
Informes Técnicos Ciemat 885
marzo, 1999

AMethodologyProposal to Calcúlate
the Externalities of LiquidBiofiiels

A. Galán
R. González
M. Várela

Instituto de Estudios de la Energía





Toda correspondenica en relación con este trabajo debe dirigirse al Servicio de

Información y Documentación, Centro de Investigaciones Energéticas, Medioambientales y

Tecnológicas, Ciudad Universitaria, 28040-MADRID, ESPAÑA.

Las solicitudes de ejemplares deben dirigirse a este mismo Servicio.

Los descriptores se han seleccionado del Thesauro del DOE para describir las materias
que contiene este informe con vistas a su recuperación. La catalogación se ha hecho
utilizando el documento DOE/TIC-4602 (Rev. 1) Descriptive Cataloguing On-Line, y la
clasificación de acuerdo con el documento DOE/TIC.4584-R7 Subject Categories and Scope
publicados por el Office of Scientific and Technical Information del Departamento de Energía
de los Estdos Unidos.

Se autoriza la reproducción de los resúmenes analíticos que aparecen en esta
publicación.

Depósito Legal: M -14226-1995
ISSN: 1135-9430
ÑIPO: 238-99-003-5

Editorial CIEMAT



CLASIFICACIÓN DOE Y DESCRIPTORES

290200

COST; ECONOMICS; ENVIRONMENT: ENVIRONMENTAL EFFECTS; LIQUID FUELS;
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Abstract:

The aim of the survey is to propose a methodology to calcúlate the extemalities associated with the liquid
biofuels cycle. The report defines the extemalities from a theoretical point of view and classifies them. The
reasons to valué the extemalities are explained as well as the existing methods. Furthermore, an evaluation of
specifíc environmental and non-environmental extemalities is also presented.

The report also reviews the current situation of the transport sector, considering its environmental effects and
impacts. The progress made by the ExtemE and ExternE-Transport projects related the extemalities of
transport sector is assessed. Finally, the report analyses the existence of different economic instruments to
intemalize the external effects of the transport sector as well as other aspects of this intemalization.

"Una Propuesta Metodológica para Calcular las Externalidades
de los Biocombustibles Líquidos"

Galán, A.; González, R. y Várela, M.
79 pp. 8 figs. 58 refs.

Resumen:

El objetivo del informe es proponer una metodología para calcular las externalidades asociadas al ciclo de los
biocombustibles líquidos. El informe define y clasifica las extemalidades desde el punto de vista teórico. Se
explican las razones para valorar estas externalidades así como los métodos que existen. Se presenta además
una evaluación de las externalidades medioambientales y no medioambientales.

Se realiza también una revisión de la situación actual del sector del transporte considerando sus efectos e
impactos medioambientales. Se analiza el progreso realizado por los proyectos ExtemE y ExternE-Transporte
relacionados con las extemalidades del sector del transporte. Finalmente, el informe analiza la existencia de
distintos instrumentos económicos para internalizar los efectos externos del sector del transporte así como
otros aspectos relacionados con esta internalización.





CONTENTS

1. INTRODUCTION 7

2. EXTERNALITIES DEFINITION 8

3. THEORETICAL FRAMEWORK OF EXTERNALITIES 9

4. EXTERNALITIES CLASSIFICATION OF THE ENERGY SECTOR 11

5. REASONS TO VALUÉ EXTERNALITIES AND MAIN APPROACHES 13

6. HOW TO SOLVE THE EXTERNALITIES PROBLEM 16

7. METHODS FOR VALUING EXTERNALITIES 17

7.1 . INDIRECT APPROACHES 18

7.1.1. Travel costs methods 18

7.1.2. Hedonic pricing 19

7.2. DlRECT APPROACHES 19

7.2.1. Contingent valuation methods 20

7.2.2. Contingent ranking 21

13. METHODS BASED ON ACTUAL MARKET PRICES 21

7.3.1. The dose-response approach 21

7.3.2. The replacement cost technique 21

8. EVALUATION OF SPECIFIC ENVIRONMENTAL EXTERNALITIES 22

8.1. CROPDAMAGE 22

8.2. FORESTS 23

8.3. BlODF/ERSITY 24

8.4. NOISE 25

8.5. WATERDAMAGES 26

8.6. VISBILITY 27

8.7. LAND DEGRADATION 2 7

8.8. MATERIAL DAMAGES 27

8.9. HEALTH 28

8.9.1. Mortality impacts 29



8.9.2. Morbidity impacts 29

9. EVALUATION OF SPECIFIC NON-ENVIRONMENTAL EXTERNALITIES... 30

10. TRANSPORT SECTOR SITÜATION 33

ÍO.I.INTRODUCTION 33

10.2. ENVIRONMENTAL EFFECTSOF THE TRANSPORT SECTOR 35

10.2.1. Global effects 35

10.2.2. Regional effects 36

10.2.3. Local effects 36

10.3. MAIN ENVIRONMENTAL IMPACTS OF THE TRANSPORT SECTOR 36

10.3.1. Health Impacts 36

10.3.2. Impacts on natural and man-made environment 37

10.3.3. Impacts on global wanning 38

10.4. THE ROLE OFBIOFUELS 39

11. ECONOMIC VALUATION OF ENVIRONMENTAL EXTERNALITIES 40

11.1. BACKGROUND 40

11.2. THE EXTERNE PROJECT 41

11.3. THE EXTERNE-TRANSPORTPROJECT 43

11.3.1. Up and downstream processes 44

11.3.2. Impact-Pathway Method 45

11.3.3. Dispersión Modeling 51

11.3.4. Health effects 52

11.3.5. Impacts on natural and man-made environment 52

11.3.6. Global wanning 53

11.3.7. Economic valuation 53

11.3.8. Residís 54

11.4. THE IMPROVEMENT OF EXTERNE-TRANSPORTPROJECT 54

12. ECONOMIC VALUATION OF SOCIOECONOMIC EXTERNALITIES 56

12.1. BACKGROUND 56

12.2. SOCIOECONOMIC EFFECTS OFBIOFUELS 5 9

12.2.1. Farm incomes 59

12.2.2. Budgetary implications from composition of output 59



12.2.3. Employment 59

12.2.4. Energy security 60

13. THE ART OF INTERNALIZING 61

13.1.THEORY 61

13.2. ECONOMIC INSTRUMENTS ININTERNALIZING EXTERNAL EFFECTS 62

13.2.1. Command and control 63

13.2.2. Environmental charges 63

13.2.3. Marketable permits 64

13.2.4. Deposit-refund schemes 65

13.2.5. Subsidies 65

13.2.6. Voluntary agreements 65

13.3. ECONOMIC INSTRUMENTS FOR TRANSPORT 66

13.4. ASPECTS OF INTERNALIZARON 67

13.4.1. Parties involved 67

13.4.2. Road traffic costs 68

13.4.3. Tax considerations 69

13.4.4. Economic consequences 70

13.4.5. Social consequences 71

13.4.6. The international dimensión 71

13.5. HOW TO INTRODUCE THE ECONOMIC INSTRUMENTS 71

14. REFERENCES 72





A methodology proposal to calcúlate the externalities ofliquid biofuels

1. Introduction
The market price of resources is not usually equal to their society valué. This price is often
a first approximation of social costs (only if no market distortions exists). In the case of
exhaustible resources such as oil or coal, market prices generally do not reflect the full
scarcity valué of the resources. When that happens, when a there is a divergence between
the prívate cost/benefit and the social cost/benefit, an inefficiency is being produced.

The aim of this report is to make a revisión of externalities within the economic theory,
when and why they appear, and what methods have been used to determine their economic
valué. Externalities are commonly related to the environmental and socioeconomic impact
of power generation or combustión process in the energy sector. Externalities are real costs
and they are significant in some cases. For this reason, they should not be ignored. Welfare
economics aims to maximize individual and social welfare through optimal resource
allocation. The concept of externalities has been well established in the theory of welfare
economics for more than half a century. Even Adam Smith (1776), known as the defender
of the "laissez-faire", recognized the need of Government intervention and provisión in a
number of select áreas, including the establishment of a justice system, the enforcement of
laws, the protection against invasión, and the provisión of schools and other public goods.

More than a century and a half after Smith's Inquiry into the "Nature and Causes of the
Wealth of Nations", Pigou (1946) introduced another reason for Government intervention.
He pointed out that externalities exist when the action of one economic agent influences in
the utility or production function of another, and no mechanism of compensation exists.

The problem associated with externalities raised because the externality generators
incorpórate their own costs and benefits in their calculations and ignore the incidental costs
or benefits experienced by others. The Government was seen as an outside agent that
through the imposition of taxes and subsidies could induce the externality generator to limit
(or increase) his activity.

When Coase (1960) realized that the mere existence of an externality was enough for
Government intervention. When few individuáis were involved, participants could bargain
with one another eliminating the potential inefficiency associated with the externality.

The underlying theory of externalities provides the foundation of environmental economics,
in which economic activities are understood to produce environmental costs often ignored
by the generator. If the price mechanism is not corrected for these externalities, the market
will not do an optimal job. Those resources not properly reflected in the prices (e.g.
environmental quality) will be over exploited (too much pollution) and the price
mechanism will not guarantee an optimal allocation of resources. To ensure a more optimal
welfare, external costs need to be internalized in the prices or the price mechanism needs
correction through regulation.

The first part of this report defines the externalities from a theoretical point of view and
classifies them. The reasons to valué the externalities are explained as well as the methods
exist. An evaluation of specific environmental and non-environmental externalities is also
presented.

The second part of the report reviews the current situation of the transport sector,
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considering its environmental effects and impacts. The progress made by the ExternE and
ExternE-Transport projects related the extemalities of transport sector is assessed. Finally,
the report analyses the existence of different economic instruments to internalize the
external effects of the transport sector as well as other aspects of this internalization.

2» Externalities definition
Externalities are a general term for a wide variety of costs and benefits which are ñor
included in prices. The concept of externality can be traced back to the earliest writings in
economics, including Adam Smith's "Wealth of Nations"(-published in 1776), although a
more detailed analysis had to wait until marginalist revolution carne a century later.

It can be said that the analysis of externalities has started in earnest with Sidgwick (1901),
Marshall (1922), and in particular Pigou (1924).

James Meade (1973) proposed the following definition of externality:

" An external economic (diseconomy) is an event which confers an appreciable
benefit (or costs) on some person or persons who were not fully consenting
parties in reaching the decisión or decisions which led directly or indirectly to
the event in question".

Externality is thus a very broad concept referring to any situation in which the utility level
or consumption possibility set of one individual is influenced by the activity under the
control of another, and when the impact produced is not fully accounted for by the first
group.

It easy to imagine that a great deal of human activity may genérate effects which are not
explicitly covered by existing markets. Reasons for this may include:
e Lack of defined property rights

• Lack of legal ability to:

- Transfer ownership

- Cióse contracts

- Enforce contracts

• Lack of market institutions

• Plain ignorance about all the effects and consequences of current activities and
decisions.

Other definition more present and accurate is the one used by Baumol and Oates in their
1988 study on the theory of environmental policy:

"An externality is present whenever some individual's {soy A's) utility or
production relationships include real (that is, non monetary) variables, whose
valúes are chosen by others (persons, corporations, Govemments) without
particular attention to the effect on A 's welfare. "

Then, externalities refer to the effects of real valúes, not monetary. Extemalities are a
subset of phenomena that cause such cost changes. A negative externality arises when:
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8 The production and/or consumption of the energy services causes losses of well-being
of some third party

• That loss goes uncompensated by market processes.

Positive extemalities involve third party gains in well-being that are not appropriated by the
generator of the externality.

When there are extemalities, the allocation of resources in the economy will probably be
inefficient. Economic efficiency does not cali for the elimination of all externalities, (not
even all the harmful ones), the efficiency objective calis for accepting certain harms as an
avoidable consequence of producing goods and services that maximize the welfare of the
society.

The economies with free exchange process can not be free of externalities unless:

• All the inputs were converted into outputs without matter residues, and all the outputs
were completely destroyed in their consumption.

• Property rights were defined in such a way that in all the environment attributes, those
property rights were included and could be exchangeable in competitive markets (Ayres
and Kneese, 1969).

The difficulty of this task is to determine the optimal rate of externality production. Thus,
the pursuit of efficient are not usefully be described as an attempt to minimize
environmental damages. A detailed explication of this issue will be performed later.

3* The©reíi©al fframeworik of externaiities

The theoretical framework of the externalities, from the double perspective of those who
genérate the externalities (contamination producers) and those affected by them
(consumers), are explained in the following paragraphs.

The producers maximize their benefits, that is, the difference between their revenues (price
per quantity) and their costs (related to the quantíty produced and the pollution emitted).

Maximize p*Q- C (Q, Po),

where: p is the price of the good

Q is the quantity of goods produced

C is the production cost

Po is the pollution quantity

The first order conditions in the optimization of the problem is:

p= 3C(Q, Po) / dQ and 0= 3C(Q, Po)/ 3Po

The producers maximize their benefits equaling the marginal costs of substitution to its
price (p= 3C(Q, Po) / 9Q); and the second condition is carried out when the marginal costs
of the contamination emissions equal zero (0= 3C(Q, Po)/ 3Po). The production cost is
independent to the pollution level.

On the other hand, the consumers maximize their utility function that depends on the
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consumption basket (Xn) and the level of pollution emitted by the firm polluter, subject to
budgetary restriction.

Max Uc (Xi , X2 Po)

s .aIx¡*pi<B with 3Uc/3Po<0

The first order conditions of the problem is:

uc
¡= auc (Xi, x 2 Po)/ 3Xi=¡i* p¡

where: Uc is the individual utility function

X i are the economy goods

B is the individual budget

¡i is the Lagrange coefficient

Working in the previous condition:

This equation express that the consumere equals the marginal substitution relation between
a pair of goods and the relation between those goods; additionally, they are negatively
affected by the pollution level, but they could not maximize their utility function with this
variable because its quantity is given by the producers.

The producers will produce a quantity that fulfill the first order condition and will emit
pollution without limit, because the pollution price is zero. The producers will only care
about the production cost when they calcúlate the quantity that maximizes their benefits,
but not the damage caused to the consumers.

There is then a divergence between the prívate cost of production and the social one
(including the prívate costs as well as the contamination costs).

In the following figure expresses this idea.
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Figure 1. Differences between social and private equilibrium

where: Private mgC: Private marginal costs

Social mgC: Social marginal costs

Qsoc: Optimal quantity produced from the social point of view

Qpriv: Optimal quantity produced from the private point of view

The social marginal costs curve is situated above the private marginal cost curve because in
the first curve not only the private costs are taken into account but also the cost imposed to
the society associated to the pollution emitted. So, considering the social costs, the optimal
price from the social point of view is higher than the one established by the producers, and
the quantity higher than the socially acceptable.

4. Externalities classification of the energy sector

There are a number of different energy costs categories born by third parties that should be
taken account. The following list gives an impression of the range of effects to be
considered:

• Impacts on human health: short-term impacts like injuries, long-term impacts like
cáncer, inter-generation impacts due to genetic damage.

• Environmental damages to flora, fauna, and global climate.

• Long-term costs of resource depletion

• Structural macroeconomics impacts such as employment effects.

11
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» Psychosocial costs: serious illness and death and relocation of population due to
construction or accidents.

The externalities of the energy sector can be generally classified in environmental and non-
environmental. Externalities generally relate to the environmental impacts of power
generation or the combustión process itself. Also important are the externalities that may
occur over the entire fuel cycle, and the economic externalities such as job creation. A final
type of externalities relates to the risk of overreliance on fuel sources that may have
uncertain price streams, supply availability or environmental characteristics.

The final report CSERGE/EFTEC (1995) shows that there are three potential causes for the
appearance non-environmental extemalities'.

1. Market failure: this externality refers to the distortions brought out by market behavior
because the society faces higher costs than the generator or distributor does. There are
three types within this group:

• Information asymmetry in the labor market, which means that workers in risky
occupations are not fully compensated by higher wages.

• Geographical rigidity, which means that certain áreas experience worse
unemployment than the national average. This imposes a cost on society.

• Public good nature of roads, so that fuel cycles that make a heavy demand on roads
are not charged for this, although society faces the cost of congestión, road accident
and road surface damage.

2- Government intervention failure, includes policies that cause prívate generators to pay
either higher or lower costs than they would if the interventions did not exist.

3= Energy security. Extemalities arise since society faces certain costs from over-reliance
on imported energy.

The "Federal Energy Regulatory Commission" (FERC, 1990) has classified the
environmental externalities as foliows.

- Atmospheric pollutants. This includes carbón dioxide, sulfur dioxide, nitrogen oxides,
and other air pollutants such as carbón monoxide, particulates, and volatic organic
compounds, among others. These emissions produce impacts on human health, forests,
construction materials, and visibility and on the recreational aspects of a settle área.

- Greenhouse gases. Including carbón dioxide, methane and chlorofluorocarbons
emissions to the atmosphere. These produce impacts on agriculture, human health and
economy.

- Use of hydric resources and water quality. The impacts are mainly due to the thermal
pollution and to the hydroelectric installations.

- Soil use. The installations, including the storage of liquid and solid residues, affect the
valué of the adjacent land.

In figure 2 the main pollutants, type of effects and receptors are highlighted.

12
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Figure 2. Identification of impacts

5. Reasons to valué externalifies and main approaches

The main requirement for obtaining the optimal pricmg of energy is that the price should
reflect the full social cost of production and use, and energy should be supplied at least at
social cost (prívate costs plus those costs that an economic agent is imposing on other
economic agents).

One of the main reasons for identifying and measuring the externalities associated with
energy production is to assure an insight into the optimal structure of energy sources
required to meet a given demand for energy. It will also have to include estimations of
environmental costs (direct and indirect) in the energy price that will lead to a more
efficient allocation of total social resources.

13
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Other reason is to allow a consistent comparison between various energy resources with
different prices, environmental impacts, and non-price features. This is especially important
when comparing energy conservation resources that have relatively little or no
environmental extemalities against generation resources that have significantly higher
extemalities. But is also essential for comparing different generating facilities whose fuel
and technological differences lead to significantly different pollution impacts.

The introduction in the market of new technologies based on renewable energy sources
depends largely on the market price of the energy supplied by the new technologies. As
long as the environmental costs associated with conventional energy technologies are not
considered, the viability of utility-scale renewable energy applications and others cleaner
technologies will be delayed.

By estimating the environmental costs of each environmental effect associated with an
electricity power plant, an utility can focus mitigation efforts efficiently. Controls can be
implemented where gains in economic efficiency would be the greatest. And it could be
also used market mechanisms in order to increase the efficiency when environmental
expenditures are made, as well as compensations to the society for the same percentage of
damage.

Finally, the identification of significant elements of environmental costs can guide future
research that would be of a particular valué for those effects that appear to be costly to
society as well as for effects that are highly uncertain and need further refinement.

The inefficiency caused by the extemalities (from a social point of view), makes necessary
the economic valuation of the damage produced.

When the economic agent is taking decisions he will only consider his prívate costs. A
proper regulation could internalize extemalities by ensuring their incoiporation in the
decisión calculus. Thus, internalizing extemalities will créate the conditions to include the
damages from production and consumption by those who produce the effects.

' The most direct approach is the monetization of environmental extemalities, this direct
quantification has met with controversy. A primary issue is whether control costs or
damage costs are used. Control costs represent the additional cosí of equipment to control
emissions to some specified level, while damage costs are estimates of the actual damage
caused by environmental emissions.

Although most analyst agree that the use of actual environmental damage costs is
preferable, these costs are very difficult to estímate and may also be subject of revisión over
time.

Externality valuation, from the damage costs point of view, has the objective of
determining the total economic cost of the damages imposed to the society by a specific
activity. In the case of a power plant, this could be difficult for many reasons: first,
probably not all the damages could be identified; second, interactions occur among the
pollutants and finally it is difficult to identify the individual damaged by the plant.

In the figure 3 are shown the main paths in order to estímate the total economic costs of the
damage.
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Figure 3. Site specific estimation paths

Some information is required in order to estimate the social cost of an impact:

• The magnitude of the impact, usually determined from a damage function that relates
the severity of an impact (e.g., the incidence of respiratory illness) to specific
discharges and other relevant factors.

• The social cost per unit of impact, is applied to the magnitude of the impact to calcúlate
the total social cost.

The environmental damages associated with a particular fuel cycle will depend on which
plant is being considered and when that plant is being operated. In the context of fuel cycle,
estimates of damages are derived from a number of sources, these can be classified
according to the technique used in the estimation or according to the ways in which the
activities of the fuel cycle are linked to the valuation. The method of estimating the energy-
environment relationship is referred to as the dose-response function.

The next step is to valué the impacts, using price and market data, such valuation can also
involve the use of a range of techniques, from looking at the actual loss in property valúes
attributable to the pollutant (the hedonic price method), to individuáis what their
Willingness to Pay (WTP) for a reduction in the damage or their WTA (willingness to
accept) for an increase in the damage is.

Another method that has been used to implement externalities considerations in USA is the
percentage adder approach in which the cost of "dirtier" resources is increased by some
arbitrarily determined percentage to reflect the cost of residual environmental damages.
Conversely, "cleaner" resources may receive a percentage cost credit based on their
environmental benefits.

15
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6. How to soive the externalities problem
The allocation of resources in the market not an optimum in the presence of extemalities.
When that situation occurs, the conventional practice (started by Pigou) recommends that
the State should obtain its intemalization through the collection of taxes from the
externality's generating agent.

Coase did not agree with this intervention. He established a relationship between property
rights, liability law and externalities (1960). The main result taken from Coase's paper is
the following theorem:

" While some assignment of legal rights is essential for achieving economic
efficiency, the particular allocation ofthose rights does ñor affect the efficiency
of market outcome in the absence of transaction costs."

The crucial assumption in this theorem is the lack of transaction costs. This is based on the
supposition that the number of affected parties is too small to negotiate, when the number
of individuáis affected is high, the possibility of voluntary negotiation decrease because of
the expensive coordination and administrative costs. Most of the externalities problems that
affects to the society are cases with a big number of participants when the number of
individuáis affected is generally substantial.

Another idea that should be pointed out is that the theorem only talks about the efficiency
properties of the resulting allocation. It is well established in the literature that different
assignments of legal rights may have major distribution impacts (Randall, 1972).

For a long time, conservative economists have relied on the Coase Theorem to argüe that
the bargaining between self-interested economic agents will resolve any relevant
externality. tf the involved parties cannot internalize an externality with bargaining in the
sense of Coase, it may be possible to mitígate the inefficiencies caused by the externalities
by government intervention. Pigou (1924) suggested that externalities might be internalized
by means of appropriate taxes and/or subsidies.

The Pigouvian approach has been the liberal economy standard response to any sign of
externalities for decades. Although the Pigouvian approach has only limited applicability, it
pro vides a clean model for a clear conceptual analysis of extemalities. The point is that in a
situation with a potential externality the complete removal of externality is not always the
efficient solutions.

This is illustrated in figure 4 where the marginal abatement cost curve represents the costs
of reducing some undesirable pollution with small amount and the marginal damage curve
measures the valué to the affected population of a small increase in the pollution level.
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Figure 4. Efficient pollution level (q*) and the corresponding environmental valué of
damages (p*)

The efficient pollution level is the amount of pollution at which the marginal abatement
costs equals the marginal damage caused by the pollution level. The monetary valué, p*,
represents the shadow price of the environment. This is the optimal Pigouvian tax to use if
a regulator wants to implement the optimal or efficient pollution through the use of
pollution charges. If, on the other hand, the regulator wants to implement the efficient
pollution level through a command and control mechanism, then the regulator should issue
an emission permit in the amount q*. Then, in order to determine the efficient level of
pollution and the valué of the environmental , both curves must be known to the analyst.
However, the modern research in microeconomics shows clearly that the informational
requirements of the Pigouvian approach is utterly. Furthermore, the external cost of an
activity cannot be determined without knowing its damage function. During the last twenty
years a large effort has been expanded towards developing various methods for estimating
the damage function.

7= Methods for valuing externalitSes

Many environmental and natural resources are public goods that are not exchanged in
markets and, therefore, do not have explicit pnces. However, this does not mean that these
resources do not have valué, or that injury to these goods cannot be measured as
environmental extemalities. A variety of techniques have been developed and they can be
grouped under two broad approaches to valuation: direct and indirect approaches.

The direct approach attempts to elicit preferences directly by the use of survey and
experimental techniques, such as the contingent valuation and contingent ranking methods
where people are asked directly to reveal their preference for a proposed change. Indirect
approaches are those techniques that seek to elicit preference from actual, observed market
based information.

17



A methodology proposal to calcúlate the externalities of liquid biofuels

The classification and information of the approaches to valué externalities have been taken
from Pearce & Moran (1994) and Bateman (1993).

Methods based on
market pnces

• Travel costs
• Hedpnic pricing

Conüügent valuation
Contingeñt rankín;

- Dose response
- Replacement eos;

Figure 5. Main methods for valuing externalities

7.1. Indirect approaches

7.1.1. Travel costs methods

Travel cost methods (TCM) are one approach for estimating externalities at recreational
sites. This method assumes that individuáis will respond to the monetary costs of traveling
to a site in the same way they would respond to changes in entry fees at the site.
Recreationists incur in costs when travel to a site, as well as opportunity cots associated
with the time spent traveling. These costs can be viewed as the implicit price of a visit to
the site. By looking at how different people respond to different in money travel costs could
infer how they might respond to changes.

In essence the TCM evaluates the recreational use valué for a specific recreation site by
relating demand for that site (measured as site visits) to its price (measured as the costs of a
visit). A simple TCM model can be defined by a "trip generation function" such as:

V=f(C,X)

where: V, visits to a site

C, visit costs

X, other socioeconomic variables, which significantly explain V.

The literature can be divided into two basic variants of this model according to the
particular definition of the variable V. The Individual travel cost method simple defines the
dependent variable as the number of site visits made by each visitor over a specific period.
The Zone travel cost method partitions the entire área from which visitors originate into a
set of visitors originate into a set of visitors zones and then defines the dependent variable
as the visitor rate. This method redefines the trip generation function as:

where:

Vhj/Nh = f(Ch,Xh)

Vhj visits from zone h to site j
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Nh Population of zone h

Ch Visit costs from zone h to site j

Xh Socioeconomic explanatory variables in zone h.

The visitor rate, Vhj/Nh , is often calculated as visits per 1000 population in zone h.

The travel costs approach makes the central assumption that visit costs can be taken as an
indication of recreational valué. However, if individuáis have changed their place of
residence, then the price of a trip becomes endogenous and the central assumption is
violated. Other similar problem occurs where the on-site time is not the only objective of
the trip.

The main problems associated with this method are those related with the specification of
the demand curve (how to incorpórate the time costs and the others costs), with the visitors'
typology and those related with econometric problems.

7.1.2. Hedonlc pricing

With the hedonic pricing method (HPM) an attempt is made to estimate an implicit price
for environmental attributes by looking at real markets in which those characteristics are
effectively traded. Thus "clean air" and "peace and quiet" are effectively traded in the
property market since purchases of houses and land do consider these environmental
dimensions as characteristics of property.

The hedonic price function is estimated using múltiple regression techniques from data on
property valúes and the associated attributes of the property. This, it is possible to find the
hedonic price function coefficient on the attribute of interest and this coefficient is the
marginal implicit price. It gives the additional amount of money that must be pay an
individual for this attribute.

The two HPM markets of most interest are:

® Hedonic house (land) prices, for valuing air quality, noise, neighborhood features.
Given that different locations of property assets will have different levéis of
environmental attributes and that these attributes affect the stream of benefits from the
property, then the variation in attributes will result in differences in property valúes.

® Wage risk premia, for valuing changes in morbidity and mortality arising from
environmental hazards. Since labor markets in developing countries are unlikely to
function so as to capture risk aversión, this approach currently has limited relevance in
the developing country context.

A major problem with hedonic price studies is that of multi-variable and linear dependence,
i.e. the fact that many of the explanatory variables will be related to one another. There are
a number of ways to overeóme this linear dependence, these include separating out the
individual effeets using statistical tests, or formulating all data concerning individual
pollutants into one proxy measure.

7.2. Direct approaches

These differ from the above in as much as information on market prices is used directly as a
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proxy to estímate the valué of natural resources. They include the following methods.

7.2.1. Contingent valuation methods

This method has been used to estímate valúes for numerous unpriced non-market goods.
The basic philosophy underlying the valuation is based on individual preferences, which
are expressed through a willingness to pay (WTP) for something that improves the
individual welfare, and willingness to accept payment (WTA) for something to reduces
individual welfare. The method involves setting up a carefully questionnaire which ask
people their WTP and/or WTA through structured questions.

Interest in CVM has increased over the last decade, it will be the only means available for
valuing non-use valúes. There are three basic parts to most CV survey instruments:

a A hypothetical description of the terms under which the good or service to be offered is
presented to the respondent. This will include information on when the service will be
available, how the respondent will be expect to pay for it, the quality and reality of the
service....

a The respondent is asked to determine how much is WTP or WTA for some change in
provisión.

a Response validity is tested by relating WTP responses to respondent socioeconomic and
demographic characteristics.

The main problem of this method is that there are a lot of bias that will make that the WTP
do not reflect the real preference of the respondent. The main bias are the following:

• Strategic bias: these bias depend on the respondent's perceived payment obligation and
his expectation about the provisión of the good.

• Hypothetical bias: the hypothetical nature of the market in CV studies can render
respondents' answers meaningless if their declared intentions cannot be taken as
accurate guides of their actual behavior.

• The Embedding problem: the valué of the good being sought is embedded in the valué
of the more encompassing set of goods or services reported by the respondent.

9 Information bias: the quality of information given in a hypothetical market scenario
almost certainly affects the responses received.

• Aggregation bias: there may be problems in aggregating individual valuation
responses, like sampling errors and insufficient sample size. Sampling errors include a
non-random sample being selected and used; this may result from non-responses to the
question. If the size of the sample is small, there is a risk that the characteristics of the
sample will not be representative of the general population.

• Interviewer and respondent bias: the way interviewers conduct themselves and
interviews can influence responses.

• Payment vehicle bias: a number of studies have found that WTP varíes depending on
whether an income tax increase or an entrance fee is used as a payment vehicle.

• Starting point: the suggestion of an initial starting point in a bidding game can
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significantly influence the final bid, e.g. choosing a low (high) starting point leads to a
low (high) mean WTP.

7.2.2. Contingent ranking

Based on inferring valúes from expressed ranking between altematives. Altematives tend to
differ according to some characteristic and price.

7.3. Methods based on actual market pnces

These approaches use market prices for the environmental service that is affected, or, if
market prices are not an accurate guide to scarcity, then they may be adj usted by shadow
pricing. Where environmental damage or improvement shows up in changes in the quantity
or price of marketed inputs or outputs, the valué of the change can be measured by changes
in the total consumers' plus producers surplus. If the changes are small the monetary
measure can be approximated by market valúes. Two approaches may be distinguished.

7.3.1. The dose-response approach

This approach takes a given level of pollution associated with a change in output (valued at
market or shadow prices) and tries to establish a relationship between environmental
damage and the cause of the damage.

The technique is used when dose-response functions are known. For example, it has been
used to look at the effect of pollution on health, on physical depreciation of materials and
buildings, and on agriculture.

It is mainly applicable to environmental changes that have impacts on market goods. The
dose-response function is then multiplied by the unit price of the physical damage in order
to give a monetary damage function. If the output price is not expected to change due to
variations in the supply of the environmental resources then the valué of the resource must
be measured as the difference between the profit after and before the change. But if prices
change, there will be an additional effect in the consumers' surplus; in this case, the total
welfare effect becomes difficult to determine. Uncertainty resides mainly in the errors in
the dose-response relationship.

7.3.2. The replacement cost technique

This technique looks at the cost of replacing or restoring a damaged asset and uses this cost
as a measure of the damage. The approach is correct where it is possible to argüe that the
remedial work must take place because of some constraint exists. Under such a situation the
costs of achieving the standard are a proxy for the benefits of reaching the standard.

However, if the remedial costs are a measure of damage, this supposes that the remedial
costs are being used to measure remedial benefits. To say that the remedial work must be
done implies that the benefits exceed costs, whatever the latter are. Costs are then a
minimum measure of benefits, then using replacement cost as a measure of minimum
benefits could be misleading.

Information on replacement costs can be obtained from direct observation of actual
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spending on restoring damaged assets or from professional estimates of what are the cots to
restore the asset. It is assumed that the asset can be fully restored back to its original state.
However, some damage may rise in the long term, or not be fully restorable. In these cases,
the benefits will be underestimated. Another problem is that restoration of damaged assets
may have secondary benefits in other áreas. The replacement costs will underestimate total
benefits.

8. Evaluation of specific envürommental exiernalities

Many receptors that may be affected by fuel cycles activities are valued in different ways.
In the following section it will be presented the studies related to crop damage, forests,
biological biodiversity, etc.

8.1. Crop damage

The damages from air pollution released by energy production on crops can be significant
in monetary terms. As far as, two issues arise:

• The quality of the dose-response functions and their validity

• The relevance of the price changes induced by the changes in production as a result of
pollution.

The estimated damage will depend on how much the prices are affected by the changes in
concentrations. The earliest studies simply multiplied the reduction in output attributable to
the pollutant by the market price. A fall in the yield as a result of pollution will generally
means less output at a higher market price. Producers will lose or gain depending on the
price elasticity's of their particular crops. Consumers will lose, if the market prices are at
all sensitive to output. Given that producers can sometimes gain from an increase in
pollution, not including the consumer impacts can underestimate total losses. As a result,
estimating the damage done by the pollution is more complex than the simply valuing the
reduction in yields of current crops using the available dose response function.

AED (1991) found that the crop loss in Andalucía región of Spain was in the order of 930
million pesetas (ECU 8.7 million, 1987). This result was obtained using market prices only.
Using market price in conjunction with a demand and supply model, another estímate of 1.7
billion pesetas (ECU 15.8, 1997) was found. Although there have been several reservations
about some of the functions used in this study, it represents the most comprehensive
attempt at crop damage valuation in a European country.

Since the 930 million pesetas estímate is only 50%-60% of the estímate found by allowing
for prices changes, this ¿Ilústrate the importance of calculating consumer and producer
surplus, in the case of kinds of changes in yields that are being considered.

Heinz (1980) in his estimation of agricultural damage in Germany due to air pollution
assumed that the yield of most sensitive plants fell by 10% and less sensitive plants by only
5%. He estimated total agricultural damages to be DM 125million (ECU 42.7 milion,
1997 prices).

From the review of the European studies, the following recommendations are made:
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• Estimates of damages should be carried out using a range of the European dose-
response functions, (which incorporates US studies). As an initial estímate, it seems
reasonable to assume that prices are unaffected and that only outputs in the plant in
question will change.

• Valuations should be made on the basis of gross valué using international or border
prices

9 A wide range of crops can be affected. The ones that should be looked at include:
cereals, legumes, potatoes and other root crops.

8.2. Forests

Forests are valued not just for the timber that they produced, but also for providing
recreational resources, habitats for the wildlife and ecological functions, such as storage of
carbón, soil retention,... Externality analysis should include all this aspects in the valuation.

Depositions of sulfur dioxide and nitrous oxides have become a major threat to the health
and survival of forests. In addition to the effect of air pollution they include climate effects,
outbreaks of pest and pathogens, and the long-term use of non-sustainable forest
management practices. The valuation of these damages is handicapped by uncertainties
over the relative contribution of air pollution compared to these other factors.

The categories of damages are commercial timber, recreational and non-use functions.

Commercial timber is valued by combining information on pollution-induced physical
changes with details of market prices.

Almost all-recreational damage valuations rely on the contingent valuation method, in
which the marginal impact of pollution on recreation is very rarely assessed.

The majority of studies lack data on the baseline levéis of pollants and the land área of
forest. Consequently, for these studies no attempt can be made to establish an external
marginal valuation for forestry based on per tone of pollutant.

NME (1988) calculated losses over 25-30 years from present production levéis in Norway
on the assumption that current ozone and acid deposition continué. Average timber losses
carne to ECU 140,000 per year.

Hoen and Winther (1991) established a total valué of múltiple use forestry and preservation
of virgin coniferous forests in Norway. They found a mean annual WTP per household of
ECU 16-46 and a median of ECU 6-12.

Linden and Oosterhuis (1989) looked at the continued damage by acid rain to 2010 in the
Netherlands. If no abatement policy is adopted they assumed that this would lead to 80% of
forest becoming damaged and 90% of heath becoming grassy vegetation. Timber losses
were estimated of ECU 5.62 million per year. Maintaining current conditions leads to a
WTP per household per moth of ECU 10.2.

Ewers et al. (1986) focused on the recreational valué of a forest and examined the rate of
forest loss in West Germany over the period 1984-2060. The study established a WTP per
visiting hour per person of ECU 2.55 (1993) but this cannot be associated with a measured
pollutant deposition.
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The Austrian Ministry for the Environment made a national evaluation of forest decline
attributable to air pollution. They established a total estimated forest loss of ECU 0.22
billion per year (1983). 85% of the forestry losses carne from items other than commercial
timber.

8.3. Biodiversity

Biodiversity is a complex concept which refers to variation among natural system at all
levéis from the biosphere through ecosystems to species and finally to genetic material.
Thus, biodiversity may be described in terms of genes, species and ecosystems. Energy
activity is capable of affecting all of these levéis.

There are a number of studies in Europe and USA, which measure WTP for specific species
and habitats (Pearce and Moran, 1994). With very few exceptions, however, there are of no
use valuing damages from fuel cycles as they do not relate damage to species as a function
of different activities of the fuel cycle. One notable exception is the ExternE-Project study
in Norway (EC, 1995), which undertook a CVM study. A WTP to avoid development of 8-
9 ECU/household/year was found in the neighboring área. This presumably includes a
component for loss of amenity as well as for loss of habitat and biodiversity from
hydropower development.

Some European studies that bear on biodiversity valuation have been identified.

Dahle et al (1987) estimated a WTP for the protection of the endangered Brown bear, wolf
and wolverine. An average WTP for all three creatures of US$15 (ECU 13.5, 1990 prices)
per annum per person was found.

Hervik et al (1986) interviewed people regarding the conservation of rivers against the
development of hydroelectric power plants. They found a WTP of $59-107 (ECU 53.2-
96.5, 1990) per person per year.

Bonnieux, Desaigues and Vermersch (1990) by a CVM survey, found a mean WTP of ECU
14.9 to increase the duration of the fishing season by 25%.

Contingent valuation is the only valuation technique for eliciting preferences for
environment assets that have no related market. Some techniques are available but there is
no obvious way to validate the estimated WTP for conservation. One advantage of
contingent valuation is that it can capture "existence" and "option" valúes whereas other
valuation techniques tend to focus on use valúes.

Habitat appears to be more highly valued than species which is to be expected since a wider
array of benefits is being secured through conservation of habitat than through targeting
individual species.

In table 1 the existence valuations for endagered species and valuated habitats is shown.
The valuation of species and ecosystem is very site specific and almost all these valúes are
not associated with an impact.
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Table 1. Existence valuations for endagered species and valuated habitats

Country Species or habitat Expresses valué (ECU
1990 per year per

person)

Species

Norway

USA

Brown bear, wolf and wolverine

Bald eagle

Emerald Shiner

Grizzly Bear

Bighorn Sheep

Whooping Crane

Blue Whale

Bottlenose Dolphin

California Sea Otter

Northern Elephant Seal

Humpback Whales

15.0

10.2

3.6

15.3

7.0

1.0

6.2

4.5

4.9

6.7

32.9-39.5

Habitat

USA

Australia

UK

Norway

Grand Canyon (visibility)

Colorado wilderness

Nadgee Nature Reserve

Kakadu conservation

Nature reserves

Flow country

Conservation of rivers against hydroelectric
development

22.3

2.2-4.9

23.1

32.9

32.9

23.5

48.6-88.1

8.4. Noise

The impact of noise is mainly estimated using the hedonic price approach. This calculates
the variation in house prices according to the noise level they are subjected to. The
estimation is based on econometric techniques in which house prices are regressed on a
large number of variables, including: size, age, type of constraction etc., and also including
the ambient noise level. In addition some of the studies have also used the CVM method to
estímate the costs of noise.

The studies must show the results in terms of marginal noise changes, the results are often
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presented in the form of a percentage reduction in housing valué due to Noise and Number
Index (NNI) unit increase for aircraft, or a decibel unit increase for road traffic. This will
enable some "transferability" to the final accounting framework.

The work of Pennington et al (1990) is probably the strongest European study on noise
valuation. Their data are one of the largest ever used for a study of aircraft noise and
included 3,472 observations, all of them that refer to actual market transactions. The study
obtained of 0.4 to 0.5% depreciation caused by unit increase in the noise level

8.5. Water damages

This impact category probably has the largest valuation literature but most of it is not
directly applicable to the valuation of those damages that might be caused by fuel cycles.

There are many difficulties in estimating the damage to the water from the fuel cycle. First,
it will very rarely be the case that the activity of fuel cycle will result in the elimination of
the entire amenity. Henee one has to focus on studies that give an estimate of what the
marginal valué of a resource is. And second. there are a considerable number of pathways
affecting water, these are complex and not well documented for fuel cycles and amenity.

The valuation of the marginal damages oceurring in commercial fisheries is a little easier
than recreation. It is necessary to establish a dose-response function linking different
pollutants to fish catch rates for given effort, and then calcúlate the change in the gross
valué of the catch attributable to the change in the pollutant. The main problem to this
approach is the limited number of dose-response functions for different pollutants, different
species, hydrological and climatic conditions. In the absence of such information it is not
possible to calcúlate an average loss per ton of pollutant.

Ewers and Schulz (1982) in a study on the Lake Tegeler, West Germany measured the level
of commercial catch as affected by reduced phosphorus emissions. The pollution levéis
used in the study made no reference to actual physical measures of phosphorus. The authors

. only mentioned an annual producer surplus increase of DM 12,400- DM 44,000 which they
said was gained if pollution improved from level 4 up to level 1 (cleanest).

For surface waters, valuations exist for non-ecological uses based on the cost of treatment
to reduce the phosphorous and nitrogen levéis.

Winje et al (1991) in West Germany looked at the costs of treating different pollutants in 3
sectors including publie drinking water supply, private and industrial water supply.
Pesticide residuals, chlorinated hydrocarbons and nitrate concentrations were investigated.
Treatment costs for industry = DM 120 milliom per annum (1983) and publie supply = DM
780 million per annum (1983). 60% of these additional future costs are due to nitrate
concentrations.

Recreational benefit estimation has been studied the most in the context of water. The
travel cost method is still the most prevalent method for obtaining recreational benefits
although contingent valuation has also been used frequently in conjunction with travel cost.

There are a lot of studies that estimate this impact category. Some investígate about the
damage on surface water, others on ground water, other studies calcúlate the impact on
commercial fisheries and others on recreational fisheries and non-use fisheries. Show this
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huge and variety of studies is out of the purpose of this work.

8.6. Visibility

The main pollutant concerning visibility is particulates which can affect visual range,
contrast and cause coloration. Visual range is commonly interpreted as the distance an
observer would have to back away from an object in order for it to disappear. Energy
production can also effect regional visibility trough sulfur dioxide emissions but the
resulting and particles giving off a plume are very site specific. Ideally none would like a
valuation estímate in terms of visual range lost (in km) per unit of emissions but this is not
possible to find.

The approaches most used to valué a change in visibility in a recreational or residential
setting are the CVM and hedonic pricing. The environmental impact of reduced visibility is
aesthetic in nature and is associated with a sensory experience and does not give physical
effects on the body or on possessions.

Hylland and Strand (1983) investigated the effect of air pollution on visibility. The study
was conducted in Norway. People were questioned on a national and local level about their
WTP to reduce the air pollution to the level in other Norwegian cities which will involve a
50% reduction in the annual number of days with the worst visibility level.

For a good CVM it is necessary to créate a familiarity with the object in question. This may
pro ve difficult to achieve for intangible aesthetic goods.

8.7. Land degradation

The critical issue here is if this category of impacts constitutes an environmental effect or
not. If the land has been paid for, and if its price reflects its opportunity cost, there may be
no external effect to valué.

Valuation of land impacts is relevant to the extent that the waste materials may leak into the
larger environment and pollute ground and surface waters. However, if this is the case, the
appropriate valuation is that of water damages and not that of the land degradation.

Hübler (1991) made a study on the component costs of contaminated ground water due to
soil pollution. He found an estimated valué of DM 4.1-6.9 billion. (1990). Out this, DM 2.3
billion was due to increased costs of managing the supply plant.

8.8. Material damages

Acidic deposition from the combustión of fossil fuels is the process most widely associated
with damages of buildings and materials. The main pollutants considered are SOo, NOx,
ozone, particulate matters and chlorides. Types of damage include the corrosión of metáis,
decay of building stone, embrittlement and discoloration of paper, reduced strength and
fading of textiles.

It is necessary to distinguish between materials and buildings which are "standard" and
"historie". The standard type of material damage is best estimated from dose-.response
functions and estimates of the costs of maintenance, whereas the historical type can only be
fully evaluated by combining dose response data with estimates of WTP, based on the
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contingent valuation method. The most serious problems that arise are with respect to the
estimation of the dose response functions.

Glomsrod and Rosland, (1988) have estimated the direct and indirect costs of SOa in
Norway. The direct costs have been estimated using dose response functions. The indirect
costs have been evaluated by looking at how materials damage affect growth in the
economy. The material examined include steel, paint on steel, stone, stain and wood.

Local and long rate transported SO2 emissions result in additional maintenance costs of
approximately:

• Direct costs: NOK 420 million per year 1990 (ECU 52 million)

• Indirect costs: NOK 136 million per year 1990 (ECU 17 million).

This makes an annual total of ECU 69 million. The study concludes that 27% of these costs
are due to long-range sources. Since depositions on sulphur oxides were 302,000 tones in
1990, then the damage works out at ECU 158 per tone.

The Ministry of Housing an Environment, Netherlands (1986) gives the following annual
material damage estimates:

• Steel and Zinc sheet: 40 millions DFL

• Metals: 113 millions DFL

• Concrete damage: 175-350 DFL

• Facade cleaning: 12-25 DFL

These costs are a total of 340-528 DFL (ECU 152-237). Taking depositins of SO2 as given
in Pearce et al (1992) for Netherlands as 172,600 tonnes for 1988, this yields damage
estimates of 882.6-1,371 per tonne of SO2.

Feenstra (1984) looked at date on restoration and prevention costs in the Netherlands. He
included in his study the damage done by air pollution to monuments, objects of art,
archives and buildings. He estimated that the restoration costs of monuments in the
Netherlands amounted to DFL 695-1158 (ECU 312-519) per tone of SO2. The most
criticism of such a study is that it does not base the valúes of historie monuments on WTP
for the aesthetic and cultural valúes, but on cost restoration.

Navrud (1990) estimates the existence and bequest valué of one specific historie building,
the stone church of Nidarosdomen. A survey is used to elicit the WTP to preserve the
original church instead of preserving it through restoration.

8.9. Health

Health impaets are probably the most important of all fuel eyele impaets, but also the ones
that are most difficult to measure. There are great difficulties in estimating dose-response
functions.

The literature on the health impaets are strongly dependent on studies carried out in the
USA.

The health impaets are divided into the following categories: mortality impaets, morbidity
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impacts and accidents.

8.9.1. Mortality impacts

The mortality approach in the valuation literatura is based on the estimation of the WTP of
a change in the risk of death. This is converted into the "valué of a statistical life" by
dividing the WTP by the change in risk.

Estimates of the WTP for a reduction in risk or the WTA of an increase in risk have been
made by three methods:

• There are studies that look at the increased compensation individuáis need, other things
being equal, to work in occupations where the risk of death at work is higher. This
pro vides an estimate of the WTA.

• There are studies based on the CVM method, where individuáis are questioned about
their WTP and WTA for measures that reduce the risk of death from certain activities.

• Researchers have looked at actual voluntary expenditures on items that reduce death
risk from certain activities.

8.9.2. Morbidity impacts

The WTP for an illness is composed of the following parts: the valué of the time lost
because of the illness, the valué of the lost utility because of the pain and suffering and the
costs of any expenditures on averting and/or mitigating the effects of the illness. To valué
these components researchers have estimated the cost of illness, and used CVM methods as
well as models of averting behavior.

The cost of illness (COI) is the easiest to measure, based on the actual expenditures
associated with different illness. The costs of lost time are typically valued at the post-tax
pre-wage rate.

The CV method is the only approach that can estimate the valué of the pain and suffering.
The difficulties are those generally associated with the use of CVM and, allowing for the
fact that it is difficult to know which of the many costs are included in the responses that
are given.

A large number of studies, using COI as well as CVM methods have been used to estimate
several categories of Restrictive Activity Days (RADs). These are differentiated by illness
and by severity impact.

8.9.2.1. Chronic Illness

The valuation of the chronic illness is largely in terms of the COI approach, although there
are a few CVM studies. The COI approach includes the direct as well as the indirect costs
of the illness. The CVM approach operates in terms similar to the valué of statistical life
(VSL).

8.9.2.2. Accidents

The final category of impacts is those related to accidents caused by the various activities
of the fuel cycle. Accidents occur both to those employed in the energy industry, as well as
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to the general public.

Accidents are interpreted as the failures of the operating processes and exelude the impact
of the pollutants. For those that are directly employed in the sector, the key issue is the
extent to which such impaets are internalized.

For deaths, the recommended VSL should be used. For injuries, the costs should be based
on the costs of illness plus any compensation that is payable for that accident, treating the
latter as a proxy for the pain and suffering. For individuáis not directly employed in the
industry, the cost of an accidental death is valued in the same way.

There are a lot of studies that have estimated this impact. For this, in this category it is
prioritized the methodological aspeets more than the empirical results.

9. Evaluation of specific non-environmental externalities.
Tax revenues, energy security, Gross Domestic Product, and employment are among the
non-environmental externalities. In this part of the report, only the effeets on employment
will be explained in detail.

There is a controversy between the economists. Some economists claim that forming a
renewable industry will not créate new jobs, but could suppose an exchange of workers
from one industry to another. Other economists assert that this is not a simple case of
transferring jobs from one industry to another because renewable energy production is
relatively labor intensive, compared to most energy production today. Positive externalities
from job creation will only arise when the fuel eyele workers were previously unemployed,
and would remain so otherwise.

The employment created could be direct or indirect. Indirect employment is the one created
in other sector of the economy because of the demand of goods and services generated by
the project. This new demand comes from two sources: first, the investment needed for the
implementation stimulates economic activity through the multiplier effect; and second, the
economy is also stimulated by the increase of consumption produced by the increment in
workers income. The pathway for direct and indirect employment creation is shown in
figure 6.
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Figure 6. Émployment creation pathway

There are a lot of studies conceraing the effects on émployment; in this part it will be
pointed out the impacts on émployment of bioenergy, photovoltaic and wind energy.

The conclusión of the study Grassi G. (1994) says that large-scale exploitation of bionergy
in the European Union will offer great opportunity for the creation of new jobs. For
example, more than 800 additional jobs could be originated in the EU by the substitution of
1 TWh/year of bioelectricity, in replacement of the same amount of power produced from
fossil fuels. Assuming that the objectives of the action plan (Declaration of Madrid/16
March 1994) will be attained -230 TWh after the year 2010- a total number of 185.000
direct additional jobs could be created globally only in the power generation sector. It
should be taken into account the following points:

• The manpower level required for the production of biomass resource is about 5 times
higher in comparison of the one needed for the production of fossil fuels.

• The level of direct jobs needed for the operation biolectricity systems is about 4 times
higher of that one required for the operation of fossil fuel power plant.

A more recent study from the EC (1997a), which goal is achieving a 12% penetration of
renewables in the Union by 2010, distinguish the following results in terms of émployment:

The model predicts for 2010 a net émployment of 500,000 jobs directly created in the
renewable energy sector and indirectly in the sectors that supply the sector. This is a net
figure allowing for losses of jobs in other energy sectors. Sectorial studies performed
mainly by the industry give much larger émployment figures.

The European Wind Energy Association (EWEA) estimates that the jobs to be created in
2010 by the wind sector will be between 190,000 and 320,000, if 40 GW of wind power is
installed.

The European Photovoltaic Industry Association (EPIA) estimates that a 3 Gwp installed
power in 2010 will créate approximately 100,000 jobs in the PV sector.
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The European Biomass Association (AEBIOM) believes that the Biomass employment
figures in the TERES II study are underestimated and that the employment in the sector
will increase by up to 1,000,000 jobs by 2010 if the biomass potential is fully exploited.

The European Solar Industry Federation (ESIF) estimates that 250,000 jobs will be created
in order to meet the solar collector 2010 market objective.

While it is not possible to reach any hard conclusions as is the likely cumulative level of
job creation which would derive from investments in the various forms of renewable
energy sources, it is quite clear that a movement towards such energy sources will lead to
significant new employment opportunities.

A report addressing the economic impact of photovoltaic manufacturing was done in by
DOE (1992). It is a regional economic analysis of the Advanced Photovoltaic System
(APS) manufacturing facility on the San Francisco Bay área. Full operating capacity of the
plant is 10 MWs per year. Findings of this study include:

• The APS facility is expected to provide peak employment of approximately 80
individuáis during three shifts of operation and 60 individuáis during construction.

• The facility is expected to genérate $40 million in direct annual sales at full operating
capacity.

• The direct annual sales will lead to a total of almost $85 million annually in direct and
indirect impacts on the regional economy.

• Given the above figures and national production of 14 MWs of PV modules in 1990,
direct sales for the US amounted to $73.8 million and 1,558 jobs. Extrapolating this
data using the 34.2 MWs of PV production in 1995, leads to direct sales of around $180
million and 3,801 jobs.

In California there are more than fifty businesses directly related to wind energy,
employing 1,200 people. An additional 4,300 jobs have been created to opérate and service

' the turbines (Clean Energy Campaign, 1994).

Germán wind farms are earning DM 1 billion ($700 million) per year and providing 1.400
direct jobs. Indirectly, at least 10,000 jobs in northern Germany are linked to wind power
(The Solar Letter, 1996).

The issue of valuing the employment and other economic attributes is problematic.
Externalities due to job creation arise depending on the labor market conditions. In the
project "Strategy for the Introduction of Biomass Power Plant in Spain (BIOSTR, 1998)",
the valué of the employment benefit was measured as the money that the government
would save for not paying the unemployment people.
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10. TRANSPORT SECTOR SITUATION

10.1. Introduction

In this section the environmental effects and impacts of transport are briefly shown. These
impacts should be taken into account in order to estímate the total economic valué of
transport activities and after internalize the externalities of the transport sector.

Throughout history, improvements in transportation systems have aided economic growth,
and efficient transportation continúes to be a key ingredient in the overall standard of living
in OECD Member countries. Transport confers considerable economic and social benefits
on society. However, as transportation systems have expanded, there have been many
adverse impacts.

Motor vehicle emissions into the air are significant class of pollutants. They are mostly
complex and comprise several hundred compounds that reside in the atmosphere as gases,
aerosols or particles. Many of these compounds are transformed after emission into
secondary pollutants that are sometimes more harmful than their directly emitted
precursors.

Air pollutants emitted by motor vehicles include carbón monoxide (CO), carbón dioxide
(CO2), sulfur oxides (SOX), suspended particulate matter (SPM), nitrogen oxides (NOX), and
numerous gaseous organic carbón compounds, chiefly hydrocarbons (HC), referred to
collectively as volatile organic compounds (VOCs). The presence of several highly reactive
species makes VOCs, acting with NOX, the major motor-vehicle-related precursors of
tropospheric ozone (O3).

In áreas of high concentration of population, particularly cities, motor vehicles emissions
pose direct risks to human health. Health effects linked to emissions from mobile sources
include aggravated respiratory symptoms and increased cáncer morbidity and mortality
associated with exposure to 1,3-butadine, benzene, polynuclear aromatic hydrocarbons, and
other carcinogens arising for the most part from incomplete fuel combustión. Emission
from gasoline and diesel fuel contains mutagenic or carcinogenic substances in particulate
and gaseous emission.

Motorized transportation results in several harmful emissions that are not directly related to
the use of fossil fuels in internal combustión engines. These include emissions into air and
water arising from the manufacture and disposal of vehicles and infrastructure, for example,
those from the production and recycling of lead and other batteries and from the production
of cement for roads and bridges.

In table 2 sources and impacts of the principal motor-vehicle-related air pollutants are
shown.
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Table 2. Sources, and

Pollutant

Suspended
particulate matter
(SPM)

Lead (Pb)

Carbón
monoxide(CO)

Nitrogen Oxides
(NOx)

Volatile organic
compounds
(VOCs)

Tropospheric
ozone (O3)

Melhane (CI-I.t)

Carbón dioxide
(CO2)

Nitrous oxide
(N20)

Chlorofluoro-

Carbons (CFCs)

ímpacts of the principal motor-vehicle-related air pollutants.
Type of impact

Local

High
concen-
trations

k

• . ' •• ' , ;• . -

Sí"

Regional

Acidifi-
cation

. • * • ' • .

Photo-
Chemical
oxidan ts

Global

Indirect
Green-
house
Effect

•v

" >

Direct
Green-
house
Effect

• w

A

Strato-
spheric
Ozone

Depletion

í;- .

Source of emission

Products of incomplete combustión of fuels; also
from wear of brakes and tires

Added lo gasoline to enhance engine performance

Incomplete combustión product of carbon-based
fuels

Formation from fuel combustión at high
temperatures.

Combustión of peüoleum products; also evaporation
of unburnt fuel.

Not exhaust gas; product of photochemical reaction
of NOx and VOCs in presence of sunlight

Leakage during production, transport, filling and use
of natural gas

Combustión product of carbón- based fuels

Combustión product of fuel and biomass

Leakeage of coolant condiüoning systems

Health effeets of pollutants

Irritates mucous membranes; increased
respiratory symptoms, pulmonary effeets

Affects circulatoty, reproductive and
nervous systems

Reduced oxygen-carrying capacity of the
red blood cells

Irritates lungs, increases susceptibility to
viruses

Irritates eyes, causes intoxication,,
carcinogenic

Irritates mucous membranes of respiratory
systems, impairs immunities
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Worldwide, the transport sector accounts for more than 60% of oil producís, which
constitute about the 98% of transport energy use. The latter percentage has increased from
92% in 1960 in spite of the efforts made by many governments to encourage substitution of
other fuels, non-renewable and renewable. In OECD countries, road vehicles are
responsible for more than 80 per cent of oil use for transportation.

The consumption of energy resources by the transport sector is directly related to the
emission of atmospheric pollution from mobile sources caused largely by the burning of
motor gasoline and diesel. Particularly diesel fuel and gasoline genérate different types of
air pollutants. Diesel powered vehicles emit less carbón monoxide (CO) and nitrogen
oxides (NOx) than gasoline-powered vehicles but more aromatic volatile organic
compounds and particles which may have carcinogenic effects. In addition, diesel
combustión generates emissions of sulphur dioxide (SO?) but not emissions of lead. Fuel
quality and the use of unleaded gasoline greatly influence lead emissions.

The only major substitution of transport fuels in recent times has involved the substitution
of diesel fuel for gasoline, a result of the greater use of diesel-fueled light-duty goods and
passenger vehicles. In OECD countries, this raised the share of diesel fuel from 16% in
1973to27%in 1991.

After falling in the early 1980s, world oil use is rising again, largely on account of
industrialization in non-OECD countries and transport uses everywhere.

Authoritative sources suggest that there are proved reserves of oil sufficient to last 35-50
years at the present rates of extraction. One can argüe that as the resource becomes scarcer,
prices should increase, thus encouraging more cautions use of the resource and
development of new technologies.

There is also a security issue for OECD countries whose transportation systems rely almost
entirely on a resource that for the most part has to be imported from elsewhere, often from
places characterized by a high degree of political volatility; about two thirds of the world's
proved oil reserves are in the Persian Gulf área.

Transportation constitutes the major use of a non-renewable natural resource, oil, for which
renewable substitutes are not being developed at a commensurate rate. In several respects,
perhaps most persistently in terms of raised level of atmosphere carbón dioxide,
transportation results in emissions that appear to exceed the assimilative capacity of the
envirónment. Moreover, presents tends are for transportation activity to increase and,
consequently, for the impacts of transportation to worsen unless measures are adopted that
more than offset these trends.

10.2. Environmental Effects ofthe Transport Sector

The transport sector has several environmental effects. They could be divided in global,
regional and local effects.

10.2.1. Global effects

Carbón dioxide is an input/output of the metabolism of plants and animáis, and is regularly
recycled through the biosphere, atmosphere, and oceans in a complex system that appears

35



A methodology proposal to calcúlate the externalities ofliquid biofuels

set to maintain the surface temperatura of the Earth at about +15°C. The buraing of large
amounts of carbón stored in fossilized plants can load the increasing for about a century,
roughly in step with the increased fossil fuel use associated with industrialization and with
the growth in motorisation of transport.

Between 1973 and 1988, carbón dioxide emissions from transportation increased by 30%
worldwide to 773 million tones. Emissions of NOx, VOCs, and CO from motor vehicles
also contribute to increase tropospheric ozone, another important greenhouse gas. Ozone in
the "free" troposphere above the boundary layer is steadily increasing on a global scale.

Effects of motor-vehicle related air pollution on the global scale include atmospheric
accumulation of persistent pollutants. Unlike emissions of conventional pollutants,
persistent pollutants are not reduced or removed from the atmosphere through chemical
reactions or other means; they can remain in the environment for several hundred years or
more. Because of this durability, even persistent pollutants emitted in very small amounts
can reach harmful ambient levéis across several years. Such pollutants can be widely
dispersed, affecting the environment on a global scale. Chlorofluorocarbons are among the
more familiar motor-vehicle-related persistent pollutants.

10.2.2. Regional effects

The combustión of fossil fuels has regional effects that result chiefly from the production of
eutrophicating, acidifying, and oxidising gases that are transported within the troposphere.

The most pervasive air pollution problem in áreas with températe climates is tropospheric
ozone, a photochemical oxidant resulting from the reaction of nitrogen oxides and VOCs in
the presence of sunlight.

Emission of sulphur and nitrogen compounds, their chemical transformation, atmospheric
transport, and deposition are the causes of acid deposition. NOx emissions play a major role
in the formation of acids and in acid deposition. Motor vehicle emissions are responsible
for about 25% of total acid deposition in Western Europe.

10.2.3. Local effects

The local effects of fossil fuel use are similar to the regional effects, but they are generally
more intense and more notably include the effects of carbón monoxide and combustion-
produced airborne particulate matter.

10.3. Main Environmental Impacts of the Transport Sector

The environmental effects of transport sector could also be classified by the impacts on
human health, on environment, and finally on global warming:

10.3.1. Health Impacts

There is very substantial epidemiological evidence of adverse acute health effects of
particulate air pollution; and strong, but much less widespread, epidemiological evidence of
chronic health effects. However, ambient particles are a complex mixture, varying in size
and composition.
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Recent epidemiology suggests differences in acute effects of air pollutants between Europe
and North America. For acute mortality, the estimated effect of particles (PMio) is
generally lower in Europe while the new estimates for respiratory hospital admissions in
Western Europe are about one-half of those estimated previously for ExternE (EC, 1997b),
using US data.

The situation regarding ozone is less consistent. The estimated effect of ozone on acute
mortality is much higher in Europe than US, where evidence is from high-ozone regions
only.

10.3.2. Impacts on natural and man-made environment

The transport activities have a lot of effects on the environment such as acidification,
tropospheric ozone oxidants, chemical risk, forest degradation, management of freshwater,
and urban stress.

- Acidification. The acidification of the soils by deposition of sulphur and nitrogen
compounds is a well-documented and serious problem. For example in the Netherlands, the
road transport is estimated to affect in 25% the acidification problem.

- Tropospheric ozone and other photochemical oxidants. Ozone concentrations in the lower
atmosphere reach levéis detrimental to natural vegetation and crops. Ozone and other
photochemical oxidants are secondary pollutants produced by chemical reactions involving
especially nitrogen oxides and volatile organic compounds. Road transport, with 63% of
NOx emissions and 39% of VOC emissions, is clearly the major emitter of ozone
precursors.

- Chemical risk Transport activities result in the emission in the atmosphere of heavy
metáis and polynuclear aromatic hydrocarbons (PAHs). Heavy metáis are in essence non-
degradable and some slowly degradable PAHs are referred to as persistent organic
pollutants. Deposited on ground, they can accumulate in the upper layer of the soil with
secondary worrying effects. They can be ingested with soil by earthworms or grazing
animáis and enter into food chains. The metáis released to soil solution can inhibit soil
micro-organism activity, be taken up by plant roots, or leached into groundwater, thus
affecting drinking water quality.

- Forest degradation. The damages are partly natural (diseases, pests, climatic stresses) but
the pollution appears as a crucial cause of weakening. The forest degradation phenomena is
complex and transport activities are implicated simultaneously by many pathways (soil
acidification, exposure to ozone, surface accumulation of heavy metáis, eutrophication by
excess nitrogen deposition...)

- The management of freshwater. Transport activities are a diffuse source of pollution of
freshwater by the way of atmospheric deposition. Acidification of waters has profound
impacts on the biological communities of rivers and lakes. A short way of surface water
chemical contamination by transport pollutants is by runoff.

- Urban stress. About half the energy consumption of road transport takes place in the
cities; motor vehicles are the major source of urban air pollution. The urban transport
represents a nuisance for the well-being, in terms of noise, visibility impairment, use of
land resources, degradation of the urban landscape, .... Owing to the conjunction of a high

_



A methodology proposal to calcúlate the externalities ofliquid biofuels

density of emissions of primary pollutants and a high density of receptors, cities are also
places of the major impacts on materials.

10.3.3. Impacts on global warming

Damages due to climate change are one of the most important categories of fossil fuel
emission related damages, but also amongst the most uncertain and controversial. Climate
affects a wide range of systems and human activities: health, sea level rises, agriculture,
water, ecosystems and biodiversity and extreme events.

Carbón dioxide is produced when fossil fuels are used to genérate energy and when forests
are cut down and burned. Methane and nitrous oxide are emitted from agricultural
activities, changes in land use, and other sources. Industrial processes reléase CFCs and
other gases, while ozone in the lower atmosphere is generated indirectly by automobile
exhaust fumes.

Rising levéis of greenhouse gases are expected to cause climate change by absorbing
infrared radiation, these gases control the flow of natural energy through the climate
system. The climate must somehow adjust to the "thickening blanket" of greenhouse gases
in order to maintain the balance between energy arriving from the sun and energy escaping
back into space.

Climate models predict that the global temperature will rise by about 1 -3.5 °C by the year
2100. This projected change is larger than any climate change experienced over the last
10,000 years. It is based on current emissions trends and assumes that no efforts are made
to limit greenhouse gas emissions. There are many uncertainties about the scale and
impacts of climate change, particularly at the regional level. Because of the delaying effect
of the oceans, surface temperatures do not respond immediately to greenhouse gas
emissions, so climate change will continué for many decades after atmospheric
concentrations have stabilized. Meanwhile, the balance of the evidence suggests a
discernible human influence on the global climate.

Climate change is likely to have a significant impact on the global environment. In general,
the faster the climate changes, the greater will be the risk of damage. The mean sea level is
expected to rise 15 -95 cm by the year 2100, causing flooding of low-lying áreas and other
damage. Climatic zones (and thus ecosystems and agricultural zones) could shift towards
the poles by 150 - 550 km in the mid-latitude regions. Forests, deserts, and other
unmanaged ecosystems would face new climatic stresses. As a result, many will decline or
fragment and individual species will become extinct.

People and ecosystems will need to adapt to future climatic re gimes. Past and current
emissions have already committed the earth to some degree of climate change in the 21st
century. Adapting to these effects will require a good understanding of socioeconomic and
natural systems, their sensitivity to climate change, and their inherent ability to adapt. Many
strategies are available for adapting to the expected effects of climate change.

Stabilizing atmospheric concentrations of greenhouse gases will demand a major effort.
Based on current trends, the total climatic impact of rising greenhouse gas levéis will be
equal to that caused by a doubling of pre-industrial COT concentrations by 2030, and a
trebling or more by 2100. Freezing global CO2 emissions at their current levéis would
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postpone CO2-doublmg to 2100. Emissions would eventually have to fall to about 30% of
their current levéis for concentrations to stabilize at doubled -CO 2 levéis sometime in the
future. Given an expanding world economy and growing populations, this would require
dramatic improvements in energy efficiency and fundamental changes in other economic
sectors.

Many options for limiting emissions are available in the short- and medium-term.
Policymakers can encourage energy efficiency and other climate-friendly trends in both the
supply and consumption of energy. Key consumere of energy include industries, homes,
offices, vehicles, and farms.

Efficiency can be improved in large part by providing an appropriate economic and
regulatory framework for consumers and investors. This framework should promote cost-
effective actions, the best current and future technologies, and "no regrets" Solutions that
make economic and environmental sense irrespective of climate change. Taxes, regulatory
standards, tradable emissions permits, information programs, voluntary programs, and the
phase-out of counterproductive subsidies can all play a role. Changes in practices and
lifestyles, from better urban transport planning to personal habits are also important.

Reducing uncertainties about climate change, its impacts, and the costs of various response
options is vital. In the meantime, it will be necessary to balance concems about risks and
damages with concems about economic development. The prudent response to climate
change, therefore, is to adopt a portfolio of actions aimed at controlling emissions, adapting
to impacts, and encouraging scientific, technological, and socioeconomic research.

10.4. The Role of Biofuels

The biofuel industry has many positive aspects in terms of energy dependency, and also
because its contribution to the protection of the environment and the quality of Ufe.

It is generally accepted that oil reserves are sufficient to meet our needs for the next forty
years. Yet with 80% of these reserves located in the Middle East, price hikes resulting from
the creation of producer cartels or political instability.

The use of biofuels offers many advantages for the environment. Used in their puré form as
additive, they reduce to some extent the CO? emissions that are mainly responsible for
global warning; the CO2 cycle is shorter than the one for fossü fuels and the energy balance
is also positive. Biofuels do not contain sulphur, and for that reason it does not contribute to
the problem of acid rain. As regards emission of nitrogen oxides, unburned hydrocarbons
and carbón monoxide, these depend on the equipment fitted to engines and also on engine
temperature.

Producing and using biofuels as transportation fuels can help reduce CO2 buildup in two
important ways: by displacing the use of fossil fuels, and by recycling the CO2 that is
released when it is combusted as fuel. By using biofuels instead of fossil fuels, the
emissions resulting from fossil fuel use are avoided, and the CO2 content of fossil fuels is
allowed to remain in storage. Further CO2 reductions occur because the plants and trees that
serve as feedstocks for biofuels require COo to grow, and they absorb what they need from
the atmosphere. Thus, much or all of the CO2 released when biomass is converted into a
biofuel and burned in automobile engines is recaptured when new biomass is grown to
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produce more biofuels.

Extensive analysis is required to determine actual CO2 reductions that can be achieved by
replacing fossil fuels with biofuels for transportation fuel. In order to accurately and
objectively predict these reductions, every activity involved in transforming biomass into
usable fuel—including planting, growing, harvesting, and transporting biomass feed-stocks,
as well as converting, distributing, and actually using the final fuel product—needs to be
analyzed. Such start-to-finish examination of a fuel is known as fuel cycle analysis.

The National Renewable Energy Laboratory (NREL) of the US DOE has used fuel cycle
analysis to project CO2 emissions reductions when bioethanol is used instead of gasoline.
The specific types of fuels compared are reformulated gasoline (RFG) and E95. RFG is a
traditional blend of gasoline used in most áreas of the country now, and E95 is a blend of
95% ethanol and 5% gasoline. Analyses have produced a range of reductions based on
various fuel efficiencies of automobiles and various feedstocks used to make bioethanol.
Reports are available which break out these valúes and specify the assumptions used, but
the following sums up the results of NREL's analyses. For every gallón of RFG that is
displaced by using bioethanol, 7.3 to 10 kilograms of CO2 emissions (1.8 to 2.5 kilograms
of carbón equivalent) are avoided. Long-term projections are based on these figures and
conservative projections for the bioethanol market. According to these, in 2010, based on
bioethanol production of 4 billion gallons per year, between 27.2 and 33.8 million metric
tons of CO2 emissions (6.8 to 8.5 million metric tons of carbón equivalent [mmMTCe])
will be avoided each year. By 2020, based on bioethanol production of 9.5 billion gallons
per year, between 64.6 and 80.2 million metric tons of CO? emissions (16.5 to 20
mmMTCe) will be avoided each year.

1 1 . ECONOMIC VALUATI0N OF ENVIRONMENTAL EXTERNALITIES

11.1. Background

Traditionally the economy has ignored externalities and the policy makers have chosen
"command and control" methods in order to introduce a legislation for environmental
issues. However, there is a growing interest in adopting a more sophisticated approach for
the quantification of the environmental and health impacts of energy use. This is being
driven by the following factors:

• The need to intégrate environmental concerns when choosing between different fuels
and energy technologies

• The need to evalúate the costs and benefits of stricter environmental standards

• Increased attention to the use of economic instruments for environmental policy

• The need to develop overall indicators of environmental performance of different
technologies to enable comparisons between technologies

• Different policy initiatives to encourage competition and the market mechanism in the
energy sector (e.g. privatization, limiting of subsides, liberalization of energy markets).

Two broad methodological approaches have been used for the evaluation of externa! costs,
they are usually described as "top-down" and "bottom-up".
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The "Top-down" approach uses highly aggregated data, for example national emission and
impact data, to estímate the damage costs of particular pollutants. This methodology
predominates in most published studies. It has relatively low data requirements and may
give reasonable estimates for average damage costs. In addition, the methodology is not
suited to calculation of marginal costs, this approach does not allow for any consideration
of variation in impacts due to location or time.

Hohmeyer's study (1988) is certainly one of the first important attempts to estímate
externalities using a "top-down" approach. First, he identified other studies' estimates of
the total damages attributed to air pollution; he then estimated the fraction of the total
emissions that arise from electric power generation using fossil fuels; and finally he
multiplied this fraction by the health costs attributed to air pollution. The result is an
estimate of the health damages from fossil fuels.

The bottom-up methodology (known as the damage function or impact pathway approach)
uses technology specific emissions data for individual locations. This is used with pollution
dispersión models, detailed information on the location of receptors and thoroughly
reviewed dose-response functions to calcúlate the physical impact of the incremental
emissions. These impacts are then valued using the different economic techniques. This
approach overcomes many of the weaknesses of top-down approach although the
calculation of externalities is rendered difficult by a range of problems: dependence on
technology, dependence on site, uncertainties in the causes and nature of impacts to health
and environment...

11.2. The ExternE project

The ExternE-Externalities of Energy Project is one of the most important studies that uses
bottom-up approach to estimate the external costs of energy sources. It started in 1991 as a
collaborative study between the European Commission and the US Department of Energy.
It aimed to be the first systematic approach to evalúate the external costs of a wide range of
different fuel cycles. The principal objective of the ExternE Project was to develop a
unified methodology for quantifying the environmental impacts and social costs associated
with production and consumption of energy.

The project has resulted in an operational accounting framework for the quantification and
monetarisation of priority environmental and other externalities. This framework allows the
calculation of the marginal external costs and benefits for a specific power plant, at a
specific site using specified technologies. The emphasis is on the methodology rather than
calculation of valúes of external costs.

Quantification of impacts is achieved through the damage function, or impact pathway
approach. This is a series of logical steps that traces the passage of a pollutant (or other
environmental burden) from the place where it is emitted to the final impact (also called
endpoint) on the receptors that are affected by it. The principal steps of this methodology
can be shown in the following figure.
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Figure 7. Steps of the analysis.

Emission: characterization of the relevant technologies and the environment burdens
they impose (e.g. tons of NOX per GWhe emitted by power plant).

Dispersión: calculation of increased pollutant concentrations in all affected regions.

Impact: characterization of the population or receptor exposed to incremental pollution:
identification of suitable exposure-response functions; and linkage of these to give
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estimated physical impacts (e.g. the number of cases of asthma due to increase in O3).

• Cost: the economic valuation of these impacts (e.g. multiplication by the cost of an
incident of asthma gives the damage cost).

The main methodology stages in order to estimate the economic valué of extemalities are
the following:

• Site and technology characterization

• Identification of fuel chain burdens

• Identification of impacts

• Priorisation of impacts

• Quantification of impacts

© Economic valuation

• Assessment of uncertainty

A software tool, Ecosense, was developed within the framework of the ExternE National
Implementation Project to support the assessment of some damages from the fuel cycle.
This software tries to support the assessment of priority impacts resulting from the
exposure to airbome pollutants, namely impacts on health, crops, building materials,
forests, and ecosystems. Ecosense does not cover global warming because of the very
different mechanism and global nature of impact. Occupational or public accidents are not
included either because the quantification of impacts is based on the evaluation of statistic
rather than on modeling.

After the impacts are quantified in physical terms, the valuation can be performed using
market prices where available. However for a wide range of impacts such as increased risk
of death or loss of recreational valúes, there are no direct market prices that can be used.
The valuation of the impact has therefore to be indirect. The approach followed is based on
the quantification of individual willingness to pay (WTP) for environmental benefit, or
willingness to accept payment (WTA) for environmental cost.

11.3. The ExternE-Tmnsport project

The aim of this project was to develop a new methodology for quantifying energy related
environmental extemalities of transport based on bottom-up approach, this approach
applies a detailed model of emissions and impacts. It is possible to address different fuels,
technologies and sites as well as policy measures in a detailed way. These advantages allow
to build-up a comprehensive and consistent accounting framework for estimating external
costs of transport activities.

The methodology developed was applied to several case studies in Germany, the United
Kingdom, the Netherlands, France, Greece and Italy. Environmental extemalities dues to
passenger and goods transport were assessed for road, rail, and inland waterway transport
technologies. Different fuels and emission reduction technologies were studied (Bickel et
al, 1997)

The starting point was the methodology developed for the electricity generation sector
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within the ExternE project on fuel cycle analysis. The project adopted the "impact
pathway" approach for the assessment of impacts and associated costs resulting from the
supply and the use of energy. The "impact pathway" is the sequence of events, which links
a burden to an impact.

In the ExternE Transport Project a considerable number of priority impact pathways were
identified and addressed. The focus lay on the development and application of a
methodology for quantifying the external costs due to energy conversión processes.
Therefore, only impacts of airbome pollutants and greenhouse gases were assessed in
detail. For a comprehensive assessment of transport externalities, impacts due to accidents,
noise, etc. Should be taken into account.

The assessment of the effects of individual transport technologies are closely related to:

• The technologies used

• The location of the transport activity and its emissions

• The type of fuel used

• The emissions due to production, maintenance and disposal of vehicles and
infrastructure.

Each of these factors is important in determining the magnitude of impacts and the
associated externalities.

The stages on the methodology to estimate the economic valué of externalities of the
transport sector are the following:

• Identification of fuel chain burdens

• Identification of impacts

• Priorisation of the impacts

• Quantification of impacts

• Economic valuation

• Assessment of uncertainty

11.3.1. Up and downstream processes
One of the central features of the ExternE Methodology is that the impacts from all stages
of the fuel cycle are considered. Thus, for transport the impacts from fuel production,
vehicle production, maintenance and disposal, and the supply of infrastructure were
considered in addition to vehicle use.

A detailed collection of prirnary data from up-and downstream processes was beyond the
scope of the project, estimates had to be based on existing studies. The studies give average
valúes for energy use and emission of the different life-cycle stages. It was decided to use
Maibach et al (1995) as data source for several reasons: it covers the MI range of process
steps with a common methodology; data are provided for all technologies considered in the
case studies; and finally, the nature of relevant emissions was carefully checked and
adjusting estimates were made where necessary for a correct impact assessment.
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11.3.2. Impact-Pathway Method

In the following figure the impact-pathway method is shown.

Stepi

EMISSIONS
(e.g. Kg NOx/vehicle km

for vehicle X/trajectory Y)

Step2

DISPERSIÓN MODELS
change of concentrations
(Eg. u/m3N0x in affected

regions in Europe)

n
StepS

1W1PACT
(e.g. flmpact INIQx on human heaflth)

DAMAGE
(e.g. mECU/vehicie-km)

Figure 8. The impact pathway approach.

For the transport sector the following stages have been considered: identification of fuel
chain burdens, identification of impacts, priorisation of impacts, quantification of impacts,
economic valuation, assessment of uncertainty

11.3.2.1. Identification offuel chain burdens

The term barden relates to anything that is, or could be, capable of causing an impact of
whatever type. During the identification of burdens no account should be taken of the
likelihood of any particular burden actually causing an impact, whether serious or not. The
purpose is simply to catalogue everything to provide a basis for the analysis of different
fuel chains to be conducted in a transparent manner, and to provide a firm basis for revisión
of the analysis as more information on the effect of different burdens becomes available in
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the future.

11.3.2.2. Identification of impacts

This part of the work involves the identification of the potential impacts of these burdens.
At this stage it is irrelevant whether a given burden will actually cause an appreciable
impact. All impacts of the identified burdens should be reported. The emphasis here is on
demonstrating that certain impact is of little or no concern, according to current knowledge.
The conclusión that the externalities associated with a particular burden o impact, when
normalized to fuel chain output, are likely to be negligible is an important result that should
not be passed over without comment.

The impacts from all stages of fuel cycle should be taken into account. Thus, for transport
the impacts from fuel production, vehicle production, maintenance and disposal and the
supply of infrastructure were considered in addition to vehicle use.

Within the current project phase, it was not possible to carry out a detailed life-cycle
analysis for the case studies. Due to the problems of data availability and data complexity,
only few studies to date consider construction and maintenance of infrastructure.

In table 3, the life-cycle stages that have been found more important in the transport sector
are shown.

Table 3. Up-downstream processes for transport vehicles

Major section

Fue/ producíion

Vehicle manufacture

Sub-section

• Raw material extraction

® Feed stock transportation

• Process plant construction

• Processing

• Fuel distribution

• Vehicle refueling

• Raw material extraction

• Transportation

• Processing

• Factory construction

• Component manufacture

• Component transportation

• Assembly

• Vehicle distribution

• Disposal / recycling

46



A methodology proposal to calcúlate the extemalities ofliquid biofuels

Major section

Vehicle use

Vehicle maintenance and
support

Infrastructure construction

and maintenance

Sub-section . .

* Emissions factors

® Component manufacture

« Distribution

® Facility construction & maintenance

® Raw material extraction

® Transportation

® Processing

• Earth work

• Road crust

» Bridge and tunnel construction and
maintenance

® Supply

• Service

11.3.2.3. Priorisation ofthe impacts

It is possible to produce a list of several hundred burdens and impacts for any fuel chain. A
comprehensive analysis of all this is clearly beyond the scope of extemalities analysis.

However it is important to be sure that the analysis covers those effects that (according to
present knowledge) will provide the greatest extemalities. It is necessary to ask whether the
decisión to assess only a selection of impacts in detail reduces the valué of the project as a
whole. It is believed that it does not, as it can be shown that many impacts will be
negligible compared to the overall damages associated with the technology under
examination.

It is again stressed that it would be wrong to assume that those impacts given low priority
in the study are always of so little valué from the perspective of energy planning that it is
never worth considering them in the assessment of external costs. Each case has to be
assessed individually. Differences in the local human and natural environment, and
legislation to be considered.

Within the ExternE Transpoit project, the focus lay on the development and application of
a methodology for quantifying the external costs due to energy conversión processes.
Therefore, only impacts of airbome pollutants and greenhouse gases were assessed in
detail.

A considerable number of priority impact pathways were identified and addressed, the
results are shown in the table 4.
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Table 4. Priority Impact ]

Kmission/Burden !

Benzene

1,3-tmtadine

Carbón monoxide

Combustión particulates

Formaldehyde

Ethene

Lead and compounds

Nox

Poly-aromathic
hydrocarbons (PAH)

SO2

SO2/NOx

Greenhouse gases

VOC/NOx

VOC/NOx

VOC/NOx

SO2

SO2/NOx

SO2/NOx

SO2/NOx

Crude oils and producís
in transport

SO2/NOx

SO2/NOx

Combustión particulates

SO2/NOx

Combustión particulates

Patli\\ii\ L-oasidered

Polhiuim

Benzene

1,3-butadine

Carbón monoxide

Particulates

Formaldehyde

Ethene

Lead

NO2

PAH

so2
Aerosols

Global warning

Ozone

Ozone

Ozone

SO2

Acidity/nitrogen

Acidity/nitrogen

Acidity/nitrogen

Oils spills and
accident

Acidity

Acidity

Particulates

Aerosols

Particulates

impLiLí ;

Human health

Human health

Human health

Human health

Human health

Human health

Human health

Human health

Human health

Human health

Human health

Various

Human health

Crops

Materials

Crops

Crops

Forests

Ecosystems

Ecosystems

Fisheries

Materials

Materials
soiling

Material soiling

Visibility

Romarkh

•

•/

V

• /

• /

no applicable ERF

•/

•/

•/

DF for CO2, CH4,
N2O

damage factors

for NMVOC

NOx, CH4

•

•

no applicable ERF

no CLe/CLo
avaible

no applicable ERF

no applicable ERF

• /

direct WTP
approach

no appropriate
LDM

•/ transferability?
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I-.mis>ion/Burden

SCb/NOx

Poilutant

Aerosols

IllipilCt

Visibility

Rem;¡rk>

S transferability?

ERF= exposure-response function DF= damage factor

LDM= local dispersión modelling Le/CLo= critical levels/loads

11.3.2.4. Quantification ofimpacts

Once the impacts have been selected, they should be analyzed and the impact pathway for
each case should be defined in order to quantify the impacts.

All the analysis regarding the impacts of pollutants emitted from fuel cycles need to model
the dispersión of pollutants and to use of a dose-response function. The model should
account not only the physical transport of pollutants by the wind but also the chemical
transformation.

The term dose-response refers to the response to a given exposure of pollutants in terms of
atmospheric concentration, rather than an ingested dose. A major issue with the application
of dose-response functions concerns the assumption that they are transferable from one
context to another.

Poilutant transport extends over great distances. The approach has addresses the issue of
modeling both low level disperse-sources from transport emissions and pollutants in urban
locations, where there can be extremely high receptor densities.

The project has selected and demonstrated the ROADPOL model for quantifying local-
scale pollutants. ROADPOL is a Gaussian dispersión model, which estímate poilutant
concentrations for line sources.

11.3.2.5. Economic valuation

A limited number of goods of interest to this type of studies such as crops, timber, building
materials, are directly marketed, and their valuation data is easy to obtain. However, many
of the most important goods of concern are not directly marketed, including human health,
ecological systems and non-timber benefits of forests. Alternative techniques have been
developed for evaluating these goods such as hedonic pricing, travel cost methods and
contingent valuation.

As costs and benefits are distributed along wide time periods, they have to be brought to the
present time in order to be compared on the same basis. This is done discounting, that is,
placing lower numerical valúes on future benefits and costs as compared to the present.
However, much of the environmental literatura argües against discounting, especially
against high discount rates. High rates may shift the burden to future generations. The base
year for the valuation described in this report is 1995, and all valúes are referenced to that
year. The central discount rate used in the ExternE methodology is 3%, with upper and
lower rates of 0% and 10% also used to show the sensitivity of the discount rate.

Economic valuation of damages in the transport sector followed the approach developed
before. In addition, transport specific endpoints had to be considered and the respective
monetary valúes had to be derived. Furthermore, some of the economic valúes used in the
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previous phases of ExternE had to be adjusted based on a new literature survey and new
insights in mortality valuation. The analysis is based mainly on a review and evaluation of
the existing studies on economic valuation of environmental and health impacts with
emphasis on European valuation studies.

A major difficulty with the evaluation of transport induced externalities, and particular
those associated with environmental effects, is that their impacts can be quite diverse. For
ease understanding the evaluation problem it is helpful to sepárate the effects into three
spatial/temporal categories.

• There are local effects on residents, workers and property in the área immediately
adjacent to the transport activity. Noise nuisance is the most apparent problem, but
there are also local air pollutants, such as lead and particulates, which can have adverse
effects for health, while sulphur and other emissions can damage buildings. Vibration,
community severance and danger can be added to this list, traffic congestión is also a
local cost.

• There are transboundary effects which can impact on adjacent áreas. These include low
level ozone, which can spread across wide parts of urban áreas, and "acid rain gases",
such as nitro gen oxides, which can harm woodland and lakes some distance from the
site of the emission. These transboundary effects by their nature tend to impact in the
médium term rather than immediately.

• There are global effects on the atmospheric composition. The main conceras here are
"greenhouse gas" emissions, such as carbón dioxide, which, by preventing heat
escaping from the planet, can bring about global climate change, and stratospheric
ozone depleting gases, such as chlorofluopcarbons, which lead to increased risks the
cáncer. These are much longer term concerns.

A further difficulty is that there are often important non-linearities inherent in many
externalities. Health effects are often non-linear and, in extreme cases, there are critical

. thresholds of atmospheric pollution, above which costs may be become infinite. In this
latter instance, the policy question is not so much one of evaluation, but one of finding the
most efficient way of ensuring that such critical levéis are not reached.

Evaluation of the exteraal costs of transport allows an assessment of the degree to which
they should be reduced.

11.3.2.6. Assessment of uncertainty

Uncertainty arises in each stage of the assessment. When the consequences of each activity
are identified, there may be errors in the estimation due to the variability of data or to the
need to extrapólate them. The quantification of the impacts is also uncertain, mostly due to
the complexity of the phenomena involved. There is a lack detailed information on human
and ecosystem responses to pollution or other impacts, and several assumptions, which may
prove unfounded, have to be made.

Economic valuation also presents many caveats. It involves modeling the behavior of
consumers and producers, and projecting future scenarios, as well as making political and
ethical decisions, such as the choice of the discount rate.

Therefore, there is a large degree of uncertainty associated to the assessment procedure.
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Moreover, in some cases the impacts. cannot even be quantified at all. Uncertainty should
be treated using traditional statistical techniques. Unfortunately, in most cases the shape of
the probability distribution is unknown, so this is not possible. Instead, other methods are
required, such as sensitivity analysis and expert judgment.

11.3.3. Dispersión Modeling

The extensión of ExternE Methodology to the transport sector requires the use of new
atmospheric dispersión models, compared to the previous phases of ExternE project. It has
been necessary because of the different nature of emissions from transport vehicles.

On the basis of a review and comparison of available local dispersión models, the ExternE
Transport Project has selected and demonstrated the ROADPOL model for quantifying
local-scale pollutants. The main model used was the long-term model (ROADPOL-LT)
which calculates annual average concentrations. A short-term model was also developed
which predicts hourly short-term peak concentrations (Vossiniotis, et al 1996).

The main advantages of the model are the following:

» It is user friendly and easy to run, with low run-times

«» It is a long-term line source model, it simulates emissions from a system of Une sources
and predicts the annual average concentrations of pollutants in a range of 3 m to 20 Km
from the emission source.

• It provides a variety of equations for the proper calculation of the dispersión
coefficients.

• The parameters considered are the wind speed and direction, the atmospheric stability,
the mixed-layer, the source elevation and the receptor elevation.

To date, the ExternE Project has considered the health impacts of sulphate and nitrate
aerosols (secondary particulates) to be identical to direct particulate emissions. These
secondary pollutants are generated from the chemical reaction of NOx and SCb emissions
with the atmosphere. They tend to impact at a regional rather than a local scale. The
regional formation and evaluation of these species is already included in the EcoSense
model.

However, under certain conditions these secondary particulates can have significant
impacts locally. It was important to assess the potential impacts from these pollutants at a
local scale. None of the local-scale models assessed (with the possible exception of the
OPS model) included the necessary chemistry to predict the formation of sulphate or nitrate
species. It was decided that local secondary particulate formation would not be quantified
in this phase of the ExternE-Core Transport Project.

Previous dispersión modeling activities within the ExternE Project have concentrated on
the prediction of annual average concentration. However, for transport emissions, there is
another important issue: the assessment of peak concentrations cióse to roads. It was
necessary to investigate these peak episodes. The review confirmed that peak concentration
were unlikely to result in high levéis of impacts relative to the existing health damages
from annual ambient pollution levéis.
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When undertaking local-scale modeling, the density of the receptor grids at the local scale
affects the resulting pollutant concentrations. This can be very important in urban áreas,
where extremely high population densities occur, as the impact levéis can vary significantly
according to the receptor grid density chosen.

Although the air dispersion-modeling task concentrated on the local-scale assessment, some
consideration was also made of the dispersión of mobile emission sources data a regional
scale. Within the ExternE Transport Project, the EcoSense model has been used for a
regional modeling and assessments of impacts. For this project, it has updated the regional
assessment of transport pollutants, extending the assessment to include carbón monoxide
and VOC dispersión data a regional level, and differentiating between the particulate size
distribution for transport and power station emissions.

11.3.4. Health effects

With reference to the health effects of transport related pollutants, the epidemiological
literature was reviewed concerning the "classical" pollutants (particulate matter, PM, ozone
SO2, NO2, CO) and expanded to transport specific pollutants (especially carcinogens). In
terms of particle size, particles from all three sources lie principally, if not exclusively, with
the finer, PM2.5 , fraction of PM10.

Exposure- response (E-R) functions are considered for acute mortality, respiratory hospital
admissions, cerebra vascular hospital admissions, cardiovascular hospital admissions,
emergency room visits, restricted activity days, acute effects in asthmatics, respiratory
symptoms in the general population, chronic mortality, and chronic morbidity.

For mortality impacts, the basic inputs are the exposure-response function (Pope et al,
1995), the age-specific death rates from the baseline population in whom effects are being
estimated and the age structure of the baseline population. With this information, life table
calculadons were carried out to calcúlate the years of life lost (YOLL), attributable to the
pollution increment.

For carcinogens, the unit risk approach was followed for the pollutants benzene, 1,3
butadine, and diesel particles, along with formaldehyde and ethylene oxide sensitivity
analyses only.

11.3.5. Impacts on natural and man-made environment

Apart from the impacts on health, emissions of air pollutants from transport activities
impose burdens to vegetation, ecosystems and materials.

Considering the work previously done in the ExternE project, the relative importance of the
specific impacts of transport activities and the availability of background scientific
information on different effects, some priorities have been chosen in the ExternE Transport
project. Priorities in the field of natural and man-made environment have concerned
relatively simple and short-term effects: corrosión and soiling of materials, impacts of
ozone on crops, and visibility impairments by particles.

Material and crops have been taken into consideration previously in ExternE. Visibility
impairment had not been valued in ExternE but was a significant cost item in the American
study of local fuel cycle extemalities. A first assessment was performed but not included in
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the results. The transferability of the approach and the quality of the data available appear
too uncertain.

In the case studies, material degradation due to SO2 and wet acid deposition on zinc,
galvanised steel, sandstone, natural stone, limestone, mortar, rendering and paint is
quantified.

For material soiling by primary particles the approach based on Pons et al. (1995) was
applied, liking cleaning costs for buildings to the particle concentration increment.

Concerning effects on crops due to SO?, rye, oats, potatoes, sugar beet, wheat, barley were
considered. Crop losses due to ozone were taken into account in the damage factors for
ozone damages.

11.3.6. Global warming

Damages due to climate change are among the most important categories of fossil fuel
emission related damages, but also the most uncertain and controversial. The impacts of
incremental climate change due to emissions from European transpon sector are truly
global in range. Moreover, they will extend over many generations and a wide range of
resources and human activities. Assessment of impacts of climate change has focused on
natural resource sectors and activities directly influenced by climate and weather.

These approaches were used by the Inter-Governmental Panel on Climate Change (IPCC)
in its assessment of impacts. A similar approach is being used in the ExternE Project. The
main impact sectors considered are: health, sea level rise, agriculture, water, ecosystem and
biodiversity, extreme events.

It is clear that the assessment of climate change impacts and damages is very complex, the
results are very sensitive to some key assumption, which are not made sufficiently
transparent in all studies (Eyre, 1997). These sensitivities include:

® Reasonable valúes for the discount rate

» Some impact categories which are very sensitive to assumptions made about the
potential for higher order damage (health effects, migration...)

• Different assumption about the form of the damage function and the dependence of
damages on the level or rate of climate change.

• Different methods for aggregating individual damages

® For the important category of ecosystem impacts, major practical and theoretical
problems in the methodology.

In the absence of ExternE valúes, it was recommended that the damage range quoted by
IPCC should be used, that is $5-125/tC, equivalent to 1-30 ECU/tCO2.

11.3.7. Economic valuation

Economic valuation of damages in the project followed the approach developed in the
previous phase of the ExternE project. This approach is based on the quantification of
individual willingness to pay (WTP) for environmental benefit.
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In addition, transport specific endpoints had to be considered and the respective monetary
valúes had to be derived. Furthermore some of the economic valúes used in the previous
phases of ExternE had to be adjusted based on a new literature survey and new insights in
mortality valuation. AJÍ valúes are expressed in 1995 prices.

Major changes in the magnitude os results for mortality impacts were introduced by
adopting the YOLL (Years of Life Lost) approach instead of valuing the case of death. For
this the VLYL (valué of a Life Year Lost) is derived from VSL (Valué of a statistical Ufe),
to obtain WTP per year of life.

11.3.8. Results

It can be concluded that health impacts domínate the damages quantified in this study; in
particular, mortality due to primary (PM2.5) and secondary particulates (nitrates, sulphates).
Carcinogens, which were expected to play an important role due to their high specific
toxicity, pro ved to be of much lower importance compared to the particles.

It was found, that the population density around a road is a key parameter for the magnitude
of impacts, particularly for diesel fueled vehicles. This effect is caused mainly by the
importance of the primary particles for the total damage.

Location dependency is less important for petrol cars, as they emit much less primary
particles and the secondary pollutants, which form on the regional scale, therefore domínate
the results.

A comparison of the different technologies and modes shows that due to their high primary
particulate emissions, diesel vehicles cause higher quantifiable impacts than comparable
petrol, LPG, CNG, biomethanol and bioethanol vehicles. It can be observed that in
tendency, cars cause higher damages than trains per passenger kilometer, even if very
"clean" petrol cars were taken. Of course, the average occupancy rate is the crucial
parameter for this comparison.

11.4. The Improvement of ExternE-Transport project

The main objectives of this project (1998-00) are the extensión and improvement of the
ExternE methodology and the assessment of energy related transport externalities (EC,
1998).

a) Extensión and Improvement of the ExternE methodology:

To provide estimates for global warming and ozone impacts which are consistent with
the ExternE methodology

To incorpórate new findings on monetary valuation and on dose-response relationships
for impacts on human health, ecosystems and materials

To further develop the methods for analysing the compliance with sustainability
indicators for impacts which currently cannot be translated into external costs.

b) Assessment of energy-related transport externalities:

To provide estimates of external costs for new vehicle technologies and fuels as well as
for transport modes which could not be covered in detail in ExternE Transport project.
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To aggregate marginal extemal costs to levéis required by policy instruments and for
assessing extemal effects based on national and European energy balances

To demónstrate the practical application of the accounting framework in policy case
studies

- To standardize and facilítate application of the methodology using a computer tool.

One of the main objectives is to improve and develop the accounting framework to include
the effects of Greenhouse Gas precursors and additional climate change impacts, and to
provide ozone concentration data on the local, regional and global scale.

Concerning the monetary valuation and sustainability indicators, the aim is to extend the
methodology of monetary valuation as regards the use of Valué of a Life Year Lost
(VLYL), the valuation of new morbidity endpoints, and the valuation of agricultural losses
and non-marginal changes of costs

The dispersión modeling performed so far in ExternE transport concentrated on the range
of up to ca. 20 km from the emission source (ROADPOL) and the European Scale
(EcoSense/WTM). Roadpol will be improved by providing a variable receptor grid to save
computing time. A high resolution of the receptor grid can then be chosen cióse to the road,
where the concentration gradient is high, whereas a lower resolution is sufficient at distant
points, where concentration changes only little.

Within this project, life cycle analysis work will be extended to the assessment of rail
aircraft and shipping construction and infrastructure. It is the aim to provide data that can
be integrated into computer tool.

As the use of compatible emission factors is a precondition for the common methodology,
country-specific emission factors will be harmonized. This work will base on Europe-wide
data from the MEET project ("Methodologies for estimating air pollutant emissions from
Transport"; DG VE- Transport RTD Program) and the AutoOil program.

The evaluation of impacts of transport on the natural environment will require modification
of the evaluation methodologies used to date in ExternE. In particular the methodologies
will need to be able to account for the dispersed and mobile nature of the sources and the
particular mix of pollutants emitted. The evaluation will also require developments in the
definition and delineation of the stock at risk. The modification of the damage function
approach and definition of the stock at risk will be explored in a small number of case
studies using data from the UK and Germany and an evaluation will be carried out of the
potential of the methodologies developed for wider application.

The provisión of extemal costs of additional technologies, locations and modes is the
prerequisite for comparing different modes and thus different policy options. The
completed accounting framework will be analyzed to reveal the major parameters
determining extemal costs and to check whether simple relations between the parameters
and the impacts can be derived.

One of the basic findings of the ExternE Transport project is that extemal costs of transport
processes are dependent on site and location. So, to assess the external costs of transport
technology, several calculations for different local situations in different countries have to
be made. Therefore it is necessary to investígate the external costs of transport technologies
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in a rather large number of countries with different geographical and climatic conditions.

A methodology for aggregating the externality data describing extemalities of transport
modes to aggregation levéis required by policy instruments and for the analysis of energy
and transport balances will be also performed. For decisions based on externality data,
external costs have to be provided at a specific aggregation level. Urban transport and
transport outside urban áreas will be aggregated separately.

The main deliverables of the project are:

An improved methodology for assessing external costs of energy conversión

External cost estimates for a large number of different transport technologies.

The benefit of the work will be manifested via the benefits to society, gained by applying
knowledge of the full social costs of energy and transport to decisión processes regarding
energy conversión processes. Once external effects are taken into account in decisión
processes in a rational way, environmental impacts and impairment of human health will be
reduced to an amount that is in accordance with optimization of welfare.

12» ECONOMIC VALUATION OF SOCI0ECONOMIC EXTERN ALITI ES

12.1. Background

Biomass energy is to date not considered as a viable alternative to conventional energy
sources. This is largely because the costs of producing energy from biomass are still higher
than from fossil fuels. Therefore, biomass is economically unattractive to the prívate sector.
However, there is a considerable interest in biomass energy in recent times. The main
reason related to this is the fací that switching from traditional energy sources to biomass
has relevant costs and benefits for society that are not determined in the market. This
supposes that the price paid to the producers of biomass is not an accurate determination of
its worth for society.

These costs and benefits not priced in the market are named as externalities or external
effects. The purpose of this task is to estímate the amount of these externalities related the
biomass production, transformation and use.

One of the main steps in switching to biomass energy is to consider that in order to produce
biomass energy, the biomass itself must be grown somewhere. Given the amount required
to meet the targeted energy requirements established within the White Paper on
Renewables, this will involve to switch land used by traditional cultures to the grow of
biomass.

The área of interest for the present study is concentrated in the macroeconomics
implications of biomass production in terms of income and employment effects and
agricultural budget effects. Though there are clear links with the traditional
microeconomics of biomass production, concentrating on economic analysis of biomass
production and the necessary economic conditions (subsidies) for farmer to grow biomass,
and on the energy economics of biomass production, considering the competition inside the
energy market, this section is clearly focused on the former.

The cultivation of energy crops will use jobs, producís, and economic resources, which in
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turn may créate related effects in national economies. These effects are greater than the
amount invested or consumed directly for these activities. This is caused by what is usually
termed the multiplier effect, that is, the demand produced in all sectors of the economy by
an increment in the demand of one of these sectors, due to the interconnections existing
between them.

However, it has to be noted that these effects do not necessarily imply an increase in social
welfare. If the economy is fully employed, the new demand for goods and services will
only be realized through a decrement in other demands, so there will only be merely a
change in the allocation of these, but not a net increase. Unfortunately, though, full
employment is not the usual situation for the European economies.

So, it can be assumed that the new flow of investment and consumption generated by the
cultivation and collection of biomass will be beneficial to regional and national economies.
And, since part of these benefits, those due to the multiplier effect, and not included in the
biomass price, they may be considered externalities.

These externalities should not be assumed to be net externalities, but gross ones. As
monetary resources are scarce, the money invested and consumed for biomass cultivation
and collection will displace another altemative use, which would have different
externalities. This has to be taken into account when deciding between different investment
alternatives. However, the objective of this study is to assess only the externalities of this
altemative, and to draw the balance of its external effects.

The macroeconomic effects to be assessed will be the change in gross domestic product,
and on tax revenues. The tool to be used for this assessment will be input-output analysis.
üiput-output will be used to build input-output models, with which to estímate the effects
mentioned above.

The input-output model

Input-output tables, which are published for most developed countries, reflect the
interactions between economic sectors, by means of accounting the expenses of a sector in
inputs from the rest of them, in order to produce their respective outputs. These expenses
are shown as cells of a square matrix, and are usually divided between domestic and
imported.

Using these tables, then, it can be calculated which is the amount of inputs needed from all
the economic sectors to produce a given amount of output by each of them, that is, the
demand generated in the economy by an increment in the demand of a specific sector. The
relationship between the increase in production of the economy and the expenditure that it
has caused is shown in the following expression:

AQ = ( I - A)"1 AD

where:

AQ: production increment

I: unit matrix

A: technical coefficients matrix (each of its elements is obtained by dividing
the corresponding element of the input-output table by the production of
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each sector)

AD: increment in final demand produced by the new expenditure.

In this expression, ( I - A )~l is what it is called before the multiplier.

The input-output model captures the economic impacts resulting from primary (direct) and
secondary (indirect and induced) expenditures associated with the biomass cultivation and
collection, and its transport to the power plant. Using employment as an example, the direct
impact would be the amount of jobs created by the biomass cultivation, collection and
transport. Indirect employment captures jobs created in the industries which provide the
materials, equipment and services needed to carry out these tasks. Induced employment is
the cumulative result of the expansión, which occurs as direct and indirect jobs are created
in the economy.

Therefore, if it is wanted to assess the extemal economic effects, once the model has run,
the direct investment from the model result musí be subtracted, to obtain the secondary, or
external effect.

The first step for running the model is to prepare the matrix for the demand increment. This
includes the expenditure that has to be made in each sector to implement the project. But
this shall only account for intermedíate inputs, such as equipment, or construction, as these
are the ones considered by the input-output model. Henee, expenditures in labour are not
accounted for, as this is not an intermedíate input.

There is a way, though, to incorpórate the effects of labour. The new employment created
by the project produces a new flow of income to workers, which will spend part of it in
intermediate inputs. Therefore, if the income generated by the project by the average
propensity to spend is multiplied, and then distributes this consumption according to the
current consumption pattern, another final demand matrix is produced which may be
incorporated to the model.

Since what it is wanted to assess are the effects produced within the región, or the country,
only the expenditures produced within them will have to be considered. Expenditures on
imported goods will thus be excluded from the analysis.

Once it has been determined the expenditures produced in all sectors of the economy due to
the different activities of the biomass cultivation, collection and transport, a single demand
matrix to be introduced in the model must be produced. Since expenditures are produced
along different time periods, in order to aggregate them some type of discount rate must be
used, to bring all expenditures to the same year. The choice of a discount rate is highly
controversial since it depends on preferences.

The input-output model has some other inherent constraints to its application. It is only
valid for a static analysis, as it is based on relationships established for a certain year. These
relationships may change, as technological changes, for example, are produced, so the
model may not be valid for a long time period.

Another shortcoming of the model is that it only accounts for official economic transfers,
but it does not consider the "underground" economy, which may be important in some
cases.
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12.2. Socioeconomic effects of biofuels

While the prívate returns to biomass production are not yet sufficient to encourage the
development of biomass production on a large scale, the social benefits derived from
biomass may justify the granting or incentives to encourage prívate investment on biomass
production. The macro socioeconomic implications of diverting resources from food
production to energy production are assessed in this section under three aspects:
agricultural income, composition of output and its budgetary implications and employment.

12.2.1. Farm incomes

There would be two effects on agricultural incomes resulting from the reform of the
Common Agricultural Policy (CAP). Firstly, the reduction in agricultural prices obtained
by the farmers would decrease their agricultural incomes. Secondly, as incomes fall
agricultural supply would contract thereby increasing market prices. These outcomes would
lead to a decrease in farm incomes. The net effect on farm incomes of switching from
traditional cultures to biomass depends on the relative returns to agriculture and biomass.
Nowadays, the retum to biomass production is lower than the return to traditional cultures
and therefore, in the absence of grant support, a change to biomass would adversely affect
farmers' incomes (TCD, 1996).

Supposing an analogy with traditional agricultural crops, which have experienced
significant gains in yield over the past 40 years as a result of considerable research and
development, the new energy crops yields will increase and profitability of those crops will
rise. Assuming in the long run that farm income rise as a result of diversification into
energy crops, the increase in income for the whole economy would be calculated by
multiplying the rise in farm incomes by the economic multiplier of these activities. It is trae
that these economic multipliers will vary from country to country, but there appears that all
of them will be positive, thus increasing the net national income.

12.2.2. Budgetary implicaíions from composition of output

The production of agricultural commodities and energy crops use the same resources. The
land used for energy crops is land formerly in agricultural production. However, the effect
of greater biomass production on the cost of agricultural support will depend on the type of
product replaced by energy crops. If the energy crops replace products that are in surplus,
the costs associated with such surpluses will be reduced. The greater agricultural support is
afforded to cereals and therefore a reduction in the output of cereals will have the greatest
effect on the budget of the Common Agricultural Policy (CAP).

The funds released by replacing commodities and eliminating surpluses could be used to
support biomass production. If one of the objectives of promoting energy crops is to reduce
budgetary expenditure on agriculture, then intervention to support biomass should not take
the form of additional support to agriculture.

12.2.3. Employment

There has been a continuous decline in agricultural employment over the last number of
years. The Common Agricultural Policy reform may increase this problem as the support
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framework to agricultura is dismantled.

The stages considerad within this section, that is, biomass cultivation, collection and
transport, créate a number of jobs, direct and indirect. However, this does not always mean
social benefits.

As has been mentioned earlier in the task, externalities arise mostly from market failures. If
the market is working well, no externality should exist. In the case of employment, a new
facility will draw in idle workers, upgrade others from lower income jobs, or attract new
workers from neighboring áreas. Positive externalities from job creation will only arise when
the fuel cycle workers were previously unemployed, and would remain so otherwise.

It has to be reminded, though, that some unemployment may exist even in correctly working
markets, what is called the natural rate of unemployment. This is caused by the temporary
unemployment produced when workers are changing jobs, or when new workers incorpórate
to the market. Henee, if unemployment rates are around this natural rate (which may be
assumed to be around 5%), no externality is produced by job creation, as jobs merely change
from one place to another.

When unemployment rates are higher than the natural rate, it seems that social benefits are
produced by job creation. At least, most governments must think so, since they devote
considerable efforts to reduce unemployment. These efforts, measured by the budget allocated
to employment-promotion programs, have been taken by some studies as the society's
willingness to pay to avoid unemployment. In some countries, in addition, more benefits could
be realized by job creation, such as the reduction caused in the amount of unemployment
subsidies paid by the government.

The employment created may be direct, or indirect. Direct employment is the amount of jobs
needed to cultívate, collect, and transport the biomass. Indirect employment is that created in
other sectors of the economy because of the demand of goods and services generated by the
project. This new demand comes from two sources. First, the investment needed for the
implementation stimulates economic activity through the multiplier effect. Second, the
economy is also stimulated by the increase in consumption produced by the increment in
workers income.

12.2.4. Energy security

An energy security externality can be broadly defined as any externality arising either: from
dependence of imported fuel supplies or from uncertainty over fuel prices or security of
supply. This uncertainty may result from disturbances in the word oil, gas or coal markets
from shocks of a national or regional natura.

An energy security externality from a fuel is said to be direct if the energy security
externality oceurs in the market for that fuel. In other case, an indirect energy security
externality appears when it oceurs in other markets (labour market). An energy security
externality can also arise either from uncertainty in the price or security of supply of the
fuel, or merely from the fact that the fuel is imported (Pearce, 1994).

The first energy security externality (dependence of imported fuel) emanates in an oil
market where the price of oil is independent of the amount purchased, this is the cost to the
national economy of an additional barrel of oil is the world price. However, this is not the
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case when individual purchasers of oil in the country can affect the world price. In this
case, the marginal cost of oil to an individual purchaser is less than the cost to the national
economy.

Both price shocks and supply disruptions expose niel consumere to risk. There are two
main methods of dealing with it: physical stockpiling of the fuel and the use of financial
instruments (future markets). The question that arises here is if the price of supply risk that
is eliminated in this way is socially desirable. What must be determined is if the social risk-
reduction premium, the amount of society is willing to pay for a unit reduction in risk, is
higher or lower than the prívate risk-reduction premium.

Some studies have been made from the point that if oil price rises, even if anticipated, it
will have adverse macroeconomics effects, such as higher unemployment or inflation or
lower growth on the importing country. However, it appears that these effects are far from
be considered external costs.

Whether the energy security externality arises from anticipated price shocks is very
sensitive to the structure of the economy considered. In the case when all prices are flexible
and producers and consumers are price-takers, then before and after the price shock of oil
will be equated to its social valué in the domestic economy, and so there is no energy
security externality. This suggest that there are mechanisms by which the energy security
externality appears:

• Rigid prices or nominal wages, or

• Initial distortions, such as monopoly power in product or labour markets.

Other approaches have been made to the energy security externalities. One of them
suggests that a security tariff or willingness to pay for military protection of oil supplies can
be identified empirically and can be treated as a proxy for macroeconomics energy security
externality. Other argües that an energy security externality may arise in an integrated
transmission network where there is some probability of loss of load.

13. THE ART OF ¡NTERNALIZiNG
The objective of this section is to show the theory, the aspects that are taken into account in
order to internalize the externalities of the transport sector and the main methods that are
used for it.

13.1. Theory

The existence of negative externalities is based upon two conditions:

- The production and/or consumption of the energy services cause losses of well being of
some third party

- That loss goes uncompensated by market processes.

In order to internalize the externalities is necessary that at least one of the previous
conditions be eliminated. This could be reached avoiding the damage (eliminating the first
condition), for example via restrictions to exploitation, imposition of limits and standards,
or by introducing a compensation element (eliminating the second condition). The term
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intemalization implies the creation of some social conditions where the damages (or
benefits) of the production and consumption are taken into account in the decision-making
process.

Prices play a major role as an instrument of information and are important determinants of
consumer behavior. Thus, fuel prices which rise relative to other goods, tend to reduce
demand for fuels, stimulate energy saving and may influence the fuel structure of energy
consumption. Government exerts a major influence on the level of energy prices through
measures of taxation. Until recently, fuel taxation has been developed primarily to raise
revenue and to reduce energy dependency.

The intemalization (through the second condition) tries to produce an effect in the producer
marginal costs in order to reach the social equilibrium. With the extemalities
intemalization, the external costs are reflected in the polluter costs. Traditionally, this
intervention has been made through command and control mechanisms but actually the
actions are focused on market mechanisms. Prices can be increased either directly by
levying charges or indirectly through regulations.

The OECD members have adopted the principie "who pollute has to pay". It expresses that
the costs of the corrector mechanisms should be reflected in the price of the goods and
services that causes pollution in their production and consumption. Producers and
consumers share the economic charge because both are polluters, the consumers through a
price increment and the producers through a decrease in the quantity sold.

The major obstacle to intemalization is the almost total lack of public and political support
for increasing the price of transport. One step would be to organize good public education
programmes on the main research results, for instance:

Government expenditure on transport and government revenue from traffic-related
taxes

- Information on traffic accidents and environmental pollution, and the financial
valuation of these extemal effects

- The fací that total transport cost internalisation represents a shift in the tax structure,
rather than an additional tax

It will be interesting to know which are the main background and impacts of
intemalising traffics roads.

13.2. Economic Instruments in internalizing external effects

In a world of sustainable economic development, transport prices should reflect the true
scarcity of resources. The problem, which has to be solved by transport policy, is that actual
transport prices do not compromise the true depletion of environmental and human
resources. As a result, the transport prices are set too low and induce high excess demands
for transport activities. A first solution has traditionally consisted of rationing transport
demand by regulatory policies. Some examples are:

Zonal entry prohibitions for cars and trucks

Enforcement of rail transport by regulation dependent on good categories and transport
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distances

- Control of market entry by concessions (trucks, buses, taxis, etc.)

Introduction of technical environmental standards and control of vehicle licensing

- Assignment of parking rights to residents in congested áreas.

The problems of a purely regulatory policy have been discussed at length in the literature.
The transport policy of the European Union is oriented to reducing regulations because:

Regulation imposes rigid barriers to the behavior of people, such that they cannot react
flexibly according to their preferences.

- Regulations encourage people to find the ways of circumventing the rules and direct
prívate intelligence into the wrong directions.

- Regulation can be used as a national policy to protect the home markets from foreign
competition.

Regulation does not créate enough incentives to promote innovation and dynamic
efficiency.

Economic instruments use price signáis to encourage changes in behavior by producer and
consumers. By contrast, the traditional forms of regulation (often known as command and
control) impose administered requirements to meet specific standards or to invest in
techniques of control.

In principie, economic instruments can be used to determine the optimum level of pollution
control. In practice, they are generally used as one among a number of means of achieving
specific targets. Where an economic instrument can be used to meet a given target, it is
likely that the costs of achieving will be lower than under other methods, since markets are
generally better than regulators at finding the cheapest means of pollution abatement.

Among the economic instruments there are: command and control, environmental charges,
marketable permits, deposit-refund schemes, subsidies and voluntary agreements.

13.2.1. Command and control

With the command and control approach, the regulatory authority prescribes that the
Utilities shall do to abate emissions. Individual Utilities have no choice but to follow the
prescribed action. While this approach is likely to be the most direct, it lacks flexibility, and
is likely to be more costly than alternative methods.

13.2.2. Environmental charges

Regulators may impose emission standards, fuel quality standards, or emission reduction
targets. Emissions standards specify the máximum allowable emissions by type of facility.
The Utilities can choose different options to comply with the standards such as installing
scrubbers, switching to different fuels, or buying emission allowances to offset the
emissions from their generating plants.

Emission charges are fixed charges per unit of pollution emitted to the environment. Tariffs
may be uniform per unit or they may be differentiated, perhaps charging zero rates for a
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basic emissions allowance, with higher rates for exceeding this level.

Ideally, the charge alters prívate cost-benefit calculations and creates a clear financial
incentive to undertake abatement measures up to an economically efficient level. In
practice, emission charges are often used within the context of an agreed target for
pollution reduction.

Where charges are too low to have an incentive impact, they may will be used to raise
revenues to finance collective treatment, subsidies for abatement expenditures or research
into new technologies.

Product charges are a type of indirect emission charging, usually taking the form of excise
duties on products that are harmful to the environment, either as inputs to a production
process or as final consumer products. The aim is to cut emissions by reducing the quantity
of input or final product consumed. Fuel quality standards are aimed at controlling
emissions from the input side (for example the sulphur content of fuel oil or coal used in
commercial and industrial facilities cannot exceed a certain level).

Product charges may be the best option where there are many, small and mobile sources of
pollution which are difficult to monitor. Charges will only deliver effective environmental
control if two conditions hold:

y There is a strong link between the tax base and the emission of the pollutant which has
been targeted, and

> Demand falls significantly if the price of the product is increased.

Production charging is another form of indirect charging. The charge is based on an
estimate of the emissions likely to be associated with a given production process. These can
be effective if the link between a particular technology and the associated level of
emissions is relatively unambiguous.

13.2.3. Marketable permits

As a mechanism to comply with emissions standards, emission trading starts with a cap in
total allowable emissions and creates a market for emission allowances.

An allowance is the right to emit a fixed amount of pollutant. With the total emissions
capped, a utility than can reduce its emissions cheaply may over-control and earn credits;
these credits can be sold for use by others or saved for use in the future or in other facilities.

The market for the allowances will determine their price. The Utilities and industrial firms
will buy allowances only in cases when the prices they have to pay for the allowances are
less than the cost to install abatement equipment themselves. In this sense, emission
allowance trading can achieve the same level of pollution reduction more efficiently than
the command and control approach. Ideally, the cap on the allowable emissions should be
set at the point where marginal social costs of pollution abatement equals the marginal
societal benefits of the abatement.

A tradable emission scheme based on permissions to produce a specified quantity of
emissions can in theory provide a cost-effective means of emissions reduction. The
existence and magnitude of these postulated costs savings depends on the extent to which
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the real world broadly reflects the assumptions of perfect markets (zero of low transaction
costs, full information,...).

Permit schemes may be preferred over charge or tax schemes, because they offer
predictable environmental effectiveness. If permits are allocated on the basis of some past
level of emissions, they can be transferred between different companies and sources, most
obviously by sales in an open market. Alteraatively, the initial allocation of permits can be
made by a public auction, with reassignment allowed thereafter. As with the emission
charges, permits have the potential to deliver the required reduction at least-cost, but only if
the permit market works efficiently.

13.2.4. Deposit-refund schemes

Where a polluting good can be recycled or disposed in an environmentally friendly way,
this can be encouraged by a deposit-refund scheme. A surcharge is attached to the price of
potentially polluting product, but is refunded when pollution is avoided by returning these
products or their residuals to a collection system.

Deposit-refund schemes have been used for products such as containers, batteries and car
hulks. A distinction could me made between those products where the aim is to encourage
reuse and those which have been used and are to be returned for recycling.

13.2.5. Subsidies

Subsidies may offer an economic incentive to improve environmental management. A
common form of subsidy is an investment incentive designed to finance new and clean
technologies.

However, the general orientation of the OECD to environmental policy, as based in the
polluter-pays principie, is broadly adverse to the payment of subsidies. At the same time,
the contracted parties of the UNECE, who are also member of the EU, will need to consider
the EU regulations on the payment of state subsidies. These rules accept carefully
circumscribed environmental cases for national subsidies, even they may distort trade
between member states.

13.2.6. Voluntary agreements

Voluntary agreements between industry and the Government have proved to be a successful
way of meeting environmental objectives in a flexible manner. The parties of the agreement
specify targets (emissions levéis, recycling rates,...) over a particular time horizon. Industry
agrees to be bound by the agreement and plan of action. Government agrees to desist from
revising the targets within the period of agreement.

The advantages claimed for voluntary agreements include the following:

> In the context of rapidly changing economic development, which requires a prompt
government response, convenants can be established and modified with relative ease.

^ Industry claims that convenants help to eliminate uncertainty about future targets and,
by allowing industry to set its own goals, enable industry to employ resources to effect
change in the way that suits best.
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> The self-regulator character of convenants is likely to reduce the costs of enforcement.

13.3. Economic instruments for transport

There are a variety of ways for reducing the external costs of transport, via fuel used,
vehicle or, more generally, the traffic itself. Table 5 displays the main possibilities.

Table 5. Policy options for control the external costs of road transport

Vehicle

Fuel

Traffic

. Market-based incentives

Direct

-Emissions
fees

. Indirect

- Tradeable permits

- Differential vehicle taxation

- Tax allowances for new
vehicles

-Differential fuel taxation

- High fuel taxes

-Congestión charges

-Parking charges

-Subsidies for less polluting
modes

Command and control reguladoras

Direct

-Emission
standards

-Fuel
composition

Phasing our of
high polluting
fuels

-Physical
restraint of
traffic

-Designated
routes

Indirect

-Compulsory inspection
and maintenance of
emissions control
systems

-Mandatory use of low
polluting vehicles

-Compulsory scrappage
of oíd vehicles

-Fuel economy
standards

-Speed limits

-Restraints on vehicle
use

-Bus lañes and other
priorities

Which of these instruments is the most suitabie depends to a large extent on the particular
circumstances, and on the form of the external costs under consideration. There are strong
arguments, mainly associated with flexibility and the fact that the dovetail into the market
systems more naturally, for looking toward economic instruments whenever possible.
Markets instruments are identified with pricing policies such as user charges, tradable
emission permits, deposit refund system, etc. (OECD, 1994). Economic instruments also
provide valuable flows of revenue which in turn can be used to compénsate those who have
to adjust their behavior as the result of the policy.

Currently, the use of economic instruments to contain external costs is generally low. There
is evidence that policy makers are fearful of the possible adverse distributional implications
of deploying economic instruments. In many cases, for example, the use of the price
mechanism to limit the external costs of transport would appear to impose a particular
financial burden on poorer sections of the community.

There is an asymmetry in the ways in which individuáis perceive charges and the benefit
that may flow from them. It has been estimated that an efficient road-price would, for
instance, immediately increase the average household budget in London by about 60% (the
costs are therefore transparent).
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On the other hand, the benefits of a more efficient transport system and an improved
environment are less immediately apparent (they would take time to materialize and are
difficult to visualize in advance).

Changes in the allocation of costs are always associated with a different pattern of
payments by the groups concerned. Road-pricig and the interaalization of social costs affect
high-income groups more than those with low incomes. Naturally, higher-income groups
are quite capable of forming lobby groups to put pressure on decision-makers. The most
powerful of these lobbies are:

- Automobile clubs: in Germany, about 12 million car owners are organized in a general
club of automobiles. All Germán club members are voters.

National and international road unión: although small with respect to membership and
economic power, they are very influential because of their professional attitudes and the
political over-rating of the importance of transport companies.

Lobby groups of industrialists: these groups become very active if the public sector
plans to increase tax burdens for industry as a whole, or for individual components of
industry.

There are powerful political bias of lobby groups against economic instruments.

Where strict internalization or the use of fiscal instruments is either practically difficult or
politically impossible, regulations and other command-and-control instruments offer the
prospect of containing the environmental damage.

In some instances, it may be effective to combine fiscal and other command-and-control
measures, as has been practised in Germany, by providing financial inducements for
transport users to take up new technologies in advance of statutory requirements to do so.

73.4. Aspects of internalization

The main aspects that are taken into account in order to internalize are:

- Parties involved

Road traffic costs

- Tax considerations

Economic consequences

Social consequences

International dimensión

13.4.1. Parties involved

One of the conclusions of the OECD Report "State of the Environment" (1991), was that
the development of the transport sector will be sustainable only if transport and
environmental policies are better integrated. Three levéis of integration can be outlined:

- Actions concerning the vehicles and the motor vehicle fuel

- Actions concerning the traffic management
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- Actions concerning the transport infrastructure

Each of these levéis addresses specific groups of actors or decision-makers in the prívate
and public sector. These groups are respectively:

- The automobile and fuel industry and the related administrations

- The central and local administrations, enterprises and prívate households

- The public works industry and the related administrations.

It is necessary to start defining these mvolved parties, the players in the societal game, their
interest, and their points of view.

Table 6. The mvolved parties.

Categorv

Road user

Public transport user

Resident

Retailer

Automobile clubs

Lobby groups of industrialists

Expert

Politician

Sub-category

Prívate

Commercial

Economist

Engineer

ínter est/viewpóin t.

Less out-of-pocket cost

More net trip benefit

Service quality of the public
transport system

Relief from environmental
problems

Brisk business

Against economic instruments

Economic efficiency based on
marginal social costs

Technical reliability and
simplicity

More supporters

Imposing a pricing scheme is only acceptable if it can be associated with positive
consequences by all of the major actors involved.

13.4.2. Road traffic costs

The following three kinds of road traffic costs can be distinguished:

- Direct costs: depreciation, maintenance, insurance and fuel

- Government expenditure on infrastructure, policing.

- Exteraal costs resulting from traffic accidents and environmental pollution

In the Netherlands, a detailed review has been made of the government expenditure relating
to road traffic. This expenditure includes not only the construction and maintenance of
infrastructure, but also policing and costs of government road transport-related personnel.
Tax benefits and subsidies are also included. Table 7 shows the main results of the study,
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govemment expenditure is also expressed in terms of GDP, traffic volume, and fuel
consumption.

Table 7. Road-traffic-related expenditure by Netherlands govemment (1987)

Type oí cosí

Infrastructure

Policing

Govemment personnel

Tax expenditure and subsidies

TOTAL

Share of GDP (%)

Average per vehicle km

Average per liter of fuel

Co>ts'.bul ion DHL)

5.8

1.0

2.3-4.3

1.3

10.4-12.4

2.9

0.14 R/km

1.21FL./1

Shurc íc/r)

51

9

29

11

100

0.58 ECU/km

0.58 ECU/L

Over the past years, many studies have been devoted to assess the magnitude of the external
costs. A compiled study, based on the results of 11 studies, conclude that external traffic
costs probably lie between 1.5 and 2.5 per cent of GDP. Table 8 specifies the various types
of external costs considered within this survey.

Table 8. Extemal traffic costs valúes.

External trafile costs Slmro of GDP

Air pollution

Noise

Other environmental effeets

Accidents

Congestión

TOTAL

Average per vehicle km

Average per liter of fuel

0.4-0.7% GDP

0.1-0.6% GDP

0.1-0.5% GDP

0.3-0.9% GDP

0.1-0.5% GDP

1.5-2.5% GDP

0.03-0.06 ECU/km

0.31-0.52 ECI/1

On the basis of these figures for govemment expenditure and external costs, fuel taxes
should stand at level of at least 0.90 to 1.10 ECU/liter, if all these costs are to be allocated
to users in fuel prices. Proceeding from the assumption that one half of govemment
expenditure should be passed on via standing taxes, fuel taxes should stand at
approximately 0.60 to 0.80 ECU/1. All these figures are clearly higher than present
European fuel tax rates, which, at a rough estímate, are 0.40 ECU/1 for unleaded petrol and
less than 0.30 ECU/1 for diesel fuel.

13.4.3. Tax considerations

A major point to be considered in the context of transport costs internalization is the use to
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which the extra tax reverme is to be put. It can be argued that those who suffer the damage
or nuisance should receive due financial compensation. Frequently the victims cannot
readily be identified.

In addition, most governments have already developed mechanisms for redistributing the
costs and benefits of many societal activities. This implies that the government would
receive additional tax revenue, which could, in principie, be used for a multitude of ends.
However the main share should be used to benefit all citizens and businesses, by reducing
other taxes rates. This implies that internalization of transport costs will lead to a shift in
taxes.

13.4.4. Economic consequences

Internalizing all external costs of transport will result in more expensive transport. In turn,
this will mean a certain decrease in the turnover of some branches of industry. The negative
effects may be felt in the transport sector, the automotive industry, the road construction
industry, refineries, garages, or petrol stations. Relative loss turnover will then mean a
reduction in employment levéis in these sectors and a smaller share in GDP.

Nevertheless, this does not necessarily mean that internalization will have a negative
impact on economic growth and overall employment. Offsetting the sectors confronted with
unfavorable effects there may also be winning sectors. Which these are depends on how the
extra revenue is recycled to citizens and businesses. If the currently level of taxation on
labor were reduced, it would be mainly labor-intensive sectors that would be benefits.
Across the board, then, there may even be a net positive effect on employment.

Alongside these, probably, shifts in the structure of production, there may also be slight
changes in consumption patterns. Consumers will buy cheaper car and drive less.

This set of shifts in the economy has been studied using a computer model of the Dutch
economy (Bleijenberg et al., 1990). In this study the effects, of seven policy packages to
restrict automobility were considered. The results are summarized for three of these
packages:

- Package 2: raising fuel taxes by Dfl. 1.00/1 (0.45 ECU/1), with full restitution of the
ensuing tax revenue through a lowering of income tax rates.

- Package 6: raising fuel taxes by Dfl. 1.50/1 (0.68 ECU/1) and abolishing vehicle tax, with
restitution of the remaining tax revenue through a lowering of income tax rates.

- Package 7: non-financial policy instruments, such as car-pooling, physical planning
measures and public education.

The main conclusión to be drawn from this modeling is that even a substantial increase in
fuel tax would have only a minor macroeconomic impact.

Following a tax shift (packages 2 and 6), there is indeed a slight growth in employment.
This is due to the decrease in wage costs. Although jobs are lost in the (road) construction
and automotive industries, there is a greater growth in employment in the others branches
of industry, as well in the services sector.

The calculations also indicate a single extra 1-2 per cent leg of inflation, following
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introduction of the packages which involve a tax shift. There is also a measurement
problem involved in determining this extra inflation. The effect on inflation depends on the
tax cuts that are assumed. If the increase in fuel tax is compensated entirely by a decrease in
VAT, or by lower social security contributions by employers, a first-order approximation
indicates no extra inflation whatsoever.

13.4.5. Social consequences

The distributive arguments play an important role. Compensation to low-income groups for
equity distortions caused by economic instruments may be appropriated. If so, this
compensation should be made in lump-sum payments. The volume of the payments should
be oriented to the expected net income losses of the affected groups.

In the case of tradable emissions permits, one could look to a "fair" initial distribution of
the emission permits to solve the equity problem. For example, every individual could
receive a permit to emit a given quantity of CO2. Individuáis who produces less CO2 than
they are allowed could sell a part of their property rights to others who proceed more
emissions and are willing to pay extra for this right. This solution may be perceived as
being fair because everybody starts from the same endowment.

13.4.6. The internaíional dimensión

Internalization should be achieved in such a way that international competition is not
affected. Individual countries will not readily be willing to take measures that damage their
competitiveness.

One point to be considered is whether a given country might become less attractive to
international business after the internalization of external costs of transport. This can lead to
the migration of industries and jobs out of the área with externality requirements and into
áreas without such requirements.

13.5. How to introduce the economic instruments

There are two basic ways to introduce economic instruments into the transport sector:

• Assignment of market segments to prívate companies (i.e. the institutional solution)

• Application of the prívate enterprise instruments of planning, pricing and management
by public enterprises or agencies.

In the first case, the public delegates manage of a segment of the transport market to private
decision-makers. In consequence, incentives, regulations and monitoring schemes have to
be defined to make sure that private agents behave according to public objectives or
requirements. It is not necessary for the public to know all the details of the technology, or
everything about the optimal strategies for the market. The only requirements are that the
public agent find the most efficient private agent and develop an effective control scheme
to prevent that agent from violating regulations.

While the public sector would fix the total emission volume, the private market could solve
the problems of allocating the pollution rights to the users, setting prices and finding the
most efficient ways of providing information and services for the trade of pollution rights.
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In the second case, the public enterprise would have to know everything about the
technology and the demand situation which a prívate agent would have to know in order to
be efficient. Furthermore, the public enterprise would also have to combine elements of
profit-maximizing behavior with elements of social welfare.
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