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1 Introduction 

People and the environment create a system. Therefore, they represent two 
interacting elements. Long-term negative effects of people on the environment 
negatively influence the health of individuals. Thus, man and the nature are mutually 
influenced and therefore they should create a synergistic effect in order to preserve as 
much natural wealth for future generations as possible. Enterprises have been 
accompanied by the waste production since the beginning of time.  

Currently, while constantly increasing productions, there is also increased the 
waste production. And therefore, more attention should be paid to this issue. The fact 
that waste cannot be almost nowhere dumped (stored) in the Czech Republic, and in 
relation to the natural resources, there is an increasing effort to dispose the waste.  

These days, reverse logistics has a cross-sectional nature and permeates through 
several functional fields in each company. Of course, the priority target is mainly to 
connect all the logistics activities such as an inventory management or an issue of 
integration with existing distribution channels. It is also apparent a relation to the 
enterprises information systems and environmental management [1]. Reverse logistics 
can be defined as the flow of used products, packages and other materials that come 
from the consumer. This field includes the waste disposal in the form of needed 
products and returned (claimed) goods [1,2]. 

At present, more and more experts deal with this issue, and thus, the range of 
questions concerning the waste handling in the context of sustaining the necessary 
environmental protection level, is extended. Due to the current legislation, 
manufacturers are responsible for the entire product life cycle, i.e. from the raw 
material acquisition to the waste disposal.  

The continuous increase in prices of all input raw materials leads, along with the 
globalization and competitive pressures, to a significant increase in the reverse 
logistics importance. Thus, it has become a source of cost savings of a number of 
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industrial chains. However, cost savings are conditioned by the proper application of 
logistics principles, methods and technologies in all reverse logistics processes [1,3]. 

2 Waste and reverse logistics in the Czech Republic  

Waste Management of the Czech Republic can be summarized as a set of 
activities that ensure the prevention of waste production, handling with it and its 
disposal. The hierarchy of these activities which ensures the maximum utilization of 
residual values of waste (or it even prevents its occurrence) is very important aspect as 
well. This is a young branch of industry which was founded in 1991 with the adoption 
of the first act on waste. 

Development of legislation governing the conditions for an existence of this 
industry then culminated in 2001 with the adoption of the Waste Act 185/2001 Coll. 
and the Packages Act 477/2001 Coll. The next step in waste management legislation is 
to approve a duty of a take-back (return) of products. The manufacturer must 
undertake, for selected products/packages, the responsibility for product/package 
throughout its life cycle (i.e. primarily for the processing or disposal at the end of this 
cycle) [2,4].  

Czech legislation divides the wastes into hazardous (dangerous) and others. It 
regulates the division into the waste categories which determine the features of 
hazardous wastes. In order that the waste management can perform its function, it uses 
the following instruments: normative (legal rule of the Czech Republic, Czech waste 
management plan, implemented EU Directives), economic (fees, fines, guarantees and 
insurance, the state environmental fund, EU funds), administrative (ecological aspects 
in tenders, development of projects supporting the Czech waste management plan, 
support of waste production prevention), information (information policy, databases 
system, support of information transfer among resorts, waste registration) and 
voluntary (system of environmental management, cleaner production) [3-5]. 

The waste management plan of the Czech Republic establishes the basic 
objectives and the ways to achieve them. Strategic objectives of the Czech waste 
management plan represent a prevention of the waste production and waste reduction, 
minimization of negative effects of the waste production and its management on 
human health and the environment, sustainable development of society in order to get 
closer to European recycling policy, maximum utilization of waste as a substitute for 
primary resources and transition into a circulatory economy [5,6]. 
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In terms of waste production, there is its decline in the Czech Republic both in a 
segment of hazardous wastes and also in a segment of other types of wastes [6]. 

Most industrial chains in the globalized environment are focused on optimizing 
the flows of their products towards customers. Then, reverse logistics processes, which 
may represent a significant potential of cost savings, remain relatively neglected field 
[7]. For recycled products, it is very important the used material and options of 
recycled materials separation from the rest of products. For reprocessed products, it is 
important an option to dismantle the individual parts. Among other factors which 
affect the sorting and processing the products can be included: modern technologies 
implementation, existence of demand for modified (reprocessed) products, 
components, materials, management of inputs into reverse flows, legislative 
requirements for recycling and handling with hazardous materials [7,8]. 

2.1 Recycling wastes from the hot-dip galvanizing 
Handbook for the hot-dip galvanizing describes that this kind of galvanizing 

belongs among the modern methods of protecting the steel against corrosion. 
Currently, demand for the hot-dip galvanizing has been raised. Firstly, iron must be 
chemically pretreated and subsequently immersed in the zinc bath. During this 
process, a coating composed of several layers is created. The coating is created 
depending on the immediate conditions of diffusion of iron and zinc atoms and their 
mutual relations. During the bath, the metallurgical reaction takes place and zinc is 
inseparably joined with steel [9]. During the whole process, wastes, which may have a 
negative effect on the environment, are produced. They include: emissions, zinc ashes, 
smear, and solid wastes from gas cleaning, solid zinc, HCL emissions, heat 
recuperation and water consumption.  

During the immersion of zinc components into the zinc bath, zinc ash is 
produced by combustion of the applied flux with the high content of zinc which is 
leached to the surface. Before emerging the zinc batch, ash is scraped using scrapers to 
the edge of galvanizing bathtub. From this place, ash is picked up and collected as 
other wastes under the catalog number 11 05 02 in order to be sold as an important raw 
material for further processing. Content of pure zinc in the zinc ash is about 70%, and 
zinc can be melted in a rotary drum furnace, and thus relatively easily recycled [9,10]. 

In its Handbook, Havránková (2007) states that the recycled zinc covers about 
35% of the annual zinc consumption today. Circulation time of zinc is 30 - 40 years, 
which means that approximately 80% of the available zinc is regained (recycled). Zinc 
can still be recycled without it depreciation. This means that zinc has its place in 
society with sustainable development [9].  
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Annually, corrosion inflicts considerable damage on metals. Hot-dip galvanizing 
protects these metals from corrosion. Since, the demand for hot-dip galvanizing rises, 
the waste production increases. For the production of one ton of zinc from the raw 
materials, up to 10,000 kWh of electricity must be consumed. For its production form 
secondary raw materials, the sufficient amount of electricity is just about 500 kWh. 
Annually, Czech galvanizing plants produces about 2,077,668 kg of zinc ash. In the 
past, most of the zinc ash was sold to abroad mainly to Germany and Belgium, 
regardless of possibility of using domestic processing lines. Domestically, we have 
successfully developed technologies with minimal environmental burden. Currently, 
trend of the zinc ash recycling increases and hot-dip galvanizing plants, which have 
several operation plants, procure this service themselves. There are several principles 
of zinc ash recycling. Method of rotary draining (decanting) represents the simplest 
zinc ash recycling way. Particles of metallic zinc are deprived the surface passivation 
layer in the "grinding" drum. At the same time, it is necessary to warm the drum to a 
desired temperature when the zinc melting occurs. The molten droplets are gathered in 
the lowest part of a drum and are drained away from this place. Despite the experience 
of Czech zinc experts and very careful selection of zinc ash, there is usually about 65 - 
75% of zinc in this waste [7,10,11]. 

2.2 Performed research 
In cooperation with the Czech enterprise dealing with the hot-dip galvanizing 

method, measurement of a zinc ash melting was allowed. For our measurements, a 
melting furnace with a rotary drum was used. This melting furnace is made of steel 
sheet. Body is placed in a steel welded frame. Inside the body, drum in a cone shape is 
placed. The furnace has following parameters: 

• burner, heating the furnace, has an output of 116-232 kW, 

• electric hood is part of this device as well, 

• useful capacity (volume) of furnace is 1 ton, 

• it is possible to spin up to 6 tons / day,  

• producer indicates the yield of zinc up to 60%, 

• melting time is 150 minutes, handling time is 40 minutes, 

• device lifespan is indicated up to 10 years, 

• one hot-dip galvanizing plant produced 147,223 kg of zinc ash in 2015, 

• if the yield is of 60%, 103 056.1 kg of recycled zinc will be gained from the 
total ash.  
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Price of pure and recycled zinc is determined according to the London Metal 
Exchange. Measurements took place from 10.8.2016 to 1.10.2016. At that time, 15 
melting operations were performed, as shown in Table 1. 

Tab. 1 Performed melting operations 

MELTING - ASH 

Date of 
import 

Import 
weight 

Melting 
number 

Date of 
melting 

Batch 
weight 

[kg] 

Zinc 
weight 

[kg] 

Ash 
weight 

[kg] 

% of 
zinc 

10. 8. 16 3 234 1 10. 8. 16 1 070 802 210 74.95 
    1 11. 8. 16 1 140 748 302 65.61 
    2 11. 8. 16 1 024 802 230 78.32 

18. 8. 16 1 934 1 18. 8. 16 1 062 764 235 71.94 
    1 19. 8. 16 872 616 208 70.64 

25. 8. 16 1 050 1 25. 8. 16 1 050 706 282 67.24 
3. 9. 16 1 214 1 4. 9. 16 1 214 723 333 59.56 
8. 9. 16 2 188 1 9. 9. 16 910 599 276 65.82 

10. 9. 16 1 620 2 9. 9. 16 1 278 777 315 60.80 
18. 9. 16 2 432 1 14. 9. 16 958 680 222 70.98 
20. 9. 16 932 2 14. 9. 16 662 422 297 63.75 

    1 21. 9. 16 766 541 268 70.63 
    1 22. 9. 16 758 629 267 82.98 
    1 23. 9. 16 908 604 256 66.52 
    1 1. 10. 16 932 593 269 63.63 

Total 14 604     14 604 10 006 3 970 69.75 
Source: authors 

3 Result obtained from the research  

Based on the performed measurements, in the time period 10.8.2016 – 1.10.2016, 
in total of 14,604 kg of zinc ash was melted down. Melting was carried out in the 
melting furnace with a rotary drum. Zinc ash was heated to 590°C. One melting 
operation was realized in a time period of 150 minutes and the ash was heated to this 
temperature in a rotary drum during whole this period. After the time expiry, the 
recycled zinc was centrifuged into prepared molds and residual ash cooled down to 
about 200°C in a rotary drum. After that, using the handling equipment, it was 
exported for final cooling. After solidification of the recycled zinc, it was weighed and 
its resulting weight was registered into a table. After the cooling down, ash was also 
weighed and moved into prepared containers (molds) intended for residual ash.  
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The measurement results show that, except a sample from 3.9.2016, the yield of 
zinc from zinc ash does not decrease below 60%. The highest measured value is 
reached for a sample from 22.9.2016 when the yield is 82.89%. 

The overall percentage yield of 14,604 kg of zinc ash is 69.75%, which 
represents the weight of 10006 kg of recycled zinc. From the amount of about 14 tons 
of zinc ash, 3970 kg of leftover ash was remained after the melting process. This ash 
can continue to be sold, since this product can be melted yet using technically 
advanced equipment. Or, it is disposed as a hazardous waste [12-14]. 

4 Conclusions  

On the basis of realized measurements, it is clear that the zinc recycling is very 
effective and desirable process not only for the technology of hot-dip galvanizing. 
Zinc can be continuously recycled without depreciation [8,12,15].  

Zinc ash recycling is an important part of reverse logistics chain primarily 
focused on the acquisition logistics cost-savings. At the same time, this activity 
significantly contributes to environmental protection and long-term sustainability of 
resources. Within cooperation with the Czech galvanizing plant, fifteen samples of 
zinc ash were selected. For these samples, measurement for yield of recycled zinc 
from waste was carried out [3,8,16].  

Our research confirmed that the yield of zinc ash is about 69%. Nowadays, zinc 
is a strategic metal in the world market and, of course, its price on the world stock 
market depends on this fact. Implementation of zinc ash recycling operations into a 
rotary furnace is focused on reduction of waste production as well as increase in 
economic efficiency when handling with zinc [17,18].  
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Resume 

Zinc has its place in society with sustainable development. Anti-corrosion 
protection of steel, which has a lifespan of several decades, saves the iron ore, energy, 
transport, as well as reduces the emissions especially carbon dioxide. For this reason, 
demand for the hot-dip galvanizing has been rising every year. Growth in waste 
production created by the hot-dip galvanizing process is inextricably related to the 
higher production. The paper deals with the reverse logistics in operation of hot-dip 
galvanizing. At the beginning of the paper, issues of reverse logistics are described. 
Subsequently, waste logistics in the Czech Republic is generally characterized. The 
most important part of this publication presents aspects of waste recycling produced 
from the hot-dip galvanizing and particular measurements within zinc ash melting was 
realized as well. 
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