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Summary: Energy supply chain has been defined as the trajectory of all energy transformations from the fuel source or primary energy sources to useful energy form delivered to end users. In general, every single energy supply chain can be uniquely defined by several criteria. These criteria are generally categorized into the three groups: energy, environmental and economic criteria. There are following criteria: energy efficiency of observed chain, exergy efficiency of chain, the coefficient of exergy quality  for different products at energy chains, specific investment cost per totally installed power of all machines and plants in the energy chain, €/kW, production cost of energy chain per 1 kWh of the lower heating value of produced biofuels or energy, €/kWh, CO2 emission in the total chain due to the fossil fuels consumption for 1 kWh of the lower heating value of produced biofuel or energy, kg/kWh and availability of usable resources on its territory and possibility for its use in defined percent. Optimal energy supply chain can be chosen by using multi-criteria optimization. Selected optimal energy supply chain fulfils important set of criteria, which are defined and adopted for this type problem, previously. But the main goal in this paper is not to choose optimal energy chain, rather than determination energy mix from several renewable energy supply chains. Determination of optimal energy mix comes down to determination of the percentage share of each component of renewable energy supply in defined boundary of the observed problem. To meet its energy needs, each country, region or defined area uses the energy available to it, in different proportions. This is what we call the energy mix. Depending on definition of the criterion matrix for optimization, this matrix will define the possibility of applying this method on different energy supply chains and regions. For total ranking of renewable energy chains for production of fuel or energy and selection of optimum variant, the multi-criteria optimization and VIKOR method can be applied. In VIKOR approach, the compromise ranking is performed by comparing the measure of closeness to the ideal alternative. This is main reason why this methodology is very good for application in determination of optimal sustainable energy mix. The measure of closeness to the ideal alternative is directly in correlation with percent of share in modelled renewable energy mix. This approach for determination of optimal energy mix have been applied and tested on several real supply bioenergy chains in this case: CHP plant, pellet plant and wood heating boiler.
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1. INTRODUCTION
It is necessary that other countries which have energy reserves and resources (potentialities) like BIH, they need to pay attention to rational use of energy and the selection of future energy sources in order to provide an optimal energy mix. It can significantly affect to that with selecting effective technologies and disposable fuel. The challenge is to ensure optimal energy mix while minimizing unwanted impacts on the environment, ensure energy security, and necessarily of use renewable energy, or sources that reduce overall greenhouse gas emissions. 
The main domestic sources of energy in BiH are coal (90%), hydro potential and biomass, while natural gas and oil imports. Besides mentioned resources, BIH disposes with: geological reserves of crude oil, geothermal energy, wind energy, solar energy. The availability of a certain amount of fuel is limited nature of resources not only from its territory and beyond (its imports), the possibility of economic and technical feasibility to allocate and use. Dependence on imported shows in extent to, which the country relies on imports content its energy needs [1]. At the national level, the validity of a particular source of fuel may be characterized as national R/P ratio (reserves/production) in fossil fuel. At renewable energy sources (RES), availability depends on the available technologies as well as meteorological parameters. 
2. REVIEW OF RESEARCH ACCORDING TO OPTIMIZATION OF ENERGY MIX
Methodologies to optimize the energy mix can be divided into two groups: methodologies appropriate to the economic objectives and methodology directed to the techno-operational objectives of [2].As can be found in [2] [3] [4], in the optimization of RES in systems, which are observed with the techno-operational point of view, the methodologies typically used the following variables as the optimization criterion: reserve / backup capacity, import and export dependence, primary energy consumption and fuel saving, the share of renewable energy, carbon dioxide emissions (CO2) and the excess electricity production.
[bookmark: _GoBack]Economic optimization utilizes: societal costs or cost-benefit data,utility costs,the impact of exchange rates, the levelized cost of energy or, levelizes the unit electricity costs, the total resources spent by consumers, energy companies and government bodies, as well as marginal costs [2], [5].
According to Lund [6], business and economic studies tend to favor old technological schemes in situations of radical technological changes, because they are based on the methodology of cost-benefit (benefits) and the costs associated with the policy of reducing greenhouse gas emission and increasing the share of RES are considered additional costs.
The idea of creating optimal mix obtained from economic approach corresponds to the situations in where the economic "effects" of RES minimize [5] or where supply or demand strategy, claims that the integration of renewable energy economically was viable [7].Economic optimized mix of limited business and economic needs, which reflect the views of the private sector that wants to maximize its profit [5].
Studies that discuss minimizing excess electricity production [3] [4] [8].Heide et al. investigated that which is seasonal optimal mix of RES (wind and solar energy [9]). Other studies estimate the integration of RES on reserve capacity and ancillary services, and import / export dependence [2] [10] [11] [12] [13]. However, the main objective of these studies was to identify an optimum configuration of 100% of renewable energy power systems. Their approaches are not entirely suitable to identify an optimal capacity mix for existing energy systems, with specific requirements RES based energy share.
In a study of Vidal-Amaro et al. [14], the method used by (based on the technical-operational objectives) designated the Minimum Total Mix Capacity (MTMC), determining the optimal combination of RES and fossil fuel in a Mexican electricity system, taking into account the time value of manufacture RES and electricity consumption.
In doctoral thesis [15] Vasković uses compromise ranking method, also known as a VIKOR method. Method VIKOR introduces multicriteria index ranking is based on an individual measure "proximity" "ideal" solution, some of the analyzed alternatives.
3. DEFINITION CRITERIA FOR EVALUATION OF BIOMASS SUPPLY CHAIN AND APPROACH TO THE OPTIMAL VARIANT OF ENERGY PRODUCTION 
Well defined criteria describes the overall energy chain based on biomass, completely. For this reason, it is necessary to properly select the set of criteria which would have given a better assessment of the value chain of biomass energy. The following criteria which must be defined: 
· energy efficiency of observed chain, criteria function noted as f1j;
· exergy efficiency of chain, criteria function noted as f2j;
· the coefficient of exergy quality  for different products at energy chains f3j;
· specific investment cost per totally installed power of all machines and plants in the energy chain, €/kW, criteria function, f4j;
· production cost of energy chain per 1 kWh of the lower heating value of produced biofuels or energy, €/kWh, criteria function, f5j;
· CO2 emission in the total chain due to the fossil fuels consumption for 1 kWh of the lower heating value of produced biofuel or energy, kg/kWh, criteria function, f6j.
· availability of usable resources on its territory and possibility for its use in defined percent, f7j.
The energy chains modelling should be based on modularity. It practically means that it is necessary to do a mathematical modelling of every energy chain element as an independent entity which will for itself present a mathematical model as an elementary part of the energy chain. The mentioned criteria are different for differently defined initial conditions of a problem. 
For more information about defined first six criteria you can find in [15, 16].
4. MATHEMATICAL MODEL FOR THE SELECTION OF OPTIMUM VARIANT AND PERCENT OF ENERGY SUPPLY 
In this paper and for the actual problem, VIKOR optimization method is applied as a proposal of an adequate method for the solution of multi-criteria optimization related to the selection of optimal energy chain of production. 
The VIKOR method has been developed for a multi-criteria optimization of complex systems. It is focused on ranking and selection of the best solution from the given set of alternatives, with conflicting criteria [17]. The VIKOR method requires the values of all the criteria functions for all the alternatives in the form of a matrix to be familiar. Because of that, at the beginning of the optimization process we set a general form of the problem (evaluation matrix). The matrix of criterion functions for all variants of the production of fuels or energy is of 7xn dimensions, (7 criteria and n alternatives of energy production), obtained from calculation for different cases of energy chains composition:




                                                                                   (1)








where:
{a1, a2, a3,…an}, j = n, are a finite set of possible alternatives for the n energy chains of production, {f1, f2, f3, f4, f5, f6, f7}, i = 7, are a finite set of criterion functions for five defined and adopted criteria on the basis of which the chains of energy production from biomass are analysed, {f11, f12, ..., f7n} are the set of all the criterion functions values in matrix F. An ideal solution is determined on the basis of the criterion functions values from the equation: 
			      (2)

The operator ext denotes a maximum if the function fi describes a benefit or profit, and a minimum if fi describes damages or costs or others variables which are interest to optimize (minimization or maximization criterion functions). This is the best way to define an ideal solution for energy production from different energy chains based on biomass. The criterion functions within the matrix F are commonly not expressed in the same units of measurement (i.e. the belonging criterion space is heterogeneous). For that reason, to perform the use of multi-criteria optimization at all it is necessary to convert all the criterion functions to dimensionless functions whose values will be in the interval [0, 1]. It process is called the normalization of dimensional units in area of multi-criteria mathematics. Firstly, the best values of criterion functions are determined. In our case, those are the maximum values of four criterion functions (energy and exergy efficiency, the coefficient of exergy quality for different products at energy chains and availability of usable resources) and minimum values of the other three criterion functions (minimization of: CO2 emission per 1 kWh produced energy, production cost per 1 kWh produced energy and specific investment cost per an installed kilowatt in the production chain). Then we have mathematically:


                     (3)
In the same way, the worst values of the criterion functions can be determined, which are obtained by the same criterion functions: 


	           (4)
Then all the elements of the matrix f are converted in the value domain [0, 1]. That is achieved by the following formula: 


, and a matrix is formed, in the form  for i=1,...7 and j=1,...n.      (5)

Considering the difference in the expression for dij it is necessary for all the elements of matrix D to be the values in the interval [0, 1]. The value of criterion functions is obtained by maximization or minimization of criterion functions. 
The criterion weights for our problem related to ranking variants of energy chains, for the defined main six criteria are mutually equal. The reason for that is very simple, because we strive for the minimal: CO2 emission amounts, production cost and specific investment cost per totally installed power in the energy chain. Also, in the same time, our aims are maximization of energy efficiency and exergy efficiency, quality of energy forms and availability of usable resources. All criteria functions have equal weight and importance. Due to that, it will be valid that the criterion weights are: 

		                                              (6)
After that, the values of the elements of matrices Sjand Rj are calculated. Considering the equality of the criterion weights, they are obtained as: 

	(7)       
In this way, the problem is reduced from a multi-criteria space to a two-criterion problem. The values of minimal and maximal element are determined from the matrices Sj and Rj.

		                        (8)

The decision strategy weight will be taken as This is valid for the criterion number m=7 [17]. For other case and number criterion m, we have [17]:

.	                                                                                            (9)
On the basis of that, it is possible to calculate the value of the matrix qj pursuant to the formula:

			                                                 (10)
A certain value of qj corresponds to every chain, in the following matrix:


.            		                                   (11)
The optimum variant of production is defined by the minimal value. The ranking of alternatives is formed from the lowest value of qj to the highest value of qj, that is from the best to the worst variant. In our case, the alternatives are the mentioned energy chains for fuels and energy production.
4.1.1. Possible proposal for calculation of optimal shares in the components of energy supply
After calculated values in matrix Qj, we can calculate optimal percent of shares for all components of mentioned energy supply chains according with following formula:

                                                                                                             (12)

Where is  measure of closeness to the ideal alternative of energy chain and j is number of energy supply chains. This value is directly related to the distribution of the optimal percentage of the energy production in overall observed energy supply mix.
4.1.2. Acceptable advantage and stability of the selected variant of optimal energy chain on the basis of the VIKOR method
This step is after selection optimal variant, values of ranks in matrix Qj and calculation percent of shares for different components of energy chains in energy supply mix.  If the cases are analysed in which the values of criterion weights are different and some criteria are given a greater importance in relation to the others, the stability of the obtained solution should be checked on the basis of the VIKOR method. The alternative (a’) is suggested as a compromise solution, which is the highest ranked value on the Q measure (matrix). Then, two conditions have to be met: 
· Acceptable advantage
[image: ]Q(a'') - Q(a') ≥ DQ								          (13)
where: a’’ is the second-position alternative on the rank list (Q);
DQ = 1/(m-1) is advantage threshold;						          (14)
where: M is the number of alternatives (energy chains)
· Acceptable stability
The alternative a’ should also be ranked as the best in S and/or R rank (matrix). In that case, the solution has been selected correctly [17].

5. EXAMPLE OF CALCULATION OPTIMAL SHARES IN THE COMPONENTS OF BIOMASS ENERGY SUPPLY
For the analysis and selection of an optimal supply chain and optimal percent of shares in the production of electricity, fuel and thermal energy, three energy chains have been taken into account: CHP (combined heat and power) facility with the ORC process (installed power 1 MW of electricity and 5 MW of heat), pellet production (installed capacity 2 tons per hour) and hot water boiler (installed power 10 MW of heat). All the facilities and processes are real and the necessary data used for calculation are real and present the current state in the use of biomass for energy purposes in the Republic of Srpska and Bosnia and Herzegovina. See more in [15]. As a fuel supply chain for the CHP facility with the ORC process and hot water boiler, the chain of wood chips obtained by means of a mobile chipper has been used. Table of results presents the optimization criteria calculated with the help of a model made in Mathlab software for the analysed energy production chains. 
Table 1 Data for description of energy supply chains and their criteria for optimization [15]
	Energy chains
	CHP  ORC
	Pellet plant
	Hot water boiler

	Solid wood fuels: 
	wood chips 50% 
	wood residue, 50% to 12%
	wood chips, 50%

	Energy and exergy efficiency of produced fuel
	f2=f1=0.97
	
	f2=f1=0.97

	Criteria for the optimization obtained from the model developed in Mathlab software

	Overall energy efficiency
	0.743
	0.684
	0.807

	Overall exergy efficiency
	0.223
	0.684
	0.155

	Coefficient of exergy quality
	0.385
	0.122
	0.287

	Total specific investment cost EUR/kW
	3.149 x 103
	5.263 x 103
	1.235x 104

	Specific production cost EUR/ kWh
	0.044
	22.37x10-3
	0.054

	Total specific emissions CO2 kg/kWh
	0.015
	51.695x10-3
	0.018

	Availability of usable resources
	100%
	100%
	100%



The availability of resources for energy production is same in all three cases with percent 100%. This is assumption in our case. Due to the optimization model at the comparison of incomplete energy chains and different qualities of energy production, the combined production of thermal energy and electricity in the facility with the ORC process has been obtained, the blue column in table. This solution has both the necessary stability of the solution and the sufficient advantage in relation to the second-ranked variant. It is interesting to notice that pellet production is the second-ranked variant. It can be concluded from that that, under the conditions of testing with model, the advantage is given to pellet production in relation to heat production. However, for a complete valorisation of the process it is also necessary to take the process of pellet transportation into account. In that case, much clearer situation is obtained on this advantage of fuel production in relation to heat production. Matrix Q has following values:  . For calculation values in matrix Qj equations from 1 to 11 have been applied. After that, optimal shares in the components of biomass energy supply can be calculate by equation 12:



 
Acceptable advantage and stability of the selected variant of optimal energy chain are fulfilled with use 13 and 14 equations.
6. CONCLUSION 
Method VIKOR is one of multi-criteria optimization methods with which ranks different variants of conceptual solutions from the best to the worst. The ranking is done according to the closeness of the observed values qj calculate the ideal point defined in accordance with the given parameters of the problem. These are the values from a matrix Qj. The highest ranked value is the one which is closest to zero, i.e. ideally coincides with a predetermined point, while the worst is the one corresponding to the value 1 according to the normalization process conducted adopted criteria.This closeness is ideal defined point that can be used for the issue of how the ranking of alternatives but also to define their character to participate in a defined set of observed variants. Except that method VIKOR can rank the various chains of energy production, also can be calculated and percentage share of participation observed variants of energy supply. This is accomplished with the help of the calculated values of the rank of the matrix Qj. Practically, it’s means, that the percentage share of the individual components of the energy supply with its defined value of the ideal distance from the point (1-qj) and opposite to the sum of the individual values of distance from the ideal point for all variations of the energy production analyzed Σ (1-qj).  So that, any given state of the optimization criteria of the energy chains from Fj corresponds to one optimum redistribution of their participation in the production of energy defined with the values Qj of the matrix according to a previously proposed concept. Paper is shown application of the method to calculate the percentage share of the three observed energy chain (CHP with the ORC process, the plant for the production of pellets, and the generation of heat with the help of hot water boiler. The calculation showed that the percentage of the optimal redistribution of energy production in these three plants respectively amounts P1 = 0.796%, P2 = 0.203%, and P3 = 0%. Certainly result is assigned from a set of the proposed criteria for energy optimization chains. The paper is intended to open towards the direction of defining the optimal energy mix with the application of criteria optimization. In that line of research has a more interesting details that need to be explained and defined.
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