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Abstract
Policy makers and researchers have largely discussed about how the economic development of rural areas, highly characterized by food-oriented agriculture, can be promoted and sustained. The increasing attention to the environmental and energy problems affecting the current economic and social scenario is creating new development opportunities for these rural areas. In particular, transforming biomasses in energy is considered as an interesting and effective opportunity for favouring and enhancing their development. However, the geographical dispersion of farms can strongly affect the contribution of such an opportunity, mainly because of logistics issues. Environmental aspects also need to be considered for a suitable evaluation of the sustainable development of a rural area.
In the paper an enterprise input-output model supported by GIS technology is developed for the analysis of agro-energy supply chains. The supply chain is described as a network of processes,  where all inputs and outputs are geographically referred through the GIS technology. Referring to a given rural area, the model can be adopted to compute the flows of materials and energy among the different processes and to evaluate the economic and environmental impact of the whole supply chain for the same rural area.

Finally, a case study related to a rural area is considered and the design and development of an agro-energy supply chain is analysed, adopting the proposed model. 
Keywords: Enterprise input-output, GIS technology, Agro-energy supply chain 
1. INTRODUCTION
During the last decades, a significant change characterizes the development policy at the world level. The emergence of environmental issues shifts the focus toward the concept of sustainable development (WCED, 1987). The emphasis on the Kyoto Protocol stresses the need to face climate change providing countries and regions with new constraints and opportunities at the same time.
In particular, energy policies seem to be significantly affected by environmental and geo-political issues, being energy a strategic resource for the development in developed and developing areas. Moreover, also water has been considered as another strategic resource able to impact any development policy everywhere.

Policies against poverty represent, with a different degree, a significant part of any sustainable development plan for rich and poor areas. In this context, rural policy may play a crucial role for developed and developing countries being the focus of such a policy wider than in the past.
It is increasingly accepted that “rural” is no longer synonymous with agriculture. Agricultural practices are still important as a direct employer and contributor to the rural economy, but they often aim at protecting the environment and the natural heritage. Moreover, governments are recognizing that rural areas are diverse, characterized by different dynamics. Then, it implies that rural policy should be area-specific (Hay, 2002).

As stated by the Maastricht Treaty (EC, 1992), a common element of the new policy approach of the European Union is the emphasis placed upon the environment and the protection of natural habitats as well as the reduction of disparities between the development levels of the various regions (Bryden, 2001). Furthermore, the relationship between the environment and the multi-purpose nature of agriculture has to be considered as a new concept to be introduced in more effective rural policy.
The competitiveness of products and services of a rural area is assuming importance and depends on a range of issues, including infrastructure, education, proximity of services and the ability for innovation. In particular, innovation in the rural economy should encompass also social aspects such as bottom-up approach, horizontal partnerships, local participation, and the vitality of the rural life in the area (Agenda 2000 - EC). 
The EU principle of decentralisation may inspire rural policy sustaining the suitability and the responsiveness of the policy to the specific needs and characteristics of each area. Then, in-depth analysis of the area is required to evaluate specific conditions and tendencies. Data and information have to be collected before to set policy for any sustainable development plan for a given area.
Often, the use of biomass to produce fuels and energy has been appointed as a possible solution for supporting and fostering the development of rural areas (FAO, 2005). Then, agro-energy supply chains should be designed and established. However, the sustainability of this development has to be evaluated, extending environmental issues beyond the level of individual farmers. Energy and materials flows have to be taken into account as well as the income for the area (farmers) in order to define a global balance for the area.
Moreover, in such areas farmers often own small pieces of land. Then, the opportunity given by the technology to produce energy by biomass should include a careful evaluation of the spatial distribution and size of the farms, the availability of transportation infrastructure, and the organization of the supply (production) chain.

To this aim, an enterprise input-output (I-O) model integrated with Geographic Information System (GIS) technology is developed for the analysis of agro-energy supply chains. In particular, the supply chains are considered as networks of production processes, such as cultivation, transportation, biomass production, and energy conversion, which transform inputs into outputs. Moreover, all inputs and outputs are geographically referred in the model. In fact, GIS technology makes available geographical information about land use and features, biomass production, transportation, and pollution.
Referring to a given rural area, the economic convenience of using biomass for energy production is evaluated depending on the type of biomass, land availability and use, farm dispersion, transportation infrastructure, and logistics service. Moreover, environmental and employment issues are jointly considered. 

The paper is organized as follows. In the next section agro-energy supply chains are described, highlighting their importance for the economic development of rural areas. Then, a brief introduction of enterprise input-output models based on processes is provided and the importance of their integration with GIS technologies for spatial analysis is explained. In section four the proposed input-output model is developed. Finally, a case study related to the rural geographical area of Vojvodina (Serbia) is presented. An agro-energy supply chain based on the production of sunflowers is designed. Then, three distinct cases are discussed in order to analyse how the concentrated or dispersed nature of the arable land can affect the productivity and the environmental sustainability of the whole chain.  
2. AGRO-ENERGY SUPPLY CHAINS
Referring to the year 2001, in the world energy production was based on oil (35%), coal (23%), natural gas (22%), renewable sources (13%), and nuclear (7%) (IEA, 2003). According to these data, in the ‘90s decade the production of energy from renewable sources has grown up at the annual rate of 1,7%, slightly higher than the increase of the total energy production (1,4%).

Within renewable sources, the biomass quota is about 80%, followed by hydroelectric source (16%), and geothermic, wind, solar, and tides (4%). However, about the 77% of biomass energy production is due to non commercial biomasses, such as straw, wood, and animal wastes, especially in developing countries where it reaches 87% and it is addressed to domestic tasks, such as heat and cooking (Enea, 2003). 

In the European Union, in 2002 the energy consumption from renewable sources was about 5,1% of the total (EurObserv’ER, 2003), and the forecasts for the accomplishment of the target of 20% within 2020 were not very encouraging. Even if in Europe there are countries in which the renewable source quota overcomes the 20%, such as Sweden (28%), Finland (21%), Austria (21%), where a traditional biomass use is present, countries where the “vocation” towards renewable sources use is weak need a strong and fast design and implementation of agro-energy supply chains. Adapting to the specific local environmental sources, such chains allow to gain those ambitious objectives of energy production from renewable sources. 

As agro-energy supply chain we consider here a network of processes, such as biomass production, transportation, energy conversion, which transform inputs into outputs. Referring to a given rural area, the economic convenience of using biomass for energy production must be evaluated depending on the type of biomass, land availability and use, farm dispersion, transportation infrastructure, and logistics service.  In this context, a very important role is played by the local (regional) government authorities, which have to design, based on the available knowledge and on the first experiences carried out, the most effective development trajectories to be undertaken. In fact, an agro-energy supply chain cannot be designed and implemented independently from the local authority plans and strategies, since it is necessary, at least, planning the increase of local biomass production in order to optimize the supply to the conversion plants; reinforcing the contractual power of the local biomass producers; planning the ratio “biomass production/supply needs” according to a sustainable scale of intervention.

The link between territory and agro-energy supply chain is often based on the circularity of the production process: raw materials are taken either from wastes of agriculture, forest and their relative transformation industries, or from plants exclusively dedicated to energy production. Then, most of the output, either energy or by-products useful for agriculture, can return to the territory (Itabia, 2003). Moreover, a socio-economic virtuous cycle can be generated by the development of agro-energy activities in a territory, in terms of attraction of financial flows, development of local competencies, and start of new entrepreneurial activities. Finally, energy plants usually require less intensive farming activities, so that the soil can maintain organic substances and avoid the increase of the CO2 release in the atmosphere (Galli and Pampana, 2004).

Considering the requirements of an energy production facility (conversion plant), a good biomass has to satisfy as much as possible the following requirements: availability and possibility of stocking; qualitative uniformity and measurability of its characteristics; substitution of the biomass itself without heavy plant interventions; social acceptance in the logistics supply as well as in the use phase. As a consequence, in order to design and manage an agro-energy supply chain, it is very important to get all the information about the production potential of different areas of a territory, in order to accurately plan the different investment areas, i.e. for production, transformation, conversion, transportation, stocking. 

Biomass for energy production is mainly based on i) dedicated plants and ii) biomass wastes (by-products) coming from other production processes, not aimed at the production of biomass for energy purposes (e.g., wastes from forest cutting activities, from agro-industrial processes, from food industry). In general, biomass can be used either to directly produce energy by burning, especially thermo energy, or to produce bio-fuel (solid, liquid, or gas), by different conversion processes (typically, thermo-chemical or biochemical processes – Caputo et al., 2005).

Among the possible classifications, dedicated plants for energy biomass can be divided into three main sets: 1) wood plants, 2) oil plants, 3) sugar plants. The first set is made of plants which produce a great quantity of dry substance, which can undertake different processes, such as burning, pirolisys, conversion into gas or liquid. These plants can be divided into two groups: short rotation forestry (fast growing, such as poplar, willow, and eucalyptus) and long time plants (such as cane and card). The second set of plants is made of plants from which pure vegetal oil (PVO) can be extracted (such as colza, sunflower, and soy). In particular, from these plants it is possible to obtain bio-diesel, a liquid fuel very similar to diesel oil. It can be obtained from PVO by the chemical process of esterification (adding methanol to PVO). The third set of plants is made of those plants from which it is possible, thanks to the high degree of carbohydrates, to produce bio-ethanol (e.g., sugar cane, maize, and beet), which can be added to gasoline. 
Another common classification is based on the type of biomass, obtained from agriculture or other processes (typically as wastes), according to its physical characteristics. In this case, mainly solid, liquid and gas biomass are considered, and the distinction is usually addressed to refer to the specific type of industrial process/plant required for energy production. 
In summary, for our purposes, we can draw an agro-energy supply chain as a network of processes which usually include: the biomass production (with the sub-processes of seeding, fertilizing, harvesting, collecting, stocking, etc.), the biomass conversion (upgrading) into liquid or gas (by mechanical, biological, and/or chemical transformations), transportation and stocking, and energy production (usually thermo-electrical).

3. INPUT-OUTPUT ANALYSIS BASED ON PROCESSES

I-O approach has been typically applied to analyse the economic structure of nations and regions, in terms of flows between sectors and firms (Leontief, 1941). The analysis of the interdependences among such entities permits the evaluation of the effect of technological and economic change at regional, national, and international level.

According to the different level of analysis, I-O models can be aggregated or disaggregated. Miller and Blair (1985) uses a disaggregated level and considers the pattern of materials and energy flows amongst industry sectors, and between industry and consumer industry. A higher level of disaggregation is useful to define a model better fitting real material and energy flows. However, the drawback of working on a high level of disaggregation is represented by the lack of consistency in the input coefficients. In fact, it is sufficient that technological changes happen in a process to modify the input coefficients. On the other hand, because of the small scale, it is easy to know which technological changes occur in one or more processes and the modifications to apply to the technical coefficients.
Enterprise I-O models constitute a particular set of I-O models, useful to complement the managerial and financial accounting systems currently used extensively by firms (Grubbstrom and Tang, 2000; Polenske, 2001; Marangoni and Fezzi, 2002; Marangoni et al., 2004). In particular, Lin and Polenske (1998) proposed a specific I-O model for a steel plant, based on production processes. Similarly, Albino et al. (2002) have developed I-O models for analyzing the complex structure of global and local supply chains, in terms of materials, energy, and pollutants flows.

I-O models can be applied to contexts characterized by the geographical dimension, such as in the case of industrial districts (Albino et al., 2003). Enterprise I-O models based on processes have been also adopted to evaluate the effect of different coordination policies of freight flows on the logistics and environmental performance of an industrial district (Albino et al., 2006).

However, for better addressing the spatial dimension, the I-O approach can be integrated with GIS technology, in order to geographically refer all the inputs and outputs accounted in the models. GIS represents a powerful tool constituted by integrated systems of computer hardware, software, and trained personnel, linking topographic, demographic, utility, facility, image and other resource data geographically referred. GIS can be adopted as a decision support system that enables users to solve problems, organizing and processing information both geographically and logically (Malczewski, 2004). An interesting application of I-O models and GIS technology is reported, for instance, by Zhan et al. (2005), who develop a framework for the evaluation of the main causal factors affecting the occurrence of yellow-dust storms in China. A similar integration is proposed by Van der Veen and Logtmeijer (2003) to evaluate the vulnerability of a geographical area for flooding.
4. THE INPUT-OUTPUT MODEL

The model deals with an agro-energy supply chain, composed by the network of production processes, which transform crops into energy resources. This network can be fully described if all the interrelated processes as well as input and output flows are identified. In particular, four different types of production processes are distinguished, namely cultivation (constituted by seeding, fertilizing, irrigation, and harvesting), bio-diesel production, bio-energy production (electric energy production by bio-diesel), and transportation. 
Let us consider the example of sunflowers. The energy production process begins with the cultivation of sunflowers. Then, after the harvesting, sunflowers are transported to the bio-diesel production plant, where the transformation of vegetal oil into bio-diesel is realized. Finally, electric energy is produced by using bio-diesel. In the considered supply chain, bio-diesel and bio-energy production plants are assumed to be located in the same place, then no transportation occurs between these two processes.  

Figure 1 indicates all the inputs and outputs required for each production process and also wastes and by-products are reported.
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Figure 1. All the inputs and outputs required for each production process. 

The enterprise I-O model is then formalized as follows. Let 
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 be the matrix of domestic (i.e. to and from production processes within the supply chain) intermediate deliveries, 
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 is the vector of final demands (i.e. demands leaving the supply chain), and 
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 the vector of gross outputs. If n processes are distinguished, including transportation tracks as production processes, the matrix 
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 is of size n x n, and the vectors 
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 are n x 1. It is assumed that each process has a single main product as its output. Each of these processes may require intermediate inputs from the other processes, but not from itself so that the entries on the main diagonal of the matrix 
[image: image8.wmf]0

Z

 are zero.  The main product of transportation is the distance covered within the geographical system by the transportation means to convey all main products to their destinations (backward trips are also considered). Transportation is distinguished into h processes (
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, k=1,…, h), corresponding to the h tracks covered by transportation means to deliver products. If necessary, the aggregated transportation process (T) can be considered lumping all the h distinct transportation processes.
Of course, also other inputs are required for the production. These are s primary inputs (i.e. products not produced by one of the n production processes) that include various types of energy. Next to the output of the main product, the processes also produce m by-products and waste. 
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 are the primary input vector, and the by-product and waste vector of size s x 1 and m x 1, respectively.

Define the intermediate coefficient matrix A as follows: 
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where a “hat” is used to denote a diagonal matrix. We now have:
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It is possible to estimate R, the s x n matrix of primary input coefficients with element 
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 denoting the use of primary input k (1,…, s) per unit of output of product j, and W, the m x n matrix of its output coefficients with element 
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 denoting the output of by-product or waste type k (1,…, m) per unit of output of product j. It results:
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Note that the coefficient matrices A, R, and W are numerically obtained from observed data.  A change in the final demand vector induces a change in the gross outputs and subsequently changes in the input of transportation, primary products, and changes in the output of by-products and waste.
Suppose that the final demand changes into 
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, and that the intermediate coefficients matrix A, the primary input coefficients matrix R, and the output coefficients matrix W, are constant (which seems a reasonable assumption in the short-run), then the output changes into:
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Given this new output vector, the requirements of primary products and the outputs of by-product and waste are:
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where 
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 gives the new s x 1 vector of primary inputs, and 
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 the new m x 1 vector of by-products and waste types. 

To make distinction between primary inputs transportation and outputs transportation, we add virtual processes located within the considered geographical system or on its boundaries, depending on where the primary input is available (within or outside the system). Each virtual process, corresponding to a specific primary input, is characterised by geographical information about its location and it has an output that can be transported to all the production processes requiring that input. For each virtual process no inputs are allowed from the production processes. 
Let us consider p virtual processes corresponding to s primary inputs from outside the geographical system. Then, we introduce 
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 as the matrix of domestic intermediate deliveries and the vector of gross outputs including the p virtual processes, respectively. If n processes are distinguished, including transportation processes, the matrix 
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Define the intermediate coefficient matrix 
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The apex * can be extended with similar meaning to all variables as needed.
The same approach can be used to model wastes and by-products transportation.

Being each transportation input related to a given track 
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(k=1,…, h), each process delivering products to two or more final destinations has to be distinguished according to their final destinations, maintaining the same geographical location. 
5. A CASE EXAMPLE

In this section a case study related to the development of a rural area, based on the establishment of an agro-energy supply chain, is provided. The case study regards the geographical area of Vojvodina, which is an autonomous province located in the northern part of Serbia. Vojvodina covers an area of 21,506 square km, approximately one quarter of Serbia. 
Agriculture accounts for the 30% in the GDP of Vojvodina. Arable land covers 1.7 million hectares (84% of the total area) of high quality soil, 52% of which is black earth. An important asset for the development of the area lies in the 930 km long canal network of the irrigation system Danube-Tisa-Danube, out of which 591 km is navigable. The system (currently expanded) irrigates half a million hectares and facilitates double cropping. Different crops are present in Vojvodina, such as maize, wheat, sunflower, soybean, and sugar beet; the other high yielding crops are green pepper, tobacco, hemp, hops, etc.
The proposed I-O model can be applied to analyse the sunflower agro-energy supply chain for the design and development purposes of the rural area. In this case example it is adopted to evaluate the economic and environmental impact of transportation on the agro-energy supply chain, with respect to the concentrated or dispersed nature of the cultivation land. Then, three distinct case examples are analysed. The first two cases, named “concentrated cultivation” and “radially dispersed cultivation”, describe the agro-energy supply chain considering concentrated or dispersed processes of sunflower cultivation, respectively. In both cases a radial model is adopted to represent the geographical distribution of the processes. Also in the last case, named “randomly dispersed cultivation”, a dispersed land is considered. However, in this case the production processes are not distributed according to a radial model, but a random dispersion has been considered. 
Being spatial aspects relevant for the analysis, all the production processes are characterised by geographical information about their location, which are included in a GIS All the processes and the related geographical area represent the geographical system of the agro-energy supply chain. The supply chain is composed by four types of production process (i.e. sunflower cultivation, bio-diesel production, bio-energy production, and transportation) and all products are delivered adopting trucks with load capacities (C) equal to 1.3 t.
The process of cultivation can be composed by n processes, according to the dispersed or concentrated nature of the land cultivated with sunflowers. In particular, the area of 10 thousands hectares cultivated with sunflowers is considered. On the contrary, bio-diesel production and bio-energy production are each represented by only one process and it is assumed that they are located in the same place. h transportation processes are considered, (1, (2, …, and (h, corresponding to the distinct h tracks covered by trucks. In Table 1 the production processes are listed.

	Production processes
	Type

	p1
	Cultivation

	p2 
	Cultivation

	p3
	Cultivation

	…
	…

	pn
	Cultivation

	pn+1
	Bio-diesel production

	pn+2
	Bio-energy production

	(1
	Transportation

	(2
	Transportation

	…
	…

	(h
	Transportation


   Table 1. Production processes.

Finally, two types of virtual processes, v1 and v2, are modelled to take into account the transportation of primary inputs, such as fertilizers (r1) and seeds (r2), respectively. The virtual processes are located at the boundary of the geographical system. Moreover, other four primary inputs are taken into account, namely energy (r3), workforce (r4), methanol (r5), and water (r6). For these inputs transportation is not considered.
In Table 2 the general balance table referred to the agro-energy supply chain is reported. In the following, the three case examples are presented. Data about main outputs, wastes, and by-products of the processes (both production and virtual) are estimated using technical information related to Vojvodina area. 
5.1 Concentrated cultivation 
In this case the 10 thousands hectares of land cropped with sunflowers are concentrated and, then, the cultivation process is constituted by only one process, i.e. n=1. The processes of cultivation, bio-diesel production, and bio-energy production the and virtual processes are distributed according to a radial model. In particular, cultivation (p1) is distributed in the circle area, bio-energy production (p2) and bio-diesel production (p3) are located at the centre of the area, while the two virtual processes, v1 and v2, are both located at a given point of the borderline of the area (Figure 2).
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 Figure 2. Processes location in the case of concentrated cultivation.

Being p1 distributed in a circle area, the lumped transportation process T is considered and the distances are assumed as follows: the average distance between p1 and p2 (p3) as 2/3 of the radius of the area (R=5.6 km), average distance between production processes and virtual processes as R. In Table 3 the distance between processes is reported.

	from/to
	p1
	p2
	p3
	v1
	v2

	p1
	0
	3.76
	3.76
	5.64
	5.64

	p2
	3.76
	0
	0
	5.64
	5.64

	p3
	3.76
	0
	0
	5.64
	5.64

	v1
	5.64
	5.64
	5.64
	0
	0

	v2
	5.64
	5.64
	5.64
	0
	0


Table 3. Distance [km] between processes in the case of concentrated cultivation.

The balance table in the case of concentrated cultivation, referred to one year, is reported in Table 4.

	Processes
	units
	p1
	p2
	p3
	T
	v1
	v2
	f0*
	x0*

	p1 
	[t]
	0
	26,000
	0
	0
	0
	0
	0
	26,000

	p2 
	[t]
	19.1
	0
	9,359
	41.7
	0
	0
	0
	9,420

	p3 
	[MWh]
	0
	0
	0
	0
	0
	0
	39,426
	39,426

	T 
	[km]
	150,400
	0
	0
	0
	52,062
	6942
	0
	209,404

	v1 
	[t]
	6,000
	0
	0
	0
	0
	0
	0
	6,000

	v2 
	[t]
	800
	0
	0
	0
	0
	0
	0
	800

	Primary inputs
	
	
	
	
	
	
	
	total

	fertilizers 
	[t]
	0
	0
	0
	0
	6,000
	0
	6000

	seeds 
	[t]
	0
	0
	0
	0
	0
	800
	800

	energy 
	[GJ]
	73,950
	70,273
	1,105
	1459
	0
	0
	146,787

	workforce 
	[hours]
	240,000
	26,400
	36,000
	3,490
	0
	0
	306,680

	methanol
	[t]
	0
	120
	0
	0
	0
	0
	120

	water 
	[m3] *103  
	3,330
	0
	0
	0
	0
	0
	3,330


 Table 4. Balance table in the case of concentrated cultivation.

CO2 emissions caused by truck transportation and by the cultivation process are assumed to be equal to 0.250 [kg/km] (APAT, 2003) and 835 [kg/ha] (Comitato Termotecnico Italiano, 2007), respectively. Then, in Table 5 wastes and by-products in the case of concentrated cultivation are reported, referred to the period of one year.

	Wastes and by-products
	units
	p1
	p2
	p3
	T
	v1
	v2
	Total

	CO2 
	[kg]
	8,345,970
	2,040,000
	120,000
	52,351
	0
	0
	10,558,321

	glycerine 
	[t]
	0
	700
	0
	0
	0
	0
	700

	flour
	[t]
	68,380
	0
	0
	0
	0
	0
	68,380

	husk 
	[t]
	0
	15,080
	0
	0
	0
	0
	15,080

	residual seed 
	[t]
	0
	780
	0
	0
	0
	0
	780


Table 5. Wastes and by-products in the case of concentrated cultivation.
5.2 Radially dispersed cultivation
In this case the 10 thousands hectares of land cropped with sunflowers are dispersed and, then, the cultivation process is constituted by n distinct processes. pn+1 and pn+2 represent bio-diesel production and bio-energy production, respectively. In particular, it is assumed that production and virtual processes (v1 and v2) are distributed according to the radial model, as shown in Figure 3, in an area of one million of hectares.
	Processes
	P1
	p2
	p3
	…
	pn
	pn+1
	pn+2
	(1
	(2
	(3
	…
	(h
	v1
	v2
	f0*

	p1
	0
	0
	0
	0
	0
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Table 2. General balance table.
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Figure 3. Processes location in the case of radially dispersed cultivation.
Also in this case being cultivation processes distributed in a torus area, transportation process is lumped and distances are assumed as follows: the average distance between cultivation processes and pn+1 and pn+2 as the radius R1 (R1=56.1 km), the average distance between the production processes and the virtual processes as R2 (R2=56.4 km). In Table 6 the distance between processes is reported.

	from/to
	p1
	p2
	p3
	…
	pn
	pn+1
	pn+2
	v1
	v2

	p1
	0
	d12
	d13
	…
	d1n
	56.1
	56.1
	56.4
	56.4

	p2
	d21
	0
	d23
	…
	d2n
	56.1
	56.1
	56.4
	56.4

	p3
	d31
	d32
	0
	…
	d3n
	56.1
	56.1
	56.4
	56.4

	…
	…
	…
	…
	…
	…
	56.1
	56.1
	56.4
	56.4

	pn
	dn1
	dn2
	dn3
	…
	0
	56.1
	56.1
	56.4
	56.4

	pn+1
	56.1
	56.1
	56.1
	56.1
	56.1
	0
	0
	56.4
	56.4

	pn+2
	56.1
	56.1
	56.1
	56.1
	56.1
	0
	0
	56.4
	56.4

	v1
	56.4
	56.4
	56.4
	56.4
	56.4
	0
	0
	0
	0

	v2
	56.4
	56.4
	56.4
	56.4
	56.4
	0
	0
	0
	0


Table 6. Distance [km] between processes in the case of radially dispersed cultivation.

The distance dij between the generic cultivation processes i and j is not considered, because it is not relevant for the analysis. The balance table in the case of radially dispersed cultivation, referred to one year, is reported in Table 7.

	Processes
	units
	p1
	p2
	p3
	…
	pn
	pn+1
	pn+2
	T
	v1
	v2
	f
	x0

	p1 
	[t]
	0
	0
	0
	0
	0
	26,000/n
	0
	0
	0
	0
	0
	26,000/n

	p2 
	[t]
	0
	0
	0
	0
	0
	26,000/n
	0
	0
	0
	0
	0
	26,000/n

	p3 
	[t]
	0
	0
	0
	0
	0
	26,000/n
	0
	0
	0
	0
	0
	26,000/n

	…
	[t]
	0
	0
	0
	0
	0
	26,000/n
	0
	0
	0
	0
	0
	26,000/n

	pn 
	[t]
	0
	0
	0
	0
	0
	26,000/n
	0
	0
	0
	0
	0
	26,000/n

	pn+1 
	[t]
	19.1/n
	19.1/n
	19.1/n
	19.1/n
	19.1/n
	0
	8,885.2
	515.7
	0
	0
	0
	9,420

	pn+2 
	[MWh]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	37430
	37,430

	T 
	[km]*103
	2,245/n
	2,245/n
	2,245/n
	2,245/n
	2,245/n
	0
	0
	0
	520.6
	69.4
	0
	2,835

	v1 
	[t]
	6,000/n
	6,000/n
	6,000/n
	6,000/n
	6,000/n
	0
	0
	0
	0
	0
	0
	6,000

	v2 
	[t]
	800/n
	800/n
	800/n
	800/n
	800/n
	0
	0
	0
	0
	0
	0
	800

	Primary inputs
	
	
	
	
	
	
	
	
	
	
	
	total

	fertilizers 
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	6,000
	0
	6,000

	seeds 
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	800
	800

	energy 
	[GJ]
	73,950/n
	73,950/n
	73,950/n
	73,950/n
	73,950/n
	70,273
	1,105
	18,050
	0
	0
	163,379

	workforce 
	[hours]
	240,000/n
	240,000/n
	240,000/n
	240,000/n
	240,000/n
	26,400
	36,000
	47,250
	0
	0
	349,650

	methanol 
	[t]
	0
	0
	0
	0
	0
	120
	0
	0
	0
	0
	120

	water 
	[m3]*103 
	0
	0
	0
	0
	0
	0
	0
	0
	6,000
	0
	6,000


Table 7. Balance table in the case of radially dispersed cultivation.
Considering the CO2 emissions for both transportation and cultivation, it is possible to estimate the amount of by-products and wastes produced in this case in one year (Table 8).
	Wastes and by-products
	units
	p1
	p2
	p3
	…
	pn
	pn+1
	pn+2
	T
	v1
	v2
	total

	CO2 
	[kg]
	8,345,970/n
	8,345,970/n
	8,345,970/n
	8,345,970/n
	8,345,970/n
	2,040,000
	120,000
	708,750
	0
	0
	11,165,028

	glycerine 
	[t]
	0
	0
	0
	0
	0
	700
	0
	0
	0
	0
	700

	flour 
	[t]
	68,380/n
	68,380/n
	68,380/n
	68,380/n
	68,380/n
	0
	0
	0
	0
	0
	68,380

	husk 
	[t]
	0
	0
	0
	0
	0
	15,080
	0
	0
	0
	0
	15,080

	residual seed 
	[t]
	0
	0
	0
	0
	0
	780
	0
	0
	0
	0
	780


Table 8. Wastes and by-products in the case of radially dispersed cultivation.
5.3 Randomly dispersed cultivation
The case of randomly dispersed cultivation is represented by 10 thousands hectares of land cropped with sunflowers, dispersed into an area of one million hectares. In this case the land is not radially distributed, but a random distribution of pi (i=1,…,n) is assumed (Figure 4). 
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Figure 4. Processes distribution in the case of randomly dispersed cultivation.
Fourteen transportation processes are considered ((k, k=1,…,14) corresponding to the distinct 14 tracks covered by trucks in the area (Table 9). 
	Transportation

processes
	Distance

	(1
	47 km

	(2
	19 km

	(3
	20 km

	(4
	21.5 km

	(5
	21.5 km

	(6
	21.5 km

	(7
	11 km

	(8
	16 km

	(9
	20 km

	(10
	7.5 km

	(11
	10 km

	(12
	48.5 km

	(13
	39 km

	(14
	30 km


Table 9. Transportation processes.
The cultivation process is assumed to be composed by nine distinct processes, i.e. n=9. Then, p10 and p11 represent bio-diesel production and bio-energy production, respectively. Nine virtual processes of both type v1 and v2 are identified, for taking into account the distinct final destinations. All the virtual processes are located in the same place. For the sake of brevity in the following tables all the virtual processes of type v1 and v2 are lumped in v1tot and v2tot, respectively. In Table 10 and 11 the distance and the paths between processes are reported, respectively.

	from/to
	p1
	p2
	P3
	p4
	p5
	p6
	p7
	p8
	p9
	p10
	p11
	v1tot
	v2tot

	p1 
	0
	107.5
	113.5
	97
	113
	87.5
	164.5
	155
	109
	146
	146
	146
	146

	p2 
	107.5
	0
	49
	32.5
	48.5
	63
	100
	90.5
	84.5
	81.5
	81.5
	81.5
	81.5

	p3 
	113.5
	49
	0
	38.5
	54.5
	69
	66
	56.5
	83
	47.5
	47.5
	47.5
	47.5

	p4
	97
	32.5
	38.5
	0
	16
	52.5
	89.5
	80
	74
	71
	71
	71
	71

	p5
	113
	48.5
	54.5
	16
	0
	68.5
	105.5
	96
	90
	87
	87
	87
	87

	p6
	87.5
	63
	69
	52.5
	68.5
	0
	120
	110.5
	21.5
	101.5
	101.5
	101.5
	101.5

	p7
	164.5
	100
	66
	89.5
	105.5
	120
	0
	87.5
	141.5
	78.5
	78.5
	78.5
	78.5

	p8
	155
	90.5
	56.5
	80
	96
	110.5
	87.5
	0
	132
	69
	69
	69
	69

	p9
	109
	84.5
	83
	74
	90
	21.5
	141.5
	132
	0
	123
	123
	123
	123

	p10
	146
	81.5
	47.5
	71
	87
	101.5
	78.5
	69
	123
	0
	0
	0
	0

	p11
	146
	81.5
	47.5
	71
	87
	101.5
	78.5
	69
	123
	0
	0
	0
	0

	v1
	146
	81.5
	47.5
	71
	87
	101.5
	78.5
	69
	123
	0
	0
	0
	0

	v2
	146
	81.5
	47.5
	71
	87
	101.5
	78.5
	69
	123
	0
	0
	0
	0


Table 10. Distance [km] between processes in the case of randomly dispersed cultivation.

	from/to
	p1
	p2
	p3
	p4
	p5
	p6
	p7
	p8
	p9
	p10
	p11
	v1tot
	v2tot

	p1 
	-
	(1-(2-(5-(6
	(1-(2-(3-(9-(10
	(1-(2-(3-(11
	(1-(2-(3-(7-(8
	(1-(2-(4
	(1-(2-(3-(9-(11-(12
	(1-(2-(3-(9-(11-(13
	(1-(2-(4-(5
	(1-(2-(3-(9-(11-(14
	(1-(2-(3-(9-(11-(14
	(1-(2-(3-(9-(11-(14
	(1-(2-(3-(9-(11-(14

	p2 
	(1-(2-(5-(
	-
	(2-(6-(9-(10
	(6-(7
	(6-(7-(8
	(6-(3-(4
	(6-(9-(11-(12
	(6-(9-(11-(13
	(6-(3-(4-(5
	(6-(9-(11-(14
	(6-(9-(11-(14
	(6-(9-(11-(14
	(6-(9-(11-(14

	p3 
	(1-(2-(3-(9-(10
	(2-(6-(9-(10
	-
	(10-(9-(7
	(10-(9-(7-(8
	(10-(9-(3-(4
	(10-(11-(12
	(10-(11-(13
	(10-(9-(3-(4-(5
	(10-(11-(14
	(10-(11-(14
	(10-(11-(14
	(10-(11-(14

	p4
	(1-(2-(3-(11
	(6-(7
	(10-(9-(7
	-
	(8
	(7-(3-(4
	(7-(9-(11-(12
	(7-(9-(11-(13
	(7-(3-(4-(5
	(7-(9-(11-(14
	(7-(9-(11-(14
	(7-(9-(11-(14
	(7-(9-(11-(14

	p5
	(1-(2-(3-(7-(8
	(6-(7-(8
	(10-(9-(7-(8
	(8
	-
	(8-(7-(3-(4
	(8-(7-(9-(11-(12
	(8-(7-(9-(11-(13
	(8-(7-(3-(4-(5
	(8-(7-(9-(11-(14
	(8-(7-(9-(11-(14
	(8-(7-(9-(11-(14
	(8-(7-(9-(11-(14

	p6
	(1-(2-(4
	(6-(3-(4
	(10-(9-(3-(4
	(7-(3-(4
	(8-(7-(3-(4
	-
	(4-(3-(9-(11-(12
	(4-(3-(9-(11-(13
	(5
	(4-(3-(9-(11-(14
	(4-(3-(9-(11-(14
	(4-(3-(9-(11-(14
	(4-(3-(9-(11-(14

	p7
	(1-(2-(3-(9-(11-(12
	(6-(9-(11-(12
	(10-(11-(12
	(7-(9-(11-(12
	(8-(7-(9-(11-(12
	(4-(3-(9-(11-(12
	-
	(12-(13
	(5-(4-(3-(9-(11-(12
	(12-(14
	(12-(14
	(12-(14
	(12-(14

	p8
	(1-(2-(3-(9-(11-(13
	(6-(9-(11-(13
	(10-(11-(13
	(7-(9-(11-(13
	(8-(7-(9-(11-(13
	(4-(3-(9-(11-(13
	(12-(13
	-
	(13-(11-(9-(3-(4-(5
	(13-(14
	(13-(14
	(13-(14
	(13-(14

	p9
	(1-(2-(4-(5
	(6-(3-(4-(5
	(10-(9-(3-(4-(5
	(7-(3-(4-(5
	(8-(7-(3-(4-(5
	(5
	(5-(4-(3-(9-(11-(12
	(13-(11-(9-(3-(4-(5
	-
	(5-(4-(3-(9-(11-(14
	(5-(4-(3-(9-(11-(14
	(5-(4-(3-(9-(11-(14
	(5-(4-(3-(9-(11-(14

	p10
	(1-(2-(3-(9-(11-(14
	(6-(9-(11-(14
	(10-(11-(14
	(7-(9-(11-(14
	(8-(7-(9-(11-(14
	(4-(3-(9-(11-(14
	(12-(14
	(13-(14
	(5-(4-(3-(9-(11-(14
	-
	-
	-
	-

	p11
	(1-(2-(3-(9-(11-(14
	(6-(9-(11-(14
	(10-(11-(14
	(7-(9-(11-(14
	(8-(7-(9-(11-(14
	(4-(3-(9-(11-(14
	(12-(14
	(13-(14
	(5-(4-(3-(9-(11-(14
	-
	-
	-
	-

	v1tot
	(1-(2-(3-(9-(11-(14
	(6-(9-(11-(14
	(10-(11-(14
	(7-(9-(11-(14
	(8-(7-(9-(11-(14
	(4-(3-(9-(11-(14
	(12-(14
	(13-(14
	(5-(4-(3-(9-(11-(14
	-
	-
	-
	-

	v2tot
	(1-(2-(3-(9-(11-(14
	(6-(9-(11-(14
	(10-(11-(14
	(7-(9-(11-(14
	(8-(7-(9-(11-(14
	(4-(3-(9-(11-(14
	(12-(14
	(13-(14
	(5-(4-(3-(9-(11-(14
	-
	-
	-
	-


Table 11. Paths in the case of randomly dispersed cultivation.

The balance table in the case of randomly dispersed cultivation, referred to one year, is reported in Table 12. Wastes and by-products are described in Table 13 considering the CO2 emissions for transportation and cultivation. In Table 14 the transportation inputs of each virtual process are reported. In this case, the agro-energy supply chain is constituted by a finite number of transportation (i.e. 14 distinct tracks) and cultivation processes (i.e. nine distinct lands cultivated with sunflowers), all with a specific geographical location in the area. Then, in this case the adoption of GIS permits to identify their locations and to geographically refer pollutants caused by transportation.
Case results show that the dispersion degree of cultivation and, then, the transportation can play an important role for evaluating the performance of an agro-energy supply chain, in terms of productivity and environmental sustainability. In fact, in the first case, when all the cultivated land is concentrated, energy requirement for seeds, fertilizers and harvested crops transportation is approximately equal to 1% (1,458,660MJ) of the total energy requirement of the supply chain. In the second and third case this value increases. In particular, in the former the energy consumed in transportation is equal to 8.3% (13,286,169MJ) of the total energy requirement, in the latter it is the 15.6% (26,937,000MJ). Then, the dispersion of the cultivated land and the distance from the inputs suppliers and the bio-diesel production plant negatively affect the supply chain productivity. This result implies that to get more satisfying results, it would be better to work on a concentrated area. 

Regarding the environmental impact, as the land becomes more dispersed pollutant emissions increase. It depends on the increase of the distance between the cultivation processes and the bio-diesel production, which requires more transportation with the consequent emission of pollutants. 

In this simple case example, the economic development arising from the establishment of an agro-energy supply chain can be associated with the increased occupation rate in the rural area, due to the work-force employed in the processes of bio-diesel and bio-energy production, representing the new processes performed in the area. Moreover, the energy produced can also be used as a supply for the electricity demand in the same rural area. From the above analysis it is evident that land dispersion and transportation negatively affect the supply chain energy production and environmental performance. Then, the design and creation of an agro-energy supply chain has to be evaluated taking into account also the spatial distribution of the arable land.   

6. CONCLUSIONS

The paper deals with the development of rural areas based on the design and development of agro-energy supply chains, i.e. the use of biomass to produce fuel and energy. In particular, in order to define a global accounting of the supply chain, in terms of both productivity and environmental performance, an enterprise I-O model based on processes has been developed. In the model four main types of production process are considered, namely cultivation, bio-diesel production, bio-energy production, and transportation, which is constituted by all the tracks covered by transportation means to deliver products. 

Each process and transportation track is geo-referred. For better addressing the spatial analysis, the I-O model has been supported by the integration with GIS technology. 

Then, the I-O model has been applied, as a case example, to the design and evaluation of an agro-energy supply chain based on the cultivation of sunflowers in the Vojvodina region.  
In particular, three different cases have been analysed, related to the concentrated or dispersed nature of the land cropped with sunflowers 

For each case, logistics flows have been accounted, in order to analyse if and to what extent the dispersion degree of the cultivation area and, then, transportation affect the total energy consumption of the supply chain and, then, the net energy produced.
The analysis reveals that transportation can significantly affect the performance of the agro-energy supply chain, in terms of both energy production and environmental sustainability. In fact, as shown by the radially and randomly dispersed cultivation cases, as the land dispersion degree increases the productivity decreases and pollutant emissions notably increase. Moreover, the higher dispersion of the cultivated land can negatively affect also the traffic load of the local transportation infrastructure, which, in a rural area, is generally scarce and of low quality, so constituting a potential constraint for the development of an agro-energy supply chain. 

Then, it seems to be possible to state that the geographical distribution of the cultivated land is a fundamental parameter which has to be taken into account for designing an efficient and environmental sustainable agro-energy supply chain. 
Further researches should be devoted to investigate possible solutions for improving the productivity of the bio-diesel and/or bio-energy production plant and, then, of the whole agro-energy supply chain. For instance, considering an agro-energy supply chain based on sunflowers cultivation, when the sunflower grows (i.e. 150 days), the land, which is not utilized to produce sunflowers, can be cultivated by another product, such as colza, whose oil may be used as a bio diesel, so increasing the efficiency of the whole chain.

	Processes
	units
	p1
	p2
	p3
	p4
	p5
	p6
	p7
	p8
	p9
	p10
	p11
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	v1 tot
	v2 tot
	f0*
	x0*

	p1 
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1,560
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1,560

	p2 
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3,900
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3,900

	p3 
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3,900
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3,900

	p4 
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2,080
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2,080

	p5 
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1,560
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1,560

	p6 
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2,340
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2,340

	p7 
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5,460
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5,460

	p8 
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2,600
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2,600

	p9
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2,600
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2,600

	p10 
	[t]
	1.1
	2.9
	2.9
	1.5
	1.1
	1.7
	4
	1.9
	1.9
	0
	8,631
	23.9
	9.8
	46.1
	37.6
	19.8
	29.7
	14
	8.9
	99.4
	10
	63.5
	93.9
	35.9
	276.3
	0
	0
	0
	9,420

	p11 
	[MWh]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	36358
	36,358

	1 
	[km]*103
	113
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	26
	3.5
	0
	142.5

	2 
	[km]*103
	45.6
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	10.5
	1.4
	0
	57.5

	3 
	[km]*103
	48
	0
	0
	0
	0
	72
	0
	0
	80
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	46.1
	6.2
	0
	252.3

	4 
	[km]*103
	0
	0
	0
	0
	0
	77.4
	0
	0
	86
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	37.7
	5
	0
	206.1

	5 
	[km]*103
	0
	0
	0
	0
	0
	0
	0
	0
	86
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	19.8
	2.6
	0
	108.4

	6 
	[km]*103
	0
	129
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	29.8
	3.9
	0
	162.7

	7 
	[km]*103
	0
	0
	0
	35.2
	26.4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	14.2
	1.9
	0
	77.7

	8 
	[km]*103
	0
	0
	0
	0
	38.4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	8.9
	1.2
	0
	48.5

	9 
	[km]*103
	48
	120
	0
	64
	48
	72
	0
	0
	80
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	99.7
	13
	0
	544.7

	10 
	[km]*103
	0
	0
	45
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	10.4
	1.4
	0
	56.8

	11 
	[km]*103
	24
	60
	60
	32
	24
	36
	0
	0
	40
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	63.7
	8.5
	0
	348.2

	12 
	[km]*103
	0
	0
	0
	0
	0
	0
	407
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	94
	13
	0
	514

	13 
	[km]*103
	0
	0
	0
	0
	0
	0
	0
	156
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	36
	4.8
	0
	196.8

	14 
	[km]*103
	72
	180
	180
	96
	72
	108
	252
	120
	120
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	277
	37
	0
	1514

	v1 tor
	[t]
	360
	900
	900
	480
	360
	540
	1260
	600
	600
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	6000

	v2 tot
	[t]
	48
	120
	120
	64
	48
	72
	168
	80
	80
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	800

	Primary inputs
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	total

	fertilizers
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	6000
	0
	6000

	seeds 
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	800
	800

	energy 
	[GJ]
	4437
	11093
	11093
	5916
	4437
	6656
	15530
	7395
	7395
	70273
	1105
	833
	367
	1607
	1312
	691
	1035
	495
	309
	3469
	361
	2217
	3276
	1253
	9640
	0
	0
	168095

	workforce 
	[hours]
	14400
	36000
	36000
	19200
	14400
	21600
	50400
	24000
	24000
	26400
	36000
	1880
	760
	3333
	2723
	1433
	2150
	1027
	640
	7200
	750
	4600
	6790
	2600
	20000
	0
	0
	358286

	methanol 
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	120
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	120

	water
	[m3]*103
	200
	500
	500
	266
	200
	300
	699
	333
	333
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3330


Table 12. Balance table in the case of randomly dispersed cultivation.
	Wastes and by-products
	units
	p1
	p2
	p3
	p4
	p5
	p6
	p7
	p8
	p9
	p10
	p11
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	v1 tot
	v2 tot
	total

	CO2 
	[kg*103]
	500
	1,249
	1,249
	666
	500
	749
	1,749
	833
	833
	2,040
	120
	35.4
	15
	62.9
	51.7
	27.1
	41
	20
	12
	136
	14
	87.3
	128
	49.2
	378.3
	0
	0
	11,546


	glycerine  
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	700
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	700

	flour 
	[t*103]
	4.1
	10.3
	10.3
	5.5
	4.1
	6.1
	14.3
	6.8
	6.8
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	68.3

	husk 
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	15,080
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	15,080

	residual seed  
	[t]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	780
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	780


Table 13. Wastes and by-products in the case of randomly dispersed cultivation.
	Processes
	Units
	v1P1
	v1P2
	v1P3
	v1P4
	v1P5
	v1P6
	v1P7
	v1P8
	v1P9
	v1 tot
	v2P1
	v2P2
	v2P3
	v2P4
	v2P5
	v2P6
	v2P7
	v2P8
	v2P9
	v2 tot

	1 
	[km]*103
	26
	0
	0
	0
	0
	0
	0
	0
	0
	26
	3.5
	0
	0
	0
	0
	0
	0
	0
	0
	3.5

	2 
	[km]*103
	10.5
	0
	0
	0
	0
	0
	0
	0
	0
	10.5
	1.4
	0
	0
	0
	0
	0
	0
	0
	0
	1.4

	3 
	[km]*103
	11
	0
	0
	0
	0
	16.6
	0
	0
	18.5
	46.1
	1.5
	0
	0
	0
	0
	2.2
	0
	0
	2.5
	6.2

	4 
	[km]*103
	0
	0
	0
	0
	0
	17.9
	0
	0
	19.8
	37.7
	0
	0
	0
	0
	0
	2.4
	0
	0
	2.6
	5

	5 
	[km]*103
	0
	0
	0
	0
	0
	0
	0
	0
	19.8
	19.8
	0
	0
	0
	0
	0
	0
	0
	0
	2.6
	2.6

	6 
	[km]*103
	0
	29.8
	0
	0
	0
	0
	0
	0
	0
	29.8
	0
	4
	0
	0
	0
	0
	0
	0
	0
	3.9

	7 
	[km]*103
	0
	0
	0
	8.1
	6.1
	0
	0
	0
	0
	14.2
	0
	0
	0
	1.1
	2.8
	0
	0
	0
	0
	1.9

	8 
	[km]*103
	0
	0
	0
	0
	8.9
	0
	0
	0
	0
	8.9
	0
	0
	0
	0
	1.2
	0
	0
	0
	0
	1.2

	9 
	[km]*103
	11
	27.7
	0
	14.8
	11.1
	16.6
	0
	0
	18.5
	99.7
	1.5
	3.7
	0
	2
	1.5
	2.2
	0
	0
	2.5
	13

	10 
	[km]*103
	0
	0
	10.4
	0
	0
	0
	0
	0
	0
	10.4
	0
	0
	1.4
	0
	0
	0
	0
	0
	0
	1.4

	11 
	[km]*103
	5.5
	13.8
	13.8
	7.4
	5.6
	8.3
	0
	0
	9.2
	63.7
	0.7
	1.8
	1.8
	1
	0.8
	1.1
	0
	0
	1.2
	8.5

	12 
	[km]*103
	0
	0
	0
	0
	0
	0
	94
	0
	0
	94
	0
	0
	0
	0
	0
	0
	12.5
	
	0
	13

	13 
	[km]*103
	0
	0
	0
	0
	0
	0
	0
	36
	0
	36
	0
	0
	0
	0
	0
	0
	0
	4.8
	0
	4.8

	14 
	[km]*103
	16.6
	41.5
	41.5
	22.2
	16.7
	24.9
	58.2
	27.7
	27.7
	277
	2.2
	5.5
	5.5
	2.9
	2.2
	3.3
	7.8
	3.7
	3.7
	37



Table 14. Transportation inputs for the virtual processes.
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