123 Litres Suspended Particulate 2.359 grams

4.2.1.2.3 Transportation
From assumptions in methodology (3.2.2), they 

conclude that GWP and energy sources o f transportation in warm-mixed asphalt are 
equal to hot-mixed asphalt.
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4.2.1.2.4 Paving Process
From assumptions in methodology (3.2.2), they 

conclude that GWP and energy sources o f pavement in warm-mixed asphalt are 
equal to hot-mixed asphalt.

4.2.1.3 Impact Assessment
• Global Warming Potential (GWP)

GWP impact is represented by GHG emission as 
shown in Figure 4.49. From the figure, it can be seen that the most GHG emission in 
raw material is from bitumen because it include emission from crude oil. The second 
highest GHG emission is production, follow by transportation and pavement is the 
lowest.

35

Raw material Production Transportation Pavement

Figure 4.49 GHG emission o f warm-mixed asphalt production for each unit process 
by CML 2 baseline 2000.

From Figure 4.50, HMA Butt (2012) presented the 
selected pavement profile and materials were based on a commonly built Swedish 
pavement structure that is designed to have a service life time of 20 years. The
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pavement consisted of a 50 mm thick wearing course, binder course (different for 
different cases depending on the design) above an 80 mm base course and a 420 mm 
granular sub-base layer but in case was based on modification of the bitumen by 
adding 4% wax to the bitumen.

Figure 4.50 Comparison of GWP of production process between WMA from 
calculation and W M A Butt (2012) by using CML 2 baseline 2000.

In addition, the results obtained in this study are 
compared to those of other studies. It should be noted that in our study WMA results 
are divided into 2  cases since we do not have actual energy and environmental 
profile of the additive, Sasobit.

In Case 1, paraffin wax is used as a representative
for Sasobit.

In Case 2, the energy and environmental footprints 
of Sasobit are excluded in the analysis.

From Figure 4.50, it can be seen that WMA_Casel 
has shown to be the highest GWP which is equal to 43.70 kg CO2 eq. / Ton of 
asphalt. The lowest GWP is W M AButt (2012) which is equal to 24.74 kg CO2 eq. /
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Ton of asphalt. For พ MA_Case2 which is equal to 42.59 kg CO2 eq. / Ton of 
asphalt.

Figure 4.51 Comparison of GWP of transportation between WMA from calculation 
and พ MAJButt (2012) by using CML 2 baseline 2000.

From Figure 4.51, it can be seen that 
WMA_Casel and WMA_Case2 have shown to be the highest GWP which is equal 
to 7.62 kg C 0 2 eq. / Ton of asphalt. The lowest GWP is WMA_Butt (2012) which is 
equal to 6.37 kg CO2 eq. / Ton of asphalt.
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IL W M A  Case2 W M A _ B u tt (2 0 1 2 )

Figure 4.52 Comparison of GWP of paving process between WMA from 
calculation and WMA_Butt (2012) by using CML 2 baseline 2000.

From Figure 4.52, it can be seen that WMA_Butt
(2012) has shown to be the highest GWP which is equal to 0.33 kg CO2 eq. / Ton of 
asphalt. The lowest GWP is WMA_Casel and WMA_Case2 which are equal to 0.11 
kg CO2 eq. / Ton of asphalt.

When the comparison to in all. The total CO2 emission 
in WMA_Casel is the highest, follow by WMA_Case2 and WMA_Butt (2012) is the 
lowest which are 51.44, 50.33 and 31.44 kg CO2 eq. / Ton of asphalt respectively. 
WMA shows slightly better performance but the benefit is not significant (~5%). 
Because we use basis of calculation from literature; it may be not good enough for 
real case.

• Energy Resources
The data for energy resources were taken from

Eco-Indicator 95 method.
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Figure 4.53 Comparison of energy resources of production process between WMA 
from calculation and WMA_Butt (2012) by using Eco-Indicator 95 method.

From Figure 4.53, it can be seen that WMA Casel has 
shown to be the highest energy resources which is equal to 633.94 MJ LFIV/ Ton of 
asphalt. The lowest energy resource is WMA_Butt (2012) which is equal to 319.72 
MJ LFIV / Ton of asphalt. For WMA_Case2 which is equal to 558.25 MJ LHV / Ton 
of asphalt.
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Figure 4.54 Comparison of energy resources of transportation between WMA from 
calculation and พ MA_Butt (2012) by using Eco-Indicator 95 method.

From Figure 4.54, it can be seen that WMA_Casel and 
WMA_Case2 have shown to be the highest energy resources which is equal to 91.24 
MJ LHV/ Ton of asphalt. The lowest energy resource is WMA Butt (2012) which is 
equal to 80.55 MJ LHV / Ton of asphalt.
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Figure 4.55 Comparison of energy resources of paving process between WMA from 
calculation and WMA_Butt (2012) by using Eco-Indicator 95 method.

From Figure 4.55, it can be seen that and พ MA_Case2 
have shown to be the highest energy resources which is equal to 18.32 MJ LHV/ Ton 
of asphalt. The lowest energy resource is WMA Butt (2012) which is equal to 4.10 
MJ LFIV/Ton of asphalt.

When the comparison to in all. The total energy 
resources in WMA_Casel is the highest, follow by WMA_Case2 and HMA_Butt 
(2012) is the slowest which are 743.50, 667.81 and 404.37 MJ LHV/ Ton of asphalt 
respectively. Similar to GHG emission, WMA shows slightly better performance but 
the benefit is not significant (~5%). Because we use basis of calculation from 
literature; it may be not good enough for real case.
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4.3 Comparison Between Hot-Mixed Asphalt and Warm-Mixed Asphalt

60.๓

50.๓

■  Pavement
a  Transportation
■  Production
» Raw material

? 40.๓

30.๓

? 2 0 .๓

0 .๓
H M A _B  augbuatong W M A jC a se  1 W M A _C ase2

Figure 4.56 Comparison of GWP between HMA from Bangbuatong plant and 
WMA from calculation by CML 2 baseline 2000.

From Figure 4.56, it can be seen that the GWP of warm-mixed asphalt in case 
2 decrease about 1.03 kg CO2 eq. / Ton of asphalt but in case 1 increase about 0.08 
kg CO2 eq. / Ton of asphalt. WMA shows slightly better performance but the benefit 
is not significant (~5%).
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Figure 4.57 Comparison of energy resource between HMA from bangbuatong plant 
and WMA from calculation by using Eco-Indicator 95 method.

From Figure 4.57, it can be seen that the energy source of warm-mixed 
asphalt in case 2 decrease about 22.08 MJ LHV / Ton of asphalt but in case 1 
increase about 53.61 MJ LHV/ Ton of asphalt.

So, warm-mixed asphalt in case 2 has shown to have benefits in both GHG 
emission and energy consumption as compared to HMA, but the percent decrease is 
only in the range of 2-3%. But GFIG emission and energy consumption of warm- 
mixed asphalt in case 1 are increased because we cannot find truly the inventory of 
sasobit production but we know paraffin is the main component in sasobit. 
Therefore, the energy and emission are calculated using paraffin instead sasobit. This 
may result in a higher value.
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Figure 4.58 Comparison of GWP between HMA from Bangbuatong plant ,WMA 
from calculation and other studies by CML 2 baseline 2000.

Figure 4.59 Comparison of energy resource between HMA from bangbuatong 
plant ,WMA from calculation and other studies by using Eco-Indicator 95 method.
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From Figure 4.58 and Figure 4.59, when comparing to other studies, the 
energy and environmental performance of HMA and WMA in Thailand is not as 
good as observed in other countries which is speculated to be due to lower efficiency 
in the asphalt production and high uncertainty of the data.

4.4 Energy and Environmental Benefits of Warm-Mixed Asphalt
From Figure 4.56 and Figure 4.57, if use warm-mixed asphalt in case 2 for 

calculation, the GWP of hot-mixed asphalt and warm-mixed asphalt is 51.36 and 
50.33 kg C02 eq./Ton asphalt concrete, the energy consumption of hot-mixed 
asphalt and warm-mixed asphalt is 689.89 and 667.81 MJ LHV / Ton of asphalt. 
Moreover, 1 functional unit of 1 km length, 3.5 width 5 cm thickness is equal to
849.8 ton hot-mixed asphalt and 848.05 ton warm-mixed asphalt. So the GHG 
emission and energy consumption of warm-mixed asphalt as compare to hot-mixd 
asphalt is decreased about 963.37 kg per functional unit and 19,932 MJ LHV per 
functional unit.
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