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Abstract The environmental conscious manufacturing
and climate change made automotive manufacturing
organisations to recognise sustainability as a vital concept
for survival in the global competitive scenario. Many
components of automobiles are manufactured using plas-
tics which play imperative role in ensuring sustainability.
This research article deals with the application of Life
Cycle Assessment on instrument panel of an electric car
which is made of ABS (Acrylonitrile—Butadiene—Styrene).
The case study has been conducted in an Indian instrument
panel manufacturing plant. First, a life cycle model of ABS
sheet which is particularly used in instrument panel man-
ufacturing was built, and the environmental impact
assessment of the instrument panel was done using Eco-
indicator and CML methodologies. In life cycle perspec-
tive, the environmental hot spots have been found out.
Later the results have been interpreted based on environ-
mental impact assessment factors. The relative comparison
of impact factors at different stages in the life cycle enables
the generation of improvement options. The sustainability
index of instrument panel before and after implementing
Environmental Impact Assessment (EIA) has been com-
puted. The results are statistically validated, and the man-
agerial implications have been derived.
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Introduction

During the recent years, greenhouse gas emission, which
has increased remarkably because of tremendous energy
use, has resulted in global warming. In order to prevent the
occurrence of global warming, the world community has
been striving to assess environmental impacts using tre-
mendous energy. In this effort, the engineers and
researchers have been employing a few approaches. One
among them is Life Cycle Assessment (LCA). LCA is a
process employed to analyse and assess the environmental
impacts of a product, process or activity over its whole life
cycle. LCA identifies and quantifies energy and materials
used and wastes released to the environment, and it
assesses the impact of those inputs and outputs. Further, the
opportunities for environmental improvements are sear-
ched for. LCA considers all the phases of the entire life
cycle of the product, namely, extracting and processing raw
materials; manufacturing, transportation and distribution;
use, re-use and maintenance; recycling and final disposal.

By definition, LCA considers only the environmental
issues. In reality, in LCA other issues, like social, eco-
nomical, political and technical, too are considered.
Therefore, LCA must be seen in a broader context. In other
words, LCA must be considered as a tool that provides
information on the product’s environmental impacts
(Soriano and Kaebernick 2000). Currently, LCA considers
air, water and soil emissions together with mass and energy
requirements. Evaluation of the environmental impacts of
these has been included in the scope of LCA projects,
albeit the methodology for impact assessment is still
developing.

Today, automobile industry is one of the largest users of
energy. Hence, the environmental impacts caused by
automobile industry are significant. In this context, studies
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on controlling global warming that arises from the tre-
mendous usage of energy by the automobile sectors are
highly warranted. In this context, this article reports a case
study on implementing LCA approach in an instrument
panel manufacturing organisation. The unique aspect of
this case study is that it reports the Environmental Impact
Assessment (EIA) of instrument panel of electric cars using
two different methods (CML and Eco-indicator 99) to
perform EIA and validate the results by sustainability index
calculation. Also, the sustainability index of instrument
panel of electric cars has been computed. Even though the
study was carried out on an instrument panel of an electric
car which is considered as eco-friendly, the results revealed
that environmental impacts leading to global warming were
occurring in the production stage. In this case, environ-
mental impacts of Acrylonitrile—-Butadiene—Styrene (ABS)
sheet which is used for manufacturing the instrument panel
of a car were studied. The research question addressed in
this study is that how to assess and validate environmental
impact of instrument panel. The results derived from the
study enables the contemporary managers to make key
decisions such as product/process modifications, so as to
minimise the impact to the environment. The sustainability
index encompassing the environmental, economic and
social improvements has been presented. Besides, the sta-
tistical validation of the results was also conducted.

Literature review

The literature was reviewed to study the research carried
out about EIA and applications of Eco-indicator and CML
methods. These researches are briefly described in the next
subsection. In the third subsection, the research gap iden-
tified during this literature review is pinpointed.

Literature review on environmental impact assessment

Environmental impact assessment is the process which
helps the modern contemporary managers in the process of
decision making, and in keeping the environmental low
risk through recognising, forecasting, evaluating and jus-
tifying technically the probable optimistic and pessimistic
impacts of any project over the environment either directly
or indirectly considering the biophysical, economical and
social aspects too. A search in the literature indicated that
more than 8,865 articles reporting the research on envi-
ronmental impact assessment have appeared. A few articles
which adopted different methods in calculating the EIA are
described in this study.

Azzone and Noci (1996) proposed a new methodology
for assessing environmental impacts of new green prod-
ucts. Those authors presented working structure for the
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recognition of important assessment criteria to support
decision making. Those authors contributed by way of an
incorporated technique that includes both substantial and
elusive effects into concern and that starts from the avail-
able information.

Kaebernick et al. (2003) discussed the concept of intro-
ducing environmental requests at each phase of product
development, based on a perception towards sustainable
manufacturing. Those authors stressed upon the consider-
ation of the environmental needs along with the traditional
needs like cost and quality. The authors presented an
industrial case study and concluded that the implementa-
tion of new context will open up new ventures for any
manufacturing organisation.

Rehan and Faisal (2006) proposed a methodical
approach methodology called GreenPro-I to measure the
environmental threat and collisions associated with the
products, processes and services along its lifecycle. Those
authors in their article reported the environmental impacts
that are caused by a product across its lifecycle phases till
the disposal phase.

Kumaran et al. (2001) have proposed the concept called
Life Cycle Environmental Cost Analysis (LCECA). Those
authors mentioned about the eight eco-costs including both
direct and indirect costs in their cost structure identified all
along for any product, life cycle from conception to design,
raw materials’ consumption, processing, delivery, use,
recycling and disposal. The authors have also presented an
impact assessment tool to measure the Environmental
Impact Indices (EII) of any product to verify its environ-
mental friendliness and also to reduce the total eco-cost
with the help of green or eco-friendly alternatives in all the
stages of the life cycle of the product. The development of
suitable cost model and the identification of the feasible
alternatives were the hallmarks of this research.

Rao (2008) discussed about the evaluation of environ-
mentally conscious manufacturing programs to calculate
the environmentally conscious manufacturing (ECM) pro-
gramme selection index. The author of the cited study used
three multiple attribute decision-making methods for
evaluating ECM programs, such as Analytic Hierarchy
Process (AHP), the technique for order preference by
similarity to an ideal solution (TOPSIS) and the modified
TOPSIS method. Further, he concluded that the most valid
approach is to select a particular alternative among the
given alternatives, through similar valid decision-making
methods, and then to decide over the final alternative on the
basis of aggregation of the results that have an extreme
major optimistic affiliation towards the problem.

Harjula et al. (1996) has mentioned that the re-design
suggestions resulting from Design for Assembly analysis
are well suited for Design for Disassembly through con-
sideration of environmental parameters and also stated that
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the significant environmental impact minimisation is pos-
sible with maximum financial benefits.

Sakao (2009) emphasised the application of quality
engineering in the premature phase of design. He has clas-
sified the eco-attributes into offer value and corporate value
and discussed their design strategies based on the customer
response with respect to Japanese housing industry market
in classifying its environmental characteristics.

Hansjoerg et al. (2005) have mentioned that encourag-
ing environmentally conscious design helps in better
understanding of sustainability concepts. The author has
contributed an idea on carrying out the eco-design
approaches over the electronics sector and stressed the
importance of taking into account the triple bottom-line
(economic, environment and social) of sustainability
through collaboration along value chains across regions
through cross-functional eco-design team.

Rusinko (2007), in his article, tried to bring out the rela-
tionship among explicit environmental manufacturing and
competitive manufacturing outcomes and other outcomes
from the survey conducted among the U.S. commercial
carpet industries. He has concluded that sustainability is the
critical crossroad among various factors, such as product
design, development and manufacturing. He also suggested
to narrow down the focus and to gather more data on those
environmental practices that are vigorously associated with
competitive outcomes on future research.

Bert (1997) provided a number of alternative and con-
cerns which companies and organisations look for the
integration of environmental aspects in product design and
realisation. He has discussed about approaches using
information management in design tools for reducing the
environmental impact.

Literature review on applications
of CML and eco-indicator

Eco-Indicator'99 is an analysis method employed to
quantify the environmental effects associated with a pro-
cess or product through the identification and quantification
of the resources used and the waste generated. CML
focuses on a series of environmental impact categories
expressed in terms of emissions to the environment or
resource use. It allows to establish an artificial economic
value for each unit of environmental impact and to com-
pare the results for different environmental impact cate-
gories with each other. During this literature review, as
many as 70 articles reporting the application of CML and
Eco-indicator were reviewed.

Ortiz et al. (2009a) performed a study on sustainability
in construction industry which dealt with recent develop-
ments in LCA. In the cited article, CML baseline method
has been used for the evaluation of the environmental

impacts. The study of environmental assessment by LCA
methodology was carried out, and a comparison of the
impacts between LCA of building materials and compo-
nents combinations versus the LCA of the full building life
cycle has been done.

Ortiz et al. (2009b) studied sustainability based on life
cycle management of residential dwellings on their con-
sumption behaviour over the full life cycle and found that it
augments the economic and environmental characteristics
using CML baseline method. Those authors used sustain-
ability indicators in the pre-construction and operation
phases and also used them to promote and support the
adoption of the LCM (Life Cycle Management) within the
construction industry.

According to Goedkoop (1996), Eco-Indicator 95
method represents one of the further developments of the
environmental theme method. It is based on the balance of
facts and the partial stages of classification and character-
isation. The authors have specified that 1 death per
1,000,000 inhabitants is equal to 5% surface loss of an
intact eco-system.

CinziaBuratti et al. (2010) developed a methodology to
improve the environmental indicators and testing with fibre
sorghum energy crop. Those authors have mentioned about
lack of some important features such as freshwater con-
sumption, nutrient emissions into water and soil erosion,
which are necessary in evaluating the environmental
aspects. The impact assessment methodology was tested on
fibre sorghum crop production, adopting two different
agricultural techniques mainly dealing with irrigation
management and employing data from experimental fields.
Their study showed a more reliable approach to the impact
assessment of biomass cultivation phase.

Mark et al. (2008) using Eco-Indicator 99 computed the
ecological footprint (EF), over a huge number of products
and services to test out the screening indicator for envi-
ronmental performance. They concluded that the EF of
most of the products was subjugated because of the burning
up of non-renewable energy and land use.

Gerald et al. (1999) developed an environmentally
sound process in the chemical industry by quantifying the
environmental impacts with the help of Eco-Indicator 95
method. They have concluded that the work-up procedures
were the cause for more environmental impacts than the
technology itself.

Koroneos et al. (2008) classified the stock records to
impact groups using the Eco-Indicator 95 methodology.
The LCA study of the two biomasses to hydrogen systems
indicates that the biomass—gasification—electricity—elec-
trolysis route has a better environmental performance
compared to the gasification-steam reforming-PSA route.

Bovea and Powell (2006) have evaluated the environ-
mental behaviour of materials in such a way that it can be
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incorporated directly into a multicriteria decision problem,
along with the other design considerations. Their study
demonstrated the need to perform a sensitivity analysis
when a single environmental score is applied during the
process of selecting materials to enhance the environmental
performance of products. The idea was to compare the
increase that the incorporation of the environmental
improvements on the life cycle cost of the product to the
additional money that the customer is willing to pay for
perceiving environmental benefits.

Kalnes et al. (2006) in their life cycle analyses of the
HyLubeTM-refining process quantified the intrinsic bene-
fits of recovering used oils to justify its competency over
the other existing techniques.

The framing of LCIA (Life Cycle Impact Assessment)
by decision analysis can make an important contribution to
the development of LCA. This could promote a more
structured and consistent approach to LCA and decision
making. Because decision analysis is in essence a systems
tool, it is consistent with the systemic intent of LCA
(Strandesen et al. 2007).

On the whole, the review of the articles cited in this
subsection has revealed that LCA is becoming the pre-
ferred methodology for comparing the environmental
impacts of competing processes. Another derivation of this
literature review exercise is that integration of EIA and
sustainability leads to various benefits ranging from
improvement in product design and development, genera-
tion of robust products, minimizing the environmental
impact, etc.

Research gap

Though LCA technique has been used by the researchers
for certain purposes, the application of LCA technique, to
model the manufacturing plant and product results based
on both the CML and Eco-indicator method has not been
attempted. In order to contribute towards filling this
research gap, the assessment of environmental impact
caused during the production of instrument panel of elec-
tric car was done in this study.

Case study

In the case study being reported here, LCA was applied on
the instrument panel of electric cars. This instrument panel
is manufactured from the ABS sheets. These instrument
panels are manufactured in a composites and plastics
manufacturing industry located in Bangalore city, India.
An average cradle-to-gate of ABS sheets used for the
manufacture of instrument panel of electric car is consid-
ered. The ABS co-polymer production data are not being
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considered in the study. This study mainly concentrates on
the EIA of ABS sheet used for the manufacturing of the
instrument panel rather than the product alternatives for the
instrument panel. The functional unit is the quantified
definition of the function of a product. In this case study,
the functional unit is taken as ABS sheet which is used for
making the instrument panel assembly and corresponds to a
mass of 2.5 kg. In addition to this, the other functions are
preventing the inclusion of toxic material entry and emis-
sion of other hazardous gas during its manufacturing stage,
making the instrument panel recyclable, increasing the life
cycle of the instrument panel, ease of disassembly, less
material usage and less energy consumption. The LCA was
carried out using GaBi 4, the most popular software used
for carrying out LCA. The LCA assists in identifying
improvement opportunities to enhance environmental
aspects of products across their life cycle, decision making
in contemporary manufacturing organisations and selection
of relevant environmental performance indicators.

Data collection includes gathering of quantitative and
qualitative data for the processing of every unit. Some of
the data collected include energy, raw material, ancillary
and other physical inputs. Based on the gathered data, the
model and the necessary flow directions have been created.

Process flow chart of instrument panel

From the gathered data, the process flow chart indicating
the steps of manufacturing the instrument panel from ABS
sheet was developed. The process flow chart is shown in
Fig. 1.

As shown in the figure, the manufacturer gets the ABS
sheet from the supplier, which it undergoes a large number
of processes to manufacture the instrument panel. These
ABS sheets are manufactured by polymerization of styrene
and acrylonitrile on to thermoplastic rubber that is melted
with compounds styrene and acrylonitrile. These ABS
sheets are made available in different dimensions and are
being used in various applications, such as automotive
interior and exterior, laboratory equipment, luggage, office
accessories, toys, various machine parts and rollers. Poly-
propylene is the raw material required for manufacturing
ABS sheets. Therefore, the process starts with the melting
of the polypropylene. The mass of the ABS sheet which is
used for manufacturing one instrument panel is 2.5 kg.

Model of process flow in GaBi 4

The model of the overall LCA of ABS sheet was developed
using GaBi 4 software. This model is shown in Fig. 2.
The model was divided into a number of processes. In
each process, the inflow and the outflow quantities were
mentioned. The flow quantities consisted of, all those that
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Fig. 1 Process flow chart for instrument panel

are required to carry out that process. The model developed
was divided into four sections: the raw material production
phase, actual production phase, use phase and recycling
phase. In raw material production phase, the ABS co-
polymer resin is manufactured through polymerisation.
Later this co-polymer is made into ABS sheet using
injection moulding process. For injection moulding pro-
cess, power is provided separately as a process in the model
plan shown in Fig. 4. The ABS sheet is transported using
truck to instrument panel manufacturing unit. This is done
using a truck which needs diesel as the input. In the actual
production phase, the ABS sheet is subjected to a number
of processes, namely, dehumidification and vaccum form-
ing, which requires power and compressed air. These are
shown as separate processes in Fig. 2. Then in the use
phase, the data pertaining to the instrument panel in use
such as emissions to air and water are given as the flows.

The scrapped instrument panel is the output of this process.
Finally, in the ABS recovery process, the recovery method
and its conversion to ABS co-polymer are given as flows
returning to injection moulding process.

Environmental impact assessment

After building the model, EIA has been conducted using
CML and EI 99 methods. The CML (Centrum voor Mi-
lieukunde Leiden) 1996 is a collection of impact assess-
ment methods, which limits uncertainties, and group LCI
(Life cycle inventory) results in midpoint categories. The
data for the impact categories "CML 1996’ are according to
the information of the Institute of Environmental Sciences,
Leiden University, The Netherlands. The scientific back-
ground and guidelines of CML can be found in the litera-
ture (Mai 2001 and Dreyer 2003). The EIA results are
presented in the next subsection.

Results

The results obtained using CML and Eco-Indicator meth-
odologies are discussed in the following subsections.

Results derived from CML method

The CML gives the output flows from the system to the
environment. It includes CO, emission, overall emissions,
and a balance in terms of CO, equivalents. The CML
methodology gives idea about the environmental impacts
because of a product or process.

The radar diagram is developed considering all the
processes included in instrument panel manufacturing. The
radar diagram, shown in Fig. 3 indicates that the highest
emissions to air occur during ABS injection moulding and
power grid mix processes. The scale of this diagram is
shown by the vertical arrow of the ABS injection moulding
process, with an interval of 200 units. This suggests that the
raw material production phase has got more emissions than
other phases. A small amount of emissions occurs during
diesel refinery process.

The graph shown in Fig. 4 indicates that the maximum
CO, emission is occurring during the power grid process
which consists of utilisation of power for the manufactur-
ing process. Emissions are visible during ABS recovery
phase, and some other emissions also occur because of the
conversion of the used product to raw material for the new
process. The global warming potential is calculated on the
basis of carbon dioxide equivalents (CO,-Eq.) which
indicate that the green-house potential of an emission is
given in relation to CO,.

@ Springer



338 S. Vinodh et al.

MPC
Gt s o ]
e o o DE: Power grid mix i DE: Diesel at refinery PE ]
BUWAL GLO: Compressed air 10 'ﬁ
bar (high power
10bar consumption) PE <b>

l

DE: Power grid mix Q

RNA:

]

Acrylonitrile-butadiene-styre e i=cotiouking p-g GLO: Truck 12-14t ' ol dehunidification <b: ;g BUMAL
ne copolymer resin, ABS, at o et Pral | ABS sheet] enumeicaton <o> 1=l Power i
plant USLCT/PE ABS sheet |l totalcap. /9,3 t payload /
Euro 3 PE <b> GLO: Compressed air 7 'ﬂ
'ABS sheet] bar (low power consumption)
v PE <b>
—d

forming <b> X
vaccum forming <b> g Compressed air 7
bar

Use phase of ABS sheet '&
<b>

Acrylonitrile-butad|
iene-styrene
compound (ABS)

. ABS recovery a

Fig. 2 Overall process view of instrument panel developed using GaBi 4 software

v A Emissions to air

ABS injection moulding <b>

ABS recovery vaccum forming <b>

DE: Diesel at refinery PE Use phase of ABS sheet <b>

DE: Power grid mix BUWAL US: Steam from natural gas 94% PE

DE: Power grid mix BUWAL RNA: Acrylonitrile-butadiene-styrene copoly

dehumidification <b> GLO: Truck 12-14 t total cap. / 9,3 t payload / Euro 3 PE

GLO: Compressed air 7 bar (low power consumption) PE <b> GLO: Steam conversion (mp) PE <b>

Fig. 3 Radar diagram showing the emissions to air during the manufacturing of instrument panel

Results derived from eco-indicator method The graph shown in Fig. 5 indicates that the maximum

ozone layer depletion gases are produced in the dehumidi-
Eco-indicator gives out details about a series of factors that  fication process followed by the power grid mix. There is no
include acidification/nitrification, eco-toxicity, human  ozone gasemission in other processes. The substances which
health, carcinogenic effects, ozone layer depletion, etc. The =~ have a depleting effect on the ozone can be divided into two
results obtained are shown in Fig. 5. groups, namely, the fluorine—chlorine-hydrocarbons (CFCs)
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and the nitrogen oxides (NOy). The results show that the
maximum amount of CFCs and NOy are produced during the
dehumidification process.

The graph shown in Fig. 6 indicates that the maximum
acidification gases are produced during the dehumidifica-
tion process followed by the power grid mix process. There
is no acidification during other processes. The acidification
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of soils and waters occurs predominantly because of the
transformation of air pollutants into acids. This leads to a
decrease in the pH-value of rainwater and fog from 5.6 to 4
and below. This damages the ecosystem, thereby impacting
forest dieback. Acidification has direct and indirect dam-
aging effects (such as nutrients being washed out of soils or
an increased solubility of metals into soils).
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The major processes which are contributing towards the
climate change are ABS injection moulding, ABS recov-
ery, power grid mix and dehumidification. Among these,
the dehumidification process which is a prior treatment for
ABS sheet manufacturing contributes the maximum to the
climate change.

The above details are shown in Fig. 7. The toxicity of a
substance is based on several parameters. Within the lim-
ited scope of life cycle analysis, these effects will not be
mapped out to such a detailed level. Therefore, the

@ Springer

potential toxicity of a substance based on its chemical
composition, physical properties, point source of emission
and its behaviour is characterised according to its release to
the environment.

Strengths and weaknesses of two approaches
The CML baseline method is incorporated with the prob-

lem-oriented (midpoint) approach. In this case several
methods are available for impact categories; a baseline
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indicator is selected, based on the principle of best avail-
able practice. Baseline indicators are recommended for
simplified studies. According to CML, the most important
impact categories are eutrophication and aquatic eco-tox-
icity. In these two categories, the impacts are more
important in the scenario without wastewater treatment
plant. This method does not allow us to obtain a single
weighted score. However, in the case of the CML method,
emissions of these substances have only a marginal effect
in comparison to that of heavy metals.

Eco-indicator 99 method does not enable us to evaluate
the impacts of eutrophication substances (phosphorus and
nitrogen) on aquatic ecosystems. The damage coefficient
for eutrophication in Eco-indicator 99 is proportional to the
midpoint coefficient in CML. Eco-indicator 99 includes
both the science-based impact assessment method for LCA
and pragmatic eco-design method. It offers a way to
measure various environmental impacts and shows a final
result in a single score. The structure of the method is fully
consistent with the stipulations of ISO 14042 standard.

Sustainability index

The sustainability index which is a performance measure of
sustainable manufacturing practices has been measured by
multi-grade fuzzy approach (Vinodh and Chintha 2010).
The sustainability assessment model consists of three
levels. Column 1 represents sustainability enablers for
economic, environmental and social aspects with the major
goal of achieving sustainable product development. Col-
umn 2 represents sustainability criteria of the three pillars
of sustainable development listed in column 1 as enablers,
and column 3 represents sustainability attributes with the
aim of achieving the criteria to realise the enablers. A five-
member expert panel participated in the discussion session
for sustainability assessment. The ratings were provided in
the scale of 10, and the weights were given in the scale of
0-1, such that the sum of the respective weights of the
enablers, criteria and attributes will be equal to one. The
ratings and weights as given by the five-member panel of
the case study organisation are presented in Table 1.

The sustainability index of an organisation is repre-
sented by I, which is the product of overall assessment
factor R and overall weight W. The equation for leanness
index is given by

I=WXxR

The assessment has been divided into five grades since
every sustainability index involves fuzzy determination;
1= (10,8, 6, 4, 2) (8-10 represents ‘extremely sustainable’,
6-8 represents ‘sustainable’, 4-6 represents ‘generally
sustainable’, 2—4 represents ‘not sustainable’ and less than
2 represents ‘extremely not sustainable’). The calculation

pertaining to ‘economic performance’ criterion is shown as
follows:

Weights pertaining to ‘economic performance’ criterion:
Wi, = (0.3, 0.4, 0.3)

Assessment vector pertaining to ‘economic perfor-
mance’ criterion is given by

9 8 7 8 7
Rp=19 8 7 8 9
8 7.9 8 7

Index pertaining to ‘economic performance’ criterion is
given by
Iy = Wi X Ry
I, =[8.7,7.7,7.6,8,7.8]

Secondary assessment calculation is done for the enabler
level and is given by

11 = W] X R1

Weight pertaining to ‘economic sustainability’ enabler
is given by
Wy = (4, .3,.3)

Assessment vector pertaining to ‘economic sustainability’
enabler is given by

8 8§ 7 8 8
87 77 76 8 78
9 &8 7 9 8

R =

Index pertaining to ‘economic sustainability’ enabler is
given by

11 = W1 X R1
I, = [8.51, 7.91, 7.18, 8.3, 7.94]

Tertiary assessment calculation is performed to determine
the overall index related to sustainability and is found as
Overall weight = (0.4,0.3,0.3)

Overall assessment vector
851 791 7.18 83 7.94
R= {829 7.69 7.63 7.61 739
7.84 726 730 7.89 7.27
Sustainability index I = W x R
I =8.22,7.62,7.39,7.90,7.51]
I=1/5(822+7.62+7.39+7.9+7.51)
1=1773

Before implementing the EIA methods, the sustain-

ability index is found to be 6.09. After EIA imple-

mentation, the sustainability index computed is found to
be 7.73.
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Table 1 Single factor assessment and weights provided by experts

I, I; I E, E, Es E, Es W; W, W
Economic Financial health (/;;)  Profitability (/;1) 8 8 1 04 03
sustainability (1) Economic Share profitability (/1) 8 8 03 03
performance (/;2) Contribution to gross domestic 8 8 0.4
product (GDP) (1127)
Market share performance (/,3) 8 7 9 8 7 0.3
Potential financial Technological improvements (/;31) 9 8 7 9 8 1 0.3
benefits (1;3)
Environmental Air resources (1) Prevention of air quality effects (/511) 8 7 8 7 8 03 03 04
sustainability (/2) Reduced global warming (I5;,) 9 8 7 8 7 0.3
Reduced stratospheric ozone depletion (/53) 8 7 9 8 7 0.4
Water resources (I;)  Conservation of water (I5;;) 7 8 7 8 7 05 02
Reduced release of water effluents 8 7 8 7 8 0.5
and pollutants (5,,)
Land resources (/,3) Reduced land usage and transformation (/3;) 8 9 8 7 8 05 02
Reduced release of direct and indirect 8 7 8 7 8 0.5
soil pollutants (/,3,)
Mineral and energy Contribution to conservation of mineral 9 8 7 8 7 1 0.3
resources (I»4) and energy resources (/p41)
Social Internal human Job opportunities (/311) 9 8 7 8 7 03 03 03
sustainability (/3) resources (/31) Employment compensation (/3,) 8 7 8 7 8 0.3
Health and safety practices (/3;3) 7 8 7 8 7 0.2
Research and development (I34) 8 7 8 7 8 0.2
External Health and education (/35;) 7 8 9 8 7 02 02
population (/32) Housing and service (I325) 8 7 8 9 8 02
Infrastructure (/3,3) 8 7 8 9 8 0.2
Security (I324) 9 8 7 8 7 0.2
Regulatory and public services (/3;5) 7 8 7 8 7 0.2
Stake holder Collective audience (I53;) 8 7 6 8 7 03 03
participation (/33) Selective audience (I33,) 8 6 7 8 7 0.2
Decision influence potential (/333) 7 6 7 8 7 0.3
Stake holder empowerment (I334) 7 8 7 8 7 0.2
Macro social Macroeconomic welfare (/347) 8 7 8 7 8 02 02
performance (1) Trading opportunities (34) 9 8§ 7 8 7 02
Monitoring (/343) 8 7 6 8 7 0.2
Legislation (/344) 7 8 7 8 7 0.2
Enforcement (/345) 8 7 9 8 7 0.2

Statistical validation

In order to conduct a detailed statistical analysis of the
feedback of the experts, their responses were entered in
Software Package for Social Sciences (SPSS). This pack-
age was also employed to conduct ¢’ test to examine the
acceptance of ’Improvement in sustainability after EIA’.
The hypothesis got satisfied with a test value of nine which
indicates that ‘90 percent improvement in sustainability
after the implementation of EIA in practice at 95 per cent
confidence interval’. In this case, the Sig (two-tailed)

@ Springer

values are greater than 0.05. The results are presented in
Table 2.

Managerial implications

A programme was conducted to the top management about
EIA. This study helps the managers make decisions over
process change or product modification based on the EIA
results. Further, the results give an insight to the managers
about the environmental hot spots in the product. The study
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Table 2 One sample ¢ test

Test value = 9

95% Confidence interval of difference

Attribute t df Sig. (2 tailed) Mean difference Lower Upper
SAl 0.343 4 0.749 0.2 —1.42 1.82
SA2 —1.826 4 0.142 -1 —2.52 0.52
SA3 —1.633 4 0.178 —04 —1.08 0.28
SA4 -1.5 4 0.208 —0.6 —-1.71 0.51
SAS5 —1.633 4 0.178 —04 —1.08 0.28
SA6 —0.784 4 0.477 —04 —1.82 1.02
SA7 1 4 0.374 0.4 —-0.71 1.51
SA8 1 4 0.374 04 —0.71 1.51
SA9 —0.784 4 0.477 —-04 —1.82 1.02
SA10 —1.633 4 0.178 —-04 —1.08 0.28
SAll —1.826 4 0.142 -1 —-2.52 0.52
SA12 0.535 4 0.621 0.2 —0.84 1.24
SA13 —1.633 4 0.184 —14 —3.82 1.02
SAl4 —2.539 4 0.178 -12 —3.24 0.84
SA15 —2.761 4 0.078 -1.6 —3.48 0.28
SA16 —2.138 4 0.054 -1 —1.88 -0.12
SA17 0 4 0.099 —0.8 —1.84 0.24
SA18 —1.633 4 1 0 0.88 0.88
SA19 —2.765 4 0.178 —-04 —1.08 0.28
SA20 —0.784 4 0.477 —04 —1.82 1.02
SA21 1 4 0.374 04 —0.71 1.51
SA22 1 4 0.374 0.4 —-0.71 1.51
SA23 —0.784 4 0.477 —-04 —1.82 1.02
SA24 —1.633 4 0.178 —-04 —1.08 0.28
SA25 —1.826 4 0.142 -1 —-2.52 0.52
SA26 —0.784 4 0.477 —-04 —1.82 1.02
SA27 —1.633 4 0.178 —04 —1.08 0.28
SA28 —1.826 4 0.142 -1 —2.52 0.52
SA29 0.535 4 0.621 0.2 —0.84 1.24
SA30 -1.5 4 0.208 —0.6 —-1.71 0.51
SA31 —1.633 4 0.178 —-04 —1.08 0.28

helps the managers develop eco-friendly products, while
satisfying the customers.

Conclusion

Environmental awareness and recycling regulations have
been compelling many manufacturers to produce and to
dispose of products in an environmentally conscious
manner (Zhang et al. 1999). Automotive sector is growing
at a fast pace, and so efforts must be taken to minimise
environmental impacts because of automobile parts.
Applying LCA to automotive sector can be very important
for achieving sustainable development. In this research, the

process flow of instrument panel of electric car has been
modelled, and EIA has been done using CML and EI 95
methods. CML method indicated that there existed a con-
siderable quantity of green-house gases emission, and
using the EI method it was found that the dehumidification
process produces maximum amounts of CFCs and NOy
which can deplete the ozone layer. It has been observed
that in the whole manufacturing process of instrument
panel, the manufacturing phase is the most critical because
of the higher environmental burden emitted into the
atmosphere. The sustainability index of instrument panel
has been computed before and after implementing the EIA
methods, which has shown a notable improvement level
from 6.09 to 7.73. Also, the improvements have been
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statistically validated and found to be 90% satisfactory,
after the implementation of EIA into practice.

Scope for future research

The LCA model has been implemented on a single product
in a single manufacturing organisation. The development
of the model for comparison among different products
belonging to the same category is useful for sustainability
assessment. The LCA methodology can be further devel-
oped for an assembly which consists of large number of
components. Thus, effective use of LCA enhances the
concept of sustainable product development.
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