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Abstract

This paper presents a methodology for designing and evaluating Biomass Utilization Networks, BUN, in local areas. Therefore, the proposed methodology assumes the great importance of establishing the BUN superstructure for the area under study, which relates the biomass resources to their products, available processes and possible future processes of utilization. Using the developed network superstructure, the quantitative data of the local biomass resources, the bioproducts demands, the redundant resources and processes, due to low amount, low demand, or technical problems, are excluded. Then two types of network structures were set upped, the first is the reference models that show the current situation with its possibilities for improvements and the second type is future network structures that can be established excluding, or partly including, the current utilization strategy. The resulted network structures are used as a blue print for different scenarios of integrated biomass utilization systems that can be evaluated in comparison to the reference scenario. Optimizing the different scenarios allows us to define the bottlenecks in the biomass utilization system that limits its total throughput.

Solving the optimization problem of the selected network structure in the local level needs high rank of details where each resource’s supply chain includes wide range of Unit Processes, UPs, that meet domestic circumstances e.g. logistics, production facilities, and so on. The GA was used to solve this optimization problem as a powerful tool in solving such combinatorial problems considering three optimization criterions, e.g. costs, emissions, energy consumption to congregate the different economical and environmental burdens of the established BUN. 
Keywords: Biomass Utilization Networks, Superstructure, Biomass, Genetic Algorithms, Bottleneck.

1. Introduction
Traditionally biomass has been used to provide heat for food preparation and worming up (Fanchi, 2004). Nowadays, the technologies used in processing biomass resources are very different and ranges from fundamental processes such as wood fuels in cooking, charcoal production to sophisticated once like thermo-chemical conversion of biomass to gas or power. Furthermore, every local area has its own Biomass Utilization Network, BUN, superstructure, as shown in Fig.1, depending on factors such as; biomass resources available, lifestyle, weather, etc. Hence, the decisions about establishing the BUN, for certain area, have to rely on a robust design and evaluation methodology to overcome the problems that arises from its interconnected processes and their allocation systems.  In the definition of the superstructure more detailed classifications are exist for biomass resources, processes and products. For example, the biomass resources are classified as wet or dry, the bioproducts are categorized as finished products or byproducts and so on. The main difference between the network superstructure and the network structure is that the former gives a general outline for available resources and processes that is available for certain locality, while the second includes the detailed processes and jobs that are applied in the real situation.
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	Fig. 1 Biomass Utilization Network Superstructure.


In section 2, the definition of BUN, problem definition and the background are discussed. In section 3 and 4, the proposed methodology and its evaluation criterion are explained. Conclusions and future work are stated in section 5. 
2. Biomass Utilization Network

2.1. What is Biomass Utilization Network and why it is important?

Our recent research works about biomass utilization as energy source have recommend including bioenergy production systems as a part of local BUNs (Ayoub et al., 2006a; Ayoub et al., 2006b; Ayoub et al., 2007). The BUN in the context of this work can be defined as; “A group of dependant and interconnected processes for utilizing one or more biomass resources that leads to the production of single or multiple bioproducts”. The structure of BUN in a local area is mainly depends upon the biomass resources available, the existing biomass utilization systems, and the demand from various bioproducts. To overcome the differences in nature between different localities in a country, it is important to establish standard classes of localities that share similar characteristics, i.e., land, weather, locations, etc. In this case, establishing a network in one instance of specific class can be applied on the other instances of the class with moderate effort, time and resources. Therefore, the classes of biomass utilization systems suitable for the area under study has to be first established based on local data. 
2.2. Problem Definition 

Many research works are made or being made for promoting biomass utilization that range from biomass potential estimation to technology research and development (Voivontas et al., 2001; Kim and Dale, 2004; Parikka, 2004; Albertazzi et al., 2005; Caputo et al., 2005). However, utilization of biomass to bioproducts is facing many environmental, economical and social problems that may exist from one or more processes along the production system. In reviewing the related literature, much work is done in the analysis of individual biomass utilization technologies as well as the biomass supply chains for both single and integrated systems of biomass resources, (Ayoub et al., 2006a; Ayoub et al., 2006b; Ayoub, 2007; Ayoub et al., 2007; Ayres, 1995; Albertazzi et al., 2005; Caputo et al., 2005). However, it reveals that there is lack in literature that study designing and evaluating systems of multiresources and multiproducts like BUNs. For example, none of them analysis the bottleneck processes that may control or obstruct the production flow in the BUN. Dornburg (Dornburg and Faaij, 2006; Dornburg et al., 2006) proposed an optimization model that identifies the optimal strategies for biomass and waste treatment systems in terms of primary energy savings and their economical performance and energy saving however it neglects the environmental effects. Another limitation of their model is neglecting the effect of different technologies along the individual biomass resources supply chains i.e., machines, vehicle, storage, etc. 

Almost all production processes have bottlenecks in a step or process that limits total plant throughput, and biomass utilization systems are not exception. Defining the bottleneck processes can direct future researches to be more specific and concentrated on the improvement or development of technologies and models used in debottlenecking theses processes or improving unfavorable operating conditions. The research results can be given in form of suggestions of specific network class(s) to each group of localities with the same characteristics. From the authors point of view technologies assessment for each process can help in finding the bottleneck processes in biomass network systems which form main driving force for resuming this research.
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	Fig. 2. The Proposed Methodology


3. Methodology

In this research work, various BUNs in local areas are studied and analyzed aiming at finding general classes of local biomass networks, finding the bottleneck processes, defining suitable evaluation methods to optimize the problem, and suggesting suitable solutions or recommendations for debottlenecking. The methodology proposed here is performed in three steps, as shown in Fig 2, namely;

3.1. Data collection and classification

The BUNs are classified based on locality topology, weather, geographical location and the time frame.  Based on the renewable resources, the renewable institution classes are defined to be used in allocating the suitable institution for the local area under study. Also, by collecting and analyzing the inputs to the local biomass network, such as available classes of biomass resources, similar classes of local areas, suitable renewable institutions, available processing methods and future trends the biomass utilization superstructure are established. 

3.2. Problem formulation

Using the data collected, the BUN classes, which relates the biomass resources to their products, available processes and possible future processes of utilization is defined. In the development of biomass network, the different qualitative characteristics and specifications of biomass resources are taken into consideration such as production location, frequency of production, mode of production etc. 
At this stage, the scenarios, structures, for BUN are set by defining the primary quantities of biomass resources and their mass balance along each network structure as shown in Fig. 3 for a simple BUN structure of two input resources QR1, QR2 to produce 3 bioproducts P1, P2, P3 through network processes from A to O. This simple network generates seven supply chains; A-B-C-D-E, A-B-C-I-J, A-F-G-H-I-J, A-F-M-N-O, A-F-M-N-J, K-L-M-N-O and K-L-M-N-I. For each UP of the supply chain there is a number of models , (Ayoub, 2007; Ayoub et al., 2007) to be optimized. The network optimization can be performed processed quantities or UP models.
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	Fig. 3. Schematic representation of Biomass Utilization Network


The optimization is performed only over the UPs with fixed biomass resources quantities using the bottom up approach. The cost objective function can be given as:

	
[image: image4.wmf]å

å

å

=

=

=

+

-

+

=

n

i

ijk

c

k

m

j

ETax

v

UPC

MinZ

1

1

1

1

)

Re

(


	(1)


where

	i
	unit process index;
	i=0,1, 2, …, n

	j
	resource index;
	j=1, 2, …, m

	k
	UP model index
	k=1, 2, …,c

	UPCijk
	annual cost of the unit process i for processing resource j that will be converted at facility k  (yen/year)

	Rev 
	is the revenue from selling the bioproducts (yen/year)

	ETax
	is the profits from applying the emission taxes (yen/year)


3.3. Suggested solutions

Solving the optimization problem of biomass network models is a challenging task as the local planning needs high rank of details where individual resource’s supply chain includes a wide range of Unit Processes, UPs, that meet domestic circumstances e.g. logistics, production facilities, and so on. The appropriate mix of UPs, equipment sizes, new plants locations, etc., is another complicated issue. As the number of biomass resources and their associated models increase, so does the number of combinations. The GA is used to solve this optimization problem as a powerful tool in solving such combinatorial problems considering three optimization criterions, e.g. costs, emissions, energy consumption. A sensitivity analysis for each class of BUN model is performed in order to define the bottleneck processes. By optimizing the available biomass resources via data mining methods the optimal locations of biomass network facilities are defined. 
4. BUN Evaluation Criterion and Constraint Handling

It is important to consider the concerns of the active stakeholders whom controlling or at least affecting the decision making process. For this reason, three evaluation criterions are considered in this research work for the BUN and explained in the following subsections.

4.1. BUN Cost Minimization 

The production cost of the bioproducts in a selected BUN is represented by the sum of the costs of the UPs that are forming the individual bioproducts supply chains. 
4.2. BUN Emission Minimization
The environmental impacts of emission functions expressed as the sum of all emissions resulted from the individual products’ UPs.
4.3. Minimization of Energy Used to Produce Bioproducts
The energy objective function measures the amount of energy needed to realize the BUN. The energy objective function is expressed as the sum of annual energies consumed in the individual UPs used in the BUN.
4.4. Constraints Handling 

The optimization problem includes constraints over total biomass availability and total annual investment. The most common strategy to handle constraints is the use of penalty functions that decrement the value of the fitness associated to the individual if the corresponding solution does not fulfill some constraints of the problem (Michaelwicz, 1992). Another effective strategy is to invoke, just before the actual fitness evaluation, a fast constructive heuristic procedure that is able to convert any individual created by the GA into a fully feasible solution (Naso et al., 2006). The second approach is applied in this work. For example, to control the annual investments for BUN establishment the cost of the best-selected individual is compared to the investment constraint value; if the value doesn’t fulfill the constraint, another individual that fulfill the constraint is selected. 
5. Conclusions and Future Challenges 
. The proposed methodology for designing and evaluating BUN is an integration of ideas and methods used for the first time in this research field to consider the BUN. A general explanation about the methodology and its common features is presented. Using the proposed method, designing and evaluating BUN is performed considering various points i.e. environmental, economical, and social and at the same time the possibility of defining the bottleneck processes in a specified network. The results show that approaching the optimization problem by GA is helpful in solving the combinatorial problems of the UP models defined in the BUN. The GA is recommended for its flexibility in handling the problems of combinatorial nature, like the problem under study, where the decision maker is provided by quite a number of solutions using similar high fitness values that are of his expectations. Extending the proposed model to evaluate the hybrid biomass based renewable energy systems through the different life cycles of resources and products is one of the challenges a head. The evaluation is applied over, product costs, CO2 emissions, energy saving/consumption and the number of personnel required for the business realization. The results of applying the proposed methodology as a case study to a local Japanese area with more is to be published as a second part of this work.
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