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Abstract – This paper presents the algorithm incorporating 

implemented strategies: remanufacturing and 4R. As an 

example, level transmitter has been analyzed at the end of its 

lifetime. Reusing the transmitter is realized through: 

verification, disassembly and reassembly, replacement of 

parts, cleaning, and testing. The paper gives an example how 

to save on materials and energy appearing as a large losses 

during the manufacturing process. Just from this standpoint, 

mentioned strategies are of great significance for sustainable 

development of production companies in Serbia. The 

algorithm represents how domestic companies should ensure 

and improve the production process but as well to improve 

communication with customers and a better business 

envoronment. Customer appears as a supplier of used 

products, thereby changing the business philosophy in 

designing products for more life cycles. 

 

Keywords – Algorithm, 4R, Remanufacturing, Sustainable 

Production. 

 

I. INTRODUCTION  
 

Production and sale in small batch production is mainly 

carried out according to order of buyer. So, small batch 

production process is analyzed in the field of sustainable 

development and functioning of small enterprise.  

Customers must sent detailed specifications, so that the 

manufacturer can design and make product that will meet 

customers’ real needs [1]. The same process holds true for 

engineering changes to existing products, as well as new 

products. Many manufacturers prefer the customer to 

specify the desired functionality or result from the product, 

plus other critical environmental attributes, (size, electrical 

constraints, vibrations, etc...). 

The production process is concerned with transforming 

a range of inputs and outputs. Many authors, [2]-[5], 

define three basic types of input values: material, energy, 

and other factors (water, tools, supplies, information). 

Output values in the transformation process are mostly: 

finished product, material losses, energy (or energy 

dissipation) and time losses. 

Modern enterprises are facing ever increasing 

challenges of shorter product lifecycles and more products' 

complexity. Nowadays, the term of product lifecycles 

includes: faster product development through purchase of 

components for manufacturing, fitting and service; 

disassembly of product, repair and re-use of parts and 

components, as well as avoiding the use of toxic 

substances [6]-[11]. 

 

More and more attention is being paid to the realization 

of new products; more attention is being paid to 

ecologically pure products [12]. Therefore, it comes to the 

changes of production process during product lifecycles, 

in order to reduce waste and emissions. Such projects of 

cleaner production have contributed to savings in 

companies; while on the other hand motivate managers 

and employees to move in that direction. [13]  

 

II. FLOWCHART  
 

Diagram of material flow is given in manufacturing 

process, in figure 1, [14]-[15]. The word is about 

sustainable manufacturing in the field of sound and 

sustainable development of small and medium-sized 

enterprises with an emphasis on environmental protection 

[16]-[19]. Flowchart, in Small-Scale Enterprises implies 

active participation of management, from reducing costs 

of input values, up to monitoring, measuring and control 

of input, intermediate and output elements. 

The manufacturing process consists of three sub-

processes: production preparation (preparatory stages), 

production process and ending of  production process [20].  

Managing of production elements is done through 

quality control, which in itself includes: 1) analysis, 

measurement and correction of output parameters, 2) 

improvement of input parameters (see figure 1) [14]. In 

this regard, in the manufacturing process and sustainable 

development, attention should be given to the organization 

of the manufacturing process through [21]: reducing 

consumption of energy and resources, reducing the use of 

toxic materials; using material of good-quality and 

characteristics, possibility of upgrading, repairs and 

recycling of products. 

In standard or traditional Flow chart, material is bought 

from supplier, then takes place input control of material 

and finally stored in a warehouse. Follows manufacturing 

process or transformation process of material in finished 

product. The output control of a new product is taking 

place, and realized/new product is being stored in a 

warehouse of finished products, after controlling. 

Rectilinear Flow chart/diagram described in this way 

indicates that material is losing permanently. 

Communication in a seller-buyer relationship has been 

reduced to pure/true sale, so the producer does not have 

feedback what is going on with the product in exploitation 

or what is going on with the product at the and of its 

lifecycle. 
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Fig.1. Flow chart of material in processing/manufacturing 

process 
 

Two strategies are implemented in the Flow chart: 

remanufacturing and 4R. Thus was formed Flow chart of 

material in manufacturing process represents the backbone 

of the efficient business enterprises with emphasis on 

environmental protection [22]. Feedback has been 

provided by customer, namely customers appear as  

suppliers of worn-out/old products or raw material for 

reprocessing. Such a flow diagram allows: reducing waste, 

recycling old parts and reuse of products end-of-life.  

 

III. REMANUFACTURING  
 

Manufacturing system is considered satisfactory if there 

is a demand for production and remanufacturing (see 

figure 1) [23]. Such system can include purchasing of 

products from customers, then storing them and using in 

remanufacturing process later. 

Remanufacturing includes disassembly and cleaning 

parts, measuring and testing of parts [24]. Finally, the 

usable parts are placed into a warehouse. It means that 

product can be made up of old and new components. 

The authors pointed out that it can be saved up to 85% 

of the weight of the product, and takes 80% less energy for 

the realization of the product manufacturing, by 

application of remanufacturing in research. 

Remanufacturing should provide following operations 

[25]: 

1. Gathering components; 

2. Inspection and verification of subassemblies; 

3. Sorting out of elements; 

4. disassembly; 

5. testing of elements; 

6. recovery, repair and replacement the parts; 

7. assembling the parts; 

8. testing and adjusting of operating parameters; 

9. delivery and  

10. warranty. 

Many companies have become successful by applying 

remanufacturing. The following advantages are pointed 

out in literature [26]-[27]: 1) enterprises using recycled 

products reduce its expenses, 2) application of 

remanufacturing itself in marketing purposes represents a 

strategy to increasing profit or profitable, 3) specialized 

equipment/fittings is used in remanufacturing process, 4) 

the tools are being optimized due to assembly and 

disassembly, 5) remanufacturing provides provide stability 

in investments and in the economic operation of an 

enterprise and 6) There is independence from suppliers. 

Remanufacturing process, in case of SAD, relates most to 

managing of materials (25,6%), production (28,2%), while 

only 12.8% related to management [28]. Also, the 

manufacturing cost is increasing for a short time if the 

percentage of returned products is increasing [29]. On the 

other side, with increasing percentage of used products 

whilst maintaining the quality, remanufacturing process 

becomes more complex and expensive. 

 

IV. 4R STRATEGY  
 

Small enterprises should introduce 4R strategy in its 

business policy. This strategy includes in itself: 1.) 

Reducing material waste to a minimum (Reduction); 2.) 

Reuse of waste materials (Reuse); 3.) collecting material 

waste in order to preserve environment (Recycling), 4.) 

regeneration of raw materials and energy from  waste 

materials that can not be reduced, reusable or recyclable 

(Recovery) [30]. The purpose of recycling is to reuse 

materials or elements from the used products. [31]. In this 

regard, aim of this paper is to show the willingness of 

enterprises to accept this strategy in sustainable 

development.  

 

V. ALGORITHM FOR IMPROVING THE 

PRODUCTION PROCESS  
 

There are mainly open supply chains involving the 

entire process from initial raw materials all the way to the 

final product in domestic enterprises. 

In the production process, next to the finished product 

on the output occur losses which may be in the form of: 

shaving, badly made items, a broken tool due to improper 

handling, etc... 

In open supply chains, buyers and sellers act as 

independent entities. Regarding it, enterprises possess 

large stocks of raw materials and provide additional 

capacity for the defense of changing market. [32]. 

However, such an approach is a major risk.  

This paper presents a new algorithm for introducing 

mentioned strategies in the product realization process (see 

figure 2). As a starting point, studies were of great help for 

designing algorithm [31], [33]. 

In the algorithm is given feedback between buyer-seller. 

The buyer appears as a supplier or appears in the role of 

seller of used products, [31]. In that way, customer helps 

enterprise to reduce accumulation of raw materials and 

losses in realization of new products. 

As a solution for the algorithm appears reuse of old 

products or product parts (see figure 2). In this case, it is 

possible to reuse of some parts without any previous 
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renovation and finishing. In order to implement these 

procedures is very important to design a product suitable 

to this type of maintenance such as: accessibility and 

interchangeability of parts, dismantling of circuits, the 

possibility of finishing/ processing [34]. 

 
Fig.2. The algorithm with implemented strategies 

 

At the beginning, the product is controlled regardless of 

whether it is used (in use) or out of use (technologically 

outdated). The firts issue is arising: Is the product within 

the warranty period?(1). If the product is correct (in 

fuction) the customer decides on product lifecycle (PLC) 

through the following decisions: 

1. A1: Is it going to use the product to its extinction? 

2. A2: Is it going to replace an existing product with a 

new product? or 

3. A3: Is it going to improve an existing product or 

upgrade? 

If the product is not good (in operation) it arises the 

second question: Is the product in Warranty Period? (2). 

For products which is in warranty period, servicing of 

products has carried out obligatory. However, the 

customer can decide to sell, despite the aforementioned 

conditions. The process of servicing includes disassembly 

of products, analysis of regularities or irregularities of 

disassembled components.  

In this regard, the third issue that arises: Are 

disassembled components in use? (3). If they are not, the 

defective elements are depositing in waste (they become 

irrecoverable elements). If the elements are correct, 

cleaned and stored in a warehouse. The correct pieces are 

in the process of remanufacturing repaired, refreshed and 

thus become elements for reuse in the process of 

realization of the new product. 

The correct elements taken from the warehouse of semi-

finished products (new or repaired elements or circuits). In 

that cease, Work Order is issued for servicing products. 

After the manufacturing process starts with assembling of 

components and is carried out the output verification of 

products.  

For a product out of warranty period is carried out 

disassembly of products; and for this step applies the third 

question (see figure 2). 

The waste is not considered as a permanently lost 

resource, product, and material in the algorithm. In a way, 

the waste represents a resource that should be given more 

attention and to undertake additional training, especially in 

the field of industry in Serbia. 

Recycling and remanufacturing can be represented as 

key elements in  designing of product, based on the 

displayed. However, in the process of product dismantling 

may occur high degree of uncertainty due to the product 

modernization or the use of products by customers [35]. 

 

VI. THE APPLICATION OF ALGORITHM  
 

The domestic enterprise/company of a small batch 

production IHTM-CMT will help us as an example for the 

improvement of remanufacturing processes. Company 

IHTM-CMT appears on the domestic market as the only 

manufacturer of sensors and electronic pressure, levels and 

temperature in Serbia. On figure 3, is given photo 

presentation of SMART level transmitter realized 

according to analysis and implementation of the 

mentioned strategies. 

 
Fig.3. Level transmitter, TPns-101 

 

Level transmitter is designed to be modular, and 

consists of the following modules (see figure 4): 1) 

transducer with cable, 2) metal casing in which sets 

electronic block, 3) electronic block. 

Modularity is a general concept describing degree to 

which a system’s components may be independent and 

recombined [36]. In that way, system allows combining 

components or forbids the mixing and synchronization of 

components [37]-[38].  

Modules within can give a new product. Just from this 

standpoint, modules on the level transmitter have been 

produced separately, or may be: replaced, re-used, 

modified and recycled at the end.  

In this regard, the advantages of modular products is 

reflected in the following: 1) cost-volume of components, 

2) easy modifications/finishing on the products, 3) 

increased variety of products, 4) order shortening time, 5) 

simplified designing and testing [39] 

In literature [40] guidelines for problem-solving of  
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electrical and electronic waste are proposed through: 1) 

disassembling (dangerous or valuable components are 

being separated) and 2) upgrading (the desired content of  

material  is being upgraded). 

 
 

Fig.4. Elements of level transmitter 

 

On figure 4, is shown the sequence of technological 

operations in the process of assembling level transmitter. 

Implementation and verification/control of assembling 

level transmitter is carried out in the following steps: 

1. Connecting transducer with a cable and box 

electronics. 

2. Connecting electrical block with cable on which level 

tranducer is attached. Installing the electronics on 

spacers attached on the box. 

3. Installing an electrical connection on electronics. 

Connecting and checking of all components.  

4. Formation of the finished product by setting a cover 

with a glass on the box electronics. 

Disassembly Procedure is conducted according to the 

following procedure: 

1. The cover of the box electronics is removed and 

visually checking circuit: box, glass and Seeger ring, or 

are there mechanical damages, or whether some of 

these elements are missing (see figure 5). 

  
Fig.5. Cover assembly of electronic box 

 

2. Circuit electronics is removed from electronic box. If 

the circuit works, is separated in a box for storage, if 

not, than the circuit is separated in a separate box for 

waste. The algorithm now provides environmental 

concerns, and gives the possibility of implementing the 

application of EU directives (Directive of management 

of electrical and electronic waste - The WEEE 

Directive, Waste from Elektrical and Electronic 

Equipment, 2006. adopted).  

3. Separation of cable with level transducer and visual 

checking whether there are mechanical damages. If 

there is no damage, correctness of circuit transducer is 

checked. The correct circuit goes to the warehouse, 

while defective one in waste. 

4. Electronic box with electrical connection also checks 

that there are no mechanical damages (see figure 6). 

Connection is separated if it is damaged. Further steps 

are described. 

 
Fig.6. Circuit of electronic box 

 

Unfortunately, designers are becoming more and more 

cautious regarding the issue of recycled components, since 

such components may have variable characteristics in 

terms of quality. [41].  

In this respect, in literature [42]-[43], „design for 

remanufacturing“ was discussed, or it is about a 

technology that is focused on the detailed design products 

through: disassembling and reuse for more lifecycles. This 

in our case indicates that the product must be reliable, 

durable, replaceable, repairable and available again, or to 

keep the identity and functionality.  

 

VII. CONCLUSION 
 

The paper gives an example of how to save materials 

and energy appearing as huge losses in manufacturing 

process. We have tried in the paper to explain how it is 

important introducing remanufacturing and 4R strategy in 

companies/enterprises of small-batch type of production in 

Serbia. Implementation of remanufacturing and 4R 

strategy in the field of reparations, replacement of parts 

and assemblies, consumption of materials and energy is 

minimized [44].  

The algorithm that has been set, represents a procedure 

for domestic enterprises how to improve the production 

process, improving communication with customers and 

provide better business operations on the market. 

The waste is considered as an essential resource in the 

algorithm. Unfortunately, in making mentioned strategic 

decisions, reuse of waste is not considered in domestic 

companies. By introducing customers as suppliers of used 

products, transformational process gets feedback. In this 

way introduces a new business philosophy in designing of 

products for more lifecycles.  

However, in spite of these advantages, some 

manufacturers perceive repaired/old products as an 
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obstacle in: 1) research and development activities of 

companies and 2) creation of new products. 

Through detailed analysis and implementation of 

algorithm, companies will be able to:  

 to produce new or repaired / modified products with as 

little losses of energy and materials and with less waste 

generation harmful to the environment;  

 to analyze the lifecycle products better, or to incorporate 

environmental protection as a strategic decision in the 

sustainable development of enterprises. 

At the example of the electronic level transmitter, reuse 

of products is important from the standpoint of reducing 

the amount of electronic waste. The concept of collection 

of obsolete electronic equipment represents a new 

platform on which the companies in Serbia should think. 

Further investigations/researches should focus on 

quality control. In order to overcome the problems of 

remanufacturing (material flow, available space and 

supplies), it is necessary to introduce a better control in 

designing and in elements of production cycle of products. 

Related to, the algorithm opens the possibility for the use 

of standardized management system, such as ISO 9001 

and ISO 14001, etc., or integration into a unique 

management system. ISO 14001 deals with environmental 

management including the protection, restoration and 

improvement of the environment and represents upgrading 

the standards of ISO 9001.  
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