
CHAPTER III 
METHODOLOGY

3.1 Materials and Equipment

3.1.1 Equipment
- Desktop computer (Pentium IV, RAM  1 GB, W indow XP and 

M icrosoft Office 2003)

3.1.2 Software
- SimaPro version 7.3

3.2 Methodology

3.2.1 Preparation
a. ) Study and review background o f warm-mixed asphalt production 

including raw materials, process, technology and conduct literature survey on LCA 
studies on the environmental impacts.

b. ) Contact manufacturers/companies to explain about the importance 
and scope o f this work and ask for their corporations.

c. ) Develop the process and flow diagrams.
d. ) Design data templates and distribute to the company for collecting

data as shown in Table 3.1.
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T a b le  3.1 T em plate  o f  data co llection  for production  o f  m ixed asphalt

P roduction o f  A sphalt

1 Input Inventory Output Inventory
Description Unit Amount Remark Description Unit Amount [Remark 1

R e s o u r c e s P ro d u c ts
A s p h a l t k g A s p h a l t  b i n d e r k g

A d d i t i v e k g

U tilitie s E m iss io n s
E l e c t r i c i t y k W h co2 k g

3.2.2 Goal. Scope, Functional บทน. and System Boundary
a. ) Formulate and specify goal o f the LCA study.

The goal o f this LCA study is to assess the environmental 
impacts o f warm mix asphalt. The inventory data collection will be compiled by 
using SimaPro 7.3 software and the environmental impacts o f warm mix asphalt will 
be evaluated using Eco-lndicator 95 and CML 2 baseline 2000.

b. ) Identify Functional Unit (FU) o f  the study.
In this research, the functional unit is set to be 1 km pavement 

(7 m. width and 5 cm. thick) and 1 ton of asphalt production is used functional units for 
both HMA and WMA

c. ) Determine scope and system boundaries o f  that warm mix asphalt 
production and make assumptions based on the goal definition.

The scope o f this research covers data collection o f asphalt production, 
evaluation of the environmental impacts of the hot-mixed asphalt and warm-mixed 
asphalt product, and comparison o f hot-mixed asphalt and warm-mixed asphalt 
product. The system boundary includes provision o f  asphalt, W M A processing, apply
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paving, m aintenance, dem olition or recycling  and transportation  at all stages as 
show n in Figure 3.1.

Figure 3.1 System  boundary o f  the LCA w arm  m ix asphalt study.

3.2.3 Inventory A nalysis
a. ) C ollect both num erical and qualitative data for all activities based 

on the system  boundary  concerning about all energy inputs, raw  m aterials, chem icals, 
utilities, and em issions in each process as show n in Table 3.2.

b. ) Q uantify the flow  o f m aterial and energy as well as environm ental 
load attributable to each stage o f  product’s life cycle based on the functional unit.

- The result o f  the inventory analysis is the inventory table which is a 
list o f  all inputs and outputs per functional unit.
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T a b le  3.2 Source o f  data

R aw  M ateria ls
>T"  „ 

S eco n d ary  D ata

T ran sp o rta tio n T ranspo rting  b y  truck Prim ary  D ata T haiw at E ng ineering  C o ., L td  
(B a n g b u a to n g  a n d  S riracha)

A sp h a lt C o n c re te  
P ro d u c tio n

H o t-M ix ed  A sphalt P ro d u c tio n Prim ary  D ata T haiw at E n g in ee rin g  C o ., L td  (B angbuatong )

W arm -M ixed  A sphalt P ro d u c tio n H ybrid* T haiw at E n g in eerin g  C o ., L td  (S riracha)

P av em en t
H o t-M ix ed  A sp h a lt Paving H ybrid* T haiw at E n g in ee rin g  C o ., L td  (B angbuatong )

W arm -M ixed  A sphalt Paving H ybrid* T haiw at E n g in ee rin g  C o ., L td  (S riracha)

E n d  o f  life 
(O p tio n a l)

:
M a in te n a n ce  and  R ecycling S econdary  D ata

ÎL ite ra tu re

C o m b in a tio n  o f primary and secondary data.

3.2.4 Impact Assessment
a. ) Calculate impact potentials based on the LCI results by using 

software named— SimaPro version 7.3— with almost Eco-indicator 95 and CML 2 
baseline 2000 methods as shown in Table 3.3.

b. ) Analyze and compare the impacts on human health and the 
environment burdens associated with raw material and energy inputs and 
environmental releases quantified by the inventory, for example:

- Global warming
- Energy use
- Acidification
- Eutrophication
- Ozone layer depletion
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T a b le  3 .3  S o u rces o f  d a ta  for ca lcu la tio n

Phase Source of Data Collection Database for Environmental Profile
Raw Material
Bitum en S econdary  D ata Ecoinvent P ro cess
A ggregate S econdary  D ata Ecoinvent P ro cess
Transportation
T ransporting Prim ary  D ata Thai LCI D atabase
Asphalt Concrete Production
Hot-Mixed Asphalt Production
Fuel P rim ary  D ata Ecoinvent P rocess
Electricity Prim ary D ata Thai LCI D atabase
w a te r P rim ary  D ata Ecoinvent P rocess
G rease Prim ary D ata Ecoinvent P ro cess
W aste Prim ary  D ata Ecoinvent P ro cess
W ater Em ission Prim ary  D ata Ecoinvent P ro cess
A ir Em ission Prim ary  D ata Ecoinvent P ro cess
B itufresh Prim ary D ata Ecoinvent P rocess
Warm-Mixed Asphalt Production
Sasobit S econdary  D ata Ecoinvent P rocess
Fuel S econdary  D ata Ecoinvent P ro cess
Electricity S econdary  D ata T hai LCI D atabase
w ater Prim ary D ata Ecoinvent P ro cess
G rease Prim ary  D ata E coinvent P ro cess
W aste Prim ary  D ata E coinvent P rocess
W ater Em ission P rim ary  D ata E coinvent P ro cess
A ir Em ission P rim ary  D ata Ecoinvent P ro cess
Pavement
Hot-Mixed Asphalt Paving
Paving
T im e/D  is tance Prim ary  D ata Ecoinvent P ro cess
Specification  and fuel consum ption o f  paver S econdary  D ata E coinvent P ro cess
B reakdow n  rolling
T im e/D  is tance Prim ary D ata E coinvent P ro cess
Specification  and fuel consum ption o f  breakdow n S econdary  D ata E coinvent P ro cess
Finish rolling
T im e/D  is tance Prim ary  D ata Ecoinvent P ro cess
Specification  and  fuel consum ption o f  Static pneum atic tried S econdary  D ata Ecoinvent P ro cess
Warm-Mixed Asphalt Paving
Paving
T im e/D  is tance Prim ary  D ata Ecoinvent P rocess
Specification  and fuel consum ption o f  paver Secondary  D ata Ecoinvent P ro cess
B reak d o w n  rolling
T im e/D  is tan ce Prim ary  D ata Ecoinvent P ro cess
Specification  and fuel consum ption o f  breakdow n Secondary  D ata Ecoinvent P rocess
Finish rolling
T im e/D  is tan ce Prim ary  D ata Ecoinvent P ro cess
Specification  and  fuel consum ption o f  Static pneum atic tried S econdary  D ata E coinvent P ro cess
End of life (Optional)
M aintenance  and  R ecycling S econdary  D ata L iterature
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3.2.5 Interpretation
This step involves the combination and interpretation o f the results o f 

the inventory and impact assessment to provide conclusions and recommendations 
consistent with the goal and scope o f the study.

3.2.6 Assumptions and limitations

3.2.6.1 A ssum ptions and  lim ita tions o f  raw -m a teria l a n d  production
The asphalt production process is followed by Standard 

Drawings for Highway Construction.
Amount of aggregates used and air emission generated in hot- 

mixed production and warm-mixed production are assumed to be the same.
Amount o f asphalt binder in hot-mixed production equals 

amount o f asphalt binder including Sasobit additive in warm-mixed production.
Based on primary data received from Thaiwat (Bangbuatong), 

it is assumed that the electricity consumption in habitation within the plant is the same 
every month.

Hot oil consumption in the production process is constant and 
the same for both HMA and WMA.

Ambient temperature is estimated from average temperature o f 
Thailand which is 2 7 ° c .

study.
Equipments for production processes are not included in this

As limited by data provider, the data for asphalt production, 
raw materials used and electricity consumption are based on 3 months (June, July 
and August). The embedded energy or feedstock energy o f bitumen in asphalt is not 
included this study as it could be considered as it is borrowed from the nature and 
returned without being used at end o f life (Oers et al., 2002). The value o f this 
embedded energy is treated as heavy fuel oil (HFO). In addition, it is assumed that 
pavement step for both HMA and WMA is the same in terms o f process, energy and 
utility usage. For WMA, due to the unavailability o f completed primary data at the
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asphalt plant, calculations based on K ristjansdottir et al. (2007), O lard, H éritier and 
Beduneau (2008) and Lecom te e t al. (2007) were used in this study for the reduction 
in energy consum ption and em issions, respectively.

3.2.6.2 Assumptions and limitations o f pavement
- The asphalt pavem ent process is follow ed by Standard 

D raw ings for H ighway C onstruction
- T hickness and area o f  hot-m ixed pavem ent and w arm -m ixed 

pavem ent are the same.
Specifications o f  m achines/equipm ents for paver, breakdow n 

and static pneum atic rolling used in hot-m ixed pavem ent and w arm -m ixed pavem ent 
are the sam e.

Equipm ents for production and pavem ent processes are not
included in this study.

3.2.6.3 Assumptions and limitations o f end o f life
U seful life for hot-m ixed pavem ent and w arm -m ixed 

pavem ent are assum ed to be the same.
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