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Abstract
In the paper an enterprise input-output model of a local supply chain is developed and supported by GIS technology. The supply chain is considered as a network of production processes, which transform inputs into outputs and are located in a given area. GIS technology relates geographical information with the supply chain production and pollution. In particular, all inputs and outputs are geographically referenced in the model. 

Finally, a case study related to the local supply chain of an Italian multinational company producing leather upholstery is considered and different spatial organizations of production processes are analysed, based on the reengineering project of its production processes. In particular, it is discussed how the co-localization of similar production processes can affect the supply chain productivity and environment.
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1. Introduction 

A supply chain is defined (Christopher, 1998) as a network of organisations that are involved, through upstream and downstream linkages, in the different processes and activities that produce value in the form of products and services in the hands of the ultimate consumer. Then, a supply chain, considered as a set of tightly interconnected manufacturing processes, converting raw materials into final products, then delivered to final customers, can be described as an input-output system, producing a specific good which can be placed on the market (Albino et al., 2002).

Another important feature of supply chain is the spatial dimension. In the literature great attention has been kept on the problems related to dispersal (Meixell and Gargeya, 2005) or concentrated supply chains (Carbonara et al., 2001), analyzing the principal elements affecting their dynamics. In fact, the production units of global networks may be co-localized in a geographically bounded area and/or located everywhere in the world.  

Supply chain management (SCM) permits benefits of integrating production units operations belonging to the supply chain, because such operations are characterised by a high degree of interdependence (Beamon, 1998). Then, a joint design and management represent a necessary condition for achieving the required performance objectives due to the fact that globalization has moved competition from companies to supply chains.

In the current scenario, logistics plays an important role due to the acknowledgement that distribution time is resulting as a key factor for supply chains’ competitiveness, and that the reduction of transportation costs can lead supply chains to improve their efficiency and productivity. In particular, logistics considers the wide set of activities dedicated to the transportation and circulation of goods, such as the material supply of production, the core distribution and transport function, wholesale and retail and also the provision of households with consumer goods as well as the related information flows (Handfield and Nichols, 1999). These activities are included into two major functions: physical distribution and materials management. Physical distribution is the collective term for the set of activities involved in the movement of goods from points of production to final points of sale and consumption (McKinnon, 1988). Materials management considers all the activities related to the manufacturing of products in all their stages of production along a supply chain. 

The reciprocal relationship between the induced transport demand function of physical distribution and the derived demand function of materials management is thus concerned as the integrated transport demand of logistics (Hesse and Rodrigue, 2004).
The increasing globalization, such as international trade, multinational corporations and the division of labour/production, is revealing a different and new perspective of transportation, which is the management of supply chains and their underlying logistics. 

However, the movement of freight has significant environmental effects, which are accentuated by the growing market share of the most energy intensive modes of transportation (truck and air
) and the relative decline of other modes (ship and rail
) (EEA 2004). The EU White Paper on Transport Policy (CEC 2001) recognises that transport energy consumption is increasing and that 28% of CO2 emissions are now transport-related. Carbon dioxide emissions continue to rise, as transport demand outstrips improvements in energy-related emissions. The sector with the largest projected increase in EU-15 emissions is transport. 
As previously stated, because of globalization production and distribution processes are no longer confined in single firm activities, but it is increasing the number of global suppliers and subcontractors’ involved in these processes, so increasing the vertical, horizontal, and spatial complexity of supply chains. 

The supply chains’ vertical and horizontal complexity can be analysed adopting enterprise input-output (I-O) models as accounting and planning tools (Polenske, 2001). In fact, they can be useful to represent the relationships between the production processes and to investigate the effects of possible development scenarios on the economic and environmental performance of the supply chains. Regarding the spatial complexity, it can be modelled through the integration of the I-O approach with Geographic Information Systems (GISs), which permit the geographical reference of data, then allowing the organization and processing of information both geographically and logically (Malczewski, 2004). 
In the paper an enterprise I-O model of a supply chain is developed and supported by GIS technology. The supply chain is considered as a network of production processes, including transportation, which transform inputs into outputs and are located in a given area. GIS technology relates geographical information with the supply chain production and pollution. In particular, all inputs and outputs are geographically referenced in the model.

A case study related to the reengineering project of the local supply chain of an Italian multinational company producing leather upholstery is considered. Then, two different spatial organizations of the production processes are analysed, investigating their impact on the supply chain productivity and environmental performance.

2. INPUT-OUTPUT MODEL 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). So doing, analysing the interdependences among entities, economists and managers can evaluate 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 highly 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 sectors and the final customer. 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. But on the other hand, because of the small scale, it is easy to know which technological changes are employed 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 (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 rather than on products or branches. Similarly, Albino et al. (2002, 2003) have developed I-O models for analyzing the complex dynamics of global and local supply chains, in terms of material, energy, and pollution flows (see also Grubbstrom and Tang, 2000).

Moreover, enterprise I-O models based on processes can be 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).
I-O models can be applied to contexts highly characterized by the geographical dimension, such as in the case of industrial districts. For better addressing the spatial dimension the I-O approach can be integrated with GIS technology, in order to geographically reference 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 referenced. GIS can be adopted as decision support systems that helps users in problem solving activities related to geo-referenced applications.
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.
3. THE INPUT-OUTPUT MODEL

The model deals with an industrial supply chain, composed by a network of production process. This network can be fully described if all the interrelated processes as well as input and output flows are identified. 

In the proposed enterprise input-output model transports is taken into account and all the production processes are geo-referenced. 

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, 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 
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 are zero.  Transportation is modelled as a primary input which provides other processes with inputs consisting of logistics service, in terms of the distance covered to convey all main products to their destinations. In particular, the transportation system consists of h tracks through which products flow. Each track is considered as a primary input. Then, 
[image: image8.wmf]0

q

 is the transportation vector of size h x 1, constituted by the h tracks.
Of course, also other inputs are required for 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 T, the h x n matrix of transportation coefficients with element 
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 denoting the distance covered by the transportation mean to convey an unit of output of product j to their final destinations through the track k (1,…, h), 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, T, 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 
[image: image19.wmf]f

, and that the intermediate coefficients matrix  A, the transportation coefficients matrix T, 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 transportation, primary products and the outputs of by-products and waste are:
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where 
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 gives the new h x 1 vector of transportation, 
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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. 

However, this model is not able to make distinction between primary inputs transportation and outputs transportation. To overcome this limit, we add virtual processes located on the geographical boundaries of the supply chain, so to highlight this distinction. Each virtual process, corresponding to a specific primary input and location, 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. Moreover, the primary input of a virtual process is equal to the sum of the corresponding primary input of all production processes.
Let us consider p virtual processes corresponding to s primary inputs from outside the network. Then, we can 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 process, the matrix 
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 is of size (n+p) x (n+p) and the vector 
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Define the intermediate coefficient matrix 
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The same approach can be used to model waste outputs transportation.

Each transportation input is related to a given track 
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(k=1,…, h). Then, each process producing products to be delivered to two or more final destinations has to be distinguished according to their final destinations.
In fact, let us assume to have three production processes (p1, p2, and p3) and two tracks (
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), with the balance table reported in Table1, where 
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connect p1 with p2, and p1 with p3, respectively.
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Table 1. Balance table.

If f2 increases, then 
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 must increase and, then, x1 increases. However, only 
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 must increase to permit to serve more output of p1 to p2. Then, the process p1 has to be distinguished into p12 and p13, as shown in Table 2.
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Table 2. Balance table in the case of processes

distinguished according to their final destinations.
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 represent the distance covered by the transportation mean to convey the output of process p1 to the process p2 through the track (1 and the output of process p1 to the process p3 through the track (2, respectively.
5. A CASE STUDY
The proposed input-output model can be applied as an accounting and planning tool both to a single firm and to a group of firms.
In this section the reengineering project of the largest company operating in an Italian industrial district is provided as a case study. 

The company, operating in upholstery production, is geographically located in an Italian industrial district in the Murgia area that belongs to two Italian regions in Southern Italy, Puglia and Basilicata, and, in particular, to the municipalities of Altamura, Matera, and Santeramo in Colle.  
The production process network distinguishes three main production processes, namely “leather cutting” (LC), assembling (AS), and inventory (IN), with their main products. These production processes are the key processes in terms of their logistical and economical importance. In terms of outputs, the production processes are characterized by only one main product (a specific intermediate or final product), and by waste, pollutants and by-products. 
The output of process LC consists of cut leather, while for AS and IN consists of leather sofas. Because there are one-, two- and three-seat sofas, the output of these processes is measured in seats. Note that, for example, the output of a two-seat and a three-seat sofa would thus be accounted for five seats.
The company operates according to a (current) production chain where each production site carries out all the processes. The reengineering project consists of re-designing processes and sites so that each site carries out only a specific process. 
In both cases each site is located in one site, namely Laterza (A), Ginosa (B), Iesce (C), and La Martella (D), which are all located in the Murgia area. Moreover two virtual processes, namely wood inputs (W) and leather inputs (L), are considered. They are virtually located at the Gioia del Colle (NE), Gravina (NW), and San Basilio (SE) gateways of the considered borderline of the geographical area. Also the final demand is delivered to these three final destinations, being only transportation within the area accounted.
Eight distinct tracks are identified in the considered geographical area (Table 3).

	(
	Track
	Distance

	(1
	Gravina – La Martella
	30 km

	(2
	La Martella – Matera
	3 km

	(3
	Matera -  Iesce
	11 km

	(4
	Iesce –Gioa del Colle
	23 km

	(5
	Matera –Laterza
	21 km

	(6
	Iesce -  Laterza
	24 km

	(7
	Laterza – Ginosa
	7 km

	(8
	Laterza – San Basilio
	15 km


Table 3. Tracks.

In Figure 1 the map of the considered geographical area is reported.
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Figure 1. The map of the area.
Transportation means with different truck load capacities (C) are adopted to deliver products. In particular, leather and cut leather are conveyed by trucks with C=1200 m2, wood is conveyed by trucks with C=60 m3, and assembled seats are conveyed by trucks with C=120 seats. 
In the following the GIS modelling process is presented and, then, the two distinct organizations of the production chain, namely current chain and planned chain, are analyzed.
5.1 GIS modelling

The first step of the modelling process consists of developing a geo-database to geographically reference all the inputs and outputs presented in the model.
The database has been designed using an entity/relationship modelling and it is constituted by the production sites and processes and by their customer-supplier relationships. 
The entity/relationship model has been coded adopting Unified Modelling Language (UML). Successively, the UML schemas have been exported, using the Extensible Markup Language (XML), to generate the geo-database.
In addition, a number of specific routines have been realized in Python to obtain all the functionalities needed in the GIS environment to integrate and manage the I-O models (Figure #).

I-O models use a data representation (made of matrices, vectors and equations) that is  different from the representation of the same data in a database. For this reason we decided to create an interface between the classical I-O tables (stored in an external database) and the geo-database. Furthermore, the interface is necessary because the geo-database design of the I-O models is particularly suited for representing the above mentioned vectors and matrices. Error-checking tests have been added in the data-loading routines.

Moreover, specific routines have been developed for the elaboration of the I-O equations. 

Finally, to take into account the tracks’ congestion, the transportation process has been considered by including the tracks’ regional infrastructure in the geo-database.
In Figure 2 the integration schema is presented.
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Fig.2. The integration schema.

5.2  The current chain
In this case all the three production processes, LC, AS, and IN, are performed by each site. 
In Table 3 the geographical location of both production and virtual processes is reported.
	Site
	Production and virtual processes
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Table 4. Geographical location of processes in the current chain.

The apexes 1, 2, and 3 are related to the production processes corresponding to LC, AS, and IN, respectively. The apexes 4 and 5 are related to the virtual processes corresponding to L and W, respectively.
In Table 5 the paths covered to convey products are described, adopting the eight tracks.
	
	A
	B
	C
	D
	NW
	NE
	SE

	A
	-
	-
	-
	-
	-
	-
	(8

	B
	-
	-
	-
	-
	-
	-
	(7-(8

	C
	-
	-
	-
	-
	-
	(4
	-

	D
	-
	-
	-
	-
	(1
	-
	-

	NW
	(1-(2-(5
	(1-(2-(5-(7
	(1-(2-(3
	(1
	-
	-
	-

	NE
	(4-(6
	(4-(6-(7
	(4
	(4-(3-(2
	-
	-
	-

	SE
	(8
	(8-(7
	(8-(6
	(8-(5-(2
	-
	-
	-


Table 5. Paths in the current chain.

The balance table referred to one year is shown in Table 6.
	Process
	u/yr *103
	p11
	p22
	p33
	p41
	p52
	p63
	p71
	p82
	p93
	p101
	p112
	p123
	v134
	v145
	v154
	v165
	v174
	v185
	f
	x0

	p11
	m2 of CL
	0
	850
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	850

	p22
	n. of AS
	0
	0
	300
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	300

	p33
	n. of AS
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	300
	300

	p41
	m2 of CL
	0
	0
	0
	0
	850
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	850

	p52
	n. of AS
	0
	0
	0
	0
	0
	300
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	300

	p63
	n. of AS
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	300
	300

	p71
	m2 of CL
	0
	0
	0
	0
	0
	0
	0
	850
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	850

	p82
	n. of AS
	0
	0
	0
	0
	0
	0
	0
	0
	300
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	300

	p93
	n. of AS
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	300
	300

	p101
	m2 of CL
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	850
	0
	0
	0
	0
	0
	0
	0
	0
	850

	p112
	n. of AS
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	300
	0
	0
	0
	0
	0
	0
	0
	300

	p123
	n. of AS
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	300
	300

	v134
	m2 L
	475
	0
	0
	475
	0
	0
	475
	0
	0
	475
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1900

	v145
	m3 W
	0
	175
	0
	0
	175
	0
	0
	175
	0
	0
	175
	0
	0
	0
	0
	0
	0
	0
	0
	700

	v154
	m2 L
	475
	0
	0
	475
	0
	0
	475
	0
	0
	475
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1900

	v165
	m3 W
	0
	175
	0
	0
	175
	0
	0
	175
	0
	0
	175
	0
	0
	0
	0
	0
	0
	0
	0
	700

	v174
	m2 L
	475
	0
	0
	475
	0
	0
	475
	0
	0
	475
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1900

	v185
	m3 W
	0
	175
	0
	0
	175
	0
	0
	175
	0
	0
	175
	0
	0
	0
	0
	0
	0
	0
	0
	700

	
	total 
	

	θ1
	km
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	75
	47.5
	350
	0
	0
	0
	0
	472.6
	

	θ2
	km
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3.6
	26.3
	1.2
	8.8
	1.2
	8.8
	49.7
	

	θ3
	km
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	4.4
	32.1
	4.4
	32.1
	0
	0
	72.9
	

	θ4
	km
	0
	0
	0
	0
	0
	0
	0
	0
	57.5
	0
	0
	0
	0
	0
	36.4
	268.4
	0
	0
	362.3
	

	θ5
	km
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	16.6
	122.5
	0
	0
	8.3
	61.3
	208.7
	

	θ6
	km
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	19
	140
	9.5
	70
	238.5
	

	θ7
	km
	0
	0
	0
	0
	0
	17.5
	0
	0
	0
	0
	0
	0
	2.8
	20.4
	2.8
	20.4
	2.8
	20.4
	87.1
	

	θ8
	km
	0
	0
	37.5
	0
	0
	37.5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	23.8
	175
	273.8
	

	leather
	m2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1425
	0
	0
	1900
	0
	1900
	0
	1900
	0
	5700
	

	wood
	m3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	700
	0
	700
	0
	700
	2100
	

	electric power
	Mw/h
	0.7
	12.5
	0
	0.7
	12.5
	0
	0.7
	12.5
	0
	0.7
	12.5
	0
	0
	0
	0
	0
	0
	0
	52.9
	

	low energy heat
	Kcal *105
	0
	5784
	0
	0
	5784
	0
	0
	5784
	0
	0
	5784
	0
	0
	0
	0
	0
	0
	0
	23136
	


Table 6. Balance table of the current chain.

Considering the different capacities of the transportation means (C=1200 m2, C=60 m3, and C=120 seats) it is possible to evaluate the pollutant emissions caused by truck transportation. In Table 7 data from the literature (APAT, 2003) are reported.

	
	Emissions

[g/km]

	Pollutant
	Maximum truck load

 < 3.5 t
	Maximum truck load 

> 3.5 t

	NOx
	1.1
	7.2

	CO
	0.06
	3.00

	CO2
	250
	700

	PM10
	0.25
	0.45


Table 7. Pollutant emissions caused by truck transportation.

In this case, C=1200 m2 corresponds to a load capacity lower than 3.5 t, while C=60 m3, and C=120 seats correspond to a load capacity greater than 3.5 t.

In Table 8 the values of pollutant emissions are accounted, referred to the period of one year. In the table also by-products are shown. 
The model permits the analysis of the congestion of the eight tracks caused by the logistics flows. In particular, the congestion is evaluated considering the number of trips per unit of km. In Table 9  results related to the congestion of the eight tracks the  are presented.
	Tracks
	Congestion (km*year)
	Congestion (km*day)

	θ1
	15752
	52.5

	θ2
	16565
	55.2

	θ3
	6626
	22.1

	θ4
	15752
	52.5

	θ5
	9939
	33.1

	θ6
	9939
	33.1

	θ7
	12439
	41.5

	θ8
	18252
	60.8

	Total
	105264
	350.8


Table 9. The congestion of the tracks in the current chain.

	By-products/wastes
	u/yr *103
	p11
	p22
	p33
	p41
	p52
	p63
	p71
	p82
	p93
	p101
	p112
	p123
	θ1
	θ2
	θ3
	θ4
	θ5
	θ6
	θ7
	θ8
	total

	residual leather
	m2
	567.7
	0
	0
	567.7
	0
	0
	567.7
	0
	0
	567.7
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2270.8

	residual wood
	m3
	0
	2.4
	0
	0
	2.4
	0
	0
	2.4
	0
	0
	2.4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	9.6

	CO2
	kg
	0
	161.33
	0
	0
	161.3
	0
	0
	161.3
	0
	0
	161.3
	0
	309
	32.1
	47
	237
	135
	154
	57.21
	194.95
	1812.3505

	SOX
	kg
	0
	0.233
	0
	0
	0.233
	0
	0
	0.233
	0
	0
	0.233
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.932

	NOX
	kg
	0
	0.188
	0
	0
	0.188
	0
	0
	0.188
	0
	0
	0.188
	0
	3.1
	0.32
	0.5
	2.39
	1.4
	1.54
	0.576
	1.9703
	12.48467

	PM10
	kg
	0
	0.007
	0
	0
	0.007
	0
	0
	0.007
	0
	0
	0.007
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.028


Table 8. By-products and wastes in the current chain.

	Label

	CL
	cut leather

	AS
	assembled seats

	L
	leather

	W
	wood

	u/yr
	units/year


5.3  The planned chain
In this case, each site performs only a specific production process. 

In particular, in Table 10 the geographical location of both production and virtual processes is reported.

	Site
	Production and virtual processes
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Table 10. Geographical location of processes in the planned chain.
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, respectively. Also in this case the apexes 4 and 5 are related to the virtual processes corresponding to L and W, respectively.

In Table 11 the paths covered to convey products in the planned chain are represented, according to the roads described in Table 4. 
	
	A
	B
	C
	D
	NW
	NE
	SE

	A
	-
	(7
	(5-(3
	-
	-
	-
	-

	B
	-
	-
	-
	(7-(5-(2
	-
	-
	-

	C
	-
	-
	-
	(3-(2
	-
	-
	-

	D
	-
	-
	-
	-
	(1
	-
	-

	NW
	(1-(2-(5
	(1-(2-(5-(7
	(1-(2-(3
	-
	-
	-
	-

	NE
	(4-(6
	(4-(6-(7
	(4
	-
	-
	-
	-

	SE
	(8
	(8-(7
	(8-(6
	-
	-
	-
	-


Table 11. Paths in the planned chain.

Considering the same average quantity of assembled seats as final demand (900000 assembled seats), the balance table referred to one year is shown in Table 12.

Regarding to the pollutant emissions caused by truck transportation (Table 7), waste and by-products in the planned chain are reported in Table 13, referred to the period of one year. 
Finally, the tracks’ congestion in this case is shown in Table 14.
	Processes
	u/yr *103
	p11a
	p21a
	p32b
	p42c
	p53d
	v64
	v75
	v84
	v95
	v104
	v115
	f
	x0

	p11a
	m2 CL
	0
	0
	1700
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1700

	p21a
	m2 CL
	0
	0
	0
	1700
	0
	0
	0
	0
	0
	0
	0
	0
	1700

	p32b
	n. of AS
	0
	0
	0
	0
	600
	0
	0
	0
	0
	0
	0
	0
	600

	p42c
	n. of AS
	0
	0
	0
	0
	600
	0
	0
	0
	0
	0
	0
	0
	600

	p53d
	n. of AS
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1200
	1200

	v64
	m2 L
	950
	950
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1900

	v75
	m3 W
	0
	0
	350
	350
	0
	0
	0
	0
	0
	0
	0
	0
	700

	v84
	m2 L
	950
	950
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1800

	v95
	m3 W
	0
	0
	350
	350
	0
	0
	0
	0
	0
	0
	0
	0
	700

	v104
	m2 L
	950
	950
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1800

	v115
	m3 W
	0
	0
	350
	350
	0
	0
	0
	0
	0
	0
	0
	0
	700

	
	total
	

	θ1
	km
	0
	0
	0
	0
	300
	47.5
	350
	0
	0
	0
	0
	697.5
	

	θ2
	km
	0
	0
	15.0
	15
	0
	4.7
	35
	0
	0
	0
	0
	69.7
	

	θ3
	km
	0
	0
	0
	55
	0
	0
	64.2
	0
	0
	0
	0
	119.2
	

	θ4
	km
	0
	0
	0
	0
	0
	0
	0
	36.4
	268.3
	0
	0
	304.7
	

	θ5
	km
	0
	0
	105
	0
	0
	33.2
	122.5
	0
	0
	0
	0
	260.7
	

	θ6
	km
	0
	34.1
	0
	0
	0
	0
	0
	38.0
	140.0
	0
	140
	352.1
	

	θ7
	km
	10
	0
	35
	0
	0
	0
	40.8
	0
	40.8
	0
	40.8
	167.5
	

	θ8
	km
	0
	0
	0
	0
	0
	0
	0
	0
	0
	23.7
	175
	198.7
	

	leather
	m2
	0
	0
	0
	0
	0
	1900
	0
	1900
	0
	1900
	0
	5700
	

	wood
	m3
	0
	0
	0
	0
	0
	0
	700
	0
	700
	0
	700
	2100
	

	electric power
	Mw/h
	1.4
	1.4
	25
	25
	0
	0
	0
	0
	0
	0
	0
	52.9
	

	low energy heat
	Kcal 105
	0
	0
	11.6
	11.6
	0
	0
	0
	0
	0
	0
	0
	23.1
	


Table 12. Balance table of the planned chain.
	By-products/wastes
	u/yr *103
	p11a
	p21a
	p32b
	p42c
	p53d
	v64
	v75
	v84
	v95
	v104
	v115
	θ1
	θ2
	θ3
	θ4
	θ5
	θ6
	θ7
	θ8
	total

	residual leather
	m2
	1135.4
	1135.4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2270.8

	residual wood
	m3
	0
	0
	4.8
	4.8
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	9.6

	CO2
	kg
	0
	0
	322.7
	322.7
	0
	0
	0
	0
	0
	0
	0
	466.9
	46.7
	83.4
	196.9
	167.6
	214.0
	112.7
	128.4
	2062.0

	SOX
	kg
	0
	0
	0.5
	0.5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.9

	NOX
	kg
	0
	0
	0.4
	0.4
	0
	0
	0
	0
	0
	0
	0
	4.7
	0.5
	0.9
	2.0
	1.7
	2.1
	1.1
	1.3
	15.0

	PM10
	kg
	0
	0
	0.014
	0.014
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Table 13. By-products and wastes in the planned chain.
	Tracks
	Congestion (km*year)
	Congestion (km*day)

	θ1
	23249
	77.5

	θ2
	23249
	77.5

	θ3
	10833
	36.1

	θ4
	13249
	44.2

	θ5
	12416
	41.4

	θ6
	13249
	44.2

	θ7
	18088
	60.3

	θ8
	14671
	48.9

	totale
	129004
	430.1


Table 14. The congestion of the tracks in the planned chain.

6. CONCLUSIONS
In this paper an enterprise I-O model based on processes has been developed to represent and describe the logistics flows of an industrial supply chain. 
Transportation has been modelled as a primary input for taking into account the logistics services required by each production process to convey its output to the final destination(s). In particular, the transportation system is constituted by all the tracks covered by transportation means to deliver products. Moreover, virtual processes, corresponding to specific primary inputs, have also been considered, in order to account the transportation required to convey primary inputs to the production processes.
Each process, both actual and virtual, is geo-referred. In fact, its description is characterised by geographical information about the location. Then, for better addressing the spatial analysis, the development of the model has been supported by the integration with GIS technology. 
The model has been applied to the case study related to the reengineering project of a local supply chain of an Italian multinational company producing leather upholstery. Different spatial configurations of the production processes have been analysed, namely current production chain, in which all the production processes are performed by each site, and planned production chain, in which each site performs only a specific production process. For both, logistics flows, wastes, and by-products have been accounted. Moreover, how the two production organizations differently affect the environment in which the company operates, in terms of congestion of tracks and pollutant emissions, has been evaluated.  
Results show that the adoption of the planned chain implies an amount of pollutant emission greater than in the current one, since the occurrence of domestic intermediate deliveries. In fact, because of each site performs only a specific production process, the logistic flows in the considered geographical area increase. Moreover, in the planned chain sites B (Ginosa) and C (Iesce) produce more pollutants respect to the current scenario because only these two sites perform the assembling process. On the contrary, in the current chain the assembling process is realized by all the four sites and, then, pollutants are equally emitted by all the production sites.
Regarding the congestion of the tracks, the planned chain presents a higher level, since the increasing of freight flows due to domestic intermediate deliveries. In fact, in this case the total value of congestion is equal to 430.1 (km*day), whereas in the current production chain this value is equal to 350.8 (km*day).
Furthermore, considering the congestion of the specific tracks also some differences can be provided out. In particular, θ1 (Gravina-La Martella) and θ2 (La Martella-Matera) represent the most congested tracks in the planned chain, while in the current scenario θ8 (Laterza-San Basilio) is the track characterised by the highest level of congestion. This difference depends on the fact that in the current chain the flows of primary inputs constitute the most relevant, in terms of quantity, and, as a consequence, the tracks connecting sites with the gateways of the area are more congested, such as θ8. On the contrary in the planned chain the flows of intermediate domestic outputs are more relevant and it implies that the tracks connecting sites are more congested, such as θ1 and θ2.      
From the above analysis it is possible to state that the planned reengineering project of processes and sites has to be evaluated taking into account not only the potential scale economies arising from the adoption of this solution, but also its impact on the surrounding environment. In particular, considering the increasing of congestion, the compatibility of the new production organization with the capability of the transport infrastructures has to be analysed. 
Then, a well-known trade-off problem between the economic and environmental performance of the supply chain arises.

With this regard, the model can constitute an useful tool to investigate this problem and to suggest possible solutions considering both the productivity of the supply chain and the environmental and infrastructural constraints.  
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� Air transport is growing by 6–9 % per year in both the old and new EU Member States.


� The market shares of modes such as rail are increasing only marginally, if at all.
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