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ABSTRACT

This project seeks to investigate the process dfiufie@turing ultra-pure water in a
semiconductor company. Literature reviews relatedater treatment and purification
is carried out in order to achieve the aim of thejgrt. Damages to human health,
ecosystem quality and resources are shown in tiferb@del. These results can be used
as a guide for future improvement of the producprcess. These improvements can
also minimize the occupational health and safetksriin the process and cost in

operation.

LCA model is an ideal tool to reduce environmernitapact and helps to achieve
sustainable development. It complies with intevai standards (ISO 14040-14049). It
is a powerful and professional tool used worldwideassess products, processes and

services. LCA can also assist regulators to fortewdavironmental legislation.

The result show that RO plant consumes 30.6% adgticompares to UPW plant

69.3%, which is twice the amount of energy requitedrun the machines and
technology which created ultra pure water from veater. This has a serious impact on
the environment especially the energy consume k®gsethmachines impacting the
ecology, human health and resources. UPW plant TiMi&oelectronics Pte Ltd

characterization score per impact category is 708%reas RO plant in Numonyx Pte
Ltd characterization score per impact category0%.3This is due to more processes
involve in the production of UPW such as UV stesli, membrane degasifier,

continuous de-ionizer, mixed bed, ultra filtrat@md pumps.

Therefore it is recommended not to have an RO ailt in STMicroelectronics Pte
Ltd facilities as the effect can be more severteims of electricity cost and the return

of investment is long term.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Sustainable development has been a global andhatienal issue related to human
activities that causes pollution and degrading bé tenvironment. Sustainable
development is defined as a balance structuredimas to meet human needs while
preserving the environment so that these need®eanet not only in the present but
also for future generations. It can also be defiaeddevelopment that meets the needs
of the present without compromising the abilityfatfure generations to meet their own
needs”. (Mintzer, 1992)

One of the world natural resources is water and ithe most important substance we
use in our every day life. Therefore we must useffitiently and the semiconductor
industry is one that can have a direct impact @nrtgion's water supply. Ultra-pure
water is purified water generated through seriesh&imical process engineering units
designed to remove contaminants from the water. fgiogluction process involves
pumping feed water, filtration, reverse osmosis,erncital treatment, vacuum
degasification, ion exchange, ultraviolet sterifi@a and ultra filter membrane filtration.
However, the required hardware for the applicabbnthese technologies has a severe

impact to the environment in manufacturing and eflde.

In this project, LCA is an ideal tool to achievestunable development in a modern
technology and society. Improvements can be maee afderstanding and identifying
where the environmental impacts and damages coone 8IMAPRO will be used to

analyze and quantify the environmental impacts edudsy manufacturing a UPW plant
in a semiconductor industry. This product is chosecause it is used a lot in a wafer
manufacturing company and the cost of producingra of ultra pure water is very

expensive. Therefore after obtaining the resultsolation to the process or materials

used can be improved.



1.2 Objectives

The main objective of this project is to set up lEDA model in order to access
environmental information on UPW plant. A literaweview of LCA studies of water

treatment will be introduced as a guideline for tagearch.

A detailed study of the LCA methodology and thetwafe available in the market was
assessed for pros and cons to produce good reBulthermore after comprehending
the LCA methodology, it is easier to define the lgmad scope of a UPW plant in a
wafer manufacturing company. The software chosenttie LCA study will make
understanding easier as well as produce resultsetber quality process and reduce cost
of production. This will be followed by the creatiof a running model using data from
previous studies, reference material and relialaia dalue available. The functional
unit for this study is required to start the softevanalysis to be carried out. After the
model flowchart is established, the real data caninput and show some relevant
results. The results are compared with previoudysto make sure the objective is
achieved. In order to make sure the trends showthéymodel is correct, a model
sensitivity analyses is carried out to see any gbafthere is variation. After the model
had been tested, the results will be evaluatedsagdestions for improvement can be

made to the UPW system.



Chapter 2

Literature Review

2.1 Introduction

LCA or life cycle assessment is a useful tool taraine a system performance starting
from the extraction of raw materials from the edafiowed by the operations until the
final disposal of the material as waste. It enalalamanufacturer to know how much
energy and raw materials are used and how mucH, sdises and liquid wastes are
generated at each stage of the product life. LClash® analyze the process involved,
improve the product quality by using environmentiééndly products and allows
consumer with more information on the choices ef pnoduct. LCA complies with the
international standards ISO 14040 to 14049. LCAl$® known as life cycle analysis,

eco-balance and cradle to grave analysis.



2.2 History of LCA

In the early 1960’s, there were concerns over swbdity of the raw material and
energy supply which sparked interest in finding mewsources of supplies and account
for what the energy is being used for. Later ia i960’s, studies are performed to

estimate costs and environmental implications tefraatives sources of energy.

The initial study is done on The Coca Cola ComparlySA which is the foundation of
the methodology of Life cycle inventory analysisheTaim is to compare which
different container being produced has the lowelstases to the environment and least
affected the supply of natural resources. At timag¢t the available data were taken from

government documents or technical papers.

Between 1970 and 1975, the standard methodologgstipeafor all companies and
industries to quantify the resource used and enmental release were developed after
concerns over oil shortages and interest from th#i@ Although the assumptions and

techniques used were reviewed, the results wesonable.

In the early 1980’s, as interest grew with theuafice of the oil crisis, the concerns
were shifted to issues on hazardous and househadtewnanagement. However, life
cycle inventory methodology was improved, focusingch on energy requirement. At

the same time, the European also developed the appneach used in the USA.

When solid waste became a world wide issue in 1883\ again is used to solve the
environmental problems. The methodology is furttedined and improved with more
bodies involved. (SETAC 1991; SETAC 1993; SETAC 109

In 1991, to avoid any contradicting results to potenmanufacturer’s product, this led
to the development of the LCA standards in the 13000 series (1997 through 2002).

In 2002, the United Nation Environment Programm&BP) joined forces with the
Society of Environmental Toxicology and ChemistBETAC) to launch the life cycle
initiative. The aim is to put life cycle thinkingto practice and improve the supporting

tools through better data and indicators.



2.3 International Organizations and Standards On LG\

There are 3 international bodies associated wéhd#velopment and application of
LCA. They are SETAC (Society of Toxicology and Chstny), ISO (International
Organization of Standardization) and UNEP (Unitedidh Environmental Programme)

and each of them are discussed here.

2.3.1 SETAC (Society of Toxicology and Chemistry)

SETAC was founded in 1979 and grew its membersage lon the communication
among environmental scientists to discuss environahéssues in a forum. The
strength of SETAC is its commitment to balanceititerest of academia, business and
government. SETAC is concerned about global enmemtal issues and the scope of
science is much broader than any other organizdti@nA is one of the several
techniques of environmental management”. (SETA@gjines for Life Cycle

Assessment: A “code of practice”, 1993).

2.3.2 ISO (International Organization of Standardization)

LCA is recognized as an environmental managemehtttbich complies with the
international standards (ISO 14040-14049) sinc®1%8e 1SO 14000 family series
include goal and scope definition and inventoryeasment (ISO 14041, 1998), impact
assessment (ISO 14042, 2000a), interpretation {833, 2000b) and general
introductory framework (14040, 1997). This projtattows the 1SO standards at all

time since it is the best practice for conductirfgAL

2.3.3 UNEP (United Nation Environmental Programme)

UNEP was founded as a result of the United Nat@osference on the Human
Environment in June 1972 and its aim is to asssebbping countries in implementing
environmentally sound policies and practice suataidevelopment in their
environmental activities. UNEP LCA publication $&atin 1996 entitled ‘LCA:What it
is and How to do it’ followed by another publicati;n 1999 entitled ‘Towards a Global
Use of LCA'. The next publication by UNEP with suppof USEPA (United States

5



Environmental Protection Agency) in 2003 entitl&aluation of Environmental
Impacts in LCA’ aims to improve understanding af tmpacts in LCA and encourage

applications in industry and government decisiokinm

2.4 LCA Methodology

There are 4 separate phases, described in ISO iM@=i® doing Life Cycle Assessment
and they are shown in the figure below.

1. ISO 14041: Goal and Scope definition

2. 1SO 14041: Inventory Analysis

3. I1SO 14042: Impact Assessment

4. 1SO 14043: Interpretation

Goal and Scope

Definition e

(IS0 14040)

I

Inventory

Analysis ‘.':::::} Interpretation

| (IS0 14041) i (IS0 14043}

i

Impact

Assessment Cof——

(IS0 14042)

(Source: agnet, 2001)
Figure 2.1: Life Cycle Methodology



2.4.1 Goal and Scope

The goal in a LCA study is to achieve an objectiva problem by applying the results
to the intended audience. The scope of the stuslgritbed the depth and show that the
purpose can be met with the actual extent of thédtions. The functional unit is a key
element of the LCA which has to be clearly defiasdt is a reference to which the
inputs and outputs are related. The system bowexglddtermine which unit processes
are to be included in the LCA study which is séiaily during the scope phase.
Reliability of the LCA studies depends on the ekterwhich data quality requirements

are met.

2.4.2 Life Cycle Inventory

LCI develops a system model containing the amoohitsputs and outputs throughout
the life cycle of the product, process and activitiye inputs refer to raw materials and
energy whereas the outputs are products and $igliij and gaseous emissions. All
relevant data are collected and compiled and tte elaluated are used to compare
environmental impacts and potential improvemenk® data collected must be related
to the functional unit defined in the goal and sedgfinition. The LCA inventories and

modeled using dedicated software packages.

2.4 3 Life Cycle Impact Assessment

Life cycle impact assessment aims to evaluatedh&ibution to impact category such
as global warming, acidification etc. Characteitais the first step calculated base on
the LCI results which shows the environmental peadif the product system.

The next steps are normalization and weighing lieges are both voluntary according
the ISO standard. Normalization provides a basisdmnparing different types of
environmental impact categories. Weighing impligssigning a weighting factor to each

impact category depending on the relative impodanc



2.4.4 Life Cycle Interpretation

The Interpretation phase aims to evaluate thetseBolm either Inventory Analysis or
Impact Assessment and to compare them with thedgdaded in the first phase.
(Jacqeline Aloisi de Larderel, 2003). The firsipsieto identify the important results of
the Inventory Analysis and Impact Assessment. Tehe step is to evaluate the results
with consistency in the following routines: compgle¢ss check, sensitivity check,
uncertainty analysis and consistency check. Thestap is conclusion, recommendation

and reporting of the final outcome.

2.5 LCA Data Demand

LCA requires a large amount of data since theresaveral processes involved in a life
cycle of a typical product. These processes neéd identified in details because each
process specification involves a lot of items sasttonsumption of electricity, amount
of materials used and produced, emissions to atmeos@and generation of waste.

The databases developed should contain data onajj@necesses such as the
generation of electricity, the different mode @frtsport and production of raw materials
(Nico van den Berg, 1996)

2.6 Limitations of LCA

Conducting LCA requires a lot of data collection fiee life cycle inventory. The data
required might not be available or may be subjectovthe study. Therefore consistency
and standardization of data collection processgsal starting point to conduct LCA.

Below is the list of limitations of doing LCA.

» The nature of choices and assumptions made in L&Lgystem boundary
setting, selection of data sources and impact odatex) may be subjective.

* Models used for inventory analysis or to assesg@mwental impacts are
limited by their assumption, and may not be avédldbr all potential impacts or

application.



» Results of LCA studies focus on global and regiossilies may not be
appropriate for local applications.

» The accuracy of LCA studies may be limited by asitelity or availability of
relevant data or by data quality.

* The lack of spatial and temporal dimensions initiventory data used for
impact assessment introduces uncertainty in inmescits. This uncertainty
varies with the spatial and temporal charactessticeach category.

» The LCA focuses on physical characteristics ofitickeistrial activities and other
economic process. It does not include market meshmar secondary effects on

technological development.

LCA does not offer total solution as it cannot aschuman and environmental safety
and does not address comprehensive environmentelgaement. Hence LCA by itself

is insufficient for decision making.

2.7 Benefits and Uses of LCA

Despite the limitations of LCA, there are also masgs and benefits of studying LCA.
It can be used by governments, private firms, cowswrganizations and
environmental groups as a decision support tooln#ket al.1997, Krozer and Vis,
1998; Field and Ehrenfeld, 1999) for improving, eleping, marketing and comparing

products.

According to ISO 14040, the applications of an L& assist in:

* Analyzing the contribution of the life cycle stageghe overall environmental
load aimed at prioritized improvements on prodactprocesses.

» ldentifying opportunities to improve the environn@spects of products at
various points in their life cycle.

» Decision making such as strategic planning, pyiaétting and product or
process design or redesign in industry, governmogggnization and private
sector.

» Comparing between products for internal or intepmhmunications.



» Selecting the relevant indicators of environmeptaformance, including
measurement techniques.

e Marketing

« Compiling and examining the inputs and outputs afarials and energy and the
associated environmental impacts directly attriblet@o the functioning of a
product or service system throughout its life cycle

» Assessing the potential environmental aspects atehpal aspects associated
with a product or service by compiling an inventofyrelevant inputs and
outputs evaluating the potential environmental iotpassociated with those
inputs and outputs.

* Interpreting the results of the inventory and intgaltases in relations to the

objectives of the study.

2.8 LCA Software

LCA computer software is very important becausmit handle thousands of figures in
carrying out a LCA analysis. There are many sofénapls available; some are in
development stage and some are available in difféa@guages other than English. But
the most common software tools used widely by itrikssare SimaPro, Umberto, GaBi
and TEAM.

2.8.1 SIMAPRO (S/stem for Integrated Environmental Assessment of Praucts)

Simapro (Product Ecology Consultants, 1996) is @avgm, reliable and flexible tool

used by major industries, consultancies and uniesslt is a professional tool used for
assessment of products, processes and servicegasltfirst released in 1990 and
continues to be the most successful LCA softwarddmade with nearly thousand user
licences sold in 50 countries. Simapro will be usethis project to analyze the UPW
production in a wafer fabrication plant. There ar@ny available software versions but

Simapro version 5.1 will be used in this project.

Advantages
» User friendly interface following 1SO 14040.

» [Easy to use with wizards to assist

10



Parameterized modeling with scenario analysis

Hybrid LCA with input output databases

Direct linking to excel or ASP databases

» Direct impact assessment calculations from eagestathe model.
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Figure 2.2: Sample of SimaPro result

2.8.2 Umberto

Umberto (1998) is a software tool to model, caltuknd visualize material and energy
flow systems. It is used to analyze the procesteBysor a product life cycle. It is used
by companies that wish to optimize the processdsraprove their competitiveness. It

is also a flexible and versatile tool for researddtitutions and consultancies.

Advantages
» Complex structures can be modeled with its comiibetgraphic interface.
* Results can be valuated using economic and envieatah performance
indicator.

» Cost data for materials and processes can be driteseipport decision making.
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2.8.3 Gabi

Gabi (PE International, 1989) is a software tooltfoild up life cycle balances covering
both environmental and economical issues. Gabiwsoft system has been used for the

past few years and supports ISO 14040 standards.

Advantages
» It simplify the communication results
» It supports large amount of data within the prodifietcycle.
* ltis able to calculate and aggregate the results.

» Itis fast and compatible with other GaBi versions.

2.8.4 TEAM

TEAM (Ecobilan, 1990) is a powerful and flexible AGoftware that allows the user to
build and use a large database to model any sysf@rasenting the operations
associated with products, processes and activitiessable to speed up the process of
carrying out LCA studies by powerful calculatiorpadilities compliant with ISO

14040 series of standards.

Advantages
» |t can speed up the process of carrying out a L@#Apmdiant with current
methodology standards by offering powerful caldaolatapacities, linked to a
comprehensive process and material database.
» Itis able to conduct LCA determinations using of¢he protocols incorporated
within the software.
» It can perform sensitivity analyses in an automéaastiion to identify “data hot

spots”.
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2.9 LCA on Water

The purpose of the literature review is to showghth from the extraction of the raw
materials to the production of the materials aniponents used by the product. It also
acts as a guide to do the life cycle assessmempasduct according to 1ISO14000. Two
case studies carried out are LCA of drinking andte/avater treatment system of

Bologna city and LCA of water treatment processavatban system in South Africa.

2.9.1 Case study 1: LCA of Drinking and Wastewateilreatment System of
Bologna City

An LCA study of existing water treatment plant Hzkn done in Bologna City, Mexico
(Tarantini, 2001), to compare the impacts to tharenment and make improvement to
the current system. Funded by the European Uni@iJASAVE project have to find

means of reducing water consumption, collectingwater and recycle waste water by

using appropriate equipments, devices and techiesog

The functional unit is the quantity of freshwatepply for domestic use per person in
Bologna and treatment of waste product. It is estidu that per person consumes
180Lt/day. Team 3.0 software was used in this L@4dg The system boundaries
include the process of distribution and treatmehtdionking and waste water. No

changes in the Life Cycle Inventory as they areiaesl to be the same for the future
system. Assumption was made inevitable, for thg wais supplied by 6 water sources
and all the waste water channeled to a treatmamt.pChemicals were excluded in the

inventory as the proportion is small.

The main source of drinking water supply for Bolagrty comes from the groundwater.
The process of treating the groundwater starts diginfecting the water followed by
filtering and carbon activation. Most of Bolognayctlomestic waste water, city drains
and some industrial waste water leads to the sewmer reached the waste water
treatment plant. Solid waste will be incinerated tmost of the treated waste water will
be dispersed to the canal.
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Fig 2.3: Energy Contributions from different proges

The result for the energy contribution shows theating water for drinking consumes

the highest energy. The energy pattern is almaststime for waste water treatment
except for the energy consumed is lower. The denfianelectrical energy is related to

the pumping of water in the plant.
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Fig 2.4: Environmental Impact under Normalization

The table above shows the environmental impacthef drinking and waste water
treatment plant in Bologna city. After analyzing tnvironmental impact assessment,
the production of electrical energy used to pun Water on site is identified as the

highest contribution to the process. A well manageWTP can reduce the
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eutrophication potential to an acceptable valueparmed to an average emission of a
European citizen. The result also indicate furtimprovements can be made to the
current water cycle by reducing the energy consignptoptimizing design and
operation of pumping devices.

2.9.2 Case study 2: Environmental Life Cycle Assasents for water treatment
process — A South African case study of an Urban Wer Cycle

) : J p Scale
S A _— ' V. 1:30000

‘—'5\,7 1: 800 000

Fig 2.5: Locations of dams, waterworks and stu@gavithin the eThekwini Municipality

LCA methodology was employed to investigate androwe a local water system in
eThekwini Municipality, South Africa (Friedrich, 2@) which has a population of 3.1
million and covers an area of 2300km”2. The LCAdgtan the urban water cycle have
been conducted according to ISO 14040 standar@swhiole recycling process is done
in context of water scarcity in the catchment amdeere demand exceeds supply. The
overall goal of this study is to provide information the environmental burdens of an
anthropogenic water path in an urban context intlSoAfrica. This include the
environmental impacts in the treatment, distributioollection, recycling and disposal
of water and waste water as well as the compafisothe provision of raw water and
recycled water. The functional unit was 1 kI ofated water with all the losses in the
process taken into account. Variations in the tyali raw water have also been taken
into account. Assumptions had to be made with te¢@mithe boundaries of the system
such as not including the dams, contribution las$1t0.5% for treatment process, data
on pump and piping material used and storm watangfy. These limitations were

considered acceptable as the sensitivity resulvsminimum effect.
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The inventory and impact assessment calculatiorre Wene using GaBi 3 software.
Data were collected from different sources comimgatly from the chemicals and
energy used in the treatment plant and assistanoe technical personnel. Data from
potable water production from both waterworks weadculated for supply of 1 ki
potable water in the entire eThekwini Municipalitfhe total energy used for the
distribution of potable water and waste water abiten system by all pumping station
in the Municility were taken into account. Pipeslgumps material data were ignored
due to lack of an accurate and complete inventdhe processing inputs such as
chemical used, the individual specific manufactsii@nd data manufacturing processes
are included. European data had to be used witloriteg data in GaBi 3 format. Data

were collected and aggregated for 3 year period.

The impact assessment resulting from the inputaatgut from the inventory translate
the contributions to environmental problems and &rmealth. The CML methodology
was used to categorize the environmental impaaot tiee calculated scores even though

there are some limitations.
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Fig 2.6: Environmental Impact Categorization bygass

The results above interpret the contribution ofivitial processes with the aim of
identifying the process with the highest contriboti The highest contribution for all
environmental impacts is the treatment of wastewé&ddowed by distribution of

potable water and collection of waste water. Theekt contribution comes from the
recycling plant which is more environmental frigndhan treatment of raw water.

Therefore it is recommended to supply recycle wadeindustries located near waste
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water treatment plant. Using recycled water reduttes need for treatment and

distribution of raw water and help in preserving #tarce resource of the country.

In the LCA result below, the use of electrical gyyecarries the highest environmental
burden due to coal consumption in generating etégtr As in previous case study, it is
common that electricity in water system is the meamtribution to environmental
problem. To improve the overall environmental perfance, the electricity
consumption for each phase in the system has &xamined. Technically, electricity
usage can be reduced for treatment of raw wateroandation. Beside that, reducing
consumer demand and supplier demand also helpgli&ugemand can be influenced
by reducing leaks, removing illegal connection,u® excess pressure in the system
and using instruments as water tariffs. Consumenatel can be influenced by

installing water saving devices and imposing lawsvater restrictions.
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Fig 2.7: Electrical and chemical contribution te #gnvironmental scores of the system

In conclusion, system and process approach arabalin priortizing improvements
and make desired changes due to different prosessrship. From the result of the
LCA, the highest contribution to the environmenthie treatment of waste water. This
proves that energy in the urban water system isnib& important factor impacting the
environment. Energy efficiency is linked to the gaing requirements of the system and
conditions such as distance and elevation. In dadsave energy in South Africa,
recycling operations should be encouraged as thelemand for industrial grade water

in the vicinity of waste water treatment plant.
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CHAPTER 3

UPW Technology

3.1 Introduction

The functional unit of the LCA, which is the UPWapt and its manufacturing
processes is explained in this chapter. It alsdudes the uses of UPW in a
semiconductor foundry and the product requiremantaanufacturing process of ultra

pure water technology.

A lot of effort and time was spent to understareltenufacturing process flow through
facility engineers and vendors. Discussions and timge were conducted on this
process aspect of this LCA study. The scope of wodkudes 2 different sites and
companies in order to have a better data resulisuaderstanding. The RO plant is
located at Numonyx Pte Ltd and the UPW plant isated at STMicroelectronics Pte
Ltd. In STMicroelectronics, the UPW plant consistdprimary and polish loop as

shown in appendix 1, supplying UPW to wafer fabraaplant producing 6” wafers.
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3.2 Water Sources in Singapore

Singapore is recognized for its sustainable watamagement. Our 4 national taps
strategy supplies us with diversified and sustdaabpply of water. The 4 taps are:
water from local catchments, imported water fromadyaia, NEWater and desalinated

water.

New man made reservoirs are going to be made tedse the supply of raw water. The
reservoirs would be useful after it is built. Thareuld be different water sports
available when opened to the public. These resexrvaduld also control flooding. If

too much water comes in, flood gates would opeadltav water to flow out. One

concern is pollution if this water is going to beed for drinking and other activities.

Desalinated water used in Singapore refers to s¢@rthat has been through a process
that extracts pure water from the ocean water. Seavs treated with some chemicals
that cause the impurities to group in large graogse removed more easily. Air is
injected to allow lighter particles to float and teenoved. The water is filtered through
sand and put through Reverse Osmosis and theneeatiged. Finally, it is blended

with the reservoir water before being sent to hoaresindustries.

Singapore made two treaties with Malaysia concegrnav water agreement, the first
one expiring in 2011 and the second in 2061.Cuy&inhgapore is buying raw water
from Malaysia and selling treated water to thera higher cost. Malaysia is planning to
change the terms of the agreement when it expir@®11. No solution to both side

have been given, so this is not a long term stedoliece of water anymore.

Newater is reclaimed water which has gone throwggitinent in NEWater Plants which
consists of four processes namely Micro FiltratiReyerse Osmosis, Water
Conditioning and Ultraviolet Disinfection beforeing into pure water. It can be used
for potable and non-potable purposes mainly usedé#ber fabrication and air
condition cooling towers. The total capacity of tlevater plants supplying to wafer
fabrication in Singapore is 92,000m3/day which3s580,000m3/year.
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Besides supplying Newater to wafer fabrication atieer commercial hubs, Newater is
also pumped to the reservoir, equivalent to 1%nefreservoir size. The need for
NEWater supply is due to Singapore’s daily waterstonption keeps increasing.
Singapore’s population is increasing and econongyasving, more water is needed to
keep factories running and people living. Anothesrson is to cover the loss of

Malaysia water in order to be self sufficient.

The Singapore Government increases the price obrwat an attempt to make
Singaporeans conserve water, since water is aesagasource in Singapore. The
immediate consequence of increasing the price @émia probably a decrease in the
guantity demanded of water — assuming demand faerwia normal. In conclusion,
water is a basic and essential necessity and pe&alblstill have to consume it even if
the price increased. Thus, the quantity demandeavaiér will probably not drop
drastically. It may even increase in the long ruSingapore’s population grows even

faster than what the water supply can cope with.

3.3 Definition and Application of UPW

Ultra Pure Water (UPW) is widely used by manufaoircompany especially in the
semiconductor foundry in the process of wafer fairon. UPW is made up of raw
water being pressurized through a semi permeabiebrame and passing through UV
sterilizer treatment. After passing through the &f¥rilization process, the treated water
is further treated by removing CO2 and O2 from weter by membrane degasifier.
After removing the unwanted gas in the water, te 8tep is to remove TDS and silica
in the water by separating the ions. To furtheraeenTDS and silica, the treated water

is passed through a resin mixed bed before gomogigin the final filter.

UPW is used in wafer production process such aslgans, wet process in etching and
diffusion, solvent process and chemical mechamitziarization(CMP) and rinses. The
amount of UPW use in the fab can vary widely depemdn the wafer input, size and

process recipe.
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Fig 3.1: Semitool spin rinse dry

Semitool equipments used lots of UPW to rinse th&ewsurface of chemical and then
dry with nitrogen by spinning.

Fig 3.2: Acid Processors

The two pictures above are acid processors maevtieh mainly uses chemical for
processing and can be found in diffusion and etehprocess. The UPW is mainly used
for cleaning the machines and flushing the was&rstal and UPW in the drain to
reduce the pH value.
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Fig 3.3: Chemical Wet Bench

This machine also uses a lot of UPW to rinse acithfthe wafer surface by dipping it
from 1 bath tank to another. This machine can beadadn all wet process in the fab.
Basically most of the wet process in diffusion hétg, epitaxy, and CVD areas uses

UPW for cleaning, process and flushing.

Fabs often produce their own UPW from local feetiewdn general, 1,400-1,600
gallons of city water is needed to produce 1,00ga of UPW. Purity of UPW is
important because a molecule of contaminant cagece@rtain process nonfunctional.

Contaminants include particles, organic compoumdisdassolved ions and gases.
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3.4 UPW Requirements in STMicroelectronics Pte Ltd
3.4.1 Feedwater Specification
Water from Numonyx Pte Ltd RO Product water storagd serves as the water supply

source for STMicroelectronics Pte Ltd 6” fab. Té#dwing table gives details of the

RO product water characteristics:

Chemical & Physical Characteristics (i RO Product Water from Numonyx Pte
mg/l where applicable) Ltd

pH value 7-8.5
Conductivity (uS/cm) 4-5

Taste Unobjectable
Odor Unodjectable
Total Alkalinity (CaCO3) 20 ppb

Total Hardness (CaCO3) 20 ppb
Chloride (CI) 1 ppm
Sulfate (SO4) 0.5 ppm
Silica (SiO2) 20 ppb
Sodium (Na) 0.5 ppm
TOC ppb 9-10

Table 3.1: RO water specifications
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3.4.2 Product Water Specification

The UPW production system is designed to produdemnad the following quality.
These standards are continuously monitored by SRieaquality of UPW is one of the
top priorities in a wafer manufacturing plant.

Parameters Units Specifications
Resistivity @ 25°C NRcm >=18.0
Temperature, Cold DI °C 23°C +1°C
Pressure @ POU bargainable 42 +0.5
TOC ppb <=5

Particles counts >0.05 um N/I Less than 1000
Particles counts >0.10 um N/I Less than 100
Bacteria count CFUl/liter <=1

Total Silica ppb <=5

Dissolved silica ppb <=2

Oxygen ppb <10

Fe ppt <50

Zn ppt <50

Cu ppt <50

Ni ppt <50

Al ppt <50

Mg ppt <50

K ppt <50

Na ppt <50

Ca ppt <50

Cl ppt <50

S04 ppt <50

F ppt <50

NH4 ppt <50

B ppt <50

Table 3.2: UPW specifications

3.4.3 Flow Capacity and Operation Mode

Primary System : 120 m3/hr
Polishing UPW Loop : 105 m3/hr
Continuous Operation Mode : 24 hrs/day @ 7 dayskwe
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3.4 Manufacturing Process of UPW

Sep 1: RO system in Numonyx Pte Ltd

Fig 3.4: HERO system

Uninterrupted supply of high purity water is esgadrfor each fab operation especially
8” wafer production. The high tech UPW plant in Nemgix Pte Ltd is commissioned on
year 2000 and it serves not only Numonyx plantdds® 6” wafer production plant in

STMicroelectronics Pte Ltd. To meet the increasitggnand for RO water by both
plants, the conventional RO system has been upgréalehe high efficiency RO

(HERO). The raw material for HERO system comesnfrime city water. The feed

water will be pressurized through a semi permeaigenbrane, only clean water will

pass through leaving impurities which are too lgbe flushed away. RO mainly
removes the hardness, particle, Total Organic CAF@C) and Boron. HERO RO can
be operated at high pH and due to this, weak aeidanized and rejected in the RO
system. Therefore TOC and Boron rejection is vagh lin this HERO RO. The overall

efficiency of HERO RO is 95% whereas the efficierafyconventional RO is 85%.

Since the HERO RO is operating at high pH, thenedsequirement for RO cleaning
and thereby down time for maintenance not requi@ahtrifugal pumps are being used
to transfer the RO water to 6” plant and the puraps being sent out for annual
maintenance. For energy saving purpose, all thepR@ps have Variable Frequency
Drive (VFD).
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Sep 2: Primary Loop in STMicroelectronics consisting ofoiage Tank, Transfer
Pumps, UV Sterilizer and Membrane Degasifier

Fig 3.5: RO water tank

The transferred RO water will be stored in a 75iculmeter nitrogen blanketed
permeate water storage tank before being delivdosehstream for further treatment.
The tank is located at level 1 beside the UPW pdanak the tank is equipped with level
transmitter to monitor the level in the tank.

Fig 3.6: RO water transfer pumps

26



The primary system operates by taking water froem RO water storage tank and
boosting the pressure with 2 RO transfer pumpsppgd with variable frequency
drives (VFD). There is normally 1 pump on line a@hgump in standby. The pump is
continuously running providing 133 m3/hr of flow the primary system unless low-
low level is detected in the RO water storage tditile pump run at set pressure. If the
effluent pressure drops below the setting presstne, control function will
automatically increase the VFD speed. If the efftysressure is higher than the setting

pressure, the control function will automaticalcdease the VFD speed.

Fig 3.7: TOC destruct UV

RO treated water is directed through a train ofauiblet sterilizers. The sterilizer is
provided with 185 nanometer lamps to remove theareimg Total Organic Carbon
(TOC) in the primary process water. The sterilizeystem runs continuously on line

providing 133 m3/hr of sterilized water to the mearte degasifier system.
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Fig 3.8: Membrane Degasifier

Treated water is passed through a set of membegesdier trains to remove virtually
all the dissolved gases (CO2, O2) in the processrwihe membrane degasifier runs
continuously on line providing 133 m3/hr of produetter to the CDI system. There are
3 vacuum pumps with 2 running and 1 in standby eoted to the degasifier system.
Flow switches continuously confirm chilled wates\l in their respective vacuum

pump recirculation system. N2 is used as the swegegas in the system. Vacuum
pumps are used to remove the dissolved gases exkimist. Chilled water is used in

heat exchanger to remove excess heat from the gadesondensate it into liquid.

Fig 3.9: Vacuum pumps
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Sep 3: Polish Loop in STMicroelectronics consisting of CMixed Bed and UF.

Feedwate
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| » Reject water
v I
Product water H20 NaC

Fig 3.10: Continuous De-ionized unit

RO treated water subsequently passed throughné todiicontinuous deionization unit
for further removal of Total Dissolve Solid (TDS)dsilica. There are 2 P-serial CDA
and 2 LX serial CDI. It is a continuous procesgttoduce high purity water by using
ion-selective membrane, ions exchange resins @utrieity. Direct Current (DC)
electric potential is the driving force for remogiions from the feed stream while
continuously regenerating the resins. RO feed watrductivity entering each module
must be less than 40 uS/cm. The feed water flowadlphto the membrane surface in
the compartment. Resins capture dissolved ionstriigpotential drives capture cat-
ions through the cat-ion membranes and the anfonsigh the anion membranes. Cat-
ion permeable membranes transport cat-ion suchdigrs ions out of the product
compartment but prevent anions from leaving theatesgompartment. Anion permeable
membranes transport anions such as chloride ionsfdie dilute compartment but
prevent cat-ions from leaving concentrate compantniReject stream removes

concentrated ions from the system. Product wasaele the system.
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Fig 3.11: CDI Process

Fig 3.12: Resin Mixed Bed

Resin mixed bed is located in the polish loop. Ldeponized water (DIW) passes

through a train of non-regenerable, mixed bed )arhange vessels for further removal
of the Total Dissolve Solid (TDS) and silica. 2ipblmixed bed exchangers are

operated by lead lag configuration mode to achibeeequired water specification. A

resistivity line cell is installed at the individuaixed bed outlet. When the resistivity

value reaches the exhaustion point, the exhausteztirhed vessel will be isolated and

the new resin will replace exhausted resin therimgatservice.
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Fig 3.14: UF Final filter

In the polishing loop, the ultra pure water isially filtered by a 1-micron cartridge
filter before the final filtration. The ultra filation (UF) product water is sent to the
point of use while the UF reject water is direcbedk to the UPW tank. Ultra filtration

is to remove smaller size particles in the watdoteedistributing to the loop.
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CHAPTER 4

METHODOLOGY

4.1 Introduction

The main objective of this project is to set up lB®A model in order to access
environmental information on UPW plant. A literagureview of LCA studies of waste

water have been conducted as a guideline for geareh.

Life cycle assessment was performed in accordaritte methodology presented by
Wenzel et al. (1997) that complies with the genpradciples of 1ISO14040 (ISO, 1997).
SimaPro was used in this project to perform theemery and impact assessment
calculations. Data were collected from various sesr On site specific data have been
collected for UPW production with supports fromheicians and engineers, and the
data was primarily from STMicroelectronics Pte Llitd Singapore. The main data
collected were identified by the specific manufaetuof the commercial products.
Moreover, the raw material consumption and eletyriocsage were measured and

derived from the plant’s record.

Data was applied in Simapro after getting all théoimation and it will weigh the

impacts for further improvement.

There are 4 basic steps to carry out LCA study; #re shown below.

1. Define the goal and scope of the study.

2. Create a model of the product with all the envirenial inflow and outflows by
using LCA software. This is called life cycle intery stage.

3. Assess the environmental impact caused by thewn#od outflow, this is
referred as Life Cycle impact assessment.

4. Lastly will be to interpret the results.
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4.2 Defining the goal

The most important pitfall in the implementationldfA turns out to be the lack of a
clear definition of the purpose and applicationL&fA (Goedkoop, Schryver & Oele
2006).The aim of the study is to set up an LCA nhddeassess the environmental
information of producing Ultra pure water in a wafabrication plant. The goal is
obviously for further improvement of the system aeducing health hazards and safety
risk in the process. Besides that, the goal is sdnd out which process or products
have the least environmental impact to the enviemrand what factors will cause
environmental burden when producing UPW. The go#he reason for carrying out the

study as well as the intended application of tlsellte and the intended audience.

Besides that, the goal of the study is to determine

e Future improvement of the product or process sa tten reduce the
environmental impacts.

* The most environmental impacts caused by the ptamtugrocess in each stage
of its life cycle.

* The least environmental impacts caused by the ptagluprocess in each stage
of its life cycle.

* The most important factors that decided the enwremtal load of UPW

production.

4.3 Defining the scope

The scope describes the depth of the study andudiéilh the purpose with the actual
extent of the limitations. The scope of an LCA dHooontain the following items
described:

1) The function of the product system
2) The functional unit

3) The system boundaries

4) Allocation procedures

5) Types of impact assessment methodology and intetpre to be performed
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6) Data requirements

7) Assumptions and limitations
8) Data quality requirements

9) Type of critical review, if any

10) Type and format of the report required for thedgtu

The scope of this project covers the productioBW in STMicroelectronics Pte Ltd.
This includes the manufacturing process and praoolucif RO water at Numonyx Pte
Ltd to the supply of UPW to the wafer fabricatidam at STMicroelectronics Pte Ltd.
The scope of the study involved the manufacturingcgss of UPW from the raw

materials used in the plant up to the waste beiadyzed.

1. Raw materials (materials used in the process afymong UPW)
* Industrial City Water
* Membrane
« Nitrogen

e UV lamps

2. Manufacturing process
I. Reverse Osmosis — Industrial city water is pregsdrithrough a semi-
permeable membrane by big capacity pumps where
only clean water is passed through leaving impmsiti
to be flushed away. HERO system has high rejection
of TOC and Boron that makes it 95% efficient. This
is the stage where most of the electrical power is

utilize.

ii. UV sterilizing treatment — The water is passedufgroUV light to

remove TOC further.

iii. Membrane Degasifier — The water is passed througkrabrane to
virtually remove CO2 and O2. The N2 is used
as a sweeping gas to mix with other gases

before going to exhaust.
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iv. Continuous De-lonized — The water passes througkrabrane
electrically to separate the anion and cation

leaving product water to pass through and

rejecting NaCl.

v. Resin mixed bed — The water that passes throughitked bed is to
further remove the TDS and silica. The
resistivity of the water is monitored to change

the exhausted resins.

vi. Ultra Filtration — The water is filtered by a 0.2emon cartridge filter and
then 0.04-micron cartridge filter before sending

to the point of use.

3. Waste water
* The reject water from UPW plant will be recycledatigh the loop and
the used UPW from the fab will be treated with otlvaste water before

discharging to drain.

Processes
Input Qutput
——— — g
MATERIALS EMISSIONS TO SOIL
EMERGY AIRAND WATER
CHEM ICALS SOLIDWASTE
OTHER USABLE BY-PRODUCTS
HEALTH AMD SAFETY
IMPACTS

(Source:mst, 2009)
Fig 4.1: Diagram showing input, outputs and proesss a product life cycle
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4.3.1 Functional unit

The functional unit defined in this study is theWmlant production, supplying flow
rate of 130m3/hr to the manufacturing of wafer fedition at 5000 wafers per day.
Therefore the functional unit define is the plasibaunit designed and commissioned to
manufacture 1,285,042 m3 of UPW in 1 year. Therdinectional unit must be
standardized as in table 4.1

Name Unit
Water kg
Nitrogen kg
Glass kg
Electricity kWh
Diesel Lt

Table 4.1: Units standardization

o C:\Program Files\SimaPro 5\Database\Standard; UPW
File Edt Analyse Tools ‘Window Help

Q3| 4|l 8E LlAnu pe

O

| &

Goal and scope |LCF\ of UPYW plank in wafer fabrication |

Date
11022009
fiuthor

|Supand\; |

Carmmment
| |

LCA tvpe

Internal Screening

Screening refers to an LA that is made in a short time. Usually only standard available data and impact assessment is
used, Sensitivity analysis is very impartant,

04l

1.Identify the mast important Factors that decide the environmental load of a UPYW plant,
2.Improve process and materials to reduce environmental impack

Reason

The company wants fo understand the enviranmental load of the UPW plant ko see how environmental load can be

Generdl data reduced in terms of material and process,

Literature references i
Commissioner

Fig 4.2: Screenshot of goal and scope definitio8imaPro
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4.4 Inventory

In the inventory stage of an LCA, all emissions aad material consumption data are
collected and all the inputs and outputs data mestollected before making a model of
the product life cycle. To perform a life cycle iagt assessment with SimaPro, 3 major

activities need to be done.
1. Collect the data not available in database and @nfgocess records.
2. Link process records to each other to form a potes
3. Link process records in product stages to modelifineycle.

There are 5 categories in the process of LCA

Material

* Energy

e Transport

* Processing

e Use

* Waste scenario

* \Waste treatment

4.4.1 Materials used in the plant

The data not available in Simapro database aredfoumanuals, internet resources and
interview with the UPW plant personnel. The mogpamant data can be found form
the company database consumption file and matatial sheet. Visit to the plant and
interview with the plant manager have been condliiget more information. Below

are the data provided by the plant manager, Miv&k8mar.

37



UPW process equipment at the plant

UPW process equipment

Quantity on site

RO pumps
RO membrane unit
RO membrane

Transfer pumps (37kW/2900RPM)

UV sterilizing treatment

UV lamps

Membrane Degasifier

Membrane Housing

Vacuum Pumps (15kW,1450RPM)
CDI system

CDI modules

Mixed Bed tank

Booster Pumps

4 nos
4 units
8 nos/unit

2 nos for primary loop
2 nos for polish loop

12 units

36 lamps/unit

2 units

6 nos/unit

4 nos (2 nos/unit)
2 units

8 modules/unit

2 nos

4 nos

Table 4.2: Quantity of process equipment at thatpla

Input material in a year

Material and energy

Quantity

Water (Industrial city water)

RO water consume by
STMicroelectronics

Total UN2 used by UPW plant

UV lamps

RO membrane

Degasifier membrane

UF filter membrane

2,560,405 m3 at RO plant

1,285,042 m3

7308 m3

Weight/unit = 600 grams/pc x 36
lamps/unit =21.6kg

Weight/unit = 60 kg/membrane x 8
membrane/unit = 480 kg

30 kg

1 part
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Acids (For lab analysis)

Electricity at UPW plant in
STMicroelectronics

Electricity at UPW plant in Numonyx

Diesel (Materials transportation)

100Lt

4,866,793 kWh

5,367,567 kWh

2000 Lt

Table 4.3: Input material in a year

Output material in a year

Materials and Energy (Outputs) Quantity
Production of UPW 1,285,042 m3
Waste acid (UPW and acid from 770,880 m3

production)

Table 4.4: Output material in a year

4.4.2 Non-material consumption by process

Non- Electricity | Electricity | Water Water | Nitrogen | Nitrogen
Material (%) (kwh) (%) (m3) (%) (kg)
Process

RO process 40 2,147,026 100 | 2,560,405 - -
UV treatment 30 1,460,037 25 321,260 20 1461.6
Membrane 20 973,358 25 321,260 80 5846.4
Degasifier
CDI 25 1,216,698 25 321,260 - -
Mixed Bed 25 1,216,698 25 321,260 - -
Table 4.5: Electricity, water and nitrogen consuompt

4.4.3 UV lamps break down by material

The UV lamps are changed after 8000 hours of usecasnmended by the supplier.

The weight of the lamp is about 600g and consis&deztronics parts. The quartz

sleeve is made of silicon and glass and weighstatflg. The UV lamps are changed
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during PM if the light intensity is low and the gtmsleeve is clean. The weights of the

different materials are in the table below.

Material Silicon | Silicon | Glass | Glass| Electronics | Electronics
Process Material (%) (kg) (%) | (kg) | parts (%) | Parts (kg)
UV lamps 80 69.12| 20 | 17.28 100 259.2

Table 4.6: UV lamp and quartz sleeve material bieain

4.4.4 Filter Membrane break down by material

Membranes are mainly used in UPW plant to filtewanted particles, gases or other

materials in order to provide good quality watene™ processes below uses membrane

to filter specific materials and the size and weigiried. The RO membrane is the

longest among all the membrane in UPW plant arad we¢ight is 1920kg.

The membrane degasifier membrane contains thousdmdigroporous polypropylene

hollow fibers knitted into an array that is wourrdand a distribution tube. The

membrane is housed in a cartridge made form PVDienaaand covered by stainless

steel casing. The weight of a set of membrane isg38nd the total weight at site is

360kg. Table 6.7 shows the material breakdown bggss for membranes.

Material Cellulose Cellulose Polypropylene | Polypropylene | Stainless| Stainless
Process Acetate Acetate for housing for housing steel steel
Material (membrane) | (membrane) (%) (kg) casing | casing
(%) (kg) (%) (kg)
RO 30 576 20 384 50 960
Membrane
Polypropylene | Polypropylene PVDF PVDF Stainless| Stainless
fibers (%) fibers (kg) cartridge (%) | cartridge (kg) steel steel
casing | casing
(%) (kg)
Degasifier 35 126 15 54 50 180
Membrane
lon-selective lon exchange
membrane (p) resins (%)
CDI 16 50
membrane
Polysulfone
(membrane
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and casing)
(%)

UF filter

membrane

100

4.4.5 Pump and motor break down by material

Table 4.7: Filter membrane breakdown by materials

RO pumps at Numonyx are the biggest in the siteused to pressurize the water

through the semi permeable membrane. The pump aa#skW weighs 570 kg and the

total weight of all the pumps are 2280 kg. TabB ghows the different process pump

and motor weight.

RO pumps Item weight (kg)

Motor 300
Pump 270
Transfer & Booster pumps Item weight (kg)
Motor 200
Pump 148
Vacuum pumps Item weight (kg)

Motor 120
Pump 80

Table 4.8: Different pump and motor weight

Material | Grey Grey Stainless Stee| Stainless Stee| Stainless Stainless
Process | Cast Cast (X6CrNiMoT | (X6CrNiMoT | cast steel cast steel
Material | Iron Iron i17-12-2 (%) |i17-12-2 (%) | (GX4CrNiM | (GX4Cr
(EN- | (EN- 019-11) (%) | NiMo19-
GJL- GJL- 11) (kg)
250(%) | 250)(kg)
RO 50 135 25 67.5 25 67.5
pumps
50 74 25 37 25 37
Transfer/
Booster
pumps 50 40 25 20 25 20
Vacuum
pumps

Table 4.9: Different pump materials by process
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Material | Grey Grey Copper | Copper | Stainless | Stainless
Process | CastIron | Cast Iron | wire (%) | wire cast steel | cast steel
Material | (EN- (EN- (kg) (GX4Cr | (GX4Cr
GJL- GJL- NiMo19- | NiMo19-
250(%) | 250)(kg) 11) (%) | 11) (kg)
RO motor| 50 150 25 75 25 75
Transfer/ | 50 100 25 50 25 50
Booster
motor
50 60 25 30 25 30
Vacuum
motor

Total weight of the different materials

Total weight of cast iron for RO pump and motor35% 150 = 285kg

Table 4.10: Different motor materials by process

Total weight of stainless cast steel for RO pumg motor = 67.5 + 75 = 142.5kg

Total weight of cast iron for transfer/booster puama motor =74 + 100 = 174kg

Total weight of stainless cast steel for boostn&fer pump and motor = 37 + 50 =

87kg
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4.5 Conducting a Sima-pro Analysis of UPW plant

Step 1:Data Quality Requirements

Coal and scope
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IGEDCIFED"I".-‘ I T wpoe I AllocatHorm I

Dheesorip o
Lilbvr=ri Time period (OO vwweightmna = =)
DT Raeaquirermeaents ;_unspeaﬁed
I B
mwernbhorw I_ Ll o
FProcesses .
FProduct stages < Mix=d dat=
Swshem desoaipbhboms ] 2010 anmnd aftb=r
LUEEIE ETEES < =2005-z200%
Impact assessment - =2000-Z00-3
Method=s
R eports I 1S 5-1999
Inmnte=rpre=tatom I 1SS0 -1993
Imberpyretatbom I 19=5-1989
Do ameen e Limbkes — 1oso-1954
[=p— ] EB=efore 1S9S0
Figure 4.3: Time DQI
I '] I’ '] I’ '] R '] — 1 '] il | ——-1 =l i | I} R
Goal and scope Time | Gecaraohv Tvpe | allocation | Swstem b

Descriptbom
Libraries
DI Requirements T

Irnvwerntory

o=

T
3
i
:
I |

[ I}

T
)
]
a
k
il
i_

Sysbem descripto
Wilaste type
rMethods
Reports
Imnterpretaton
Document Links

TTRART7770

Unspecified

Unknoser

Mixed data

Worst casse

Outbdated technology
Acverage technology
Moderm technologw

Best available technology
Future technology

Forms
Soripits

A

Variables

Literature references
DT Wweighting
Substances

Unit comwversions

Units
Nnibdtes

Q

TITTIRRAR T

epresentatveness (DO WWeighbdng

30
Unspecified

Unknowser

Mixed data

Data from a specific process and company
Acverage from a specific process

Arverage from processes with similar outputs
Acverags of all suppliers

Theoretical calculation

Data based on imnput-output tables
Estimat=

Figure 4.4: Type DQI
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Step 2:Analyse the RO system process in Numonyx

Water from the industrial city water pipeline i®thasic material used in producing
UPW. Lots of water is needed at the RO plant tgpsupoth 6” and 8” plants. The RO
water is pumped to the RO tank located at the URAtpn STMicroelectronics.

Below are the inventory inputs to SimaPro.

Documentation  Inputfoutput ] System descripkion ]

Products

Known outputs to technosphere. Products and co-products

Mame Annount Linik Quankit Law walue High walue Allocation FCakegor C
|RO process |1 ||3 |P.m0unt a |D |1lJD o |Others

Enown outputs ta technosphere. Avoided producks

Mame Amount Unit Laowy value High walue Camment

| Inputs

Enown inputs From nature {resources)

Mame Amaunt Linit Lawy value High walue Camment

[water tpracess) [zs60405 [ka o o

Enown inputs From technosphere (materials/fuels)

Mame Amnounk Linit Low walue High walue Commenk

cellulose acetate 576 kg u] u] membrane

FF & 354 kg u] u] polvpropylene membrane housing
WECrNIMaTil7-12-2 1027.5 ka u] u] stainless steel {membrane casing and pump)
EM-GIL-250 285 kg u] u] cast iron {pump and mator)
GRACrMiMo19-11 142.5 kg o u} i I8

Copper wire 75 kg u] u]

Enown inputs From kechnosphere (electricity fheat)

Mame Amaount Linit Lawy value High value Camment

[Electricity from gas B250 [z147026  [kwn o o

Figure 4.8: SimaPro Inventory inputs for RO process

lp
RO process

985 =]

il

576 kg [] 354 kg 1,03E3 kg 285 kg 143kg ] F5kg || 7.73E6 M1
celulose PP A HECEMIMoTil7- EMN-GIL-250 GEACrMiIMO19- Copper wire Electricity Fram
acetate 12-2 11 gas B250

0 || 1.23 || 0 0 || 0 | | 0,135 =]l 953

z7om1 ] 1E3 M3

Electricity Furnace gas B
UCPTE Med.
0,069 0,0535 =1

21.8kg

Matural gas B
0.0431

Figure 4.9: SimaPro Tree for RO process
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Step 3:Tanks, UV Sterilization Treatment and Transfer pumps

Upon reaching STMicroelectronics, the RO wates file RO tank up to a certain level
and blanketed with nitrogen. The RO water is themped through a UV sterilizer
treatment to remove remaining TOC. Below are tierniory inputs to SimaPro.

L ] 1 L 1 1 ] 1 L ] = 1 L 1 b | 1
Documentation  InPutfoukput | System description
Products |

Known outputs ko technosphere. Products and co-products

Mame Arnount Uik Quantit: Low walue  High value  Allocation 3%:Categor Comme

p [amount o D 0%  |Others

known outputks bo technosphere, Avoided products

Mame Amount; Unik Low value  Highwalue  Comment

| Inputs

kKnawn inputs From nature (resources)

Mame Arnount Uik Low value  High walue  Comment

water (process) 321260 ka i} 0 R water From Prnugmanix

nitrogen 1461.6 kg i] ] Elanketing M2 for RO and UPW tanks

silicon gin SiCE) 69,12 kg i] ] quarkz glass slesve

recveling glass 17.28 kg i] ] quarkz glass slesve

kKnawn inputs From technosphere (materials/fusls)

Mame Arnount Uik Low value  High walue  Comment

LW lamp |759.2 |ka [ o

known inpuks From technosphere {electricity/heat)

Mame Amount Unik Low value  High walue  Comment

|Electricity from gas BZs0 |146EID3? |kWh |EI |D |E|ectricitv consumption For Uy and transfer pumps

Figure 4.10: Simapro inventory inputs for UV stegtion treatment

ip
UV sterilizing
treatment

669 B

259 kg 5.26E6 M]
UV lamp Electricity from
gas B250
0 669

Figure 4.11: SimaPro tree for UV sterilization treant
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Step 4Membrane Degasifier and Vacuum pumps

After passing through the UV sterilization procdhks, treated water is further treated by

removing CO2 and O2 from the water by membrane sifiga Vacuum pumps are

used to remove the dissolved gases to the exi@hiied water is used in heat

exchanger to remove excess heat from the gasesoadénsate it into liquid. Below are

the inventory inputs to SimaPro.

L L 1 L 1 L L 1 L T L 1 —

Docurmentation  Input/output lSvstern description ]

| Products

Enown outputs to technosphere, Products and co-products

Mame Armounkt Unit Quuankit Lo value High walue Allocation %&Categor
|Membrane degasifier 1 |p |.C\rn0unt u] |D 100 % |Others
Known outputs to technosphere. Avoided products

Mame Amounkt Unit Low value High walue Comment

| Inputs

Enown inputs From nature (resources)

Mame Armounkt Unit Lows value High walue Comment

waker (process) 321260 ka u] u] Water after UY kreatrent
nitrogen S546.4 kg a a Siweeping M2

kEnown inputs From technosphere {materials/fuels)

Mame Amounk Unit Low value High walue Comment

PP A& 126 kg a a polypropylens fibers For membrane
PYDF 54 kg ul ul membrane cartridge

skainless steel 180 kg ul ul casing

EM-3IL-250 100 kg ul ul wacuum pump and motor
ABCrMIMoTil?-12-2 20 kg u] u] WACULIM pUmp

GraCrMiMol19-11 50 kg ul ul wacuum pump and motor

Copper wire 30 kg u] u] wacuum mokor

Enown inputs From technosphere {electricity/heat)

Mame Armounkt Unit Lows value High walue Comment

Electricity Frarm gas B250 |9?3358 |kWh |D |D |electricitv cansurption For vacuun punp

Figure 4.12: SimaPro inventory inputs for membrdegasifier

lp
Mernbrane
degasifier

F146
il | |
126 kg T kg 180 kg 100 kg 20 kg Thlkg 30 kg 3EER M)
PP A& PYDF stainless steel EM-GIL-250 ECHHIMoTil?- (GRACHH-iMo19- Copper wire Elzctricity Fromn
122 11 gas B250
0403 053 al e
108 M1 402 M1
Electricity Furnace gas B
UCPTE Med.
0276 054 gl
74 kg
Matural gas B
0172

Figure 4.13: SimaPro tree for membrane degasifier
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Step 5:Continuous De-lonizer

After removing the unwanted gas in the water, et 8tep is to remove TDS and silica
in the water by separating the ions. The CDI wihade of 8 modules with a
membrane to separate the product and reject wWidiere are also ion exchange resins
in each module. Below are the inventory inputsitog®ro.

Documentation  Inputfoutput IS\;stem description l

| Products |

Known oukputs to technosphere, Products and co-praoducts
Mame Amounk Lnit Cuartit Low value  Highwalue  Allocation %:Categor C
|cor 1 P [amount o o 00%  [others

Known oukputs to technosphere. Avoided products
Mame Amounk Lnit Low walue High walue  Comment

| Inputs |

Known inputs from nature (resources)
arne Arnounk nit Low walue High walue  Comment
|water (process) |32126EI |kg |D |D water after membrane degasifier

Known inputs from technosphere (materials/Fuels)
arne Arnounk nit Low value High walue  Comment

jon selective membrane 0 0 1 membrane in 1 module; tokal 16 modules
ion exchange resins u] u] resins consist of COI system

Known inputs from technosphere (electricity fheat)

arne Arnounk nit Low value High walue  Comment

[Electricity from gas B250 [1zi6608 |kwh |0 o

Figure 4.14: SimaPro inventory inputs for Contin@@sonizer

1p
CDI
557 =
16 p 0.5n 4.38E6 MJ
ion selective ion exchange Electricity from
membrane resins gas B250
0 0 557

Figure 4.15: SimaPro tree for CDI
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Step 6: Mixed Bed, Booster pump and Ultrafiltartion

To further remove TDS and silica, the treated wat@assed through a resin mixed bed
before going through the final filter. There arm&Xed bed tanks made of PVDF
material coated with FRP. The resins are normalfilléel. Booster pumps are used to
make sure the pressure in the line to the endrassain constant. The pump
specification is the same as the transfer pumps.Iddt filtration is to filter particle size

0.2 and 0.04 micron. The membrane is made of palynagerial.

Documentation  Inputfoutput IS\;stem description |
T T OO P s T LT TSR T = T TS ar I T T e
Mame Amounk Lnit Cuartit Low value  Highwalue  Allocation %:Categor C
Mixed Bed, booster and uf |1 |p |Am0unt |D |E| 100 % |Others

Known outputs to technosphere, Avoided products
Mame Amounk Lnit Low walue High walue  Comment

| Inputs

Known inputs from nature (resources)
ame Amount 1nik Low value  High value  Comment
|water (process) |321260 |kg |D |D

Known inputs from technosphere (materials/fuels)

Mame Amounk LInit Low walue High walue  Comment

mixed bed resins 50 %o 0 0 amount of mixed bed resins in each tank
EM-GIL-250 174 kg 0 0 booster pump and motor
HECrMIMOTI17-12-2 37 kg 0 0 booster pump

GXCrMiMo13-11 a7 kg 0 0 booster purmp and motor

Copper wire 50 kg 0 0 booster motor

polysulfone 100 %o 0 0

Known inputs from technosphere {(electricity fheat)
Mame Amounk LInit Low walue High walue  Comment
Electricity From gas B250 |1216698 |kWh |D |D |electricity consumption For booster pumps

Figure 4.16: SimaPro inventory inputs for mixed deabster and ultra-filtration

1p
Mixed Bed,
booster and uf
557 =
0.5n [ 174 kg [ 37 kg [ &7 kg [ 50 kg [ 1n [ 4.38E6 M1
mixed bed EM-GIL-250 RECrMiMoTil 7- GXR4CrMiMo19- Copper wire polysulfone Electricity From
resins 12-2 11 gas B250
11 | | 11 | | o || o | 0.0884 =11 o | | 557
180M1 ] 670 M
Electricity Furnace gas B
LCPTE Med.
0. 0 Ll 0. 0423 =|8
14.6 kg
Matural gas B
0. 0267

Figure 4.17: SimaPro tree for mixed bed, boostdrldh
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Step 7:Manufacture of UPW

The manufacturing of UPW started at Numonyx whexe water is passes through RO
process. The RO water is transferred to STMicramacs UPW plant to do the rest of
the treatment of water such as UV sterilizationmheane degasification, continuous

deionizer and final filtration. Below are the pratiiow and the process.

Cornrment

Materialsfassemblies Armnaunt Unik Cornrment

Processes Arnaunk ik Cornrment
|RO process |1 |p

Figure 4.18: SimaPro inventory input for RO planNamonyx

lp
RO plant at
Preumaoniz:
5a5 =l
lp
RO process
5a5 =
stekg ] kg ] 1.03E3 kg ] 285kg ] 143k ] kg ] 7.73E6 M)
cellulose PP A %ECrMiMoTi17- EM-GIL-250 ardCrhitol 9- Copper wire Electricity from
acetate 12-2 11 gas B250
0 | | 1.23 | | 0 | | 0 | | 0 Ll 0,133 =il 953
zam1 | 1E3 M)
Electricity Furnace gas B
LICPTE Med.
0,069 | | 0,0635 =/
21.8kg

Matural gas B

0.0431

Figure 4.19: SImaPro tree for RO plant at Numonyx
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Marne

Comrnenk
Materials/Bssemblies Amount Uik Commenkt
Processes Arnounk Uik Comrnenkt
IV sterilizing treatment 1 p
Mernbrane degasifier 1 p
)| 1 P
Mixed Bed, booster and uf 1 p

Figure 4.20: SimaPro inventory input for UPW plabhSTMicorlectronic

Figure 4.21: SimaPro tree for UPW plant at STMiggogonics

Marne

FriiL

|ManuFacture af P

Materials/Adssemblies

Amount

omrmenk

ik omme

nk

RO plant ak Pneumnonizx

UPY' plant at STMicroeleckronic

Diesel B

arid

Processes

Amount

Inik

omrmenk

Figure4.22: SimaPro inventory inputs for manufaaigiof UPW

Ip
UPYW plant at
STMicroelectra
2. 23E3 =
1p 1p 1p 1p
U sterilizing Membrane (ain]} Iixed Bed,
treatment degasifier booster and uf
33 446 557 557
5.26E6 M1 126 kg 30 kg 3.5E6 M] 4,35E6 M 50 kg 4.35E6 M
Electricity from PP A& Copper wire Electricity From Electricity from Copper wire Electricity From
gas B250 gas B250 gas B250 gas B250
g6 0,403 0.053 | 446 E57 10,0884 L  |gs7
I I T T
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ip
MMarufacture of

=
3.21E3 =

Figure 4.24: SimaPro network for manufacturing 6f\W

1p lp
RO plant at LPW plant at
Prieurmonix STMicroelectron
285 = 2.23E3 =
lp lp lp lp lp
RO process LI sterilizing Mermibrane oI Mixed Bed,
freatment degasifier booster and uf
985 559 446 557 SS7
TTTTTTI I
7. 73ES ] 5. 26E6 MJ 4.38E6 MJ 4.38E6 ]
Electricity from Electricity from Electricity from Electricity from
gas B250 gas B250 gas B250 gas B250
983 559 557 SS7
Figure4.23: SimaPro tree for manufacturing of UPW
1p
Manufacture
of LIPy
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CHAPTER 5

Life Cycle Impact Assessment

5.1 Introduction

In LCIA, the materials and processes involved idlanalyzed by SimaPro and the
results will be shown according to single scorenradization and damage assessment.
The impact assessment method chosen, Eco Ind@8ttvowever normalizes the
impact results with the environmental effects cdusgan average European during a
year. Since UPW is manufactured mainly from wette,process involved in the

production would be compared instead.

The impact potentials are calculated accordinghto LtCI results. Impact assessment

methods hold data on:

Characterisation
Damage assessment
Normalization

Weighting

o M w N PE

Single score

5.1.1 Characterization

This is the first result display at LCIA. This factreflects to the relative contribution of

an LCI result to impact category indicator result.

5.1.2 Damage Assessment

Damage assessment shows the damage to human heaitfystem quality and
resources. Some impact assessment method allaaddling impact category indicators

that have a single unit.
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5.1.3 Normalization

Normalization provides a basic for comparing difgtrtypes of environmental impact

categories (all impacts get the same unit).

5.1.4 Weighting

Weighting implies assigning a weighting factor tcle impact category depending on

the relative importance.

5.1.5 Single Score

Single scored is the total impact of each procdsgroduct being analysed and

compared to human health, ecosystem quality ariress.

5.2 LCIA result 1-Compare RO and UPW plant

Network | Tree {LCIAProfile | Lc1 Resuls | Process contribution | Checks (203,21 |

Characterisation DamagaAssessment| Hormalisation | Weighting ‘ Single score ‘l‘

skip categaties Iever - il | Qg‘ MIU| E‘ | | ‘
%
100 100 100 100 100 100 100 100 100 100 100
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30
70
0
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0
Carcinogens  Respiratory Respiratory  Climate changs  Radiation Ozone laysr Ecokoxiciky Acidification Land use Minsr als Fossi fuels
arganics inorganics Eutrophication
RO plant at Preumonix [JUPW plant at STMicroslec [llDiesel B W=cid
analyzing 1 p assembly Manufacture of UPYW"; Method: Eco-indicator 99 () f Eurape E1 99 E/E J characterisation

Fig 5.1: Characterizations output for RO and UPWhpl
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Characterization

Fig 5.1 shows the characterization result of R&ess and UPW process. Radiation is
not affected by all the process. The result shovasthe highest contribution to the
impact categories comes from UPW process due tdiffezent processes in

manufacturing ultra pure water as compared to naantufing RO water only.

—1—1— = T T | = oy LT

Network | Tree [LCTAProfile | LoT Results | Process contribution | Checks (203,2) |

Characterisation | Damsge Asssssment  Mormalsation | wieighting | Singlescore | [ Perimpact category
Skip categories  [Never - il |,;X‘ MU|E‘ | | ‘

o

100 100 100
100

Human Healkh

Ecosystem Quality Resorces

RO plant at Preumonix [JUPW plant at sTHicroglec [llDiesel B W=cid
Analyzing 1 p assembly Manufacture of UPYW'; Method: Eco-indicator 99 () / Europs EI 99 EJE | damags assessment

Fig 5.2: Damage assessment output for RO and URW I

Damage Assessment

Fig 5.2 shows the damage assessment results f@Qhend UPW processes at

Numonyx and STMicroelectronic Pte Ltd. The damaaesed by UPW process is more
compared to RO process.
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Fig 5.3: Normalization output for RO and UPW plant.
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Skip categaties Mever hd 1N | [}5" MIU| E‘ | | ‘
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Fig 5.4: Weighting output for RO and UPW plant

Normalization and weighting

Fig 5.3 and Fig 5.4 shows the same results foAthmcesses. The results show that the

resources are severely affected by these processes.
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Fig 5.5: Single score output for RO and UPW plants

Single Score

Fig 5.5 shows the results for single score outpuRO and UPW processes. UPW
process at STMicroelectronics has the highest itnpaltuman health, ecosystem
guality and resources compared to RO process abNwm The diesel and acid used in
the production of UPW is too small to be shownhia graph.

5.3 LCIA result 2 — Manufacturing process of UPW

5.3.1 Process 1- RO process in Numonyx

2 Lt Results | Process contribution | Checks (2013 |

Characterisation DamageAssessment| Mormalisation | “Weighting | Single score | —
Skip categories  |Newer = O T - o ] R |

network | Tree (L8
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Fig 5.6: Characterisation output for RO proceddwnhonyx Pte Ltd
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Characterization

Fig 5.6 shows the result for characterization outpuRO process at Numonyx Pte Ltd.

The result shows that only radiation is not affddig RO process.

g —— J=—cy Qs === e ey =y ey

network | Tree [LCT& Brafie | Lot Resuks | Process contribution | Checks 201} |
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MElectricity from gas 5250

Fig 5.7: Damage assessment output for RO procd$srabnyx

Damage Assessment

Fig 5.7 shows the damage assessment output forrB€@gs at Numonyx Pte Ltd. The
result shows that RO process affects human heattbsystem quality and resources
severely.

1 = 1 1 1 1 L 1 == W |
52| LCI Results | Process cantribution | Checks (2011 |
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Fig 5.8: Single Score output for RO process at Nuyro
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Single Score

Fig 5.8 shows the single score output for RO preeédNumonyx. The result shows that
electricity that comes from the RO pumps is they @maluse of effects to human health,

ecosystem quality and resources.

5.3.2 Process 2- UV sterilizing treatment

NE— — e S
iz {| LI Results | Process contribution | Checks (260,13 |

Metwork | Tree [LCIA

e
B —— O .| I B e R |

= ‘| [ _cmme || eeew || &
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oooooooo inorgarics Eutraphication

WU e [Electro stesl ETH S EllEl=ctricity from gas B250
Analyzing 1 p assem bly U sterilizing treatment’; Method: Eco-indicator 99 (E) f Europe EI 99 EJE f characterisation

Fig 5.9: Characterization output for UV sterilizitrgatment

Characterization

Fig 5.9 shows the characterization result for U¥riizing treatment process at
STMicroelectronics Pte Ltd. The result shows thatWV sterilizers which are made up

of stainless steel parts and housing have a seupget to all the impact categories.

Network | Troe [LEHABFSHIET| Lot Rosults | Process contribution | Checks (263,17 |

< Damage x | weighting | singie scor= I Per impact categary
Skip categaries Never = 111 | il |
e
100 100 100
100
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o
Humnan Health Ecasystem Quality Resources
[ [lElectro steel ETH S MllElectricity from gas B2S0

Fig 5.10: Damage assessment output for UV sterditieatment
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Damage assessment

Fig 5.10 shows the damage assessment result fosteiMizing treatment process at
STMicroelectronics Pte Ltd. The result shows th@t dferilizer product affects human

health, ecosystem quality and resources severpgcesly stainless steel.

tion | Checks (260,13 |
| ‘weighting Single score I~ Per impact category
Ly e | il e

o 0.0z85

U lamp Electro steel ETH S Electricity from gas B250

Fig 5.11: Single score output for UV treatment psx
Single Score
Fig 5.11 shows the single score output for UV Biémig treatment process. The result

shows that only the stainless steel materials tesethke the machines have an equal

effect to human health, ecosystem quality and ressu

5.3.3 Process 3- Membrane Degasifier

Network | Tres [T 5] et Resuits | Process contribution | Checks (260,13 |

Damage Assessmen 3 | Maormalisation | weighting ‘ Single score —

Skip categories riever ~ (M= S

100 100 100 100 100

Climate change Radiation s v Ecotoxicity Acidification e Minerals
Eutrophication

organics ic:
MFPETHS [Cheat exchanger Bll-acuum pump

Fig 5.12: Characterization output for membrane difiga process
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Characterization

Fig 5.12 shows the characterization result for memé degasifier process which
includes heat exchanger and vacuum pumps. Thd ssaws that vacuum pumps have
the highest effect on the impact indicators folldw®y heat exchanger and membrane

degasifier which is mainly made of plastic material

Metwork | Tree [LEEABTSfis || LCI Results | Process contribution | Checks (260,13 |

E = ; cm | s || i o emee

|
skipcategories  [uever =] |un o ac] s e =

100 100 100

100

Human Health EcosystemQualty  Resources

PP FTH S [Cdhear Aol hanger Blacwim poen

Fig 5.13: Damage assessment output for membraresifieg process

Damage Assessment

Fig 5.13 shows the damage caused to human heattbystem quality and resources by
membrane degasifier process. Vacuum pump causechdlse damage among the rest
due to electricity usage by the pump and matewnsisd to manufacture one. Heat
exchanger uses process chilled water to reducetdhwperature of the gas and

membrane is mainly made up of plastic.

e =t Lo ey =) Loy ey sy g
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Fig 5.14: Single score output for membrane degasifiocess
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Single Score

Fig 5.14 shows the single score output for memb@degasifier process. The result
shows that vacuum pump have the highest effectutoam health, ecosystem quality
and resources compared to heat exchanger matedidR plastic.

5.3.4 Process 4 — Continuous De-ionizer

gy L=y I ] =] pmmy ey samy ey
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Fig 5.15: Characterization output of CDI process

Characterization

Fig 5.15 shows the characterization output for @Ricess. The result shows that the
stainless frame and housing of the CDI have a segfect on radiation, ecotoxicity,
landuse and minerals. The result also shows theekigcontribution to ozone layer
depletion is caused by the PP material used foingakembrane.

Metwork | Tree [LETABroHls | Lot Results | Process contribution | Checks (311,m |

on — : (e
Skip categories Never hd il £ | i
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Human Health
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Fig 5.16: Damage Assessment output for CDI process
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Damage Assessment

Fig 5.16 shows the damage assessment output forp@Ress. The result shows that
stainless steel production has the highest efeetbsystem quality. The PET resin has
the same severe effect to human health and resodrhe PP material used to make the

membrane have the same effect to human healthysteos quality and resources.

T L= S e ) ooy ey iy ey
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Fig 5.17: Single score output for CDI process

Single Score

Fig 5.17 shows the single score output for CDI pssc The result shows that PET resin
have the highest effect to human health and ressurat have the same effect for

ecosystem quality with stainless steel and PPiplast

5.3.5 Process 5 — Mixed Bed, Booster pump and UF

T L= ST g ==y g mmy =y T
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ElElectricity From gas 6250

Fig 5.18: Characteristic output for Mixed bed, heogpump and UF process
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Characterization

Fig 5.18 shows the characterization output for mhiked, booster pump and UF process.
The result shows that only radiation is not affddtg this process. The result also
shows that copper wire affects the land use anémais on earth whereas electricity has

a severe impact on other impact category.
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Fig 5.19: Damage assessment output for mixed hmasteér pump and UF process.

Damage Assessment

Fig 5.19 shows the damage assessment output fednbid, booster pump and UF
process. The result shows that electricity usetheyooster pump severely affects the

human health, ecosystem quality and resources.
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Fig 5.20: Single score output for mixed bed, baogtenp and UF process
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Single Score
Fig 5.20 shows the single score output for mixed, toster pump and UF process.

The result shows that only electricity has the bgheffect on resources followed by

human health and ecosystem quality.
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CHAPTER 6

Life Cycle Interpretation

6.1 Introduction

Life cycle interpretation is defined as “a systematocedure to identify, qualify, check
and evaluate information from the results of thd B@d/or LCIA of a product system,
and present them in order to meet the requirenritee application as described in the
goal and scope of the study. Also, Life Cycle Iptetation includes communication to
give credibility to the results of other LCA phagaamely the LCI and LCIA) in a form
that is both comprehensive and useful to the dacisiaker” in ISO 14043. Therefore
the aim is to check the results of the inventorglgsis and impact assessment against

the goal and scope defined in the study.

6.2 Methodology

The last phase in the LCA methodology is the imetagion of the study. In this phase,

the following steps need to be conducted:

1. Identify the most important results of the Invegtémalysis and of the Impact

Assessment.

2. Evaluate the outcome of the study by following thesutines: completeness

check, sensitivity analysis, uncertainty analysid eonsistency check.

3. Conclusions, recommendations and reporting, inoyd definition of the final

outcome such as:
* A comparison with the original goal of the study

* The drawing up of recommendations

* Final reporting of the results
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The results of the Interpretation may lead to a nmmmation round of the study,

including a possible adjustment of the originallgdacqueline Aloisi Larderel, 2003)

6.2.1 Identify significant issues

“Significant issues” are data elements that coatdlsignificantly to the outcome of the
results of both LCI and LCIA for each product. Exaes of “significant issues” include
inventory parameters (raw material, chemical, eneedc), the impact indicators used
(waste, emissions, acidification, etc) and life leystages essentials (generation of
energy, delivery, etc). Due to the complexitiesoined in an LCA study, the significant
issues are identified mainly based on the impas¢ssnent scores. Thus the process or
products having the greatest effect on the impaseéssment results are identified for

further analysis.

The next recommended approaches are:

* Contribution Analysis — comparison between the nitages of environmental
impacts associated with life cycle stages or grafgmocess to the total impacts

associated with the product of study.

« Dominance Analysis — identification of significardntributions using statistical

tools or other methods such as qualitative or dizive ratings.

* Anormaly Assessment — abnormal or surprising treneesults based from past

history are evaluated and compared from studiedwzad on similar product.

It is common in a LCA study that some inventorymige although are quantitatively
insignificant, but contributed significantly towardhe final results. These data should
be as detailed as possible. However those unceetmitiata of large inventory items but

contributed minimally to the environmental impaetay be ignored.
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6.2.2 Evaluate the completeness, sensitivity andrapleteness of the Data

The second step of the LCI phase is the evaluatiep to establish the correctness,
validity and credibility of the results of the LCA&or this accomplishment, three tasks

are required:

» Completeness check
» Consistency check

* Sensitivity check

Completeness check is to ensure that all relevant information andadateded for
interpretation are available and complete. Thisukhde done with the aid of a
checklist, indicating for each process/product tfdg that the results are complete
meeting the stated goal and scope of the LCA. Adtevely, an independent LCA
expert may examine issues such as methodologipabaghed, software modeling used,

assumptions made, process flows and other reléssues.

Consistency check ensures that the assumptions, data and methodshrseighout the
LCA process are in tandem with the goal and scdpgbeostudy. Differences in issues
such as data quality indicators, data sourceshadcto be taken into consideration to

achieve a highly accurate result.
Sensitivity check evaluates uncertainties and othgrected deviations in identified
“significant issues” so as to determine their sy towards the final results of the

LCA. They are performed by the following techniqdiessdata quality analysis:

» Gravity analysis — identification of the data hayitme most contribution to the

impact indicator results.

* Uncertainty analysis — LCA data variables are dbedr to determine the

significance of the impact indicator results.

» Sensitivity analysis — determines the effects @fséhvariations on the impact

indicator results of the study.
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6.2.3 Conclusions and Recommendations

The final step in ISO 14043 is the interpretatitage which is to draw conclusions and
make recommendations for the intended audienckeof. CA study. The major results
of the study should be discussed regarding itab#iily and validity. Any errors,
inconsistencies and incompleteness should be pigklil. At the end of this LCA,
conclusions and recommendations are to be made toilgcrease the confidence of the
audience on the results of the study.

6.3 Inventory Analysis

6.3.1 Electricity Distribution
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gas B250

30.6%

Fig 6.1: Tree’s analysis output for electricitytdisution of the overall manufacturing process

Name Electrical Distribution (%)
RO process 30.6
UV sterilizing treatment 20.8
Membrane Degasifier 13.9
CDI 17.3
Mixed bed, booster and uf 17.3

Table 6.1: Electricity consumption for overall pess
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6.3.2 Damage to human health — RO plant
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Fig 6.2: Tree’s analysis output of RO plant at Nayoto human health
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Fig 6.3: Damage indicator of RO plant at Numonyktwnan health

Comments:

The major contributor for the human health in ti@ plant at Numonyx Pte Ltd is the
electricity consumption by the RO pumps with 99.8%shown in Fig 6.2. Fig 6.3
shows that the CO2 and NOx caused the most darodgertan health.
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6.3.3 Damage to eco system — RO plant
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Fig 6.4: Tree’s analysis output of RO plant at Nayoto ecosystem quality
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Fig 6.5: Damage indicator of RO plant at Numonyetosystem quality
Comments:

The use of energy (99.9%) by RO pumps is the ordjontontributor for the damage

to ecosystem quality. Damage to ecosystem is cams®&iDx and Nickel.
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6.3.4 Damage to resources — RO plant
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Fig 6.6: Tree’s analysis output of RO plant at Nagyoto resources
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Fig 6.7: Damage indicator of RO plant at Numonyxdsources

Comments:

In Fig 6.6, electricity from gas with 99.9% is miginsed for RO pumps in the
manufacturing process, which is the major contobdamage to resources. Fig 6.7
shows that natural gas is largely used during tbegss as it is the root cause to

damaging the resources.

72



6.3.5 Damage to human health — UPW plant
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Fig 6.8: Tree’s analysis output of UPW plant at S@idelectronics Pte Ltd to human health
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Fig 6.9: Damage indicator of UPW plant at STMicemtonics Pte Ltd to human health

Comments:

The major contributor for the human health in tH&A plant at STMicroelectronics Pte
Ltd is the electricity consumption by all the 4 geeses as shown in Fig 6.8. Fig 6.9
shows that the CO2 and NOx caused the most darodgerian health.
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6.3.6 Damage to Ecosystem — UPW plant
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Fig 6.10: Tree’s analysis output of UPW plant aMidroelectronics to ecosystem quality
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Fig 6.11: Damage indicator of UPW plant at STMideagronics to ecosystem quality

Comments:

The energy used by all the 4 processes is theilbatudr for the damage to ecosystem

guality. Damage to ecosystem is caused by NOx ackeN
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6.3.7 Damage to resources — UPW plant
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Fig 6.12: Tree’s analysis output of UPW plant aiidroelectronics to resources
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Fig 6.13: Damage indicator of UPW plant at STMideagronics to resources

Comments:

In Fig 6.12, electricity from gas is the major admitor damage to resources. Fig 6.13
shows that natural gas is largely used during thegsses as it is the root cause to
damaging the resources.
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6.4 ldentify Significant Issues in this LCA

UPW have been used in semiconductors for many ym#rso study on the life cycle

assessment of the plant has been done. Compariasrmade between waste water

treatment and UPW production to make sure no itegijies or variance could

influence the results of the LCIA.

Human Tasicity W PATED T
Temestral Ecotoicity .
EiEAE Eeli]
Aquatic Evotoxicity
Phelo-oridant Foamacn o sty
Euirophication
" Frtbposttrt
Aciification
Ozone Depletion Fuacizatin
Clobal Wamin
g = Aidcen
T T T T T
0 10 A Rl 40 50
- . . i .
Percentage Contribution (%) Ll
@ Production of Fatable Water Oistribufion of Potable Water ikl
B Collection of Wastewater W Treatment of Wastewater (Primary and Secondary)
0 Recyeing Flant (Tedary) T i
0tk HL% il

Fig 6.14: Impact categorization by process andgneontribution for waste water treatment
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Fig 6.15: Damage assessment by impact categotyRdY plant processes
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Comments:

As seen in fig 6.14 and fig 6.15, the processeslugvin treatment of waste water and
UPW production does not affect radiation. Treatmehtwaste water and UPW
production has the highest effect to the environmieecause it involved many
processing steps. RO process has the least effettet environment that can be
compared with distribution of potable water, beeaitsnvolved few or only 1 process

step. The treatment of waste water and UPW prodiuatonsume a lot of energy as
shown in fig 6.14 and fig 6.16.

6.5 Evaluate issues in this LCA

To better understand the impact on the final restdtused by the significant items as
identified in the previous section, they are furtewaluated here. A completeness
consistency check was carried out so as to enkereldta used throughout this LCA
study was in accordance with the goal and scope.
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6.5.1 Completeness Check

Although this LCA study was carried primarily fodwcational purpose, every effort
was made to ensure the accuracy and reliabilith@inventory data. The completeness
check was performed with the assistance from fesliand equipment engineers and
technical experts. The process flow diagrams usedi&ta inventory collection were

inspected for any anomalies.

Data consumption inventories were thoroughly vedfifor any deficiencies and
inaccuracy. Assumptions and estimations made toptzim the inventory data were

consulted and verified by the technical experts.

6.5.2 Sensitivity Check

The particular concern identified in the signifitassue was the energy consumption

from the life cycle inventory collection.

Uncertainty Analysis

The first step in conducting uncertainty analysisak is to identify and examine data
for any possible irregularities or variance thatldoinfluence on the overall LCA

results.

Since energy consumption is the highest contribtgathe environmental impacts, its
data was checked for accuracy. A sensitivity anslga the electrical model was done

to check for any influence on the overall LCIA riésu
All other inventory items identified were analyzexhd found that there are no

irregularities found. This was due to their insfgr@nt contribution to the

environmental impacts.
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6.6 Conclusion and Recommendations of this LCA

Results from the study showed similarity of lifeclyy impact assessment to LCA study
on waste water treatment plant. Generally, it maycbncluded that the interpretation
stage has proved that the results obtained fromr atiages of the LCA are largely valid

and in accordance with the goal and scope of Gi& ktudy.
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CHAPTER 7

Conclusions and Discussions

7.1 Introduction

This chapter basically summarized all the work tineg been done for this LCA study.
All major results are evaluated for its reliabilayd validation. Major assumptions and
limitation are showed. Conclusions and recommendatare made and propose plans

for future work are presented.

7.2 Accomplishment

The aim of the research project was to evaluatselerity of the environmental impact
of a UPW plant in a semiconductor industry throlgfe Cycle Assessment. The results

will be used to identify potential avenues for amprovement.

The research begins with conducting a literatuvéere of water treatment plants from
published literatures. After that, a better underding of LCA history, 1SO used,
methodologies, limitations, benefits and uses wgrasped. This is followed by the

plant UPW process, definition of goal and scopeidedtification of the functional unit.

The next step involves data collections as pathefLife Cycle Inventory process and
documented. The data were put into SimaPro foryarsal Finally the life cycle
interpretation was conducted to establish accueauy reliability of the LCI and its

result.
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7.3 Outcomes

The outcomes of this LCA study are summarized below

Almost two third of the impacts are linked to thPW plant process at
STMicroelectronics Pte Ltd. The rest of the impaotslinked to the RO process
plant at Numonyx Pte Ltd.

Majority of the environmental impacts from UPW plare linked to the high
energy demands from transfer pumps, UV steriliznegtment, CDI, membrane
degasifier and booster pumps.

For RO plant, the major contribution comes from ®R&hsfer pumps.

The total energy consumption for UPW plant was tinees more than for RO
plant.

The LCIA results proved that the highest contribgti factors to the
environmental burdens associated with UPW plantigetion can be linked to
the high energy consumption of the process equifsnen

Even though water was used as the raw materiabdupe UPW, the amount of
energy that comes from different process stepsvaatdrials used are costly.

Chemicals used in UPW plant production is insiguifit to the environmental
impacts since the amount is little and it is maumgd for maintenance purpose.

It was found by normalization chart that damagedosystem from UPW plant
is the worst affected damage category.

7.4 Assumptions and Limitations

The limitation that surface during this project tise unavailability to get more

information from the vendors. The data inventoees base on catalogues and manuals

which are supplied to the company after projedshias. This is due to the reluctance

from the respective vendors to release sensitfegrmation.

Another limitation is the use of European inventdatabase instead of Asian database

where the UPW plant is located. There was alsaladé clarity on data associated with

the production of UPW. Thus most of the data usedevsubstituted with the nearest

possible data compared to the original data. Tars make a difference in the impact

assessment results.
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7.5 Plans for future work

The initial plan was to conduct a life cycle assgest that includes the waste treatment
of the UPW. However due to time and resource caimgtronly the UPW production
process has been carried out. Hence, future pleEnsoaconduct life cycle assessment

that includes the UPW waste treatment and disposal.

7.6 Recommendations

Electrical energy consumption to power up and na&nthe UPW process equipments
was found to be the major contributor to the dareadgne on the environment. This
research project had identified the importancenafrgy conservation to reduce damage
to the environment. The company’s management acledged this and has plans to
minimize energy consumption. It is advisable not det up a RO plant in
STMicroelectronics Pte Ltd to supply RO water te thPW plant due to the return of
investment takes a long time. The only measure ¢hat be implemented is to shut
down power to certain equipments in the processhint maintain the quality required.
Normally this is done at the year end when theransannual shutdown for facility

robustness program or due to manufacturing rammdow

The recommendations are based on the resultssof @A study. The final decision and

implementation plans will be at the sole discretibtthe company.
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7.7 Final Conclusion

This research project was able to achieve modtebbjectives set. The environmental
impact associated with the UPW production plant established with a certain degree
of confidence. The LCA was done with accordancdSO standards. The literature

review from published literatures was reviewedriewge this.

The life cycle inventory data was collected as &ammly as possible. Anomaly
assessments conducted ensure the reliability didityaf the life cycle inventory data.
The research project was successful in assessengriiironmental performance of
UPW production plant through impact assessment® dorChapter 6. This could be

useful information for researchers who wish to dbALstudies on similar product.

However, it should be reminded that this LCA stuslydone purely for educational
purpose. LCA results presented in this dissertaimn subject to the accuracy of the
input data and various assumptions adopted in théem The results of this project
should only be used as an aid for decision makimgesLCA is an evaluative tool that

helps decision making but it does not replace it.
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APPENDIX A — Project Specifications

University of Southern Queensland

FACULTY OF ENGINEERING AND SURVEYING

ENG 4111/4112 Research Project
PROJECT SPECIFICATION

FOR: Mohd Supandy

TOPIC: Environmental Life Cycle Assessment of Uitree Water (UPW)
SUPERVISORS: Dr Guangnan Chen

SPONSORSHIP:  STMicroelectronics Pte Ltd

PROJECT AIM: The project aims to produce an outline of the Gigle
Assessment to evaluate the environmental impactseckby ultra-
pure water (UPW) production in STMicroelectronie Rtd
facilities department.

PROGRAMME: Issue A, 10 Feb 2009

1. Research published literature on LCA techniquecteess environmental impact,
origin of LCA, international standards used, LCAthwlology, limitation,
benefits, uses and software package being used.

2. Investigate UPW processing plant, equipments usddagplication in wafer
fabrication. Review previous studies of LCA on wdteatment or recycling
process

Define the goal and scope of LCA of UPW.
Collect and analyze the data for UPW process matwiag using SIMAPRO.
Analyze input and output data for its impact oniemnment.

o 0 bk w

Check data for uncertainties and data gaps that toekee filled. Evaluate the
result including problems and limitations. Make garison with other studies
to confirm the sensibility of the result.

7. Make recommendation on materials used and pronest/ed and their
environmental impact.

8. Identify and evaluate the opportunities for furtireprovements.
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(Student) , (Supervisors)
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APPENDIX B — UPW PRIMARY LOOP
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APPENDIX C — UPW POLISH LOOP
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