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Abstract: A financial project was presented for the construction of a technological line for the production of high-quality replicas of the so-

called "yellow paving stones" and an additional assortment of products with different characteristics based on raw materials originating in 

Bulgaria. After many years of investigation in laboratory and semi-industrial conditions, polycomponent formulations and an original high-

temperature technological regime for the preparation of functional and long-lasting silicate products have been developed. The planned 

technological approach is in accordance with the existing machine park and the qualification of the industrial production personnel, 

characteristic of the silicate industry. The main possibilities for the realization of the production are the full restoration of the street areas of 

the central historical part of Sofia and the construction of long-lasting and aesthetic pavements with a variety of functional purposes in 

different areas of the capital and other populated areas. The current applied development is oriented towards possible potential producers 

and investors and various specialists from the field of public infrastructure and cultural-historical heritage. 
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1. Introduction 
 

With the intensive development of urbanization processes, an 

essential factor ensuring a full-fledged, productive and comfortable 

urban environment is the state of the transport infrastructure [1-3]. 

Currently, the existing street network is dominated by asphalt 

pavements, built in different periods by applying different standards 

and construction technologies. During the greater part of the 20th 

century, the presence of a developed asphalt street infrastructure 

was seen as an indispensable criterion for the development and 

modernization of settlements. In recent decades, with the active 

introduction of environmental norms and the perception as a basic 

priority of the requirement to ensure a safe and healthy 

environment, a basic reassessment of the role of a number of 

modern materials and the prospects for their future global 

application is being carried out. The International Agency for 

Research on Cancer (IARC) classifies fumes from asphalt 

pavements as a possible carcinogen [4] assigned to class 2B. This 

implies the existence of a potential risk, both in the process of 

laying the asphalt mixtures (with the necessary technological 

temperature) by the specialized road construction and repair teams, 

and in the long-term operation of the routes, especially in the 

summer season. As the main critical factors, the temperature of the 

asphalt products and the duration and levels of exposure, with a 

possible carcinogenic effect [4] of the asphalt emissions are 

considered. At the same time, the intensive daily car traffic, the 

cyclical day-to-day changes in the operating properties of the 

pavement under the influence of the increased daily temperature 

values in the summer months and the relatively destructive effect of 

the various anti-icing agents used in the winter period significantly 

accelerate the depreciation of the asphalt pavements. On the other 

hand, the local repair activities carried out on individual destroyed 

sections do not fully restore the original parameters of the route and 

create an unaesthetic effect. 

In modern urban planning, paved pavements continue to 

represent an up-to-date alternative to the dominant asphalt 

coverings [5-7]. The use of various paving systems dates back to a 

long historical period, which allows the study of the long-term 

impact of various factors (traffic, climatic, atmospheric, seismic and 

a number of others) on the general condition of the infrastructure 

and the development of modern adequate approaches to urban 

planning. The use of various paving elements (granite, concrete, 

ceramic and others) provides an opportunity to build a variety of 

ecological and aesthetic pavements with sustainable indicators [5-

10] within the intended operating conditions and terms. A specific 

aspect of the application of the pavements is their use in areas with 

historical architecture [6,7], which allows preserving and restoring 

the authentic appearance of the urban environment. A typical 

example is the practically exhausted possibilities for restoration 

(due to the lack of available new reserves) of the amortized and 

crumbling original pavement of the so-called "yellow paving 

stones" (declared a cultural value) from the central city part of Sofia 

[5-7,11]. Some of the street areas originally paved with "yellow 

cobblestones" have been overhauled by laying another type of 

pavement. 

The main reasons for the lack of significant interest among 

existing enterprises in organizing modern production of "yellow 

paving stones" are the need for investments [5] for additional 

equipment, factory infrastructure and personnel, using the services 

of highly qualified specialists outside the factory, large-scale 

research of raw materials from various potential deposits, 

conducting a series of laboratory and energy-intensive industrial 

experiments to specify the optimal technological conditions for the 

preparation of a new product with identical characteristics to the 

authentic samples. At the same time, during the long-term research 

laboratory activity [5-7, 10-21], the implementation of a funded 

scientific research project [5] and a series of semi-industrial 

experiments [6, 7, 11, 12], the team of IMSTCHA-BAS, based on 

raw materials originating in Bulgaria, develops an effective 

technology for the production of full-fledged replicas (with superior 

complex indicators) of the original "yellow paving stones".The 

development allows, in the presence of interest (of representatives 

from the industrial sector), to prepare a detailed technological 

regulation, tailored to the individual production capacities of a 

specific enterprise from the silicate industry. In the presence of 

more significant investment capital, it is planned to design [5] and 

build an experienced plant, equipped with a technological line and 

separate production areas for the production of wear-resistant 

«yellow paving stones», other forms of paving elements, paving 

slabs, boards for decorative cladding and others. The production of 

some products in different color variants allows expanding the main 

assortment and increasing its competitiveness. The planned target 

application of the prepared «yellow paving stones» foresees [5-7, 

11, 12] the priority restoration of the authentic condition of the 

street areas, part of the architectural ensemble of the People's 

Assembly Square and adjacent areas. Promising opportunities for 

the realization and creative combination of the entire spectrum of 

production are (if the municipal authorities are interested) the 

construction in suitable areas of the capital and in other cities of 

long-lasting and aesthetic pavements [5] with a diverse functional 

role: street and sidewalk areas, long-lasting markings, pedestrian 

areas, bike lanes, square spaces, yard spaces of single-family houses 

or closed residential and hotel complexes, transport infrastructure in 

tourist complexes and cultural and historical sites (settlements with 

the status of museums, restored archaeological monuments, etc.), 

park lanes, specialized open commercial area and amusement parks, 

car parks and a number of others. 

The aim of the present work is to present a financial project for 

the construction of a technological line and the organization of a 

cost-effective production of replicas of the so-called "yellow paving 

stones" and an additional product assortment based on the original 

technological regime and raw materials of local origin. 
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A plant schematic drawing for the production of yellow paving 

stones and tiles from marl clay. 
This publication examines some economic indicators needed to 

prepare a realistic business plan for the construction of a plant 

(Fig.1) for the production of various marl clay products such as 

pavers, tiles - yellow and other colors for covering urban spaces 

applicable in construction in populated areas and for other purposes. 

The production of different products ensures higher mechanical 

stability and allows the load-bearing function of the final products. 

The total investment value for the construction of the plant was 

determined to be EUR 2.5 million, on the basis of calculations for 

the prepared business plan. 

In this material, some economic indicators are presented in 

order to create a real Business Plan for the construction of a plant 

for the production of materials from marl clay - paving stones for 

covering streets and squares and tiles with small and large sizes for 

pavement spaces. Finally the material, the total investment value for 

the construction of the plant of 2.5 million euros was determined, 

with which value the following calculations for the Business Plan 

were realized. 

 

 
Fig.1. A plant schematic drawing for the production of paving stones and tiles from marl clay. 

 

 

2. Some financial parameters  
 

2.1. Establishing production needs for a 10-15 year period - 

marketing analysis. 

 

Complete marketing research is difficult to do. After 

consultation with specialists, independent research has been carried 

out, approaching reality. 

The study plan includes the following parts: 

The aim of the research 

The purpose of the marketing research is to prove the necessity 

of the product pavers and tiles and the possibility of establishing 

itself on the market, both in Bulgaria and abroad. The need for the 

product is proven by its technical indicators, and the imposition on 

the market depends on the needs, company policy, advertising, the 

economic possibilities of the users, mainly city councils, etc. 

Investigation method - through client quotas. 

The effort is aimed at determining the possible volume of orders 

from possible users - construction organizations and mainly city and 

municipal councils. 

Sofia, as the capital and largest city in the country, has 

approximately 94,000 acres of streets, squares and sidewalks. In the 

past, 60 acres were paved with yellow pavers. 

The goal of the collective is to help the capital to restore these 

areas and reach 100 acres. But this is only 0.1% of those of the 

existing areas. 

 

The regional cities - 28 of which are 1/10 of the capital - in total 

have approximately the same area of streets and sidewalks. The 

small towns, due to depopulation of the country, have shrunk to 5-

6,000 inhabitants, and have a total area of even more. The country 

is estimated to have about 300,000 acres of streets, squares and 

sidewalks. 

It is assumed that half of this volume of areas will not be 

realized due to conservatism and economic reasons. We distribute 

the other half between existing and other types of street and 

pavement coverings appearing on the market. For petrified paving 

stones and tiles, the percentage distribution indicated in table 1 

among the different types of street coverings is obtained. 

Although these products are the best of the materials listed so 

far with optimal qualities, we set certain quotas for similar pavers 

and tiles - 1.5% of 300,000 approximately 4,500 acres. 

50,000 pavers and 25,000 tiles are included in 1000 sc. m (1 

acre) area, which makes 250 tons of pavers and 75 tons of tiles. For 

the first stage of the plant, an annual production of 300 tons of 

pavers and 150 tons of tiles can be assumed. (See Table 1.). Table 2 

shows the volumes of annual consumption (in the most minimal 

version) for the different types of products. It also includes volumes 

for abroad, to determine the total consumption of this material. 

For single export abroad, the export of petrurgical products in 

color and only yellow and white for delineating a permanent 

horizontal road marking is considered. 

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS" WEB ISSN 1314-507X; PRINT ISSN 1313-0226

308 YEAR XVI, ISSUE 9 , P.P. 307-314 (2022)



    Table 1. Competitive materials. 
    № Competitive materials Market, % 

    1 Pavers carved from stone - granite 
Paving tiles from natural stone pieces 

16 

    2 Asphalted street and sidewalk surfaces 45 

    3 Different types of colored natural stone pavers 

with smaller sizes for figurative coverings (red, 
white, etc.), Marble paving slabs 

5 

   4 Concrete pavers and tiles - different sizes and 

quality 

30 

   5 Petrochemical pavers and tiles 1.5 

   6 Others 2.5 
 

   Table 2. Types of products. 
№ Production - types of products for the first 

stage of the plant's development 

Volume in 

tons 

1 Paving stone 300 

 Yellow pavers 200 

 White pavers 50 

 Colorful pavers 50 

2 Tiles 150 

 Yellow tiles 100 

 Colored tiles 50 

 Total 450 
 

Increased interest in such products was registered at 

exhibitions. 

As a result, a capacity of 300 tons of pavers and 150 tons of 

tiles per year is offered - a total of 450 tons/year for the first stage 

and doubling the production for the second stage to 900 tons/year. It 

is insufficient to meet the full needs of such petrurgical materials. 

After the implementation of the project, appropriate management 

decisions can be made to change the volume of production, but at 

the beginning of the activity it is advisable to work in a market with 

greater opportunities for implementation, i.e. in a "black hole" 

market. The bottom line is that in the next 10-15 years, the marl 

clay ware plant will be operating at full capacity. 

Production program 

Through the marketing analysis, the initial production program 

was determined, as a basis for calculating the productivity of the 

technological line. 
 

   Table 3. Production program. 

Years 1* 2 3 4 5 6 7 8 9 10 

Production 

tons/year 450 900 900 900 900 900 900 900 900 900 

 
 

Note:*During the first year a preparing and designing of the 

plant is carried out and the building and installing the plant's 

equipment includes half a year. Finally a report of the obtained 

results during 10-year research is considered. 

The production program envisages obtaining the capacity of the 

technological line with the necessary margin for failure, even 

though small, taking into account the necessary planned repairs of 

the facilities and all other prerequisites for regular, full-fledged and 

fault-free operation of the plant for the production of petro-chemical 

products. Table 3 shows the production schedule for a 10-year 

research horizon commensurate with the real life of the process line 

and the real production development cycle. 

 

2.2. Analysis of costs of raw materials and auxiliary materials- 

modifiers, dyes and others. Material and heat balance of 

production. 
 

Marl clay - main raw material 

For products with a specific weight of 2500 to 2600 kg/m3, we 

determine the necessary main raw material with a 20% reserve. The 

operation mode of the main equipment of the technological line - 

dryer and oven 1 pc each - is continuous. We accept for 1 year 330 

working days. The remaining 35 days are for planned repairs. We 

determine the daily, monthly and annual need for raw materials 

with a 20% reserve and a minimum density of 2500 kg/m3 and a 

maximum density of 2600 kg/m3. It is as follows: (see table 4). 

Calculations such as cost rates are made for maximum compacness. 

The price of the raw material is 30 euros. 
 

Table 4. Consumption of base raw materials. 
Productivity, 

tone 

Material 

Daily 
Monthly for 27.5 

working days 

Annual for 330 

working days 

  Consumption of raw material - marl clay,  kg 

450 min 1363 37500 450000 

500 max 1515 41662 500000 

900 min 2727 75000 900000 

1000 max 3530 83324 1000000 

  Consumption of raw material - washed kaolin, kg 

450 Min20% 272 7480 89760 

500 Max20% 303 8333 91650 

900 Min20% 544 14960 164560 

1000 Max20% 606 16665 183315 

  Consumption of raw material - colorants,  kg 

450 Min2% 27,2 748 8976 

500 Max6% 81,6 2244 24684 

900 Min2% 54,4 149,6 16456 

1000 Max6% 163,2 4488 49368 
 

Consumption of additives, modifiers and colorants. 

To obtain basic, modified and colored material, it is necessary 

to take these materials as a weight % of the basic raw material. 

Washed kaolin is usually added to the base material for additives - 

20% over 100% in classic production with a price of 50 EUR/ton. 

Dyes are also used - from 2 to 6% also over 100% with a price for 

the different colors of the dyes from 20 to 100 euros per kilogram. 

The main production is without colorants, i.e. in yellow color, and 

the special one in white color for horizontal marking. The three 

cheapest colors are used for dyes - dark red (burgundy) with dye 

Fe2O3, green dichromium trioxide Cr2O3 and blue - 1% cobalt 

carbonate. The expert estimate made for the price of 1 ton of 

material and additives is shown in table 5. 
 

   Table 5. Consumption price of additives, modifiers and colorants.  

№ Type 
450 tons/year 900 tons/year 

min max min max 

1 Marl clay, EUR/t 36.00 37.44 72.00 74.88 

2 Kaolin, EUR/t 20.00 20.80 20.00 20.80 

3 Dyes, EUR/t 0.00 400.00 0.00 400.00 
 
 

Packaging costs 

The pavers are packed on pallets with dimensions of 800 x 1200 

x 150 mm. The arrangement on the pallets takes place at the 

palletizing machine at the end of the technological line, after which 

it is wrapped or not depending on the customer with polyethylene 

film, tied with a chamber and stored. The height of the finished 

pallet is 1.2 meters. Other products, if necessary, are also packed on 

a similar pallet.  
 

2.3. Electricity consumption by aggregated indicators. 
 

The electrical energy (table 6) that is consumed is divided into 

two groups: electrical energy used for preparatory - closing 

operations and main electrical energy or other energy for drying and 

annealing. The first group is carried out by the various facilities 

described in the title list of the technological line, and the second 

group is carried out in a new, ecological way by burning high-

calorie pellets in a special generator, heating air supplied up to 200 
oC in the dryer and up to 1300 oC in the furnace, and in a cooling 

cycle while the excess heat is supplied to the drying space. The 

length of the dryer is 76 meters, and the length of the furnace is 60 

meters. The facilities are divided into zones, and according to the 

technological mode, the speed of movement of the carts in the dryer 

and in the furnace, respectively, is determined. The electrical energy 

consumed by all consumers of the technological line, with the same 

numbering from the title list is presented in the table 6. 

Some facilities have no electricity consumption. The price of 

consumed ENERGY is 0.22 EUR/kWh at a three-tariff electricity 

meter (average value of 0.33: 0.198 and 0.132 BGN per kWh for 

2020) until the end of 2021. 

It is possible to use gas if no ecological fuel is used for heating. 
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   Table 6. Use up power by consumers.  
 

№ 

Installation 
№     Installed power Productivity 450 t Productivity 900 t 

  kW 
Time 

for work 

Power 

consumed 

Time 

for work 
Power 

consumed 

    hours kW hours kW 

 Workshop No. 1 Preparation of raw materials       
 Raw material warehouse       

1 Feeder hopper with vibrator. It is filled with marl clay, with a volumetric weight of 

up to 2300 kg/cubic m. Volume V=5 cubic meters. 
1 -     

2 Conveyor. Serves to transfer the clay to the Homogenizer pos.11 and to Kollergang 

pos. 3. Dimensions L=20 m, B=500 mm, V=15 m/min, N=2.2 kW, with 2 pcs. flaps. 
1 1 х 2,2 = 2,2 6 13,2 12 26,4 

 1.2. Preparatory section of raw clay 1 -     

3 Kollergang for crushing raw material to sizes 5-10 mm., D=3 m, N=7.5 kW 1 1 х 7,5 = 7,5 2 15 4 30 

 1.3. Fireclay preparation mill section       

4 Rotary furnace firing marl clay for chamot, total power N=15 kW, n=20rpm, 

dimensions D=0.8m, L=4 m, H=1.5m, T = 850 
o
C. 

1 1 х 15  = 15 3 45 6 90 

5 Vibrating type mill for chamot crushing. Productivity 1000 kg/hour. N=5 kW. Sizes of 

the obtained particles below 100 μm, with a volume weight of 2,500 kg/m3. 
1 1 х 5 = 2,2 6 30 12 60 

6 Aspiration device around a fireclay mill N=2.5 kW 1 1 х 2,5 = 2,5 6 15 12 30 

7 Belt conveyor for transporting the fine particles from Kollergang pos. 3 to Mill 

pos. 5, volumetric weight 2,800 kg/m
3
, dimensions B=500 mm, L=18 m, N=2.2 kW 

1 1 х 2,2 = 2,2 6 13,2 12 26,4 

 1.4. Schlicker (liquid clay mixture) preparation section  -     

8 Belt conveyor for transporting the fine particles from Mill pos. 5 to Homogenizer 

pos.11, volumetric weight 2,800kg/m
3
, dimensions B=500мм, L=15m, N=2.2 kW, 

with 2 pcs. receiving chute at one end, 2 m wooden part and one chute at the other end. 
1 1 х 2,2 = 2,2 6 13,2 12 26,4 

9 Hopper for additives - 1.5 m
3
 3 -     

10 Cart for supplements with scales up to 500 kg. Drive automatically. Feeding in 

Homogenizer pos. 11. 
1 -     

11 Homogenizer with ball grinding elements of a schlicker. According to the recipe, 

crushed clay from Kollergang pos. 3, ground fireclay from Mill pos. 5, additives 

such as washed kaolin and others and water 60%, and the result is a liquid 

colloidal mixture - a slip with a maximum particle size of less than 100 μm. 
Volumetric weight of the homogenized slip 1400 kg/cubic m. Grinding time up to 8-10 

hours. Approximate dimensions: useful volume V=3 m3. D=0.8-1 m, L=10 m, n=20 

rpm, N=15 kW. 

1 1 х 15  = 15 3 45 6 90 

 1.5. Plastic table preparation section       

12 Filter press to remove water up to 12-15% until a plastic mass is obtained D=0.8-1 

m, L=2 m, n=10 rpm, N=5 kW 
1 1 х 5  = 5 6 30 12 60 

13 Screw vacuum press for removing air bubbles from the plastic mass D=0.8–1 m, 

L=2 m, n=10 rpm, N=5kW 
1 1 х 5  = 5 6 30 12 60 

14 Extruder screw D=0.1 m, n = 10 rpm, N = 5 kW 1 1 х 5  = 5 6 30 12 60 

 Workshop No. 2 Receiving finished products       

 2.1. Section for pressing products       

15 Mold equipment for 7 types of raw products - 5 for pavers and 2 for tiles. -      

16 Trolley up to 1000 kg on rails. Drive automatically by pusher in dryer and oven. 

Supply to Dryer with air circulation, Usable area length 2.40 x width 2.60 m. 
      

17 Press for pressing raw products,  N = 7.5 kW 1 1 х 7,5 = 15 6 45 12 90 

 2.2. Drying section       

18 Dryer with air circulation passage with large volume and programmer - up to 684 

m
3 
and temperature up to 200

o
C with different drying modes for different products, 

N=5 kW, L=76 m, without the energy for drying. Generator for heating ecological 
fuel with a power of 20 kW 

1 
1 х 5 = 5 

1 х 20 = 20 

12 

12 

60 

240 

24 

24 

120 

480 

19 Drying racks measuring 1.2x0.8x1.8 go into a cart-mounted air circulation dryer. 600 -     

 2.3. Furnace section       

20 Walk-through furnace with a trolley with intermediate partitions for high-

temperature firing of various products up to 1200°C in capsules - special boxes 

with or without a lid N=5 kW, L=60 m without energy for baking. Generator for 
heating ecological fuel with a power of 150 kW 

1 

1 х 5 = 5 

1 х 150 = 
150 

12 

12 

60 

1800 

24 

24 

12 

3600 

21 Racks for capseles (drying adjustment boxes) with sizes 4 x 0.8 x 1.8 3 -     

22 Capseles for products 10000 -     

23 Rail track, H = 1435 mm L = 150 m. 150 -     

   Transport inside the factory       

24 Transport inside the factory - stapler machine for feeding raw clay (fadrome), 

tractor with trailer, motorcycle (or gas) car or electric car. Euro pallet size A = 800 

mm, B=1200 mm H=150 mm and load height H=1800 mm. 

3 -     

25 Packaging machine for products with tape and foil. N=3 kW 1 1 х 3 = 3 2 6 4 12 

 Total plant facilities       

26 Workshop crane - with robotic manipulators, load capacity Q=5 tons. N=7.6 kW 1 1 х 7,5 = 7,5 4 30 4 30 

27 Laboratory for quality assessment - (apparatus and appliances) - complete 

laboratory equipment. Total power N=up to 3 kW 
1 1 х 3 = 3 0,5 1,5 0,5 1,5 

28 Repair workshop - machines, fixtures and tools most necessary for the repair of the 

furnaces and other equipment, and a repair section for repair, installation and 
dismantling of the insulation and heaters of the furnaces. Total power N=40 kW 

1 40 1 40 2 80 

29 Domestic premises - equipment with the most necessary household items and amenities. 1 -     

30 System for control and computer management of the technological process. 1 1 х 1,5 = 1,5 24 36 24 36 

31 Factory telephone connections-system-Director's office. 1 -     

32 Substation 1 -     

33 General rack for air drying of products on Dryer with air circulation pos. 18 and Pest 

pos. 20-742 sq.m. 
1 -     

Note: The annual consumption is taken at 330 working days of the facilities, with some facilities operating in one shift, some in 2 shifts, and the furnaces in a 

continuous duty cycle (3 shifts). Calculations for green energy generators for heating are currently made with the cost of electricity due to lack of data. If these 
generators are applied, the cost price of the products will be reduced. 
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Consumption of other types of energy – heat, cold, water, 

steam, fuel, etc. - none except for household needs - 1 EUR/ton 

each. 
 

2.4. Cost of labor and other costs. 
 

Industrial - production personnel (IPP) and salary fund. 

Distribution of IPS (industrial - production staff) by categories 

of shifts and productions.  

The required number of workers has the following list 

composition:  

-Оne superior of shift, automation and control engineer, higher 

education, male or female, works 3 shifts, 3 people; 

-Тwo equipment maintenance technicians - 1 mechanic and 1 

electrician, secondary special education, men, working in 1 shift, 2 

people. 
 

   Table 7. Total power used. 
 

Power For 450 t/year For 900 t/year 

1. Total installed capacity of 

machines for preparatory - final 

processing 

101 kW 101 kW 

2. Total installed power for heating 

- drying and baking  
170 kW 170 

3. Total used daily capacity for 

preparatory - final processing 
517 kWh/day 968 kWh/day 

4. Total used annual capacity for 

preparatory - final processing 
170610 

kWh/year 
319440 kWh/year 

5. Total power used for preparatory 

- final processing for 1 ton of 
finished product 

379.13 kWh/t 354.93 kWh/t 

6. Total used daily power for 
heating the material for 24 hours 

(12 hours - max consumption works 

with on and off to maintain 

temperature) max 

2040 kWh/day 4080 kWh/day 

6a. Commonly used daily power for 

heating the material for 24 hours (8 

hours - min consumption - works 

with on and off to maintain 
temperature) min  

1360 kW 2720 kW 

7. Total used annual power for 
heating the material - max  

673200 

kWh/year 

1346400 

kWh/year 

7a. Total used annual power for 

heating the material – min 
448800 

kWh/year 
897600 kWh/year 

8. Total used power for heating the 

material for 1 ton - max  
1496 kWh/t 1496 kWh/t 

8a. Total used power for heating the 

material for 1 ton - min  
997,33 kWh/t 997,33 kWh/t 

9. Total power used for preparatory 

- final processing and for heating 

the material for 1 ton max  

379,13+1496= 

=1875,13 kWh/t 

354,93+1496= 

=1850,93 kWh/t 

9a. Total power used for 

preparatory - final processing and 

for heating the material for 1 ton 

min  

379,13+997,33= 

=1755,59 kWh/t 

354,93+997,33= 

=1707,19 kWh/t 

10. Total annual power used for 
preparatory - final processing and 

for heating the material - max  

843808,5 

kWh/year 

1665837 

kWh/year 

10a. Total used annual power for 

preparatory - final processing and 

for heating the material - min  

790015,5 

kWh/year 

1536471 

kWh/year 

11. Total value for 1 ton in Euro max  412,53 407,20 

11a. Total value for 1 ton in Euro min 386,23 375,58 

Note: The annual consumption is taken at 330 working days of the 
facilities, with some facilities operating in one shift, some in 2 shifts, and the 

furnaces in a continuous duty cycle (3 shifts): 

-Тwo technicians for work of all furnaces and equipment, 

technicians of silicate materials, secondary special education, men, 

work in 3 shifts, 6 people; 

-Тhree workers (for preparatory and final processing of the 

materials) and 1 forklift driver, work in 2 shifts, 8 people; 

-Оne technician controller, secondary special education "Silicate 

technology" , man or woman, works 2 shifts, 2 people. 

A total of 21 service personnel are needed for one industrial unit 

operating with 5 shaft furnaces and 1 rotary furnaces for granules 

for the first stage of commissioning of the plant. An additional 14 

people are needed for the second stage of capacity implementation 

as follows: 

-Тwo equipment maintenance technicians - 1 mechanic and 1 

electrician, secondary special education, men, working in 1 shift, 2 

people; 

-Тwo technicians for work of 5 shaft furnaces and 1 rotary furnace 

for granules, technicians, secondary special education "Silicate 

technology", men, working in 3 shifts, 6 people; 

-Тwo the workers for preparatory and final processing of the 

materials, 1 employee (secondary special education "Silicate 

technology") and 1 forklift driver (secondary special education), 

men or women, work in 2 shifts, 4 people; 

-Оne technician controller, technicians, secondary special education 

"Silicate technology", man or woman, works 2 shifts 2 people. 

A total of 35 staff are needed for the plant at full capacity. 

Annual salary fund and accruals for social security and 

retraining and unemployment fund (calculation base)  
In the calculations it is assumed for labor, including additional 

labor remuneration such as classes, night allowances, etc. as 60% of 

the normally inherent costs of materials for this type of industry and 

with 20% harmful, including 35% for social security and 7% 

retraining and unemployment fund:  

In total, for the first stage of the introduction of the plant's 

capacities, 21 people serving PP staff are needed, with a total value 

of monthly wages of 196060.5 EUR per year or falling at 435.69.07 

EUR/ton. For the second stage of introducing the capacities for the 

additional 14 people, the salary of the working staff is maintained as 

follows:  

In total, 35 IP personnel are required for the plant at full 

capacity, with a total annual salary of 410049 EUR and falling at 

455.61 EUR/ton. 

Depreciation charges. 

Depreciation charges are different for different capital 

investments: 

For land and infrastructure - deductions are not foreseen.  

For a building - with a 20-year term of deductions. 

The formulas by which we determine the depreciation and the 

residual value are: 

A = Р / Т, where Р is the value of the depreciable capital, and Т 

is the time for amortization. 

For 1 ton we receive 50 EUR/ton for the first stage and 25 

EUR/ton for the second stage.  

For the technological line - we use a formula with a non-

linear dependence of calculating the residual value.  

P Growth = P (1 - k)T  and 

A = P - P Growth.; k = 0.2 and T = 5 years for this type of industry  

For 1 ton, we sum up the total depreciation for the ten years for 

the first and second stage respectively, i.e. we get 138.84 EUR/ton 

for depreciation charges for the first stage and for the second stage 

110.76 EUR/ton, which is an average value for the annual 

depreciation charge. Real values are variable quantities that will be 

reflected in the corresponding annual real costs.  

For the second stage of operation of the technological line, 

depreciation deductions are allocated after the third year from the 

start of operation of the plant.  
 

2.5. Determination of full production cost and production 

and sales price.  

These values are presented in the following table 8 in EUR. The 

factory price constructed in this way in two versions with minimum 

and maximum costs for the two stages of production shows the 

limits of the real factory price, which will probably be somewhere 

in the middle of the resulting interval, i.e. for the first stage it will 

be 1999.27 EUR/ton and for the second stage respectively 2011.79 

EUR/ton/. 

Full cost of production and production cost by cost element 

and analysis of basic costs. 

From the cost table, it can be seen that the elements for building 

the full cost are from item 1 to item 6, respectively, raw materials, 

energy costs, labor costs, other costs, depreciation deductions, 

additional costs, some of which are given as exact values, and 

others are defined as a percentage of the costs incurred so far, taken 

from the statistics for the relevant type of production.  
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  Table. 8. Determination of full production cost and Factory price. 
 

No 

Type of expenses 

Amount in EUR/ton of petrified material at a density of 

2500 kg/m3 

 

Productivity 

450 tons/year 900 tons/year 

 min max min max 

1 Raw materials     

1.1 Main - marl clay 36.00 37.44 72.00 74.88 

1.2 Basic – washed kaolin 20.00 20.80 20.00 20.80 

1.3 Dyes 0.00 400.00 0.00 400.00 

 Amount for item 1 56.00 458.24 92.00 495.68 

 Average value 257.12 293.84 

2 Energy costs at current 0.22 EUR/ kWh 386.23 412.53 375.58 407.20 

 Average value 399,38 391,39 

 Amount for item 1 to item 2 442.23 870.77 467.58 902.88 

3 Labor expenses     

3.1 Salary 60% of cost of materials 265.34 348.31 280.55 361.15 

3.2 Accrued 35% for Income tax 92.87 121.91 98.19 126.40 

3.3 Accrued 7% for unemployment and retraining 18.57 24.38 19.64 25.28 

 Amount for item 3 376.78 494.60 398.38 512.84 

 Average value 435.69 455.61 

4 Other expenses     

4.1 Transportation of raw materials 1.00 6.00 1.00 6.00 

 Amount for item 1 to item 4.1 819.01 1365.37 865.96 1415.72 

4.2 For maintenance and repair, 10% for the amount from items 1 to 4.1 81.90 136.54 86.60 141.57 

4.3 Marriage up to 20% for the amount from items 1 to 4.1 163.80 273.07 173.19 283.14 

 Amount for item 1 to item 4.3 1065.71 1780.98 1126.75 1846.43 

4.4 Packaging costs - pallets 9.60 11.60 9.60 11.60 

 Amount for item 4 993.41 1656.04 1049.75 1716.46 

 Average value 1324.73 1383.10 

5 Depreciation deductions A (calculated according to a special formula)     

5.1 For buildings 50.00 50.00 25.00 25.00 

5.2 For a technological line 138.84 138.84 110.76 110.76 

 Amount for item 5 188.84 188.84 135.76 135.76 

 Average value 188.84 135.76 

 Production cost price amount for item 1 to item 5.2 1264.15 1981.42 1272.11 1993.79 

       

6 Additional costs - 10% of the amount for items 1 to 5, (advertising, 

salaries for administration and management) 

126.42 198.14 127.21 199.38 

 Average value 162.28 163.29 

 Full cost - amount for item 1 to item 6 1390.57 2179.56 1399.32 2193.17 

7 Profitability - 12% of the amount for item 1 to item 6 166.87 261.55 167.92 263.18 

 Average value 214.21 215.55 

 Factory price - amount for item 1 to item 7 1557.44 2441.11 1567.23 2456.35 

 Average factory price for electricity 0.22 EUR/kWh 1999.27 2011.79 

 Average factory price of 1 paver weighing 5 kg, EUR/piece 7.79 12.21 7.84 12.28 

 Average factory price of 1 paver weighing 5 kg, BGN/piece 15.57 24.41 15.67 24.56 

 Average factory price of 1 tile weighing 3 kg, EUR/piece 4.67 7.32 4.70 7.37 

 Average factory price of 1 tile weighing 3 kg, BGN/piece 9.34 14.65 9.40 14.74 

  

No coloring 
-Original 

yellow* 

With color – 
other: red 

(burgundy), 

green, blue 

No coloring 
-Original 

yellow* 

With color 

– other: red 

(burgundy), 

green, blue 

  No profit 

*Note: The marl clay used creates the specific yellow color [10]. 

 
The production price also includes a minimum planned 

profitability - 12% of the costs incurred for the full production cost. 

The following analysis of the main costs was made:  

-costs for raw materials are constant; 

-energy costs are also constant if the price of electricity does not 

increase above 0.22 EUR/kWh, which depends on government 

policy; 

-labor costs are variable, on the one hand, until the optimal 

composition of jobs is established, on the other hand, in order to 

have lasting interest on the part of the work team, it is necessary to 

foresee a progressive increase in wages by approximately 5% per 

year separately from inflation, which can be guaranteed from the 

profit, after paying off the used credits or in parallel with them; 

-other costs, including transportation of raw materials, 

maintenance and repair costs, which we define as 10% of the costs 

incurred so far and marriage costs are variable in the direction of 

reduction, which is the concern of the plant management; 

-depreciation deductions set aside in a separate fund are 

constantly decreasing for each subsequent one-year period. The 

total cost includes the average value for the first stage and the 

average value for the second stage of production. Their calculation 

is shown above. The decision to use these funds is the responsibility 

of management; 

-additional costs, including funds for advertising the produced 

material and funds for payment of the work of administrative and 

management personnel. These funds are necessary for the 

successful implementation of the production. Finding the optimum - 
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on the one hand, not to weigh too much on the cost price, on the 

other hand, to be as much as possible for the quality work of the 

governing body will largely lead to success and positive results. Of 

the 10% determined, 2.5% is set aside for advertising, and the 

remaining 7.5% is paid for the labor of the governing body. Here, 

too, it is necessary to provide for an increase in wages by 5% per 

year separately from inflation.  

For the 10-year period of consideration, the total amount for 

advertising is distributed over years unevenly in order to promote 

the finished product at the beginning of its production.  

The composition of the administration is minimized. Necessary 

expenses are also for paying patent authors, consulting fees for 

plant planning and construction, and other fees, and a minimum 

reserve is required.  

The foreseen 12% minimum planned profitability, also 

allocated in a separate fund, determines the size of the minimum 

planned profit compared to the cost of production, and from there 

the average profitability compared to the production funds, which is 

10.6% for the first stage and 38.8% for the second stage of plant 

operation. This will help determine the exact value of the minimum 

selling price of the produce.  
 

Factors  influencing  full  cost,  production  price  and 

selling  price.  
 

The factors having some influence on these parameters of the 

manufactured products are of two types - external and internal. 

External are the normative documents affecting the making of 

legally justified management decisions and internal, leading to the 

accumulation of maximum profit and an optimally effective result 

of the production of this type of production in the created macro - 

external economic environment, i.e. the maximum possible selling 

price in order to realize the maximum profit and at the same time 

sell the entire quantity of output produced. The selling price is 18 

BGN per paver and 10 BGN per tile without VAT. With which 

calculations the Business Plan is made.  
 

Capital investments and production funds.  

Capital investments are worth EUR 2.5 million for the two 

stages. 
 

Structure of capital investments and fixed production funds.  
We divide capital investments by the following costs:  

 

For land - EUR 50,000.  

It is planned to purchase a plot of land with dimensions of 90 x 

60 m = 5,400 sq.m., on which to build a workshop - a building with 

dimensions of 60 x 30 m = 1,800 sq.m.  
 

For infrastructure - EUR 50,000.  

For construction or building - 400,000 EUR.  
The workshop building with dimensions of 60x30 m = 1800 

sq.m built-up area 
 

For technological line - machinery and equipment 2 million 

EUR. 
 

Working Capital.  

Working capital is the sum of the value of the working funds 

and the circulation funds. Working funds consists of the 

following components:  

- raw materials expenses - energy costs  

- labor expenses - other costs  

- transport, maintenance and repair, marriage, packaging, etc.  

- additional costs 

Working funds also includes unfinished production and stock 

of raw materials in the amount of 15% for 1 year.  
 

Circulation funds is made up of the following components: 

- unrealized finished product - as quantity and value we accept 

finished product less than a unit of transport volume (no. 3/4 of the 

volume of a truck - TIR);  

- costs for finished goods on the road (full volume of a TIR 

truck). 
 

Total value of Working capital - represents the sum of the 

above components increased by 20% for unforeseen additional 

costs.  

The minimum and maximum value of Working capital indicates 

the limits within which they can move. After analysis we accept 

500,000 EUR.  

Available main funds that will be used under the project 
 

Available capital funds at the time of creation of the conceptual 

project do not exist. After implementation of the project 

management form, ways to collect these funds will be found.  
 

Production funds. 

The production funds necessary for the realization of the project 

are the value of the technological line, respectively 2,000,000 EUR.  

One-time costs 
The one-off costs are for the purchase of land, construction of a 

building and infrastructure, the total cost of which is EUR 500,000.  

The total cost of realization of the factory for the production of 

petrurgical products is 2.5 million EUR, which price changes over 

time to increase with the inflation index and other, external factors. 

These data are included in the developed business plan.  

Note: In the entire project, the value of 1 EUR is equal to 2 

BGN, limited by the Currency Board in the Republic of Bulgaria. 

The calculations were made until June 2021, with inflation reflected 

proportionally in the changing economic situation. 

 

3. Conclusions 
 

A primary substantiated financial project has been prepared for 

the construction of a technological line and pilot plant for the 

production of full-fledged replicas (with complex indicators 

superior to the original samples) of the so-called "yellow paving 

stones" and a wide assortment of products based on the developed 

original technology and raw materials with Bulgarian origin for an 

ideal new site.  

The financial means necessary for the implementation of the 

individual stages of the prepared project have been analyzed: 

acquisition of an industrial plot, construction of a production factory 

infrastructure, warehouse base, laboratory and additional units, 

provision and installation of a complex of specialized facilities and 

equipment for automation, video surveillance, communication and 

management, intra-plant transportation, extraction and 

transportation of raw materials, purchase of auxiliary materials, 

appointment and training of qualified production, administrative 

and general personnel, energy carriers, advertising, expenses for 

design and legal services and others. The estimated cost of the 

products and the current production factory price with the required 

profitability are determined.  

The presented development is mainly aimed at the attention of 

industrial producers, potential investors, responsible persons in the 

field of urban planning and public infrastructure and specialists in 

the field of cultural and historical heritage of the country. 
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