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Abstract

This developing paper summarises the treatment methods for solid waste, in particular packaging
and plastics packaging waste. Through a descriptive study on the problem of solid waste treatment
options. An integrated system The European Packing and Packing waste directory (CE/62/94)
is developed to support the current treatment methods of solid waste. Through this research
funded by SABIC1, the packing industry and the solid waste management methods could become
more sustainable. It aims to examine the ability to use QFDE (Quality Function Deployment
for Environment) to support plastics recycling and waste management, and how to improve the
performance of the environment. This includes the measurement of achieving environmental
standards in packing and packing waste as well as the possibility of supporting the recycling
system through computer programs. It also focus on the ongoing losses of the current system
for solid waste management. With this study, a framework is proposes which manages the whole
plastics product cycle for production plants plastic, plastic recycling plants, and local authorities
for solid waste management and treatment.

Keywords Reuse, incineration, landfilling, solid waste management, sustainable development, Quality
Function Deployment

Introduction

The importance of waste plastic packaging stems from the increasing growth
in usage of Packing and Packing waste, especially plastics materials included:
“elastic, non-elastic and solid.” The waste packaging and plastic packaging
constitute a large percentage of solid waste. Plastics is cheap, lightweight,
durable material, and is used in many products. Its wide are of application
explains why demand for plastics products is growing dramatically, which
led to the plastics waste disposal problem. In addition, development of plastic
requires industrial processes with about 4% of the petroleum energy used in
plastics, a non-renewable energy, as the plastics industry consumes 3.4% of
the energy in manufacturing (Hopewell et al., 2009). It also causes air, soil,
and groundwater pollution due to traditional treatment methods. This is why
recycling is an important strategy for end-of-life waste management of plastic
products. The Kingdom of Saudi Arabia (KSA) has competitive advantage
in the plastics industry. The high availability of raw materials needed for this
industry, 25% of the world’s oil reserves, in addition to the gas.
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High share of the global market in the
petrochemical industry for up to 13%, 70% of the
total packaging sector in the Gulf Cooperation
Council (GCC). According to recent studies2, this
sector recorded an annual growth rate of 15% in the
KSA. Given the wide use of plastic as a raw material
for packaging compared with glass and metal.
The packaging industry as one of the most active
industries in the KSA, where demand continues to
rise on the packaging materials.

In KSA, the organisation ‘SABIC’ introduced
advanced thermal plastics industry to the region for
the first time. This will lead to the creation of new
manufacturing industries in the near future. The
kingdom’s market presence holding first place in
the Middle East, and sixteenth worldwide. Therefore
they should aim to become the global centre for
industrial packing. The KSA market is witnessing a
trend towards the adoption of plastic as raw material
in the packaging industry instead of metal and glass.
There is a growing demand for flexible and solid
packaging. Demand for safe and sustainable methods
of packaging has seen remarkable growth in the
KSA. At the same increased mobilization and food
packaging requirements. This is due to the expected
food consumption increase with annual growth rate
0f4.6% between 2011 and 2015 to reach 51.1 million
tons by the year 2015. The QFDE is a useful method
to achieve environmental requirements. This method
uses the benefits of the product life cycle analysis,
and quality function deployment (QFD). By taking
into account all of the quality requirements, and
environmental requirements at the design of the
product and translate it in the house of quality matrix
(Masuietal.12003). QFDE isamethod to supporteco-
design developed by incorporating environmental
aspects into QFD (Akao, 1990), extending it so as
to evaluate improvement concepts. The importance
of this study is to improve the environmental
performance of the packing and packaging waste
sector, specifically plastics packaging in KSA.
With the increasing share of global petrochemical
market and increasing the size of the packaging
industry. There is a growing requirement to improve
and measure the performance of this sector. With
international standards for sustainable development
and environment protection, the need to recycle

waste packaging is increasingly important.

Literature

The literature review found that product life
cycle with regards to waste management is a
prominent area of research. Forssberg; Pugh; Shen,
(1999) presented a review of all plastics waste
recycling phases, and the importance of plastic waste
separation to develop recycling products. This study
highlights the importance of plastic recycling to the
plastic industry for saving energy and environmental
requirement; it also shows that Flotation of plastics
is the most flexible and useful technique among other
techniques.

A case study presented by Wei Zhaoaetal., (2001)
focus on municipal solid waste in Tianjin, China.
This study found the need to reduce greenhouse gas
emissions, and to save the waste of resources. The
minimum requirement is to collect gas from landfill;
the study confirmed the importance of reducing
gases using recycling, and how applying the product
life cycle analysis (LCA) supports the decision-
making process. While Patel et al., (2000) presented
the importance of using alternative methods for
recycling, as a treatment that offer recovery of energy
(burning and energy recovery) but not harming
health.

A comprehensive study of all phases of solid
waste management (Hopewell et al., 2009). This
study focuses on the opportunities and challenges
of recycling of waste packaging materials that are
disposed of in a short period not to exceed one
year, and this is what makes the current practices
of disposal prevent environmental compatibility
and sustainable development. The study provided
an assessment of the different treatments of solid
waste explained through harmful of landfill disposal.
Because there are long-term risks of contamination
of groundwater and soil, and the emission of harmful
gases from the landfill. The study considered that
pollution is the most important challenges facing
the recycling and the technological, economic, and
social challenges.

Through attention to these challenges, we will
be able to convert from waste burial to the recovery
of energy and materials safely. Al-Salem; Lettieri;
Baeyens (2009) focused on the importance of energy
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recovery from solid plastic. The study was presented
four methods for the treatment of solid waste and
feasibility of each plastic waste, and so, as the plastic
is made from petroleum products so it contains
energy must be recovered, the study highlighted that
the most important of these methods is the recycling
and incineration for energy recovery.

With the LCA of waste management becoming
increasingly complex the research is looking at
advanced management methods to improve control of
the LCA. Kaebernick, Kara, Sun, (2003), presented a
method for environmental design including quality,
cost and environmental requirement. By using
Environmental Conscious- QFD, the original matrix
of QFD developed to include the LCA requirement.
Around the same time Masui, et al., (2003) adopted
QFDE to spread DFE (Design for Environment) on
the whole company, environmental indicators as:
“lower carbon dioxide emissions, and lower energy
consumption.” The results were that the further
development of recycling and evaluation of the
product life cycle analysis, lead to an improvement
in environmental requirement.

Additional studies were performed by Lei et al.,
2007, who suggested a method to extend QFD to
include The Life Cycle Design in designing phase.
And, Sakao, 2007, who implemented eco-design by
using three methods, they are LCA, QFD, and TRIZ.
This presented a methodology for environmentally
conscious product design. More recently Utne,
Ingrid Bouwer, 2009, demonstrated how to improve
environmental performance through the integration
of Quality Function Deployment (QFD) and Life
Cycle Analysis (LCA) of the fishing fleet.

Methods
The research is based on quantitative approach.
Data collection will be performed through online
questionnaires or relevant organisation in the plastics
packaging industries. Once the date is collected, the
following statistical tests will be applied. Once the
statistical analysis is performed the relations ship
strengths are used to populate the relationship matrix
in the QDFE.
1. Alpha Factor method: to determine the
degree of stability of the survey list.
2. The variance analysis: to determine the signif-

icance of differences among the organisation.
3. The correlation test: to determine the degree
of strength of the relation between environ-
mental criteria and organisation performance.

The tool The outputs

LFA the  goals of  performance
improvement according to
requirement of the voice of costumer,

and voice of the environment

LCA Using quantitative data to evaluate
all product life cycle stages.

* A quantitative assessment for
environmental impact in all life
cycle stages.

QFDE |+ Using weight of voice of
costumer, and voice of environment
to improvement options, and solve
contradictions, and

* New design to meet both
requirements of environment and

costumer.

k)
H + Design focus
5 * Product
. specifications
g * Improvement
H )
- Quality aktematives Market
Function survey to
Deployment for Investigate
Envi improveme
e (QFDE) * Newdesign m
o Framevork [bbionei + Evaluating impact
g Approach - ety product
3 iy P
] (LFA) specifications
;- g According to quality
) w— and environment
3 LifeCycle  PReeteny
H Assesment At N /
) —

This matrix consists of three steps: in the first step
using LCA to evaluate environmental impacts by
which we get the environmental profile. The second
stepusing the QFDE toidentify productspecifications,
by which we can identify design focus. The third
step we take the results from phasel, 2 and we use
QFDE in identifying the most important conflict
between the environmental specifications,
technical specifications. Taking care of the negative
or positive sign in the correlation matrix; VOE to
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the ‘contradiction matrix’/ Inputting contradicting
VOC. The second phase: (Improvement Matrix)
the out puts of the first phase are the inputs for this
phase. It consists of four steps: first, the QFDE use
outputs to identify. Improving options. Second:
using LCA to evaluate Improving options according
to environmental aspects. Third using QFDE to
identify product concepts, regarding VOC and their
weighting, and VOE and their weighting. Fourth:
customer survey to evaluate customer requirement
improvement.

Conclusion

Product design for recycling will assist and
support all recycling efforts. In the UK, a study
found that even a regular collect for packing shop-
ping basket, the collected amount cannot recycle
effectively (Local Government Association (UK)
2007). The suggested model is supporting the eco-
design. Further, there is a need to raise environmental
awareness among KSA, the economic benefits of
recycle are encouraging the investment in this field,
regarding the competitive advantage of KSA in
plastic industry.

Wider implementation of policies to promote the
use of environmental design principles by industry
could have a large impact on recycling performance,
increasing the proportion of packaging that can
economically be collected and diverted from landfill
(Shaxson et al. 2009). The second major challenge
for the plastics recycling is the ability to recycle a
larger proportion of the plastic mixed waste so that
packaging should be collected and sorted to make
recycled resins with minimal cross-contamination.
With applying of durable consumer goods designing
for disassembly, labels and adhesive materials should
be selected to maximize recycling performance.

References

Al-Salem, S. M.; Lettieri, P.; Baeyens, J. (2009):
Recycling and recovery routes of plas-
tic solid waste (PSW): A review. In Waste
Management 29 (10), pp. 2625-2643.
DOLI: 10.1016/j.wasman.2009.06.004.

Ayalon, Ofira; Avnimelech, Yoram; Shechter, Mor-
dechai (2000): Application of a compara-
tive multidimensional life cycle analysis in

solid waste management policy: the case
of soft drink containers 3 (2), pp. 135-144.
Cariaga, 1.; El-Diraby, T.; Osman, H. (2007): Inte-
grating Value Analysis and Quality Func-
tion Deployment for Evaluating Design
Alternatives. In J. Constr. Eng. Manage.
133 (10), pp. 761- 770. DOIL: 10.1061/
(ASCE)0733-9364(2007)133:10(761).
Carole Crockett, Sam Sumar (1996): The safe
use of recycled and reused plastics in food
contact materials - part I & 2. In Nutri-
tion & Food Science 96 (3), pp. 32-37.
Braggins (1996): Where there’s muck
there’s (funny) money — and a sensor or
two. In Sensor Review 16 (1), pp. 22-25.
Finkbeiner, Matthias; Inaba, Atsushi; Tan, Reginald;
Christiansen, Kim; Kliippel, Hans-Jiirgen
(2006): The New International Standards for
Life Cycle Assessment: ISO 14040 and ISO
14044. In Int J Life Cycle Assessment 11 (2),
pp. 80-85. DOI: 10.1065/1ca2006.02.002.
Forssberg, Eric; Pugh, Robert; Shen, Huiting (1999):
Review of plastics waste recycling and the
flotation of plastics. In Resources, Conser-
vation and Recycling 25 (2), pp. 85-109.
DOLI: 10.1016/S0921-3449(98)00017-2.
Gandy, Matthew (1994): Recycling and the politics
of urban waste. New York: St. Martin’s Press.
Gerard P. Prendergast (1995): The EC direc-
tive on packaging and packaging waste.
In Logistics Information Mngt 8 (3), pp.
10-17. DOI: 10.1108/09576059510091616.
Goulden, Lorraine D. (1996): Solid waste manage-
ment & plastics recycling in Egypt. [Cairo]:
American Chamber of Commerce in Egypt.
Hopewell, Jefferson; Dvorak, Robert; Kosior, Ed-
ward (2009): Plastics recycling: challenges
and opportunities. In Philosophical Trans-
actions of the Royal Society B: Biologi-
cal Sciences 364 (1526), pp. 2115-2126.
Kaebernick, H.; Kara, S.; Sun, M. (2003): Sustain-
able product development and manufacturing
by considering environmental requirements.
In Leadership of the Future in Manufacturing
19 (6), pp. 461-468. DOI: 10.1016/S0736-
5845(03)00056-5. Kaya, Yoichi; Yokobori,
Keiichi (1997): Environment, energy, and

Don

http://www.shanlaxjournals.in



SHANLAX <12
International Journal of Management %

economy. Strategies for sustainability. Tokyo,
New York: United Nations University Press.
Keijiro Masui; Tomohiko Sakao; Mitsuru Ko-
bayashi; Atsushi Inaba (2003): Applying
Quality Function Deployment to environ-
mentally conscious design. In Int J Qual
& Reliability Mgmt 20 (1), pp. 90-106.
DOI:  10.1108/02656710310453836. Keith
Denton, D. (1996): Managing pollution
efforts: how to turn pollution into prof-
its. In Env Mgtt and Health 7 (1), pp. 15—
22.  DOI:  10.1108/09566169610181650.
Kondoh, Shinsuke; Masui, Keijiro; Hattori, Mit-
suro; Mishima, Nozomu (2008): Total per-
formance analysis of product life cycle con-
sidering the deterioration and obsolescence
of product value. In International Journal of
Product Development 6 (3), pp. 334-352.

Kreith, Frank; Tchobanoglous, George
(©2002): Handbook of solid waste
management. 2nd ed. New York: Mec-
Graw-Hill ~ (McGraw-Hill ~ handbooks).

Lei, Ming; Yao, Ligang; Zhu, Zuping (2007):
The Extended Quality Function Deploy-
ment in Product Life Cycle Design. In:
Proceedings of the 10th International Con-
ference on Computer Supported Cooper-
ative Work in Design III. Berlin, Heidel-
berg: Springer-Verlag (CSCWD’06), pp.
401-408. Available online at http://dl.acm.
org/citation.cfm?id=1761628.1761673.

Masui, Keijiro; Sakao, Tomohiko; Kobayashi,
Mitsuru; Inaba, Atsushi (2001): Quali-
ty function deployment for environment
(QFDE) to spread DFE on the whole com-
pany. In: 2nd International Symposium on
Environmentally Conscious Design and
Inverse =~ Manufacturing  (EcoDesign’01).

Michael Jay Polonsky; Harry Brooks; Philip
Henry; Craig Schweizer (1998): An ex-
ploratory examination of environmental-
ly responsible straight rebuy purchases in
large Australian organizations. In Jnl of
Bus & Indus Marketing 13 (1), pp. 54—
69. DOIL:  10.1108/08858629810206287.

Patel, M., von Thienen, N., Jochem, E., & Wor-
rell, E. (2000). Recycling of plastics in

Germany. Resources, Conservation and
Recycling, 29(1), 65-90. Petts, Judith; Edul-

jee, Gev (1994): Environmental impact as-
sessment for waste treatment and dispos-

al facilities. Chichester, New York: Wiley.
Piasecki, Bruce; Fletcher, Kevin A.; Mendelson,
Frank J. (1999): Environmental manage-
ment and business strategy. Leadership skills

for the 21st century. New York: John Wiley.
Proceedings of the 10th International Confer-
ence on Computer Supported Cooperative
Work in Design II (2007). Berlin, Hei-
delberg:  Springer-Verlag  (CSCWD’06).
Sasseville, Dennis R.; Wilson, W. Gary; Lawson,
Robert W. (©1997): ISO 14000 answer book.
Environmental management for the world
market. New York: John Wiley & Sons.
Stevis, Dimitris; Assetto, Valerie J. (2001): The
international political economy of the en-
vironment. Critical perspectives /edited by
Dimitris Stevis, Valerie J. Assetto. Boul-

der, Colo., London: Lynne Rienner (Inter-
national political economy yearbook, v.12).
Tietenberg, Thomas H. (©1998): Environ-
mental economics and policy. 2nd
ed. Reading, Mass.: Addison-Wesley.
Chun-Yu (1999): A green prod-
uct design framework based on qual-
ity function deployment process.
Vink, Erwin T. H.; Rabago, Karl R.; Glassner, David
A.; Gruber, Patrick R. (2003): Applications

of life cycle assessment to NatureWorks™
polylactide (PLA) production. In Polymer
Degradation and stability 80 (3), pp. 403—419.

Wei Zhaoa, b, Ester van der Voetb, Yufeng Zhanga,
Gjalt Huppesb. 2nd International Symposium

on Environmentally Conscious Design and In-

verse Manufacturing (EcoDesign’01) (2001).
Zhao, Wei; der Voet, Ester van; Zhang, Yufeng;
Huppes, Gjalt (2009): Life cycle assessment

of municipal solid waste management with
regard to greenhouse gas emissions: Case
study of Tianjin, China. In Science of The

Total Environment 407 (5), pp. 1517-1526.

DOLI: 10.1016/j.scitotenv.2008.11.007.

Tung,

http://www.shanlaxjournals.in



Web Sources
http://www.sbwire.com/press-releases/gua-
va-puree-market/release-1024693.htm
http://www.tngpack.com/aboutus.php
https://www.pollywood-natural.com/
http://www.plexconcil.co.in/images/pdf/Bro-
chure Saudi Print Pack Slgn 2014 Int.pdf
http://rstb.royalsocietypublish-
ing.org/content/364/1526/2115
https://link.springer.com/arti-
cle/10.1065/1ca2006.02.002
http://www.vanessacesario.com/
https://link.springer.com/content/
pdf/10.1007/978-3-319-59162-9.pdf
https://www.computer.org/csdl/proceedings/
ecodesign/2001/1266/00/index.html
https://www.sciencedirect.com/science/
article/pii/S0048969708011364

http://www.shanlaxjournals.in



