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Summary: This paper examines the reengineering of a production process meant to improve the structure of production, make it more market-oriented, enable the replacement of old with new products, increase quality and cut costs, reduce the process execution time, upgrade internal and external relations, and eliminate redundant activities. Considering the functioning of an energy storage system, stone has been often used as a material for heat accumulation. In solar systems with air receivers it is almost exclusively used since it is adequate as an air heat exchanger, bearing in mind that it consists of stone pieces whose total contact surface is large. The proposed actions also include the redesign of the composition, production configuration, and modification of technological processes in stone processing which can be implemented with modern investments achieving significant improvements concerning the flow of raw materials, avoiding production bottlenecks, improving quality alongside relevant cuts in the labour costs. The proposed reengineering activities also take into consideration the protection of the environment by reducing energy and waste material, and improving working conditions.
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1. INTRODUCTION
The complexity of modern production and performance systems and the survival in a highly competitive market demand more profound analyses and understanding of the system elements as well as the relations between them. In fact, what is needed is a design of a production system capable of satisfying customers effectively and efficiently while maintaining an adequate level of profit in the environment where a product’s life cycle is being increasingly shortened and the production mix and scope are subjected to strong variations. All of this necessitates an improvement in the flexibility of a system and a reduction in the total time from an order to a delivery, as well as in the activities which do not add value, by completely rethinking and redesigning both the production system and the basic processes that lead towards a radical reengineering of production operations by adopting a systematic approach. This “renovation” can also be a part of a wider general redesign of strategic processes, policies, and organization structure so as to optimize the workflow and productivity of a company, which is known as business process reengineering. In order to show the application of such a concept relevant to production operations, what follows is the description of the reengineering of natural stone production.
2. APPLICATION OF NATURAL STONE
Stone is a raw material of vital importance because it has played a very significant role in the development of the human civilization since the ancient times, and will continue to do so in the future. Stone as a material possesses a wide spectrum of uses in various industries. Figure 1 shows the use of stone in remarkable creations.

Natural stone (marble, granite, limestone, etc.) with unique physical and aesthetic properties makes an ideal raw material in civil engineering.
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Fig. 1 Natural stone usage
Natural stone has numerous applications in civil engineering, both in the exterior and interior use, and it contributes substantially to the improvement of quality, as well as aesthetic and general performance of buildings and open spaces.
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Fig. 2 Global production of stone and production trend
By observing the global production of stone, it can be noticed that it is chiefly produced to be used as a raw material or a finished product. As a raw material, stone had the growth rate of 260% (1986–2003), while its value amounted to 20 billion Euros in 2003. The growth rate of stone as a finished product in the period from 1996 to 2003 was 61%, while its production value was 35 billion Euros in 2003. The global production of stone and the scope of this production in the global market will witness a fivefold increase by 2025, Figure 2.

In the global stone and equipment market, the European Union has the leading position with a 35% share in the total production of stone, China is in the second place with 18%, followed by the rest of Asia and Europe. Graph 6 illustrates the spatial distribution of the global production of stone.

As far as the export of equipment used in the production and processing of rocks and stones is concerned, the European Union leads the way convincingly with 66.3% while the USA participates with 5.3%. A more detailed distribution is showed in Figure 3.
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Fig. 3 Geographic distribution of the global production of stone and equipment trading

There is a close connection between the ore and stone mining sector and the civil engineering industry. Namely, the stone production and processing sector is a constituent part of civil engineering, thus a better performance of the stone sector implies a better performance of the entire civil engineering industry.

To begin with the process of reengineering, it is necessary to first draw a map of a current production, in this case the production of stone, and divide it into production phases (processes). The following section will present the process of the entire stone production chain up to its final application, i.e. the use in building construction.

3. THE EXISTING NATURAL STONE PROCESSING TECHNOLOGY
The existing natural stone processing technology can be shown through seven processing phases, with each individual process identified and analyzed in the following text.

The first process which appears in the production of stone is the process of rock drilling in a quarry. With the existing drilling technology, 1000 t of drilled marble produces 780 t of waste. The main problems of the existing production process that need to be solved are:
·  low drilling speed (up to 2m/min)
·  high level of noise and vibration
· hydraulic system.
The second process is the next critical point during the production where 35% of blocks are discarded due to cracks or fractures.

The third process comprises the activity which can be applied in order to improve the production process and that is the work on the reparation of small fractured blocks.

The fourth process is the process of testing, cutting and slicing the stone blocks.


The fifth process occurs after the process of calibration, polishing, and dimensioning, and a major downside of the existing process is a large number of cracked, fractured, or fully broken plates or tiles. The existing process does not have available technologies to consolidate, i.e. join the cracked and broken plates.

The sixth process represents the solution of the problem of a large amount of waste, and what reengineering can do here is analyze and offer an improvement to this large amount of waste that is generated in different subprocesses of the production process.

The seventh process in the production chain of stone products is the installation of stone into a specific object. The quality of stone plays an important role here. If we consider the quality of stone products in civil engineering obtained by the production process prior to reengineering, 1-3% of these natural stone products used in facades in the EU has to be repaired every year due to:
· inadequate material xxxxxxxxx xxx xxxxxxxxxxxxx 

· weak or poor construction, and 
· poor maintenance.
4. THE EXISTING NATURAL STONE PROCESSING TECHNOLOGY
The reengineering of the natural stone processing needs to be conducted by solving the problems identified in the existing natural stone processing through the seven phases (processes).

The first process, the drilling process, can be improved in the reengineering process by applying the new drilling technology, “I-STONE Technology”, which would lead to the following benefits:
· high drilling speed (up to 3m/min)
· no vibrations, low noise level 

· working with an electric motor.
The second process, the problem of cracks, can here be solved, improving the production process and eliminating the losses, by introducing the crack detection technology, contrary to the existing state where there is no available technology for detecting and strengthening the cracked blocks. This new technology would be based on the flaw detection system. This technology is founded on the non-destructive techniques based on sound and ultrasound waves which detect flaws up to 2.5 m and with the precision of ± 1 cm.
The third process, the repairing of broken blocks, can be enhanced by applying the technology for the reparation of broken blocks, which is based on the impregnation blocking system, i.e. the prevention of crack widening. The basic characteristics of this technology are:
· vacuum bag and metal chamber technology,
· infiltration of resin into the cracks of stone blocks, and
· joining or consolidation of fractures up to 1 m in depth.
The fourth process, the process of cutting stone blocks, currently accounts for 20% of stone material lost during the cutting due to the width of the disk. An in-depth analysis leads to the conclusion that high-speed cutting can be introduced through reengineering. This can be achieved by:

· developing extra thin cutting disks,

· introducing a new generation of the diamond segment of grinding, and

· developing high-speed cutting systems.

The benefits which can be reached by applying the I-STONE Technology are given in Table 1. 
Table 1 Comparation of existing and new technology cutting
	
	Existing technology
	I-STONE technology

	Segment width (mm)
	7
	5

	Disk width (mm)
	5
	3,5

	Tooth height (mm)
	20
	10

	Cutting speed (m/s)
	32
	45-60

	Feed rate (m/min)
	4
	13-17

	Removal rate (cm2/min)
	400
	520-580


The fifth process can be improved by introducing the system for consolidation of stone plates/tiles. Consolidation or joining of the plates would be performed using inorganic components.
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Fig. 4 Use of IT technologies for eliminating the manufacturer-customer discrepancy
The sixth process, the problem of waste, can be solved by using this waste to produce new stone products. As possible products which can be manufactured by reusing the stone waste, the following are proposed:

· synthetic stone blocks with PCM or

· stone-cement products.

The process which is very important before installing stone into a specific object is the virtual selection of the adequate stone and system of application in building construction. In order to eliminate the discrepancy that can occur between the client and the manufacturer of stone products, Figure 4 shows a solution which is based on the use of the Internet and computer networks.
Figure 4. Use of IT technologies for eliminating the manufacturer-customer discrepancy (stock, transport, application, client, server, images, administration, recording, production, tiles, Internet)

The seventh process, the quality of stone, can also be improved by influencing the behaviour and characteristics of the stone to be installed by testing its behaviour. The testing devices perform:

· modelling and assessment of stone behaviour in real conditions for the application in civil engineering,

· assessment of stone sensibility to painting, and
· the role of an expert system for the selection of an adequate stone for the appropriate application.
5. CONCLUSION
It can be concluded that the reengineering of the stone production chain leads to a transformation of a rather traditional stone sector into a modern, competitive, and knowledge-based sector so as to ensure a permanent technological superiority over the competition.

The benefits are illustrated on a practical example, and they consist of a significant improvement in efficiency and productivity, a reduction in the vast amount of generated stone waste and its disposal into the environment, the production of a new generation of multifunctional products based on the stone waste, and the maintaining of the quality in stone usage.

The proposed actions include the redesign of the distribution, production appearance, and modification of technological processes which can be implemented with modern investment achieving significant improvement in terms of the flow of raw materials, the avoidance of production bottlenecks, and the improvement of quality along with relevant savings in workforce costs. The proposed activities of reengineering also acknowledge the environment by reducing the energy and waste material and improving the working conditions. 
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