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ABSTRACT

The aim of the article is to assess environmental loads credited
to handling defective products. The assessment is made on the
case of manufacturer of driveline products for automobiles.
Life cycle assessment is used for that purpose. According to
the company procedures of handling defective products
several scenarios are build. For each scenario processes with
possible environmental impacts are identified. In the final
step, the impacts are calculated with life cycle assessment
method.
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1.INTRODUCTION

Environmental performance seem to be one of the criterion
that constitutes companies competitive advantage and market
approach. It is visible in the area of environmental technology
sectors, but also become more and more important competitive
factor in other sectors. These would certainly include
automotive sector with its highly resource consuming
industry, both in manufacturing and in usage phases of
product life cycle. Our study refers to very specific aspect of
car manufacturing process, namely, to the defects handling
scenarios considered from the perspective of environmental
impacts. For that purpose we use the example of driveline
products manufacturer and adapt life cycle assessment method
to measure environmental consequences of different scenarios
for handling defective products.

The process of handling defective and returned products are
investigated from the perspective of logistics management by
some authors and research groups. Logistics management in the
primal scope of its interests has been created for traditional
— forward — product flow [7]. But together with changes in
business practice, regulator efforts and customer expectations, the
scope of logistic management start to include also not forward
flows of functional products but also backward flows of
defective, returned products, materials or wastes [11]. Logistics
management of defective products (returns) in brief refers to
managing products that flow backwards in the supply chain,
causing the need to handle reverse movement of materials in the
supply chain [5]. Slowly, process of handling defective process
has become a part of production logistics and has more and more
implication for inventory management and production planning
[2]. Starostka-Patyk, who makes an effort

The paper is based on the research results within project ,,Logistic
management of defective products” with financing by Polish National Centre
of Science with decision number DEC-2012/07/D/HS4/02071.
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to address the defective product management issue from the
perspective of whole economy, finds that returns acceptance
policy in companies is highly driven by both institutional and
customer related pressures [10].

Our approach, namely, assessment of environmental
impact of different approaches to handle defective product
management has been also present in the literature. Pallaro et
al., who made the review of sustainable production and
consumption literature that addresses the automotive sector,
indicate repair, reuse and remanufacturing efforts as building
blocks for end-of-life treatment [8]. Since the issue of defected
product handling is similar to waste management in a sense of
different scenarios it is worth to bring out also some
approaches to management of specific waste types. Guarnieri
et al. use Strategic Options Development Analysis
methodology to build up actors’ map and decision trees for
reverse logistics of e-waste [3]. In the same sector, Prakash
and Barua, use Fuzzy AHP approach for the selection of third-
party logistics partner for handling e-waste [9]. Agrewal et al.
use different measures, including environmental impact, to
assess and support, what they call, disposition decisions [1].
Similar to ours approach with LCA is used by Starostka-Patyk
and Nitkiewicz with reference to mobile phones [6].
Interesting study, with orientation on spare part management
is made by Grondys, but environmental impacts are not
directly addressed [4].

2.COMPANY AND ITS PROCEDURE OF HANDLING
DEFECTS

2.1 Profile of the Company

The company under investigation wished to stay
anonymous and is referred simply as “company” in the paper. The
company is a multinational manufacturer of number of driveline
products and related spare parts for automobiles with several
business units all over. In supply chain it realizes functions of
designer, manufacturer and retailer of its products. The circle of
its customer includes producers and users of light and heavy
vehicles, agriculture use vehicles, construction and industry
vehicles. All its products are produced with materials and
components from selected group of long-term suppliers that have
introduced required elements of quality system. The group of
customers includes well known car producers such as Volvo,
Ford, Fiat, Mercedes and many others.
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The production profile of the company includes such
products as dirveshafts, sideshafts, differentials and aluminum
die castings. The study refers to one of its business units that
operates seven production and assembly lines.

2.2 Specifications of driveshaft manufacturing line

One of them is driveshaft production / assembly line. The
driveshaft is assembled from the shaft, front yoke, rear flange and
two u-joints with seals. The shaft, front yoke and flange are
produced on-site while u-joints and their seals are manufactured
and delivered by the suppliers. Assembled driveshaft is delivered
to the car manufacturer. Basic parameter of driveshaft
manufacturing line are presented in Tab. I.

Table 1: . BASIC PARAMETERS OF COMPANY DRIVESHAFT
MANUFACTURING LINE

Table 2:

CHARACTERISTICS OF SELECTED SCENARIOS FOR HANDLING
DEFECTIVE PRODUCTS

Number

Content

Scenario
1

The quality assessment control identifies the
product as non-compliant with quality criteria.
It is furtherly assessed and classified as whole
product defect. In further procedure whole
manufacturing batch is stopped for control. The
assessment classifies 10% of a batch as defected
while remaining part is coming back to the
manufacturing process. Defected products are
identified as repairable and treated according to
their defect and are coming back to the
manufacturing process.

Parameter Value
Driveshaft weight [kg] 8,58
Driveshaft length [m] 1,25
Manufacturing batch in a cycle 31000
[no. of pieces]
Yearly production volume 620 000

[no. of pieces]

Contract longitude [no. of years] 7

Distance to the customer assembly line [km] 950

Scenario
2

The quality assessment control identifies the
product as non-compliant with quality criteria.
It is furtherly assessed and classified as product
component defect. In further procedure whole
component batch is stopped for control. The
assessment classifies 10% of a component batch
as defected while remaining part is coming back
to the manufacturing process. Defected
components are identified as repairable and
treated according to their defect and are coming
back to the manufacturing process.

Distance to the supplier [km] 250

2.3 Procedure of handling defective products

According to the procedure of handling defects in
manufacturing process some scenarios could be distinguished. In
Tab. Il the basic features of selected scenarios are presented. In
fact the number of possible scenarios is much higher but for the
sake of clarity only these four are studied. Other scenarios are not
considered but it is worth to mention the criteria that would evoke
them. One of this criterion could be the moment of identifying the
defect. In all of the scenarios presented below the defect if
identified in the manufacturing process. Alternatively, it could be
identified by the customer, and then, each of the scenarios would
have additional step, namely, transport to the customer and back.
None of the scenarios considered refers to products or its
components that would be classified as defected and not possible
to be recovered. It is not often the case in investigated company
but could happen and would change the environmental outcomes
in a significant manner. Since, it is not popular case it is not
considered.

2.4 Environmental impacts in defective products handling

For all the scenarios it is assumed that 10% of batch (or

component batch) are identified as defected. It is again
simplifying assumption, that would made study more prone to
interpretation while environmental impacts are concerned. Tab.
Il presents the possible environmental impacts in selected
scenarios. In general, these impacts are related to transports
and remanufacturing and repairing processes. Some activities,
that could also contribute to environmental impacts but in a
not significant manner are omitted in the study. All the
impacts related to given scenario are denoted with 1.
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Scenario
3

During the manufacturing process the quality
assessment control identifies the product as
non-compliant with quality criteria. It is
furtherly assessed and classified as product
component defect. In further procedure whole
component batch is stopped for control and the
defect is assigned to the supplier that is notified.
The assessment classifies 10% of a component
batch as defected while remaining part is
coming back to the manufacturing process.
Defected components are identified as
repairable, and since they are needed in the
manufacturing process, they are treated on site
according to their defect and are coming back to
the manufacturing.

Scenario
4

During the manufacturing process the quality
assessment control identifies the product as
non-compliant with quality criteria. It is
furtherly assessed and classified as product
component defect. In further procedure whole
component batch is stopped for control and the
defect is assigned to the supplier that is notified.
The assessment classifies 10% of a component
batch as defected while remaining part is
coming back to the manufacturing process.
Since defected components are not needed in
the manufacturing process, they are send back
to the supplier.
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Table 3:
EVOKING ENVIRONMENTAL IMPACTS

PROCESSING OF SELECTED SCENARIOS WITH POTENTIAL OF

and reflect their content in final product. With ecoinvent 3.1

database the material flows are subscribed with environmental

Environmental impacts ST IS2 [S3 [s4 impacts. For the impact assessment phase of LCA ReCiPe
endpoint method is used with reference to Europe and
Internal transport Of prOdUCt batCh 1 0 0 0 hierarchist perspective assumptions_
Remanufacturing 1 1 1 1
Repair (mechanical machining) 1 1 1 0 Table 4:. LIFIES;(C:I‘I_'IIESE\A/\T_NJS?TY FOR MATERIALS USED IN
Internal transport of component batch |0 [0 1 1 ;
p p materials W(Ie(lght overacI;share
External transport to supplier 0 0 0 1 [kq] [%6]
steel 6,72 78,3%
3.LIFE CYCLE ASSESSMENT OF DEFECTIVE PRODUCTS chromium steel 1,43 16,7%
HANDLING SCENARIOS
rubber 0,17 2,0%
3.1Scope of the study and life cycle inventory silicone 0,09 1,0%
A functional unit for the assessment is “gate to gate” neoprene 0,09 1,0%]
scenario for 1 driveshaft with some defects identified in the high temperature _thermoplasts
manufacturing process. The defects and their handling are (nylon) 0.09 1.0%
different for each one of the scenarios considered. Tab. IV : : S
presents life cycle inventory for materials used in assembling total 8,58 100,0%
driveshaft. Materials are grouped into several categories only
Fuﬂug 55354 kg 215 kg
Mt warking, Metal working, Industrial machine,
average for melsl average Tor A !
produet ST st OO market for |
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Figure 1.: Flow diagram for Scenario 4 - contribution of processes to ReCiPe single score indicator
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Figure 3:. Comparison of ReCiPe weighted impact category indicators for selected scenarios

3.2 Life cycle impact assessment

Figure 1 presents the flow of overall impact for Scenario 4 as
measured by ReCiPe single score indicator. The thickness of lines
represents the share of given material in overall impact. The red
color lines refer to processes that negatively contribute to overall
impact, while green color lines represent the positive impact. In
our case positive impact is related to returning materials to
manufacturing process after they are identified as not defected.
Negative impacts are related to manufacturing, remanufacturing
and repair processes and to materials use during the processing.

Figure 2 and Figure 3 show ReCiPe indicators for scenarios 1-
4 but for defected product handling phase only. We could observe
that Scenario 2 is most impactful one, while Scenario 4 could
even positively impact the environment. If we consider, that in
Scenario 4 company does not undertake any repair or
remanufacturing efforts and sends the defected part of a
component batch to the supplier, we could agree that it does
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not include especially harmful processes. But it is the
perspective of the company only and current production cycle.
In the following cycle the missing components are delivered
and the manufacturing process is to make up to the expected
production volume. Actually, environmental pressures are
moved to the supplier. The difference in assessment of
scenarios 1 and 2 could be surprising, especially if Scenario 1
defect is more severe (product in manufacturing defect). But
the seriousness of defect and its share in overall product
weight and volume contribute also to the respectful
environmental benefit obtained when the defected product is
repaired and returned to manufacturing process.

We could see that the most affected is damage to resources
category. It is very often the case while metal use is concerned
and transport of heavy volumes for big distances. It is further
confirmed by the highest score in metal depletion and second
highest in fossil depletion impact categories.
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3.3 Sensitivity analysis

Final step of our research is sensitivity analysis on the
basis of the number of defected products or component. We
assume 1% increase of defective products / components share
in the total batch. The results of the study are presented in
Tab. V. We could observe that Scenario 3 is the most sensitive
one for assumed change that in total causes 13,1% increase in
environmental impact. This is due to the score of Scenario 3
that is balancing between positive and negative impact.
Increase of the defected components share in Scenario 4
causes quite significant change in overall impact (worsening
by 3,8%) and is similar to this achieved in Scenario 2 (3%).
Scenario 1 seems to the one that is not sensitive to the change
and responds to it in 0,3% change of overall impact. In fact it
is the only scenario for which change in overall score
corresponds to the assumed change.

Table 5: SENSITIVITY ANALYSIS OF SELECTED SCENARIOS WITH THE
ASSUMPTION OF 1 % INCREASE OF DEFECTS SHARE IN THE BATCH

Damage catego
Alternative g gory
. Total Human Eco-
scenarios Resources
Health systems
alt S1 2,2902 0,9442 0,3071 1,0389
% change to
s1 0,30% -0,30% -0,30% 1,10%)
alt S2 3,278 1,1924 0,3929 1,6927
% change to
S 3,00% 1,60% 1,80% 4,40%
alt S3 0,1875 0,1072 0,0433 0,0369
% change to
S3 13,10% 4,50% 3,60% 73,10%
alt S4 -0,8425 -0,2224 -0,0782 -0,5419
% change to -3,80% -3,60% -3,50% -3,90%
S4

4.CONCLUSION

The study shows some implications of company quality
assurance system to its defective products handling outcomes
with respect to environmental issues. Different scenarios that
are defined on the basis of company defective product
handling procedure and its practical implementation shows
different level of impacts and different sensitivity.
Surprisingly, these impacts are related mostly to the
remanufacturing and repairing efforts that are undertaken by
the company and are not significantly affected by transport of
defected parts back to supplier. Life cycle assessments
methods takes into account also environmental benefits from
returning repaired products or its components to the
manufacturing process. These results also show that the
analysis is not completed yet and indicates some drawbacks of
product system defined for the study. The next stage of the
assessment should also cover efforts that are prescribed to the
supplier and are also affecting the environment.
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