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MULTIFUNCTIONAL MODELING OF REGIONAL SOLID WASTE MANAGEMENT SYSTEM TAKING INTO ACCOUNT SYNERGISTIC EFFECT 
The article formulates the balance scheme of the solid waste of life cycle in the region, which allowed the ecological and economic model development of waste management optimal control and to determine the scope of the management scenarios optimization at the theoretically optimal values ​​of the parameters. Based on the model management area solid waste management offered algorithm for determining the optimal management strategies and mechanisms for their implementation, which allows you to solve the problem of optimizing the development of waste circulation of the sphere for a given set of variables and system state parameters for a particular type of the life cycle sphere. The developed model has a set of feasible solutions and, therefore, offers a selection of the best of them, taking into account the objective functions. Reasonably practical application of this model on the example of Poltava region based on the optimization of three objective functions: environmental risks for public health from the scope of solid waste management; maximization profits with minimum investment in this sphere; power consumption of the waste management system.
Keywords: solid waste management sphere, optimization model, region, objective functions.

Statement of the problem. The problem of waste – one of the most important ecological, economic and social issues of regional development. One of the main reasons for the deterioration of environmental quality and appearance of «ecological disaster» zones is that huge amounts of substances extracted from the earth, transformed into a new compound and dispersed in the environment without considering the fact that «all going away somewhere». As a result, large amounts of substances often accumulate in places where, by nature, they should not be. Biosphere operates on the basis of closed ecological cycles of matter and energy, and the production of waste is an exclusive feature of civilization.

One of the modern science problems, which further leads to environmental problems society is that the understanding of the processes taking place in the ecosphere in today's professionals are very complicated, as a result of long process of knowledge differentiation became habit considered separately taken, single events each of which has some reason. In this aspect, actualized the formation of innovative approaches to the management of solid waste (SW), the definition of optimization models and mechanisms for keeping management decisions based on the methodology of the system analysis taking into account environmental, technological and socio-economic conditions and the synergistic effect on the functioning of the system at regional level.

The analysis of recent studies and publications discussing the problem. Among studies on various aspects of improving the system of waste management and involve them into circulation, must allocate work: 
A. Bondar, G. Vyhovsky, B. Vagin, T. Galushkina, B. Horlitskiy, S. Illiashenko, L. Melnyk, V. Mishchenko, 
E. Rumina, C. Pierce,  I. Syniakevych, J. Walter and others. But the improvement of regional SW management sphere optimization modeling in this sphere does not worked. Noting the large number of approaches and applied research to reveal some of the SW sphere problems, it should be noted that the multidimensional analysis of the SW treatment and the development of the basis of economic and ecological management models optimization, algorithms, decision-making in this area, still dwell important for scientific research.

Task of research. It is necessary to work out the optimization model of waste solid management in the region. The model will create the basis for determination of strategic development directions in the given sphere within realization of socio-economic and ecological strategy of regional development. 

Materials and methods of research. Given that the problems of waste management goes beyond purely economic or ecological studies and is reflected in the system of basic and applied science, its methodology has to be based on many subjects and holistic worldview. In this context, traditional approaches to control the SW, which provided modeling system based on the study of its elements are totally unacceptable to the complex of «nature – society – man» and require the formation of a new approach based on the integration of the system approach principles (which as methodological tools includes system analysis, systematization method) with other research approaches and points of view.

Therefore, the methodological basis of research on the SW management based system analysis, the author's understanding updated: synergistic approach, which is based on the idea of ​​self-organizing systems, that aspiration system for self-preservation, which manifests itself in the allocation of some stability region where the system is in equilibrium and accompanied by a minimal loss of energy; target, resources and strategic approaches; axiological approach; functional approach; combination of metaphysical and dialectical methods of knowledge management in the study of SW. Implementation of effective SW management according to the biosphere paradigm of social development must include not just protection of the environment, but also a set of new management concepts and approaches for the integration of public interest in the system of strategic targets ecologically regional development.

Results of research. Technological system of SW management is complex of interconnected grid sources of waste, process operations at each stage of the life cycle and behavior of objects based on their relative position in a particular area, the availability of transport connections and direction of the waste flow. The main elements of technologies of SW correspond to the main stages of the waste life cycle: formation; collection, storage and temporary storage (formation of one or more waste streams with certain characteristics); transportation (movement of waste streams); recycling or disposal of waste (change flows and final disposal). This functional and substantive model of solid waste, taking into account the methodical approaches should focus on the most complete account of the integrated principles of waste management and balance schemes include life cycle of raw materials and energy in a closed loop using the material and energy resources of the region. Thus, theoretical model design functional and meaningful relationships and interdependencies between key SW management systems links is based on two complementary processes: 1) the optimal use of raw materials and minimizing waste generation; 2) the maximum repayment material and energy secondary resources into production. Accordingly, the balance of use of primary and secondary resources in the region shown in pic. 1. In pic. 1 the following notation:
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 – the set of state variables waste management in the region: creation, collection, unauthorized removal, sorting and recycling, sorting and composting, sorting and burning, removal to landfills, waste recycled;
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 –  the total amount of waste generated in the region; collected at every gathering; illegally placed on unauthorized dumps; sorted and processed at waste treatment plants, composting plants, combustion plants; sorted and removed to landfills and waste dumps sanctioned the region; the total amount of recyclables collected in the region.
Sources of waste are divided into objects of housing ([image: image16.png]! Y
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), and objects of public purpose and street trash ([image: image20.png]
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. Also part of the population of secondary resources may take into recycling recyclables ([image: image28.png]3
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). Some of the waste is removed on illegal dumps ([image: image30.png]


). 

Thus, there are two uses of the owner removed secondary resources. First – the owner of secondary resources deliver them to the collection points, and the revenue is its property. Other – sends secondary resources to specialized collection points (separate fee) and income received from the sale organization that collects on behalf of the region. As incentives region can reduce the amount of payments for the acceptance of sorted waste, to propaganda work. Then removed under secondary resources owner of shares as follows:
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Pic. 1. Carrying circuit lifecycle of primary and secondary resources in the region 
(compiled by the authors using [1])
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where XУВПsp - number of secondary resources, p-type s-th source that is sent to all recyclables collection points; [image: image35.png]


 – factor sort waste; [image: image37.png]


 – coefficient of extraction district secondary resources type of waste to be sorting, the s-th owner of waste; [image: image39.png]


 – average potential, the content-type of secondary resources waste in the region; [image: image41.png]


 – factor of division secondary resources p-type s-th in owner points transferred to the general collection and recyclables collection points; [image: image43.png]X8



 – number of selected recyclables s-owner of p-type. 
Waste stream and second paragraphs collection is divided into plants and landfills, while the balance equation for the i-th collection points has the form
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 -  waste streams and from the first collection point and the j-plant recycling, composting, incineration, and to-landfill, l-point and processing recyclable materials.

Balance equation for the j-th factory sorting and recycling (3); incineration (4); their composting (5); waste in landfills and dumps (6), on illegal dumps (7) can be represented as follows:
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 - the flow of recyclable materials for processing by the owner or the processing of another owner; [image: image69.png]XPI _



 flux residues from waste j-th processing plant removal (condense and are solid [image: image71.png]XFar
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 – сoefficient of extraction, the type-recyclables the j-th recycling plant; [image: image77.png]


 – average content, the type-recyclables in the region; [image: image79.png]
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 – waste stream from all collection points on the j-th plant for incineration, waste streams from the j-th plant for burning all plants processing and landfills;  [image: image85.png]


 – coefficient of extraction, the type-recyclables the j-th plant with incineration of waste; [image: image87.png]e X



 – incineration of the air; [image: image89.png]M om
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 – pyrolysis installation, [image: image91.png]
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 – waste streams from the j-th plant for incineration, ash in landfills, waste gas in filters and also according to landfills, liquid waste into the sewer system, respectively; [image: image97.png]


 – the amount of compost produced at the j-th composting plant; [image: image99.png]4
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 – waste from the production of compost; [image: image101.png]
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 – waste from the production of compost; [image: image105.png]X2 XEPAT XM KTy I



 – for waste streams and landfill; [image: image107.png]


 – the flow of waste of all their owners to unauthorized removal; [image: image109.png]


 – waste residue to m-th unauthorized dumps; [image: image111.png]


 – the waste stream with the m-th unauthorized landfills all landfills.
Removal of waste in the region is possible to landfills authorized landfill (which is desirable) and illegal dumps (which is prohibited). Secondary resources are processed and returned to regional resources substituting primary raw materials. Calculation receiving secondary material and energy resources in order to save energy resources of the region are given in [2]. In general, the economic damage by pollution from waste listed in the monograph [3].

Thus, the construction of optimization models control the SW in the region involves analysis of material and financial flows in the system to possible methods and technology solutions to implement them at all stages of the raw materials life cycle o (from extraction to assimilate the environment), the objective function for which acts multicriterion management function and formalization given simulation model, taking into account technical constraints, transport, economic and recirculating in the region, and that includes the definition of dynamic optimal control regimes SW for achieving the target criteria of its extremes (pic. 2). This model is based on the criteria: the minimization of waste F1(X); maximizing waste sorting and F2(X); minimize loss for the environment and public health risks of handling SW F3(X); maximizing profits from the sale of secondary resources F4(X); minimizing the cost of the system F5(X); maximizing profits from the management system for regional SW F6(X).
In general, the problem of optimal solid waste management at the regional level is fully deterministic optimization problem: to find a set of variables (X) and parameters (Y) state of optimum system (X=[image: image113.png]1
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, and optimization criteria reach their extremes F1(X,Y)→min; F2(X,Y)→min; F3(X,Y)→mах; F4(X,Y)→mах; F5(X,Y)→min; F6(X,Y)→mах at X=[image: image119.png]1
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With the existence of a system of solid waste management in the region, ie when the settings are (Y=[image: image123.png]const



) and constant over time, optimization problem boils down to the need to find X=[image: image125.png]X3pt 32 yMOBH
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, a set of criteria reaches its extreme values. The solution obtained in the end, provide information about the optimal management of material and financial flows under the current system already. 
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, it is necessary to determine the optimal values ​​of the system Y=[image: image131.png]


, and the criteria set reaches its extreme values. This type of problem you information about the cost-optimal solution for the case of changing process parameters management system with SW. If you need to determine the optimal values ​​of variables and parameters of state for given values ​​of other variables and parameters of the state, and that is [image: image133.png]X=X UX,
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. This type of task is typically used to solve problems in order to optimize the existing system include the treatment of additional SW links or cycles.

Obviously, the criteria chosen linear optimization and linear communication system variables in the design scheme, we obtain a classical linear programming (and quadratic programming for multi tasks). At the same time as a single integral criterion in the process of solving optimization problems can control the SW used the sum of squared deviations of normalized target functions (Fj, j[image: image159.png]


) of its maximum and minimum values. 
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To identify common solutions of dependency management SW solutions formed one-step analytical deterministic optimal control problems based on linear replacement depending integral stream SW on nonlinear continuous function (mathematical description given by the authors in [4]). Data can count depending optimization characteristics of solid waste management for a variety of SW (Pic. 3).
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Pic. 3. Estimated carrying integrated circuit SW streams in the region (compiled by the authors using [5])

Pic. 3 the following notation: [image: image163.png]X2, X2,X92,X2



 - integrated flow potential and not potential secondary resources at the entrance of each of disposal SW;  [image: image164.png]Bo B2, B3, BY



  -  weighted average rates of secondary resources content in SW ([image: image165.png]Bo



 ), for their removal ПС2, owned SW ([image: image166.png]X9,X72
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 - integrated flow of recyclable materials which act on comprehensive collection point secondary resources; [image: image168.png]


 - factor of ignorance of «owners of SW», which determines the fate of waste that will send the owner the unauthorized removal to obtain «imaginary» profit; [image: image169.png]XO3H,
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-  the loss of recyclable materials, which are due to objective and subjective factors management system with SW in the region.

Practical use of optimization models can provide an example of Poltava region. In Poltava region annually produce about 480 thousand tons (1,6 million m3) of solid waste, which are removed at 377 authorized landfills and dumps SW and 4,5 million ton. Industrial wastes (including 200 thousand tons – dangerous waste) [6]. The average level of waste use as secondary resources industry is about one-third (30 %) and household waste – about 8 % of the total weight [7].
Due to regional differences in Poltava region [8], the following optimization objective functions control the SW (taken recirculating character limit): 
- the environmental risks for public health from the SW sphere: 
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where [image: image174.png]


 – economic damage from environmental pollution, hryvnias; Rn – the risk to public health from the SW sphere;  С – the average concentration of a substance that enters the body during his life; Ке – coefficient danger determined depending on the class of hazard substances; b – coefficient izoefficiency; γ, φ – constant, whose numerical value is established for inflation; δj – the relative hazard ratio of air pollution on the territories of different type j; Vk – the theoretical potential methane organic component SW, m3/year; Мk – weight organic component in the total volume of waste, ton/ton; h — constant of methane from organic waste; t - time since the opening of the landfill, years;  t – time since the opening of the landfill, years; Сі – mass fate and harmful substances of the total biogas (filtrate); аі – an indicator of the relative aggressiveness and harmful substances; bі – relative environmental hazard discharge of pollutants into water;  l – the total amount of water intake m3/ year; E –the amount of evaporation and transpiration of water m3/year; [image: image176.png]


– absorbing capacity of waste;  [image: image178.png]BP



 – lost profit in the region of withdrawal of land for facilities handling SW with economic turnover, hryvnias; РР – loss of land pollution, hryvnias;
· maximum profit with minimum investment in this sphere:
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where U – income from processing resource valuable fractions, hryvnias; [image: image182.png]


– fee for accepting the waste, hryvnias;  і – the discount rate; t – period of the SW sphere, year; А – the processing costs, net profit from the sale of resource valuable fractions, hryvnias/ton; В – the cost of collecting and transporting the SW, hryvnias/ton;  C –the cost of burial SW, hryvnias/ton; Х – SW weight that comes to recycling, ton; Y – SW weight that is transported to the landfill, ton; Z – the total amount of SW that is removed, and the residue from the processing, ton; Е, F – the cost of opening the processing plant (station), hryvnias;  [image: image184.png]


 – the cost of land, which are derived from agricultural turnover due to pollution, hryvnias;  
- energy of SW sphere (calculation given in [9]).

Integrated modeling results for the five scenarios modernization of the SW management for a problem finding X=[image: image186.png]


 with Y=[image: image188.png]


, (criteria set reaches its extreme values) are shown in pic. 4.

Conclusion. On the basis of the circuit lifecycle of solid waste in the region scientifically grounded optimization model SW management. Since the set X is broader than the set of functional connections in Ф, the model has developed a set of feasible solutions and therefore offers the best selection of them on the basis of objective functions. Thus, the model allows to solve the optimization problem of the treatment of the SW for a given set of variables and parameters of the system for a specific type of SW life cycle. The expected results of the optimization strategy is a comprehensive solution of economic, social and environmental challenges of the region, providing economical use of resources over Ukraine.
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Present synthesis optimization criteria to control the SW example of Poltava region led to the conclusion that the economic, environmental and technological point of view, the most effective solution is a third scenario, namely the construction of four waste treatment plants (total capacity of 1,2 million m3) and 7 SW landfills capacity of 50 thousand tons, which ensured minimal economic risk, and annual economic benefit is 9,88 million hryvnias. The most risky and dangerous for health, and the most expensive is the construction of combustion plants, that fourth scenario is unacceptable to the region. The current situation, although it is characterized by the lowest cost, is unacceptable, as characterized by major environmental risk (9,58 million hryvnias). 
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Pic.2. Optimization model solid waste management in the region (compiled by the authors)





1. Functional substantive model of regional reproduction of natural-resource base, which is based on drawing up the balance sheet schemes lifecycle of raw materials and energy in a closed loop using the material and energy resources of the region and their economic and mathematical description includes material and energy flows at the stages of production, consumption, waste potential and unpotential and secondary resources, waste assimilation environment








2.  Restrictions in the SW management:


- Not limited system of SW;


- Economically limited system of SW;


-Freight limiting system of SW;


- Technical limitation system of SW;


- Limiting the recirculation system of SW;


- Limiting the mixed system of SW.











8. Optimize SW management:


� QUOTE � ���,


where  � QUOTE � ���                  � QUOTE � ���


Кij і Wij – best and worst values of the j-th criterion and optimization problem, and SW in the region.








4. A simulation model management SW: X=Ф(X,Y), provided – X≤Xm, Y≤Ym ,


� QUOTE � ��� – set of state variables management SW; � QUOTE � ��� – set parameters of the system in the region; Xm, Ym - set limits on the variables and parameters of the system in the region; Ф – functional line, which connects state variables together on the set parameters of the system











5. Target features
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3. The calculation of financial and economic indicators for the life cycle of raw materials on the basis of socio-economic and environmental features regional

































































Subject to the existing system must be found X=� QUOTE � ��� at Y=� QUOTE � ���,














The economically optimal solution for the case of changing process parameters of the system





Determining the optimal values of variables and parameters of the state
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 Criteria reach their extreme values:� QUOTE � ���





Deterministic complete optimization problem (creating a system)
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6. Performance measures for SW management (power, population, business)








7. Optimization kinds of SW management scenarios in the region





9. Meeting the challenges of optimizing conditions for profit maximization different actors solid waste management, taking into account regional peculiarities



























































Figure 2
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The system of balance equations for material flow of design scheme
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Pic. 4. Optimization of generalized criteria of different technological solutions to control the SW example of Poltava region (compiled by the authors)
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