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This paper presents the algorithm for introducing he strategies ensuring the sustainable
development of enterprises, but also provides imprement of small-scale manufacturing process.
Three strategies are given in the algorithm: Remanfacturing, modification and 4R. Credibility of
the algorithm is reflected in: defining the basic input and output elements, defing the important
environmental factors, importance of resourcegnd in defining a sustainable production process.
The combination of the aforementioned strategies @mles local enterprises to perceive easily the
importance of achievements in developed countriefReuse of products is implemented through:
verification, disassembling, replacement of partsinstallation of modified parts and components,
cleaning, re-assembling and testing. The algorithrgives an example of how to save materials and
energy appearing as huge losses in manufacturing gpecess.
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INTRODUCTION other critical ecological attributes (size, elemfi
constraints and vibrations).

The subject of this paper is to analyze small-scale

production and the possibility of sustainabléany authors(Rosenblatt & Lee, 1986; Anderson

development of enterprises. The small-scal®987; Mallidi 1999; Morroni 2009define three

production means that production is donéasic types of inputs: materials, energy and other

according to the customer's order. The small-scdigctors (water, tools, supplies, information). The

production is primarily focused on the customemost common output values in the process of

and turned to customer’s requests and wishes. transformation are: the final product, material
losses, loss of energy, wasted time and water

Customers must submit detailed specifications, $osses.

a manufacturer can design and make a product that

will meet their need¢Schmitz, 2004) The same PRODUCT LIFE CYCLE

process applies for the changes of the existing

products if the modification of parts or componentRapidly changing of technology makes the existing

is being done, but the changes on the new prodymbducts being obsolete. Product life cycle (PLC)

should not be neglected. Many manufactureis getting shorter, or just a quick and successful

prefer that consumers determine the requirggtoduct development is primary for survival of the

functionality arising from the product, as well azompany. The concept of product life cycle (PLC)
enables consideration of all factors affecting the
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market, sales volume and profit. The followingAlthough the new products provide greater
stages of the product life cycle are described wpportunities and better results on the market, the
literature (Jovic, 1997) introduction, growth, emphasis is still placed on modified products. In
maturity, decreasing and mortality. this way, enterprises tend to avoid large
investments in product development as well as the
For further analysis it is both important andincertainty of its success on the market.
interesting to examine product’'s maturity stage. On
the basis of this stage, a company can examine fHewchart
strategies that will be applied in order to provide
sustainable development of production. In thBiagram of material flow is given in
maturity stage, the sales volume is at high levahanufacturing process, in the Figur@Maxwell &
first the rise is recorded and then it is graduallyan der Vorst, 2003; Slagi 2008). The focus is
stabilized during the early part of this stagepbef on sustainable manufacturing in the field of sound
it starts falling. Duration of this phase should band sustainable development of small and medium-
extended by taking marketing action. This is theized enterprises with a special emphasis on
stage in which a large number of enterprises offenvironmental protectio(Schmitz, 1995; Frijns &
various products to the customers, due to a strogn Vliet, 1999; Desai, 2008)Flowchart, in
competition, but customers do not buy any moremall-scale enterprises, implies active particopati
product from a specific company. At this stagegf management, from reducing costs of input
development of a new product should be planneglues, up to monitoring, measuring and control of
in order to provide survival and Dbetterinput, intermediate and output elements. The
competitiveness on the market. Serious enterprisesnufacturing process consists of three sub-
do not wait for the phase of stagnation (oprocesses: production preparation (preparatory
decadence) of their products to start modificatiostages), production process and ending of
(Crawford & Benedetto, 2000) production process.

Modified or a new product Managing of production elements is done through
_ ) _ quality control, which in itself include¢Sladi,

Modern enterprises are facing with ever shortefypgy 1) analysis, measurement and correction of
PLC with the increasing complgxny of prodyctsoutput parameters and 2) improvement of input
Today, the concept of PLC includes: quickeparameters (see figure 1). In this regard, in the
product development through the supply Ohanufacturing  process and  sustainable
components for manufacturing, assembly angevelopment, the attention should be paid to
service; disassembly, repairing and reusing ospag;ganization of the manufacturing process through
and components and avoiding the use of tox{gjayshilda et al., 2004yeducing consumption of

substancegJeffrey and Hunt, 1985; Ali et al., energy and resources, reducing the use of toxic
1995; Griffin, 1997; Westkamper et al. 1999) materials; using material of good-quality and

o o characteristics, possibility of upgrading, repairs
In new products realization, more attention is paignq recycling of products.

to pure products. There is a change of the

production process during the PLC, with the aim gfjyst material is being bought from suppliersthe
reducing waste and emissions. Projects of cleangpyt control of material comes and finally semi-
production lead to savings in companies. On thgished products are stored in the warehouse. The
other hand, they motivate managers and employgg§owing phase is a manufacturing process. The
to move in that directiofAchanga, 2006) output control of a new product is taking placed an

realized/new product is being stored in a

Product modification involves a change of one Qfarenhouse of finished products, after controlling.
more components. With the product modification,

the company changed product characteristics, SU§Bcording to such described condition, material is

as: the quality and properties. Thus, modificatiogeing |ost permanently. Communication in a seller-

can be seen as a corporate strategy whose aim ig{Qer relationship has been reduced to pureftrue

increase functionality and quality of products. Th%ale, so the producer does not have feedback about

critical poi_nt for modification occurs in the phasgyhat is going on with the product during

of stagnation of products on the market. exploitation or what is going on with the produtt a
the end of its life cycle (PLC).
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Figure: Flow chart of material in processing/mancifiaring process

Three important strategies are implemented in tAéhurston, 2002)ie. It becomes an economic and
Flow chart, in order to establish and maintain anvironmentally superior alternative production
renewable production system: remanufacturing, 4&hon et al, 2014) It involves dismantling,
and modification. The Flow chart of material incleaning, measuring and testing of parts. Finally,
manufacturing process represents the backbonetloé usable parts are put into stordgerr & Rian,

the efficient business enterprises with emphasis @01)This means that the product can be made up
environmental protectioWWard et al., 1996)The of old and new components.

customers' feedback has been provided, namely

customers appear as suppliers of used goods or ralae example of an application of remanufacturing
materials for reprocessin(Ostlin et al., 2008). (or reuse of products) can be found in the study of
This Flow chart provides: reduction of waste(Kivanc & Gupta, 2000} the authors indicated
recycling of old parts and reuse of products at thbat it can be saved up to 85% of the weight of a

end of life (PLC). product, so it is necessary 80% less energy for
realization of the product.

REMANUFACTURING AND Remanufacturing enables making additional value

MODIFICATION to the company as it comes to the savings in

material, energy and the engagement of the labor
The production system is complete if it containforce (Lee et al.,, 2010) Many companies have
elements of production and remanufacture. Become successful by applying production,
system can be considered satisfactory if there isbacause the products generate more profit,
demand for manufacturing and remanufacturingccording tdZhon et al, 2014)Gehin et al(Gehin
(see figure 1)Konstantaras & Skouri, 2010Jhis et al 2008) the following advantages of
system includes the purchase of products fromemanufacturing are present: 1) companies that use
customers, then storing them and later use in thecycled products, reduce its expenses (reducing
process of remanufacturing. the products price and price of disposal), 2)

application of remanufacturing itself in the
Remanufacturing is defined as a process afiarketing sense is a strategy for increasing ofit
renewing end-of-life products (Mangun & 3) specialized equipment are used in the
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production process (it comes to the produchethodology that helped in deploying modular

improvement, reducing disposal costs), 4esign through the analysis of 4R strategy .

optimizing tools for assembly and disassembly, 5)

remanufacturing provides stability in investmentALGORITHM FOR INTRODUCTION OF

and business enterprises (increasing market cont8®IRATEGIES

and new jobs, expertise of designers) and 6) there

is a dependency of suppliers. For small-scale production enterprises there are
mainly open supply chains which take place at the

On the other hand, the increasing percentage of thetrance of raw materials and at the output of the

used products and maintenance of qualitijnal product. However, it is different in practice

remanufacturing process are getting morkecause losses can appear at the output of the

complicated and expensive. Ostlin et(@stlin et finished product which can have the form of

al. 2008) indicate that the companies also havemachine failure, poorly made pieces of broken

problems with the supply chain since they have tools due to improper handling, increase in non-

collect the used products from customers, whigbroductive time of employees, etc...

requires certain time, and the quality of the used

products is mostly unknown. In the open supply chains, buyers and sellerssact a
independent entities. Therefore, enterprises have

Therefore, it is necessary that vital elementshef tlarge inventories of raw materials and provide

product are of a modular desigBeliger, 2007) additional capacity for defense from market

The basic idea of modular design is to put parts ohangesChopra & Meindl, 2001)However, this

modules (or connect) in different productsapproach represents a major risk for sustainable

(Sanchez & Mahoney, 1998)ut also to eliminate development of small-scale production enterprises.

the non-conformities during the reuse of the

product (Kambhampati & Hendler, 1992) The algorithm provides a feedback loop between

Customers, in this case, get an impression thegllers and customers. Customer first appears as a

there is a large number of different productsupplier, or appears in the role of a seller ofduse

Zhang and Gershensofzhang & Gershenson products. In this way, the customer helps the

2002) point out that the modular design is a kegompany to reduce the accumulation of raw

element in the sustainable development of anaterials and losses in the realization of new

enterprise or in the case when the product oducts.

between the mature stage and declining and end of

life stage. Unfortunately, design is oftenThe starting raw material in the algorithm is the

marginalized in MSRAchanga et al., 2006) reuse of old products or parts of products (see
figure 2). So it is possible to reuse some parts
THE 4R STRATEGY without any previous renovation and finishing. In

order to implement these procedures it is very
This strategy includes in itselfAchanga et al., important to design a product suitable to this type
2006) 1.) reducing material waste to a minimunof maintenance such as: accessibility and
(Reduction); 2.) reuse of waste materials (Reusefterchangeability @ of parts  (modularity),
3.) collecting material waste in order to preservdismantling circuits, possibility of finishing
the environment (Recycling), 4.) regeneration dprocessingBoothroyd et al., 1994)
raw materials and energy from waste materials that
cannot be reduced, reused or recycled (Recoverf), the beginning, the product is controlled
(Ayres, 2003) regardless of whether it is used (in use) or out of
use (technologically outdated). The first issue is
Product design plays an important role in quickrising: Is the product correct or not? (1)t the
and easy disassembling of components. During tipsoduct is correct (in function) the customer
phase significant design decisions can be made decides on product lifecycle (PLC) through the
the further implementation of products reflected ifollowing decisions:
technical and economic feasibility, functionalityAl: Is it going to modify the existing product?
and structural compactness of products, overdR: Is it going to replace the existing product
functionality and structural compactness oivith a new product? or
products(Desai & Mital, 2003) In this regard(Gu A3: Is it going to use the product until its
& Sosale 1999) these authors developed axtinction?
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If the product is not good (in operation) the setorregulate the special contract for purchasing
question arises:Is the product in warranty products. The process of servicing includes
period?(2). For a product which is in warranty disassembly of products, analysis of regularities o
period, servicing must be provided. However, aregularities of disassembled components.
customer can decide to sell the product, despée th

aforementioned conditions, but he can also
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Figure 2: The algorithm with implemented strategies

In this regard, the third issue arise#re algorithm allows correcting mistakes, observed by
disassembled components in use? [Bjhey are manufacturers during this phase. Modified
not, the defective elements are depositing in wastemponents are refreshed realization of new
(they become irrecoverable elementd). the products, and can be found in a combination with
elements are correct, then they should be cleaneananufactured components or dismantled ones
and stored in a warehouse. The correct pieces aigh other structures or circuits.

repaired and refreshed during the process of

remanufacturingand thus become elements foiCorrect elements or modified elements are taken
reuse in the process of realization of the nefwom the warehouse semi-products (new, modified
product. Correct elements can be changed andrepaired elements / circuits). In this case pakw
modified by parts and components, ie. Therder to service the product has to be made. After
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the manufacturing process, it is necessary tepaired or modified products with as little logs o
perform the output control of the productiorenergy and materials as possible and with less
processes and products. creation of waste harmful to the environment, to
better analyze the life cycle of the product and
For a product that is not within the warranty pdrioimplement environmental protection as a new
product dismantling is carried out; the procedwe dadditional) strategic decision in the sustainable
in the third question is applied for this step (seéevelopment of enterprises.
figure 2).
Further studies should focus on quality control.
In the algorithm, waste is not considered as Bhe algorithm opens the possibility for applying
permanently lost resource, product or material. lthe standardized management systems such as ISO
this case the waste represents a resource tBA01 and ISO 14001 or integrating them into a
should be given more attention especially in thgingle management system. Series of ISO 9001
field of industry in Serbia. Furthermore, a produaieals only with one segment of quality system
modification reduces losses, not only in thenanagement, while 1SO 14001 deals with
material, but also in design and the engagementa@fivironmental management including the
capacity. The algorithm provides assistance ammlotection, restoration and improvement of the
designers to make decisions regarding the designvironment build on standards 1ISO 9001.
of environmentally friendly products, as
environmental considerations are increasingly would also be very interesting to analyze and
involved in the product development processiclude the waste, which physically exists in

(Akermark, 1999) domestic enterprises, into the research but tleere i
little literary sources and results from this fieid
CONCLUSION Serbia. The algorithm would spread and gain

importance in this way because waste management
The paper gives an example of how smals considerably significant in developed industries
businesses on the territory of the Republic aff the world.
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