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Abstract
Disposing of urban waste is a problem everywhere; as an economy expands, refuse increases with a potential damage for present and future generations. Often, eliminating one source of pollutants creates other negative externalities. This is why an integrated plan is necessary for waste management. This paper presents an input-output model that estimates urban waste creation as a consequence of production of goods and services in the Sicilian economy. These estimates allow us to design a solid waste management plan based on the national and regional existing legislation.

New Italian legislation establishes minimum goals of recovery and recycling and lists guidelines for solid waste reduction by encouraging new technologies. In addition it promotes the management of urban waste in optimal territorial areas (ATO) that coincide with the Italian administrative districts, the provinces. Some provinces in Italy have already enacted regional and local environmental plans. These plans focus on collecting data and proposing innovative technologies with the needed investment to achieve national goals. Unfortunately, these plans do not integrate the productive sector with end product use and they neglect the pollution created by the recycling process itself.

Applications of input-output models for macro planning are abundant, but these models rarely include environment effects. Here we use an integrative approach based on a modified input-output model, extended to the environment, as proposed by Leontief (1966). We consider that all production and consumption activities are directly linked to some form of pollution. Models have been developed to account for the use of non-renewable resources (e.g. fossil fuels), water, and the amount of emission of pollutants. 

In the model we develop  integrative input coefficients that account for the resource component and the environment component. This allows us to examine iteratively the effects of production on waste and the effect of waste reduction on production. Our results could be used in a general Waste Management Program that Sicily must adopt to comply with national and regional legislation.
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Figures (graphs) will be distributed as hard copy. Unfortunately, these graphs occupy 24 MB; therefore electronic transmission is prohibitive time consuming. 
I.  from rules and control provisions to preventive tools: the case of  The solid waste management plan.

The increase in urban waste produced by society is becoming a huge problem all over the world, leading to high levels of pollution and dissipation of natural resources. For instance, in Italy, between 1991 and 1994, the rate of waste generation rose faster than the rate of GDP increase.
 As Kevin Lynch (1990) pointed out, people are generally adverse to dealing with the issue of waste. Garbage is something that we would like to abandon without taking care of what happens to it. Such a dislike probably involves psychological reasons. However, urban waste in economic terms can be considered a negative utility because waste producers pay buyers to get rid of it. (Bresso, 1993) Hence, in a “disposable” economic system, as consumer goods expands, garbage increases. However, the environment’s natural capacity to deal with pollution and waste is limited. From the ‘sustainable development’ point of view, people should recycle waste, refraining from overloading natural cycles by decreasing the production of waste.
 This implies that the present generation should limit environmental damages allowing future generations to make their own choices with respect to the use of natural resources. In many countries, several experimental policies are being tried through different kinds of instruments: from the common emission standard to the less popular emission tax and the least tested pollution permit
; even though, in some cases, improper policies attempting to internalize the social cost of pollution may exacerbate market failures.

Recently, a new generation of instruments, such as environmental audit and eco labels, have been created to prevent pollution and waste generation as well as to promote market competition
. These voluntary tools, which are based on the Extended Producer (and Consumer) Responsibility principle and technically correlated to life cycle assessments or green accounts, are promoted by governments to enhance competition among firms that are interested in responding to environmental demands or in gaining access to specific public contracts.  In the light of this new logic of prevention, the previous plan established by environmental law to eliminate urban waste, has been substituted by the new ‘solid waste management’ plan. The recent tendency of the European Union, in fact, is to follow the whole life cycle of goods (‘from the cradle to the grave’) and to include environmental protection as a part of the common normative framework within the economic market.
  The idea is to convert the negative utility of waste into new materials in order to open new sectors, to reuse and recycle as much as possible and to create new jobs that defend the environment.

Thermodynamic laws mean that energy cannot be recycled and matter can only be recycled at something less than 100 percent efficiency. However, inadequate recycling “means more exploitation of natural resources, more pollution, and loss of salvageable economic value”. (Panayoutou, 1993) The urban waste problem basically shows that pollutants migrate from one source to another, damaging the environment’s natural capacity to purify the load of pollution. Effluents discarded in water necessitate using water softeners that in turn produce sludge; burning of waste generates emissions into the air; filtering generates ash; landfills generate environmental degradation; recycling processes generate new pollution and so on. Beyond a certain load, environmental damages can become irreversible.

Governmental direct regulations attempt to establish maximum admissible levels of pollution and ambient standards based on the carrying capacity for each receiving source. However, carrying out integrated control of all pollutants, including those emitted by recovery and recycling sectors, becomes a difficult task for governments. If pollution charges or the more sophisticated pollution permits can be considered by firms as efficient systems of self-enforcement, environmental impact analysis, presently used as an ex post instrument for single plant projects, should instead become a preventive tool to aid local planning.
 Consequently, planning an efficient management system to recover resources from garbage should take into account permissible emission levels and correlate them with additional pollution created by building new treatment or recycling plants. Within such a complete framework it should be possible to select correct environmental policies.

II.
European and Italian waste management policies

Previous European policies on waste management were mainly based on directive 75/442/CEE that provided a definition of waste (distinguishing between "refuse" and "dangerous refuse’) and established a requirement for each member country of the European Union to produce plans as main instruments to manage refuse disposal. The Italian law, DPR. 915/82, acknowledged the European directive giving regions the authority to plan. However the law was modified and a huge quantity of urgent decrees or local laws were added to face the crisis within the waste management sector, thus complicating the implementation of the national law. The national government was forced to actively intervene with the aid of policies to stimulate recycling and waste reduction
. Moreover, extensive public funds were used to reclaim and recover contaminated land. But a lack of regional planning and the chaotic implementation of the national law resulted in a ‘black hole’ allowing the Mafia to find a whole new field of illegal business; exacerbating environmental problems. (Eurispes, 1994) At the end of the 80s and during the 90s, important new European directives modified
 the previous directive (75/442 CEE). Also, the European strategic guideline on matters of waste was modified by the Committee Report of 30 July 1996 that generated in Italy a renewed interest in the issue. The debate resulted in a new decree
 by the national Government on 5 February 1997, the Ronchi decree, that set a more precise target to separately collect 35 percent of the solid waste produced by the year 2002.  The target should be reached according to the strategic priority established by the EU that is known as the “4R” strategy, summarized below. (Commissione delle Comunità Europee, 1995 and Ferrario and Pastorelli,1997). 
1) Reduction of waste. This can be achieved through the producer responsibility’principle applied on the life cycle of goods (using Audit and Eco- labels); through promotion of clean technologies; through research on different processing systems; through charges on products, and through tariffs (curbside charges) on refuse disposal. These tariffs are proportional to the quantity (weight or the volume) disposed of and are capable of changing consumer behavior. 

2)  Reuse of goods for the original function by offering incentives, e.g. refundable empties. 

3) Recycling based on reuse of the original component material to produce a new product (plastic, paper and glass are the classical examples). Recycling can be carried out through taxes on raw material, through incentives and by creating artificial public demand. 

4) Recovery of material through chemical, thermal or physical transformation of the original goods. Typical examples are bio-gas, compost and subsidiary fuel (solid and liquid ). In any case, for a more efficient waste reduction, recovery of material is preferred rather than recovery of energy.

Elimination of residuals in controlled dumps should be the final option. It deals with those fractions of urban waste that cannot be reused, recycled or recovered. In addition, from the biologic point of view these residuals have to be stabilized into inert forms to avoid subsoil pollution after the active management stage of the landfill. The biologic activity of the latter, in fact, lasts longer than the stocking of refuse. In order to meet the different needs of the regions, the new national decree basically confirms the regional competence to plan the management of waste. In addition, it promotes the management of urban waste in Optimal Territorial Areas (ATO) that coincide with administrative districts (provinces). The ATOs are expected to provide more appropriate programs than a single national system.

.

III
The  forecasting Model

In order to plan for management of solid waste one must know how the economic and social structure of each region could profit by resources recovered from garbage. For instance, in terms of output and employment, what performance could reach the target established by law. In addition, from the environmental protection point of view, it is necessary to assess how much pollution is generated by recovery and recycling. In fact, the Ronchi decree emphasizes, stronger than in the past, the need for separate collection as a prerequisite for recovery/ recycling. However, such renewed attention regarding the issue of waste should not neglect the amount of pollution caused by the elimination of solid waste in the process of recovery and recycling. In other words the issue is linked to the more general problem of evaluating the negative externalities generated by the production of goods and services.

In  light of an EU document, observers (Segale and Zanoli, 1997) consider the Regional Urban Waste Management Plan a primary opportunity for integrated controls of liquid, solid and atmospheric pollutants. The EU document (Commissione delle Comunità Europee, 1996) recommends not only equalizing emissions generated by solid waste treatments to those of standard industrial plants, but also activating a combined check of all kinds of pollutant levels because the decrease of pollution in one sector could cause an increase of pollution in another. Another observer (Schroeder, 1998) combines ecological economics and a classical I-O table to develop a model that measures, for each unit of product, how much energy and water is used and how much nitrogen is emitted into the environment. It deals with a illustrative model of 3 by 3 sectors to implement, for example, an “unambiguous” final ‘Environmental Statement per unit of goods and life cycle inventory.

Following the path traced by Leontief, Irpet (1994) elaborated for Sicily a biregional I-O model extended to include the environment. In formal terms, the model inserts pollution coefficients by rows within the table of technological relations, while waste management sectors are inserted by columns. Each extra row corresponds to a certain pollution coefficient that defines, like a technological coefficient, the quantity of residuals for each unit of product in each sector. The extension of the model clearly depends on the possibility of defining such coefficients in physical terms (notably the Irpet model applies only a water pollution coefficients). The model substantially defines the pollution levels associated with production levels, which are in turn based on final demand.

Our case study applies an interregional input-output analysis to the environment. Nevertheless, while existing economic input - output tables are routinely applied in macroeconomic analysis, a complete national or regional environmental accounting is lacking. Consequently, in the case study a classical interregional input - output model will be used (Sicily and the Rest of Italy), where a single estimated pollution coefficient will be applied to assess a proxy of environmental impact. We evaluate the impact of the new national policy (Ronchi decree) in terms of output, water pollution
 and the rate of recovery from garbage, in comparison to the current regional plan. The Two Regions I-O model (TRIO), will allow us to evaluate not only the change of output and water pollution in Sicily, due to a change in its final demand, but also the spillover effects on the Rest of Italy, due to the interregional flows. In order to assess the impact, the same amount of investment foreseen by the current plan (1986) is considered.

The project design (Figure 2)  compares two scenarios. In scenario A, which is the current regional plan, investments are spread across sectors according to the foreseen plant capacity. In scenario B, Ronchi decree, plant capacities (tons/day) are assumed equal to the quantities of urban waste that should be recovered. Therefore, investments can be spread across sectors proportionate to the rate of solid waste to be recovered, assuming that each unit of capacity treats different refuse constituents at the same cost of investment. For both scenarios, the type of recovery and recycling facilities are connected with the sectors to invest in, by hypothesizing that each sector of the I-O table aggregates the correspondent recovery and recycling sector.

Investments for dumps and for urban waste selection plants will be channeled into public services (sector 17); investments for incinerators, RDF and bio-gas production will be channeled into energy production (sector 2); investments for composting, plastic and glass recycling will be channeled into other manufacturing products (sector 11), investments for metal recycling will be channeled into metal products (sector 6); investments for paper recycling will be channeled into the paper sector (10). Since investment is reported by destination sector, that is, according to the sector which will utilize this investment, it will be necessary to transform investment by sector of origin with the help of a bridge matrix .

To calculate the impact on the environment, the water pollution coefficient (pc) estimated by Irpet 
 and expressed in BOD5/million of lire, will be used for each sector. The urban waste disposal sector (considered as a part of public services) is in fact one of the greatest water polluters because it causes the percolation of toxic substances into the subsoil and into the groundwater. 

In formal terms the short run forecasting model is specified as follows:

Y = I





(1)

X = (I-A(-1Y




(2)

P = X * pc





(3)

Where: 

Y = change on final demands,

I = change of investment;

 = bridge matrix to transform investment from type of purchase to investment by sector of origin,

(I-A(-1= Leontief inverse matrix

X = output change,

P = pollution change,

pc = pollution coefficient.

In order to measure the rate of resources recovered from garbage for scenario A the following is used:

R = rr/ rp

Where:

R = rate of recovery (tonnes/day)

rr =urban waste treated by facilities = plant capacity(t/d) proxy for refuse recovered from garbage

rp = total refuse production

For scenario B, the same amount of investment, will be allocated as follows: 

(R = rate of recovery = target{Tot investment * (R}

Tot refuse

IV. 
DATA BASE
The data base for the paper includes:

1) The closed 17x17 I-O matrix of Sicily and the closed 17x17 I-O matrix of Italy as a whole.
 
2) Planned capacities of treatment plants, investment and solid waste constituents over a period of years,
 

3) 1992 bridge matrix of investment transformation from sector of destination to sector of origin.
 

4) ISTAT data on Sicilian population and employment for 1992.

5) ISTAT and CNR data on refuse generated per person and the solid waste generation over certain periods.

6) Water pollution coefficients estimated by Irpet.
 

Table 1  Pollution coefficients 1988 (Tons of BOD5/ million Lire).

Sectors 
Pollution Coefficient

1) Agriculture
 0.0292908 

2) Fossil Coal
 - 

3) Coke
 - 

4) Petroleum
 0.0012412 

5) Electricity, Gas, Water
 0.0000748 

6) Nuclear Fuel
 - 

7) Metal Industries
 0.0003297 

8) Non Metallic Mineral Industries
 0.0020337 

9) Chemicals and Pharmaceutical
 0.0059579 

10) Metal Products Except Machinery
 0.0005390 

11) Agricultural and Industrial Machinery 
 0.0001582 

12) Office Machinery and Precision Instruments
 0.0001047 

13) Electric Materials
 0.0003335 

14) Auto vehicles 
 0.0001536 

15) Other Transportation Equipment 
 0.0002211 

16) Meat Products
 0.0050737 

17) Dairy Products
 0.0028891 

18) Other Food Products
 0.1184729 

19) Beverages
 0.0162910 

20) Tobacco
 0.0272550 

21) Textiles and Clothing.
 0.0015937 

22) Leather and Leather Products
 0.0061548 

23) Wood and Wood Products
 0.0004807 

24) Paper
 0.0196560 

25) Rubber
 0.0039773 

26) Other Manufacturing Products
 0.0004754 

Source: IRPET, Il modello intersettoriale dell’economia siciliana, Franco Angeli, Milano 1994.
V.
The  I - O model

Sectos
xij

1……………………………………………….17
IDi
jxij)
Ci
PCi
Ii
Si
Ei
FDi
Ci+PCi+Ii+Si+Ei
TRi
ID+FD

1


























2


























3


























4


























5


























6


























7


























8


























9
Internal Flows
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Figure 3 - Structure of an intersectorial matrix (a closed matrix). XE "Figure 4. Structure of an intersectorial matrix (a closed matrix)" 
The I-O tables contain 17 sectors:

1. Agriculture

2. Energy

3. Metal industries

4. Non metallic mineral industries

5. Chemical and pharmaceutical industries

6. Metal products 

7. Auto vehicles and other transportation equipment

8. Food and beverage

9. Textiles and clothing

10. Paper

11. Wood, rubber and manufacturing products N.E.C 

12. Construction

13. Trade

14. Transportation

15. Credit and insurance

16. Services industry

17. Public services

Factors of production are:

Internal costs =i xij
Value added =  Vj
Production = Xj = xij+Vij
Net taxes = Tj
Distributed production = Xj + Tj
Import CIF = Mj
Taxes on import = MTj
Import ex customs = Mj+MTj
Total resources = (Xj+Tj)+(Mj+MTj)

Final demand is:

Internal demand = jxij
Private consumption = Ci
Public consumption = PCi
Fixed Investment = Ii
Inventory = Si
Export= Ei
Total resources = jxij+Ci+PCi+Ii+Si+Ei

For the general equilibrium condition:

(Xj+Tj)+(Mj+Tj)= jxij+Ci+PCi+Ii+Si+Ei
Matrix notation can be used to evaluate the impact on production due to a projected change of investment:

X = (-a]-1 Y




WhereX is the impact on output and Y = i  is the change in the final demand due to a change of investment in sector i. The  matrix is the matrix of direct requirements that are assumed stable (base year 1992), i.e., technology, relative prices and product mix remain fixed. Moreover, no externalities are considered.
"a"
The generic coefficient of matrix  represents the quantity of input required from sector i to produce that quantity of output in sector j, in matrix notation:
"a"
ai j = xij / Xj
The matrix (-a] -1 is the Leontief matrix of direct and indirect requirements, where the bij is the generic Leontief inverse coefficient.

To explore the structure of the regional economy the linkage and column multiplier analyses are used. The column multiplier represents the total requirement per unit of sectoral demand; it is the sum by column of the Leontief inverse coefficients for each sectors. (Schachter 1989, Armstrong and Taylor 1985, Bendavid 1991)

VI. 
IMPLEMENTATION OF THE MODEL AND RESULTS

As previously noted, two main impacts are being compared: the current regional plan scenario and the Ronchi decree scenario. A third advanced scenario has been added to reflect the basic principle of the national policy on matter of urban waste. For all scenarios the same amount of investments foreseen by the current regional plan have been employed, updated to 1992 through ISTAT (1995) coefficients. Investments are allocated across sectors depending on the different targets to be met.

The current regional plan scenario does not involve a precise rate of recovery and recycling for all urban waste constituents, while the other two scenarios do. Nevertheless, plant capacity projected by the current regional plan defines a scheme substantially based on composting, recovery of energy and disposal in dumps. Waste-constituent separation relies upon selection facilities, rather than separate collections. Hence, in the first scenario investment distribution for each sector is directly linked to the different types of projected plants, while the rate of recovery and recycling is inferred by the quantity of urban waste generated in 1992 and treated by facilities. In the other two scenarios, investment distribution is calculated on the basis of the recovery and recycling rate and is split across sectors proportionately to this rate. The three scenarios are shown in the remainder of the paper.

Scenario A: Current Regional plan

Table 2 shows projected investment by sectors  desegregated by plant capacities of each province. Although the regional authorities approved the plan under the condition to convert several incinerators and dumps into facilities to recover energy (notably to produce bio gas and RDF) the quantity of investment remains the same. Moreover, “Palermo - B solution” has been considered only for investment calculation. Relations among plant types, sectors and investments are described in Table 3.

Table 2 - Investments by plants (million Lire).

District
S

C

I

S+C+I
D

D*



pot. (t/d)
Inv.
pot. (t/d)
Inv
pot. (t/d)
Inv.
Inv
m3
Inv.
m3
Inv.

Agrigento
700 
35,760 
276 
14,269 
300 
16,972 
67,000 
611,800 
6,850 
1,215,000 
11,300 

Caltanissetta
400 
22,275 
161 
8,938 
200 
11,137 
42,350 
394,450 
4,050 
755,000 
6,550 

Catania
1,200 
47,072 
483 
19,437 
500 
20,641 
87,150 
1,977,000 
17,250 
2,812,900 
23,450 

Enna
300 
16,407 
138 
7,547 
100 
5,446 
29,400 
273,700 
3,050 
524,950 
5,000 

Messina
600 
29,957 
253 
12,471 
325 
12,221 
54,650 
1,642,400 
15,300 
1,907,800 
18,000 

Palermo A
1,400 
56,621 
529 
21,268 
700 
28,311 
106,200 
1,827,310 
22,350 
3,403,750 
27,650 

Palermo B
800 
20,550 
899
16,609 
700
34,991 
72,150 
3,192,850 
27,800 
3,403,750 
27,900 

Ragusa
300 
14,829 
115 
5,685 
200 
9,886 
30,400 
359,400 
3,200 
691,100 
5,450 

Siracusa
400 
20,621 
161 
8,330 
200 
10,049 
39,000 
841,600 
7,600 
784,100 
9,600 

Trapani
400 
19,268 
138 
6,647 
200 
11,684 
37,600 
1,069,550 
10,150 
1,051,650 
7,400 

Sicily Total
6,500 
283,360 
3,153
121,201 
3,425
161,339 
565,900 
12,90,060 
117,600 
16,550,000 
142,300 

S = Selection, C = Composting, I = Incinerator, D = Controlled Dumps, D *= Dumps
Table 3  Investments distributed by sector and updated to 1992, Million Lire.

Symbol
Plants
Sectors
Invest 1986.
Istat coeff.
Inv1992.

S 
Selection
17
283,360
1.4780
418,813 

C
Composting
11
121,201
1.4780
179,138 

I
Incinerator
2
161,339
1.4780
238,462 

D
Controlled Dumps 
2 
117,600
1.4780
173,816 

D*
Dumps (short term)
17
142,300
1.4780
210,323 




825,800

1,220,552 

As mentioned above, to calculate the environmental impact pollution coefficient estimated by Irpet has been aggregated from 44 into 17 sectors and related to the1992 output, hypothesizing for sector 17 the same pollution coefficient as for sector 8. Table 4 shows the results.

Table 4  Water pollution coefficient aggregated from 44 into 17 sectors (1988 and updated to 1992).

Sectors
Water Pollution coefficient




1988
1992

1) Agriculture 
0.0291353
0.0419695

2) Energy
0.0010102
0.0008242

3) Metal industries
0.0003297
0.0005067

4) Non metallic mineral industries
0.0020337
0.0031004

5) Chemical and pharmaceutical
0.0059579
0.0075072

6) Metal products
0.0003118
0.0007123

7) Auto vehicles and other transportation equipment
0.0001751
0.0003201

8) Food and beverage
0.0582534
0.1322749

9) Textiles and clothing
0.0025729
0.0063711

10) Paper
0.0196560
0.0496609

11) Wood, rubber and manufacturing products N.E.C
0.0014138
0.0030805

12) Construction
0
0

13) Trade
0
0

14) Transportation
0
0

15) Credit and insurance
0
0

16) Services
0
0

17) Public services
0.0582534
0.13227490

In scenario A the transformation matrix (bridge matrix) does not play any role. In Table 5 the impact analysis and the environmental impact is summarized (also depicted in Figures 3  and 4). For a total projected investment of 1,220,552 million Lire distributed to sectors 2, 17 and 11, the change of output in Sicily is equal to 1,970,170 million Lire, while the spillover effect on the Rest of Italy due to the interregional flows is equal to 336,135, with a total change of output equal to 2,306,305 million Lire. Total water pollution generated by increasing production is equal to 91,129 thousand tons of BOD5, mainly concentrated in sector 17 where investment and the pollution coefficient are higher.

Table 5  Regional Plan Scenario: impact analysis results.

Sectors
Output
Pollution


(Million Lire)


(Thousand tons of BOD5)


Sicily Inv.
x Sicily
x Rest of Italy
Poll.

Coeff..
Poll. Sicily.
Poll. Rest of Italy

1) Agriculture
- 
14,305 
4,419 
0.04197
600 
185 

2) Energy
412,278 
666,645 
28,697 
0.00082
549 
24 

3) Metal Industries
- 
15,298 
10,836 
0.00051
8 
5 

4) Non Metal Mineral Indus.
- 
10,417 
3,788 
0.00310
32 
12 

5) Chemical and Pharmaceut
- 
20,962 
22,980 
0.00751
157 
173 

6) Metal products
- 
75,151 
44,605 
0.00071
54 
32 

7) Transportation equipment
- 
27,169 
12,650 
0.00032
9 
4 

8) Food and beverage
- 
9,754 
6,686 
0.13227
1,290 
884 

9) Textile and clothing
- 
8,164 
6,449 
0.00637
52 
41 

10) Paper
- 
24,285 
11,052 
0.04966
1,206 
549 

11) Manufacturing products 
179,138 
237,997 
90,009 
0.00308
733 
277 

12) Construction
- 
25,511 
5,757 
0.00000
- 
- 

13) Trade
- 
78,516 
35,039 
0.00000
- 
- 

14) Transportation
- 
47,767 
15,219 
0.00000
- 
- 

15) Credit and insurance
- 
40,384 
13,040 
0.00000
- 
- 

16) Services
- 
35,733 
20,073 
0.00000
- 
- 

17) Public services
629,136 
632,112 
4,836 
0.13227
83,613 
640 

Tot.
1,220,552 
1,970,170 
336,135 

88,303 
2,826 

From the rate of recovery point of view, by calculating the quantity of urban waste generated in the year 1992 (Table 7) and relating it to plant capacities, excluding Palermo solution B (Table 8), it is possible to verify that the regional plan projects daily composting of 35 percent of the entire urban waste generation, while 42 percent is incinerated and the remainder is disposed in dumps.  Table 6 shows the residuals from selection treatment that are included in residuals from incineration and composting.

Table 6 Regional Plan Scenario: rate of recovery from garbage.

Type of waste treatment
t/d
%
Type of waste treatment
t/d
%

Selected
5,700
0.89
   Compost production
2,254
0.39




   Incinerated
2,725
0.48




   Disposed in Dumps
721
0.13




  tot
5,700
1.00

Disposed in dumps
721
0.11




Urban waste generation
6,421
1.00




Type of waste treatment
t/d
%




Compost production
2,254
0.35




Incinerated
2,725
0.42




Disposed in dumps
1,442
0.23




Urban waste generation
6,421
1.00




The current regional plan, therefore, focuses on the recovery of organic material and on production of alternative energy. On the one hand, composting avoids organic material from ending up in landfills, on the other hand, by strongly focusing on energy recovery, it substantially stifled other materials recovery options. In fact, incineration requires the constant flow of materials with a high calorific value, such as plastic and paper.  In addition, since the energy sector has stronger forward linkages than backward ones, the plan was probably aimed at expansion of output in almost all industries to which the energy sector sells its output. Furthermore, even though it may be difficult to rapidly substitute the old method of landfill waste, the quantity of dumps projected by the plan results are very high with respect to the rate of waste not recovered.

Scenario B: Ronchi decree

In order to transform the target established by the Ronchi decree in terms of investment, it is necessary first to calculate both the total urban waste generated during the year 1992 and its constituent quantities. It is then possible to spread the same previous amount of investment in proportion to the rate of recovery and to correlate it with the new sectors in which to invest. From CNR data we know waste per person production in 1980 and in 1993 (Table 7), so that if an increasing trend of 0.055 kg/day holds each year, urban waste per person in 1992 will be 1.285 kg/day. From ISTAT data, similarly, we can infer that Sicilian population in 1992 is equal to 4,995,833 inhabitants generating 6,421 tons of urban waste per day. A similar procedure is used in Table 8 for urban waste generation by components.

Table 7  Inferred data of total urban waste generation 1992 (kg/day).

Urban waste per person

(kg/day)
Sicily Population
Tot.Waste

(kg/day)

1980
1993
Mean Annual Growth
1992
1991
1993
Mean Annual Growth
1992
1992

data
data

inferred
data
data

inferred
inferred

0.63
1.34
0.055
1.285
4,966,386
5,025,280
29,447
4,995,833
6,421,566

Table 8  Inferred data of urban waste generation per component1992.


1986 

(data)
2001 

(data)
Mean


1992

(Inferred)
Total Waste

(kg/day)
1992

(kg/day)

Under sifter
14.1
15.8
0.1133333
14.78
6,421,566.9
949,108 

Cellulose material
22.4
26.4
0.2666667
24.00
6,421,566.9
1,541,176 

Plastic material 
8.0
7.5
-0.0333333
7.80
6,421,566.9
500,882 

Metal
2.4
2.8
0.0266667
2.56
6,421,566.9
164,392 

Inert
7.9
8.0
0.0066667
7.94
6,421,566.9
509,872 

Organic material
45.2
39.5
-0.38
42.92
6,421,566.9
2,756,137 

Tot 
100
100

100

6,421,566.9

Source data: Regional plan, CNR

In order to accomplish the overall 35 percent target of separate collection, the same rate of recovery for each waste component (with the exception of under sifter) has been hypothesized. Table 9 below shows the calculations.

Table 9  Ronchi decree scenario: projected separate collection (tonnes/day and percentage).


Urban waste by component
Percentage to collect separately
Separate collection
Undifferentiated

collection

Under sifter
949,108 
0%
 - 
949,108 

Cellulose material
1,541,176 
41%
631,882 
909,294 

Plastic material 
500,882 
41%
205,362 
295,521 

Metal
164,392 
41%
67,401 
96,991 

Inert
509,872 
41%
209,048 
300,825 

Organic material
2,756,137 
41%
1,130,016 
1,626,121 

Tot 
6,421,566.9
35% 
2,243,708 
4,177,859 

As shown in table 10, if we divide total investment by total urban waste and multiply this value for each established differentiated quantity and for the total undifferentiated quantity, we can easily obtain an investment distribution related to the kinds of facilities and sectors in which to invest.

Table 10  Ronchi decree scenario: investments distributed by class of component and by sector


Urban waste
Total investment/ total urban waste
Investment

 Distributed

Million Lire
Plants
Sectors

Undifferentiated 
4,177,859 
0.19
794,089 
I+RDF+B+D
2 and 17

Cellulose material
631,882 
0.19
120,102 
RC
10

Plastic material 
205,362 
0.19
39,033 
RP
11

Metal
67,401 
0.19
12,811 
RM
6

Inert (mainly glass)
209,048 
0.19
39,734 
RG
11

Organic material
1,130,016 
0.19
214,783 
C
11

Tot
6,421,567

1,220,552 



Where: I = Incinerator with recovery of energy, RDF = Refuse derived fuel, B = Bio-gas, D = Dumps for inert, RC = Recycling paper, RP =Recycling plastic, RM =Recycling metal, RG = Recycling glass, C = Composting.

The impacts shown in Table 11 and Figures  5 and 6 mean that a different allocation of investment results in an overall better performance both in terms of output created and water pollution decreased. 

Table 11  ‘Ronchi decree’ scenario: impact analysis results.

Sectors
Output change
Pollution change


(Million Lire)


(Thousand tons of BOD5)


Sicily Investment
Transformed Investment.
x Sicily
x Rest

of Italy
Pollution. Sicily.
Pollution. Rest of Italy

1) Agriculture
- 
3,841 
24,688 
7,064 
1,036 
296 

2) Energy
397,044 
399,630 
657,816 
32,641 
542 
27 

3) Metal Industries
- 
793 
20,959 
13,760 
11 
7 

4) Non Metal Mineral Indus.
- 
847 
12,743 
4,979 
40 
15 

5) Chemical and Pharmaceu.
- 
2,020 
28,169 
33,286 
211 
250 

6) Metal products
12,811 
1,852 
74,362 
46,296 
53 
33 

7) Transportation equipment
- 
1,080 
21,484 
10,264 
7 
3 

8) Food and beverage
- 
8,213 
17,901 
10,962 
2,368 
1,450 

9) Textile and clothing
- 
2,602 
13,832 
10,557 
88 
67 

10) Paper
120,102 
742 
22,118 
11,871 
1,098 
590 

11) Manufacturing products 
293,550 
294,359 
382,016 
142,943 
1,177 
440 

12) Construction
- 
5,112 
25,762 
6,419 
- 
- 

13) Trade
- 
3,332 
93,653 
45,831 
- 
- 

14) Transportation
- 
66,008 
118,210 
27,059 
- 
- 

15) Credit and insurance
- 
4,461 
47,080 
17,927 
- 
- 

16) Services
- 
17,054 
49,332 
27,192 
- 
- 

17) Public services
397,044 
408,606 
410,539 
3,141 
54,304 
415 

Tot.
1,220,552 
1,220,552 
2,020,662 
452,191 
60,935 
3,595 

In fact, compared to scenario A, investment in undifferentiated waste treatment, here equally split between sector 2 and 17, was much lower compared to those directed to recover/recycle new products; like paper, metal, plastic and glass. However, the best outcome in absolute terms is obviously achieved by Sicily in both scenarios; in percentage terms the gain in Scenario B over scenario A shows Rest of Italy increasing output of 1.34, while in Sicily output increases by 1.02.

This outcome is explained by the effect of interregional flows. It depends on the degree of Sicilian input-import dependence on the Rest of Italy as well as the degree of Sicilian output export toward the Rest of Italy . Sicily is a region that is heavily dependent on the Rest of Italy. Sector 1 and sector 17 are however less subordinated to imports from the Rest of Italy than sector 10. Thus, the higher the degree of independence from rest of Italy, the higher the proportion of output kept in Sicily.

C
Advanced Scenario

A higher target of separate collection is assumed in the advanced scenario, mainly focusing on the recovery of organic material. The Ronchi decree, in fact, sets a minimum target which regions should attain according to the existing potential markets and to the economic structure. Choosing an increased amount of organic material recovery depends not only on linkage analysis and on the opportunity for Sicily to avoid a rise in water pollution, but also assumes a potential market for compost and other new products.

As mentioned above, column multipliers and linkage analysis are important tools to understand the economic structure of a region. From such analysis a high column multiplier is observed for sectors 10, 11 and 6, whereas sector 2 and 17 have low column multipliers. Moreover, the former sectors have high backward linkages while the latter have not. Investments in sectors with high backward linkages yield increasing amounts of internal demand, while investment in sectors with high forward linkages (e.g. energy and metal products) might stimulate internal supply in the future.

Although a detailed Sicilian survey would have been useful, on the basis of the brief analysis shown for the national territory, it has been assumed that a potential market for the following secondary materials exists in Sicily: scrap paper, compost, bio gas and RDF. This assumption is supported for several reasons. The existence of a flourishing paper and printing industry already based on recycling; the need for Sicilian agricultural land to be spared from the heavy use of chemical fertilizers (under conditions to accomplish high quality of compost); the existence in Sicily of a good energy sector.

Unfortunately, at the moment there is not a big market for scrap plastic, iron and glass because of the high costs these material could face in reaching the recycling industries, which are concentrated in the northern regions of Italy. However, it is possible to assume minimum capacity of the Sicilian industries to recycle these materials.

Tables 12 and 13 show the procedure of setting the target to express investment distribution across sectors.

Table 12  Advanced scenario: projected separate collection


Urban waste by component
Percentage to collect separately
Separate collection
Undifferntiated

collection

Under sifter
949,108 
0%
- 
949,108 

Cellulose material
1,541,176 
41%
631,882 
909,294 

Plastic material 
500,882 
41%
205,362 
295,521 

Metal
164,392 
41%
67,401 
96,991 

Inert
509,872 
41%
209,048 
300,825 

Organic material
2,756,137 
80%
2,204,909 
551,227 

Tot 
6,421,566.9
52% 
3,318,602 
3,102,965 

Table 13  Advanced scenario: investments distributed by class of component and by sector


Urban waste
Total investment/ total urban waste
Investment Distributed

Million Lire
Plants
Sectors

Undifferentiated 
3,102,965 
0.19
589,783 
I+RDF+B+D
2 and 17

Cellulose material
631,882 
0.19
120,102 
RC
10

Plastic material 
205,362 
0.19
39,033 
RP
11

Metal
67,401 
0.19
12,811 
RM
6

Inert (notably glass)
209,048 
0.19
39,734 
RG
11

Organic material
2,204,909 
0.19
419,089 
C
11


6,421,567

1,220,552 



Where: I = Incinerator with recovery of energy, RDF = Refuse derived fuel, B = Bio-gas, D = Dumps for inert, RC = Recycling paper, RP =Recycling plastic, RM =Recycling metal, RG = Recycling glass, C = Composting.

Table 14 and Figures 7 and 8 show slightly better results for Scenario C over the first two scenarios, both in terms of output created and decrease in water pollution. In the advanced scenario, for a total investment of 1,220,552 million Lire Sicily output increases by 2,086,626 million Lire (against the previous two outcomes of 1,970,170 and 2,020,662 million Lire), while Rest of Italy output increases by 615,156 million Lire against the previous two outcomes of 336,135 and 452,191 million Lire. Total water pollution increases only by 52,769 thousand tons of BOD5 compared to the former results recorded in scenario A and B of 91,129 and 64,530 thousand tons of BOD5 respectively.

Table 14  Advanced scenario: impact analysis results.

Sectors
Output change
Pollution change


(Million Lire)


(Thousand tons of BOD5)


Sicily Investment
Transformed Investment.
x Sicily
x Rest

of Italy
Pollution. Sicily.
Pollution. Rest of Italy

1) Agriculture
- 
3,841 
30,030 
9,281 
1,260 
390 

2) Energy
294,892 
297,477 
520,742 
33,848 
429 
28 

3) Metal Industries
- 
793 
30,062 
19,123 
15 
10 

4) Non Metal Mineral Indus.
- 
847 
15,009 
6,791 
47 
21 

5) Chemical and Pharmaceut
- 
2,020 
39,149 
50,376 
294 
378 

6) Metal products
12,811 
1,852 
77,563 
51,298 
55 
37 

7) Transportation equipment
- 
1,080 
18,003 
8,853 
6 
3 

8) Food and beverage
- 
8,213 
18,190 
12,494 
2,406 
1,653 

9) Textiles and clothing
- 
2,602 
18,484 
14,822 
118 
94 

10) Paper
120,102 
742 
22,164 
14,009 
1,101 
696 

11) Manufacturing products 
497,856 
498,665 
637,124 
236,332 
1,963 
728 

12) Construction
- 
5,112 
22,350 
6,484 
- 
- 

13) Trade
- 
3,332 
111,858 
61,203 
- 
- 

14) Transportation
- 
66,008 
119,651 
31,722 
- 
- 

15) Credit and insurance
- 
4,461 
50,059 
24,171 
- 
- 

16) Services
- 
17,054 
48,287 
31,994 
- 
- 

17) Public services
294,892 
306,453 
307,902 
2,356 
40,728 
312 

Tot.
1,220,552 
1,220,552 
2,086,626 
615,156 
48,421 
4,348 

Also in this case (as in the previous Ronchi decree scenario), a more considerable part of output is recorded in percentage terms for Rest of Italy, due to interregional flows. While Rest of Italy output in the present scenario increases by 1.8, with respect to the current regional plan, in Sicily output increases by 1.0.

VII. 
CONCLUSIONS

A widespread concern about increasing waste affects new EU policies. Governments aim to consider environmental protection within the economic market, activating both preventive tools to assess and reduce damage to the environment and mechanisms to enhance good market functioning. New solid waste plans acquire management features rather than following the previous logic based on final elimination of goods discarded. Polluter payer principles are now extended to all actors: producers, consumers, and institutions. There is a need to evaluate, in advance, the impact of the targets set by the new law on the matter of refuse (Ronchi decree) or improved by the regions, in order to derive proper policies for all actors.

According to our research, in order to profit from resources substantially recovered by recycling or waste treatment plants (and related investments), planners should take into account the economic and social specificity of each region and should attempt to improve the quality of the environment. One should consider linkages of goods and services and flows of pollution produced. Merging economic and environmental input-output analysis is an important instrument for evaluating how much pollution is emitted for each unit produced, Our paper considers the Sicilian case study using a short run input output analysis extended to the environment. It evaluates the impact of Ronchi decree on Sicilian economy by comparing it to the current regional plan scenario. A third scenario was added to improve targets set by law.

In order to attain the scope we constructed a biregional model Sicily and Rest of Italy using regional I-O tables updated to 1992, and estimating interregional flows through location quotient technique. Nevertheless, we employed only a water pollution coefficient to estimate the environmental impact since a complete regional environmental account is missing. Current regional plan basically relies on composting, energy recovery and landfills, omitting the recovery of other materials. Moreover it relies on selective facilities rather than separate collection. The target expressed in terms of impact analysis on output and water pollution generation, resulted in an increasing output for sector 2, 17, and 11 and a heavy generation of water pollution. The Ronchi decree scenario,which set a target to separately collect the 35 percent of the urban waste, placed more attention on recovery and recycling of all waste constituents. It resulted in a better allocation of investments yielding an overall better performance both of output created and water-pollution decrease.

Analyzing Sicilian economic structure, potential markets and taking into account pollutant emissions, an advanced scenario attempts to improve the target established by law. New targets, in fact, calibrated on the regional economy resulted in a better performance. Nevertheless, our research is limited to analyzing environmental impact on water pollution, neglecting atmospheric emissions and solid waste generated by the same industries and services. By extending the biregional model to several kinds of pollution coefficients we expect to obtain worthwhile results in verifying pollution generated by recycling or eliminating solid waste. Comparing the impact in economic and environmental terms either with a framework of maximum levels of admissible pollution (standard regulation), or with territorial caring capacity, it would be also possible to set pollution charge systems or pollution permits. This could yield a new instrument to aid planners. Successfully policies on improving recycling in the long run will affect intersectoral flows. Recycling enhancement, in fact, will modify backward linkages: sectors will interact more easily with  considerable natural resource savings.
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� According to the Environmental Report of 1997 (Ministero dell’Ambiente 1997) published by the Italian Environment Department, in these three years the growth rate of refuse generation was equal to 13.5 percent, while the rate of GDP growth was 11.1 percent.


� Daly, 1991. For Sustainable Development we refer to the 1987 Bruntland Commission.


� Emission taxes, generally coupled with maximum level of permissible pollution, allow firms to choose between paying without filter or to depurate without paying the tax, according to their marginal cost of depuration. Despite their efficiency, emission taxes are obstructed by the same firms and are rarely applied in Europe where governments mainly prefer a direct regulatory approach. In pollution rights system, the carrying capacity of admissible emissions is the resource for which a market is created. Pollution permits experimented first in the US have not yet been extensively used anywhere else and therefore details of their functioning have not yet been worked out. (Panayoutou, 1993, Bresso , 1993).


� In several European countries such tools have been operative for a long time, while in Italy they have only been instituted in 1995 as a result of the EU Regulations n.1836/93 and n. 880/92 (Commissione della ComunitaEuropee 1995).


� The Committee Report of 30 July 1996, reviewed the previous strategic guideline adopted in 1989, in the light of the Mastricht treaty and of the V Action Program for the Environment (Commission delle Comunita Europee 1996).


� A partial environmental impact evaluation (VIA) exists in Italy since 1988, as a result of the EU directive of 1985. It aims to point out different options in non monetary terms, aiding planners to evaluate whether a final option, compared to the others or to the initial one, is still acceptable from environmental point of view.( Bresso, 1992) Nevertheless, VIA has been utilized for single projects, while whole programs have not yet been involved. It is only in recent years that attempts have been made to apply the preventive Strategic Environmental Assessment when drawing up plans and programs. In addition, some researchers aim to utilize such an evaluation for the regional solid waste management plan.


� Several laws moved in this direction such as 452/88 that introduced the concept of secondary materials.


� The European directives are: 91/156/CE E and 91/689/CEE on dangerous refuse, 94/62CE on packages, 89/369/CE on incineration of urban waste.


� The national decree n.22 is known as “Ronchi decree” and it basically carries out the first three European directives. Decreto legislativo 5 febbraio 1997 n. 22 in Supplemento della Gazzetta Ufficiale (1989), serie generale – n.38.


� In a region like Sicily, which has severe water shortages, water pollution is an extremely serious problem.


� The calculation of the Irpet coefficients is based on a potential load of pollution generated by industrial and agricultural sectors (private and public services are excluded).The pollution load is determined by transforming the estimated number of people employed in 1988 to equivalent inhabitants through specific conversion coefficient (Conversion’s coefficient elaborated by CNR – IRSA 1990). Hence, the previous values have been multiplied by a daily average BOD5 quantity per capita of 54 grams and by 365 days to obtain the yearly pollution load; where BOD5 is equal to the quantity of oxygen needed by bacterium to oxidize, at 20 C° and within five days, the organic substance held in water. Successively, the pollution coefficients have been obtained by relating the yearly BOD5 quantity per sector (expressed in tons) to the production 1988 (expressed in millions of lire). Irpet, 1994.


�  Gustav Schachter (1989), ”The 1985 MRIO (Multi Regional Input – Output) table for Italy”, Department of Economics, Northeastern University, Boston, MA, diskett; Carmelina Bevilacqua and Gustav Schachter (1996) e The1992  MRIO for Italyby diskette. Although Irpet (1994) elaborated a biregional model for Sicily and Rest of Italy (table of 44x44 sectors) and estimated interregional flows with a method calibrated on northern regions, we have chosen to use the handier and more updated table (aggregated into 17 sectors) elaborated by Bevilacqua and Schachter, and building the biregional model by estimating the interregional flows through the location quotient technique.
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� Irpet (1994. The water pollution coefficients calculated by Irpet has been aggregated from 44 sectors into 17 sectors to match the 1992 I-O table; pollution coefficients relate to the 1992 output.








