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Abstract

Life cycle sustainability is an important tool for assessing product
performance based on the three pillars of environment, economy and
society. This study examined the life cycle impact, cost and social
implications of high-density polyethylene (HDPE) resin. Environmental
assessment revealed nonrenewable energy as the greatest impact followed
by carcinogens, respiratory inorganics and global warming while
economically, the operational cost of HDPE resin production was
significantly highest. The social impact assessment following the United
Nation Environmental Programme (UNEP)/ Society of Environmental
Toxicology and Chemistry (SETAC) guidelines demonstrated optimal
performance for all indicators except for gender ratio and disabled
employee criteria which were lower human rights indicators than other
companies. The subcategory of occupational health and safety should be
specified in future aspects, such as rate of disease from company
operation. Energy efficiency and material acquisition should be improved
to reduce the environmental impact and positively redress declining costs,
leading to decrease in disease rate among workers in the local community.
Results suggested that improving environmental impact would increase
economic performance through optimal energy efficiency, while the social
life cycle assessment indicator should mainly focus on health and safety in
the event of disease arising from business operations.
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Introduction

The global population surpassed 7 billion during the
past decade and technologies and innovations are
constantly being developed to support our comfortable
way of life [1]. Anthropogenic development has
resulted in the depletion of natural resources and
deteriorating environmental quality. Beginning with
the industrial revolution, uncontrolled release of CO2
into the atmosphere has become a global issue im-
pacting climate change [2]. The concentration of CO2
in the atmosphere reached 413.2 parts per million in

2020, 149% higher than pre-industrial (before 1750)
levels [3]. International cooperation through the United
Nations Framework Convention on Climate Change
(UNFCCC) and the Kyoto Protocol has attempted un-
successfully to relieve, mitigate and resolve these problems
[4-5]. Climate change is caused by human activities
including agriculture, transportation and the use of
fossil fuels. Release of COz2 into the atmosphere is the
most significant cause of global warming, with
industrial activity the major source of carbon emissions
[6].
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The petrochemical industry emits significant amounts
of greenhouse gases, mainly when producing plastic
resin for downstream applications [7]. The plastics
industry is very important in the modern world eco-
nomy and plastic production and consumption rates
have steadily increased [8]. In 2020, global plastic
production reached 367 million tons. The primary
plastic producing region is Asia, with China accounting
for 32% of total global plastics production [9]. In
Thailand, the petrochemical sector output was 33.3
million tons in 2018, the largest in Southeast Asia and
16th globally. Thailand is the world’s 11th largest
exporter of plastics and ASEAN’s second largest [10].
Plastics accounted for 6.1% of Thai GDP, acting as a
vital link between the petrochemicals sector which
supplies upstream inputs and end-user industries [10].
Packaging consumes 42% of all plastic resin [11]. High-
density polyethylene (HDPE) is a thermoplastic made
from ethylene and used in a wide variety of plastic
products due to its transparency, stability, durability
and malleability [12-13]. Thailand’s ethylene pro-
duction, which is used to make HDPE, was 4.7 million
tons in 2020 [14].

In 2020, during the COVID-19 pandemic, the global
economy experienced a recession which reduced plastic
pellet production, particularly in the first six months,
with the exception of single-use plastic related to me-
dical supplies; however, exports of plastic resin are
expected to increase by 2-3%, [10]. Because of the
complex production processes, the effect of petro-
chemical resin can be found in various pathways and
undoubtedly contributes to natural resource depletion
and wastewater, air and water pollution through macro
and microplastics [15]. Plastics accumulate in food
chains at all trophic levels, including in many types of
birds and fish [16], eventually leading back to humans.
Microplastics, in particular, can be found in marine
creatures [17]. Microplastic pollution induces physio-
logical problems such as in oyster reproduction [18],
metabolism rate changes [19] and behavioural changes
[20]. Plastic resin leaches into harmful environments at
various stages of its life cycle, including storage, trans-
portation and manufacturing. For example, a recent
study reported an annual loss of 5 to 53 billion plastic
resin pellets from industries in the United Kingdom
[21], while approximately 300 million tons of plastic
waste are being dumped globally annually [22].

Life cycle sustainability assessment (LCSA) has
broadened the scope of life cycle assessment (LCA) to
include three aspects of sustainability rather than only
environmental impacts (environmental, economic and
social). LCSA is a more comprehensive approach to all

pillars of sustainability [23-25] because it combines
environmental protection, economic considerations
and social equity. LCSA methodology is still in its
infancy but the concept has been used in many studies
(Shrivastava & Unnikrishnan, 2021). Primary drivers of
LCSA development are a shift in perspective from
environmental protection to economic and social
protection as three dimensions of sustainability [23,
26-27]. LCSA is a tool that assesses all aspects of
sustainability to achieve sustainable development goals
(SDGs). LCSA is a systematic framework for the quan-
titative evaluation of environmental impacts of a
product system, starting from raw material acquisition,
production, use of the products and finishing with end-
of-life management. The Society of Environmental
Toxicology and Chemistry (SETAC) has created a
number of practical LCA recommendations [28]. In
1994, the International Organisation for Standardization
(ISO) issued ISO 14040:2006 and ISO 14044:2006 which
set the standards and principles for performing LCAs.
Affluent nations have recognised the need to prevent
environmental deterioration and, as a result, have taken
aggressive measures. China is actively involved in
monitoring and managing the environmental im-
plications of plastic resins [29]. LCAs are used to create
case studies that show the environmental effects caused
by activities such as operation, organisation and total
product [30]. One critical point in developing case
studies is to consider the right indicators according to
their importance in the analysis. Life cycle costing (LCC)
is a concept that has been developed to understand the
significant economic dimensions of sustainability [31].
LCC evaluates various aspects of business value,
environmental impact and societal value in monetary
terms and can be integrated with LCA as eco-efficiency
to measure environmental impact and product system
value at various scales [1, 32—33]. The final dimension
of sustainability concerns the impact on society after
integrating the environmental and economic assess-
ments. Social life cycle assessment (SLCA) is used as a
tool to evaluate the social dimensions of products and
organisations [34]. There are no standardised SLCA
methodologies. UNEP/SETAC Guidelines for Social
Life Cycle Assessment of Products, 2009, is a metho-
dology that may eventually become standardised [35].
SLCA, unlike LCA and LCC, involves stakeholders in
goal and scope definitions, data collection and inter-
pretation. Usually, SLCA is distinct due to the criteria
and unit of impact and numerous studies have
conducted separate SLCA [36].

Most research assessing the environmental impact
of plastic pellets has focused on economic and social
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dimensions but environmental impacts on ecosystems
are also severe. LCSA combines the three sustainability
pillars of environmental, economic and social aspects
in business operations. The main study objective
assessed the sustainability of plastic pellets using LCSA
methodology and including LCA, LCC and SLCA.
Interpreting the interrelationship between the three
pillars in the realm of plastic pellets and assessing
sustainability is challenging but requires urgent
attention. In LCSA, scope and system boundaries are
accepted to be different from the boundaries of LCA,
LCC and SLCA, following the procedure of life cycle
sustainability assessment of product 26, 37]. There are
different kinds of LCSA scope and concept following
the guidelines of LCSA Methodology. Some researchers
integrated the sustainability of the three pillars [38—40],
while others investigated the sustainability of individual
pillars [41-43].

Materials and methods

The LCSA system boundaries covered all areas
related to the plastic pellets business, while LCC focused
on operational and maintenance costs of an olefin and
the HDPE plant, excluding the refinery plant or capital
cost for gas separation. The SLCA focused on the entire
system boundary. The study area was located in Rayong
Province and indicators used were selected using the
LCA method and adapted according to I1SO 14040-
44:2006. The ISO 15686-5 and 15663-1 guidelines were
used for LCC, while the product social life cycle assess-
ment (SLCA) followed the United Nation Environ-

mental Programme (UNEP)/SETAC [44] guidelines
and LCSA used UNEP/SETAC guidelines [27]. System
boundaries are shown in Figure 1, with indicators of
LCA, LCC and SLCA shown in Figure 2.

1) Life cycle assessment process

Life cycle assessment can be evaluated in four steps
as 1. Definition of the goal and scope, 2. Inventory, 3.
Evaluation of the impact and 4. Interpretation. This
research quantified the environmental impact of HDPE
plastic resin and identified hotspots of environmental
performance in the HDPE manufacturing process
using 1 kg of HDPE resin as the functional unit for
study. The system boundary was from material
acquisition (cradle) to HDPE production (gate). In this
case study, HDPE was produced from the monomer of
ethylene. Ethylene is produced via steam cracking of
ethane and naphtha. All steps in the production
process, from material acquisition in the olefin plant at
the HDPE factory, were assessed at a factory gate. The
data inventory consisted of raw material, chemical
usage, energy consumption, wastes and others to assess
the environmental impact. All input and output data in
the inventory were allocated to 1 kg of HDPE resin. The
IMPACT 2002+V2.12 method was used with Simarpro
V.8.2 software for evaluation and determined 15
midpoint impact categories per one functional unit. A
normalisation step was used to facilitate comparison of
the LCA results. Results of environmental performance
showed the hotspots and critical points. Options for
improving environmental performance were proposed.
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Figure 1 Study system boundaries.
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Figure 2 Indicators and categories of LCA, LCC and SLCA.

2) Life cycle costing (LCC) evaluation
The method for evaluating life cycle costing consisted of the following steps.
This study was defined by cost elements as:

LCC of manufacturing = LCCop+ LCCyya

where, LCCqp
LCCya

Operational cost in year T

Maintenance cost in year T

where, LCyy = Water cost in year T
LCg = Energy costinyear T
LCg; = Electricity cost in year T
LCya = Material costin year T

LCpg = Fee and tax cost in year T

LCr = Transportation cost in year T

LCr = Rental costinyear T

LCypy = Operational man hour cost in year T
LCsg = Service costin year T

LCor = Other operational costs in year T

(Eq. 1)

(Eq. 2)

All LCs are present values (P: present value) with depreciation cost provided in place of capital cost. After

converting all cost data to current values, the unit cost was assigned by weight as 1 kg of HDPE resin.

: — LCC of HDPE
Life cycle cost per 1 tonne of HDPE = / Amount of HDPE production for whole life (tonne)

(Eq.3)
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Data collection for LCC analysis can either use real
costs or estimated costs. The real cost can be calculated
directly if available. The accounting departments of the
olefin and HDPE factories were approached for all
costs. However, some cost data were not available so
estimated cost data were used following the inter-
national standard 1SO15686-2:2001 by employing
direct cost estimation and historical data analysis to
develop models based on expected performance, future
technology trends and market applications.

3) Social life cycle assessment (SLCA)

Two types of social life cycle impact assessment have
been defined as (1) Reference Scale Based Social Life
Cycle Impact Assessment (RS S-LCIA) and (2) Impact
Pathway Social Life Cycle Impact Assessment (IP S-
LCIA) [44]. Various constraints were encountered in IP
SLCA, resulting in the analysis of only one stakeholder
or worker. RS S-LCIA, on the other hand, could analyze
all stakeholder groups and associated effects in all
categories and facilitates handling multi-actor situ-
ations and was, therefore, best suited for this study [45].
Both primary and secondary data were gathered from
various sources including company sustainability re-
ports, research and official reveal reports at national
and international levels. Social effects of plastic pellet
production were studied for social life cycle evaluation.
The SLCA system boundaries comprised ethylene
production and HDPE pellet manufacture but did not
include material acquisition, disposal or plastic con-
sumption. Social life cycle inventory indicators were
taken from the Global Reporting Initiative (GRI) and
guidelines for social life cycle product assessment
(UNEP/SETAC). Sixteen social indicators were chosen
harmoniously by considering the necessity to cover all

Table 1 Types of social GRI standards

activities of petrochemical industries and connect with
various social stakeholders following the UNEP/SETAC
guidelines for social life cycle assessment and sub-
categories in social life assessment [46]. Details are
shown in Table 1.

For data collection, 40 workers were interviewed
including officers and engineers from each organisational
division. Workers were chosen by length of service as 1-
5 years, 6—10 years, 11-15 years and 15 years and above
(5 officers and 5 engineers were selected from each age
range) The 5 consumer companies were corporations
that purchased HDPE pellets to manufacture various
types of plastic products. For society, the stakeholders
included government employees, local government
officials and non-governmental organisations (NGOs).
Central government officials in the Department of
Industrial Works are directly related to the corporation.
Local government officials are employees of the
Municipality of Maptaphut. Data were collected from
NGOs with previous company experience, while local
community data were acquired from five year residents.
The performance reference points (PRP) were calcu-
lated by dividing the number of events in each social
indicator and comparing them to worldwide standards,
local registration and organisation best practices [45].
In this example, the researcher used secondary data
from [36] collected from 45 bio-chemical and biodiesel
firms in Europe to develop benchmarks, as well as
sustainability reports from 19 companies, including
seven companies that participated in the GRI stand-
ards. These secondary variables were used to ascertain
the lowest and maximum quantitative performances
and PRP were determined as the average between the
highest and lowest of each indicator.

Endpoint Midpoint [44] Sub-midpoint categories [46] GRIs [36, 47]
Labour practice = Employment Number of direct employees 405-1
and decent work Turnover rate 401-1

Labour relations management Full time worker 102-8
Occupational health and safety Total recordable injury frequency 403-9
Process safety event -
Number of accidents with an irreversible consequence 403-9
Number of fatal accidents 403-9
Site with OHSAS certification -
Employee welfare, Number of vacation days -
innovation and competitiveness ~ Training hours 404-1
Human rights Non-discrimination Gender ratio -
Percentage of disabled employees 405-1
Code of conduct training ratio -
Society Public policy Legal obligation on public sustainability reporting -

Presence of laws regulating company transparency
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Results
1) Life cycle environmental impact

The resin life cycle assessment results of HDPE
indicated the critical effect categories including non-
renewable energy, global warming, carcinogens, non-
carcinogens, respiratory inorganics and respiratory
organics. The other effect categories had a negligible
influence. Ethane and naptha as raw materials used in
HDPE manufacturing are derived from gas and petro-
leum separation and nonrenewable energy had a
significant environmental impact. Furthermore, ethane
is a carcinogenic substance with greater environmental
impact. Therefore, the most significant examination
step was material acquisition. This began with drilling
for natural gas and gas separation, followed by pro-
cesses to obtain ethylene as the end material.

Midpoint analysis results revealed six important
environmental effect categories as nonrenewable energy,
global warming, carcinogens, non-carcinogens, res-
piratory inorganics and respiratory inorganics. The
remaining environmental effect categories were in-
significant with values less than 5% of the total,
following the ISO14040 insignificant criteria cut-off.
The environmental effect of material acquisition was
the highest.

Activities that had the most significant influence on
the environment are shown in Figure 3. Material
acquisition had the highest effect in all impact cate-
gories except for global warming. Material acquisition,
chemical substances, power consumption, waste
disposal and transportation had the largest share of all

100

95
90
85
80
75

Carcinogen

Non-Carcinogen  Respiratory Inorganics Respiratory Organics

important impacts. The fraction of material acquisition
categorised activities had the highest rating of all plastic
pellet production activities. Environmental impacts
were improved by using recycled materials for plastic
production as the primary aspect of reducing the
environmental impact of material acquisition. The
efficiency of HDPE manufacturing was also enhanced
by reducing the number of materials used in pro-
duction by applying a circular economy to the system,
such as increasing production efficiency and using
renewable raw resources. These efficient approaches
showed potential to decrease all environmental conse-
quences. Power consumption also has an impact on the
environment. Electricity consumption is responsible
for only 2-3% of all environmental impacts but the
impact on global warming is estimated to be 10%. To
minimise the use of petroleum-based fuel, renewable
energy could be employed to improve energy efficiency
in manufacturing. Production plants can create
electricity using hydrogen gas generated during manu-
facturing as a substitute for natural gas to boil water in
a co-generator to obtain steam and electricity.
However, the supply of power during production is
limited. Renewable energy, such as solar energy, should
be continually developed to reduce the environmental
effect of electricity use. Other production activities such
as chemical substances constituted under 5%. Non-
toxic materials and chemical substance, harmless
solvents and efficient methods should be studied and
used in the production process to decrease respiratory

organics.
.

Global Warming  Non-Renewable energy

® Material Acquisition ® Chemical Substance ® Power consumption = Waste Disposal = Transpotation ®Others

Figure 3 Classifying impact by activity type.

https://doi.org/10.35762/AER.2023004



App. Envi. Res. 45(1) (2023): 004

Normalising impact category results are exhibited in
Figure 4 by comparing the dominating impact pro-
portions. Significant contribution at 46% represented
nonrenewable energy such as gasoline, oil and natural
gas used to manufacture ethane and ethylene for HDPE
resin production. Carcinogens accounted for 19% of
the total, followed by respiratory inorganics, global
warming, respiratory organics and non-carcinogens.
The remaining impact categories were less than 1% and
had no major influence. These findings were consistent
with Treenate et al. [48] and Ruangrit et al. [8] who
reported that nonrenewable energy was a major issue in
plastic bottle and bag packaging due to the use of
natural gas as a raw material to produce ethylene for use
in plastic packaging production. The phase of raw
material acquisition and pre-processing was a hotspot.

2) Life cycle cost evaluation

The life cycle cost of HDPE resin was calculated as
0.15 USD per functional unit, excluding the investment
cost, as the infrastructure required for a petrochemical
plant is significant and impacts the operational cost.
Investment cost was not included in life cycle cost of

HDPE. Expenses for one year in USD. The olefin plant
and the HDPE plant had higher operational costs than
maintenance costs. Primary expenses were allocated
into two groups based on the study method as
operational and maintenance costs. Operational costs
included water, energy, electricity, material, fees and
taxes, transportation, renting, operational man-hours,
service and maintenance costs. For the net present cost,
the operating cost constituted the largest share in both
the olefin and HDPE plants. Olefin plants create a
variety of resin products and the allocation by weight
approach was used to deduct the overall cost. The entire
cost of HDPE resin per kilogram was separated into two
major cost categories. The proportional of operational
costs reached 80% of the total life cycle costs with
maintenance costs at approximately 20%. The largest
share comprised operating man-hours at 31% followed
by energy, power and material costs. The ethylene
manufacturing process is complicated and uses large
amounts of raw materials and energy and requires
more man-hours than the HDPE facility. Operational
cost fractions are shown in Figure 5.

Figure 4 Proportional impact of HDPE resin.
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Others cost
22%

Operation man hour
cost

Figure 5 Operational cost proportions.

3) Social life cycle impact assessment

Since 2012, the plants have been running all the
indicators in accordance with Thai laws that are ex-
tremely stringent for industrial operations, particularly
those affecting stakeholders such as the Department of
Labour Protection and Welfare and Industrial Work,
Pollution Control Department, Provincial Public
Health Office, Thailand Greenhouse Gas Management
Organisation, Industrial Estate Authority of Thailand
and the Department of Alternative Energy Development
and Efficiency. Furthermore, the plants operate at high
quality standards. Plant operations are based on the
principles of the United Nations Global Compact,
which are taken from the Universal Declaration of
Human Rights and the International Labour Orga-
nisation Declaration on Fundamental Principles and
Rights at Work. The Global Reporting Initiative (GRI)
standard and the Dow Jones Sustainability Indices
(DJSI) were also used. Plant policies determine the
human rights of employees, occupational health and
safety, environment, commercial ethics and supply
chain management. In-depth interview results con-
cluded that while the firm consistently promoted
welfare and benefits and linked social indicators
regarding workers, there were some discrepancies in
benefits for hired workers. Most employees were happy
with aspects of company sustainability. Local and
federal government officials urge that corporations
focus more on communication sustainability, while
closely managing environmental incident protection.

Certain environmental occurrences from associated
businesses in the value chain satisfied sustainable policy
and operational requirements but could be more
effective. Similarly, non-governmental organisations
(NGOs) voiced concerns regarding effective mitigation
methods, including compensation and justice. Company
customers revealed the willingness to support sus-
tainable policies with reasonable pricing of plastic resin.
They also requested a reduction in plastic resin price
but maintained faith in the company’s sustainability
policy and operations. Table 2 and Figure 6 depict the
GRI standards and the important aspects of societal
interviews.

Social performance results were mostly higher than
the benchmarks, with the exception of midpoint indi-
cators in gender ratio and percentage of disabled
employees that were lower than the PRP score, while
percentage of disabled employees was lower than the
minimal score of this social indicator compared to
other factories. The company focused on the pro-
motion of indicators connected to labour and welfare,
with many social operations occurring in employment.

When the outcomes of social performance were
compared with the same type of plant (biorefinery
plant), the majority of social performances in the case
study were better than the results of social per-
formances, except for the percentage of disabled
employees and gender ratio [36]. The case study social
performance outcomes were similar to results of the
biorefinery plants, as shown in Figure 7.
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Table 2 Types of social GRI standards

Midpoint (1) Sub-midpoint categories (2) Result of this study ~ Reference case
[36]
Employment Number of direct employees 4486 378.5
Turnover rate 6.87 16.79
Labour relations management Full time worker 100 95.5
Occupational health and safety Total recordable injury frequency 0.33 5.64
Process safety event 0 1.55
Number of accidents with irreversible 0 1.5
consequences
Number of fatal accidents 0 0.6
Site with OHSAS certification 100 72.5
Employee welfare Number of vacation days 20 20
Innovation and competitiveness Training hours 37.64 27.8
Non-discrimination Gender ratio 74.65 72.5
Percentage of disabled employees 0.11 5.5
Code of conduct training ratio 100 87.5
Public policy Legal obligation on public sustainability 100 50
reporting
Presence of laws regulating company 100 50
transparency

Note: The reference cases were filtered and chosen from 45 companies that participated in GR 3.0. Out of 7
companies that were selected, 2 companies focused on the upstream life cycle stage (biodiesel production), 4
companies focused on the downstream stage (green chemical and bioplastic) and 1 company had a diversified
portfolio including both product categories (complete life cycle).

/ Employee \

-The former
employees get better
benefits

/ \ -Most employees
Local and czl;it“ll;'.;:ﬂgovernment welfares are higher / Local community \

than laws of the
-The public relation of sustainable \ country
activities should be more .. ) )
promoted -Plants being in an industrial estate,
hard to find the source of
environmental accidents

-CSR of company was good but
some processes should be improved

-Quite satisfaction on
@stainability aspects of company

/ Stakeholders K

conclusions
NGOs Customer
-Various environmental incidents from the -Costly plastic resin comparing to the
company should strictly be protected international price is difficult
-Mitigation plans and measures should competition.
effectively and immediately be operated -Support cheap bioplastic resin

Figure 6 Important aspects of societal interviews.
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Biorefinery plants

Number of direct employee

Case study
Presence of laws regulating 100
company transparency 30
80
Legal obligation on public 70
sustainability reporting 60
50
40
Code of conduct training 30

20
10
0

ratio

Percentage of disable
employees

Gender ratio

Number of Vacation days

Turnover rate
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irreversible consequences

Number of fatal accidents

Site with OHSAS
Figure 7 Social performance of case study compared with biorefinery plants.

4) Life cycle sustainability assessment of HDPE pellets

The LCSA evaluation results showed that the most
important issue was the environment as the critical
point of this study. A comparison with previous research
on the same products [49] found that the LCC result
was better. The SLCA result was also significantly better
compared with the reference case. Therefore, the LCA
result should be improved, particularly the nonrenew-
able energy impact category, which had the highest
proportion of all environmental indicators, followed by
carcinogens with the second highest ranking. These
large impacts were caused by raw material acquisitions.
Global warming is caused by energy usage. If the
company can enhance its environmental performance,
particularly the usage of renewable energy, this will
improve the SLCA results because the indicators are
linked to the local community and general public
perceptions based on company environmental perfor-
mance. The largest proportion of LCC was operational
cost, with the highest proportion as operational man
hours. The company has created and refined manu-
facturing technologies and concentrated on numerous
ways to reduce total costs. Stakeholders were happy to
extremely satisfied with most SLCA indices but results
reflected certain needs and difficulties from the local
community, NGOs, government and staff. The sustain-
ability assessment results using LCA, LCC and SLCA
methodologies highlighted several environmental and
social concerns requiring improvement. Operational
indicators demonstrated efficiency including environ-
mental improvement, cost reduction and social res-
ponsibility. All stakeholders agreed that the company
should improve and promote sustainability. One of the
biggest problems of using bio-based plastic resin is the
higher cost compared to fossil-based resin. However,

some consumers accepted the increased expense because
of product sustainability, while other supply chain
companies gained less profit from using higher cost
plastic resin which adversely impacted business survival.

Customers supported and desired the sustainable
concept if it was affordable. The company is constantly
improving on environmental impacts, particularly in
developing closed-loop systems but contamination in
plastic waste was identified as a critical issue. This can
be attributed to high plastic production costs. The
company must promote value-added environmentally
friendly products. Figure 8 shows the relationship
between indicators and impacts of each aspect of
sustainability. Internal and external factors both
influenced sustainability as follows:

1) Internal factors affecting environmental per-
formance

The most essential aspect of environmental per-
formance is material acquisition, with highest impacts
being nonrenewable energy, carcinogens, respiratory
inorganics, respiratory organics and global warming.
Energy consumption, particularly during the manu-
facturing process, is a substantial element as the second
rank, while its fraction of significant influence is small.
Chemical use accounts for around 33% of all activities
that impact the environment, while utilities, waste
management, transportation and water use in pro-
duction are roughly 2%.

2) Internal factors contributing to improved sus-
tainable development

The company should increase the efficiency of
ethylene production and plastic pellet manufacture by
exploring and creating new technologies and breakthroughs
to gain a competitive advantage. Improved technology
will result in less energy consumed, less material used

https://doi.org/10.35762/AER.2023004
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and reduced pollution. This might lead to cheaper
operating and material costs. The quality of employees’
lives should also be improved through various measures
such as maintaining the quality of the environment and
counselling about mental health. Competitive trading
advantages must be achieved. The company must
enhance all elements by reducing production costs and
boosting output while maintaining a green operation.

3) External factors leading towards sustainable
development

The company must be compliant with all Acts and
ministerial regulations through governmental offices
such as the Department of Industrial Work, Department
of Pollution Control, Energy Policy and Planning
Office. The Securities and Exchange Commission (SEC)
Office encourages companies to continuously improve
standards by adopting the right strategies to achieve
business excellence, follow national plans and seek
international cooperation through the World Business
Council for Sustainable Development (WBCSD).
Sustainable development goals (SDGs) are critical
indicators that the SEC has implemented following
Thailand’s national policy of a Bio-Circular-Green
Economy (BCG) through involvement in volunteer
national and worldwide organisations to promote
environmentally friendly businesses. This might
involve registering as a sustainability index, DJSI of the
chemical industry, or UN Global Compact LEAD with
the Securities and Exchange Commission. These na-
tional and international organisations influence future
company sustainability, with favourable impact on
stock market valuation.

The environmental effect revealed that nonrenewable
energy and carcinogens account for the majority of all

environmental consequences, while the LCC result
indicated highest expense as the cost of operating man
hours. The SLCA is concerned with human rights and
effective actions must be implemented on a continuous
basis as follows:

1) Reduction of nonrenewable energy by promo-
ting alternative energy development such as solar,
biomass and hydrogen gas.

2) Conservation of energy by improving energy
efficiency at the plant. Saving energy reduces the impact
of global warming.

3) Closed loop recycling of plastic products and
trash as raw materials for the manufacture of plastic
pellets. This will reduce fuel usage and waste generation.

4) Use improved technology to replace some jobs
and lower the cost of operating man hours.

5) Increase the number of women employed and
hire more disabled people in suitable job positions.

6) Raw materials used to make plastic pellets are
crude oil and natural gas. To comply with the national
strategy of reducing GHGs, the company should
publicise its long-term supply chain management
strategy, ensuring that businesses do not support any
harmful environmental activities. Forced child labour
and discrimination are prohibited, while corporate
social responsibility (CSR) allows no conflict of
interests. The company operates in an industrial park
with other plant operations and industries within a
confined area. Local residents should be immediately
informed of any pollution leaks to ensure company
dependability and responsibility

7) A circular economy can be beneficially integrated
with LCSA to offer a sustainable future.

Economic Impact (LCC)
Operation man hour cost
Electricity cost

Material cost

Energy cost

Water cost

Environmental Impact (LCA)

aterial acquisition— —Non-Renewable Energy

Power consumption
Chemical substance
Others

—Respiratory Organic

—Carcinogen
Global Warming

—Respiratory Inorganic

ustainabilit

Social Impact (SLCA)

Employment
Occupation Health and Safety
Labor of Management and Relatio:

Innovation and competitiveness

Employee Welfare
Non-discrimination

Public Policy

Figure 8 Relationships between indicators, impacts and each aspect of sustainability.
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Conclusions

The LCSA findings of in-depth stakeholder analysis
differed from the actor-network analysis in all areas,
particularly in company policies. Stakeholders, as
economic players, have driven companies to pursue
sustainability. Policy networks are required, such as
rules and regulations which primarily concern envi-
ronmental indicators and labour laws. By contrast,
economic networks can promote sustainability since
the perceptions of sustainable sectors are critical in
international commerce and the stock exchange.
Voluntary operations imply that companies are willing
to lower trade barriers and enhance added value to
goods. This research differs from previous studies and
presents a new challenge to stakeholders connected to
policy, economics and society. Stakeholder analysis
revealed factors that affected company sustainability by
reducing trade barriers and enhancing access to
international markets.
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