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1. INTRODUCTION

The present project analyzes the regulation policies concerning industrial water services. This analysis is logically structured, commencing with a general overview of the main economic theories on regulations to place the emphasis on environmental regulation through the tariff instrument. 

The outline on theoretical fundamentals for the definition of tariff models is combined with the benchmarking analysis of some European systems: specifically, industrial tariff models adopted in Italy, U.K., Germany and France have been compared in details.  

The joint analysis of both the economic principles of tariff’s regulation for water sector and the international systems surveyed resulted in the definition of a standardised water tariff model designed to fit the needs of the industrial sector in a specific basin. In particular, the competences of the public Authority in terms of regulation at basin level? to the basin regulation have been established, together with its planning and control functions. 

Furthermore, the last part of the project illustrates an empirical application of the tariff models for industrial water treatments in Italy, U.K. and Germany, including also the model intended to verify any tariff variations on the basis of five textile companies with a single treatment plant. The analysis is based on two scenarios: in the first assumption the water consumption and pollutants concentration are measured for a manufacturing structure which doesn’t refer to the reuse of the resource; in the second assumption, the same values are measured for the same companies in an innovative manufacturing context based on the adoption of technologies allowing the internal reuse of the resource. The final aim of the project is to verify any opportunities and limits arising from the application of the model, considering the size and the technical characteristics of the textile industry. 

The analysis has been conducted through a software specifically designed for this project and enclosed herewith.

2. REGULATION PRINCIPLES 

As part of the local utilities sector, the water services industry has historically been subject to State regulation. The reasons and rationale for public control lie in the nature of these services and the role they play for the community of reference. In order to understand the economic reasons that did and do warrant the State’s involvement in this area, a short history of the theoretical principles of regulation is provided below.  

Since the early 1970s, the theory of public interest and the first theorem of welfare economics were the intellectual bedrock for scholars engaged in the analysis of regulatory issues. Based on these theoretical frameworks, the State was in fact considered as a “benevolent” maximiser of social welfare who intervened whenever market forces could not reach a competitive equilibrium, thereby resulting in market failure.  

In more recent years, in addition to State intervention in case of market failures, theories have been developed which justify State regulation also for environmental and social reasons. The former are attributable to the presence of negative externalities for the environment (and, consequently, for the community as a whole) while the latter reflect instead redistributive purposes. 

The table below outlines the main reasons for regulation and the associated objectives regulators intend to achieve: 

	REASONS
	OBJECTIVES 
	EXAMPLES 

	Presence of market power  
	Market failures: to curb the trend to increase prices and lower quality


	Natural monopoly in infrastructural services 

	Externalities
	Market failures: to pass total production costs on to the producer or consumer of the good   
	Environmental pollution by businesses  

	Imperfect information 
	Market failures: to inform  consumers  
	Setting quality standards 

	Merit goods
	Social reasons: to ensure the supply of, and accessibility to, basic services 
	Postal services 

	Redistributive actions 
	Social reasons: to lower prices for some users 
	Electricity 


Sources: Adapted from Baldwin and Cave (1999)
Numerous recent contributions to the economic literature on this subject have reassessed the principles and guidelines  that have to drive, coordinate and define regulatory action. Attention has been shifted to the idea that State intervention, in turn, does have a cost (in terms of productive and allocative inefficiency, as well as distortion and “capture” of public decisions by special interests). Thus, there is no “absolute optimum”, but it is necessary to find empirically a balancing point among alternatives which, one way or another, carry within them imperfections and the seed of “failure” (Amstrong et al. 1994).

This review of the “classic” economic theories analyzes market dynamics, so as to highlight and identify  the behaviours that give rise to market distortions and “failures”, or that call for regulation owing to the very nature of the service (so-called merit goods). Thus, on the supply-side management front (public production or regulation of firms’ behaviours and strategies) studies have been conducted on the factors that originate dominant market positions, laying the ground for a “selective” regulation model intent on removing and correcting these factors (Petretto, 2002). In the meantime, on the demand-side management front (setting of quality standards for the services, infrastructure planning, financing and availability of resources) arguments centred on public and merit goods have been quieting down, thus limiting the scope of public policy.  Where elements of public goods and externalities, or merit goods, were still present, so as to justify public intervention,  these were turned into rules on behaviours and quality standards through the “exogenous” imposition of “public service requirements”. Thus, for instance,  Gruenspecht e Lave (1989) theorised about quality regulation based mainly on standards set ex ante and regulated ex post. Part of the literature that analyzed relationships between the state and firms  (Laffont e Tirole, 1993, Baron, 1989), auction mechanisms (Klemperer, 1999) or incentive-based tariffs (Amstrong, 1994) reached similar conclusions, theorising about quality as defined in accordance with performance standards set exogenously, for instance, by a public authority overseeing  such public service. 

Liberalization and the progressive “regulated” opening of excluded markets are based on the idea that the “general interest”dimension can be specified by introducing service requirements, on both the quantitative and economic levels, by utilizing exogenous regulation tools ex ante (invitations to bid, technical sector standards, environmental regulation, etc.). In other words, defining in advance its technical and quality features makes it possible to manage the  performance-production process of the service-output according to competitive standards. These, in turn, have to be regulated to prevent possible market failures (Petretto, 2002). 

Therefore, while the traditional approach based on market failures revolved around the benefits of an integrated, hierarchical, trust-based non-conflictual management model, the new paradigm regards competition as a virtuous mechanism capable of encouraging operators’ efficiency. Direct control over supply, which in the past was justified with the need to ensure the provider’s adherence to policy goals through a hierarchical and trust-based relationship, is no longer considered necessary. Actually, this is considered a source of arbitrariness and potential “capture” of public decision by special interests. According to this view, the State has to change from “manager” to “regulator”. In such new capacity it has to learn to define its objectives, to translate them into public service requirements and to secure the tools necessary to have the private entity act in a manner consistent with them.  

On the other hand, the recent applications of the economic principles of market liberalization showed some limits and potential market distortions attributable mainly to the structural features of the sectors involved and to the lack of proper and symmetric information between public authority and firms.  

Thus, in conceptual terms,  liberalization is not entirely desirable because it is not just the existence of “traditional” market failures that prompts public regulation or production. Market failures only call for the introduction of service requirements, while the decision on the optimal production structure depends essentially on the nature of the principal-agent relationship established between the public authority and the supplier, in accordance with the characteristics of the service and the organization of the industrial system of which the supplier is part.   

However, the application of this analytical framework is rather difficult since, as we shall see, the concepts included therein cannot be easily quantified and measured, to the detriment of clarity.  

Thus, in order to be effective, liberalization requires a market segmentation, the opening up to competition only of certain segments, de-verticalization and similar strategies, which may be in conflict with the characteristics of the services (e.g. presence of economies of scale and scope), calling for public planning action anyway. From this standpoint, liberalization has to be assessed together with other alternatives in terms of second best, identifying the best solutions from time to time.   

3. ENVIRONMENTAL REGULATION   

Following the analysis of recent developments in the theory of regulation, this section focuses on environmental policies and the role public authority has to play to enforce and incentivize environmental protection. 

Environmental policy has been defined mainly as a “collective action problem”, where the State’s ability to enforce compliance with standards and parameters is limited. On the other hand, policies and actions based on coordinated strategies and interaction between public and private players are encouraged. In other words, environmental policy cannot be regarded solely as the unilateral adoption  of coercitive measures by the State to fulfil its duty to protect the “public interest”, but it has to be designed according to an “enlarged” model whereby goals and policy tools are selected on the basis of people’s rights and their protection.  (Opshooe e Turner, 1994; Cohen, 1998).

According to this line of thinking, current environmental policy is based on the concepts of shared responsibility; combination of environmental, social and economic policies; trend toward a constant improvement of quality; build-up of conditions whereby the different players are encouraged to cooperate to improve the environment. This approach, which has been officially recognized in international documents drawn up after the publication of the manifesto for sustainable development (Brundtland Commission, 1987), is now part of the European Union’s environmental policy (Environment DG, 1992, 2001) and, consequently, of its member states’.  

To this end, several institutional innovations have been introduced recently in the environmental field. On one side, emphasis has been constantly placed on the involvement of individuals, so as to encourage more effectively innovative processes designed to protect and preserve “natural capital”. On the other, the provision of environmental services, water services most of all, is no longer an activity intended to  meet the demand of an individual but is considered as a key factor for the successful pursuit of local environmental policies.   

The new voluntary environmental-quality certification tools (particularly that related to products – Ecolabel – and to production sites and processes – ISO 14000, Emas) should be set against this new background. Operators may adopt them to show, and get recognition for, their efforts for the environment. The rationale underlying these tools is to allow firms to be acknowledged for their environmental protection activities. Product certification, for instance, tries to set apart products which, compared with competing offerings, have a better environmental-friendly record for their production cycle. The certification of productive sites and processes, instead, aims to have the firm’s efforts recognized by its stakeholders, particularly at the local level. This involves the firm’s adoption of systems to manage the environmental variable, in view of a constant improvement, thanks to the adoption of specific programmes, and the public dissemination of the results achieved  (Carnimeo, 2002).   

The picture emerging from both the economic theory on regulation and  the principles of environmental policy shows that, given the economic and social role they play in local communities, utilities have to be regulated through the implementation of governance models that fit the characteristics of both the sector and the geographic area in which they operate. Basically, there is no apriori “optimum” regulation model for each sector (water, gas, urban waste management). Instead, the institutional framework has to be organized in such a way as to acknowledge the characteristics of the service and the structure of the geographic area. Most of all it has to introduce incentive-based mechanisms capable of rewarding “best practices” and encouraging operators to adopt a non-opportunistic conduct, in order to allow for a proper flow of information and prevent dominant positions from arising. 

In the specific case of the water services industry, most member states of the European Community have introduced regulation models centred on ex-ante control by public authorities and on the award of management contracts to public/private operators following either  public tenders o  private negotiations. Regulators have focused their attention to the quality standards of the service provided to the end users, on one side, and to the computation of the associated tariff revenues according to pre-defined parameters, on the other. 

4. ENVIRONMENTAL REGULATION THROUGH TARIFFS

4.1 THE NATURE OF WATER SERVICES AND IMPLICATIONS FOR REGULATION

To better understand the tariff’s regulation for water sector, it is important to consider the nature of water services:

· They are social services, and their provision is defined as social right;

· They are economic services whose efficient and reliable provision is essential for economic activity;

· They are the object of the local government sphere which is required by different Constitutions to ensure their provision to communities

Water services have their own characteristics: 

· They have many elements of monopoly but there are equally many opportunities for individual interests who may benefit from exiting the publicly provided service. Often, if this is allowed, it will be to the detriment of the community at large (for reasons ranging from environmental health impacts to economic impact where the withdrawal of a large water user may substantially undermine economies of scale and thus the feasibility of services for poor communities) and where it is thus in the public interest to enforce the monopoly. 

· Water services are widely perceived as inherently social, the parameters of whose provision should thus be determined through political process rather than as predominantly economic services, amenable to definition and regulation.

· The nature of water services is complex and not always comparable between varied structures of provision.

Finally, in common with a number of other services, water services are provided within a municipal framework. There is already a substantial body of generic municipal and contract regulation and it is not clear where the boundary between generic and sectoral regulation would best fall.
4.2 GENERAL PRINCIPLES

There are several general principles involved in assessing the economic value of water and the costs associated with its provision. 

First, an understanding of the costs involved with the provision of water, both direct and indirect, is key. Second, from the use of water, one can derive a value, which can be affected by the reliability of supply, and by the quality of water. These costs and values may be determined either individually, or by analysis of the whole system. Regardless of the method of estimation, the ideal for the sustainable use of water requires that the values and the costs should balance each other; full cost must equal the sustainable value in use.

The determination of the full cost imply the inclusion of environmental externalities; in this way, the tariff regulation became the instrument to realize the environmental regulation.

4.3 COMPONENTS OF FULL COST

Figure 1 shows schematically the composition of the various components that add up to make the costs. There are three important concepts illustrated in this figure: the Full Supply Cost; the Full Economic Cost; and the Full Cost. Each of these is composed of separate elements that need further explanation.

[image: image3.wmf]TECHNICAL SPECIFICATIONS OF INDUSTRIAL

EFFLUENT:

Volum treatment:

Average COD (ml/l): (

Oi Italy, 

Ot United

Kingdom, X Germany, A 

Towefo tariff)

Average BOD (ml/l): (B 

Towefo Tariff)

Average COD/ Average BOD

Average Ss (ml/l): (

Si Italy, St United Kingdom, C

Towefo Tariff)

Nitrogen (mg/l) (Y Germany)

Phosphorous (mg/l): (Z Germany)

AOX (mg/l): (S 

Germania)

Chromium (mg/l):(R Germany)

Copper (mg/l): (U Germany)

Yearly effluent

Technical specifications of industrial effluent:

Figure 1. General principles for Cost of Water

[image: image4.wmf]20%

9%

3%

5%

5%

9%

10%

39%

Lavoro

Coloranti

Ausil. e

Prod.Chimic

i

Energia

Termica

Energia

Elettrica

Acqua

Ammortamen

ti

Spese 

Varie

[image: image5.wmf]TECHNICAL SPECIFICATIONS OF TREATMENT

PLANT:

Fixed charge (F2 

Italia, R 

Regno 

Unito, F 

Towefo tariff)

€

Average yearly coefficient for primary treatments (

dv Italy, V

United Kingdom)

€/

mc

Average coefficient treatment cost (

db Italy, B United Kingdom)

€/

mc

Average coefficient cost for sludge disposal (

df Italy, S United

Kingdom)

€/

mc

Coefficient cost related to pollutants 

differents from suspended

solid (

da Italy, VB United Kingdom)

€/

mc

Averange coefficient yearly cost for primary and

secondary

treatments and 

sluge disposal (Tm 

Towefo = 

dv+db+df+da)

€/

mc

COD (average COD of crude sewage after 1h settlement): (Of

Italy; Os United Kingdom)

mg/l

Ss (average suspended solid (mg/l) of crude sewage): (

Sf Italy, Ss

United Kingdom)

mg/l

Plant cost coefficient:

Technical specifications of treatment plant:

[image: image6.wmf]W = (

Xmg/

lCOD)/(0,1 mg/

lCOD)+(

YmgN)/(0,003mg/lN)+(

Zmg/

lP)/(0,004mg/lP)+(

Umg/

lCu)/(0,004mg/lCu)+(

[image: image7.wmf]   /(0,004mg/lCu)+(

Rmg/

lCr)/(0,005mg/lCr)+(

Smg/

lAOX)/(0,0045mg/lAOX)

[image: image8.emf]FIRM C: Effluent type

Yearly effluents:

m

3

242.353

COD: mg/l 2000

BOD: mg/l 900

COD/BOD 2,222

Si (suspended solids): mg/l 50

N = mg/l 40

P = mg/l 5

Cr = mg/l 0,01

Cu = mg/l 0,01

AOX = mg/l 0

[image: image9.png]other uses
14%

cooling
industry 32%
10%

public water

supply
14



[image: image10.png]méfinhabitant/year
Nordic Central Europe Southern Europe

1000

ather
m energy

800

W agriculture
600 industry
B uban
400 u I




[image: image11.emf]FIRM D: Effluent type

Yearly effluents:

m

3

402.844

COD: mg/l 1177

BOD: mg/l 336

COD/BOD 3,50297619

Si (suspended solids): mg/l 322

N = mg/l 112

P = mg/l 7

Cr = mg/l 0,01

Cu = mg/l 0,01

AOX = mg/l 0

2%

Rd = reduction for enviromental 

certification (%) (Towefo tariff)

[image: image12.wmf]TECHNICAL SPECIFICATIONS OF TREATMENT

PLANT:

Fixed charge (F2 

Italia, R 

Regno 

Unito, F 

Towefo tariff)

€

Average yearly coefficient for primary treatments (

dv Italy, V

United Kingdom)

€/

mc

Average coefficient treatment cost (

db Italy, B United Kingdom)

€/

mc

Average coefficient cost for sludge disposal (

df Italy, S United

Kingdom)

€/

mc

Coefficient cost related to pollutants 

differents from suspended

solid (

da Italy, VB United Kingdom)

€/

mc

Averange coefficient yearly cost for primary and

secondary

treatments and 

sluge disposal (Tm 

Towefo = 

dv+db+df+da)

€/

mc

COD (average COD of crude sewage after 1h settlement): (Of

Italy; Os United Kingdom)

mg/l

Ss (average suspended solid (mg/l) of crude sewage): (

Sf Italy, Ss

United Kingdom)

mg/l

Plant cost coefficient:

Technical specifications of treatment plant:

[image: image13.wmf]20%

9%

3%

5%

5%

9%

10%

39%

Lavoro

Coloranti

Ausil. e

Prod.Chimic

i

Energia

Termica

Energia

Elettrica

Acqua

Ammortamen

ti

Spese 

Varie

[image: image14.emf]T=F2+(dv+K2*(Oi/Of*db+Si/Sf*df)+da)*V

[image: image15.wmf]TECHNICAL SPECIFICATIONS OF INDUSTRIAL

EFFLUENT:

Volum treatment:

Average COD (ml/l): (

Oi Italy, 

Ot United

Kingdom, X Germany, A 

Towefo tariff)

Average BOD (ml/l): (B 

Towefo Tariff)

Average COD/ Average BOD

Average Ss (ml/l): (

Si Italy, St United Kingdom, C

Towefo Tariff)

Nitrogen (mg/l) (Y Germany)

Phosphorous (mg/l): (Z Germany)

AOX (mg/l): (S 

Germania)

Chromium (mg/l):(R Germany)

Copper (mg/l): (U Germany)

Yearly effluent

Technical specifications of industrial effluent:

[image: image16.emf]C = R + ((V + VB)+B(Ot/Os)+S(St/Ss)) * Vm

[image: image17.emf]TD =F + (V * (Tm* (1+Cr)*(1-Rd))

[image: image18.wmf]   /(0,004mg/lCu)+(

Rmg/

lCr)/(0,005mg/lCr)+(

Smg/

lAOX)/(0,0045mg/lAOX)

[image: image19.wmf]W = (

Xmg/

lCOD)/(0,1 mg/

lCOD)+(

YmgN)/(0,003mg/lN)+(

Zmg/

lP)/(0,004mg/lP)+(

Umg/

lCu)/(0,004mg/lCu)+(

[image: image20.emf]Firms

 Yearly effluents (mc)

Firm A 48.150

Firm B 478.439

Firm C 242.353

Firm D 564.302

Firm E 94.032

[image: image21.emf]Equivalent habitants served: 100.000

Average suspended solids of crude sewage (mg/l): mg/l 120

Average COD of crude sewage (mg/l): mg/l 400

Average BOD of crude sewage (mg/l): mg/l 210

Industrial effluent / total effluent 0,25

Plant range: mc/y 10.000.000

Total users: 15.000

[image: image22.emf]Fixed charge: 

€ 

50,0

Average yearly coefficient for primary treatments:

€/mc

0,077

Average coefficient treatment cost: 

€/mc

0,129

Average coefficient cost for sludge disposal:

€/mc

0,072

Coefficient cost related to pollutants differents from suspended 

solid:

€/mc

0

K2 coefficient: COD/BOD (of industrial effluent) < 2

K2 =1

K2 coefficient: COD/BOD (of industrial effluent) > 2

K2 =1,5

[image: image23.emf]T = total charge for industrial effluent treatment 

F2 = fixed charge 

dv = averange yearly coefficient for primary treatments

K2 = coefficient for industrial effluents (related to the ratio between COD and BOD)

Oi = average COD of effluent after 1h settlement (mg/l/y)

Of = average COD of crude sewage after 1h settlement (mg/l/y)

db = coefficient average treatment cost

Si = total suspended solid  of trade effluent (mg/l/y)

Sf = total suspended solid of crude sewage (mg/l/y)

df = coefficient average cost for sludge disposal

da = coefficient cost related to pollutants differents from suspended solid:

V = volum treatment

[image: image24.emf]C = total charge for industrial effluent treatment 

R = fixed charge 

V = averange yearly coefficient for primary treatments

VB = coefficient cost related to pollutants differents from suspended solid

B = coefficient average treatment cost

Ot = COD of effluent after 1hr settlement at ph = 7 (mg/l)

Os = COD of crude sewage after 1hr settlement (mg/l)

S = coefficient average cost for sludge disposal

St = total suspended solids (mg/l) of trade effluent (mg/l)

Ss = total suspended solids (mg/l) of crude sewage (mg/l)

Vm = volum treatment

[image: image25.emf]W = total charge for industrial effluent treatment 

COD = chemical oxygen demand (mg/l of O2)

X = COD for industrial eflluents (total mg/l/y)

N = Nitrogen (mg/l)

Y = Nitrogen for industrial effluents (total mg/l/y)

P = Phosphorous (mg/l)

Z = Phosphorous for industrial eflluents (total mg/l/y)

AOX = halogen compounds as adsorbable organic halogen compounds (mg/l)

S = alogen compounds as adsorbable organic halogen compounds for industrial eflluents (total mg/l/y)   

Cr = chromium (mg/l)

R = chromium for industrial eflluents (total mg/l/y)

Cu = Copper (mg/l)

U = Copper for industrial eflluents (total mg/l/y)

[image: image26.emf]TD = total charge for industrial effluent treatment 

F = fixed charge 

Tm = coefficient averange yearly cost for primary and secondary treatments and sluge disposal

V = volum treatment

Cr = (A+B+C) = possible increase for risk coefficient of industrial eflluent

Rd = reduction for enviromental certification (%)

EF = Environmental Found

COD = Chemical Oxygen Demand (mg/l/y)

BOD= Biochemical Oxygen Demand (mg/l/y)

Ss = suspended solids (mg/l/y)

[image: image27.emf]COD

Risk coefficient

Increase 

against Tm

BOD

Risk coefficient

Increase 

against Tm

A B

0-500

1 0%

0-250

1 0%

501-1000

2 35%

251-500

2 35%

1001-1500

3 50%

501-750

3 50%

1501-2000

4 100%

751-1000

4 90%

oltre 2000

5 180%

oltre 1000

5 150%


Source: Rogers, 1998

4.4 FULL SUPPLY COST

The Full Supply Cost includes the costs associated with the supply of water to a consumer without consideration of either the externalities imposed upon others nor of the alternate uses of the water. Full Supply Costs are composed of two separate items: Operation and Maintenance (O&M) Cost, and Capital Charges, both of which should be evaluated at the full economic cost of inputs.

4.5 O&M COST 

These costs are associated with the daily running of the supply system. Typical costs include purchased raw water, electricity for pumping, labor, repair materials, and input cost for managing and operating storage, distribution, and treatment plants. In practice, there is typically little dispute as to what are considered O&M Costs and how they are to be measured.

4.6 CAPITAL CHARGES

These should include capital consumption (depreciation charges) and interest costs associated with reservoirs, treatment plants, conveyance and distribution systems. There is some disagreement about the calculation of Capital Charges. Older methods use a backward accounting stance and look for the costs associated with repaying the historical stream of investments.

Modern methods stress a forward-looking accounting stance and look for the costs associated with replacement of the capital stock with increasing marginal costs supplies. These coupled with the O&M Costs approximate the long-run marginal costs.

4.7 FULL ECONOMIC COST

The Full Economic Cost of water is the sum of the Full Supply Cost as described in the previous section, the Opportunity Cost associated with the alternate use of the same water resource, and the economic externalities imposed upon others due to the consumption of water by a specific actor.

4.8 OPPORTUNITY COST

This cost addresses the fact that by consuming water, the user is depriving another user of the water. If that other user has a higher value for the water, then there are some opportunity costs experienced by society due to this misallocation of resources. The Opportunity Cost of water is zero only when there is no alternative use – that is no shortage of water. Ignoring the Opportunity Cost undervalues water, leads to failures to invest, and causes serious mis-allocations of the resource between users.

The Opportunity Cost concept also applies to issues of environmental quality, which are discussed further in the paper.

4.9 ECONOMIC EXTERNALITIES

As a fugitive resource, water results in pervasive externalities. The most common externalities are those associated with the impact of an upstream diversion of water or with the release of pollution on downstream users. There are also externalities due to over-extraction from, or contamination of, common pool resources such as lakes and underground water. There may also be production externalities due, for example, to the agricultural production in irrigated areas damaging the markets for upland non-irrigated agriculture, or forcing them to change their inputs. The standard economic approach to externalities is to define the system in such a way as to “internalize the externalities.”

In this document we have chosen to separate the economic and environmental externalities, realizing that in some cases it will be difficult to distinguish exactly between them. The externalities may be positive or negative, and it is important to characterize the situation in a given context and estimate the positive or negative externalities and adjust the full cost by these impacts.

Positive Externalities occur, for example, when surface irrigation is both meeting the evapotranspiration needs of crops, and recharging a groundwater aquifer. Irrigation is then effectively providing a “recharge service.” However, the net benefit of this “recharge service” will depend on the overall balance between total recharge (from rainfall and surface irrigation) and the rate of withdrawal of groundwater. Under conditions where groundwater is being “mined,” the recharge from a surface system provides a net benefit that will be equal to the value of net additional crop output attributable to this additional volume of water. When the total recharge is greater than total withdrawal (but still does not result in a high groundwater table), the net benefit from the “recharge service” will be equal to the reduction in the cost of water pumping.

This saving in costs may be small (equal to the cost of fuel or electricity) if it does not result in significant savings in investment costs as a result of a higher groundwater table. Hence, the net benefit of the positive externalities would have to be carefully assessed against the additional capital costs of reservoirs and/or the costs of conveyance and distribution of the “leaky” surface irrigation systems.

Negative Externalities, as discussed in Briscoe (1996), may impose costs on downstream users if the irrigation return flows are saline, or where return flows from towns impose costs on downstream water users. One method used to account for these externalities is to impose a salinity levy on users, depending on their water use patterns. This is used in the Australian state of Victoria, and the surcharge is determined by the cost of restoring the saline water to its original condition (and is generally greater than the abstraction cost which users have to pay). Where return flows from towns impose costs on downstream users, one approach (in the German Ruhr and French systems, Briscoe 1995) is to levy a charge on urban consumers for restoring the wastewater to an acceptable condition. These negative externalities should result in additional costs to users who impose these externalities on others.

4.10 FULL COST

The Full Cost of consumption of water is the Full Economic Cost, given above, plus the Environmental Externalities. These costs have to be determined based upon the damages caused, where such data are available, or as additional costs of treatment to return the water to its original quality.

4.11 ENVIRONMENTAL EXTERNALITIES

We make a distinction between Economic and Environmental Externalities. The Environmental Externalities are those associated with public health and ecosystem maintenance. Hence, if pollution causes increased production or consumption costs to downstream users, it is an Economic Externality, but if it causes public health or ecosystem impacts, then we define it as an Environmental Externality. Environmental Externalities are usually inherently more difficult to assess economically than the Economic Externalities, but we argue that it is possible, in most cases, to estimate some remediation costs that will give a lower bound estimate of the economic value of damages. Methods of estimating these externalities are not explored in this paper, but are discussed thoroughly in Dixon et. al (1994), Pearce (1976) and Winpenny (1991). 

Water prices as environmental policy instruments

Water prices might be used by water authorities as demand management tools, and therefore maneuvered in order to achieve given water policy targets.

The rationale for this use of prices lies in the well-known theory of environmental taxes starting from the work of Pigou in the 30s until the work of Baumol and Oates (1989)  that is now considered as the standard reference
. It is based on the idea that demand reacts negatively to price variations (for the same reason seen above, that users will purchase an additional unit of water until the additional expenditure (the price of the additional unit) is lower than the economic value (utility). Since utility decreases with quantity (additional quantities produce diminishing additional utility) this results in a demand curve with a negative slope, such as the one represented in figure 7. At lower prices, users demand more water; at higher prices, demand is reduced.

From the same figure, it is easy to understand the mechanism through which water prices can provide an incentive to curb down water demand: supposing that the demand target is D*, this is not achieved at the current price P0 (since at that price, demand is Q0). The water authority could then impose a water tax (an additional water price) so as the final sum paid by the water user becomes P*.

We can assume then that each increase of the water price, however motivated, would have the same effect. It is important to note that the effect occurs because users pay an additional quantity of money for additional quantities of water, and not because their total expenditure for water is higher.

In other words, it is important not to make confusion between cost-recovery and incentive pricing, since the latter requires that prices are some function of the quantity that is actually demanded.

Figure 7 - Water prices as environmental taxes 
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Full-cost pricing of water is perfectly compatible with a poorly incentivating system (eg if rules for allocating water and the pricing methods will continue to be based on flat rates); on the other side, an incentivating pricing system could be designed even if the total revenue does not recover the full cost. In any case, the economic literature invites us to be at least cautious in retaining that pricing water alone could be sufficient in order to promote water sustainability; nonetheless, it can be a very useful policy instrument provided that it is structured in an incentivating manner. The incentive effect depends on the shape of the demand curve: the more elastic the demand curve, the more effective is the price signal. Since what is important is the cost of the last quantity of water purchased (and not the total or the average cost), it can be believed that an increasing-block tariff structure could reach this effect more easily (above a certain quantity, the additional cost of a new unit grows higher)
5. BENCHMARKING OF EUROPEAN TARIFF MODELS
5.1 WATER RESOURCES IN EUROPE

Water resources are unevenly distributed, with annual average run-off ranging from more than 3 000 mm in western Norway to 100-400 mm over much of central  Europe and less than 25 mm in central and southern Spain. Some countries rely heavily on water flowing in from across their borders.

To meet their needs, the northern, central and southern regions abstract, on average, around 1 %, 25 % and 26 % respectively of their renewable freshwater resources each year. However, in central Europe, the main use of abstracted water is cooling water for energy production. Most of this water is returned virtually unchanged to the water body it was abstracted from and can be used again. In southern Europe, the main use of abstracted water is agricultural. Around 80 % of this water is consumed and is therefore not available for other uses.

The ratio between total water abstraction and total renewable water resources in a region, known as the exploitation index, provides a good indication of water quantity problems. Figure 1 shows that countries in the Nordic and central regions reduced their exploitation of water between 1980 and 1995 by 30 % and 10 % respectively. In southern Europe, however, exploitation has remained more or less constant. In 1995, more than 25 % of renewable water resources were exploited in Belgium, Germany, Italy and Spain. The exploitation index was between 10 % and 15 % in Denmark, France, the Netherlands and Portugal. Austria, Luxembourg and the Nordic countries do not have problems with exploitation (the index is less than 5 %).

The water exploitation index has decreased in Nordic and central European countries over recent years. It has remained stable in southern Europe.

The continued deterioration in the quality and quantity of water – particularly groundwater – led the European Council to call for a detailed EU action programme to be drawn up to protect and manage groundwater as part of an overall policy on water protection. The draft Groundwater Action and Water Management Programme (European Commission, 1996) required a programme of actions aimed at sustainable management and protection of freshwater resources to be implemented by 2000 at national and Community level. Many of the draft programme’s recommendations are included in the proposed Water Framework Directive (European Commission, 1997).
The major uses of abstracted freshwater in the EEA area are cooling water for power generation and irrigation in agriculture 

Figure 1: Water use in EEA member countries by sector, latest available year
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Source: EEA- ETC/IW, 2000 
Total abstraction varies from around 200 m3/inhabitant/year in Denmark, Luxembourg and the UK to more than 800 m3/inhabitant/year in Italy, the Netherlands and Spain (figure 2). This variation is due to: high water use by industry in northern countries; the large amounts used as cooling water in Belgium, France, Germany and the Netherlands (normally taken directly from large rivers and discharged back again after use); and high water use for agriculture in southern countries.

Figure 2: Total water abstraction in EEA member countries by region and by major uses, latest available year
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Public water supply in selected European countries has declined in the decade from 1985. There are a number of reasons for this decline, including greater awareness of water use; water metering; increased water charges and taxes; restrictions on garden watering; fewer leaks; and widespread use of more efficient appliances such as low- or dual-flush toilets

Groundwater is the source of over 75 % of the water for public water supply in Austria, Denmark, Iceland and Portugal. In Belgium (Flanders), Finland, France, Germany, Luxembourg and the Netherlands between 50 % and 75 % of the public water supply is abstracted from groundwater (Eurostat, 1997). Groundwater is increasingly preferred for public water supply because it is generally higher quality than surface water and requires less treatment. This has led to over-abstraction and a lowering of the groundwater table in many parts of Europe. Consequences include: the drying-up of spring-fed rivers, such as in Denmark; destruction of many wetlands (with examples from 'dry' countries like Spain and 'wet' countries like the Netherlands); and salt-water inflow to aquifers along the Mediterranean coast.

Industrial users appear to be more price-sensitive than domestic consumers, and they tend to minimize their consumption (where possible) through the adoption of water-saving technologies in order to reduce costs.  In some cases, they are influenced by specific government programs aimed at conserving water and/or reducing industrial pollution. 

Table 4. Sectoral Water Use (Excluding Power Production) (as a Percentage of Total Industrial Use)

	
	Chemical
	Steel

&

Iron
	Pulp

& Paper
	Food

& Drinks
	Mining
	Oil

& Petroleum
	Textiles
	Other

	Austria
	(  Together: 80%  (
	n.a.
	n.a.
	n.a.
	n.a.
	20%

	Belgium
	18%
	43%
	15%
	4%
	14%
	n.a.
	n.a.
	6%

	Canada
	21%
	22%
	38%
	8%
	1%
	6%
	1%
	3%

	Finland
	18%
	8%
	71%
	1%
	1%
	1%
	0%
	0%

	Germany
	36%
	10%
	6%
	n.a.
	26%
	n.a.
	n.a.
	n.a.

	Italy
	38%
	11%
	14%
	13%
	n.a.
	2%
	7%
	15%

	Netherlands
	59%
	9%
	2%
	7%
	0%
	21%
	0%
	2%

	Portugal 
	5%
	7%
	26%
	7%
	3%
	n.a.
	45%
	7%

	Sweden
	24%
	19%
	42%
	n.a.
	n.a.
	n.a.
	n.a.
	15%


Notes:
 “n.a”.
denotes “data not available”.

Source: OECD, 1999

5.2 WATER TARIFF STRUCTURE IN EUROPE

There is a huge variety in the types of metered tariff which can be used. The main types of tariff structure (excluding the initial connection charge) are:

· flat-rate tariff;

· uniform volumetric tariff;

· two-part or binomial tariff (sum of a flat rate tariff and a uniform volumetric tariff);

· block tariffs, which also usually incorporate a flat-rate charge, plus declining block tariffs and rising block tariffs.

Price structures are generally fixed at the local (municipal) level, and can vary widely within a country (e.g. in order to reflect differences in cost structures). However, a number of criteria exist which can be used to characterize and compare pricing policies for industrial users between countries.

Various tariff structures for industrial users are in place in European countries. The most common of these involve two-part tariffs, including a fixed element (which generally varies according to some characteristic of the user) and a variable element (which is usually based on average cost-pricing).  The fixed element can be based on the meter size; in some countries, the fixed element is simply presented as a meter fee.

 Increasing-decreasing block tariffs

We have decreasing-block tariffs when successive blocks of water are sold at lower and lower prices. The use of decreasing-block tariffs are now slowly disappearing.

On the other hand, we have increasing-block tariffs when successive blocks of water are sold at ever-higher prices.  

In some case, in addition, a connection charge may be levied separately. The basis for defining the connection charge can vary substantially.

Two-part, rising block and declining block tariffs are widespread. The two former types are gaining ground due to a general shift of opinion away from consideration of water supply as a public service to its use as a commodity with a correct price. Seasonal tariffs (summer/winter) are uncommon, but are becoming more widespread. Peak tariffs (hourly or daily) have only been tested in experiments.

Rising block tariffs, where successive blocks of water are sold at a higher price, exist in Italy, Portugal and Spain. In Spain, there is a large diversity of tariff structures, but most involve increasing block tariffs. In addition, a connection charge may be levied separately, as is the case in Denmark, Finland, France, Greece, the Netherlands, Norway, Spain and the UK.

The existence of a connection charge, that usually permit to partly cover the fixed cost of the suppliers, is independent of water  consumption, and has the result to make more expansive low-volume rather high-volume consumes.

 Full-cost recovery 

“Full-cost recovery” implies that at least all costs which result from the legal and administrative obligations placed on the service provider are recovered through charges.  Service providers therefore usually need to recover the following costs from water users: operation and management costs, capital maintenance costs, capital costs (principal plus interest repayment), and reserves for future improvements and extensions.  The absence of full cost-recovery either means that subsidies are in place to make up the difference between costs and water charges (so that the water utility can be financially sustainable), or that the asset base is being run-down.


The full-cost recovery principle is strictly applied in a relatively small number of European countries.

In most countries, cost recovery does apply to operating costs, but charges are usually not sufficient to cover all capital costs, hence the existence of subsidies for investment costs. 

Non-discrimination 

According to full cost-recovery principles, overall costs should be recovered through water charges for all customer classes, taken as a whole.  The non-discrimination principle states that each customer class should pay charges which are sufficient to recover costs engendered by the supply of water services to their particular customer class. In practice, it can be difficult to ascertain whether special tariffs for industrial users are justified on cost grounds (hence, non-discriminatory) or not. 


In a number of cases, however, water tariffs do tend to discriminate between users, and cross-subsidies appear to be in place.

 Marginal cost pricing 

Marginal cost pricing, where prices are equal to marginal costs, is the most efficient pricing structure for guaranteeing that correct price signals are passed on to consumers.  Due to a number of practical difficulties, however, strict marginal cost pricing has yet to be implemented in the water sector in European countries. 

Strict implementation of marginal cost pricing can generate considerable administrative costs, which may counter-balance the efficiency benefits of applying a marginal cost pricing methodology in the first place.  For instance, marginal cost pricing may require the installation of complex meters capable of determining not only the total consumption level of a water user, but also the time at which the consumption took place. 

Tariff structures for industrial users vs. others 


Industrial users can be charged according to a similar tariff structure as domestic users, or they can be charged following a very different tariff structure.  Thus, domestic users in a number of countries are charged on the basis of flat rates, whereas industrial users are almost always metered.

Special tariffs for industrial customers 


In some countries, little information is available on tariff structures for industrial consumers because industrial users tend to enter into special contracts with water suppliers.  

The regulator found that various reasons  may justify discounts for industrial users, including the argument that “large users may have more stable demands, avoid some peak costs (particularly if on-site storage is provided).  Where water is supplied in large pipes, some of the costs in the distribution system (including leakage) may also be avoided.”  If these factors are material enough, the regulator had no opposition to them being reflected in tariffs, but preferably through standard charges available to all customers in similar circumstances, rather than by special agreement. 

Subsidies for industrial users 

Subsidies can be available for water suppliers when charges are not sufficient to recover full costs, or can be paid directly to industrial users willing to improve their water abstraction or treatment capacities.  

The most common type of subsidy given to water suppliers is loan reductions for investment in water and wastewater treatment plants.  

The table below summarizes the main characteristics concerning abstractions, water services, sewerage and water treatment tariffs in four European countries: Italy, Germany, France and the United Kingdom.

	Country
	Abstraction charges
	Water services tariffs
	Sewerage services tariffs
	Discharge charges

	Germany
	Charge levels are very low, and are not intended to have a large incentive effect on users.  Groundwater abstraction charges tend to be higher than surface water abstraction charges. For example, in 2000 the groundwater extraction fee in Berlin amount to € 0.30 / m³ groundwater)
	Two part tariff

Full cost recovery

Non discrimination 

Marginal cost pricing

Different tariff structure Special tariffs
	There is a separated sewerage charges

Two part tariff

Full cost recovery

Non discrimination

Marginal cost pricing:

Different tariff structure:

Special tariffs
	Are based on units of pollution, as defined by the Federal Act for each type of pollutant.  They are only payable above certain threshold values for each pollution parameter..  Charge rates are set at a national level and are applied universally throughout the country. The charging system is based on a formula under which pollution units - roughly equivalent to the pollution generated by one person - are defined for the range of pollutants listed above. For instance, a unit is equivalent to 50kg of COD or 20g of mercury. Below is the calculation of the wastewater charge (W) for a discharge source, calculated as pollutant units (SE - Schadeinheiten), in Euros for one year:
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	France
	Two distinct charges: an abstraction charge, based on  volumes declared by users in advance and a use charge, which varies according to the actual level of consumption.

Charge is based on the capacity granted to the industrial users.

Charge is based on the actual use of water by the industrial users.

Abstraction charges regime is differentiated between types of uses.
	Connection + fixed + volume decreasing blocks tariff

Full cost recovery

Marginal cost pricing is rare

Special tariffs
	Separate charge

Tariff structure 

Special tariffs
	Based on pollution content: charges are calculated on the basis of a pollution load defined by industry, and then modified by a “zone factor”. Each river basin agency is divided into a number of zones, each of which are given a grading, to differentiate between up-stream and seaside pollution. The coefficient corresponding to each zone will affect the level of the pollution fee levied on emissions in that zone to promote pollution control

For each pollutant, an allocated pollution load is defined by industry, to which a specific charge is applied.

The charge initially related to just two pollution parameters: suspended solids and BOD. The scope has now widened to include: salinity, nutrients, toxic and other metals, and halogenated hydrocarbons.



	Italy
	Abstraction charge levels (“canoni di derivazione delle acque pubbliche”) vary according to the type of water use (irrigation, public supply, power production, industrial processes, etc.) and are based on the licensed levels, not on actual abstractions. If the abstraction is multi-purpose, the highest charge applies. 
	Two part tariff

Full cost pricing

Non discrimination

Marginal cost pricing 

No different tariff structure

Special tariffs
	There is a separated  sewerage charge.

Tax proportional to the volume of water delivered for sewerage services to the public system.  The price of sewerage services is established on the basis of quantity and quality criteria.

No Full cost recovery

Non discrimination: 

Different tariff structure
	The national laws established an parametric formula in order to calculate the burden of debit for customer and periodically

Ind. tariff = F2 + [ f2 + dv + K2(Oi/Of*db + Si/Sf*df) + de ] * V 



	United Kingdom
	The Environment Agency is responsible for administering a system of abstraction licensing for both surface water and groundwater. 
All abstractions in excess of 20m3 a day require a license.


	Two part tariff  

Full cost recovery

Non discrimination

No Marginal cost pricing

Different tariff structure (In particular, domestic users are charged on the basis of the value of their property, while industrial users are metered)

Special tariffs: most water companies have introduced “large user tariffs” to better reflect the lower costs actually imposed by large users on the water supply system. 

No public Subsidies


	There’s a separate sewerage charge

Tariff structure : Sewerage charges for metered users are based on the volume of water delivered, less a small allowance (typically 5 per cent) for water not discharged to the sewer. Businesses which discharge trade effluent into a public sewerage system are charged for the treatment given on a volumetric basis, modified by factors which relate to its strength Charges are averaged across regions. 

Full cost recovery
Non discrimination
Different tariff structure
Special tariffs
	Based on pollution content

C = R + ((V + VB))+B(Ot/Os)+S(St/Ss)




Germany’s tariff regulation system is particularly interesting especially with respect to water services and sewerage tariffs. 

They both refer to the basic criteria concerning costs recovery through services revenues (Full Cost Recovery), allowing water services providers to finance a remarkable portion (and in some cases the entire portion) of the investments required to keep the service at its full efficiency. Furthermore, business users can rely on almost optimal prices corresponding to marginal cost. 

Regulation framework efficiency is further increased by the adoption of specific large consumptions tariff formulae. 

On the contrary, being too low, abstraction charges have a weak incentive value.

Finally, the sewage tariff formula is undoubtedly meaningful as it properly takes into account the effects of several pollutants. According to this formula, an amount related to the number of “damage units” calculated as a multiple of a basic value fixed by the Municipal Wastewater Directive is to be paid.

Since the payment of this tariff is linked to consumptions exceeding a certain threshold, (i.e. it is not a proportional payment) the actual incentive value is sharply mitigated. However, these threshold values correspond to very low values.

Basically, the specificity of the France’s tariff regulation system lies in the following features: the equal treatment for both domestic and industrial users, the enforcement - concerning water services - of decreasing-block tariffs, and the existence of public authorities for each single catchment basin - the so-called Agences de l’ Eau - delegated to manage part of the service revenues. 

As for the water treatment phase - the foundation of our analysis - each single pollutant refers to a specific tariff. Then, a particular correction factor is applied according to the region where the firm is located (high/low depending on the pollution level of the region). The above-mentioned Agences de l’Eau collects the total amount due and re-employ it to finance environmental investments.

Particular benefits are granted to any companies respecting the minimum level of discharged pollutant. Specifically, these benefits are intended to finance part of the BAT investments and to reduce the tax burden. On the whole, this mechanism significantly improves the efficiency of the regulation framework providing a formula that should also be adopted by other European Countries (also the World Bank recommends the use of the fiscal equalization mechanism enforced by the Agences).

The weak aspects of industrial tariff regulation in Italy are abstraction charges (fixed at a low level and not related to surface or groundwater potentialities in terms of total annual abstraction charges) and sewerage charges (sewerage charges - for which Full Cost Recovery has still to be applied, although provided by the regulatory framework - are actually a tax and therefore they are covered by the community’s tax burden).

According to water treatment tariffs, Italian formula seems to be adequate, but at the same time it does not contemplate pollutants like heavy metals or toxic organics.

In England and Italy the systems for calculating water treatment tariffs are very similar, thereby revealing the same problems. Moreover, both countries do not contemplate incentive-based mechanisms leading to tariff reductions neither when environmental friendly technologies are adopted (e.g. BAT Technologies), nor if companies are provided with environmental certifications. 

According to abstraction charges, in the United Kingdom certifications are compulsory for all abstractions exceeding 20m3/g; also in this case the abstraction volume granted does not take into account surface or groundwater sources potentialities. Indeed, sewerage charges depend not only on global discharges volume, but also on pipes length. Many researchers stressed the inadequacy of this formula, since empirical analysis revealed significant yearly variations of tariff’s portion related to this variable.
6. GUIDELINES FOR THE DEFINITION OF A TARIFF MODEL

Based on the pluses and minuses featuring the main water tariff regulation systems in Europe, an innovative regulation model for the industry is proposed, combining features of the current models with environmental requirements and needs focused on territory protection and on a conscious involvement of the users.

It results from the analysis of the international best practices for tariff regulation and it is centred on the use of incentive mechanisms encouraging the industry to adopt innovative technologies and processes, in order to ensure an “environmentally-aware” water use. It is shaped on the basis of both economic principles concerning tariff regulation and the main charge structures adopted by some Member Countries. First of all, this choice is due to the fragmentary nature of these structures and to the several endogenous (e.g. specific features of the manufacturing process) and exogenous (e.g. morphological structure of the territory) variables affecting a precise definition of water tariffs. In other terms, because of the distinctive elements influencing the water use structure, together with the service costs and the effects on environmental pollution in the territory of reference, it is difficult to compare empirical data on levy burden. Based on these considerations, the tariff model proposed is a theoretical regulation framework focused on incentive mechanisms in the environmental field and providing a structure that may be adapted and implemented in different territorial contexts.

In order to illustrate a general tariff regulation framework, the analysis is centred on the definition of functions and tasks of the regulation Authority, as well as on the integration of a tariff structure apt to encourage environmental “virtuous” behaviours, without penalizing any requirements concerning the development and the competitiveness of the industry.

Given these assumptions, the regulation model is conceived on the basis of some key principles deriving from economic theories as well as from exemplary international models. Its guidelines are discussed below.

6.1 REGULATION AT BASIN LEVEL

In order to guarantee a regulation mechanism apt to satisfy the specific needs of the relevant national territory, a subdivision into single hydrographic basins is required. This principle is of particularly interesting for the water service regulation, since the morphological features of the territory of reference often require specific interventions and ad hoc planning in order to ensure the protection and safeguard of the resource. Furthermore, together with territory structure interventions, the division into single basins allows a more accurate control and monitoring of the users groups so as to define a standardized intervention planning as well as a tariff structure according to their individual characteristics. Thus, for instance treatment plants can be built in compliance with the specific industry sector located in the basin of reference, on the basis of the morphological features of the territory.

The segmentation of the territory into basins has already been adopted by several European Countries (e.g. Germany, Italy); however, empirical data often reveal a sub-division based on administrative borders (Italian Provinces, German Länder) and not according to hydrographic features. Despite ensuring a “local” service regulation, this segmentation cannot highlight the specificity neither of the relevant territory nor of the users group living in the basin. Indeed, accurate basin segmentation conceived on territory hydrographic features would:

· maximize the effects related to the development and implementation of an ad hoc investment planning;

· distribute service costs among users actually benefitting from the resource;

· reduce cross-subsidies among the users which use the resource from different hydrographic basins;

6.2 CREATION OF AN INDEPENDENT LOCAL PUBLIC AUTHORITY

The segmentation of the territory into single hydrographic basins must be associated with the establishment of an independent Authority (or Agency) designated to regulate and monitor the sector on a local level. This Authority provides a governing structure at local level apt to guarantee and coordinate the protection of the relevant hydrographic basin. Its independent nature plays a fundamental role securing the correct discretionary margin within local policy choices. Obviously, this prerogative must be supported by a strong technical, economical and juridical ability in terms of regulation issues.

The Authority is in charge of regulation, monitoring and control functions. In fact, the Authority provides most of all an accurate identification and mapping of the relevant hydrographic basin, in order to catch any peculiarities and needs of the territory; then it recognizes the specific user cathegories located in the relevant basin, in order to estimate the potential demand and the pollution load featuring the relevant territory. To this end, it can be helpful to create a proper database indicating the different user cathegories, the potential consumptions and the specific resource use.

The establishment of a local Authority permits to outline a detailed mapping for each single hydrographic basin revealing the territory features as well as the potential water demand. This analysis provides the Regulator with a fundamental support instrument which allows to identify any priorities and needs for the resource safeguard, defining at the same time a standardized tariff policy. To this purpose, part of the tariff revenues may be assigned to the Authority as time Funds, in order to finance environmental measures.

Besides its regulation functions, the Authority is in also in charge of monitoring and control tasks related to the use and quality of the resource. In fact, it is recommended to integrate an annual/biannual technical data transmission concerning industrial discharge quality or the institution of an ad hoc section designated to provide laboratory analysis of resource samples.

Finally, the Authority has the power to define tariff structures and, in order to incentivize the adoption of innovative environmental technologies, it can implement calculation mechanisms apt to reward through charge reductions the economical efforts of the users.

6.3 EX-ANTE REGULATION 

This model is focused on the ex ante regulation. Based on the recent economic theories of interest, the ex ante regulation is a fundamental instrument to recover market failures, to make the resource available to users and to lay down rules addressed to the operators. Through this model, the Regulator - in this case the Agency - establishes a service management system, specifies every two years the required environmental investments, and states the mechanisms for tariff structures. 

Several international experiences are based on this regulation approach: in Italy, for instance, the Agenzia d’Ambito (a.k.a. ATO), adopts the ex ante regulation to identify territory features, to estimate investments, to fix minimum service levels and tariff structures, and finally to select the service provider through public tenders. In other terms, the ex ante regulation determines in advance the service characteristics, quality standards, and minimum requirements, giving the same information level to both the potential service provider and the relevant territory users.

6.4 “INCENTIVE-BASED” REGULATION

In addition to the ex ante regulation, which promotes the progressive adoption of innovative environmental production technologies, it is necessary to fix a variable, in the calculation mechanisms of tariff structures, in order to check the investments made by the companies to reduce discharges or their pollutant effects.

This assessment complies with the provisions of Community Environmental Policy, spurring people living in a certain area to employ environmental protection measures. At this purpose, environmental guidelines consider environmental safeguard as a collective concern, requiring the active involvement of the whole community so as to to be faced and solved.

The incentive mechanism must be adopted to estimate water treatment tariffs, since quality and quantity of industrial discharges heavily affect this phase of the water cycle. Therefore it is possible to link tariff reduction to environmental certifications such as EMAS II, in order to verify the use of innovative environmental technologies and to get recognition for the economic efforts sustained by the company. 

An incentive mechanism has indirectly been adopted by some world’s countries: in Italy, United Kingdom and Germany, the same algorithm to calculate the water treatment tariff is structured according to the pollutants in the relevant industrial discharges too. In other terms, charges in these countries are not only estimated in relation to the volumes delivered to the plant, but the levy burden is also calculated on the basis of the discharged pollutants: the more the discharged pollutants are low and allows parameters of plant are respected, the less the levy burden on delivered volumes are. Therefore the tariff calculation structure is based on calculation mechanisms, which depend on both discharged volumes and the specific discharge quality.

The proposed model sets up a “direct” incentive mechanism, contemplating a tariff reduction for the adoption of innovative environmental technologies and processes. This mechanism intends to show environmental needs and to encourage the industry towards conscious actions.

The basic idea is the introduction of virtuous mechanisms, which will be able through the tariff leverage to push industry to environmental respect and to minimize environmental damages. In other terms, thanks to the utilization of “clean” technologies, the company will benefit from both a reduction in the levy burden, linked to an improved discharges quality, and a slight abatement of taxes for its efforts in the field of environmental protection.
6.5 DEFINITION OF A “TWO PART” TARIFF STRUCTURE FOR EACH WATER CYCLE PHASE (WATERWORKS, SEWERAGE, AND TREATMENT)

The identification of the Regulation Authority’s functions and structure is followed by the tariff model definition, based on the considerations above.

In accordance with the main international cases, water services tariffs must be divided into households and business tariffs. Thanks to this distinction, it is possible to understand how differently the specific users employ the resource and to define their relevant water tariff structures.

Furthermore, in order to define charges in the most appropriate way, three single tariff models (waterworks, sewerage and water treatment) must be shaped for each phase of the water cycle. Adopted in most of the analysed tariff models, this approach gives a clear outline for each of the three water phases, so that tariff structures correspond to marginal costs. 

The following study is focused on industrial tariffs and the proposed model’s crucial point concerns industrial water treatment charges. The tariff models related to each of the three service phases are described below. 

6.5.1 Water service tariff

To estimate industrial water services tariffs a distinction between direct (water concession, extraction license, and abstraction by well) and indirect water supply (connection to the public waterworks) must be done.

Direct water supply. 

Industrial direct water supply is widespread in several European countries (Italy, Germany): administrative Authorities often grant to companies a specific license for direct water extraction/abstraction by well. In such cases, including the Italian one, after evaluating water availability in the region, the administrative Authority grants a concession for direct water supply to applicant companies, which must specify their water use and yearly needs (m3/y). Once fully licensed, the company pays to administrative Authority an annual rental (generally a meagre reward) and is directly charged for water extraction/abstraction costs (pumping plant and electrical power). 

In the tariff model, the authorization is given by the appointed Authority of the basin that after the territory mapping locates the resource availability and then tests company’s maximum capacity of extraction. Afterwards, in order to check directly the quantity of water extracted/abstracted by the company, the Authority imposes the installation of a water meter, yearly making its reading. This mechanism lets the Authority monitor regional water resource level and prevents abstraction entities to cause unbalances and environmental damages. 

The Authority is also assigned to regulation functions in terms of royalty rent. Therefore, it is suggested the adoption of a calculation mechanism, including the yearly abstraction quantity and the specific company’s activity. 

Whether the Authority ascertains that industrial abstraction quantity overcomes the maximum annual level allowed by the administrative concession, it can take legal steps to inflict administrative penalties proportionally to any damages caused. The Authority is entitled to interrupt abstractions in order to restore the level as defined by the concession. In any case, the company has the right to require an integrative concession to increase abstractions.

Indirect water supply

When the company does not possess its own extraction well and the resource is indeed delivered by public waterworks, it refers to indirect water supply. The analysed cases show how the waterworks service provider often endeavours to supply water services also to industrial users. Considering the larger industrial consumptions, the structure of business charges will be generally different from the household one. Whereas the Italian tariff structure contemplates the application of one or two increasing-block tariffs, French water service tariffs are decreasing; in other words, to increasing consumptions correspond decreasing tariffs. In some limited cases, such as in Italy areas (e.g. Como and Varese provinces), “industrial waterworks” were installed to guarantee the sole business water service through the application of water tariffs related to its quality and use.

Given that the Authority is empowered to fix charges, i.e. to define levy burden, the current model proposes the calculation structure below.

In accordance with the main international cases, the tariff has a binominal structure combining a fixed and a variable component. The fixed component - a meagre reward - is estimated on the basis of the fixed costs incurred by the service provider for meter installation, maintenance and reading; the variable component is instead linked to water consumption (quantity).

The variable component is determined by adopting one flat-rate tariff structure. This choice is based on two leading reasons: firstly, the introduction of a rising-block tariff structure penalises too much those companies which are not provided with wells for direct water supply; secondly, the adoption of a declining-tariff structure does not comply with the provisions and the assumptions of environmental policy, imposing a “conscious” and rational use of the resource. On the basis of these observations a flat-rate structure is proposed: levy burden refers to marginal cost principle. Thanks to this principle, the Authority identifies any costs for industrial water services and any required investments to maintain and improve industrial pipes; charges amount results from this estimate combined with the company’s average consumptions. Some price-cap mechanisms can be introduced additionally to the standard rate in order to guarantee the tariff updating based on any change in the economic picture (inflation, productivity increase of the service provider).  

The formula to calculate industrial water services tariffs follows:

 Wst = F+ f *V

Where:

F = tariff fixed component

f =  water cost per mc delivered

V = delivered volumes

In order to encourage experimental initiatives and projects in the environmental field, a part of tax revenues (5-8%) may be transferred from the service manager to the Authority and used by it as funds to finance particular environmental plans. For this purpose, the Authority is entitled either to choose and select companies, or to issue an annual competition, aimed to allocate funds for experimental projects in the environmental field.

6.5.2
Sewerage tariff

The proposed sewerage tariff of the industrial users takes into account the modalities of calculation in the main European Countries. In this case, the tariff is applied to all industrial plants that prescinding from the specific forms of the water supply discharge the waters in the public sewerage.

The tariff power, as above mentioned, is pertaining to the public Authority. The proposed tariff structure is composed by two elements: one fixed and one variable element, and the Authority impose the installation of meters by the productive units upon the provider, in order to verify the quantity of discharge water.

The fixed share is determined by the developed industrial activity: for this purpose, the Authority classifies the different categories of the technology of commerce relative to the typology and the quantity of discharged polluttants. As for the water supply tariff, the fixed share is also determined by the costs supported by the provider for the installation of the meter, the maintenance and the read-out. 

The previously considerations developed for the supply service can be also reported for the establishment of the tariff to apply to the variable element. For the sewerage tariff is proposed the adoption of an unic tariff structure for the productive users, whose entity is determined by the marginal costs of the service.

The formula for the calculation of the sewerage industrial tariff  is the following:

Tf = F + f*V


Where:

F = fixed element of the tariff, the entity of the fixed share is variable in function of the industraial sector of the technology of commerce;

f = water cost per cubic metre discharged;

V = discharged volumes.

To promote projets in environmental fields, for the sewerage receipt (tax) it is also possible to foresee that an element of the same ( 5-8%) is pertaining to the Authority and used by it to finance initiatives in environmental field.

6.5.3.
 Water treatment tariff 

The definition of water treatment charge represent the focal point of the proposed standard. This phase of the water cicle is very important for the protection and the safeguard of the idrographical basins, considering the finalities of environmental character inside of the model.

The international experiences emphasize the adoption of tariff models that foresee the definition of the tariff in function of the polluttants in the waters in entrance in the waterworks and the same technical characteristics of the treatment waterworks. Whereas in Italy and in the United Kingdom the mechanism of calculation is similar and uses the a.k.a. “Mogden formula”, in Germany are identified, in the Effluent Charges Act, the single “pollution units”(a.k.a. “SE”) that constitute the basis for the calculation of the tariff.

In the mentioned experiences the levy levels are defined in function of the quality of discharges: the higher is the strenght of the taken polluttants, the higher is the tariff applied for the treatment of the discharged waters.

First of all, it is necessary to premise in the proposed model that the identification of ambits coinciding with the idrographical basins guarantee also an analitical identification of the morphological characteristics of the territory and the present typology of users ( quality of the industrial discharges). Such information result fondamental to define the characteristics and the significance of the discharge system structured to answer to the territory’s exigences. For this purpose an important applicable example is represented by the italian experience of Prato where, given the high concentration of textile industry, has been built a discharge system calibrated on the typology of discharges of the textile spinneret and, in the same time, it has foreseen the reutilization of the water discharged by the same industrial sector.

Second, in the proposed tariff model, the Authority defines the tariff structure to apply to the reference basin calibrated on the basis of the characteristics of the waterworks and to the polluttants present in the entry discharges. For this purpose, taking in consideration the principal methodologies of measuring of the polluttants it has benn considered the following parameters:

· BOD (Biochemical Oxige Demand) = measures the byological demand of oxygen consumed in mg/l during some oxidation processes of organic substance in 5 days. The analysis of the BOD indicates the content of organic biodegradable substance, present in the water discharges, expressed in terms of quantity of necessary oxygen to the degradation by microrganisms.

· COD ( Chemical Oxygen Demand) = measures in ml/l of oxygen, the quantity of oxygen used for the oxidation of organic and inorganic substances in a sample of water as result of the treatment with compounds at strong oxidant power. The COD provides a measure of the total content of the organic and inorganic oxidable substances.

· Ss ( suspended solids) = measures the entity of the suspended solids that can increase the critical concentration of the discharges.

First of all, the Authority defines the limit of tolerance of the parameters COD, BOT and Ss in function of the characteristics of the treatment system, then coordinate with the provider service the sampling of the single industrial discharges present in the territory to identify the provenance of the produced polluttants. For this purpose, the levels of environmental indicators COD, BOT and Ss are verified for each present industry and on the basis of the emergent result, it is assigned a risk coefficient lied to the qualiy and quantity of discharged polluttants.

Then, a tariff surcharge is associated to these risk coefficients, i.e. the tariff is structured on the basis of the specific coefficient assigned to the company. The reference average tariff is fixed in correspondence with a risk coefficient near to 0, while a tariff surcharge proportional to the tipology and quantity of the pollutants discharged in the specific discharge is fixed in correspondence with the increasing parameter values. Considering for instance a company having BOD and COD discharge values equal to 850 mg/l and 1750 mg/l and whose sewage treatment plant has a 2000 mg/l COD and a 1000 mg/l BOD tolerance limit, the corresponding risk coefficient will be equal to 180%, thus defining a tariff surcharge equal to 190%.

The definition of this tariff structure is followed by the introduction of  charge “reductions” granted by the adoption of innovative environmental technologies and plants. In order to identify a parameter apt to certify univocally and objectively the economical efforts made by the company in the environmental field, these tariff reductions are supposed to be related to the owning/ possess of international environmental certifications, such as Ecolabel, ISO 14000 and Emas II. Indeed, these instruments attest the environmental investments made by the company as well as its efforts to mitigate production cycle’s impact on the territory. In order to benefit from these reductions, the concerned company must exhibit its environmental certifications to the Authority that, analyzing it, provides a redefined tariff. The Authority fixes the reduction entity - included between 5 and 8% - and, according to the plants’ characteristics and to the certification tipology, establishes on a preventive level reductions related to different environmental instruments. It must be noticed that the introduction of innovative environmental technologies allows the company to reduce the discharged pollutants quantity and, consequently, to benefit of a reduced sewage treatment tariff (reducing either the risk coefficient or the discharged quantities).

On the basis of the proposed water service and sewerage tariff models, also according to sewage treatment tariff it is possible to assign part of the inland revenue to the Authority (5-8%) that can use it in order to finance environmental measures. For this purpose, the same Authority can finance some experimental investments by the industries in environmental field in order to reduce the quantity and the quality of the produced discharges.
Taking in consideration the above mentioned concept, the formula for the calculation of the water treatment tariff for the industry is the following:

Td = F + (V * (1+Cr)+(1-Rd) 

Where:

F = fixed share;

Tm = water cost per treated cubic meter;

V = treated volumes;

Rd = reduction for enviromental certification (%)
Cr = eventual increase for the assigned risk coefficient .

In the specific Cr = (A+B+C). The percentage values of the three parameters A, B and C are determined in the single industrial discharge comparing the polluttants with the values quoted in the following table. The Authority defines eventual variations or updating of the tables in function of the characteristics of the treatment waterworks.
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COD (average COD of crude sewage after 1h settlement): (Of 

Italy; Os United Kingdom)

mg/l

400

Ss (average suspended solid (mg/l) of crude sewage): (Sf Italy, Ss 

United Kingdom)

mg/l

120

K2 coefficient: COD/BOD (of industrial effluent) < 2

K2 =1

K2 coefficient: COD/BOD (of industrial effluent) > 2

K2 =1,5

Plant cost coefficient:

Technical specifications of treatment plant:
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Yearly effluents:

m

3

48.150

COD: mg/l 2513

BOD: mg/l 600

COD/BOD 4,2

Si (suspended solids): mg/l 144

N = mg/l 2

P = mg/l 3

Cr = mg/l 0,1

Cu = mg/l 0,1

AOX = mg/l 0,1


6.6 PREAMBLE OF AN ENVIRONMENTAL INVESTMENT PLAN ASSIGNED TO THE LOCAL PUBLIC AUTHORITY 

The public Authority is not only designated to the development of the structural investment plan in the water sector of the relevant territory, but it has also a specific competence in the environmental field. In the proposed model the tax burden (5-8%) is partially transferred by the service provider to a specific fund assigned to the Authority, which uses it to finance innovative environmental interventions.

It is an attempt of spreading the French experience of the Agences de l’eau, which is considered one of the best practices in the field of the sustainable development at a European level – and worldwide.

In this context, the Authority aim will be the following: 

a) To finance projects of common interest, to build and exploit all works satisfying any need included in the investment plan. These investments will then be disposed by the Municipalities. 

b) To organise or commission to third parties study activities and researches on water topics. 

The investment funding will be aimed at: Il finanziamento degli investimenti costituisce l’obiettivo, dovrà essere finalizzato a:

a) Ensuring the balance between supply and demand of water resources

b) Achieving any quality objectives settled by regulations

c) Improving and increasing basins resources

d) Assuring the protection against flooding events.

On the basis of the French experience, the creation of such fund and of the relevant financial terms should allow to obtain different results, including: 

· The water price approaches the effective cost of the resource (also thanks to the attempt of including a relevant quote assigned to the so called environmental externalities);

· The subsequent greater users awareness of any water shortage;

· The improvement of the resource quality (BAT investments – Best Available Technologies);

· The possibility to invest on extraordinary maintenance and construction of new facilities, without burdening on local bodies budget;

· Correct management of the resource at hydrographical basin level/possibility to have local authorities at low structural costs;

· Mutualisation of costs at basin level;

· Correct and proportional payment of (both public and private) service providers;

7. The application of the model to the textile industry: briefly introduction of the industrial sector 

It is described hereby the application of the proposed model to the textile industry. In order to understand the peculiarities, the technical and economic features of this manufacturing field, the application of the model is preceded by a brief analysis of the sector. 

The textile sector plays an important role in the present study, because it represents one of the industry sectors where water is the “raw material” of the manufacturing process. The sector, at a European level, is characterised by a “fragmentation” of the whole production cycle, i.e. that the same structure of the spinneret has increased the segmentation of the yarns manufacturing processes (e.g. spinning, dye, tailoring) developing industries specialised in single manufacturing process phases. For this reason, this framework points out the presence of huge ready-to-wear companies (distribution brands) that don’t carry on directly the whole production cycle but cooperate, for the single manufacturing phases, with  SMEs. located in industrial areas, working on behalf of a third party.

In order to identify the costs structure of the whole textile sector, the following table rebuilts the cost incidence of the water resource on the total of manufacturing costs (about 3%). The 3% date refers to the whole textile sector, as previously described, which is made of several production cycles, singularly characterised by a different use of the water resource. 

Figure 3. Costs structure of the whole textile sector [image: image32.emf]mc cost

Italian yearly treatment tariff 

68.633 €           1,425 €         

210.513 €         4,372 €         

British yearly treatment tariff 

47.015 €           0,976 €         

TOWEFO yearly treatment tariff 

44.364 €           0,921 €         

SUMMARY: TREATMENT TARIFF OF TEXTILE 

INDUSTRY

German yearly treatment tariff  (industrial 

contribution)

(%)
Source: Data Base Italialian Texile Association, 1995

According to the aims of the present study, the analysis is focused on the dyeworks sector, because it represents the textile industrial department which needs the hugest water quantities for the manufacturing process using specific pollutant agents. First of all it is useful to point out the critical points of the textile company on water matters::

· Water quality needed for the different uses;

· Water quantity needed for the manufacturing process;

· Discharge typologies according to the adopted dyeworks process;

Secondarily, in order to give an order of magnitude on the water consumptions of the dyeworks department, the daily average consumption indexes of the sector are reported, on the basis of the Kg of manufactured product:  

	
	WATER

	YARNS DYEING


	0,15
	m³/kg

	CHAINLY -WOVEN FABRICS DYEING 
	0,05
	m³/mt

	KNITTING FABRICS DYEING
	0,21
	m³/kg

	PIECE DYEING
	0,18
	m³/kg

	FLAT SCREEN PRINTING AND SCREEN PRINTING
	0,06
	m³/mt

	ROTARY SCREEN PRINTING
	0,05
	m³/mt


Source: Data Base Italialian Texile Association, 1995

Beside the huge water consumption, in the manufacturing process typical of the dyeworks department, chemical and dye-fixing agents are used, generating an high concentration of COD and BOD in the sewages discharged in the sewage treatment plants. The dyeworks department is characterised by both the consistent demand of water and the presence of a high content of pollutants in the discharged sewages. These circumstances have implemented and developed technologies able to decrease waste water quantities in order to facilitate the reuse of the internal resource. 

The technologies nowadays applied in the dyeworks department for the reuse of the water resource, are strictly correlated to the sewage typology to be processed, which flowing out from the dyebaths is characterised by a more or less marked dyeing according to the dyeworks cycle of origin. The main reuse limits of the resource depend on water quality, which in order to be run into the dyeworks cycle phases, must be properly cleansed from the colour, because it can damage the process performance and the qualitative final result.   

Because of these specific needs, it is important to understand the impact that the tariff regulations in force and the model elaborated in the present project have on the textile industry working in the dyeworks sector. From the industrial point of view,  the use of modern technologies in the environmental field facilitates the water reuse in the manufacturing process and is economically convenient when the cost of technology is equal or inferior to the burden supported by the company for the sic et simplicitur resource use.  

8. Effects of the different regulation systems on the textile industry and preparation of the application software  

In order to ascertain the impact that the different tariff systems have on a textile company operating in the dyeing segment, this paper illustrates an empirical application of the tariff structures reviewed, including the so- called “Towefo” model devised in this analysis
. 

The study focuses on the water treatment tariff because this phase of the water cycle is the key point for the implementation of regulation models promoting the rational use of this resource. Moreover, this approach is due to the different ways the industry can buy this service
 and to the essentially standardized computation of sewerage tariffs.

The tariff structures under review are those prevailing in Italy, United Kingdom, Germany and the model devised in this study (Towefo tariff). While in Italy and the United Kingdom the systems for calculating water treatment tariffs are very similar, as they are both based on the so-called “Modgen formula”, Germany has a calculation method based on units of pollution defined as “SE”
. Finally, the model developed in this study features a relatively linear calculation and the introduction of “direct incentives” linked to the adoption of innovative environmental strategies and policies. 

The goal is to determine how tariffs vary, for five textile companies and a treatment plant with the same technical characteristics, under the different tariff models. The analysis is based on two scenarios: the first assumption where water consumption levels and pollutants concentration are estimated for a manufacturing structure which does not contemplate water reuse; a second assumption related to the same companies, where the same quantities are measured under an “innovative” manufacturing framework with technologies allowing internal water reuse. 

This is a “theoretical” application of the algorithms utilized to calculate the tariff, as in the different countries under review tariffs are affected by the technical characteristics of the treatment plant. Meanwhile, the same tariff has a different impact, depending on the company’s cost structure. 

Against this backdrop, the objective is to determine whether a given algorithm for computing a water treatment tariff can incentivize firms to adopt technologies and manufacturing processes capable of mitigating the environmental impact of water discharges. 

8.1 ASSUMPTIONS

The focus of this analysis will be on five textile companies operating in the dyeing segment with the following structure of consumption levels (current scenario):[image: image33.emf]FIRM A: Effluent type

Yearly effluents:

m

3

30.750

COD: mg/l 3935

BOD: mg/l 940

COD/BOD 4,2

Si (suspended solids): mg/l 225

N = mg/l 3

P = mg/l 5

Cr = mg/l 0,15

Cu = mg/l 0,15

AOX = mg/l 0

3%

Rd = reduction for enviromental 

certification (%) (Towefo tariff)


Whereas the company A and the company E are two small-size enterprises, the companies B, C and D are medium-large. The volumes and the quantity of pollutants present in the discharge for both the current and the “innovative” scenarios are measured for each company belonging to the sample.

On the other hand, to arrive at a tariff, the effluent treatment plant considered has a structure, treatment capacity and cost coefficients similar to those of a treatment plant located in the province of Milan. The followings tables respectively outline the technical specifications of the plant and the cost coefficients for the treatments determining the tariffs in Italy, United Kingdom and in the model:
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Decrease/increase of costs 

against actual scenario

Italian yearly treatment tariff 

67.272 €       2,188 €      -1,98%

330.268 €     10,740 €    56,89%

British yearly treatment tariff 

45.658 €       1,485 €      -2,89%

TOWEFO yearly treatment tariff 

33.740 €       1,097 €      -23,95%

German yearly treatment tariff  (industrial 

contribution)

TREATMENT TARIFF OF TEXTILE INDUSTRY: 

INNOVATIVE SCENARIO

TECHNICAL SPECIFICATIONS OF TREATMENT PLANT

[image: image35.emf]FIRM B: Effluent type

Yearly effluents:

m

3

478.439

COD: mg/l 2360

BOD: mg/l 500

COD/BOD 4,72

Si (suspended solids): mg/l 200

N = mg/l 70

P = mg/l 20

Cr = mg/l 0,01

Cu = mg/l 0,01

AOX = mg/l 0

TREATMENT PLANT COST COEFFICIENTS

Given these assumptions, the different water treatment tariffs in the 3 European countries (Italy, United Kingdom and Germany) and the tariff emerging from the model (Towef0) are outlined. To be more clear, a description of the calculation algorithms will precede the application of tariff models. To this end, it is important to specify that:

· the concentration (mg/l) of COD and BOD pollutants is used in all the calculation algorithms, even if it is differently named in the various formulae;

· the suspended solids concentration (mg/l) refers to Italy, United Kingdom and the model, even if it is differently named;

· The cost coefficients of the treatment plant in Italy, U.K. and the present model refer to the same economic values; therefore, being based on the assumption of one single treatment plant, they take on the same unit values.

· The K2 coefficient refers only to the Italian algorithm of calculation and represents an additional cost if COD/BOD ratio is greater than allowance parameters of the plant. In the specific case, the parameter affects the formula (1,5) if the COD/BOD ratio of the discharge is greater than 2.

8.2 THE ALGORITHM TO COMPUTE THE TREATMENT TARIFFS:

8.2.1
Italy
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Italian yearly treatment tariff 

670.290 €                1,401 €           

428.809 €                0,896 €           

British yearly treatment tariff 

459.231 €                0,960 €           

TOWEFO yearly treatment tariff 

487.071 €                1,018 €           

SUMMARY: TREATMENT TARIFF OF TEXTILE 

INDUSTRY

German yearly treatment tariff  (industrial 

contribution)

[image: image37.emf]FIRM B: Effluent type

Yearly effluents:

m

3

364.169

COD: mg/l 3101

BOD: mg/l 657

COD/BOD 4,71993912

Si (suspended solids): mg/l 263

N = mg/l 92

P = mg/l 26

Cr = mg/l 0,01

Cu = mg/l 0,01

AOX = mg/l 0

2%

Rd = reduction for enviromental 

certification (%) (Towefo tariff)


8.3.1 United Kingdom

The algorithm to compute the water treatment tariff in the United Kingdom is similar to that adopted in Italy. Both countries use the so-called “Modgen formula”, though in Italy a corrective factor has been introduced, “K2”. This factor can be greater than 1, thus becoming unimportant for calculation purposes, if the COD/BOD ratio of the individual discharge takes on values that are not consistent with the characteristics of the plant (in this case COD/BOD>2)
. 
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Decrease/increase of costs 

against actual scenario

Italian yearly treatment tariff 

661.601 €       1,817 €            -1,30%

562.756 €       1,545 €            31,24%

British yearly treatment tariff 

450.488 €       1,237 €            -1,90%

TOWEFO yearly treatment tariff 

363.337 €       0,998 €            -25,40%

German yearly treatment tariff  (industrial 

contribution)

TREATMENT TARIFF OF TEXTILE INDUSTRY: 

INNOVATIVE SCENARIO

Formula to compute the water treatment tariff: 

Where:
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Italian yearly treatment tariff 

264.461 €          1,091 €             

280.009 €          1,155 €             

British yearly treatment tariff 

182.582 €          0,753 €             

TOWEFO yearly treatment tariff 

196.058 €          0,809 €             

SUMMARY: TREATMENT TARIFF OF TEXTILE 

INDUSTRY

German yearly treatment tariff  (industrial 

contribution)


8.3.2  Germany

Unlike the other European countries analyzed, Germany’s water treatment tariff is computed on the basis of “units of pollution” (so-called SE) present in industrial discharges. Every firm utilizes this mechanism to analyze its own discharges, computing the ratio of polluting agents present in the discharge to the “units of pollution”, as defined by the public Authority in the “Effluent Charges Act”.  

The numerator of the formula to calculate the tariff shows the quantity of polluting agents present in the industrial discharge, while the denominator indicates the parameters of a “unit of pollution”
. This ratio yields the units of pollution for each discharge and the tariff is computed by multiplying the units of pollution by the cost per unit as determined by the public Authority. 

In order to determine the unit cost of each single Land, price discounts on the units of pollution apply if the quantity of polluting agents present in the industrial discharge fall within the parameters set in the “Municipal Waste Water Directive”. 

[image: image40.emf]FIRM C: Effluent type

Yearly effluents:

m

3

187.214

COD: mg/l 2589

BOD: mg/l 1165

COD/BOD 2,2223176

Si (suspended solids): mg/l 65

N = mg/l 52

P = mg/l 6

Cr = mg/l 0,01

Cu = mg/l 0,01

AOX = mg/l 0

3%

Rd = reduction for enviromental 

certification (%) (Towefo tariff)


Moreover, the tariff so computed is allocated between the firm and the municipality, with 40% payable by the former and 60% by the community.

Based on the above, the formula to compute the water treatment tariff is as follows
. 

[image: image41.emf]mc cost

Decrease/increase of costs 

against actual scenario

Italian yearly treatment tariff 

260.231 €        1,390 €          -1,60%

361.796 €        1,933 €          29,21%

British yearly treatment tariff 

178.339 €        0,953 €          -2,32%

TOWEFO yearly treatment tariff 

217.824 €        1,164 €          11,10%

TREATMENT TARIFF OF TEXTILE INDUSTRY: 

INNOVATIVE SCENARIO

German yearly treatment tariff  (industrial 

contribution)

[image: image42.emf]FIRM D: Effluent type

Yearly effluents:

m

3

564.302

COD: mg/l 840

BOD: mg/l 240

COD/BOD 3,5

Si (suspended solids): mg/l 230

N = mg/l 80

P = mg/l 5

Cr = mg/l 0,01

Cu = mg/l 0,01

AOX = mg/l 0,01

:
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Italian yearly treatment tariff 

390.576 €    0,692 €           

293.881 €    0,521 €           

British yearly treatment tariff 

274.973 €    0,487 €           

TOWEFO yearly treatment tariff 

322.671 €    0,572 €           

SUMMARY: TREATMENT TARIFF OF TEXTILE 

INDUSTRY

German yearly treatment tariff  (industrial 

contribution)

Where:

In the simulation, the unit cost of the pollution unit is equal to € 20.00
 and at the same time, coherently with the Municipal Waste Water Directive” content, a 75% reduction is foreseen if the pollutants concentration of the industrial discharge is in compliance with the limits indicated in the quoted document. 

Towefo tariff
Formula to calculate the water treatment tariff:

[image: image44.emf]FIRM E: Effluent type

Yearly effluents:

m

3

94.032

COD: mg/l 930

BOD: mg/l 255

COD/BOD 3,64705882

Si (suspended solids): mg/l 140

N = mg/l 15

P = mg/l 5

Cr = mg/l 0,01

Cu = mg/l 0,01

AOX = mg/l 0
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Italian yearly treatment tariff 

61.574 €        0,655 €         

97.742 €        1,039 €         

British yearly treatment tariff 

43.494 €        0,463 €         

TOWEFO yearly treatment tariff 

44.631 €        0,475 €         

SUMMARY: TREATMENT TARIFF OF TEXTILE 

INDUSTRY

German yearly treatment tariff  (industrial 

contribution)

Where:

Cr is given by the sum of parameters A, B and C, as identified on the basis of the following tables. Risk coefficients reflect the technical characteristics of the plant [image: image46.emf]FIRM E: Effluent type

Yearly effluents:

m

3

80.456

COD: mg/l 1087

BOD: mg/l 298

COD/BOD 3,64765101

Si (suspended solids): mg/l 164

N = mg/l 18

P = mg/l 6

Cr = mg/l 0,01

Cu = mg/l 0,01

AOX = mg/l 0

2%

Rd = reduction for enviromental 

certification (%) (Towefo tariff)

[image: image47.emf]mc cost

Decrease/increase of costs 

against actual scenario

Italian yearly treatment tariff 

60.552 €        0,753 €          -1,66%

150.969 €      1,876 €          54,46%

British yearly treatment tariff 

42.463 €        0,528 €          -2,37%

TOWEFO yearly treatment tariff 

48.427 €        0,602 €          8,50%

TREATMENT TARIFF OF TEXTILE INDUSTRY: 

INNOVATIVE SCENARIO

German yearly treatment tariff  

(industrial contribution)

:

8.2.5
Summary tables of the input data

Two summary tables point out the analogies of the different calculation algorithms respectively as follows:

· input data related to the technical and economic features of the plant,

· the technical parameters related to the single industrial plant and necessary for the calculation of the water treatment tariff.
6.6 [image: image48.emf]Firm

Actual water 

effluents (yearly 

mc)

Water effluents in 

innovative 

scenario (yerly mc)

Water effluents 

reduction

Actual COD  

(mg/l)

COD in 

innovative 

scenario (mg/l)

COD 

concentration 

increase (mg/l)

Actual BOD 

(mg/l)

BOD in 

innovative 

scenario (mg/l)

BOD 

concentration 

increase (mg/l)

A 48.150 30.750 -36,1% 2.513 3.935 56,6% 600 940 56,7%

B 478.439 364.169 -23,9% 2.360 3.101 31,4% 500 657 31,4%

C 242.353 187.214 -22,8% 2.000 2.589 29,5% 900 1.165 29,4%

D 564.302 402.844 -28,6% 840 1.177 40,1% 240 336 40,0%

E 94.032 80.456 -14,4% 930 1.087 16,9% 255 298 16,9%

[image: image49.emf]Firm Actual scenario

Innovative 

scenario

Decrease/increa

se of costs

Actual 

scenario

Innovative 

scenario

Decrease/increa

se of costs

A

68.633 €            67.272 €               -1,98% 47.015 €       45.658 €            -2,89%

B

670.290 €          661.601 €             -1,30% 459.231 €     450.488 €          -1,90%

C

264.461 €          260.231 €             -1,60% 182.582 €     178.339 €          -2,32%

D

390.576 €          378.067 €             -3,20% 274.973 €     262.464 €          -4,55%

E

61.574 €            60.552 €               -1,66% 43.494 €       42.463 €            -2,37%

Italian industrial effluent treatment charge 

British industrial effluent treatment 

charge 


8.3 SIMULATION

Based on the above assumptions on the water treatment plant, and applying the calculation algorithms related to the water treatment tariff previously mentioned, the results concerning the simulation made on five textile companies are the following. The analysis is preceded by the reconstruction of the technical and cost data related to the plant.
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Actual 

scenario

Innovative 

scenario

Decrease/increas

e of costs

Actual 

scenario

Innovative 

scenario

Decrease/increase 

of costs

A

210.513 €     330.268 €          56,89% 44.364 €         33.740 €      -23,95%

B

428.809 €     562.756 €          31,24% 487.071 €       363.337 €    -25,40%

C

280.009 €     361.796 €          29,21% 196.058 €       217.824 €    11,10%

D

293.881 €     411.502 €          40,02% 322.671 €       242.272 €    -24,92%

E

97.742 €       150.969 €          54,46% 44.631 €         48.427 €      8,50%

Towefo industrial effluent treatment 

charge 

German industrial effluent treatment 

charge 


For each single company, the simulation refers to two scenarios:

· “actual” scenario, where the water consumption and the concentration of pollutants are measured according to a manufacturing structure which doesn’t adopt the reuse of the resource; 

· “innovative” scenario, in which the same sizes are measured in an “efficient” manufacturing context, i.e. based on the introduction of technologies that permit the partial internal reuse of the resource.

8.3.3 Simulation of the textile company A

Actual scenario without the introduction of manufacturing technologies for the partial internal reuse of the water resource. In the specific case, the textile industry presents the following values and parameters
.

Because of these data, the water treatment tariff, which is the result of the application of different calculation algorithms 
 shows the following values: 

Innovative scenario with the introduction of manufacturing technologies for the partial internal reuse of the water resource. Through the introduction of the partial reuse of water, the mc annually discharged and the concentration of pollutants assume the following values:

Because of these data, the company A presents in the innovative scenario the following water treatment tariffs:

As for the company A, in the innovative scenario, little cost savings are registered in the Anglo-Saxon and Italian model, while in the “Towefo” tariff structure savings are equal to 24%. These differences are due to the calculation algorithm which is in both Italy and U.K. strongly linked to the COD and suspended solids  concentration in each single discharge
, while in the model is structured on the basis of the identification of a medium water treatment coefficient cost common to all discharges, when the concentration of pollutants is higher than the limits foreseen. In this case the higher cost related to the water treatments is subdivided among the different users belonging to the relevant basin. This mechanism generates a cost saving which is superior to the Italian and Anglo-Saxon model where the whole cost is on charge of the company producing the pollutant discharges.

At least, the German formula, being defined according to the pollutants present in the discharge, will be affected, in this case, by both a higher concentration of pollutants and pollution units (SE). 

8.3.4 Simulation of the textile company B

Actual scenario without the introduction of manufacturing technologies for the partial internal reuse of the water resource. In the specific case, the textile industry presents the following values and parameters 
:

Because of these data, the water treatment tariff, which is the result of the application of different calculation algorithms, shows the following values: 

Innovative scenario with the introduction of manufacturing technologies for the partial internal reuse of the water resource. Through the introduction of the partial reuse of water, the mc annually discharged and the concentration of pollutants assume the following values:

Because of these data, the company B presents in the innovative scenario the following water treatment tariffs:


The considerations made on the A-type Company are similar to the B one: the analogies are justified by the high concentration of COD/BOD pollutants and suspended solids present in the discharges. In fact, in the innovative scenario, given that the volumes are decreasing of about 24%, an increase of COD/BOD and suspended solids concentration is registered,. The suspended solids muffle a lot the tariff reduction linked to the contraction of volumes of all the tariff models. Also in this case the Towefo tariff is the tariff model that guarantees cost savings for the industry (25.4%).

8.3.5 Simulation of the C-type textile company

Actual scenario  without the introduction of manufacturing technologies for the partial internal reuse of the water resource. In the specific case, the textile industry presents the following values: 

Because of these data, the water treatment tariff, which is the result of the application of different calculation algorithms, shows the following values:

Innovative scenario with the introduction of manufacturing technologies for the partial internal reuse of the water resource. Through the introduction of the partial reuse of water, the mc annually discharged and the concentration of pollutants assume the following values: 

Because of these sizes, the same C type company presents in the innovative scenario the following tariff for the water treatment :
As for the C-type company, in the innovative scenario, a little tariff decrease is registered in the Italian and Anglo-Saxon models, while the German and Towefo tariff models are increasing. This situation is justified by the increase of BOD/COD concentration in the innovative scenario which determines in the German model the increase of pollution units and,  in the Towefo model, the passage to the last division for the quantification of the risk’s coefficient. Furthermore, if in the Italian and Anglo-Saxon calculation algorithm the COD concentration of the industrial discharge is linked to the cost coefficients on the basis of a linear ratio (the ratio is measured between the discharge COD and the medium COD inflowing the plant),  it will not be necessary to split the cost because the identification of the increase is punctual.

8.3.6 Simulation of the D-type textile company

 Actual scenario without the introduction of manufacturing technologies for the partial internal reuse of the water resource. In the specific case, the textile industry presents the following parameters 
:

 Because of these data, the water treatment tariff, which is the result of the application of different calculation algorithms, shows the following values: 

Innovative scenario with the introduction of manufacturing technologies for the partial internal reuse of the water resource. Through the introduction of the partial reuse of water, the mc annually discharged and the concentration of pollutants assume the following values: 


Because of these sizes, the same D type company presents in the innovative scenario the following tariff for the water treatment :
The D-type company registers in the actual scenario a homogenous tax situation of the tariff models: this is possible because the different calculation algorithms determine similar taxations and the concentration of COD/BOD pollutants and suspended solids in the industrial discharges is quite limited compared to the consistent volumes.

In the innovative scenario the Towefo model produces highest cost savings because the new concentration levels of COD/BOD determine, only for COD, a little increase of the cost coefficient (from 35% to 50%) and therefore, the tariff increasing covers quite at all the the reduction of volumes. In this case the mc tariff of U.K. is similar to the Towefo tariff, while in Italy the mc cost depends on the K2 parameter which, according to the COD/BOD ratio, becomes 1.5.

8.3.7 Simulation of E-type textile company

 Actual scenario  without the introduction of manufacturing technologies for the partial internal reuse of the water resource. In the specific case, the textile industry presents the following values:
:

Because of these data, the water treatment tariff, which is the result of the application of different calculation algorithms, shows the following values: 

Innovative scenario with the introduction of manufacturing technologies for the partial internal reuse of the water resource. Through the introduction of the partial reuse of water, the mc annually discharged and the concentration of pollutants assume the following values: 

Because of these sizes, the same B type company presents in the innovative scenario the following tariff for the water treatment:


As for the E-type company, in the innovative scenario, a little tariff decrease is registered in the Italian and Anglo-Saxon models, while the German and Towefo tariff models are increasing. This situation is justified in Germany by the increase of COD and Nitrogen concentration while for the Towefo model by the limited decrease of the volumes and by the relevant increase of COD and suspended solids concentration, determining the passage to the following step of the risk’s coefficient.

Closing summary

From the analysis it appears that, first of all, the algorithm applied in Germany is quite costly for industrial sectors, such as textile, with a significant concentration of polluting agents. In the German case, in fact, tariffs are not determined by the quantity of water discharged but by the quality of the water entering the treatment plant. Thus, to ensure the adoption of innovative technologies, on one side, and not to burden certain industrial sectors, on the other, it is appropriate to consider tariff systems that take account of the quantities of water discharged, as well as the specific characteristics of treatment plants. In fact, the adoption of algorithms built on the basis of the technical characteristics of the plant and the type of users in the area served can provide impetus to a synergy between industry and regulators to define and implement a common course of action centred around a rational and informed use of water resources. The recommended tariff model should be assessed against this background. This model combines some distinctive features of the so-called “Mogden formula”, adopted in Italy and the United Kingdom, and the possibility to grant a direct tariff reduction as a result of the firm’s effort in the environmental field. 

Unlike the so called “Modgen’s formula”, the peculiarity of the Towefo model is a tax structure where the tariff doesn’t follow a linear process according to the pollutants present in the specific industrial discharge, but according to the introduction of an increasing staggering linked to the quality of the discharges in order to guarantee a wider repartition of the treatment costs. In fact, in the model, a single coefficient of average cost for the water treatment is identified, while the increasing coefficients refer to the industrial activities with pollutant concentrations higher than the plant’s tolerability. This tariff articulation, according to the practical results obtained by the simulation, permits to recognize in the tariff the reductions of the volumes due to the introduction of technologies for the reuse of the resource if the contraction of consumptions reaches 20% and if the new COD/BOD and suspended solids concentration doesn’t determine to all parameters the passage to the following staggering phase of the risk’s coefficient.

The following tables rebuild,  for the five companies object of this analysis, the evolution in the actual and “innovative” scenarios of water consumptions and tax structures in the different foreign countries (Italy, U.K., Germany, Towefo model). 



In the case at hand, water expenditure for the textile company is paramount, since efficiency in the use of this resource involves both the quantity utilized during the process, in order to introduce its reuse internally, and the polluting agents present in its discharge. From this standpoint, the introduction of a tariff system capable of  meeting environmental needs and the company’s goals in terms of economic development and productivity growth,  should be evaluated in light of several factors. First of all, the introduction in dyeing companies of technological systems capable of reusing water in the productive process should go hand in hand with a policy enacted by regulators on the types of water treatment plant  to be built in the relevant basin. It is crucial not only to encourage environmental awareness in companies but also to undertake planning in water management activities. To this end, in addition to an algorithm capable of generating environmental awareness for companies,  the tariff model recommended calls also for a regulatory system based on the hydrographic basins and user categories present in the area. This regulation model implements an integrated safeguard system for the territory, capable of combining an environmental-friendly attitude by firms with the presence of treatment plants in keeping with the characteristics of the geographic areas in which they operate and the quality of the polluting agents produced by local users. While tariffs can spur the industrial sector directly, the introduction of an environmental fund and planning the actions to be taken on the individual hydrographic basins safeguard and protect the system. An “integrated” strategy is the only way to introduce a regulatory water management system that matches a rational use of this resource with the needs of  the geographic area of reference. For this reason both the delimitation of the relevant basin and the strategic role assigned to the regulators of the planning and control  interventions are important, because the average costs of the water treatment are subdivided among all the companies located on the territory. 

This model of regulation can increase the realization of investments for both new technologies related to the water reuse and sewage treatment plants functional to the concentration of pollutants present in the discharges, given that the tariff structure proportionally subdivides the costs among the companies working in the basin. This system allows to overcome the peculiarities of the SMEs, that are particularly developed in Italy, implementing an environmental policy economically sustainable for the manufacturing sector.
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� The main innovation introduced by Baumol and Oates lays in the fact that Pigou considered that taxes should be calculated in such a way to internalize completely externalities in order to foster an optimal allocation of environmental resources. Baumol and Oates recognize the difficulty to measure externalities and therefore advocate the use of taxes even if the target has been determined exogenously. 


�  For more information refer to Section 6.


� Concerning this, direct water supply is widespread in Italy and Germany (direct water extraction by a well), for which a direct tariff is not applied to companies. In this case, the industry pays to the administrative Authority a royalty rent (a meagre reward) for water extraction and it is directly charged for the costs of water pumping (electrical power).


� The German tariff model is standardized to the industrial activity prevailing in tne territory. In fact, since in Germany there are essentially medium/large-size enterprises, the Regulator has decided to adopt a water services tariff calculation formula for the industry centred on pollutants in the effluents, rather than taking into account the volumes of discharged water.   


� In the simulation proposed, on the basis of the technical features of the plant, the K2 coefficient assumes the value 1 for COD/BOD ratio inferior to 2. When the ratio is superior, the K2 coefficient value is 1.5.)





� The polluting agents that make up a unit of pollution (SE) are a fixed quantity for all industrial discharges, as defined in the “Effluent Charges Act”. Thus the denominator in this formula is constant.


� For a meaningful comparison between Germany’s tariff and the other tariffs under review, the unit of account was converted into mg/l.


� The single pollution unit cost is the one applied to one of the German Lands. The definition of the unit cost is the concern of the local Authorities, while the reductions identified in the “Municipal Waste Water Directive” have national value.


� The concentration of  Chromo, copper and halogen pollutants is calculated, because in the sample analysis these substances have not been taken into consideration


� In this case the value can be directly compared because homogeneous hypothesis have been applied to the type of company and to the technical features of the treatment plant


� When the ratio between the medium COD inflowing the plant and the COD of the single discharge increases, the multiplicative factor of the water treatment cost coefficient increases as well. This is also applied to the concentration of suspended solids that act as multiplicative factor of the cost coefficient for the water treatment and for the discharge of primary industrial effluents.


� the concentration of chromo, copper and halogen pollutants in the sample analysis have not been taken into consideration. 


� the concentration of chromo, copper and halogen pollutants in the sample analysis have not been taken into consideration. 


� the concentration of chromo, copper and halogen pollutants in the sample analysis have not been taken into consideration. 
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TECHNICAL SPECIFICATIONS OF TREATMENT PLANT:







Fixed charge (F2 Italia, R Regno Unito, F Towefo tariff)
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€/mc
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Technical specifications of treatment plant:
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TECHNICAL SPECIFICATIONS OF INDUSTRIAL EFFLUENT:







Volum treatment:
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W = (Xmg/lCOD)/(0,1 mg/lCOD)+(YmgN)/(0,003mg/lN)+(Zmg/lP)/(0,004mg/lP)+(Umg/lCu)/(0,004mg/lCu)+(Rmg/lCr)/(0,005mg/lCr)+(Smg/lAOX)/(0,0045mg/lAOX)
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