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ABSTRACT

4873006063:  Petroleum Technology Program
Nguyen Bao Nguyen: Environmental and Energy Assessment of
Petrochemical Product Using Life Cycle Assessment (LCA)
Technique.
Thesis Advisors: Asst. Prof. Dr. Pomthong Malakul and Asst. Prof.
Dr. Manit Nithitanakul, 70 pp.

Keywords: LCI/LCA/VCM/PVC/Environmental impacts.

As a part of the Thailand National LCI Database Development project, this
research aims to assess the environmental impacts of the petrochemical industry in
Thailand  covering upstream, middle-stream and downstream  industries.
Polyvinylchloride (PVC) has been chosen as a model to study the environmental
impacts associated with its production using the Life Cycle Assessment (LCA)
technique. The scope of the study includes the production of ethylene, vinyl chloride
monomer (VCM) and PVC. In addition, three distinguished scenarios are analyzed
for PVC production and compared for their environmental performance based on LCI
data supplied by industrial associations and electronic databases. They are PVC
manufactured from a fully integrated process, from a compounding process using
imported VCM, and finally PVC imported from Europe. The results show that the
fully integrated process has the poorest environmental performance, whereas the
compounding process is better and quite comparable to European technology. The
main cause has been shown to be the production of VCM in the fully integrated
process, where there is a sizable amount of noxious NOx in air effluent which
evidently results in severe respiratory diseases. In addition, the study has found that
by increasing the ratio of imported VCM for PVC manufacturing from the present
value of 12.4% to 30% or 40%, the overall environmental burdens can be markedly
reduced by 20% and 30%, respectively. However, other factors, such as social and
economic effects, should be taken into consideration hefore implementing any

change.
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Allocation

Capital goods

Category endpoint

Cut-offcriteria

Damage analysis

Effect analysis

Endpoints

Fate analysis

Al

GLOSSARY

Partitioning the input or output flows of a process
orother product system to the product system under
study (ISO 14040)

Goods that are one-off investment, like trucks or
machines.

Attribute or aspect of natural environment, human
health, or resources, identifying an environmental
issue of concern (1ISO 14040)

Specification of amount of material or energy flow,
or level of environmental significance associated
with unit processes or product system to bhe
excluded from a study (ISO 14040)

To find out the total damage a chemical substance
can cause (how many people, the severity of the
disease).

To find out what effect a chemical substance can
cause (kind of diseases) with a specific
concentration.

Term introduced in (but, unfortunately not defined
in) 1SO 14042 refers to the final outcome of an
environment mechanism. For instance the outcome
of climate change can be an increase of seawater
level. In older LCA literature this was referred to as
the safequard subject; the issue society wants to
protect (see also category endpoint).

To find out in which environmental compartment
(air, water, soil) a chemical substance finally will

turn up



Functional unit

Impact category

Life cycle

Life Cycle Assessment

Life Cycle Impact Assessment

Life Cycle Inventory Analysis

Life Cycle Inventory Results

Midpoints (See also endpoint)

X1

Quantified performance of a product system for use
as a reference unit (1SO 14040)

Class representing environmental issues of concern
to which LCI results may be assigned (ISO 14040)
Consecutive and interlinked stages of a products
system, from raw material acquisition or generation
ofnatural resources to final disposal (ISO 14040).

Compilation and evaluation of the inputs, outputs
and the potential environmental impacts of a
products system throughout its life cycle (ISO
14040)

Phase of life cycle assessment aimed at
understanding and evaluating the magnitude and
significance of the potential environmental impacts
ofaproduct system (ISO 14040)

A phase of life cycle assessment involving the
compilation and quantification of inputs and
outputs, for a given product system throughout its
life cycle (1ISO 14040)

A list of emissions, resource uses, land use, etc.
that are collected, before impact assessment is
applied.

The term midpoint refers to an indicator that is
somewhere along the environmental mechanism
and the LCI| parameter. For instance the CO2
equivalents that express the radiative forcing are
midpoints. If is needed to calculate an endpoint
indicator, such as increased seawater level,
additional modeling steps are needed.



Normalization

OECD countries

Product stages

Product system

Weighting

Weighting factor

X1V

A procedure to show to what extent an impact
category contributes to the overall environmental
problem.

Those countries (in total 20) who signed the
Convention on the Organization for Economic Co-
operation and Development.

Stages that are used to describe the composition of
the product, the use phase and the disposal route of
the product.

Collection of unit processes with elementary and
product flows, performing one or more defined
functions that models the life cycle of a product
(1ISO 14040).

Is the process in which the various indicators,
resulting from an LCA study models the life cycle
of a product (ISO 14040), are aggregated in one
figure (or a limited number of figures) through the
use of subjective weighting factors.

A factor that is coupled at a certain impact
category, which is determined by a panel hased on
subjective opinions and reflects the importance of
the category.
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