L&mﬁmmé’ﬂquaﬁwmﬁj

FIENUNNTIRE DT UANY T

LUINIINTUSLLHUNANTENUATUNS bE U

PYAINTESLIUNITHNARANITLS LU

Guidelines to Water Use Impact Assessment of PVC Resin

Tl

dnuif Tavinisena

30 AANAN 2557



L&.I'Iﬂ’ﬁ‘lnﬂ']ﬁﬂa‘ﬂﬂﬁ’\ﬂﬁ"lﬁ)

FIENUNNTIRERTUANY TS

LUINIINTUSLLHUNANTENUATUNS bE U

PYAINTESLIUNITHNARANITLS LU

Guidelines to Water Use Impact Assessment of PVC Resin

Tag

dnuif Tavinisena

o o a %

dNA ATUCIAINTTNANRRNT mw%ﬁmmmgmmmw

NUNINENAEIHLATITENT

o/ o/

NUARRFTUY U ANYUNNTIR AN IR ENNINE AL LATITEN T

q q

Uszantleuilszunns 2555

(Aol lus e uiliilunesdidan w.au. Tdandufiaaviusoaanalil)



¥ a
undgluuams
09/ < o’ ¢dl o < 1 ¢§I o o a | 1
wfluninannsnaniusenetisdniussuniinawazanuiuataasauluguau lulsznalng
NN92NAFITBINIAGAANMNITN IHNa IR AN TUENNINEINITWNTENINNIAGAAIUNITN NIARTIEAY LAY

v
o a

a d‘ | tﬂl a Y
neneasnasy Ingannzluisnaniiuifaediaugaaiingsy nstssdiulFunneauieanisunig
lunaasniagaannssuninaadasaiudsaniusdenistinisdanisivenislninansuieenadeiv

4 R 4 d
WAZINBAILIANNANTENLTIAZ AT BT NT I NI

dl ' ad a v I 09/ 1 ¥ | ada ¥ 1 a
Neiunn Ensdszilumnufiesnislunisliungnunsaudelfeandu 2 38 TRunnsdszi@uuuy

1BLARTNANTUIN (Water Footprint) ey miﬂiuﬁu@ﬁﬂﬁﬁm (Life Cycle Assessment; LCA) n19ul9ziily

D

[~

| as A | o ° v Yy el
WAAZATNAANNLIIUNA  UANNIINITATUIL mmmmmﬂumﬂmm LA Iﬂ‘ﬂ‘ﬂ@ﬂ@‘VILﬂuﬂﬁ‘ZIﬂﬂqu

v
o

1 o a al o s o ac] 3// Y v [ di v a %
uAnsineiu Ut NN slssgniuannisreisisaesdnfesfune llunisdssilunansenusiounng
WungalunduunaneFunaufesnislunis MU nasaneuzaani1s 9y Nanldainnislssidu

1 =3 alxd v o o’l % AI v
anunsntauanieAnestiuluns @ nsnansun luriasnuls

[

a v A a aNalal a ] d! a [~1
A9 lAAeNNIZTLIUNITHAR WATLITY ?JmTNmuLm\muﬂummumuqmmummmumwmLﬂu

O

e ) I ¥

S =] o o a ¥ 09} a @
nssdAnE TuauAauwIn nan1stsetluFuanunisldunaeanszuaunisnan WaTsdu azgnldiiuieua

u a

o

% a 1 o o a v o’j a o o‘d‘d I a | o a o 1
@’N@ﬂMﬂiﬂ@’]ﬁiﬂﬂ’]iﬂﬁ‘tLNuﬁE‘ﬁJ’]t?LLﬂ’]ﬁ‘sLﬁ]uW?J@ﬂN@Iﬁmm Ny meimmﬂmmqmu Tuduausann wn
leo dgj o E/dld 2/0” o e./ogldldl &
‘vmmiﬂimu‘wmuumu%gﬂuﬂﬂhL‘W@ﬂﬂmiﬁmmmﬂﬂjmma@mmﬂwmzmmmﬂmmmmmmm
=4 N = a qony =L » : o o
ﬂ@ﬂﬂﬁ‘t‘]_lquﬂ’}?Vl’]\i‘ﬂqm@’}ﬁﬂ??}ﬂﬂu’ﬂuuﬂﬂ‘qﬁl’&’}‘lﬂﬂﬁ‘?llll’]‘LI[ﬂ’W!@LWﬂﬂ?SLNu1V1ﬁNWsHQ°ﬂﬂH@ﬁl’W\‘]“‘I‘WQ’]L‘ﬂu

I
o

FAN13LEUNI9ANIT N AANNeatillung s wenngin ludiaadusald



Q 1
UnAmea
= v v Ogl a a 1 1 ‘dl 1

gnauNssNN1INaRf el dtinRu N luAanssNN HARFAN) TuTanAdseiIuNn N3
weneatnesInresniagnatunss e ldnalinanisutaninansinduiu nariiBeu uas n1a
NeEINgIN N1stssiiuinnunisldiiresningraiunsiuarasazidamieaiu Ussian 1uan uay
o 1 Y & ¢al o | 1 tal ! a o o OD Y a nI/ A ¥
Auniaaednisld udediluatnetissianisizuisdnniminenstin liiiaaoudsiulunisldnineans
09/ 1 Y tzll a o dyo o a I'e QD '8 a o o aa ¥ o
H2esusarfiedn udsattmdnnslsziniuuiameianTuiuazn slssfliuinanstanun ldiong
sz HUHANIENUAIUNTTIEINI0INITLIUNNTHAR NRTLITUNIUANETIAIaE L BATANGAAIMNITHNL
e nansLseiiiuszydn i nldlunisudn AdeTEu 1 Alaniu FAwindu 14.72 a3 Ananuau
1Na19 11 6.22 Angidutinunannuiasiin luiedins wanaini Bununislduimiemssuasniedend
a < : | a s A @y a c 4 oA o a dAneyda o A
Nndunaaniwlinisuanues WaTeauAlagnimasidumaiy ianisdsziiunldiiuieyangdonly

o o

nasindulalunig wenlddnghau araunisliuledunannisu@n was N3 NUNUNNINER INaanL I

b2
a o o

19 1N LA NN TN RALUAITN TN 29D 1 WananTl 1WA 8RN 1 UA LN INFUI LR URANIEN LA

nsldriresnszusunisgraimnssnauluiiesniedadsnliinanisldninanstheenedtnluanilan
= v

GRAIMNITUNIUAINABNAYE

'
o

ANAATY: NIIANIINTNEINT NINENTTN AINEREN N19UsnLENIANTTIR 221eaFWFWTUT WAT



Abstract

Manufacturing industries consume large amount of water in numerous production activities. During the last
decade, the rapid growth of Thailand's industrial sector has resulted in a competition over water resources with
residential and agricultural sectors. The assessment of the amount of water required by the industrial sector, as well
as the specification of different types, times and locations of water use, is essential to water resource management
contributing to sustainable use of local water resources. This research employs the concept of water footprint
analysis and life cycle assessment to evaluate the water use impacts of PVC resin manufacturing process case study
residing in Map Ta Phut Industrial Estate. The studying results indicate that the amount of water used to produce 1
kilogram of PVC resin is 14.72 liters, of which 6.22 liters are withdrawn from local water resources. Additionally, the
direct and indirect water use along the production supply chain is accounted for in the study. The results provide
useful information for management in making decision on raw material selection, process improvement priorities, and
production planning, in order to reduce water consumption amount and the burden on local water resources.
Additionally, water use impact assessment guideline for local industrial manufacturing processes is formulated in this

research to promote the sustainable use of Map Ta Phut Industrial Estate's local water resources.

Keywords: Resource Management, Water Resource, Sustainability, LCA, Water Footprint, PVC
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2.2.1.A NMrUsziluNanszny (Life Cycle Impact Assessment, LCIA)
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Abstract. The rapid growth of industry has resulted in increased severity of water scarcity in the
Eastern region of Thailand over the past decade. The assessment of water use by industrial
manufacturing processes located in areas experiencing water stress is necessary to ensure a
sustainable water resources management. The objective of this study is to demonstrate the use of
life cycle assessment as a tool for assessing water use in an industrial manufacturing process. A
case study of S-PVC resin manufacturing process located in Map Ta Phut Industrial Estate, Rayong
province, Thailand, is presented. The studying results indicate that the amount of water used to
produce 1 Kg of S-PVC resin is 14.72 liters, of which 6.22 liters are withdrawn from local water
resources. Additionally, the direct and indirect water use along the production supply chain is
accounted for in a streamlined life cycle assessment.

Introduction

Thailand is not classified as a water scarce country, given the annual amount of freshwater
supply of around 438,600 million cubic meters [1] and demand of almost 60,000 million cubic
meters [2]. However, many areas of the country are vulnerable to water scarcity. In 2005, Map Ta
Phut industrial estate and its surrounding communities located on the Eastern coast of Thailand
were affected by severe water shortage. The competition over water resources occurred between
industrial and other sectors including agricultural and residential. The water in major reservoirs,
including Dokrai , Nongpralai, and Klong Yai reservoirs, became insufficient to satisfy local
demand. Map Ta Phut and its surrounding areas eventually suffered a severe water scarcity crisis.
The incident made organizations aware of the urgent need for a sound management of water
resources and the need to assess their actual withdrawals from local water supply.

The primary objective of this research is to demonstrate the use of life cycle assessment (LCA)
as a tool for assessing the impact of water use on local water resource. A case study of suspension
PVC (S-PVC) resin manufacturing process located in Map Ta Phut Industrial Estate, a large-sized
industrial park on the Eastern coast of Thailand, is presented. LCA is used to evaluate the actual
water demand on local water resources due to direct and indirect use of water along the production
supply chain of the S-PVC resin. The study also aims to identify opportunities for reducing water
consumption in the S-PVC resin manufacturing process case study.

Background on the PVC Resin Manufacturing Process Case Study. The S-PVC resin
manufacturing process case study comprises of three main stages: 1). Chlo-Alkaline Plant (C/A
Plant) 2). Vinyl Chloride Monomer Plant (VCM Plant) and 3). Poly Vinyl Chloride Plant (PVC
Plant), as shown in Fig. 1.
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Water Ethylene™® Agents™

*k PVC
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NaOH, o
NaClO EDC

Fig. 1 Material Flow Diagram for the S-PVVC Resin Manufacturing Process.

* Raw materials imported from manufacturers residing in Map Ta Phut industrial estate,
** Raw materials imported from manufacturers outside Map Ta Phut area

In the first process step, salt or sodium chloride (NaCl) received from Nakhon Ratchasima
province is dissolved in hot water to form a salt solution at the C/A plant. The solution is then
purified and decomposed electronically into chlorine (Cl,) gas, hydrogen (H;) gas, and sodium
hydroxide (NaOH) solution via an electrolysis process.

In the VCM plant, ethylene (C,H4) and chlorine are used as a main feedstock to produce
Ethylene Di-Chlorine (EDC), which is the precursor for VCM. The synthesis of EDC is carried out
using two methods: 1) Direct Chlorination where only chlorine and ethylene are reacted
exothermically to form EDC and 2) Oxy Chlorination where recycled hydrogen chloride (HCI) is
used as a feedstock to form EDC with the aid of ethylene and oxygen (O). In addition to the
internally produced EDC, another similar quantity of EDC is imported from abroad where they are
thermally cracked at elevated temperatures to produce VCM.

In the PVC plant, the synthesized VCM is polymerized in batch reactors in the presence of
water, catalysts, and additives to make S-PVC. The S-PVC is then converted into solid PVC
particles and stored in silos before being shipped to customers.

It can be seen that several steps of the S-PVC resin manufacturing process are water intensive.
Water used for plant operation and cooling is referred to as direct water use. At the same time, the
use of chemicals and energy also results in indirect water use related to the total volume of water
that is used to produce them.

For this case study, while the direct water use accounts for water withdrawn directly from the
local reservoirs, indirect water use also imposes additional stress on the local reservoirs as some of
the chemicals and energy used in the manufacturing process are produced by manufacturers
residing in Map Ta Phut industrial estate. The volume of the direct and indirect water use associated
with the S-PVC resin manufacturing process are analyzed in this study as it is crucial in developing
a sound management of water resources.

Water Use Analysis

Research Methodology. Streamlined LCA approach outlined by the Society of Environmental
Toxicology and Chemistry [3] is used in this study. The LCA approach is divided into four phases:
goal and scope definition; inventory analysis; life cycle impact assessment; and interpretation.

Goal and Scope Definition. The purpose of the LCA is to evaluate the actual water demand on

local water supply due to direct and indirect use of water along the production supply chain of the
S-PVC resin. A streamlined LCA with cradle-to-gate boundary conditions is conducted. Water
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consumption is selected as the only midpoint indicator similar to the way in which LCA is
conducted by previous studies [4,5]. However, the study on the environmental impacts due to water
resource depletion is beyond the scope of this study. The total volume of water used to produce
S-PVC resin quantified in this study can alternatively be referred to as the virtual water content of
the product, according to the virtual water concept introduced by Allan [6].

The functional unit of this study is the production of one Kg of S-PVC resin via the production
method described in the previous section of this paper. The water consumption amount per one Kg
of S-PVC resin is determined in this study.

Inventory Analysis. At this step, the data regarding input/output material and energy flows of
the S-PVC resin manufacturing process collected in 2010 are analyzed. The resulting life cycle
inventory data of the case study is presented in a consistent way to GaBi Education 4.4 background
data as shown in Table 1. This LCI data will be used in the stage of life cycle impact assessment
(LCIA) to understand the water use associated with the PVVC production case study.

Table 1 Life Cycle Inventory Data of 1 Kg of PVC Resin

Quantity Quantity

Order Inputs [Kg] Order Outputs [Kg]

1 NaCl 0.075613 1 S-PVC 1.0

2 Process Water (Demin) | 0.352077 2 NaOH as 50%wt 0.056922

3 18% Hydrochloric acid ool 3 NaOH as 24%wt 0.010636

4 98% Sulfuric acid ool 4 Waste Water ool

5 Sodium Sulfite (Na;SO3) ikl 5 Waste Sludge ikl

6 Industrial Water 0.005934 6 Others ool

7 Steam 0.025801 7

8 Ethylene 0.304748

9 Oxygen 0.148705

10 Fuel Gas 0.006105

11 Others ool

*** Proprietary data

Impact Assessment and Interpretation. The LCA model is created using Gabi 4.4 Education
developed by PE International. The LCIA is performed using a midpoint approach called the
Environmental Design of Industrial Products 1997 (EDIP 97) method to gain insight into the
impacts of the PVC resin manufacturing process on water use. Different LCIA methods such as
ReCiPe [7] can alternatively be used to evaluate the volume of water use.

According to the analysis results shown in Table 2, the total volume of water that is used to
produce 1 Kg of S-PVC resin is 14.72 liters, of which only 4.53 liters is considered as direct water
use. The remaining of about 10.19 liters is considered as indirect water use, embedded in raw
materials and energy. It can be observed that EDC imported from abroad is the only leading source
of the indirect water use.

When evaluating the impact on local water supply, the amount of water withdrawal from local
reservoirs can be calculated by subtracting the amount of water embedded in the imported EDC
and salt from the total consumption amount of 14.72 liters. As a result, the amount of water
withdrawal from local water reservoirs in Map Ta Phut is equal to 6.22 liters, of which 4.37 liters
must be allocated to meet the demand for process water. While industrial water is mainly used for
washing, cleaning, cooling and sanitation purposes, process water is water that is used by
production processes and machines.
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Table 2 Direct and Indirect Water Use of the S-PVC Resin Manufacturing Process

Type of Water Use Source Unit [Litres]
Hydrochloric Acid 0.48
Ethylene 0.16
Oxygen
Indirect Feedstock Chlyg' 0.06
Water Use orne 0.61
EDC* 8.42
Sodium Chloride* 0.08
Energy Electricity 0.38
Industrial Water 0.14
Direct
Water Use Process Water 4.37
Steam 0.02
Total 14.72

* Imported raw materials that do not put stress on local water resources

At the current annual production capacity of about 530,000 tons, the S-PVC resin manufacturing
process case study yields annual water withdrawals of about 3.3 million cubic meters from local
reservoirs in Map Ta Phut. This amount represents about 1.6% of the total amount of water used by
the entire industrial sector of Rayong province in 2007, which was reported to be around 206.32
million cubic meters [8]. Any reduction in the use of process water would effectively reflect in a
smaller burden on local water resources caused by the S-PVC resin manufacturing process.

From a process point of view, water consumption associated with C/A plant, VCM plant, and
PVC plant is analyzed as shown in Fig. 2. As expected, the amount of water consumption of the
C/A plant is significant due to the use of water to form salt solution. Nonetheless, the VCM plant
turns to be the most water intensive stage of the S-PVC manufacturing process, accounting for more
than 65% of the total water consumption by the entire process. This is due to the water embedded in
the production supply chain of feedstocks, in particular EDC used by the VCM plant.

(Liter)
12.0
10.0

8.0
6.0
4.0 —

20 —
0.0 |— NS

C/APlant | VCM Plant | PVC Plant
Direct Water Use 3.6766 0.8386 0.0172
H Energy 0.1328 0.0002 0.2463
B Feedstock 0.6888 9.1224 0.0000

Fig. 2 Water Consumption at Each Stage of the PVVC Resin Manufacturing Process
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In conclusion, the reduction of direct water use at C/A plant should be set as the first priority for
mitigating the impact of water use on the local reservoirs in Map Ta Phut. The water use efficiency
of EDC production process at the VCM plant must also be improved to avoid the risk of drawing
too much water from the local reservoirs in case where all EDC is needed to be produced internally.
Outsourcing the production of EDC to other locations without water scarcity issues could be
considered as well.

Discussion

This study demonstrates that LCA is a valuable tool for addressing the impact of an industrial
manufacturing process on water use. The results of LCA provides insight into the source of water
consumption related to both direct and indirect water use. Moreover, it provides a better
understanding of the link between each stage of the manufacturing process and its impact on local
water supply. It must be noted that the amount of water used to produce 1 Kg of PVC resin
estimated in this study is more or less the same as that used for other thermoplastics as reported by
previous research [9], 13.1 and 13.7 liters for 1 Kg of polypropylene (PP) and polyethylene (PE),
respectively.

This study can be repeated with other manufacturing processes in Map To Phut industrial estate
area to determine the actual amount of water withdrawals as well as the way to conserve the limited
local water supply. In addition, the amount of water used to produce S-PVC resin determined in this
case study can also be used as a reference value for any future water-impact study of PVC-
containing products.
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