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Abstract. The creation of new thermal insulation materials in the conditions of critical rise in 

the cost of energy resources is due to the energy saving policy. The most important 

characteristics of such materials are energy efficiency and effectiveness and environmental 

friendliness. Scientists of the Siberian Federal University developed a thermal insulation 

material based on waste wood processing industry. A distinctive feature of the proposed 

material is cavitation processing of raw materials. The production technology is the following: 

wood waste as part of the aqueous suspension go through cavitation treatment with the help of 

a high-speed mixing plant, then the suspension is kept in room conditions for a day, after that 

the raw material is subjected to hot pressing.  As a result of such sequence of technological 

actions we get the competitive heat-insulating material on heat engineering qualities close to 

analogues, but with much lower prime cost of its production. Another important feature of this 

material is the ability to control its final qualities, depending on the mode and duration of 

cavitation processing. 

1. Introduction 

Modern trends in the development of recycling technologies involve the use of waste, which is 

determined by the necessity to reduce the anthropogenic load and is an economically reasonable 

solution from the point of view of resource saving. One of the areas of recycling is the use of waste 

wood processing industry to produce construction products and materials. Before obtaining the 

necessary building material, the sawdust is preprocessed to improve the technical characteristics of the 

future product. The result of the production process is a new thermal insulation material from 

woodworking waste. 

2. Literature review 

Trends of ecologization of production and development of recycling technologies were considered in 

works of domestic and foreign authors (V. N. Ignatiev [1], E. N. Abanina, A. V. Popkov [2], T. V. 

Malysheva, A. I. Shinkevich [3], A. P. Mogirev, Yu. A. Armless [4], G. S. Sagdeev, G. R. Patrakova 

[5], Khudyakova, G. I., D. A. Danilova [6], M. I. Shahidul, M. L. Malcolm [7], A. Kharazipour, U. 

Kües [8], I. Jijin, P. Rinitha [9], T. S. Thandavamoorthy [10] H. Binici, S. Amany [11], N. Phonphuak, 

P. Chindaprasirt [12]), the analysis of their  works  allows to conclude that  recycling technologies are 

paid much attention in the modern world, that is connected with the large-scale environmental 

pollution caused by the enterprises of the industry. Possible ways of using waste wood processing 

industry have become the subject of research by many scientists, experts, technologists. For example, 
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in their work G. I. Khudyakova, D. A. Danilova [6] proposed the use of wood waste as an energy 

resource, while other authors (T. S. Thandavamoorthy [10], N. Phonphuak, P. Chindaprasirt [12] G. 

Viruthagiri, S. N. Nareshananda [13], E. Bwayo, S. K. Obwoya [14] S. Abdulhadi [15], I. N. 

Chelysheva, N. P. Carpenters [16]) considered the use of wood waste as aggregate for composite 

concrete and refractory bricks. Colleagues from the Siberian Federal University S. I. Vasiliev, and V. 

M. Melkozerov suggested to use wood filler for insulation secondarily soils, and many of the authors 

(H. Binici, S. Amany [11] A. A. Lucas, N. P. Lukuttsova [17], M. V. Shelepen [18], A. N. Ivanikov, 

V.-M. [19], T. Li, J. Song [20] F. Asdrubalia, F. D'alessandro [21]) propose to use the wood waste for 

the production of various composite materials, e.g., corrugated plates [17], a composite material of 

wood of soft deciduous species [18], plate materials made of pine, sunflower husk, shells of oats, and 

buckwheat [19]. Article T. Kawasaki, S. Kawai [22] proves that research to create materials of 

woodworking is  held for a long time, and the article of the authors T. Li, M. Zhu [23]about  analog  

glass  which is obtained from waste wood, as well as the authors ' article Z. Pásztory, T. Horváth [24] 

on the thermal insulation system made of wood and paper, allows us to judge the impressive success 

of scientists in the field of application of woodworking waste. 

3. Purpose of the study 

The initial goal of the research was to create a fundamentally new method for receiving sawdust 

insulation with high thermal insulation properties, based on the use of hydro thermodynamic 

cavitation. After receiving the prototypes of the required quality, a technological map for the 

production of this material was developed, and then an economic study was conducted to determine 

the cost and assess the profitability of the production of the material on an industrial scale. 

4. Technology 

During the research, all parameters of the technological process affecting the characteristics and 

quality of the final product were determined experimentally, as a result, a technological map was 

developed for the production of thermal insulation material based on cavitation-modified waste of 

wood processing production.  

The technological map establishes the sequence of technological operations necessary for the 

manufacture of a single plate of thermal insulation material with a thickness of 15 [mm]. The 

technological process consists of the following operations: delivery of wood waste, the preparation of 

components of the slurry, cavitation processing, pouring the slurry into a bale form, exposure of the 

workpieces under ambient conditions, hot pressing, release of finished plates and delivery to the place 

of storage. The minimum necessary equipment for such production is a high-speed mixing plant 

capable of creating a turbulent mode of mixing the suspension, as well as a hot-pressing plant. 

The production scheme described in the technological map is semi-automatic. After a risk 

assessment of the market’s launch of new product and opportunities of the enterprises of timber 

processing complex, it was concluded that at relatively low initial production volumes such ratio of 

manual and mechanized labor will be optimal from the point of view of the balance between the 

required investment and the income from the sale of manufactured material. 2-3 people are necessary 

for producing, thus the main part of works is conducted by machines that allows to reduce influence of 

the human factor on quality of final production. The volume of material produced will be about 800 

[m
3
] per year. 

5. Economy 

According to the technological map for the production of thermal insulation material, the cost of its 

production was calculated. The main cost items were the cost of materials, machines and mechanisms 

and wages. 
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Table 1. Production cost of 1 m
3
 of thermal insulation material. 

Cost element name Sum, (rubles) 

Materials, incl. 425.36 

Water 6.86 

Electricity 418.5 

Machines and mechanisms 165.65 

Wages 314.60 

Measures to reduce the flammability of the material (optional) 149.53 

TOTAL (with the flammability of the material G4 / G2) 905.61 / 1055.14 

The cost of the suggested insulating material made up 905,61 RUB/m3 for the material group 

flammability G4 1055,14 RUB/m3 for the material group flammability G2. 

To justify the economic efficiency, the comparison of the proposed material with other thermal 

insulation materials is suggested. It is proposed to calculate the cost of construction of walls using 

various thermal insulation materials, depending on a particular material and also, we take into account 

structural and waterproofing elements that make up the wall. The following materials were considered: 

mineral wool plates, expanded clay gravel, plates of extruded polystyrene, foam concrete blocks, eco-

wool, arbolite blocks. 

The city of Norilsk, located in the harsh Arctic conditions in the North of the Krasnoyarsk territory, 

was chosen as the construction site. In accordance with [25], the normalized value of the reduced 

resistance to heat transfer for Norilsk is 5.26 [m2⋅°C / W]. Further, taking into account the normalized 

value of the reduced resistance to heat transfer, as well as the value of the resistance to heat transfer of 

structural enclosing elements of the walls, the calculation of the necessary thicknesses of thermal 

insulation elements was carried out. 

The results showed that the insulation of the walls of the proposed material is the most cost-

effective. 

Table 2. Comparison of structural variants of the wall device. 

Wall construction 
Thickness of 

layers [mm] 

Cost of materials per 

[m
2
] 

The cost with 

installation [m
2
] 

1.Windscreens 

2.OSB plate 

3.Mineral wool board 

4.Vapor barrier 

5.OSB plate 

Load-bearing wooden structures 

- 

12 

200 

12 

- 

- 

30 

256 

360 

20 

256 

126 

1048 2200 

1.Brick 

2.Clay gravel 

3.Claydite-concrete 

120 

400 

400 

552 

600 

1720 

2872 4400 
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Wall construction 
Thickness of 

layers [mm] 

Cost of materials per 

[m
2
] 

The cost with 

installation [m
2
] 

1.Windscreens 

2.OSB plate 

3.Extruded polystyrene 

4.Vapor barrier 

5.OSB plate 

Load-bearing wooden structures 

- 

12 

150 

- 

12 

- 

30 

256 

638 

20 

256 

90 

2922 4450 

Solid masonry of foam concrete blocks 800 2200 2200 3400 

1.Windscreens 

2.OSB plate 

3.Ecowool 

4.Vapor barrier 

5.OSB plate 

Load-bearing wooden structures 

- 

12 

175 

- 

12 

- 

30 

256 

273 

20 

256 

108 

953 2100 

Solid masonry of arbolite blocks 500 1950 1950 2500 

1.Windscreens 

2.OSB plate 

3.Material from waste wood 

4.Vapor barrier 

5.OSB plate 

Load-bearing wooden structures 

- 

12 

165 

- 

12 

- 

30 

256 

223 

20 

256 

108 

893 2000 

Evaluation of the effectiveness of the project implementation showed that capital investment (I0) in 

the amount of 2.1 million rubles discounted payback period (DPP) will be about 5 years, the internal 

rate of return (IRR) of 19%, the net present value (NPV) – 614,4 thousand rubles, while the horizon of 

calculation (n) in 6 years. 

It should also be noted that the State Duma has adopted a draft law on amendments to the law on 

mandatory utilization of wood waste, the date of entry into force of which is tentatively designated to 

the year 2022. 

6. Summary 

Among the advantages of the material efficiency, environmental friendliness, energy efficiency, low 

resource demand. Disadvantages-flammability and low strength. A high degree of combustibility can 

be reduced with the help of flame-retardant impregnations and corrugated foil, and low strength is not 

a serious disadvantage for the thermal insulation material. 

The study showed that with relatively small capital investments, it is possible to offset part of the 

costs that will arise in woodworking enterprises within the framework of waste disposal activities. 

It is supposed to develop fully automatic production lines for the production of material on an 

industrial scale, however, it is necessary to bring the material to the market and assess the demand. 

The development of fully automatic production lines is a technically complex task that requires the 

participation of specialists from various fields, which is advisable only if there is a steady demand for 

the material. 
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