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REDUCTION OF ENVIRONMENTAL IMPACT
BY INCORPORATING PERFORMANCE ORIENTED
LIFE CYCLE ASSESSMENT

The result of the study have been presented on life cycle assessment used to assess new manufac-
turing methods for sustainability and design from environmental perspective. The sustainable product
development integrated with life cycle assessment has been used for design of ensuring sustainable
product. The objective of the present investigation was to develop a systematic method with environ-
mental consciousness in the selection of alternative materials used in the components, meeting the
performance and functional requirements and reducing the environmental impact associated with the
product life cycle. The experiments were carried out using a monoblock pump stator and rotor subas-
sembly components. The environmental impact of CO2, SO, dichlorobenzene, ethene, and chloro-
fluorocarbon (CFC-11) has been evaluated by the Centrum Voor Milieukunde Leiden (CML) methods
during the process of metallurgy and refining, manufacturing, life cycle assessment (operation) and
disposal and recycle. It was observed that there will be considerable reduction in pollutant emission
and environmental impact.

1. INTRODUCTION

Industries are inevitable sources for a country’s progress in many aspects. Industries
have been contributing factors for enhancing economic growth as well as environment
pollution. The needs and demands of human beings are satisfied by products and ser-
vices produced from an industry [1]. In the recent years, emission of various gases has
increased remarkably because of tremendous energy use resulting in global warming.
Therefore, to reduce the environmental degradation, eco-materials are considered a ma-
jor source [2, 3]. To evaluate such vulnerable environments, many modern trends like
life cycle assessment (LCA), life cycle costing (LCC) and life cycle optimization (LCO)
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have emerged. LCA is a modern method of product evaluation from cradle to crave [4].
The assessment includes various fields such as material agglomeration, processing,
manufacturing, transport, maintenance with or without recyclability of the end products
[5, 6].

In the study made by Vinodh and Rathod [7] of the sustainable product development
model was integrated with environmentally conscious quality function deployment
(ECQFD) and LCA was used for ensuring sustainable product design. This method was
reported to be practically feasible and compatible. Premrudee et al. [8] stated that global
warming and acidification are the largest environmental impacts associated with con-
ventional batteries and suggested that changing from conventional to calcium-maintenance
free batteries able to minimize the environmental impact. Senthilkumaran et al. [9] pre-
sented the relationships between the total cost of products and the various eco-costs
concerned with the life cycle of the product and suggested that LCECA mathematical
model provided feasible alternative for cost effective and eco-friendly products. Kharel
and Charmondusit [10] concluded that the innovative process modification will improve
the eco-efficiency in the iron rod industry. Eliceche et al. [11] proposed that environ-
mental life cycle impact played a major role in selecting optimal operating conditions
to minimize the consumption of natural gas, electricity and operating cost. Vinodh et al.
[12] found that dehumidification process affects the environment due to the production
of CFCs and NOy. Eco-indicator and CML technologies where used to assess the envi-
ronmental impact of an instrument panel. Inspired with the environmental impact and
LCA approach, the present research work deals with the development of a systematic
method which includes consideration of environmental factors in the selection and pro-
cessing of components, satisfying functional and performance requirements while min-
imizing environmental impact on the product.

2. METHODS

The method of the study followed in this research is shown in Fig. 1. The study
started with the selection of the product (monoblock pump), raw material and manufac-
turing process, extraction of subassemblies: stator (steel) and rotor (steel and alumin-
ium) and implementing CML methods to estimate the emission. This was followed by
study and selection of alternative material of cold rolled grain oriented steel (CRGO)
for stator sub-assembly and CRGO steel and aluminium alloy (LM6) chosen for rotor.
LCA software GaBi was used to estimate the emission and the result was compared with
the existing subassembly components. The load and no load tests were carried out on
the proposed material subassemblies to ensure the efficiency of the pump is maintained.
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Fig. 1. Method of the study

2.1. LIFE CYCLE ASSESSMENT (LCA) APPROACH

The method of LCA approach was carried out according to the sequence of ISO
14040and 14044 standards recommendations [13, 14]. The optimal choice of alternative
material and the manufacturing process were also in relation to environmental needs
with the following aspects:

e environmental impact associated with selection of alternative material,

e environmental impact associated with manufacturing process,

e environmental impact associated with end-of-life (recycle or disposal).
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The four significant phases in LCA approaches are: (i) goal and scope of inquisition,
(ii) inventory analysis, (iii) impact assessment and (iv) interpretation. The phases are
interdependent for successful completion of the process and reduced environmental im-
pact in the interpretation phase.

2.2. GOAL AND SCOPE OF INQUISITION

The main objective of this work was to suggest low environment impact alternative
material for monoblock pump subassemblies like stator and rotor. The goal and scope in-
cludes technical details like functional unit, system boundaries, and the impact categories
that guide subsequent work. The functional unit considered for a 0.5HP mono-block pump
usage is typically over the period of 4 years for the following specification: a total head of
39 m, 2.43 m¥h discharges with the input power of 282 W. The boundaries of the selected
subassembly studied extend to include raw materials, production, transportation (of raw ma-
terials, products and waste), utilization and disposal. The analytical boundaries of subas-
sembly are shown in Fig. 2. Various environmental factors such as global warming, acidifi-
cation, photochemical oxidant creation, human toxicity and ozone depletion are evaluated
by the CML method using commercially used LCA software GaBi.

INPUTS OUTPUTS
Material production o
> (Steel M47, Aluminium) g
Electricity Usable components
—_— E—
Component manufacturing >
(stator, rotor)
Air emission
Transport
— Component use T
Fuel consumed Solid wastes
> Compaonent disposal >
Impact categories

Fig. 2. System boundary diagram
2.3. INVENTORY ANALYSIS IN LCA

The data was collected from a monoblock pump component manufacturing organi-
zation located in Coimbatore, Tamil Nadu, India. Stator and rotor data was collected in
each and every processing unit. Data is inclusive of energy, raw material and physical
characteristics. The existing and proposed stator and rotor material composition, mate-
rial processing from ore mining to disposal and reuse which comprise intermediate
stages like transportation distance, metallurgy and refining, manufacture process and
operations are shown in Figs. 3 and 4.
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3. RESULTS
3.1. CML METHOD

CML focuses on a series of environmental impact categories expressed in terms of
emissions to the environment or resource use. It allows one to establish an artificial
economic value for each unit of environmental impact and to compare the results for
different environmental impact categories with each other. The environment impact re-
sult is derived from the CML method by using the GaBi software [14]. The CML
method has been applied to various case studies such as instrumental panel of electric
car [12], self-vibratory drilling machine over traditional drilling machine [15], houses
with alternate exterior walls [16], eucalyptus TCF pulp manufacturing [17], etc., which
results in finding the environmental hotspots or impacts based on the manufacturing
process and materials.

3.2. ENVIRONMENTAL IMPACT EVALUATION

The main attribute of this investigation was to evaluate overall environmental im-
pact considering the contribution of the environmental categories such as global warm-
ing, acidification, photochemical oxidant creation, human toxicity and ozone depletion.
These categories are described in the following sections. From this investigation, the
product developers will be able to evaluate the environmental impact of their product
and can be more conscious on how to reduce it.

Global warming is caused by emission of greenhouse gases of methane which is
depicted as equivalents to CO,, which is produced by burning of fossil fuels. Earth
weather is directly propositional to global warming because greenhouse gases absorb
the radiated energy from the earth converting it to heat. Manufacturing of stator and
rotor with existing material (steel and aluminium) emits 72 kg and 25.42 kg of CO,,
respectively. Figure 5a shows the proposed alternate material of (CRGO) for stator sub-
assembly and CRGO steel and aluminium alloy (LM®6) for rotor. It can be seen that CO,
emission is 44% and 28%, which is lesser than the existing one.

Acidification is based on the contribution of SO,, NO and other acidic emission
produced during manufacturing process. The high-level impact is attributed to the re-
lease of large amounts of SO, during ore processing and manufacture processing of
stator and rotor. The computational investigation shows that the emission of SO- in sta-
tor and rotor is 0.15 kg and 0.05 kg in existing material, respectively. From Figure 5b it
is clear that the proposed material (CRGO steel and aluminium alloy) generates 0.101 kg
and 0.039 kg of SO, which is 31% and 17% lesser than the emissions with existing
material (steel and aluminium).

Human toxicity is caused by the emission of dichlorobenzene (DCB). Toxicity to
human being is either by inhalation or ingestion. From Figure 5c it can be seen that
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proposed stator and rotor material produced 9% and 7% lesser DCB emission when
compared with the existing one.
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Photochemical ozone creation potential (POCP) is one of the simpler indices of
the potential contribution of an organic compound to the formation of ground-
level ozone. The hydrocarbons have been compared in terms of POCP. The environ-
mental investigation shows 33% and 22% of reduction in ethane emission as shown in
Fig. 5d in the proposed material of stator and rotor.

Ozone layer depletion is based on the radiation of chlorofluorocarbons (CFC-11)
which causes skin cancer and weakens immune system of human beings. Large fraction
of the sun UV-R radiations reaches the surface of the earth due to the diminution of the
ozone layer. It indicates that chlorofluorocarbons (CFCs) can deplete the ozone layer.
The calculated ozone depletion of the existing and proposed material for both stator and
rotor shows only minimum variations shown in Fig. 5e.

4. CONCLUSION

The prevention of environmental problems for ensuring clean and green atmosphere
is the focus of competitive business organizations. As the inherent concept for the sur-
vival in the business domain is sustainability, it is necessary to produce better outcomes
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in manufacturing organizations which can be enabled with LCA. In accordance with life
cycle design approach, the production of stator and rotor of a monoblock pump was
studied using the LCA method with the cradle-to-grave perspective and the systematic
procedure was derived by the CML method. An attempt was made to minimize the en-
vironmental impact from the perspectives of material. Selection of materials, elemen-
tary scrutinization and detailed process modeling with the implementation of LCA
would pave way for good results. The investigation proved that the alternate material
for stator (CRGO steel) and rotor (CRGO steel and aluminium alloy) reduces the emis-
sion of CO- by 44% and 28%, SO by 31% and 17%, DCB emission by 9% and 7%,
ethane emission by 33% and 22%, respectively, when compared with the existing ma-
terial of stator (steel) and rotor (steel and aluminium) without changing the efficiency
of the pump.
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