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Abstract 

The purpose of this study is to present renewable energy process from waste tires and address important issues 

of quality management in waste tire pyrolysis firms, and suggestions for TQM (Total quality management). In 

emerging markets in Asia including Vietnam, environment protection has been becoming meaningful in the 

context of global warming. There area huge number of used tires in region every year; so, pyrolysis firms have 

updated new technology to solve this environmental issue.  The study results show us that Applying TQM not 

only improves the quality of products and services but also improves the operational efficiency of the whole 

system thanks to the principle of always doing the right thing the first time. In addition to, factory need to handle 

some total quality management aspects, esp. Quality management of pyrolysis technology that produces output 

products and quality management of purchasing process in recent years.  There might be technology risk and 

environmental risk accompanied with risk policies. Finally, we think it is important to suggest some risk 

management and TQM policies. 
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Introduction  

 

Technology and Application: Pyrolysis is the process of thermochemical decomposition of 

organic materials in which we no need the presence of oxygen, at very high temperatures. 

Many environmental treatment companies around the world have applied this technology to 

pyrolysis rubber tires, plastic waste such as Waste Gen (UK) factory since 1989, the factory in 

Hamburg (Germany) for 1 year. processing 110,000 tons of used rubber and plastic since 2002, 

many countries such as Switzerland, USA, Russia, and Ukraine have piloted rubber pyrolysis 

plant since 1995. 

Some Vietnamese companies have successfully applied pyrolysis to get fuel and energy such as 

Nguyen Tai Energy Company - which has a fuel distillation system and a waste treatment system 

to generate electricity in Binh Phuoc. , Kala Glass Manufacturing Corporation (Kien An, Hai 

Phong City), MPA VIETNAM Company (Vietnam Industrial Park - Singapore Industrial Park, 

Binh Duong) Bien Hoa Chemical Factory in Dong Nai Province ... 

In recent years,there are traditional pyrolysis method versus continuous pyrolysis method used in 

many nations in the world. 

The pyrolysis technology does not spread dust into the surrounding environment such as coal-

fired furnaces, less smoke compared to diesel burning and the burning smell of rubber is almost 

controlled by the process of pyrolysis of rubber waste evenly in the environment. vacuum. This is 

a technology that has made great strides in the energy field. It solves the problem that causes the 

authorities to have a headache about the oil and coal fuel sources that are exhausted. 

ASEAN has recommended that all members of the organization adopt Total Quality Management 

(TQM) to accelerate the liberalization process because TQM is a solution and management to 

better meet the needs of customers make business management more effective. 

So, this paper will approach some aspects of TQM in pyrolysis firms, esp. Focusing on quality 

management of pyrolysis technology and output products. 

Pyrolysis technology belongs to the group of thermal-chemical technologies and is one of the Best 

Available Technology (BAT) solutions recommended by environmental organizations around the 

world. 

Total Quality Management (TQM ) is  a method calling for every firm member to join in quality 

program of firms to create long term values for their clients. 

We need to develop a comprehensive quality management program 

To overall plan TQM implementation program with many stages and appropriate steps. There 

should be a detailed plan, required resources and a specific assignment of tasks. 

Then, Launch TQM program and implementation plan 

This step is to widely disseminate the TQM program and plan within the company. Need to form 

a culture of quality and encouragement, attracting all businesses to join to successfully implement 

the program. 

And next is Quality assessment 

Measure your business's current costs. Identifying quality issues and the effectiveness of quality 

efforts, the stages of the TQM program should be costly. Evaluate TQM's economic performance 

and work out an action plan. 

We will structure the study as below: session 1 and 2 will cover introduction, scope of study, 

previous studies, concepts and method. Next sessions give us main results, some discussion, 

conclusion and policy implications.  

 

Previous studies 
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Research Issues  

 

This paper will address important issues of quality management in waste tire pyrolysis firms, and 

suggestions for TQM 

 

Literature review  

 

Kalitko (2012) has shown the process of pyrolysis of waste tires by thermal recycling by heating 

at high temperatures (500 degree C) which will generate FO-R oil (liquid) and carbon black with 

yields of 50% and 35% correspondingly, at the same time generating gas residual (about 10%) 

after oil condensing and the rest product is scrap steel (wire) 5%. Williams (2013) mentioned that 

oil pyrolysis is a complex chemical process in which it contains aliphatic as well as polar fractions. 

The fuel properties of pyrolysis oil are similar to that of gas oil or fuel oil heated in a thermal 

furnace.  

Main gas products produced in the pyrolysis process consist of H2, C1–C4 hydrocarbons, CO2, 

CO and H2S. The pyrolysis products from waste tires can be raised to higher grade products with 

high value on char upgrading, for example better qualified carbon black.  

Then, Rani S.., and Agnihotri R., (2014) also indicated pyrolysis or waste tire recycling process 

generating comparative efficiency compared with diesel oil while having some questions of stages 

of desulfurization. Desulfurization proces indicated better oil quality with viscosity decrease, so 

it is potential to replace for diesel. 

Elshokary S. et all (2018) presented a variety of pyrolysis information with the reactors 

accompanied with testing conditions such as temperature, rate of heat, type of catalyst and impacts 

on pyrolysis final products. 

Last but not least, Han J. et all (2018) concluded that process of pyrolysis can be 

divided into 4 phases with changing temperature: below 320 °C (water vaporization), at 320–

400 °C (natural rubber decomposition), it will happen at 400–520 °C (synthetic rubber 

decomposition), and  above 520 °C.   

Then, Anh Tuan et al. (2020) pointed scrap tire is popular in global and ST pyrolysis is good way 

to decompose rubber without oxygen, at high temperature.   

Last but not least, TQM model in manufacturing was described below: 

 

Figure 1 -TQM Manufacturing model 
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(source: Slivestro, R, 1998. https://www.researchgate.net/figure/Manufacturing-model-of-

TQM_fig1_2445265, access date 25/8/2021).  

 

We see that  TQM need not only quality measurement, but also customer orientation (internal, 

eternal, supplier), elimination of waste, empowerment - quality improvement, leadership and 

continuous improvement with training and education (see figure 1) 

Description of Waste tire pyrolysis system 

 

The below figure shows a pyrolysis system works: 

 

Figure 2 – Pyrolysis process and yield 

https://www.researchgate.net/figure/Manufacturing-model-of-TQM_fig1_2445265,
https://www.researchgate.net/figure/Manufacturing-model-of-TQM_fig1_2445265,
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(source: authors describe from used tire pyrolysis process) 

 

Advantages 

 

- continuous pyrolysis is different from traditional pyrolysis in the aspect that it separated rubber 

by cutting it to increase steel quality and price (see figure 2). 

- above process will use automated coal packing system to reduce pollution 

- in addition, above process will help cost saving, not processing water during pyrolysis 

 

 (Output) products: fuel oil renewable, carbon, steel 

 

The yield for each outputs are : Fuel oil renewable(42%), for carbon black (35%) and for scrap steel (15%). 

Cement or glass firms are popular clients of FO-R (fuel oil -renewable) oil. 

FO-R oil is the main product in the production of fuel from scrap rubber by pyrolysis technology. 

FO-R oil meets the combustion fuel standards of Vietnam TCVN 6239: 2002. The quality 

according to FO-R fuel oil is equivalent to DO (Diesel Oil) and better than conventional FO (Fuel 

Oils), many of FO-R's parameters are very good such as heat, closed cup burning point, freezing 

temperature ... FO-R oil is suitable as furnace fuel for production fields such as: Asphalt mixing 

plant, boiler, kiln, hot asphalt concrete, glass, glass, ceramics, cooking copper and aluminum ... 

Using FO-R oil as a replacement fuel for DO and FO oil will be very effective when it can save 

up to 20% of total fuel cost; On the other hand, when converting to use FO-R fuel, the incinerator 

system does not need to be changed or modified, FO-R oil can be used easily with all existing 

incinerators on the market. FO-R is not only up to the standard of combustion techniques but also 

better in the environment, using FO-R instead of conventional FO will contribute to minimizing 

air pollution and minimizing the amount of waste rubber that causes pollution. environmental 

contamination. With superior quality than conventional FO, FO-R has been asserting its leading 

position in the fuel market. Customer businesses that use FO-R oil not only bring about technical 

and economic efficiency, but also create a green, environmentally friendly image for their 

customers. 

 

Gas (8%) 

 

Green technology 

 Continuous 

Pyrolysis system 

 

FO-R Oil 
(42%) 

 Carbon  
  Black 

(35%) 

    Scrap  
    Steel 
    (15%) 

Circulating 
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 TQM's comprehensive quality management goal  

 

Every people and every aspects of organization should join TQM process. 

- Quality team activities. 

Members of binoculars belong to the same department. Through the quality team related problems 

are solved and suggestions for improvement are passed on to company management. 

- Project groups 

Members of this group come from different divisions and are ranked higher than members of the 

quality team. Formed to address a particular problem. 

 

Benefits of applying TQM 

 

- First, TQM help to satisfy the needs of customers, internal company, and society. 

- Second, it reduces costs and waste.      

- Third, applying TQM will Gain performance commitment from members, staff, and the 

department. Build a new working style that is scientific and systematic, easy to monitor. 

- Fourth, it forms a habit of continual improvement to achieve new success. 

- Fifth, TQM aims to improve labor productivity, Increase competitiveness in the market and 

reputation for businesses. 

- Sixth, it will expand international relationships, joint ventures. 

-Seventh, TQM enable us to facilitate macro  

management.      

 

 

Beside, top management need to understanding and commitment to quality: 

The understanding and commitment phase can be put together, is the foundation of the entire 

structure of the TQM system, especially the understanding and commitment of senior managers. 

In many cases, this is also the primary, essential step towards implementing quality management 

programs, whatever the model. In fact, there are many organizations that have overlooked and 

skipped this step, while the scientific understanding of quality systems requires a new approach 

to the management style and the skills of motivating people. New members can form the basis for 

the performance of quality activities. A strategy to implement TQM is required by leveraging the 

skills and creativity of all employees with a focus on continual improvement of processes and 

operations to realize the strategic goals of the business. and provide customer satisfaction. 

 

To apply TQM effectively, first of all, it is necessary to have proper awareness and understanding 

of issues related to quality, management principles and techniques. It is necessary to clearly define 

the objectives, role and position of TQM in the enterprise, the applied management and control 

methods, and the standardization and quality assessment. 

 

Methodology  

 

We perform both fundamental data analysis and qualitative methods such as statistics, analysis 

and synthesis based on a practical Vietnam case.   

Not only we use qualitative analysis with dialectical materialism method, we use case analysis in 

Vietnam as well.  An quality approach is used as well to enhance solutions. 
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Based on Vietnam case analysis and other countries, we propose some proper policies for 

enterprises and government. 

 

Results  

 

Overview 

 

In pyrolysis firms, we nee to estimate working capital for projects into operation well, with 

assumptions: yield 45% for FO-R oil, 41% for carbon black and 15% for  scrap steel,  inventory 

time (oil): 32,9 days, account receivables time: 30 days. 

 

Key findings 

 

A) Quality management for input material (waste tires) 

Look at the below table 1, we need to control the purchasing of input (waste tires). Also, we could 

replace waste tires by using other plastic products, nylon, etc. To increase the output volumn of 

FO-R oil. We need capitals form banks and funds to build a warehouse that can care a big volumn 

of waste tires purchased every week from all cities and provinces in the nation. Beside, the bigger 

the size of waste tires , the more output oil will be produced. 

Table 1 - Days in inventory (input and output) 

 

No 

Estimate NWC 

change Day Unit 

1 Inventory (Oil) - days                  32.9  days 

2 

Inventory (Waste tire) 

- days   days 

3 A/R Days 30 days 

4 

Inventory turnover 

(Oil)                  11.1  circle/year 

5 

Inventory turnover 

(Waste tire)   circle/year 

6 A/R turnover 12 circle/year 

7 A/P days 0 

immediate 

payment 

(source: author assumptions and calculations) 

B) Quality management for output products 

We can see that output products including FO-R oil and carbon black and scrap steel 

Looking at the below table 2 regarding working capital, we find out days of FO-R inventory is 

32.9 days, meaning that we need a storage tank: clean enough to maintain sufficient quantity of 

FO-R oil before it is delivered to customer place. Quality of FO-R oil will be affected by 

manufacturing environment, temperature, storage tank and technology lines. Hence, we need to 

apply TQM and 5S into the operation to contribute to quality of oil products. 

For output- carbon black: the environment “clean” becomes more important as it will be evaluated 

by external environment audit agencies. Factories need to research on wet technology to produce 

“wet carbon black” , i.e using water to keep humid level in carbon black to avoid environment 

pollution because of carbon “dry”. 
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Table 2 - Pyrolysis efficiency 

 

No. ITEM  Note 

Capac

ity 

Wasted 

tires 

Cut 

tires 

1 
Tires-used 

(tons/line)   17.65 100%   

2 

Cut 

tires per line   

                

15.00  85% 100% 

3 FO-R Oil 

Fuel oil 

renewable   38.25% 45% 

4 Carbon black     34.85% 41% 

5 Scrap steel     15%   

6 Gas     11.9% 14% 

(source: author assumptions and calculations) 

C) Quality management for pyrolysis technology 

Pyrolysis technology has some main issues as follows: 

- It can cause danger for workers during operation (fires with very high temperature > 200-300o 

C) 

- It can be old pyrolysis technoogy if we repurchase from China manufacturers, so it needs to 

appraise new technology and select which one is more appropriate for our factory 

- It may be new technology in the country so we do not have enough experts and operational 

workers to understand it well and use it 

- Researches from local universities may take time to build a suitable pyrolysis technology 

Therefore, we need to cooperate with both domestic universities and foreign experts in Europe, 

America, China more to improve pyrolysis technology, esp. Building and developing the material 

of pyrolysis lines to reduce danger for workers, and build a cooling system to cool the pyrolysis 

lines from outside to avoid fire dangers. 

Though we present a net working capital (NWC) model below for Vietnam, other emerging markets 

 can use it as reference. 

In this model, we can recognize the better the technology process, the more output products  

generated (oil, carbon black). And the more revenues and profits for pyrolysis firms. 

 

Table 3 - NWC Projection 

 

  Year 2019 2020 2021 2022 2023 2024 ….… 2028 Total 

1 

Operating 

capacity of 

the plant 

                     

-    25% 75% 90% 90% 90%  90% 73% 

2 Net sales 

                     

-    

9,334,6

73 

28,79

7,819 

35,986,2

23 

36,462,

503 

36,462,

503  

36,462,

503 
292,89

3,730 

3 

Cost of 

good sold 

                     

-    

         

4,416,5

13  

         

11,30

0,484  

             

14,572,8

60  

                     

14,572,

860  

                 

14,572,

860   

     

14,572,

860  
117,72

7,019 

4 

Cost of 

waste tires 

                     

-                  

5 

Inventory 

quantity 

(waste tire) 

                     

-                  
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6 

Inventory 

(waste tire) 

                     

-                  

7 

Inventory 

quantity 

(oil) 

                     

-    

                

1,555  

                  

4,664  

                      

5,596  

                              

5,596  

                          

5,596   

              

5,596  4,539 

8 

Inventory 

(oil) 

                     

-    

            

394,88

9  

           

1,184

,668  

               

1,421,60

1  

                       

1,421,6

01  

                   

1,421,6

01   

       

1,421,6

01  
11,530,

765 

9 

Account 

Receivables 

                     

-    

            

767,23

3  

           

2,366

,944  

               

2,957,77

2  

                       

2,996,9

18  

                   

2,996,9

18   

       

2,996,9

18  
24,073,

457 

10 

Net 

working 

capital 

                     

-    

         

1,162,1

23  

           

3,551

,612  

               

4,379,37

3  

                       

4,418,5

19  

                   

4,418,5

19   

       

4,418,5

19  
35,604,

222 

11 

Change in 

Net 

working 

capital 

                     

-    

         

1,162,1

23  

           

2,389

,489  

                  

827,761  

                            

39,146  

                               

-     

                    

-    

       

4,418,5

19  

(source: author assumptions and calculations) 

The above data generates some below comments: 

2.5 months: time for initial working capital used in calculating waste tire (inventory). From 

inventory (oil) and account receivables: calculate change in NWC. 

Sub to firm strategy, we cn cover NWC into total investment capital. From the above table, 

we can see the amount of Working cap. We have to borrow from banks or funds under 

short term borrowings (1 year).     

In general, the ratio of output products can increase with new technology and better 

pyrolysis lines. 

 

Discussion for further researches 

 

As pyrolysis projects contain high risk (high technology risk unstable supply sources), banks are 

afraid of giving loans, so we need to expand other financial sources for firms to solve environmental 

issues.   

For material risk: we need to sign long term contracts with suppliers 

For technology risk: we need to look for new proper pyrolysis technology 

Besides, pyrolysis business can take the following specific measures: 

- First, factory need to make survey to now clients about their needs and responsiveness current 

and future needs 

- Second, we do competitor analysis 

- Third, we analyze the quality costs, know what the costs are not quality (hidden costs) 

- Fourth, we set up education and training programs on TQM 

- Fifth, we do quality control 

- Sixth, the target of TQM program need to be specified 

- Seventh, we improve construction and operation 

- Eighth, we make analysis of causes 

- Ninth, management will form quality groups, improvement groups 

- Tenth, we apply quality control by statistical techniques 

- Eleventh , we perform 5S implementation (screening, arranging, clean, caring,..) 

- Twelveth, we control aspects of environmental assurance 

- Thirteenth, management analyze strengths, weaknesses, opportunities and threats 
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Thus, comprehensive quality management is the key used for the purpose of satisfaction 

requirements of internal customers, thereby meeting the requirements 

of external customers 

Last but not least, we need to consider ISO 9001 and TQM in quality management in these 

manufacturing firms.  

According to Japanese quality experts, it is normal to consider ISO 9001 as designed principles, 

on the other hand, TQM involves every firm members to perform continuous improvement 

activities, making a small turn into a great transformation. 

A difference between TQM and ISO can be presented below: 

Table 4 - TQM and ISO comparison 

TQM ISO 

- The voluntary of the producer 

- Increase customer love 

- Activities aimed at quality improvement 

- Exceeding client expectation 

- Create the best quality product 

- How we get it 

- Attack (reach higher targets) 

- Derived from the customer’s request 

- Solve client complaints 

- Satisfy customer demand 

- Non error products 

- Do what 

- Defense (not to lose what is already there) 

(source: author analysis) 

 

To enhance TQM system in manufacturing firms in Vietnam, we need to explore: 

 

The entire Quality Management process is built on a solid foundation of Ethics, Integrity and Trust. 

These factors are indispensable for every employee regardless of his or her task and level of their 

hierarchy within the business.  

First, Ethics is an individual's understanding of what is good and bad at work. The line between the 

good and the bad is extremely fragile. Whether an action is good or bad lies entirely in the decision 

of an individual. Ethics directs an individual to obey the code of conduct, to comply with the rules 

and regulations set forth in an organization. 

Second, Integrity refers to an individual's honesty, core values, and workplace sincerity. You need 

to respect the policy in the business or organization. At work or off work, you should avoid 

spreading unfounded rumors about colleagues or the company's policies. Comprehensive quality 

management does not work in environments where employees criticize and disagree.  

Third, Trust is one of the most important factors in implementing a comprehensive quality 

management in production and business. Management needs to trust employees as well as 

employees need to trust each other to ensure each individual's participation in the plans and 

strategies of the business, in particular, the quality management strategy. comprehensive and 

homogeneous amounts. Trust improves relationships between employees and ultimately helps 

businesses make better decisions that help continue to realize successful overall quality 

management. 

Next, In our current conditions, we highly value middle managers duties and roles and functions. 

They will help our firms to conduct training, perform mentoring and do monitoring process well 

or effectively. The firm need to delegates responsibilities as well as give enough authorization 

from director to them to actively deal with problems that may rising in production for daily 

operation.   
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Conclusion and Policy suggestion 

 

In most countries, including China and the US, the majority of scrap tires are disposed of 

domestically and then dumped in landfills, recycled or used as fuel in factories that make products 

such as cement and paper. 

Pyrolysis advocates argue that the process can be a relatively clean treatment to turn waste into 

useful fuel. However, controlling emissions and treating waste from burning that is made up of a 

wide variety of chemicals, synthetic and natural rubber is expensive and difficult to make profits 

on a large scale. 

In Vietnam, some pyrolysis firms to start to handle millions of used tires for environment. They 

are researching on continuous pyroysis method. 

This study suggest TQM approach for pyrolysis firms to call for every members to join in quality 

programs to deliver long term values to clients.  

Banks and funds need to deliver more financial package for environment firms to create renewable 

energy. 

Other supporting program from government and ministries, tax support also needed for this special 

industry. 

New direction for further researches:  

We can expand researches for other emerging markets, for risk control policies in renewable energy 

system as well as in the environment and economy.   

Treatment and recycling of waste of organic origin (rubber, plastic, wood, garbage 

domestic waste) through pyrolysis technology, we will solve two problems 

Mathematical importance: First, solve the problem of the environment when handling methods. 

Traditional waste such as landfilling or incineration is no longer ineffective. Monday, solving the 

problem of "energy security" by the product of pyrolysis will 

are reusable products such as oil, coal, and gas. 

 

Experiences from other countries 

- Pyrolysis is a compact technology for waste treatment in many countries: China, US, Europe, 

Asia, etc. 

- Most European countries requires tire manufacturers and suppliers to organize the collection and 

treatment of waste tires, which means there is a lot of recycling in the country. However, there is 

no such requirement in the UK - the world’s leading exporter of scrap tires.This means that small 

companies can easily obtain a permit to collect waste tires and sell them abroad. 

- Currently, in the waste handling sector of the Czech Republic, Waste treatment processes are 

being reduced, including pyrolysis. According to experts, pyrolysis has conditions to develop, but 

up to this point it has not been tested and operated in a comprehensive way. Most of factories still 

use coal, biomass and plastic waste. Therefore, the construction of pilot factories often comes with 

many concerns of the people. 

Management implications 

- Integrated quality management requires effective management of every stage of work using the 

P-D-C-A management cycle (plan, execute, test, act). 

Recommendations for applying TQM 

Enterprises cannot apply TQM without the attention and commitment of directors. They need to be 

knowledgeable about  quality, manage quality, and be determined to realize the quality policy and 

objectives outlined in their own right. 
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Table 5 - Recommendations 

Step 1: TQM comprehensive quality 

management goals 

- It is improving product quality and improving 

customer satisfaction at the best level 

- It is to provide a comprehensive management 

system for management and improvement in 

every aspect related to quality 

- It is mobilizing the participation of all 

departments and all individuals to achieve 

quality goals 

Step 2: Commitment of intermediate 

management level 

- the commitment of intermediate level staff 

(department head, foreman, group leaders…) to 

ensure the development of quality programs in 

departments and divisions, linking assigned 

tasks and relationships 

- the vertical and horizontal system in the 

organization is the bridge between the 

implementation of the policies of top 

management and the executive 

- in our present conditions, when the 

qualifications of the workers are limited, the 

role of the middle manager is very important 

Step 3: Restructuring the system 

- change the appropriate organizational 

structure according to TQM’s comprehensive 

quality management model. 

- Need a thin mechanism, manage cross-

function, increase efficiency of authorization 

and autonomy 

Step 4: Build up the quality system 

- gradually building, maintaining and perfecting 

the quality management system  

- Implementing the quality system 

standardization depending on capabilities of the 

company (nature and qualifications of the 

production department) 

Step 5: Develop TQM comprehensive quality 

management system 

- ensure the quality system is implemented in 

accordance with strategy, policy and objectives.  

- It is necessary to synchronize measures by all 

members to monitor, detect, prevent errors, 

minimize costs and propose quality 

improvement measures 

Step 6: Maintain and improve 

- continue to perfect the quality management 

system to TQM’ s principles and perspectives 

(source: author analysis) 

 

Last but not least, we have suggestions for capital financing for pyrolysis projects: 

- Environmental funds need to support capital source with low rates 

- Banks need to support loans for working capital needs 

 

Research limitation 

Authors need to expand more cases in other developed countries 
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