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garment industry like never before, but even in these conditions the industry managed to remain in the top
of the three Moldovan exporters. The bad part of the garment industry is that it is a big waste-generating
industry at both stages: pre-consumption and postconsumption stage. Textile waste which are formed at
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some initiatives for recycling waste obtained in the garment industry. Practice shows there are certain
initiatives for the collection and recycling of waste that appear at the post-consumption stage. In order to
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Environmental and Waste Management in the
Garment Industry in the Republic of Moldova

Gheorghita Maria

Absiract- This paper reflects the situation in the Republic of
Moldova regarding environmental management in the garment
industry with focus on textile waste recycling and identification
of possibilities for raising the industry sustainability and
encouraging the transition to circularity principles. Moldova’s
Apparel is the largest and best-performing industry of the
Moldovan economy. It is one of the largest exporters and an
important employment generator. The COVID-19 pandemic
has disrupted the Moldovan garment industry like never
before, but even in these conditions the industry managed to
remain in the top of the three Moldovan exporters. The bad
part of the garment industry is that it is a big waste-generating
industry at both stages: pre-consumption and post-
consumption stage. Textile waste which are formed at pre-
consumption stage are not sorted, therefore they are not
recycled. However, in Moldova there are some initiatives for
recycling waste obtained in the garment industry. Practice
shows there are certain initiatives for the collection and
recycling of waste that appear at the post-consumption stage.
In order to multiply the existing practices of collecting and
recycling of the waste appeared in the garment industry, an
information and ftraining of both the enterprises and the
population regarding the benefits of the circular economy is
required.

Keywords. garment industry, impact on the environment,
textile waste recycling, circular economy, sustainability.

l. [INTRODUCTION

n recent years, the effects and consequences of

climate change have become more pronounced.

These changes are greatly influenced both by the
used technologies, but also by the waste that is formed
in enormous quantities in different industries, including
garment industry, which is a fundamental part of
everyday life and an important sector in the global
economy.

Clothing represents more than 60% of the total
textiles used and in the last 15 vyears, clothing
production has approximately doubled, driven by a
growing middle-class population across the globe and
increased per capita sales in mature economies. At the
same time, clothing use has declined by almost 40%.
Both developments are mainly due to the “fast fashion”
phenomenon, with quicker turnaround of new styles,
increased number of collections offered per year, and
often, lower prices [1].

Author:  Technical University of Moldova, Faculty of Economic
Engineering and Business, Department Economics and Management,
41, Dacia bd., nr. 10 block of study, MD-2060, Chisinau, Republic of
Moldova. e-mail: maria.gheorghita@emin.utm.md

The fashion industry has a massive impact on
the environment, being responsible for 20% of the
world's wastewater, 10% of carbon emissions and large
amounts of waste. Every second, a garbage truck full of
textiles is dumped in the landfill or incinerated. But an
unseen impact is the pollution of the oceans with plastic
fibers. About 60% of the materials used in clothing are
made of plastic. According to the United Nations
Environment Program the fashion industry has
contributed to the pollution of the oceans with about 1.4
million trillion plastic fibers due to the use of synthetic
fibers such as polyester, acrylic and nylon [2].

Globally, less than 1% of clothes are recycled
as clothing, partly due to inadequate technology.

Regardless of the size of the country,
environmental pollution is the same. The fashion
industry in Moldova is a big generator of waste at the
pre-consumption stage, but especially at the post-
consumption stage. At the pre-consumption stage, the
waste is generated by the growing number of garment
companies and their production capacities, which do
not sort and recycle the waste, so waste go directly to
the landfill, with small exceptions.

The consumption of clothes in Moldova is quite
high and is caused primarily by the traditions and
culture of the country. It generates an enormous amount
of waste at the post-consumption stage.

The problem of sorting, collecting, and recycling
textile waste today became extremely important
because it can generate savings on the one hand, and
on the other hand it would protect the environment.

This paper aims to analyze the situation in the
Republic of Moldova regarding environmental
management in the garment industry with focus on
textile waste recycling, and to present the existing
potential for increasing the sustainability of the apparel
industry by encouraging the transition to the principles
of circularity.

I1. ENVIRONMENTAL MANAGEMENT AND
WASTE RECYCLING IN THE MOLDOVA’S
GARMENT INDUSTRY
a) Overview of Moldova’s Garment Industry and its
trends
Moldova’'s Apparel Industry is a key sector of

the Moldovan economy (more than 5% in total
Manufacturing Industry). Is the largest and best-

© 2021 Global Journals

Global Journal of Researches in Engineering (G) Volume XXI Issue I Version I E Year 2021



Global Journal of Researches in Engineering (G) Volume XXI Issue I Version | H Year 2021

performing industry of the Moldovan economy and an
important employment generator (16000 employees or
approx. 20% of the total number of employees in the
manufacturing industry), creates jobs and employs
women, a big part of them being yang and provides key
alternatives to migration for Moldovan women, allowing
them to earn money while staying at home with their
families.

Moldova’s apparel industry is one of the largest
exporters in the Moldovan economy (about 12 percent
of the total exports). Over 70% of the total value of
clothing production manufactured in the Republic of
Moldova, are export oriented.

The COVID-19 pandemic has disrupted the
Moldovan apparel industry like never before. In the
pandemic period the number of employees within the
Apparel Industry has decreased on average with 33%.
Exports in the first half of 2020 fell by more than 38%.
But since May 2020, the industry has experienced a
recovery trend. In 2020, the export of the garment
industry amounted to US $ 289,801.1 Thousand, or
89.1% compared to year 2019, and the share of this
industry in the country's total exports was at the level of
the previous year (more than 11%), which means that
the industry remains one of the top exporters (Table 1).

Table 1: Export of the garment industry, mil US$

Indicators 2019 2020 2020/ 2019, %
Textile and Apparel Export 325,363.29 289,801.08 88.9
Total Exports 2779 164.47 2 485 159.94 89.4
The share of Apparel industry in 117 117
total exports, %

Source: [3].

Most of Moldova’s Apparel companies provide
C&M (Cut & Make), CMT (Cut, Make Trimming) and
FOB (Free on Board) services for European clients.
Some companies produce and sell only under their own
brand.

Regardless of the business model practiced by
Moldovan garment companies, they must consider
environmental and occupational safety standards if they
want to retain and / or attract new European customers.

The consequences of the COVID-19 pandemic
result not only in the economic decline of the garment
industry, but also in the increase in the amount of waste,
which will further influence environmental pollution.

b) Integration of international environmental, health and
safety standards into current practices of Moldova’s
apparel companies

European Apparel and Textile Confederation
EURATEX developed an ambitious program to improve
the sustainable growth of the European textile and
clothing industry. According to this program, the textile
and fashion products of European Union producers
must be exceptional in terms of environmental
protection, consumer safety and labor rights, which
means that special attention is paid to the existence of
quality, environmental and occupational safety
management systems at the garment manufacturers.

Moldovan apparel companies should align with these

conditions if they want to retain and / or attract new

European customers. To meet these requirements

Moldova’s  Apparel companies must implement

Integrated Management Systems based on the

provisions of the following international Standards 1SO

9001 (Quality), ISO 45001 (Health and Safety), and ISO

14000 (Environment).

© 2021 Global Journals

The Integrated Management System can be
created using different combinations of the three
international standards as follows:

1. Integrated Management System "Quality -
Occupational Health and Safety" based on the

requirements of SO 9001 and ISO 45001
standards.
2. Integrated Management System "Quality -

Environment" based on the requirements of I1SO
9001 and ISO 14000 standards.

3. Integrated Management System 'Environment -
Occupational Health and Safety" based on the

requirements of ISO 14000 and ISO 45001
standards.
4. Integrated Management System "Quality -

Environment - Occupational Health and Safety"
based on the requirements of ISO 9001, ISO 14000,
and ISO 45001 standards.

The most complex version of the Integrated

Management System is the fourth version, which
combines quality assurance, vital safety, and
environmental  protection. The implementation of

Integrated Management Systems that demonstrate
business practices based on responsibility and
sustainability, as a rule, requires investments that ensure
the success of each factory, but also of the industry as a
whole and become increasingly important for
international customers, and in many cases even
requested by them. With the support of the MCP Project
(Moldovan Competitiveness Project) funded by USAID,
the Government of Sweden, and the UK aid more than
20 apparel companies implemented Integrated
Management Systems. This practice has shown visible
results. Orders worth tens of millions of Euros have been



secured from existing customers, but new customers
have also been attracted by Moldovan Apparel
companies that have implemented Integrated
Management Systems. This demonstrated that
implementation of Integrated Management Systems
needs to be extended, given that in the future there will
be increasingly stringent requirements for the business
activity of companies in the garment industry to meet the
requirements of customers and consumers who have
undergone essential changes such as due to the
influence of the Covid-19 pandemic.

Foreign clients encourage their partners apparel
manufacturers from the Republic of Moldova to make
ongoing efforts to ensure optimizations for sustainability,
and commitment to environmental protection and
compliance with occupational health and safety
requirements given that the industry uses a very high
labor force. Moldovan apparel companies must comply
with requirements regarding:

- having a valid environmental permit,

- holding and displaying the environmental policy to
address the environmental

- impact,

- monitoring the impact of the apparel manufacturer’s
economic activity on the

- environment,

- setting and approving objectives on environmental
issues related to reduction in

- water consumption and waste disposal, as well as
energy consumption and GHG

- emissions - greenhouse gases,

- providing recycling waste opportunities
monitoring the amount of recycled

- waste.

and

¢c) Moldovan Legal framework regarding environmental
protection and waste management

In the Republic of Moldova, the legal
requirements in the field of environmental protection and
waste management are provided by the Environment
Agency which is responsible for implementing the state
policy in this field. It ensures the implementation of the
environmental legislation, harmonized with the European
Union legislation established in the Association
Agreement between the Republic of Moldova and the
European Union, in the chapters "Environment", "Climate
change" and "Trade and trade-related issues" (about 50
EU directives, regulations and decisions). The Agency is
responsible for the implementation of new environmental
tools such as: creation, maintenance and management

of the environmental impact assessment system
deriving from economic activities, the strategic
environmental assessment system, the integrated

environmental information system, the monitoring
system of the quality of the environment, the monitoring
system of natural resources, the integrated
environmental authorization system, etc. [4].

The Moldovan legal and institutional frame work
regarding environmental protection and waste
management contains 49 documents. But the main
documents related to environment and waste
management are the following:

1. Environmental Strategy for the period 2014-2023,
approved by Government Decision no. 301 of
24.04.2014, which sets out the priority directions of
development in this field. The basic goal of the
strategy is to guarantee the population of the
Republic of Moldova the right to a sustainable
unpolluted and healthy environment, in harmony
with economic development and social welfare. The
general objective is to create an efficient
environmental management system, which will
contribute to increasing the quality of environmental
factors and ensure the population the right to a
clean, healthy, and sustainable natural environment
[5].

2. The Waste Management Strateqy in the Republic of
Moldova for the years 2013-2027, approved by
Government Decision no. 248 of April 10, 2013. The
main objective of the strategy is to establish the
indicative direction of the activities for the
development of the infrastructure and services
necessary for the proper management of waste to
protect the environment and the health of the
population. Regarding the industrial waste (to which
the apparel waste also refers) in a certain strategy it
is indicated that the organization of the production
waste management activity is the obligation of the
generator, i. e. of the enterprise. In the strategy it is
clearly indicated that the economic units carry out
these activities with their own means or contract the
sanitation services. Waste management followed by
the apparel factories must be in line with these
requirements [6].

3. Law of the Republic of Moldova No. 209 of 29-07-
2016 on waste, which mentions the waste hierarchy,
which includes prevention, preparation for reuse,
recycling, other recovery operations, including
energy recovery and disposal. According to Article
13, paragraph 2 of this law, to ensure a high degree
of recovery, the initial waste generators and waste
holders are required to collect at least the following
categories of waste separately: paper, glass, metal,
and plastic [7]. The garment factories in the
Republic of Moldova comply with these provisions
of the law and collect cardboard and film
separately. As for the fabric and apparel cutting
waste, which is formed in the cutting sections, the
law does not require their separate collection. As
there is no mandatory legal requirement, today,
fabric waste, which appears in the cutting sections,
is neither collected separately, nor recycled.

© 2021 Global Journals
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The environmental issues, which are closely
connected to the waste management, can no longer be
addressed separately from the economic problems of
the apparel enterprises from Moldova. Global
competitiveness and the increasing use of limited
resources are leading to considerable economic
change. The policy of the European economy tends
towards transformations in order to produce more with
less resources. That is why the sustainable development
of garment companies in the Republic of Moldova is
closely linked to the responsible management of the
environment, including waste. This requires regulations,
incentives and public procurement policies that promote
production and consumption patterns that are
compatible with a country's sustainable ecological

development. Of particular importance is the education
of all kinds of producers and consumers in the field of
waste sorting, to be recycled and processed.

d) Types of waste and their disposal in the garment
industry in Moldova
The Moldovan garment industry is a large waste
generator. The value chain of this apparel industry
generates a wide range of waste. Among them two
categories of waste can be listed:

i. Pre-consumer waste
Based on the interviews caried out with more
than 25 Moldovan apparel companies we identified that
at this stage, the following types of waste are generated
(Table 2):

Table 2: The types of waste generated by the apparel value chain

# Value chain stage

Type of waste

1 Supply -
packed.

- The film in which the fabric and some accessories are packed.
Cardboard tubes from fabric, cardboard boxes in which some accessories are

2 Cutting 60%)
- (e}

detected in the fabric).

- Fabric cuttings of different sizes, having different compositions as follows:
0 100% natural fiber fabrics (linen, cotton, silk, modal, viscose)
0 Mixed fabrics: 92-97% natural fiber plus 3-8% elastane
o 100% synthetic fiber fabrics (polyester, polyamide, nylon)
0 Mixed fabrics of two types of fibers (natural and synthetic in proportion of 40%

0 Mixed fabrics of three types of fibers (natural, synthetic and elastane).
- Scrap paper (first and last layer to cut)
- Non-compliant parts (either mistakes were made in cutting or non-conformities were

- Thread spool tubes

3 Manufacturing - Broken needles

4 Quality Control -

Fabrics, accessories, unfinished and finished goods with irrecoverable defects.

In the Republic of Moldova, preventive
evaluations show that the pre-consumption stage
generates an amount of approx. 8-10 thousand tons of
fabric waste and approx. 3-5 thousand tons of other
types of waste.

To clarify the situation regarding the waste
management in the apparel industry, more than 25
garment enterprises small, medium, and large one,
specialized in manufacturing of different assortments of
finished products (clothes for men, women, children)
from different fabrics (natural, synthetic, and mixed),
which produce under their own brand and / or and
provide services for foreign customers were interviewed.
Following the interviews, it was found that practically no
factory sorts the fabric waste that appeared at pre-
consumption stage.

The practice of waste disposal in the garment
industry of the Republic of Moldova is as follows:
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The film and the cardboard are collected separately,
practically by all the enterprises, and they are
handed over to the companies, specialized in the
collection and processing of some types of waste.
Apparel cutting waste is not sorted, and not recycled.
A very small number of companies that process the
raw material received from the international clients in
C&M regime, collects the fabric waste and returns it
to the client at the client's request, once the order is
delivered.

Most companies have concluded contracts with
sanitation companies that pick-up waste from the
company and transport it to existing landfills.

A small amount of fabric waste is provided to farmers
for tying the vine.

Recently some apparel manufacturers started to offer
the apparel cutting waste from Jersey fabrics to
some organizations who produce handmade rugs.



ii. Post-consumer waste

This waste is generated by the last stage of the
value chain and represents those garments that are no
longer worn or used. In the Republic of Moldova, the
waste record at the post-consumption stage is not
performed.

At present, there is no single approach to the
responsibility of producers for the collection of this
waste. In the European Union, France has imposed
specific legislation for extended producer responsibility
in this field, with visible results. Also, some global
companies have started to implement voluntary
programs to recover used clothes from customers. In
the Republic of Moldova this responsibility is not applied
to enterprises. There is no well-developed process for
collecting and using / processing this type of waste.
Moreover, an impressive amount of second-hand
clothes is imported into Moldova, which leads to an
essential increase in the amount of waste at post-
consumption stage. Only during 2019, second-hand
garments worth 100.2 million MDL were sold, which was
more than 2 times more than in 2018 (46.9 million MDL).
All this amount of goods was imported. Second-hand
clothes have a very short service life, which means that
they reach the landfill very quickly.

e) Overview of current recycling practices and recycling
opportunities in the garment industry in the Republic
of Moldova

In the Republic of Moldova, the separate
collection and recycling of textile including apparel
cutting waste is a less promoted aspect in selective
waste collection companies. That is why very often
textile waste is dumped in landfills along with other
types of waste.

Despite this fact, there is a practice of collecting
and recycling certain waste in Moldova.

At present, the Ministry of Agriculture, Regional
Development and Environment of Moldova, has issued
39 permits to enterprises that carry out waste
management activities [8].

The information provided on waste collection
and recycling companies shows that all these
companies collect and recycle waste other than textile
and apparel cutting waste. As mentioned, garment
companies collect and hand over film and cardboard for
recycling. As for the collection of apparel cutting waste
generated during the manufacturing process, that is
formed at garment companies at the pre-consumption
stage, it is neither sorted, nor collected and nor
recycled.

However, there are some initiatives in this area
such as [9]:

1. Collection and recycling of pre-consumption waste.
The organization Ra Planet transforms any type of
fabric into beautiful and turbid carpets of all beauty.
Ra Planet is a store with products for arts and crafts

in Chisinau. But the amount of waste collected and
recycled / used is still very small.

- Collection of post-consumer textile waste. Several
organizations are active in this field. Some of them
collect clothes that the owner no longer needs but
are in good condition and sold them. The money
collected is for charity. While clothes that are not in
good condition are redistributed to animal shelters.
Other organizations collect clothes and after they
are sorted and redistributed to the socially
vulnerable, the elderly, the homeless. Different
NGOs collect clothes in street containers and in
stores through the so-called "take back" programs.
There are various advantages and disadvantages of
these channels, but the main differentiation is that
street collection methods can affect the quality of
clothes and subsequently limit the possibilities for
reuse and recycling.

Based on the existing practice of collection and
recycling of apparel cutting waste, it can be concluded
that at the current stage the main method of disposing
of apparel waste in the Republic of Moldova is storage
in existing landfills. This method has several drawbacks:

- It requires enormous landfill capacity for the storage
of this type of waste,

- The landfills pose a threat to the water supply of the
population. Every time it rains, the water drains
through the garbage and picks up chemicals such
as paints and bleaches from textile waste stored in
the landfill. The water accumulates at the bottom of
the landfill, often in large quantities and can often be
more toxic than sewage water.

- The time required for the degradation of most
textiles, when disposed of by storage, is long.

- Textiles, even from biodegradable natural fibres, do
not degrade easily in landfills due to the lack of
sunlight and oxygen.

- During degradation, textile waste emits greenhouse
gases and pollutes the soil and water by
contamination with chemicals and dyes,

- Wool fibres decompose relatively quickly, but during
decomposition methane is produced, which is a
strong greenhouse gas,

- Synthetic fibres generally do not decompose, which
is a permanent source of soil and water pollution.

Discussions  with garment  manufacturing
companies have shown that some companies use the
method of incinerating the apparel cutting waste.
However, it should be noted that incineration for energy
recovery is a method of disposing of textile waste in
industrial combustion plants. According to European
legislation, incineration is not a form of recycling, but
only a form of energy recovery or controlled waste
disposal. Although it is preferable to use the method of
waste disposing by storage, according to some studies,
the amount of energy used for textile production is
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significantly higher than that recovered. In addition,
combustion processes in low-performance installations
can lead to the release of hazardous chemicals into the
atmosphere. Thus, after greenhouse gases have been
removed into the atmosphere during the production
process, it happens once again, this time by
combustion.

As reported by the companies interviewed,
virtually all of pre-consumption waste are disposed of in
landfills, except for rather small quantities, waste arising
from the production of clothing made of light, natural
fabrics, or Jersey-type fabrics, some of which:

- Is sold to farmers for the tying of vines,

- Is sold to car repair centres, which are used as a
material for hygienic purposes,

- Is sold to produce hand-made items.

I1I.  CONCLUSIONS

Globally, textile waste accounts for 5% of total
waste, being a huge source of pollution, second only to
the oil industry, according to statistics. The impact of the
fashion industry on the environment is huge. In the
Republic of Moldova, the garment industry generates a
large amount of waste, which rains down on the
environment 1oo, because the main method of
disposing of apparel waste is storage in existing
landfills, which requires enormous landfill capacity. The
landfills pose a threat to the water supply of the
population and produce during decomposition
methane, which is a strong greenhouse gas.

Statistics show that in the Republic of Moldova
as well as at the world level, during the last 10 years the
quantity of purchased clothes has increased almost
twice, which generated an increase in waste. Of the
amount of waste generated by the fashion industry only
a small quantity is reused.

However, there are some initiatives for recycling
waste obtained in the garment industry. Practice shows
that a small amount of waste was used to make
handmade rugs that are sold quite well. There are
certain initiatives for the collection and use of waste that
appear at the post-consumption stage.

In order to multiply the existing practices of
collection and recycling of the waste appeared in the
garment industry, an information and training of both the
enterprises and the population regarding the benefits of
the circular economy is required.

The waste management in general, including
waste management in the garment industry, as well as
the training of skills in this field is closely linked to the
legislation of the Republic of Moldova regarding waste.
The main legislative instrument in this field is Law on
waste. It presents a waste management hierarchy that
includes: Extended producer responsibility, Waste
recovery, Waste reuse and recycling, Waste disposal,
Waste incineration and co-incineration. But the existing
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legislation does not reflect the particularities of the
garment industry waste. The law in force does not reflect
the collection and recycling of textile waste.

The need and demand for textile waste
recycling is enormous as well as for efficient
management of textile waste and recycling of garments,
in order to ensure environmental protection.
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chart,

l. [NTRODUCTION

n popular use of quality gurus and experts in the field,

the word Quality is meeting customer requirements.

However, this is too imprecise and limited idea of
quality to be of any use. Quality is based upon supplier
actual experience with the product or service, measured
against requirements-stated or unstated, conscious or
merely sensed, technically operational or entirely
subjective in meeting requirements aimed at the needs,
requirements and expectations of customer and
supplier, present and future.

Quality is production of product or offering
service which fulfills an aggregate needs and
requirement of customers and suppliers, in all aspects.
customers and suppliers quality priorities may be very
different. suppliers quality priorities are producing non
defectives profitable products which customer can buy
satisfactorily and use effectively. Profitability is suppliers
need where as customers ability and capability to use
products for functions it produced appropriately is
suppliers requirement. Because what is seen and added
as important by the supplier in exceeding customers
need, requirement and expectation may be very different
from the priority concerns of the customer.

0.2
0.15
0.1

0.05

This article present the general concept of
quality and quality management. Core concepts of
process control using mathematical techniques to
measure, analyze and monitor product quality and
maintain processes to fixed targets by monitoring,
controlling and managing quality to manufacture a
product as designed with in allowable Percentage
Defectives is aim of this article.

[I.  ANALYSIS AND RESULT

Quality control is essential activities and
techniques employed at the point of operation or
production to achieve and maintain the quality of a
product, process, or service. It includes a monitoring
activity, but is also concerned with finding and
eliminating causes of quality problems so that the
requirements are continually met.

Currently, many scholars and quality
practitioners and controller are measuring if or weather
process is in control for incapable process by
measuring distribution of number of observed defectives
data. They are measuring and monitoring processes on
which control limit of data with sample size n and
sample number m directly doubled if number of
defectives of data doubled and both processes data are
treated as in control as if both processes are producing
products with in allowable Percentage Defectives. For
instance, figure below shows control chart of sample
data of two processes with doubled number of
defectives for the same number of sample size (50) and
Sample number (10) where both process are in control
with  doubled control limit value proportional to
defectives.
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Figure 1: Control chart for number of defectives data |
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Note: Percentage Defectives of both processes are 0.05
and 0.1 which doubled as number of defectives double.
Since they are monitoring defectives distribution in
relation to control limit doubled or tripled as number of
defectives doubled or tripled, they forget to compare
with allowable defectives that meets permissible
Percentage Defectives for sample size n and sample
number m of sampling.

Sampling, Sample size and sample numbers,
which shall be determine by Costs and time required are
two basic for quality monitoring and process control to
manage quality of products and services so that we can
manage Quality let alone quantity of product is one
factor which determine Sample numbers of Rational sub
group. Rational sampling group sample size of
sampling is basic factor to determine Rational
permissible number of defects per sample where as
Sample numbers of Rational sub group ascertain
number of permissible defects of total sample.

Note: As number of product sampled increase number
of defective products in relation to sample size increase.
Thus, Sampling with lower number of Sample numbers
of Rational sub group should produce lower number of
defective products in relation to sample size where as
Sampling with higher number of Sample numbers of
Rational sub group can have higher number of defective
products in relation to sample size. Moreover as quantity
of sample size increase number of permissible defective
products should decrease logarithmicly. Because
variation in production of specified sample is low and
expected quality level should be high and number of
defective products in relation to sample size must be
low to attain and assure quality level we must meet and
exceed expectation. Hence process capability is more
than one and increase as sample size increase.

There fore
Ns

D= Logn
Where
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D- number of permissible defectives

Ns- total number of product sampled which is n*m
n- sample size

m - sample numbers

Note: sample size is base where as number of sampled
is factor of quality control logarithm function. Mean or
control limit of control chart of number of defectives
should be number of permissible defectives of
sampling.

We can say process is in control if number of
defectives of sampling Rational sub group is less than
or equal to number of permissible defectives of
sampling. Based on mutual understanding tolerance
can be added mainly to decade and set upper control
limit which shall be based on Proportion of population
covered with y% Confidence of sample size n. Process
must be in control and produce products at list with
three y% Confidence of sample size n from Mean or
control limit. Thus upper and lower control limits of
number of defectives control chart must be:

D+3*1

Where

D is number of permissible defectives
| is number of tolerable defectives with y% Confidence
of sample size n

UCL=D+3*1
Thus CL=D
LCL=D-3*1

Note: y% Confidence of sample size n should be
determined based on ratio of sample size to products
from which it sampled.

With the help of GGOOCHAA let as see example

Example: table below show number of defectives (d)
Samples data of 20 Sample number with 90%
Confidence of 200 sample size to monitor process using



number of defectives control chart where Sn is sample

numbers and d is number of defectives.
Table 1: Number of defectives data
d [ sn| d |

Sn d Sn [ d Sn

1 1 6 2 11 2 16 4

2 3 7 1 12 4 17 2

3 4 8 3 13 3 18 1

4 2 9 5 14 1 19 3

5 1 10 3 15 3 20 2

Sample Number = 20
Sample size n=200
Total number of product sampled Ns is:

NS=m *n = 4,000
Number of permissible defectives D is:

4,000
= Log 200 = 1.56541201

Note: with 1.56541201 number of permissible defective
expected process capability Cpg is approximately 1.3
with 0.00782706 percentage of defectives which is more
than data process capability Cpy of 1.2 with 0.0125
percentage of defectives. thus tolerance is required as
per agreement and For 90% Confidence of 200 sample
size |= 0.981

Thus, Control limits of control chart are:
CL= 1.56541201
UCL= 4.50841201
LCL= -1.37758799

1 1 2 3 4 5 6 7 8 9 10111213 141516 17 18 19 20
C=C=C=C=C0=0=C==0=C=0=0=0=0=0=0=0=0=0=0

——d —e—CL

UCL —e—LCL

Figure 3. Control chart of number of defectives data and permissiblty

Note: with 90% Confidence of 200 sample size tolerated
process capability Cp, is less than 1.2 with 0.02254206
percentage of defectives which is less than data
process capability Cp, of 1.2 with 0.0125 percentage of
defectives. Thus, we can say that the process is capable
even though it is out of control with out of control data of
number of defectives,

Moreover, with defectives tolerance of 90%
Confidence of 200 sample size

1. Five samples of data produce defectives less than
number of permissible defective, Hence process at
that sample meet customer requirement
satisfactorily and the product produced of that
sample shall be fully accepted by customers.

2. Hence sample of sample number 9 produce
defectives more than number of Tolerable
defectives, process is out of control to meet
customer tolerable requirement and the product
produced of that sample shall be fully rejected by
customers.

3. The rest 14 samples produce defectives more than
number of permissible defective but less than
number of Tolerable defectives, hence process is in
control to meet customer tolerable requirement and
the product produced of samples shall be tolerated
and accepted by customers as per their agreement
and level of data process capability Cpy.

[11. DiscussioN AND CONCLUSION

Quality is based wupon supplier actual
experience with the product or service, measured
against requirements-stated or unstated, conscious or
merely sensed, technically operational or entirely
subjective in meeting customer requirements aimed at
the needs, requirements and expectations of customer
and supplier, present and future. Quality management
mean improving the quality of everything, i.e. creating a
high quality company; high quality man, machine,
material, methods and information in satisfying or
exceeding customers and suppliers present and future
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need, requirement and expectation by operating with in
lower Percentage Defectives.

Scholars are saying Percentage Defectives for
Different Values of Cp and Cpk for Smaller-the-Better
and process with less than one Cp is in capable. Where
as currently many scholars and quality practitioners and
controller are measuring if or weather process is in
control for incapable process with high Percentage
Defectives. For instance to say process is capable with
at list Cp=1 Percentage Defectives must be less than
0.135. moreover, they are only monitoring process if or
weather in control based on observed defectives data
rather than permissible number of defectives in relation
to sample size n and sample number m. As per their
analysis number of defectives control chart measure
uniformity of ratio of number of defectives per sample
size across sample numbers. Hence for process
producing products far from allowable number of
defectives having uniformly distributed banch of
defectives are treated as in control.

Sampling, Sample size and sample numbers,
are two basic for quality monitoring and process control
mathematically to manage quality of products and
services within tolerable number and/or Percentage
Defectives as per customers and suppliers agreement
so that they manage and meet Quality by satisfying or
exceeding customers and suppliers need, requirement
and expectation. Mutual agreement of customers and
suppliers on sampling, Sample size and sample
numbers, and on y% Confidence of sample size n
determine factors of control chart control limits and
hence permitable and Tolerable number of defectives of
Rational sampling group quality level so that product
can be accepted or rejected and process can be
monitored if or weather capable and in control to
produce product as designed with in allowable
Percentage Defectives.
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I. [NTRODUCTION

= aced with the degradation of ecosystems and the
=== quality of life, social and political concern for the
environment has continued to grow. Economic life
can no longer ignore this aspect thanks to laws,
imposed standards and political initiatives.

Whatever their intentions, actors need
environmental management tools to assess changes in
the environment. Thus, the decisions taken in a
sustainable development policy need to be designed
and evaluated according to a suitable frame of
reference. By going through all the environmental
impacts that an activity can generate, we observe a
variety of indicators to study.

Unlike the economic point of view where a
single indicator, the financial cost, characterizes the
impact of an activity, the environmental assessment
must be based on a multi-criteria analysis. It is a
combination of several impacts; it also takes into
account the particular importance of each of them with
regard to environmental aspects. Thus, a multicriteria
analysis allows decision-makers to argue their decision
by reducing the risk of a conflict situation and also
seeking solutions that correspond to the best
compromise for all stakeholders.

Author a o: Université de Tunis El Manar, Ecole Nationaled'Ingénieurs
de Tunis, Unité de Recherche Energétique et Environnement. BP 37, le
belvédeére 1002, Tunis, Tunisia. e-mails: nahla.bouaziz@ipeiem.utm.tn,
toujanirabeb?7@gmail.com

The analysis of the performances of the various
technologies leads in a traditional way to calculate their
energy balances. In addition, especially when one seeks
to optimize a system, the development of its exergy
balance is of great interest, because this balance makes
it possible to quantify irreversibilities. Drawing up an
exergy balance does not pose any particular difficulty
but requires to be done with great care.

The exergy provides thermodynamics with very
relevant tools to be coupled with other approaches:
economic, ecological, environmental, technological, etc.

As an indication, exergy analysis and economic
analysis form the thermo-economic basis, which is also
called exergo-economic analysis [1, 2]. Thus, an exergy
loss directly implies economic losses [3, 4]. The
consideration of exergy efficiency as an additional
criterion for comparison with environmental criteria,
through ELCA, will provide LCA with more relevant tools
for accounting for the consumption of abiotic resources.
Thus, the increase in the exergy efficiency of the
processes was considered as a solution to reduce the
environmental impacts through the reduction of the
degradation of natural resources. The most important
contribution of ELCA in the framework of the
implementation of a sustainable development
undoubtedly remains the perspective of life cycle which
makes it possible to save resources and to solve the
pollution problems in a definitive way, avoiding thus
moving them from one point in the production chain to
another.

The choice of the field of refrigeration may seem
reductive, in fact, a proven technology exists:
absorption. These performances can also be
considered as resulting from a natural optimization,
resulting from know-how acquired over several decades
of research, and responding to current technical and
economic constraints. This technology can therefore
serve as a test for the various thermodynamic criteria
which will be defined below.

Absorption machines have several advantages
such as environmental protection. In addition, this type
of refrigeration machinery does not use CFCs
(chlorofluorocarbons) which deplete the ozone layer,
Kang et al. [5], Boer et al. [6], Goktun [7], Laouir et al.
[8]. They are possibly silent compared to vapor
compression machines, Riffat and Guoguan [9].
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A recent study [10], combines a conventional
vapor compression refrigeration system with an
absorption refrigeration machine. Indeed, this system
has the advantages of both processes, which results in
a more profitable system. Electricity / thermal
consumption is considerably reduced.

The results obtained show that the value of the
coefficient of performance is greater than that of a
system operating in stand-alone mode. From another
perspective, R. Haghbakhsh [11] investigated the
feasibility of using DES absorbents (Reline, Ethaline or
Glyceline) as an operating fluid in absorption
refrigeration cycles further analysis was performed to
assess thermodynamic properties and determine
optimal operating conditions.

The results indicate that these ESD / water
working fluids can be adapted to absorption
refrigeration cycles although their energy efficiency
appears to be relatively low.

Based on an exergetic approach, a study of a
new combined cycle power plant assisted by high
temperature solar energy was proposed by F.Calise
[12].

It is a high temperature solar cooling system
coupled with a conventional combined cycle; the aim
being to improve the efficiency of the system and the
electrical capacity.

The system is analyzed from an exergy point of
view, on the basis of an energy-economic model for
which the efficiency is higher compared to that of a
conventional model.

The results showed that the components of the
Joule cycle (combustion chamber, turbine and
compressor) are the main sources of irreversibility.

The optimization of the double and triple effect
cycles, resulting from research carried out in the
laboratory, has enabled the design of high-performance
installations, which are now on the market. Note that the
cycles implemented today result from a thermodynamic
analysis including the second principle.

The analysis of absorption cycles has been
developed from an energetic as well as an exergetic
point of view. The latter is based on the notion of exergy
destruction and therefore the degradation of the quality
of energy transformations taking place within the
components of an installation.

Two types of absorption / compression cycles
have been selected. [13, 14] The first is single-acting,
the results of the latter are compared to the conventional
absorption machine. The results of the second double-
acting configuration were also compared with those of
the conventional double-acting absorption machine. In
terms of performance, the single-stage hybrid machine
offers relatively greater results when compared to the
double-stage one [15].

In another approach, the integration of other
organic absorbent / refrigerant pairs is envisaged, in
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order to further optimize the exergy and energy
performance of the machine [16].

The most common refrigerant mixtures are
water and lithium bromide mixtures, water being the
refrigerant and lithium bromide the solvent and the
mixture of ammonia and water in which ammonia is the
fluid. refrigerant and water the solvent. A certain number
of characteristics required of the fluids used in
compression machines can be ftransposed to
absorption machines. In particular: high enthalpy of
vaporization, Non-toxicity, Low viscosity, High thermal
conductivity, A moderate cost.

Recently, research has focused on the study of
new refrigerant / absorbent pairs that can be an
excellent alternative to conventional pairs. Wang et al
[17], in 2011, presented a study of a diffusion
absorption refrigeration (DAR) system operating with the
R23 / R134a couple as refrigerants and DMF (N, N-
dimethylmethanamide) as absorbent, it These torques
have been proven to be a solution for the use of low
energy sources.

A study, carried out by Ben Ezzine et al in 2010
[18] shows that the R124 / DAMC couple provides a
higher COP than that of ammonia / water and that it
presents an intercurrence for solar refrigeration. An
experimental study prior to the latter two, in 2008 carried
out by Muthu et al [19], shows that the COP of a
refrigeration system using the R134a / DMAC couple
reaches 45% under the test conditions and that this
couple can be also used for low energy sources.

It is customary to evaluate the efficiency of
energy transformations by calculating the energy yield,
in fact, according to the first principle of
thermodynamics, for each process, energy is
conserved. It can neither be destroyed nor produced. In
contrast, the exergy approach, as determined as the
energy method, results from the second principle of
thermodynamics, and focuses on the degradation of
energy during a process. Exergy potentially presents a
powerful tool that is used to carefully assess the quality
of the flows involved in a well-defined process. The
resulting analysis can be used as a benchmark in
optimizing energy systems [20]. This analysis also
makes it possible to identify areas of failure in a process
in order to design new systems contributing to
sustainable development [21]. Different indicators
resulting from exergy analysis have been supported by
[22] to assess the sustainability of an energy process
within the framework of industrial ecology. These
parameters take into account exergy efficiency and
environmental efficiency.

Indeed, different methods have been proposed
for the energy evaluation of the performance of
anthropogenic systems. The motivation for these studies
was mainly rooted in the economic industry, but there
were implicit and explicit environmental concerns
permeating.



The inability of standard exergy analysis to
determine the best configurations when monetary costs
have been approached, in the field of process analysis,
by: a theory of common economics and
thermodynamics, correctly termed thermo-economics,
developed to industry standards over the past ten years
or so on the basis of formulations. In this approach, the
yields are calculated via an exergy analysis, and the
non-energy costs (capital, interest, overheads, labor,
maintenance, insurance, etc.) are linked to the technical
and thermodynamic parameters of the process
considered.

One of the objectives of EEA (Extended exergy
accounting) is to go beyond thermo-economics and to
develop a formally complete theory of costs based
either on an exergy or monetary metric, that is to say a
general pricing method in which kJ / kg or kd / kW are
perfectly and systematically equivalent to € / kg and € /
kW, respectively).

The first extrapolations of exergy in the context
of sustainable development focused on the valuation of
natural resources and process waste (Belhani, 2008)
[23]. The basic idea is to minimize the irreversibilities
related to non-renewable resources. The exergy also
brings a good clarification which identifies two
primordial criteria, the quality and the degradation of the
energy;

Life Cycle Analysis is concerned with the
environmental impacts generated throughout the
product life cycle. However, the objective is to go
beyond taking the environment into account and provide
practical recommendations on the integration of social
and economic dimensions in decision-making, from a
life cycle perspective [24]. Consequently, the life cycle
analysis becomes a step in a more comprehensive
approach to sustainable development and not an
objective in itself. According to Grisel and Osset [25],
life cycle management aims to improve the
environmental performance of an industrial sector
through eco-design. The eco-design or control of the
environmental impacts of a product is based, at best, on
its Life Cycle Analysis (LCA) [26]. Eco-design appears
as a process of integrating environmental aspects into
the design and development of products, the objective
of which is to reduce the environmental impacts of
products throughout their life cycle. Thus, eco-design
appears as a solution so that companies can integrate
the priorities of individuals with regard to sustainable
development into commercial interrelationships [27].
Breset and Van Hemel defined eco-design as a
sustainable solution which consists in finding the perfect

balance = between  ecological and  economic
requirements in product development.
Eco-design integrates environmental

considerations into product life cycle reasoning. To be
more precise, this concept means reducing from design
the impacts in economic, social and environmental

terms, and maximizing the concept of sustainable
development over all stages of a product's life cycle. By
adopting an eco-design approach, companies can
develop products that are more respectful of the
environment while maintaining the objectives of
competitiveness, quality and time to market. Therefore,
LCA aims to enable companies that use it to improve
their performance from an eco-efficiency perspective.
This is a concept that was revealed at the Rio
conference in 1992. According to the WBCSD (World
Business Council for Sustainable Development), it is
about providing goods and services at competitive
prices that meet the needs. human beings and improve
the quality of life while gradually reducing ecological
impacts and resource consumption throughout their life
cycle.

Cornelissen  redefined the concept of
sustainable development, incorporating the notion of
exergy, as follows: “for sustainable development, the
destruction of the exergy reservoirs of natural resources
must be minimized to a level at which there is no no
damage to the environment and to which the supply of
exergy to future generations is secured”.

Indeed, exergy and LCA can be used for
sustainable development. The methodology which
brings together these two tools in a single composition
called Exergy Life Cycle Analysis. Indeed, it will take
advantage of the strong bridges separated from each
approach for the establishment of sustainable
development on the one hand.

Exergy is reputed to be an effective means in
the political decision-making of energy strategies as it is
the only function which harmonizes energy,
environment, economy and sustainable development
[28]. The classic definition of "nothing is created,
nothing is lost, everything is transformed", with the
exception of nuclear reactions, makes the concept of
the depletion of materials and non-renewable energies
subjective.

On the other hand, the consumption of
resources is also a form of damage to the environment;
a resource is a substance, an ordered state, out of
balance with the environment, therefore having a high
exergy value; the consumption of a resource therefore
reflects a loss of exergy value.

Lombardi [29] rethinks that exergy efficiency is
an additional element of review to the environmental
criteria used in the methodological framework of LCA,
because exergy cannot replace the impact assessment
methods of the methodological framework of LCA.

Exergy can be utilized by combining with ACV at
three levels:

* Simultaneously with LCA for inventory accounting
and as a criterion for the depletion of natural
resources, thus constituting an additional criterion
judging the effectiveness of the scenarios studied;
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* A pre-selection criterion, judging the effectiveness of
the scenarios studied before being analyzed by a
full LCA;

* A post-selection criterion, judging the effectiveness
of the scenarios studied beforehand by a complete
LCA.

However, improving the exergy efficiency of
processes is revered as a way to reduce environmental
impacts through reducing degradation of natural
resources. The obijective of this study is to carry out a
comprehensive analysis of the life cycle of a cooling
system from renewable energy sources, presenting its
consequences on the environment.

[I.  SYSTEM PRESENTATION

In this paper, we propose to study a hybrid
compression/absorption heat pump for which we have
introduced new refrigerants chosen for their
environmental characteristics and which allow the
system to be adapted to a source with low enthalpy
value.
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Fig. 1: Hybrid heat pump

The heat pump (figure 2), subject of this study,
is a combination of the conventional absorption pump
and the compression pump. A compressor is injected
into the cycle, upstream of the absorption part, in order
to improve the absorption process. The system operates
at three pressure levels: the refrigerant vapor leaving the
evaporator (1) is at the lowest pressure (PEV). It is
compressed by an isentropic transformation (2) into an
intermediate pressure (P2) and finally injected into the
absorber. The rich solution from the absorber (3) is
heated by the lean solution from the bottom of the
generator (5) by a solution heat exchanger. The
condenser and the generator operate at the third
pressure level (PCD) which is the condensing pressure.

Numerical analysis was performed using Aspen
plus software. The thermodynamic properties of binary
mixtures were determined using the NRTL model based
on experimental results. When it is necessary to choose
a working fluid for an application, it is generally desired
that it lead to high energy performance and that it be
suited to the operating conditions of the cycle.
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A certain number of characteristics required of
the fluids used in compression machines can be
transposed to absorption machines. The criterion of
non-toxicity is essential, the fluid must be non-
flammable, non-explosive, non-corrosive, and has no
dangerous physiological action.

Some researchers have focused on new
refrigerant / organic absorbent pairs that can be a good
alternative to classic pairs.

The configuration proposed represents an
improved cold production system for which a new

organic pair R245fa  / DMAC (1,1,1,3,3-
Pentafluoropropane / N, N-dimethylacetamide) has
been integrated. This family of refrigerants is

characterized by a low global warming potential (GWP).

The results showed that the new configuration
has the same energy performance as that of the
conventional system. The optimum COP is around 45%
for R245fa / DMAC, however, the same value is obtained
for a conventional system where the operating pressure
is in the order of 600kPa. In addition, the added value
lies in the adaptation of the machine to organic mixtures
which have a relatively low temperature and between 60
° C and 80 ° C, which allows the use of energy sources
with low energy value. The exergy analysis also revealed
a decrease in the irreversibility of the system.

In reality, the use of such refrigerants allows the
installation to be adapted to a low energy source.

I11.  EXERGETIC ANALYSIS

The exergy balance is based on the exergy
destruction method, it is calculated for each component
as follows [30]:

ExDi =YX [((m)Ex)] _in-X [((m)Ex)] )
_outxX( [Ex] _Q " )+IW"

The first two terms represent the exergy of the
flows entering and leaving the control volume.

The third and fourth terms are the exergy
associated with the heat transfer Q * of the source
maintained at a constant temperature T and equal to the
work obtained by the Carnot engine operating between
T and T0, and is therefore equal to the maximum
reversible work that can be obtained from thermal
energy Q. The last term is the mechanical work
transferred to or from the control volume.

Ex, is the thermal exergy and is expressed as follows
[31, 32]:

Exy= Q(1—"0/p) )

We can also express the loss of exergy in terms of
exergy efficiency; it is the rate between the exergy of
entry and that of exit [33]:

outlet system exergy
nex =

(3)

intletsystemeexergy



Several hypotheses were taken into account in

the exergy study:

¢ Kinetic and potential exergy is neglected.

e Alltransformations are in a stable state.

e Pressure and heat losses in the system component
are neglected.

e The exchange temperature is the logarithmic mean
temperature of the inlet and outlet.

e The reference temperature and pressure PO and TO
are respectively 1atm and 25 ° C.

[V.  ENVIRONMENTAL ANALYSIS

The sum of the exergy destruction gives the
irreversibility of the life cycle of the system and therefore
the impact indicator of the depletion of natural
resources.

Exergy analysis is a focused approach and it
does not take into account the exergy developed
throughout the production chain.

It is in this sense that the Analysis of cumulative
exergy consumption (CExC).

Indeed, this method is used to assess the
exergy of all-natural resources consumed in a process.

It takes stock of the quality of the resources and
it is expressed as follows:

N
CExC = Z Ex, ; (4)
i

With: Ex,; the exergy of natural resource i
which is part of the process and N is the number of
natural resources.

This approach has been applied for different
industrial processes [34].

CExC analysis is based on the same principle
of LCA where all the elements involved in the process
are taken into account.

In fact, the notion of exergy has been exploited
in the context of life cycle analysis as an alternative to

methods of measuring the depletion of natural
resources [35].
Likewise, the added value in relation to

sustainable development is to reduce irreversibilities due
to the use of non-renewable resources.

Improving exergy efficiency imperatively leads
to a reduction in environmental impacts.

In the same context, efforts have been made to
oust the multicriteria side of the LCA environmental
study by a single quantity which is exergy.

Indeed, it was introduced in the LCA
methodology to be used as a uniform indicator of the
total environmental impact [36].

It is approved as a unit of measure for the
potential of a pollutant to cause environmental
degradation [37].This will allow us to minimize the
amount of data with a single magnitude that clarifies

vision without resorting to parameters used in
conventional LCA and which are deemed to be
subjective;

a) Solar source

From the perspective of producing energy more
economically, the ability to limit wastage rates is a major
issue. The proposed new model uses the principle of
cogeneration, already applied in some thermal power
plants, and which consists in producing both electricity
and heat from the same primary source.

In the case of solar cogeneration, this involves
combining, in a single module, conventional
photovoltaic solar cells and a waste heat recovery
system. The main objective is to improve the
performance of the machine while preserving the
environment. The originality of the project is based on
the addition of a photovoltaic system to serve the
COMPressor.

In addition, the use of the heat released by the
photovoltaic cells will heat the coolant in order to
improve the operation of the generator. This concept
offers a relatively high production of electricity and heat
on the same surface and improves the efficiency of
these panels, which decreases with increasing
temperature. For the modeling of the improved heat
pump, the work was carried out for a condensing
temperature equal to 40 ° C, the temperature of the
generator in fact varies according to the daily solar
radiation.

He basic function of the photovoltaic
installations analyzed in the context of this work is the
production of electricity.

The functional unit of the LCA should be
determined in correspondence with the function of the
observed system and serves as a basis of comparison
for the analysis of the results of different photovoltaic
power generation systems.

The environmental impact assessment stage
translates elementary flows into environmental impacts.
It includes classification of emissions by impact
category, intermediate characterization and damage
characterization. The indicators selected in this work
include environmental impact indicators and energy flow
indicators, namely:

¢ Global warming potential at 100 years (GWP100) in
kg CO2 equivalent.

e Consumption of renewable primary energy in MJ.

e Consumption of non-renewable primary energy in
MJ.

e The environmental assessment of the PV system is
based on three different stages:

e Generation of impact factors on PV systems to
estimate the environmental impacts of the PV
system.
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e Evaluation of the productive life cycle of the
photovoltaic installation on the prospective site and
on the reference site (reference sunshine).

e -Voluntary environmental effects of the PV system
reported to the UF functional unit.

Two types of results are expected for the
environmental impacts: the environmental impacts
linked to the producible estimated on the anticipated
site of the installation and the so-called reference
environment.

To calculate these impact factors, two steps are
necessary:

The first step is to calculate the impact factors
per process such as:

Imp, =FI,.QR (5)

The impacts of each of the processes are
calculated according to equation (5) and then added to
obtain the impacts corresponding to each PV
subsystem (PV infrastructure, additional infrastructure,
site, maintenance). The impacts of the PV system are
finally obtained by summing the impacts of each PV
subsystem.

At the end of the first step, the impacts of the PV
system on its life cycle are defined to calculate the
environmental impacts by the power of the PV system:

Impsystem pv (6)

ImpsysPV (KWe) = Puiss
nom

The PV impact factor (kWp) corresponds to the
environmental impacts of the photovoltaic installation
per nominal power.

To assess the producible, we opt for a
simplified method allowing component manufacturers to
have a reference calculation to estimate production and
thus serve as a basis for comparison for different
products.

To estimate the production potential over the life
cycle of the PV system, Equation (7) is used:

Etotal
lifetime of the modules Y,

-2

n=0

100—d.n
100

Pc' Irplan . Prinstal (7)

¢irrSTC

The degradation of the modules reduces the
efficiency of the photovoltaic system during the lifetime.
A linear degradation of 0.7% per year must be
considered, which corresponds to a total degradation of
20% at the end of the life of the modules.

A 30-year module life should be considered.

The value of the coefficient of performance of a
PV system, which is a correction factor for the overall
efficiency of the photovoltaic installation, depends on:

e DC/AC conversion system
e Actual operating temperature of the modules

© 2021 Global Journals

e Type of module integration

The following equation is used to assess the
environmental impacts of the PV system based on the
functional unit:

I MPsystem pv

(8)

Impyr =
vE Etotal
Impacts by functional unit must be calculated
for each impact category chosen.

b) Wind source

The life cycle stage responsible for the majority
of the impact for the two wind energy sectors is the
manufacture of components, using mainly fossil energy.

In order to carry out the LCA of a product, it is
essential to define its function. In our case, the
functional unit chosen for this LCA is as follows:"1
kilowatt-hour, from wind power production capacity,
delivered to the electricity grid, for a lifespan of 20 years"
State-of-the-art environmental assessments report that
the majority of studies consider a system life of 20 years
(Arvesen, 2012).

An average load factor is used in order to be as
representative as possible over the lifetime of the
installation. The environmental impact assessment step
translates elementary flows into environmental impacts.
It includes the classification of emissions according to
impact categories.

It makes it possible to detect the main
contributors to the impact on each indicator. The phases
of the life cycle are first studied in order to understand
their responsibilities as a whole and then to specify
which processes and substances are responsible for the
impact.

c) Biomass source

This part is devoted to the LCA of a biomass
recovery system, namely forest residues.

The UF chosen for this study is a ton of
biomass that feeds our system. This UF is generally
chosen by studies aiming to recover agricultural and
forestry waste [38].

The structure of the project consists of
subdividing the system into a set of elementary modules
[39].

The application of life cycle analysis in the bio-
resources sector reveals specific issues.

Until now, the questions asked to the specific
problems of LCA applied to products of biomass origin
have not all been answered and the answers that have
been provided have not been the subject of a
consensus. Real at the level of the LCA community.

From the extraction of their raw material to their
end of life, biomass products are the source of various
carbon-biomass flows.



V.  RESULTS AND DISCUSSIONS

The objective of this investigation is to analyze
the different models, so management and life cycle
thinking are very important.

The best solution must have the lowest
environmental impacts; this exergetic methodology
makes it possible to evaluate the scenarios considered
and to achieve this objective.

a) Solar heat pump

In figure 2, we can see the contribution of each
stage of the life cycle on the indicator of global warming
for solar configuration. The stage mainly responsible for
the impact is the construction phase with a contribution
of 88%

Climate change (KgCO2 eq/Kwh)
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Fig. 2: Climate change (KgCO2eg/Kwh).

In the following Figure 3, we can see the
contribution of each stage of the life cycle on the
indicator of Ozone Layer Depletion. Mainly, the element
responsible for the impact is the PV system with a
contribution of 90%.
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Fig. 3: Ozone Layer Depletion kg CFC-11 eq/ kWh

For renewable primary energy consumption
(figure 4), the contribution of each stage of the life cycle
is also assessed. Essentially, the element responsible
for the impact is the site.

Primary energy
consumption, renewable MJ/ kWh
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Fig.4: Primary energy consumption, renewable MJ /
kWh

The following figure 5 shows the contribution of
each indicator to the system life cycle.

Obviously, that of non-renewable primary
energy consumption has the most important
contribution.

ImpUF

= Climate chang
= Ozone layer depletion
Primary energy consumption, renewable MJ / kWh

= Consommation d’énergie primaire, non renouvelable

Fig. 5: ImpUF

The indicators that result from the exergy
methodology are irreversibility and CexC. They have
been evaluated in the installation and shown in the
following figure 6.

solar heat pump

10000

- I l
0

irrev e sibility CexC
Fig. 6. Exergy impact of the solar heat pump

In the following figure 7, we can see the
contribution of each stage of the life cycle on the
acidification indicator. Primarily, the stage responsible
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for the impact is the manufacturing phase with a 60%
contribution including an avoided impact of 22%
through end of life.
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Fig. 7: Environmental impacts of 1 kWh on the
acidification indicator
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b) Improved cycle using wind energy

Global warming is dominated by the
construction of the various components with a larger
share of the nacelles.

The main sources of impact related to the
manufacture are for the rotors the composition of the
blades, the amount of steel in the nacelles and in the
masts, and finally the manufacture of clinker in the
concrete of the foundations. These materials emit CO2
primarily because of the energy they consume to be
produced.

In figure 8, we can see the contribution of each
stage of the life cycle on the indicator of global warming.
The step primarily responsible for the impact is the
manufacturing phase with a 66% contribution including
an avoided impact of 23% through end of life.
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Fig. 8: Environmental impacts of 1 kWh on the global
warming indicator

The steel industry is considered to be a major
emitter of greenhouse gases, with up to two tonnes of
CO2 emitted for one tonne of steel produced. These
emissions are mainly linked to the energy used in the
various transformation processes.
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The impact of the rotors is entirely related to the
use of epoxy reinforced fiberglass, the production
process of which requires a great deal of energy.

The impact of the operation and maintenance
phase is linked to the transport of maintenance workers
because of the CO2 emitted directly by the technicians'
vans.

The total contribution of the construction and
deconstruction parts of the fleets is linked to the quantity
of fuel used in construction machinery. Freight has little
impact on this indicator despite a type of truck transport.
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Fig. 9: Environmental impacts of 1 kWh on the CED
indicator (non-renewable)

In Figure 9, we can see the contribution of each
stage of the life cycle on the indicator of CED NR. The
step primarily responsible for the impact is the
manufacturing phase with a 64% contribution including
an avoided impact of 29% through end of life.

In general terms, the substances responsible
for the impact are the main types of non-renewable
resources used for energy production: oil, gas, coal and
uranium. These impacts are mainly related to the
production of steel for masts and nacelles as well as
plastic / epoxy fibers for blades and nacelles.
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Fig. 10: Environmental impacts of 1 kWh on the CED
indicator (renewable)

In Figure 10, we can see the contribution of
each life cycle stage on the indicator of CED R. The



stage mainly responsible for the impact is the
conversion of kinetic energy using wind power. In fact,
we are studying the impact of 1 kWh from the wind
power sector, it is logical to find this kilowatt hour in the
demand for non-renewable energy.

In addition to the environmental impacts
presented above, the figure 11 shown below shows the
two ecological indicators that result from the exergy
analysis, namely, the irreversibility and the CexC
assessed in the installation.

Wind power source system

irrever sibility CexC

Fig. 11: Exergy impact of the wind heat pump

c) Improved hybrid heat pump coupled to a biomass
power plant

The biomass carbon balance is not always zero.
In the case of the landfill scenario, the degradation
being slow and incomplete, at the end of its life, all the
biomass carbon is not enlarged. One of the simplifying
methodological choices adopted with regard to the
consideration of flows linked to biomass carbon is to
make the hypothesis of neutrality, on the basis that the
fixed carbon is enlarged during the product's life cycle.

The methodological choice of not taking into
account the flows linked to biomass carbon does not
make it possible to assess the negative or positive
impact of these flows. For example, it puts a cut and
burnt forest and a sustainably managed forest at the
same level. On the contrary, taking into account
biomass carbon will make it possible to differentiate an
exotic wood product from sustainably managed forests
from a product resulting from deforestation which
cannot claim CO, removal. Likewise, this
methodological choice does not make it possible to
account for the improvement in the energy efficiency of
biomass boilers.

Thus, the climate change indicator may turn out
to be negative, reflecting a beneficial effect in the fight
against climate change, if the biomass carbon is not
fully expanded during its life cycle and if it offsets the
GHG emissions of 'fossil origin. This will be all the more
true as biomass carbon will be permanently stored, that
is to say beyond 100 years.

Evaluating the environmental impact of a
product, essential for decision support in the context of
progress initiatives, is a difficult and complex subject to

deal with, encompassing many
affecting multiple criteria.
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Fig. 12: Annual reduction in GHG emissions

In addition to the environmental impacts
presented above, the figure 13 illustrated below
represents the two ecological indicators that result from
the exergy analysis, namely, the irreversibility and the
CexC assessed in the installation.

VI.  GENERAL CONCLUSIONS

At a time of awareness of the finitude of
resources and the growing need for energy, the concept
of sustainable development must take a central place in
the evolution of society. To achieve this goal, it is now
recognized that a profound change in consumption is
needed; whether it is energy consumption or finished
products. We believe that this paradigm shift is only
possible if all actors move forward in concert on the
various issues we are facing. Everyone at their own level
must therefore be able to make the decisions that are
binding on everyone. This is the logic that motivated the
study of this thesis, we are studying the possibility of a
sustainable cold production solution.

Reducing energy needs and CO, emissions is
of major interest in the general context of rising energy
prices and ecological demands.

Traditional approaches to energy optimization
often focus on improving the efficiency of individual
equipment, or that of energy infrastructure. This is where
the energy integration of processes comes into play,
with the objective of optimizing processes from a global
perspective.

Exergy Analysis itself is a valuable tool in energy
integration. Within the imposed framework of minimizing
total annual costs, entropy analysis helps determine the
optimal plant concept, optimize energy conversion and
use, and improve profitability.

It is an original contribution concerning the
impact on the environment of all anthropogenic activities
and showing that exegetical efficiency constitutes a
fundamental criterion for the preservation of the
environment.

© 2021 Global Journals

Global Journal of Researches in Engineering (G) Volume XXI Issue I Version I E Year 2021



Global Journal of Researches in Engineering (G) Volume XXI Issue I Version | E Year 2021

The objective of this work is to study cold
production scenarios in order to determine which is the
most eco-efficient.

This study was eventually expanded. The results
obtained confirmed the possibility of adapting the heat
pump to a renewable energy source. In our case, we
opted for three types of sources: solar, wind and
biomass.

The results can be seen as tools to help define
new energy and environmental policies.

The consideration of exergy efficiency as an
additional comparison criterion to environmental criteria,
through the Exergy Life Cycle Analysis, will endow Life
Cycle Analysis with more relevant tools for accounting
for the consumption of abiotic resources. Thus, the
increase in the exergy efficiency of the processes was
considered as a solution to reduce the environmental
impacts through the reduction of the degradation of
natural resources. As a result, ELCA was retained in this
work as a tool for comparing cold production scenarios.
It has provided us with relevant tools for comparison
between the different stages of the models proposed by
identifying areas of potential for environmental
improvement.

Nomenclature

P = Pressure (bar, Pa)

T = Temperature (K, ° C)

x = Mass fraction

ExD = Destruction of exergy.

m = mass flow (kg.s-1)

W = Power (W)

Q = heat exchanged flow (W)

Ex = Specific exergy of a flow (kJ.kg-1)

nex = Exergy efficiency

Impn: Impact of process n

FIn: conservative impact factor

QR: reference quantity

ETotal: value of the producible

Pc: maximum power of the photovoltaic installation
(expressed in kWp)

Ir: average annual irradiation in terms of installation
Main: Performance ratio or coefficient of performance of
the photovoltaic system: illumination under STC
conditions (equivalentto 1 kWp / m?)

0: Annual degradation of modules

n: Service life of the modules (expressed in years)
ImpUF: Impact of the PV system per functional unit
ImpSystem PV: Impact of PV system

ETotal: value of the producible

Subscribed

i = Component or stage |
T = Total

0 = Reference

EV = Evaporator

COMP = Compressor
GE = Generator
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ECH = Solution exchanger
AB = Absorber.
V = Steam
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Avoiding Non- Value Added Activities by
Applying Lean Technigues in Merchandising
Process

Nandhini N. ¢ & Thenmozhi R.°

Abstract- Clothing industry focus is for achieving effective
productivity and improving capacity and also to satisfying the
customer needs. Lean tool is used to improve the productivity
in the production industry. This study is about analyzing and
removing the non value added activities and improving the
flow process of an order.

l. INTRODUCTION

erchandising process involves its hard role from
I\/l examine order till shipment, and thus they plays

a very dangerous role in completing an order.
The single mistake of each stage will be reflected only in
the end process of shipment, so appropriate
destinations that cause problem should be encircled
priory to avoid issues. Every organization in today’s
condition, seeking for some proficient method to
improve, in that way lean techniques utilization could be
troublesome in implementing though it has its ideal
improvement of all asserts like labour, cash and
strategies. To accomplish these, the lean creation theory
| utilized here is Kaizen and six sigma. The authors
discussed about the lean role in the industries that is
discussed by various authors.

The idea of 'Lean creation' was at first
acquainted with the more extensive open in the book
'"The machine that changed the world" composed by
Womack et al. (1990). The term is likewise perceived as
'Lean assembling' or simply 'Lean’, to a business
methodology with the target of ceaselessly limit
squander and augment the progression of data and
items (Liker, 2004; Ohno, 1988)(1).

Lean has subsequently expanded to business
practice generally. Lean administration is turning into the
norm for deliberate profitability improvement. Inefficient
activity wiped out the unwanted exertion, space, and
capital required and lead time is diminished while quality
increments and the expense of value diminishes. Lean
implementation faced various obstacles related to
human aspects such as the lack of knowledge of daily
kaizen practices for process improvement(b).

The Time Study observing framework, a yield of
the examination, is a compelling and effective device to
improve profitability in the whole sewing segment,

Author a o: Department of Apparel & Fashion Design PSG College of
Technology, Coimbatrore. e-mail: nandhininatrajan78@gmail.com

whose advantages stretch out to the entire association.
Wasteful action is eliminated the result is that less effort,
space, and capital are required and lead time is
reduced whilst quality increases and the cost of quality
decreases(6).The fundamental standards of lean and its
goal is that the idea is based upon the worth creation
forms, which implies that every movement, inside or
outer, that doesn't support the end client, is recognized
as waste, and will be killed from the procedure (Liker
2004; Hodge et al. 2011; Shah and Ward, 2007).

Here, certain changes in process were
implemented to avoid non value added activities and
getting gradual improvements in bottleneck areas.

I[I. METHODOLOGY

Garment Export Company is one of the
important components in an export industry of India. The
garment exporting is the second largest export from
India after gems and jewellery export according to the
year 2002 survey. The garment export is being in
important contributor for the foreign exchange earnings
of the country (Deshpande 2009). The Indian exports
had a decline by one percent in 2017 when compared to
2016. This is highly possible only because of applying
certain lean techniques and developing the standard
process to make a prominent work flow.
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Process flow of an order

Sales manager gets appointment with client

Sales manager meet client and delive

\%
r the presentation about our existing works

\%

Once client is satisfied they suggest for quotation and get it done according to their need and also they suggest for
some new designs

\4

Designer helps them to give the exact design which client ask for

\4

Some ask for exact sample of their bulk order and get confirmed about the purchase order

Then the enquiry form with all necessary detail

<

s will be handovered to business relationship team

\%

They calculate the order quanity and book the required fabric which takes 20 days of time to reach the production. It
gets differ, according to availability of fabric and amount.

\4

Mean time, the team will split the size measurements of the order where they have standard size with comments and
also individual measurements.

\%

They should enter all the process in datas.

A\

After the fabric is released, they will release the order sheets to production unit.

As a process the goods

\%
will be completed line wise.

\4

It will be packed and sent to client.

BRM team should follow up the payment

v
with client and should clear it within 60 days.

Hereby, above mentioned was the process flow large exporters due to its skilled workforce of the
happening in the merchandising process and employee, low wages, trained technicians etc. This
highlighted stages are the bottle neck operations where  made India to be the strong economy which gives the

efficient development is needed.

Lean Techniques were implemented to
overcome the problem were occurred in production
department is discussed here.

a) Changing of order sheets

According to Stern, Susan vi et al 1984 The
textile exporting is the next largest source after
agriculture in India. The textile has provide the jobs over
10 million employees. India has been the one of the

© 2021 Global Journals

improvement of 7 per cent in 1983. Eliminating the
waste of time and effort gradually increased them to
next stage.

Here, some sheets of order sheets are not
considered and used by the production unit. So order
sheets was converted from six sheets into three sheets
in which only required information are described short
and clearly. This type of changes avoids paper waste,
unwanted process, avoiding confusion and also
minimizes the time to get it completely done.
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Specification sheet: Pattern details, shade number,
fabric width, parts of merchandise and accessories
trims as shown in Fig. 1

Embellishment sheet: About the embellishment and its
placements as shown in Fig. 2

Quantity sheet: About quantity,
comments as shown in Fig. 3

sizes and

Fig. 1: Specification sheet

Fig. 2: Embellishment sheet

their
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Fig. 3: Quantity sheet

b) Adding additional form to clientle

According to Jung Ha-Brookshire (2015) One of
the key goals of the vending function is to plot garb
merchandise within the styles that focus on clients
would like to have, at the price they are willing to pay,
inside the sizes they want, and at the time they want to
shop for. Precise forecasting is one of the most vital
secrets and techniques to fulfillment in any clothing
agency in these days’s market surroundings.

When sales managers meet clients to get their
needs, there happens a lag of communication in
conveying the right features needed in that particular
merchandise. So there is a common clientele form for
sales manager where some necessary details (like
name of client, fabric, merchandise, quantity) was
supposed to be filled by sales manager and get
confirmation signature from clients to start the process
further.

To bring lean techniques, had added an extra
form called client approval form to get additional
confirmation from clients (Fig 4) which contains the
visual diagrams of different collar, cuff, embroidery
positioning etc. that is more easier for clients to visually
understand and finalize the design they want. This
gradually decrease the confusion between client, sales
manager, enquiry team and designers to follow up the
process effectively.

© 2021 Global Journals
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Fig. 4. Client approval form

c) Minimizing the timeline for each process

According to Pankaj Sharma 2005, Indian
exporting is typically lower than China in which China
has 6 time more revenue in garment than India. The
cycle time of a product is an important aspect in which it
affects both price and delivery schedule.

Involving too much of time and no committed
time leads to delay in process and delivery, to minimize
the problem, deadline line for each process was allotted
with confirmation of all team workers including
production unit.

These are the proposal deadlines for each department
Sales manager confirming the enquiry- 5 days
Enquiry team working for their quotation — 2 days
Working for sample — 3 Days
Sales manger should get PO from client after confirming the sample — Minimum 2 days
Fabric should reach production at maximum — 30 Days
Production Process — Maximum 15 days ( Depends On Quantity)
Client reachable - 60 days from PO (Compulsory)
Payment Clearance- 15 days from receiving goods.

d) Catogirizing the datas according to priorwise

According to Arashdeep Singh (2015) The 2d S,
Seiton, manner ‘neatness’ and targets to have matters in
the proper location or proper layout in order that
humans can acquire or use something they want quick.
To do that, one need to prioritise the need and
importance of products/gadget to maximise ease of
place. The key questions who, what, why, in which, while
and the way (Imai, 1986) have to be requested of
oneself in respect of each object. This pastime involves
ensuring distinctive places for all items within the place
of business, thereby facilitating employees to have
green manipulate over the operations and allows
employees to meticulously plan substances, supplies,
or tools requirements.

There numerous datas in drive like internal
request, purchase request, fabric booking, sample
request, order sheet request etc. There will be more
orders to look simultaneously but some have prior
attention due to high value order or orders that received
advanced payment etc.. In that case all these orders in
a sheet will be highlighted in different way to indicates
the importance and status of each orders shown in Fig 5
This reduces the confusion of getting jammed of
finishing certain works. This goes by a flow and every
order gets good time management and most probably
the delay in each process will be eliminated.
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Fig. 5: Status of orders in different colors

e) Minimizing the Sample pieces

According Fabrizio, Tapping (2006) The
movement which does not add any value to the work is
waste of motion. If the company is not having a efficient
job process and office design leads to more walking,
reaching or bending than necessary. The seiso is to
clean the work place and setting things in order.

Giving more sample pieces to a specific client
without getting purchase order is giving a way for client
to involve in illegal process like implementing our
designs with other vendor with minimum cost where that
vendor does not have overheads and it is so easy for
them to quote for less amount.

f)  Created CRM Profile

According to Takhar (2004) has mentioned the
benefits associated with 5S, such as fewer mistakes,
high speed work management, better inventory
management, improved employee discipline, and a
more impressive environment to handle potential
customers.

To get more effective relationships with client,
created CRM profile, this is a platform in which all
recurring clients can be added and started to have a
relationship management with industry. In CRM all new
output designs and quotations will be uploaded, so
client get a chance to look details about all the
merchandises and this helps to get more promoted
about the ideas of design and create awareness about
the industry works.

g) Proposal idea for new technique effective woven
mask

Unfortunately, whole world was supposed to

face a pandemic situation “Covid-19” which made

everyone of us to protect ourselves with mask. When

© 2021 Global Journals

comes to surgical, using of onetime usable mask is not
most appreciable for day to day life.

So used technology in potential way and made
an effective reusable woven single layer innovative
cheap mask with best possible price that can be easily
affordable and also highly effective. Here it is explained
it in detail with design, pattern details, sourcing details
and effectice costing.
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Thus the above mentioned 7 methods are

implemented in a way of lean approach to

value added activities and to make a standardised flow

in merchandise process.

to make the flow easier. To find the ranking of each
changes, conducted a survey with 25 sample of
merchandisers and designers. Their points for each
changes was noted, consolidated and given below as

avoid non

Fig 7.
[1I. RESULTS AND DISCUSSION
The proposal ideas had directed a
standardized, effective and efficient flow of the process
6
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Fig. 7: Ratings of each methods

High Priortized Effective Changes

Medium Priortized Changes

Low Priortized Changes

Additional form to clientle- This
gradually decrease the confusion
between client and sales manager,
sales manager and enquiry team and
enquiry team with designers to follow
up with correct flow.

Changing of order sheets -

Minimizing Timeline for each

This changes avoids paper
waste, unwanted process,
avoiding confusion and also
minimizes the time to get it
completely done.

process- It may not be suitable
for all type of orders, it
depends on clients,
merchandise, fabric availability
and quantity.

Created CRM profile- Chances of
attracting clients and maintaining their
relationship for a long time.

Design Proposal for effective woven
mask — This is cheap effective
method that can be used for a month
with expected

filtration

Priorwise Data - This reduces
the confusion of getting
jammed of finishing many
requests. This goes by a flow
and every order gets good
time management and most
probably in delay in each
process will be eliminated.

Minimizing the Sample pieces-

Not all clients get satisfied with

this point, as we are a startup

company, we cannot demand
for samples with clients.
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[V. CONCLUSION

Thus from the above study it was understood
that the merchandising is an important job and lot of
non value added activities are involved in it and making
the task more risk. Therefore in this study, by
considering the risks involved, the lean techniques has
been selected and implememnted for reducing the non
value added activities and making easy job for
merchandisers.

Thomas A. Fabrizio (2006) Reduction of waste
in the office helps to increase the cost or time of doing
the work This can be applied to the most of the
problems in industry by doing the 5s the seven waste
can be eliminated such as correction and rework,
waiting, unnecessary motion, over processing
,equipment downtime, Inventory and storage and
inspection. Most of the companies feel that 5 per cent of
work is only value added and others are non value
added or wasted activity.

As per the discussion, applying principles of
lean techniques had a major role in developing the order
process in a most possible way. It helps to reduce time,
to reduce overlapping work and confusion and it also
helps to maintain a standard way to move in a flow.
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research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.
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e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

o O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation of an exacting study.
Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

O O OO

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

A-B

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and
mistake

spelling

Well organized, meaningful

specification, sound
conclusion, logical and
concise explanation, highly
structured paragraph
reference cited

Complete and correct

format, well organized

C-D

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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