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"Assessment of the extemalities of biomass energy for electricity production"

Linares, P.; Leal, J.; Sáez, R.M.
95 pp. 13 figs. 44refs.

Abstract

This study presents a methodology for the quantification of the socioeconomic and
environmental extemalities of the biomass fuel cycle. It is based on the one developed by the
ExternE Project of the European Commission, based in tum ¡n the damage function approach,
and which has been extended and modified for a better adaptation to biomass energy systems.
The methodology has been applied to a 20 MW biomass power plant, fueled by Cynara
cardunculus, in southern Spain.

The externalities addressed have been macroeconomic effects, employment, CO2, fixation,
erosión, and non-point source pollution. The results obtained should be considered only as
subtotals, since there are still other externalities to be quantified. Anyway, and in spite of the
uncertainty existing, these results suggest that the total cost (those including interna! and external
costs) of biomass energy are lower than those of conventional energy sources, what, if taken into
account, would make biomass more competitive than it is now.

Evaluación de las extemalidades de la biomasa para producción eléctrica"

Linares, P.; Leal, J.; Sáez, R.M.
95 pp. 13 figs. 44 refs.

Resumen

Este estudio presenta una metodología para la cuantificación de las extemalidades
medioambientales y socioeconómicas del ciclo de la biomasa. Se basa en la metodología
desarrollada por el Proyecto ExternE de la Comisión Europea, basada a su vez en la función de
daño, y que ha sido extendida y modificada para una mejor adaptación a los sistemas de
aprovechamiento energético de la biomasa. La metodología ha sido aplicada a una central
eléctrica de 20 MW, alimentada por biomasa procedente de Cynara cardunculus, en el sur de
España.

Las extemalidades analizadas han sido los efectos macroeconómicos, el empleo, la fijación
de CO2, la erosión, y la contaminación agraria difusa. Los resultados obtenidos no pueden
considerarse más que subtotales, ya que no se han cuantificado todas las extemalidades
existentes. En cualquier caso, y a pesar de la incertidumbre existente, estos resultados sugieren
que el coste total (coste interno más coste extemo) de la biomasa es menor que el de las
energías convencionales, lo cual, si se tuviera en cuenta, podría hacer a la biomasa más
competitiva que en la actualidad.
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1. INTRODUCTION

For the last years, there is an increasihg concera, both on a political and public opinión
level, about the environmental and socioeconomic consequences of our current energy use.
Fossil fuels are accused of contributing greatly to global warming processes, and to other
regional effects, such as acid rain. Nuclear power is also being fought by
environmentalists, because of the damages that may be caused by nuclear waste, or by
nuclear accidents. In addition, these fuels are subject to scarcity, in the médium or long
term. This is why, although most of this negative aspects are still uncertain, there is a
move towards the use of renewable, environment-friendly energy sources.

Renewable energies are already being used in many places throughout the world. The most
developed one, up to date, is wind energy, which may be competitive in some places with
conventional fuels. However, wind energy would not possibly provide the large amount of
energy that may be needed to substitute fossil fuels. One energy source that could provide
this amount of energy is solar energy, which, as wind, is fully renewable, and available in
large áreas. But its degree of development does not currently allow its widespread
implementation, and conversión efficiencies are still quite low, especially in low-
insolation áreas such as Northern Europe. However, there is a way of using solar energy,
through the photosynthetic process carried out by plants, as biomass energy.

Biomass has the greatest potential to supply a large amount of energy, in the short and
médium term, in the European Union. This energy may be used for transport, or for heat or
electricity production, and so it is expected to be the largest contributor to the European
Union objective of achieving 15% of its energy requirements with renewable sources by
year2010.

Although biomass has been an energy source for a very long time, it was never considered
seriously for modern energy use, because of the unappropriate way in which it was used,
what caused inefficiency and environmental problems. However, these problems are being
solved by the new technologies that are being developed, which are already commercially
available, or, at least, very near to that state. For electricity production, fluidized-bed
combustión and integrated gasification are the most promising ones, technically viable and
environmentally safe.

Biomass energy, then, because of its renewable condition, and the maturity of some of its
technology options, should be an alternative to conventional energy sources. But this is not
true yet. Why? As always, because of economic reasons. The costs of producing energy
from biomass are still higher than from fossil or nuclear fuels, so there is no incentive for
prívate bioenergy production.

But it has to be reminded that energy options should not be considered only on a prívate,
financial basis. Choosing one option or another may have consequences on many aspects
of society and the environment, which should be accounted for if we want to obtain the
higher benefits for the society, not only for the prívate investor.



These consequences on the society or the environment, which are not accounted for, are
termed extemalities. They are produced whenever production processes, or consumere'
utility, are affected by variables not controlled by themselves, but by other economic
agents (an often cited example is the loss of production in fisheries due to the spill of
pollutants in rivers). This is the typical situation for energy use. Public health, agriculture,
ecosystems, are affected by the use of energy by others, but are not compensated for that.
The effects may be positive (external benefits) or negative (external costs).

Their consideration may make some energy options more attractive than others, in spite of
their higher costs, or viceversa. This is the objective of this study, to try to quantify the
consequences, be them positive or negative, that biomass energy may have on society or
the environment, so that they can be included in its price, and thus be reflected in
economic decisions.

The incorporation of extemalities into the energy price is necessary in order to allow the
market to assign resources efficiently. This efficient assignation is achieved through
prices, which should account for the opportunity cost of resources. If these opportunity
costs are not the actual ones, because part of them have not been considered (using the
same example as before, the cost inflicted on river fisheries by the pollutants), then these
resources may be used for free, contributing to their degradation or overuse. This is called
a "market failure". To avoid it, extemalities have to be incorporated to the cost analysis, or
internalized.

However, this intemalization process is only feasible as long as extemalities are quantified
in the same units as the rest of the costs, that is, monetary units. This has been attempted
by previous studies, of which the major one may be the ExternE Project of the European
Commission. Most of them have dealt only with environmental extemalities, such as the
damages on health and agriculture caused by air emissions. Our study will address some
extemalities that have not been covered before, specially those characteristic to biomass
energy systems. They include job creation, taxes, CO2 emissions reduction, soil erosión, or
non-point-source pollution.

Job creation may be achieved if biomass is grown in previously uncultivated áreas (such as
the set-aside lands created by the Common Agricultural Policy), by previously
unemployed workers. This will probably be the case in some less-developed regions of
Europe. The increase in employment may increase rural income, which in tum should help
stabilize rural population, and reduce the agricultural subsidies that are currently paid with
this objective.

Along with the rural income increment, other sectors of the economy will benefit, by a
multiplier effect, of the induced growth. And this will produce an increment in national
wealth, and in the amount of taxes collected by the govemment (which are afterwards
retumed to society).

The most important environmental extemality of biomass systems is that caused by CO?
fixation. The extent of the impact of COi emissions is still controversial, but it is anyway
regarded as one of the most important environmental issues, specially by public opinión.
Therefore, a reduction in the amount of CO2 emitted to the atmosphere would be
welcome, moreover as it is achieved at low cost. This can be done by bioenergy systems,



since they fix CO2 from the atmosphere in the photosynthetic process, and part of it is not
burnt, but stored in the soil as roots.

Biomass may also have negative extemalities (although they may be smaller than the
alternad ves). The most important are the soil erosión produced by the cultivation practices,
and the lixiviation of pesticides and fertilizers that could pollute soils and waters.
Although these extemal costs could be reduced by appropriate practices, they should
nevertheless be taken into account.

Energy security, which is always mentioned as an extemal benefit of biomass, because of
its indigenous production, is rather an extemal cost of imported fuels, because of price and
supply risks that could cause important disruptions to national economies. Henee, it should
not be considered when determining the social cost of biomass energy, but when it is
compared to imported fuels.

This is the approach that will be followed in the study, to assess the extemalities caused by
biomass energy by itself, rather than compared to other energy sources.

Once all these extemalities are quantified, and monetarized, they should be added to the
energy price, or intemalized. There are different methods for this intemalization, through
taxes or subsidies, through negotiation between the affected economic agents, etc.
However, this issue is out of the scope of this study. Our efforts will be focused on the
monetarization of the extemalities, so that it can be ascertained whether biomass energy
systems are competitive with conventional energy sources, when considering total costs
(those including prívate costs and the costs and benefits caused to society).



2. STATE OF THE ART OF EXTERNALITIES
ASSESSMENT

The concept of externality is present in economic literature since first introduced by
A.Marshall in 1890, who explained the positive externalities produced by industrial
development. In 1920, A.C. Pigou introduced in turn the idea of negative externality.
Furthermore, he defined the theoretical framework for the determination of the optimal
level of the externality and for attaining this level through taxes, as a way to achieve the
economic optimum.

Pigou proposed the introduction of a tax (known as pigouvian tax) to correct, or
internalize, the externality. In 1960, R.H. Coase proposed an alternative method of
internalization. He thought that there was no need for public intervention, as long as
property rights were well defined, and transaction costs were low. Then, economic
agents could freely negotiate compensations inside the market.

In both cases, these taxes or compensations have to be expressed in monetary terms, as
those are the units used in economic transactions. Therefore, prior to their
internalization, externalities must be quantified more or less precisely, and translated
into monetary units.

Over the last decade, several attempts have been made to quantify, and express in
monetary terms, the externalities of different energy sources.

The first approach was that undertaken by Hohmeyer (1988), and followed by Ottinger
et al (1991). It is known as a "top-down", or "macro" approach. It calculates
externalities on an aggregated way, typically on a regional or national level. The steps
followed by this methodology are the following: first, estimates of total damages from a
certain impact are identified from other studies. Then, the fraction of the total impact
attributable to a fossil fuel is calculated, to estimate the contribution of this fossil fuel to
the total damage. This methodology is useful, because of its relative simplicity, to get a
broad view of the damages caused by fuel cycles. However, several drawbacks may be
identified. First, this method relies heavily on approximations and previous estimates of
total damages. It does not take account of the different fuel cycle stages, and effects due
to variations in burdens and receptors distribution are neglected. Therefore, no site-
specific effects can be assessed, ñor the effects of additional, or marginal impacts can be
estimated.

This latter point is specially relevant, since marginal analysis is required if externalities
are to be internalized through prices. Indeed, in economic theory, price is equal to
marginal utility. Henee, if externalities are to be added to prices, they have to be
calculated using a marginal approach, that is, considering the effects of an additional
unit ( a power plant, in our case), not just using average valúes from the existing
situation. This approach is consistent with the fact that the impacts caused by different
plants are probably very different, and simply obtaining an average valué would



probably distort considerably an efficient resource allocation in the market, which is
precisely the goal of the incorporation of extemalities.

Therefore, site-specific estimates are needed. These may be provided by a "bottom-up"
or "micro" approach. There have been also some studies following this approach, which
have used several valuation methods.

The study by Pace (1990) estimated emissions, their dispersal, the population and
environment exposed, and the impacts and costs produced. All these estimations carne
from numerical valúes from previous studies. The same approach was followed by
Pearce et al (1992), who addressed more impacts than Pace. The problem is that in
neither cases were data collected at the primary level, so they cannot be considered site-
specific, as they do not take account of site differences.

Another example of the bottom-up approach is the study by Bemow et al (1990),
although it is highly controversial. This is because these authors suggest that abatement
costs may be a reasonable surrogate for damages. According to their view, the marginal
costs of abating emissions to the limits imposed by regulation express the collective
willingness to pay of the society (represented by the regulators) to avoid the damage.
This premise implies that regulators know what individual damages are, and always
decide on the optimal policy. It is quite clear that this is almost never the case, in fact
this optimal policy is what we attempt to determine by estimating extemalities.

Take, for example, the use of extemalities to analyze the possibility of implementing an
abatement measure. To do this, the costs (abatement costs) and the benefits (reduced
damages) should be compared. If damages are measured as abatement costs, the
comparison is impossible, as we have the same elements in both sides.

The latest approach to extemalities assessment is that proposed by the ExternE project
of the European Commission (1995). This is a bottom-up methodology, which tries to
eliminate the problems of other methods.

The first problem noticed has been the quantification and valuation procedure. As
mentioned before, some studies rely on previous estimates, which are not site-specific.
Others rely on abatement costs. Instead, the ExternE methodology is based on a damage
function approach. This is a series of logical steps, which trace the impact from the
activity that creates it to the damage it produces, independently for each impact and
activity considered. This allows for a marginal, site-specific assessment.

The second problem detected is that known as "piecemeal approach". That is,
extemalities are useless if they are only incorporated in some sectors, or if they are
calculated with different methods. The first obstacle has a political solution, but the
second one is easily solved.

The solution resides in using the same methodology for all fuel cycles, as that allows for
a consistent comparison. This way, another problem, that of uncertainty, is at least partly
solved. Although much of the uncertainties cannot be removed, at least some of them
may be eliminated when the different fuel cycles are compared, as the estimation
methods are the same, and thus differences will be due only to each fuel cycle.



We find this methodology the most useful for the assessment of the externalities of
biomass energy, which has a strong local component, very site-dependent. Therefore, it
will be applied to estímate the impacts of biomass energy systems on the environment,
such as soil erosión, non-point-source pollution, and on the economy. A more detailed
description of the methodology is provided in the following section.



3. METHODOLOGY

3.1. Introduction

As mentioned previously, we propose a bottom-up methodology, with a site-specific
approach, that is, it considere the effects of an additional power plant, located in a
specific place.

Its main characteristics are transparency, consistency and comprehensiveness.

Transparency is needed because of the high degree of uncertainty existing. As has been
mentioned in the previous section, the damage function approach follows a series of
steps. For each of them, the starting point, the assumptions used, and the estimation
methods have to be clearly defined and explained, so that all uncertainties and caveats
are revealed easily. This also allows for sensibility analyses to be carried out.

Consistency is assured by using the same assumptions and methods for the same
impacts, independently of the activity that produces them. This is required to allow for a
rightful comparison between the different options, and to remove the uncertainty
produced by the estimation method.

Finally, comprehensiveness means considering all possible impacts, from all fuel cycle
stages, in spite of them being negligible. It has to be taken into account that the activities
which cause the most important impacts may differ considerably between fuel cycles,
so, if only one stage or impact is considered, the comparison between alternatives wül
surely be flawed.

These characteristics should be present along the stages of the assessment of
externalities, which are described below.

3.2. Stages of the analysis

3.2.1. Site and technology characterization

As noted before, the assessment has to be site- and technology-specific, in order to
remain consistent with the methodological approach.

Therefore, the fuel cycle stages will have to be fully characterized. It cannot be assumed
that a particular stage is not relevant, as all of them, with their corresponding activities,
may cause significant impacts. It is necessary to look at the operations over the lifetime
of the plant, as some of the impacts arise at the beginning and end of the operating life
of the technology. By-products have to be taken into account up to the point where they
are ready to be used elsewhere.



The description of the selected location is also necessary, since the impacts will vary
according to the differences in the sensitivity of the human and natural environment.
Several aspects have to be considered for the study.

Population distribution in the área is quite important, as they are the receptors of many
of the consequences of the fuel cycle. Socioeconomic aspects, such as employment
levéis or importance of the different economic sectors, will also have to be ascertained.

Land distribution, soil and climate characteristics will also be described, as they
influence several processes, such as erosión, non-point-source pollution, pollutant
transpon, etc.

This characterization requires also the definition of the boundaries of the analysis, both
for the activities and the receptors of the impacts. The spatial limits of the analysis
should be designed to capture impacts as fully as possible. The same applies to the
temporal limits. It is impossible to impose a single time or space scale on all impacts, as
the time period and área over which they apply will vary.

In principie, each impact should be traced for as long as it is considered to be relevant to
human welfare. Unfortunately, it is usually necessary to trúncate the analysis at some
point, because of the limits on the availability of data, and the uncertainty associated to
the process.

Projections of socioeconomic or environmental characteristics, which are often needed
for long-term impacts, are very difficult to make, but are nevertheless necessary.
Although it is not possible to assume in all cases that the economic conditions will
remain as they are now, this should be the assumption when no clear reason exists to act
otherwise.

In spite of the uncertainty involved, it is always useful to conduct analysis of long-term
impacts, to have some idea of their relevance when compared to short-term effects.

In conclusión, an equilibrium has to be maintained between the comprehensiveness of
the analysis and the accurateness of the results, which has to be defined for each specific
case.

3.2.2. Identification of consequences and impacts

All potential consequences and impacts of the fuel cycle falling within the boundaries of
the analysis have to be identified. No impact that is known, or suspected to exist,- but
cannot be quantified, should be ignored for convenience. Moreover, it is recommended
to highlight this gap for future research.

The purpose is to account for all consequences, to provide a basis for a comprehensive
and consistent analysis, without any need at this stage to link consequences and impacts.
At this point, it is irrelevant whether these impacts are significant or not, or quantifiable
or not. This is because the state of science advances quickly, and new results are being
produced constantly, thus affecting our understanding of the consequences and impacts of
the fuel cycle. For instance, the real occurrence of a global warming trend at a regional



level is being recently challenged because of the SO2 cooling effect, which was not
considered some time ago. Impacts that are now thought to be negligible may reveal to be
significant in the next years, and the reverse may also be true for others. Impacts that
cannot be quantified at the moment may be quantified in the next years.

All this identification is done by means of the Accounting Framework, a matrix where all
the activities, consequences, and impacts are presented in a summarized way.

The Accounting Framework is intended just for giving an overview of the whole fuel cycle
consequences, not a precise classification, so it may be that impact categories are not
clearly separated, specially when interactions between them are important, as is the case,
for instance, of socioeconomic impacts. A more precise analysis will be made when
impacts are assessed separately.

Regarding to the interactions mentioned, one of the problems they may cause, and which
has to be taken into account carefully, is double-counting of impacts. This has to be
avoided so that impacts are not overestimated. This matter will be further discussed when
dealing with each impact.

In the following pages, the Accounting Framework for our study is shown.
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3.2.3. Prioritization of the impacts

Each case has to be assessed individually. The selection of impacts depends on whether
one wants to evalúate damages or extemalities. The difference between them lies in the
degree of internalization. For example, occupational accidents, which always represent
large damages, may be internalized to a large extent, and thus the externality will be
very low.
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As reflects the Accounting Framework, there is a very large number of impacts which
can result from the implementation of a biomass fuel cycle. However, some of them
may be negligible, and others may be very difficult to quantify.

Based on expert judgement, and on earlier results, some of the impacts can be expected
to be the most relevant. They include those that have been previously assessed in the
ExternE Project, such as impacts on health or ecosystems.

In this study, we will focus on impacts which we also believe to be important, and
specific for this type of electricity generation, though they have not been assessed
enough in previous reports. These are environmental externalities, such as global
warming, erosión, and non-point-source pollution, and non-environmental externalities,
such as job creation and tax revenues. It is not yet clear, however, if they can be fully
assessed, because of the large amount of interactions existing, which complicate the
analysis. In each case, this will be stated, and directions for further investigations
indicated.

Of course, due to assessing only some of the impacts, the results obtained can only be
considered as underestimates for the total externalities produced by the fuel cycle.

3.2.4. Quantifícation of the impacts

Once we have selected the impacts to be analyzed, the impact pathway for each case has
to be defined, so that impacts can be quantified.

The relationship shown on the Accounting Framework between an activity and the
impact produced is detailed by an Impact Pathway. This is a graphic representation of
the logical steps that have to be followed from the realization of an activity, through the
consequences it produces, to the monetary valuation of the impact it causes. This is done
for each activity and impact, so that additional effects can be accounted for separately,
as the marginal approach requires. As noted before, interactions between different
impacts have to be clearly identified, in order to avoid double-counting, which would
overestimate the impacts.

Impact pathways can be more or less complex, depending on the activity and impact. In
some cases, the relationship will be relatively straightforward, thus jumping over some
of the stages. In other cases, however, a large number of interactions and related impacts
may appear, complicating the impact pathway. In these cases, impact pathways will
usually show the ideal method of estimation, rather than the real one undertaken. The
difference is due mostly to data availability constraints. A relatively simple model of an
impact pathway is shown on the following figure.
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Figure 3.2. The impact pathway
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Economic valuation

The first stage to quantify the impacts produced, is to determine the consequences
derived from the selected site and technology option. For example, the amount of labour
required for the cultivation of a specific energy crop, or the emissions produced by a
certain combustión process.

Besides from quantifying them, these consequences have to be distributed along time
and space, taking into account the system boundaries that have been previously defined.
This can be done more or less easily. For jobs, for example, it is quite simple. For
agrochemicals distribution, it is required the use of complex models to determine the
range of soil they can cover, the way they are incorporated to water flows, etc.

With these data, the stock at risk can be determined. This is the number of receptors, be
it human population, ecosystems, or other, which are likely to be affected by the
consequences of the cycle.

The impacts then are quantified linking this stock at risk with the impact functions.
Impact functions can be rather straightforward, in some cases. For example, to link
occupational accidents with the population at work, accident rates can be used.
However, other impacts require the use of more complex dose-response functions.
These relate changes caused in receptors with the occurrence of the consequences.
These functions are often defined for environmental impacts, such as the effect of
pollution on health or forests. For non-environmental externalities, the use of economic
models is required to determine the extent of the impacts caused, as is the case for the
growth promoted in the global economy by an income increment in the agricultural
sector.
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Two major problems appear in this issue. The first is the lack of these impact functions
for some cases, which will require then to use functions developed under other
conditions. This will produce a number of uncertainties, as transferability of these
functions is not always straightforward. The second problem is the existence of
interactions in the impact pathway, which will make difficult to trace all the impacts
produced by a certain consequence.

3.2.5. Economic valuation

In spite of impacts being quantified, the study would not be very helpful for decisión
making if they were not expressed in monetary terms. This is because doing that allows
for externalities to be included explicitly in regulation measures and cost-benefit
analyses, on the same grounds as for other variables.

It has to be reminded that two different aspects lie within this issue, the valuation of
damages or benefits, and the determination of the extent of them which may be
considered as an externality. There may be an impact without externality, since when
the impact is internalized, there is no more externality, while the impact is still present.

The underlying principie in monetary valuation is to obtain the willingness to pay
(WTP) of the affected individual to avoid the negative impact or to profit from a
positive effect, or the willingness to accept (WTA) the opposite. There are several
methods to obtain these valúes, which will be adopted depending on the case.

The easiest method is when a market does exist for the goods and services being valued.
In this case, prices may be used for valuation. However, prices may not represent the
marginal utility provided by these goods, as they are frequently altered by subsidies and
taxes. This disruption has to be eliminated using shadow prices, which reflect the trae
cost or benefit for society.

The problem is that, in most cases, environmental or socioeconomic goods have no
market, and so there is no price with which to valué them. It has been stated before that
control costs, that is, those implied in reducing the consequences of the fuel cycle, are
not acceptable as a measure of the damages or benefits. Mitigation, or treatment costs,
are a more acceptable measure, although it is not optimal either. Mitigation costs only
provide a valid measure of the external cost if society is collectively willing to pay for
the mitigation, rather than suffer the damage.

The difference between mitigation costs and willingness to pay to avoid a damage may
lie in the valuation of the risk of suffering the damage. Indeed, it is expected that WTP
valúes will be higher than mitigation costs, because people prefer to pay more in order
to avoid the risk of suffering a damage.

Then, alternative methods have to be used to determine society's willingness to pay or
to accept. The most used method for calculating these valúes is the contingent valuation
method (CVM), which obtains them through questionnaires. Other methods, such as the
hedonic price method, or the travel cost method, assess the valúes through indirect
market variables. These methods are now commonly accepted, although they are still
affected by a high degree of uncertainty. The advantage they pose to the assessment of
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externalities is that they can provide a shortcut in the quantification procedure. Instead
of following the impact pathway step by step, some of these methods give valúes linking
directly the consequences of the fuel cycle such as nitrogen leached with the damages
produced, thus allowing for more complex calculations on the quantification of the
impact to be waived.

The obstacle for using valúes obtained with these methods is that they are usually very
location specific, and their transferability is quite limited.

Discounting

This is another source of uncertainty for the economic 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 by discounting, that is, placing
lower numerical valúes on future benefits and costs as compared to the present. The
higher the discount rate, the lower the valué attached to the damages or benefits.

The need for discounting arises mainly for two reasons. The first one is time preference,
or "impatience", that is, the preference to spend now rather than in the future. The
second reason is the marginal productivity of capital.

These are the two main options for the choice of the social discount rate: the social time
preference rate, and the opportunity cost of capital. Both would be equal if there were
efficient markets and no taxes, though in practice time preference rates tend to be below
the opportunity cost of capital.

The social time preference rate attempts to measure the rate at which social welfare or
utility of consumption falls over time. It may be expressed by the following:

i = ng + z

where z is the rate of puré time preference, g is the rate of real consumption per capita,
and n is the elasticity of the marginal utility of consumption (usually set to 1). With no
growth in consumption, the social time preference rate would be equal to the prívate rate
z. (European Commission, 1995)

The opportunity cost of capital, in turn, is obtained by looking at the rate of return of the
best investment of similar risk, that is displaced as a result of the particular project being
undertaken.

However, much of the environmental literature argües against discounting, specially
against high discount rates. High rates may shift the cost burden to future generations.
Nevertheless, as the discount rate rises, so falls the overall level of investment, and with
it the need for natural resources. Henee, high rates may lower the demand for natural
resources, and also discourage development projeets competing with existing
environmentally benign uses. This shows that the choice of discount rates impaets is
ambiguous.
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As a result, it is concluded that (European Commission, 1995):

- the arguments against any discounting at all are not valid

- a social time preference rate of around 3% would be justified on the grounds of
incorporating a sustainable rate of growth and an acceptable rate of time preference

- there are arguments to suggest that discount rates based on the opportunity cost of
capital may be too high on social grounds

- for projects where future damage is difficult to valué, and where there could be a loss
of natural resources with critical environmental functions, a sustainability approach is
recommended. This implies debiting the activity causing the damages with the full costs
of repairing it.

For our project, valúes are presented using different discount rates when needed, to
show the extent to which they affect the results.

3.2.6. Uncertainty

All along this section, several comments have been made on the uncertainty of the
results. This uncertainty arises in each stage of the assessment.

When identifying the consequences of each activity, there may be errors in the
estimation, due to the variability of data, or 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 of detailed information on human and ecosystem
responses to pollution or other impacts, and so several assumptions, which may prove
unfounded, have to be made.

Economic valuation also presents many caveats. It involves modelling the behaviour 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.
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 judgement.
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4. DESCRIPTION OF THE REFERENCE ENVIRONMENT
AND TECHNOLOGY

4.1. Introduction

The methodology proposed in the previous sections for the assessment of the external
costs and benefits of biomass will be applied to a hypothetical biomass power plant, that
would be located in Sanlúcar la Mayor, province of Seville, in Southern Spain.

This plant, whose total power output will be 20 MW, will use fluidized bed combustión
technology for the conversión of biomass to electricity. This technology has been
selected because of its lower capital costs when compared with conventional
combustión units, and because of its ability to use low grade fuels, and to minimize flue
gas emissions with a better process control.

Biomass fuel will be Cynara cardunculus, an herbaceous energy crop well adapted to
Mediterranean conditions. This is a perennial crop, with high productivity (up to 20 t of
dry matter per ha and year when annual rainfall is higher than 450 mm). Its energy
contení is around 4,000 kcal/kg (HHV).

This crop will be cultivated in set-aside lands, that is, those agricultural lands retired
from production by the Common Agricultural Policy guidelines of the European Union.
Henee, the alternative use for this land would be to remain fallow.

The área considered for the study of the local effeets caused by the implementation of
this power plant will be that within 50 km distance of the power plant site. This distance
has been chosen as it is the limit from which biomass could be hauled without
considerably rising its price.

4.2. Site description

4.2.1. Geographical location

The power plant will be sited in the municipality of Sanlúcar la Mayor, 20 km west from
Seville, in Andalucia, Southern Spain. It will be located near the Guadiamar river bank.
A map showing its situation within Europe is shown in figure 4.1.
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Figure 4.1. General situation of the biomass power plant
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Most of the área studied lies within the Guadalquivir river valley, a fíat, rich agricultural
land. Guadalquivir river (of which Guadiamar is a tributary) crosses the área from east
to south, where it forms Doñana marshes.

The área is bordered to the north and northwest by the Sierra Morena mountain range,
with a máximum height of 710 m. To the south lies the river valley, ending in Doñana
National Park, a highly prized biological reserve, with several waterfowl species.

The geographical data for the site are the following:

Municipal ity

Province

Región

Geographical coordinates

UTM coordinates

Altitude

Sanlúcar la Mayor

Sevilla

Andalucia

longitude: 6o 10'W
latitude: 37° 25' N

x: 237.520
y: 4.140.320

97 m

As mentioned before the área studied will be that within 50 km distance of the power
plant site, what amounts to 7,140 km". A map of it, including topographical information,
is shown in figure 4.2, where the plant is marked in its centre.
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Figure 4.2. Topographic map of the área
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The área covers municipalities from two provinces, Huelva and Sevilla. A list of this
municipalities is provided in the following table.
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Table 4.1. Municipalities
HUELVA

Almonte

Berrocal

Bollullos Par del Condado

Bonares

Campillo (El)

Chucena

Escacena del Campo

Hinojos

Lucena del Puerto

Manzanilla

Minas de Ríotinto

Niebla

Paterna del Campo

Rociana del Condado

Villalba del Alcor

Villarrasa

Zalamea la Real

Zufre

mcluded ín the área of analysis
SEVILLA

Albaida de Aljarafe

Alcalá de Guadaira

Alcalá del Río

Algaba (La)

Almensilla

Aznal cazar

Aznalcóllar

Benacazón

Bollullos de la Mitación

Bormujos

Brenes

Burguillos

Camas

Cantülana

Carrión de los Céspedes

Castillblanco de los Arroyos

Castilleja de Guzmán

Castilleja de la Cuesta

Castilleja del Campo

Castillo de las Guardas (El)

Coria del Río

Dos Hermanas

Espartinas

Garrobo (El)

Gelves

Gerena

Gines

Guillena

Huevar

Madroño (El)

Mairena del Alcor

Olivares

Palacios y Villafranca (Los)

Palomares del Río

Pilas

Puebla del Río (La)

Rinconada (La)

Ronquillo (El)

Salteras

San Juan de Aznalfarache

Sanlúear la Mayor

Santiponce

Sevilla

Tocina

Tomares

Umbrete

Utrera

Valencia de la Concepción

Vülamanrique de la Condesa

Villanueva del Ariscal

Villaverde del Río

Viso del Alcor (El)

4.2.2. Population distribution

The total population of the área is 1,374,451 inhabitants. In the next table, population
distribution on a municipality basis is shown.
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Table 4.2. Population
Municipality

Almonte

Berrocal

Bollullos Par del Condado

Bonares

Campillo (El)

Chucena

Escacena del Campo

Hinojos

Lucena del Puerto

Manzanilla

Minas de Ríotinto

Niebla

Paterna del Campo

Rociana del Condado

Villalba del Alcor

Villarrasa

Zalamea la Real

Zufre

distnbution(1991)
Population

17107

419

12824

5011

2621

1962

2243

3429

2116

2590

5393

3858

3895

6282

3713

2177

3767

1305

Municipality

Albaida de Aljarafe

Alcalá de Guadaira

Alcalá del Río

Algaba (La)

Almensilla

Aznalcázar

Aznalcóllar

Benacazón

Bollullos de la Mitación

Bormujos

Brenes

Burguillos

Camas

Cantillana

Carrión de los Céspedes

Castillblanco de los Arroyos

Castilleja de Guzmán

Castilleja de la Cuesta

Castilleja del Campo

Castillo de las Guardas (El)

Coria del Río

Dos Hermanas

Espartinas

Garrobo (El)

Gelves

Gerena

Population

1711

54529

9414

12708

2045

3327

5739

4934

6209

5593

10620

3374

25984

8998

2653

4232

583

15960

638

1744

23333

82814

3563

748

4257

5419

Municipality

Gines

Guillena

Huevar
Madroño (El)

Mairena del Alcor

Olivares

Palacios y Villafranca (Los)

Palomares del Río

Pilas

Puebla del Río (La)

Rinconada (La)

Ronquillo (El)

Salteras

San Juan de Aznalfarache

Sanlúcar la Mayor

Santiponce

Sevilla

Tocina

Tomares

Umbrete

Utrera

Valencia de la Concepción

Villamanrique de la Condesa

Villanueva del Ariscal

Villaverde del Río

Viso del Alcor (El)

Population

7703

8117

2217

393

15720

7093

31210

2946

11042

16976

23849

1373

2712

23258

10047

6557

714148

8977

15007

3014

45008

5038

3668

4172

6765

15600

The resulting population density for the área is 173 inh/km2, which is higher than the
regional population density (74 inh/km") and also higher than the Spanish population
density (78 inh/km2). The largest population centres are Seville, Dos Hermanas, and
Alcalá de Guadaira, sited to the east of the power plant site.

Active population in the área is 489,265, of which the unemployed number 128,563.
This results in an unemployment rate of 26.3%, higher than the national average.
Agricultural workers are present also in a higher rate than the national average, up to an
11.3%. Their unemployment rate is also very high, 45.5%. These data are presented in
the following table.

Table 4.3. Active and agricultural population (1991)

Active population

Unemployed

Agricultural workers

Unemployed agricultural
workers

489,265

128,563

55,295

25,146

100%

23.3%

11.3%

5.1%
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4.2.3. Land use

A large part of the área is devoted to agriculture, specially in the Guadalquivir river valley.
However, in the north, in the mountain ranges, some forests exist, mostly open
mediterranean forest, with evergreen oaks, cork oaks, and shrubs. To the south, Doñana
National Park is completely covered by open mediterranean forest, as agriculture is not
allowed. A great extensión is covered also by the marshes of the Guadalquivir river.

In the following table, the land distribution for the área is shown

Table 4.4. Land distribution (1993)

Herbaceous crops

Fallow lands

Tree crops

TOTAL CROPS

Grasslands

Pastures

TOTAL PASTURES AND GRASSLANDS

Timber forest

Open forest

Shrub forest

TOTAL FOREST

Uncultivated

Esparto field

Improductive

Non-agricultural

Rivers and lakes

TOTAL OTHER SURFACES

TOTAL

Surface (ha)

Non-irrigated

174,128

15,424

61,310

250,862

5,819

62,017

67,836

160,931

86,939

45,799

293,669

14,279

5,184

13,423

35,921

12,440

81,247

693,614

Irrigated

67,668

11,385

28,506

107,559

-

-

-

-

-

-

-

-

-

-

-

-

-

107,559

%

Non-irrigated

25.10

2.22

8.84

36.17

0.84

8.94

9.78

23.20

12.53

6.60

42.34

2.06

0.75

1.94

5.18

1.79

11.71

100.00

Irrigated

62.91

10.58

26.50

100.00

-

-

-

-

-

-

-

-

-

-

-

-

-

100.00
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Figure 4.3. Land distribution
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Regarding to agriculture, a great part of it is irrigated by the Guadalquivir river, thus
contributing to very high yields. The most important crops, on a crop valué basis are, in
this order: sunflower, olives, wheat, strawberries, cotton, oranges, grapevines, sugar beet
and peaches. The surface covered by each of these crops, as well as their production and
valué, is shown in the following table.

Table 4.5.

Crop

Sunflower

Olives

Wheat

Strawberry

Cotton

Orange

Grapevines

Suaar beet

Peach

Watermelon

Toraato

Rice

Corn

Melón

Alfalfa

Main agricultural crops of the área

Surface (ha)

101.846

53.992

61,237

1248

9.162

10.368

12,705

10,139

3,667

3,059

1,255

6,800

4,919

1,899

1,143

Production (t)

108.466

105.861

207,183

37,135

32,108

175,559

124,471

415,262

37,168

67,928

44,988

43,520

48,099

26,099

73,005

Valué (kECU)

41,099

38,337

34756

34,536

27,029

23,004

20,410

18,171

14,604

12,964

11,850

11,154

7,993

7,256

6,880
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Some of the agricultural land is now being set aside due to the Common Agricultural
Policy (CAP) of the European Union. For 1995, the amount of land that has been set aside,
with no green cover, has been over 25,000 ha. This is the land that could be used for
growing biomass for the power plant. In the following section, the CAP is briefly
explained, to understand the implications it could have for the development of biomass
crops.

The Common Agricultural Policy

One of the major incentives nowadays for the widespread introduction of biomass crops is
the reform that has been undertaken of the Common Agricultural Policy (CAP) of the
European Union. Under the new policy, farmers are required to set aside lands from food
crops, although it is allowed to cultivate alternative crops, such as biomass. Farmers who
comply with this requirement receive a subsidy, to compénsate them for the income loss
produced by the land reduction.

That is why it is necessary to take CAP into account when dealing with energy crops. In
addition, these crops may produce some benefits to the European budget, which is where
the subsidies come from. tf alternative crops, such as biomass, are shown to be profitable
enough for farmers, so that no income loss is produced due to their cultivation instead of
cereals, there would be no need for the subsidy mentioned above, and a huge amount of
money could be saved. This could be considered an external benefit for biomass crops.

In the following paragraphs, a brief description of the past and present agricultural policies
of the European Union is given, so that the role of biomass crops as an alternative to
traditional crops, and its implications regarding the European budget, can be understood.

The Common Agricultural Policy was implemented as a tool to fulfill the objectives stated
in the Treaty of Rome. Among others, to ensure a reliable food supply, and to improve
income levéis of the agricultural population. In the first stages, this was done regulating
the market through prices. Agricultural prices were held artificially high, so that farmers
could improve their incomes. This also served to stimulate crop production. However,
some problems resulted of this policy.

The first one was caused by the accumulation of huge surpluses for some products, due to
the large production promoted. This, along with producing large storage costs, created the
second problem. To get rid of its stocks, Europe had to export large quantities of
agricultural products. However, European prices were too high for international markets,
so exports had to be subsidized to lower their price.

These trade practices damaged other international producers, and there has been much
pressure to forbid them. This will be done according to the trade agreement reached in the
Uruguay Round of the GATT, in the next years. In addition, concern was growing in the
EU on the high budgetary requirements of the agricultural policies.

All this caused the 1992 reform of the CAP. The policy reform for cereals was established
in the following European regulations: R(CEE) 1765/92 and R(CEE) 1766/92. The Cereal
Common Market Organization is the most interesting regarding energy crops, because of
the set aside of agricultural land for alternative uses which it promotes.
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Cereal prices are being lowered gradually to approach international levéis, while farmers
receive a compensation for this price loss, not based on production, but on the amount of
land cultivated. This is done to remove the incentive to increase production. To achieve a
further reduction, farmers who want to receive this compensation should reduce the
amount of land they cultívate (unless they are small farmers, that is, those producing less
than 92 t of cereal), on a rotational or fixed basis. For the present agricultural year, the
amount of land to be set aside has been established at a 10% for all types. This percentage
can be increased, as farmers may voluntarily set aside up to a 30% of their farm land, or up
to a 50% under special circumstances. Set-aside plots have to be at least 20 m wide, with a
minimum surface of 0.3 ha, and have to be kept on good agricultural conditions. For the
área which will be analyzed for the case study, that is, that within 50-km distance from the
biomass power plant, some 29,000 ha have been set aside in 1994.

This reduction in cultivated land is rewarded with a subsidy, also dependent on surface,
which is calculated multiplying 68.83 ECU by the cereal yield in tons established for the
región (in Southern Spain, cereal yields range about 2 t/ha, so a usual subsidy per hectare
amounts to 140 ECU/ha). The subsidy is larger than the one awarded to cultivated lands,
so that there is an incentive to set aside this land.

But these set-aside lands should not be left fallow, because of environmental and social
considerations. Henee, the CAP allows to grow non-food crops on them, including energy
crops. The subsidy for setting aside the land is still received, provided that farmers have
sold their production to the industries, under contract, before sowing. This is what can
make energy crops competitive with fossil fuels, as costs could be partly compensated by
the subsidy. On the other hand, the subsidy could be removed if energy crops were
competitive enough with food crops.

Besides from this set-aside policy of the cereal common market organization, there is
another way for setting aside land for energy crops, under other European policy, whose
aim is to improve rural living conditions, balance the crop market, improve the efficieney
of farms, and protect the environment (R(CEE) 2328/91). A minimum of a 20% of the
farm would have to be set aside for at least five years, in order to receive a subsidy which
can amount up to 600 ECU/ha. However, these subsidies have been much reduced when
translated into Spanish legislation, and the farmer must comply with other requirements.
This is may be because, while the set aside policy included in the cereal market
organization is financed wholly by the European budget, this policy has to be co-financed
by the member states, and so it is limited by national budgetary constraints.

Therefore, there is a considerable amount of land that may be used for energy crops in the
European Union, under the Common Agricultural policy, what could help reduce the need
for subsidies, and the environmental and social problems caused by leaving the land
uncultivated.

4.2.4. Climatology

The climate of this región may be considered Mediterranean, with mild winters and hot
summers, although there is some Atlantic influence because of the southwestern wind,
which results in increased humidity.
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Climatic conditions are very similar throughout the área. Meteorological data have been
obtained from the weather station nearest to the power plant site, Benacazón
Montegranado, 6 km away from the site. Data for 40 years have been used to calcúlate
annual and monthly averages. These are shown in the following table.

Annual mean temperatures in the área are around 17.6°C, with máximum temperatures
reaching up to 43.5°C, and minimum temperatures of -5°C. Average annual rainfall is
around 585 mm, the most part of it falling from October to Apnl. Summers are
generally very dry.

Table 4.6. Meteorological data

Weather station: Benacazón Montegranado
Geographical longitude: 6912'W
Geographical latitude: 37g20'N
Altitude: 100m

Solar radiation
ícal/cnTdav)
Wind direction

Wind speed (m/s)

Abs. max T (°C)

Avg max. T (°C)

Avg T (°C)

Avg min T (°C)

Abs min T (°C)

Avg. Precip. (mm)

Max precip. in 24h
ímmi

J

92.8

Var

3.3

27.0

15.6

10.5

5.5

-5.0

92.1

84.0

F

122.1

Var

3.7

26.0

16.9

11.5

6.1

-5.0

66.8

52.0

M

160.7

SW

3.5

30.0

19.8

13.5

7.1

-5.0

52.5

51.0

A

194.8

SW

3.0

32.5

21.8

15.2

8.7

1.5

52.4

45.0

M

218.1

SW

3.8

36.0

25.4

18.3

11.2

3.5

27.6

27.0

J

226.4

SW

3.4

43.5

29.7

22.1

14.4

5.5

23.2

74.0

J

220.7

SSW

3.3

43.5

34.4

25.9

17.3

10.0

1.1

25.0

A

199.9

SSW

3.0

43.5

34.2

25.8

17.5

11.0

5.5

70.0

S

168.6

SW

3.0

43

31

23.9

16.7

6.5

13.9

46.0

O

131.1

SW

2.9

35

24.5

18.7

12.8

3.0

64.0

86.0

N

98.5

Var

3.1

29

19.6

14.3

9.0

-5.0

94.7

140.0

D

83.3

Var

2.9

26.5

16.0

11.2

6.5

-6.0

90.1

67.0

Annual

SW

3.2

43.5

24.1

17.6

11.1

-6.0

583.9

140.0

4.2.6. Geology and soils

The área is limited to the North by an oíd mountain range, and to the South by another
range, not so oíd. Between them, there are wide extensions of fíat terrain, separated
from the northern range by a fault, where runs the Guadalquivir river.

The northern mountain range, limited by the river, has a very rough terrain, with deep
and narrow secondary valleys, with high slopes. The greatest erosión is caused by the
streams and creeks. Materials are eroded and transported, being sedimented out of the
área. The soil quality of this área is very low, with a high silt and sand content. They are
mostly dedicated to livestock farming and forests.

The southern mountain range is formed by low hills. Its soils are of low to médium
quality, with excessively high slopes for farming. They are used for grazing.
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The fíat terrain comprises médium to good quality soils, where most of the agricultural
crops are grown. Slopes range between 3 and 10%. This is the área where biomass crops
will be probably cultivated.

Most of the área within 20 km range of the plant features the same kind of agricultural
soil, whose characteristics are shown below. Data have been obtained from the Soil
Catalog of Andalusia (AMA, 1984).

Soil characteristics

The average slope is around 4%. It has a good drainage, and there is no stoniness ñor
rockyness. The original material is chalky limestone from the Pliocene. It is classified as
Typic Rhodoxeralfs.

The first layer of the soil reaches down to 30 cm. Its structure is subangular, fine,
strongly formed. There are plenty of roots.

In the following table, the soil profile characteristics are shown.

Table 4.7. Soil profile

Layer

Ap
0-30 cm

Bl
30-55 era

B2T
55-110 cm

B3
110-120 cm

CCA
+120 era

Ap
0-30 cm

Bl
30-55 era

B2T
55-110 cm

B3
110-120 cm

CCA
+120 era

pH

6.5

6.6

6.4

7.2

7.0

% Coarse
sand

1.2

0.8

0.4

8.7

7.8

%OM

1.04

0.42

0.46

0.42

0.34

% Fine
sand

64.7

73.2

59.7

43.6

44.6

%N

0.10

0.04

0.05

0.04

0.04

% Silt

7.4

2.1

3.8

30.1

28.6

C/N

10.4

10.5

9.2

10.5

8.5

% Clay

25.8

22.5

35.5

16.8

17.7

Electric
conductivity

(mS/cm)
0.30

1.00

1.00

-

Apparent
density (g/cm3)

1.36

1.35

1.50

1.41

1.50

%CO3

0.80

0.80

2.00

48.00

57.60

Water
conductivity

(cm/h)
2.6

2.8

1.6

1.2

2.1

CCC (meq/lOOg)

16.00

10.00

19.00

8.00

8.00

%Field capacity

16.5

14.1

20.8

18.9

15.9

4.3. Technology description

4.3.1. Technology selection

The conversión of biomass into electricity can be achieved with different processes.
Direct combustión, gasification and biocrude oil gas turbine technology have been

27



considered. The first one has been selected because it is a technology in current use at a
commercial stage. The other two are being developed and further research is needed in
several aspects of these technologies to make them commercially available.

Among direct combustión processes, fluidized bed combustión has been selected
because of its environmental and performance advantages compared with fixed bed
boilers, which are nowadays the most common configuration for biomass direct
combustión. It is a well proved commercial technology with several operating units at
present.

4.3.2. Fluidized bed combustión technology

Fluidized bed processes have been used for years in petrochemical, pyrometallurgical
and in steam generation industries. Fluidized bed combustión has been recognized to
have not only lower capital costs than conventional units, but also the ability to fire
lower grade fuels and to minimize flue gas emissions with a better process control.

The basis of fluidized bed combustión is simple. The combustión chamber contains a
layer or bed of inert particles like sand, limestone, ashes from the combustión process or
a mixture of these components. Air is blown up through a distribution píate located at
the bottom of the chamber and through the bed, lifting the particles until they churn and
tumble, but without exiting the combustor: the bed is so-called fluidized because the
mixture of air and solid particles resemble a boiling liquid. The bed is heated above
500°C, by burning an alternad ve fuel gas in the air or with fuel oil burners. The heat
released keeps the bed hot, the start-up fuel can be shut off and the combustor is ready
to burn biomass.

Fluidized bed boilers can be divided in two types: bubbling (BFB) and circulating
(CFB). The first type is simpler, and air fluidization velocities are lower (0.5 to 1.5 m/s)
to prevent solids from elutriating from the conversión chamber into convective passes. It
is the boiler that has been chosen for our study. Typical bed temperature ranges from
750 to 850°C in biomass firing, keeping an uniform gradient along the bed. Above the
bed in the freeboard región the temperature can rise above 1000°C. This valúes are
lower than in conventional boilers because a higher combustión efficiency and heat
transfer can be achieved within the same temperature level. The low operating
temperature helps to reduce NOX formation (favoured above 900°C).

The inert bed material (sand, limestone or ashes) disperses fuel particles throughout the
bed, heats the particles quickly to the ignition temperature, stores thermal energy for the
combustión process, provides adequate residence time for complete combustión and, if
the bed is made of limestone or dolomite, provides sulphur retention.

The advantages of the fluidized bed combustión technology are as follows:

- Stable combustión in spite of wide variations in the particle size, moisture contení and
heating valué of the fuel (typical for biomass).

- It is a commercially available technology in an advanced stage of development.

28



- Possibility of firing different fuels simultaneously and to accept rapid load changes.

- Good process control because of the uniform temperature of the bed.

- Efficient control of SOT and NOX without expensive equipment.

Along with these advantages there are certain constraints as boiler surfaces' erosión or
alkali slagging. Apart from the cited advantages, other reasons for choosing BFB
technology is that CIEMAT has a pilot plant of 1 MW of this type dedicated to biomass
combustión research. The results obtained in this pilot plant can be extrapolated to a
commercial plant size with a computer process simulator, as has already been done in
some studies (APAS, 1995).

4.3.3. Description of the plant

Electricity generation will be achieved in a 20 MWe plant powered by a steam turbine.
Biomass-fired, steam-turbine power generation technology is the same one used in
conventional fossil-fueled power plants. Only the fuel feeding system and the boiler
should be modified, remaining the steam cycle unchanged. Compared to coal, the lower
density and heating valué of biomass would require more combustión área and more
heat transfer surface.

A diagram for the process is shown in figure 4.4

Figure 4.4. Block diagram of the electricity generation process

BIOMASS SHREDDER

BUBBLING
FLUIDIZED

BED
COMBUSTOR

STACK

AIR

HEAT
RECOVERY
STEAM
GENERATOR

20.1 MW

CONDENSER

ELECTROSTATIC
PRECIPITATOR

Process description

Shredded biomass is fed to the bubbling fluidized bed boiler. Air is fed to the base of
the boiler and the relatively low fluidizing velocity (0.5 to 1.5 m/s) limits the amount of
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material carried over with the flue gas. Secondary or tertiary air may be injected in
different parís of the boiler to improve the combustión efficiency. The low operating
temperature (800-850°C) helps to reduce NOX formation to acceptable limits. The
bubbling bed gives very good heat transfer to tubes buried within the bed which remove
heat for water evaporation and steam superheating. Some of the ash is removed from the
bottom of the combustor (bottom ash) and the rest is removed in high efficiency
cyclones (fly ash). The hot gases from the cyclones are cooled initially in a heat recovery
steam generator (HRSG) and finally in combustión air preheaters. Particulates are
eliminated in a fabric filter or more commonly in an electrostatic precipitator. The
cooled gases are exhausted to the atmosphere via the induced draught fan and stack with
a temperature around 100°C.

The steam generated and superheated to approximately 400°C and with a pressure of
about 28 bar goes to the turbine control valve and is expanded in the steam turbine. Parí
of the generated steam is used in the feedwater heaters and in the deaerator tank. The
low pressure steam from the steam turbine is condensed in a cooling tower, and the
condénsate is pumped through the low pressure heater to the deaerator tank, and through
the high pressure heater to the HRSG, thus completing the steam cycle.

The total heat input of the plant is about 80 MWth, for which is necessary a biomass feed
of approximately 139,650 tons per year,with a low heating valué of 3,700 kcal/kg,
assuming that the plant will work for 7,500 hours a year. A gross electrical output of
22.2 MW would be generated. Ancillary electrical consumption would be around 2.1
MW, this electricity being used in solids reception, storage and handling, fans,
compressors and pumps, and in the cooling water system. Therefore, net electricity
production would be 20.1 MW with an overall efficiency around 26%.

4.3.4. Emissions from the plant

The plant potential emissions will now be reviewed. Since no data for Cynara
cardunculus combustión are yet available, the following table summarizes typical
atmospheric emissions from a similar biomass power plants that have been reviewed in
the literature.

Table 4.8. Typical atmospheric emissions for biomass power plants

Pollutant

CO

co2

Particulates

NOX

SO2

Uncontrolled emission rate

14-250 ppm

75 - 90 g/MJ

400 - 700 g/GJ

25 - 35 g/GJ

10 - 100 g/GJ

Controlled emission rate

7 - 50 g/GJ

3 g/GJ

Source: Antares (1994) and CEEETA (1995)

CO2 emissions from the biomass combustión in a 20 MW plant have been estimated to
be around 200,0001CO2 /year (see section 7). But considering the whole biomass cycle,
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net CO2 emissions are supposed to be approximately zero; This assumption will be
íhoroughly analyzed in chapíer 7 of this report.

CO emissions depend greatly on combustión efficiency, and are a good benchmark of
oíher producís of incomplete combustión emissions. It is nol required special emission
conírol equipment; emissions are inherently controlled with good combustión pracíices.

Particulate emissions can be reduced down to 7 g/kJ using fabric filter baghouses or
electrostatic precipitaíors. Bolh are well developed lechnologies.

NOX emissions mainly come from fuel-bound niírogen and are a function of fuel
nitrogen contení, its volatility and oxygen availability. Due to lower firing temperalures,
NOX emissions in fluidized bed boilers are lower than in conventional biomass-burning
boilers (40 - 65 g/GJ). 90% emission reduction can be achieved with selective calalylic
reduction or other removal methods, but NOX control below the regulation threshold is
usually achieved wilh modern combustión techniques.

Sulfur content of biomass is around 0.1 % in weight or even lower in some cases, so the
emitted SO2 will also be very low, and always below the regulation limits. No specific
measures are normally needed for SO2 control in biomass plants.

The presence of organic volatile compounds (VOC) depends on íhe biomass fuel
ulilized and specific combuslion tests should be carried out to address their poteniial
danger.

If chlorine is parí of íhe composition of the biomass, care has to be taken ío avoid íhe
formaíion of HC1 íhaí may corrode the boiler heat-exchanging tubes, or KC1 thal may be
deposited in the tubes and the boiler walls.

No environmentally dangerous liquid emissions are expected from the plant normal
operation, aparí from the common ones of a sleam cycle.

The only solid wasles would be the ashes from íhe combusíion process. Their quanlity
depends again on the biomass utilized, being 9.2% in weight for the aerial part of
Cynara cardunculus. Characterizalion íests would be needed for each case to determine
their possible use as fertilizers for íhe biomass crops, thus completing the biomass cycle,
or as aditives for construclion malerials.

4.3.5. Economics of the plant

The invesíment costs of íhe 20 MW plañí are presenled in íhe following íable. These
figures have been estimated from data corresponding ío similar plañís.
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Table 4.9. Investment costs of the 20 MW power plant

Mechanical equipment

Electric materials

Construction

Insurance

Others

TOTAL

Specific cost

Investment costs (kECU)

16,364

5,455

7,273

1,818

5,455

36,364

1,820 ECU/kW

The operation and maintenance costs are assumed to be 5% of the total investment costs,
that is, 1,820 kECU per year, of which 40% goes for labour costs.

4.4. Fuel description

The biomass that is to be used as fuel for the power plant is that coming from Cynara
cardunculus, an herbaceous energy crop. This is a Mediterranean species, perfectly
adapted to its climate.

It is perennial, sprouting in autumn, and remaining all winter in a rosette state. When
spring comes, the plants begins to grow, until summer hot temperatures make it dry.
However, the roots and the latent buds in the stump stay alive, forming a new rosette in the
next autumn. This cycle has been shown experimentally to last up to eight years.

The strong root system of the plant makes it able to obtain water and nutrients from the
deep layers of the soil, being capable of yielding up to 20 tons of dry matter per ha and
year.

The energy content of the Cynara biomass is similar to that of low grade lignites, with a
high heating valué of 4,000 kcal/kg and a low heating valué of 3,700 kcal/kg.

4.4.1. Crop requirements

When the plant is still small, it is quite sensitive to low temperatures, which should not be
lower than -2°C. Once the rosette is formed, it can resist much lower temperatures, down
to-10°C.

Its water requirements are not very high, obtaining high yields when annual rainfall is
higher than 400 mm. When rainfall is lower, yields are much reduced.

This species requires light, deep, preferably chalky soils, with a capacity to retain winter
and spring rain in layers down to 3 m.
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4.4.2. Management practices

In autumn, the soil is tilled to incorpórate to it the remains of the last crop, and the
fertilizer (NPK 15:15:15), of which some 1,000 kg/ha should be applied. Also, herbicides
have to be used to prevent weeds that could compete with the small plants.

Then, the seeds are sown, in lines 1 m apart, consuming some 2-4 kg/ha. Care has to be
taken to sow as soon as possible, so that low temperatures will not hurt the small plants.

Along the winter, weeds are controlled with tilling practices. In spring, pesticides are
sprayed to control pests or diseases.

From mid-July to the end of August, the crop is harvested, being first mown and then
packed.

For the next years of the crop cycle, it is assumed that no herbicides are needed, as the
crop is firmly established. However, fertilizer (500 kg/ha of NPK 15:15:15) and pesticides
have to be applied.

We have assumed that the crop will be cultivated on a rotational basis, that is, l/8th of the
crop surface will be sown annually, and the rest will be maintained. We will assume then
an average yield for the whole crop surface of 15 tons of dry matter per hectare. Therefore,
as 139,650 tons of fuel are needed each year for the power plant, some 9,310 ha will be
required for the crop.

In the following table, the management practices for the crop are outlined.
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Table 4.10. Management practices

Implementation

Maintenance

Month

September

September

September

September

September

December

January

May

May

September

April

April

May

May

August

Operation

Fertilizing

Plowing

Harrowing

Herbicide application

Sowing

Cultivator

Cultivator

Pesticide application

Pesticide application

Fertilizing

Pesticide application

Pesticide application

Pesticide application

Pesticide application

Harvesting

Material

15-15-15

Alachlor

Dimethoate

Dimethoate

15-15-15

Dimethoate

Dimethoate

Dimethoate

Dimethoate

Dose

1000 kg/ha

1.5kg/ha

3 kg/ha

0.5 kg/ha

0.5 kg/ha

0.8 kg/ha

0.8 kg/ha

0.8 kg/ha

0.8 kg/ha

4.4.3. Labour requirements

All crop management practices are carried out using machinery, in order to reduce costs
and time. Henee, labour requirements are not too high, and they have been estimated in
9.16 man-hours per ha for the first year, and 3.66 man-hours per ha in the following
years of the eyele.

This means that for the crop rotation, an average of 4.35 man-hours per ha are needed,
which multiplied by the 9,310 ha required to produce the fuel, result in 40,475 man-
hours.

4.4.4. Crop economics

The implementation and maintenance of all the crop surface needed to produce the fuel
required (9,310 ha) will in turn require the expenditures detailed in the following table.
As has been done before, we have produced a single figure for the whole crop área, as
we assume that the crop will be grown on a rotational basis.
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The costs accounted for have been labour, agrochemicals, seeds, machinery (not
including fuel and labour), fuel, and transport (assuming an average transport distance
of 20 km)

Table 4.11. Crop economics

Labour

Machinery

Fuel oil

Seeds

Agrochemicals

Transport

TOTAL

Specific cost

ECU/ha.yr

9.88

136.99

9.88

3.79

127.72

74.18

362.44

24.16 ECU/t

ECU/yr

91,989

1,275,392

91,946

35,265

1,189,105

690,633

3,374,330
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5. MACROECONOMIC EFFECTS

The implementation of a new power plant produces effects on the economy which are
not always accounted for in traditional cost analyses. The investment allocated to the
project creates a related flow of consumption, a demand for goods and services, which
would have not taken place had the project not been accomplished, and which is greater
than the direct amount invested directly in the project. This is caused by what is usually
called 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 that
exist between them.

However, these economic 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 be merely a change in the
allocation of these, but not a net increase. Unfortunately, though, full employment is not
the typical situation for the Spanish economy.

Then, we may assume that the multiplier effect will produce external economic benefits.
We ñame them external, because, unlike direct investment in the project, they are not
included in its cost analysis, and therefore are not usually accounted for.

But, of course, these external benefits should not be assumed to be net benefits. As
monetary resources are scarce, money invested in one project will displace another
investment altemative, which would have different external economic effects. This has
to be taken into account when deciding between different investment alternatives.
However, that is not the goal of our study. Our objective is to assess the external effects
of a specific biomass project, in order to add the external costs or benefits to the price of
the electricity produced, so we only need to calcúlate the gross economic effects. The
comparison between different energy sources, and thus the calculation of net external
effects is out of the scope of this analysis.

We will assess the economic effects produced by the implementation of a biomass
power plant in Spain, by means of an input-output model for the whole Spanish
economy. Therefore, we will not be able to isolate local or regional effects, which might
be evaluated using regional input-output models, once it has been determined the
fraction of the investment that remains in the región.

The effects to be considered are the changes in gross domestic product, and on the
amount of taxes collected by the government. A part of the effect on tax revenues may
be included in the Gross Domestic Product effect, so these two should not be added
directly.
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5.1. 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, we may calcúlate 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 each sector)
AD: increment in final demand produced by the new expenditure.

In this expression, ( I - A )"' is what we 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 construction and
operation of the power plant, and the fuel production. Using employment as an example,
the direct impact would be the amount of jobs created by the construction and operation
of the plant. Indirect employment captures jobs created in the industries which provide
the materials, equipment and services needed to construct and opérate the facility, and to
produce the fuel. Induced employment is the cumulative result of the expansión which
occurs as direct and indirect jobs are created in the economy.

Therefore, if we want to assess the external economic effects, we have to substract, once
the model has run, the direct investment from the model result, 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 intermediate 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 we multiply the income generated by the

37



project by the average propensity to spend, and then distribute this consumption
according to the current consumption pattern, we produce another final demand matrix
which may be incorporated to the model.

Once we have determined the expenditures produced in all sectors of the economy due
to the different activities of the power plant implementation, we have to produce a
single demand matrix to be introduced in the model. Since expenditures are produced
along different time periods (construction expenditures are produced in the first two
years, while operation and maintenance expenditures are produced along the following
25 years), in order to aggregate them we have to use some type of discount rate, to bring
all expenditures to the same year. The choice of a discount rate is highly controversial,
and we have tried to avoid this by choosing three different rates, 0%, 3% and 10%, and
carrying out the calculations for the three of them.

By running the model, we obtain the increment in production caused by the increment in
demand. As mentioned before, this increment includes direct effects, which have to be
substracted. Then, valúes of the changes in valué added and taxes are obtained using
functions calculated by means of regression analyses, which relate production with
valué added and taxes. Regression analyses have been carried out using data for only
five years (1986-1990). This method of estimating these valúes is not very precise, as
more complex econometric analyses would be required. However, time constraints did
not allow for that type of analysis.

In addition, 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 (1990, in our case). 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.

5.2. Production

In order to calcúlate the increment in production due to the implementation of the
biomass power plant, we have divided the expenditure generated according to the fifty-
six sectors of the input-output table. We may assume, quite realistically, that all the
expenditure is produced inside the country. Valúes are expressed in 1990 prices.

In the following table, the expenditure generated by the different activities of the project
is shown. These include construction, plant operation and maintenance, fuel production,
and the consumption generated by the income received by plant and agricultural
workers.

Construction expenditures are expressed on a global basis, for the two years which will
last, and the rest of the demand is expressed on a yearly basis.
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Table 5.1. Final demand due to the bioenergy project (kECU)

1. Agricultura, forestry and fisheries

2.Coal

3. lignites

4. Coal products

5. Crude oil

6. Refined oil products

7. Natural gas

8. Water

9. Electricity

10. Manufacturad gas

11. Nuclear fuels

12. Iron and siderurgy products

13. Non-iron minerals and metáis

14. Cement, lime and gypsum

15. Glass

16. Ceramic products, clay

17. Other minerals and non-metals

18. Chemical products

19. Metalic products

20. Agricultura! and industrial machinery

21. Office equipment

21 Electric material

23. Cars and engines

24. Other transport means

25. Meat and preserves

26. Milk and dairy products

27. Other food products

28. Beverages

29. Tobacco

30. Textiles

31. Leather, shoes

32. Wood and wooden furniture

33. Paper pulp, paper

34. Paper anieles, printing

35. Rubber and plástic products

36. Other manufacturad products

37. Construction

38. Rehabilitaüon and repairing

39. Trade

40. Restaurants and lodgings

41. Railways

42. Road transport, oil and gas pipelines

43. Maritime transport

44. Air transport

45. Transport related services

46. Communications

47. Credit and insurance

48. Services to businesses

49. Housing rentáis

50. Marketable tesearch and educational

Construction

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

16363.64

0.00

5454.55

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

7272.73

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1818.18

5454.55

0.00

0.00

O&M

0.00

0.00

0.00

0.00

0.00

0.00

0.00

218.18

218.18

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

109.09

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

490.91

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

54.55

0.00

0.00

0.00

Fuel
production

35.27

0.00

0.00

0.00

0.00

91.95

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1189.11

0.00

1275.39

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

690.63

0.00

0.00

0.00

0.00

0.00

0.00.

0.00

0.00

Agricultura! workers
spending

1.35

0.05

0.00

0.00

0.00

2.04

0.06

0.22

1.05

0.04

0.00

0.00

0.00

0.00

0.00

0.01

0.00

1.34

0.34

0.00

0.09

0.35

1.26

0.06

2.84

1.27

2.77

0.66

0.91

2.10

0.70

0.61

0.01

0.45

0.08

0.39

0.21

2.55

13.04

13.39

0.17

1.56

0.07

0.28

0.28

0.67

0.65

0.45

6.39

0.84

Plant workers
spending

10.69

0.43

0.01

0.00

0.00

16.12

0.46

1.76

8.31

0.30

0.00

0.00

0.00

0.01

0.01

0.09

0.01

10.58

2.70

0.01

0.69

2.80

9.95

0.44

22.47

10.02

21.92

5.23

7.22

16.64

5.56

4.79

0.04

3.57

0.67

3.07

1.63

20.14

103.08

105.84

1.34

12.30

0.55

2.25

2.24

5.29

5.13

3.59

50.50

6.64
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services

51. Marketable health services

52. Other marketable services

53. Public services

54. Non-marketable research and
educational services

55. Non-marketable health services

56. Other non-marketable services

TOTAL

0.00

0.00

0.00

0.00

0.00

0.00

36363.64

0.00

0.00

0.00

0.00

0.00

0.00

1090.91

0.00

0.00

0.00

0.00

0.00

0.00

3282.34

1.36

3.16

0.00

0.14

0.00

1.11

72.59

10.78

25.01

0.00

1.08

0.00

8.76

573.88

As mentioned before, these figures may be aggregated to produce a single figure for the
whole project. In order to do that, we have to discount all valúes to the starting point of
the project. As in every analysis where money flows are generated along an extense time
period, the problem of choosing an appropriate discount rate arises. If a high discount
rate is used, that implies that the electricity produced in the future is considered to be
less valuable than in the present time, what may not be very reasonable, moreover if we
account for sustainabilíty issues. To ¿Ilústrate this problem, we have chosen three
different discount rates, 0%, 3% and 10%. We have assumed that construction activities
will last for two years, and that the plant lifetime will be 25 years, so that global figures
have been averaged over 27 years. In the next table, the annual averaged final demand
created by the project is shown.

Table 5.2. Annual averaged final demand (kECU)

1. Agricultura, forestry and fisheries

2. Coal

3. Lignites

4. Coal producís

5. Crude oil

6. Refined oil producís

7. Natural gas

8. Water

9. Electricity

10. Manufacturad gas

11. Nuclear fuels

12. Iron and siderurgy producís

13. Non-iron minerals and metáis

14. Cement, lime and gypsum

15.Glass

16. Ceramic producís, clay

17. Other minerals and non-metals

18. Chemical producís

19. Metalic producís

20. Agricultural and industrial machinery

21. Office equipmenl

22. Eleclric material

23. Cars and engines

24. Oíher transpon means

25. Meat and preserves

26. Milk and dairy producís

27. Other food producís

0%

43.80

0.44

0.01

0.00

0.00

101.95

0.48

203.86

210.69

0.31

0.00

0.00

0.00

0.01

0.01

0.10

0.01

1213.07

2.82

1786.99

0.72

204.95

10.38

0.46

23.44

10.45

22.86

3%

28.65

0.29

0.01

0.00

0.00

66.70

0.31

133.37

137.85

0.20

0.00

0.00

0.00

0.00

0.00

0.06

0.00

793.64

1.85

1378.68

0.47

203.93

6.79

0.30

15.34

6.83

14.96

10%

12.84

0.13

0.00

0.00

0.00

29.88

0.14

59.76

61.76

0.09

0.00

0.00

0.00

0.00

0.00

0.03

0.00

355.58

0.83

952.22

0.21

202.88

3.04

0.13

6.87

3.06

6.70
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28. Beverages

29. Tobacco

30. Textiles

31. Leather, shoes

32. Wood and wooden furniture

33. Paper pulp, paper

34. Paper arricies, printing

35. Rubber and plástic producís

36. Other manufactured producís

37. Construction

38. Rehabilitation and repairing

39. Trade

40. Restaurants and lodgings

41. Raihvays

42. Road transpon, oil and gas pipelines

43. Maritime transpon

44. Air transpon

45. Transpon related services

46. Communications

47. Credit and insurance

48. Services to businesses

49. Housing rentáis

50. Marketable research and educational services

51. Marketable health services

52. Other marketable services

53. Public services

54. Non-marketable research and educational services

55. Non-marketable health services

56. Other non-marketable services

TOTAL

5.46

7.54

17.36

5.80

5.00

0.04

3.72

0.69

3.21

271.06

475.56

107.52

110.40

1.40

652.30

0.58

2.35

2.33

5.52

123.20

205.76

52.68

6.92

11.24

26.08

0.00

1.12

0.00

9.14

5994.69

3.57

4.93

11.36

3.79

3.27

0.03

2.44

0.45

2.10

270.47

311.13

70.34

72.23

0.92

426.77

0.38

1.54

1.53

3.61

103.89

204.47

34.46

4.53

7.36

17.07

0.00

0.74

0.00

5.98

4387.67

1.60

2.21

5.09

1.70

1.47

0.01

1.09

0.20

0.94

269.86

139.40

31.52

32.36

0.41

191.21

0.17

0.69

0.68

1.62

83.71

203.12

15.44

2.03

3.30

7.65

0.00

0.33

0.00

2.68

2709.22

Now we are able to run the input-output model for this final demand. The input-output
table used has been that for the Spanish 1990 economy, provided by the National
Statistics Institute (INE, 1995).

The result of the model, the annual increase in production for each economic sector, is
shown in the following table.

Table 5.3. Production increment for each economic sector (kECLH

1. Agricultura, forestry and fisheries

2. Coal

3. Lignites

4. Coal products

5. Crude oil

6. Refmed oil products

7. Natural gas

8. Water

9. Electricity

10. Manufactured gas

11. Nuclear fuels

12. Iron and siderurgy products

0%

145.93

34.15

16.83

13.56

3.40

280.02

13.41

212.17

434.23

2.98

13.06

327.22

3%

97.38

23.85

11.46

10.12

2.29

188.64

9.40

139.15

295.53

2.17

8.89

251.93

10%

46.67

13.10

5.84

6.52

1.13

93.20

5.21

62.88

150.67

1.34

4.53

173.30



13. Non-iron retiñerais and metáis

14. Cement, lime and gypsum

15. Glass

16. Ceramic producís, clay

17. Other minerals and non-metals

18. Chemical products

19. Metalic products

20. Agricultural and industrial machinery

21. Office equipment

22. Electric material

23. Cars and engines

24. Other transpon means

25. Meat and preserves

26. Milk and dairy products

27. Other food products

28. Beverages

29. Tobacco

30. Textiles

31. Leather. shoes

32. Wood and wooden furniture

33. Paper pulp, paper

34. Paper arricies, printing

35. Rubber and plástic products

36. Other manufacturad products

37. Construction

38. Rehabilitation and repairing

39. Trade

40. Restaurants and lodgings

41. Railways

42. Road transpon, oil and gas pipelínes

43. Maritime transpon

44. Air transpon

45. Transpon related services

46. Communications

47. Credit and insurance

48. Services to businesses

49. Housing rentáis

50. Marketable research and educational services

51. Marketable health services

52. Other marketable services

53. Public services

54. Non-marketable research and educational services

55. Non-marketable health services

56. Other non-marketable services

TOTAL

57.57

19.01

25.05

14.24

74.73

1314.21

267.87

1952.15

13.75

311.74

128.99

13.51

39.80

13.30

74.72

26.00

7.54

38.97

8.86

31.90

21.96

88.36

126.55

12.94

351.27

567.07

324.17

196.78

7.19

784.59

5.53

18.64

104.84

86.06

1073.57

526.18

131.25

28.47

11.65

54.44

0.00

1.12

0.00

9.14

10462.63

45.67

15.82

18.05

12.31

57.22

867.93

204.81

1502.54

10.46

283.73

87.38

9.36

26.41

8.80

49.86

17.76

4.93

26.50

5.89

23.36

16.22

65.51

91.08

9.43

328.86

377.68

229.02

137.07

5.18

524.64

3.95

13.64

71.26

64.53

854.36

451.00

93.97

20.45

7.64

38.29

0.00

0.74

0.00

5.98

7730.10

33.25

12.50

10.75

10.30

38.93

401.82

138.95

1032.95

7.03

254.46

43.92

5.02

12.44

4.10

23.88

9.15

2.21

13.47

2.79

14.45

10.22

41.64

54.05

5.75

305.45

179.88

129.64

74.70

3.08

253.13

2.29

8.42

36.20

42.05

625.41

372.48

55.04

12.08

3.44

21.43

0.00

0.33

0.00

2.68

4876.12

As mentioned before, these are the total valúes, that is, including direct and indirect
effects. Substracting them from the direct investment, we obtain the indirect production
increment, which is shown below.
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Table 5.4. Indirect production increment (kECU)

0%

4,468

3%

3,342

10%

2,167

This increment may be expressed related to the direct investment produced, as a
coefficient, as is shown in the following table.

Table 5.5. Indirect production increment per unit of expenditure

0%

0.75

3%

0.76

10%

0.80

5.3. Gross Domestic Product

The change in gross domestic product may be calculated according to the following
expression:

AGDP = AVA + AVAT
where:
VA: valué added
VAT: valué added tax

Therefore, we have to previously calcúlate these two valúes. As has been mentioned
before, this will be done using functions obtained through regression analysis of data for
5 years (1986-1990). The best fit for the regression functions has been obtained relating
overall valúes for production, valué added, and others, not for their increments. Thus,
the method used for calculating the changes in these valúes has been to add the
increment in production to the real valué for 1990, and to introduce this valué into the
regression function, taking into account the error produced in the estimation of 1990
valúes. Thus we obtain the overall valué for 1990 with the biomass project. If we then
substract the real valué for 1990, we obtain the change in the economic parameter due to
the implementation of the project.

This procedure has been followed not only for valué added or valué added tax, but for
the estimation through regression analysis of all valúes in this section and employment.

For valué added, the best-adjusted function is an exponential function:

1.03957NVA = exp (-1.32975 PROD' UJbO/) (in Mptas)
where
VA: valué added
PROD: production
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The characteristics for this regression function are:

R2 = 99.95
Correlation coefficient: 0.999751
Standard error of estimation: 4.4018 le-3

For VAT, the best adjusted function is a linear function:

VAT = -936.282 + 0.0442373 PROD (in Mptas)

R2 = 96.40
Correlation coefficient: 0.981825

Standard error of estimation: 114.539

Using these functions, the results obtained are those shown in the following table.

Table 5.6. Annual valué added and valué added tax increments (kECU)

Valué added

Valué added tax

0%

2.532

198

3%

1.894

148

10%

1,228

96

The changes in GDP produced by the implementation of the biomass power plant are
shown in the next table.

Table 5.7. Annual GDP changes (kECU)

GDP

0%

2,729

3%

2,042

10%

1,324

These figures may be normalized against the total electricity output of the power plant,
producing then the following results.

Table 5.8. GDP changes per kWh (mECU per kWh)

GDP

0%

18.19

3%

13.61

10%

8.83

5.4. Tax revenues

The production increment induced by the biomass power plant implementation will also
cause a change in the amount of taxes collected by the government. Here we will
consider valué added tax, income tax, and indirect taxes (such as those levied on
tobáceo, alcohólete). It has to be reminded that VAT has already been included in GDP
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increment, so the straight addition of tax revenues and GDP effects would incur in
double-counting.

As for previous sections, the change in taxes will be calculated using regression
functions. The best fit has been obtained for those linking income tax with valué added,
and indirect taxes with production. Valué added tax results were shown in the previous
section. We have considered only taxes coilected by the national government.

Income tax:

INC = -2.81697e6 + 0.540229 VA (in Mptas)

R¿ = 97.68
Correlation coefficient: 0.988322
Standard error of estimation: 236.876

Indirect taxes:

IND = exp ( 13.7136 + 9.8388e-9 PROD) (in Mptas)

R" = 82.88
Correlation coefficient: 0.910399
Standard error of estimation: 0.0598905

The following results have been obtained.

Table 5.9. Annual change in taxes coilected by the national government (kECU)

Income tax

Indirect taxes

Valué added tax

TOTAL

0%

516

92

198

806

3%

386

69

148

603

10%

250

45

96

391

These figures may be expressed in a per kWh basis, as is shown in the following table.

Table 5.10. Increment in tax revenues per kWh (mECU per kWh)

Taxes

0%

5.37

3%

4.02

10%

2.61
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6. EMPLOYMENT

The implementation of a new power generation facility provides new employment
opportunities, although this does not always mean social benefits.

As has been mentioned earlier in the report, externalities arise mostly from market
failures. If the market is working well, no externality should exist. In the case of
employment, a new power station 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 (Navrud,
1994) 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.

Then, to assess the employment benefits produced by the implementation of a power plant,
we have to analyze the labour market situation in the country, the budget devoted to
unemployment reduction, the amount of unemployment subsidies, and of course, the
employment generated by the new project.

The employment created may be direct, or indirect. Direct employment is the amount of
jobs needed to build the plant, opérate it, and produce the fuel. Indirxt 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.

The pathway for employment creation is shown in the following figure:
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Figure 6.1. Employment creation pathway

ACTIVITY

Direct

Investment and operating
costs

Prívate consumption

i
Multiplier effect

Indirect

EMPLOYMENT

6.1. Direct employment

When a biomass power plant is built, several jobs are needed for its construction,
operation and maintenance. There is also new employment for fuel production, which, in
the case of biomass systems, may be quite important.

For construction, it is estimated that some 225 workers will be needed for the two years
which that stage lasts. This figure has been obtained from similar plants already built, or
under construction.

The same source, similar size and technology plants, has been used for the estimation of
the amount of workers needed for the plant operation and maintenance. We assume that 25
jobs will then be required during the lifetime of the plant, which is 25 years.

For the fuel production stage, different amounts of labour will be needed, depending
whether the crop is being implemented or maintained. It will also depend on the season,
since agricultural practices are seasonal, and henee different amounts of work will be
needed for different periods. Nevertheless, we will use a single figure, as we assume that,
once the fuel eyele is running, and all the crop surface is being cultivated, new crop eyeles
will be implemented on a rotational basis, by l/8th of the total surface per year, so that the
workforce will be constant along the years. We will not take into account, neither, the
variability of work requirements along the seasons.

Since 9.16 hours per ha are needed for a crop implementation year, and 3.66 hours/ha are
needed for crop maintenance every year, the average labour needed for the rotation is 4.35
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h/ha per year. This results, for the whole crop surface needed, in 40,475 working hours per
year.

Assuming that the average working time is 1,760 hours a year, this results in 23 jobs
created, which are maintained for the 25-year lifetime of the plant.

In addition to these jobs, we must add those needed for transporting the crop to the power
plant. Assuming that 12t trucks will be used, each making two round-trips a day, we
would need some 24 trucks a day, what makes for 24 jobs required during the 25-year
lifetime of the plant.

These figures are summarized in the following table

Table 6.1. Direct employment

Stage

Plant construction

Plant operation

Fuel production

Fuel transpon

Jobs

225

25

23

24

Time during which jobs are
maintained

2 years

25 years

25 years

25 years

We may calcúlate the average number of direct jobs created due to the implementation of
this project, by dividing those required for construction by the plant lifetime. This results
in an indicative figure of 81 jobs.

6.2. Indirect employment

Indirect employment is that created along all sectors of the economy because of the new
demand for goods and services generated by the project. As we explained in the
previous chapter, this demand is induced by the expenditure in the project, and by the
increased spending of the population because of the new income generated by the
salaries paid to the workers of the project.

The amount of jobs generated is calculated using the same input-output model as in the
previous chapter, for 1990 Spanish economy. From the result of the model, the annual
production increment due to the implementation of the biomass power plant, we
obtained the increment in valué added. From valué added, we may calcúlate the
employment generated, using a regression function.

As before, we have to remind the uncertainties inherent to this type of analysis, to avoid
using these figures as facts, but only indicative estimates.
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The best fitted function relating employment to valué added is:

EMP = exp (3.61071) VA0332299

R2 = 99.49

Correlation coefficient: 0.997441

Standard error of estimation: 4.69992e-3

The resulting valúes for indirect employment are shown in the following table.

Table 6.2. Indirect employment

Jobs

0%

91

3%

67

10%

42

If we assume that these jobs are distributed along the economic sectors according to the
production increment in each of them, we may obtain some indicative sectorial results for
employment increments.

Table 6.3. Indirect employment per sector

I. .-\griculture, forestry and fisheries

2. Coal

3. ügnites

4. Coal products

5. Crude oil

6. Refmed oil products

7. Natural gas

8. Water

9. Electricity

10. Manufacturad gas

11. Nuclear fuels

12. Iron and siderurgy products

13. Non-iron minerals and rnetals

14. Cement, lime and gypsum

15. Glass

16. Ceramic products, clay

17. Other minerals and non-metals

18. Chemical products

19. Metalic products

20. Agricultura] and industrial machinery

21. Office equipment

22. Electric material

23. Cars and engines

24. Other transpon means

25. Meat and preserves

26. Milk and dairy products

27. Other food products

28. Beverages

0%

1

0

0

0

0

2

0

2

4

0

0

3

0

0

0

0

1

11

2

17

0

3

1

0

0

0

1

0

3%

1

0

0

0

0
1

0

1

3

0

0

2

0

0

0

0

0

8

2

13

0

2

1

0

0

0

0

0

10%

0

0

0

0

0

1

0

1

1

0

0

0

0

0

0

0

3

1

9

0

2

0

0

0

0

0

0
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29. Tobacco

30. Textiles

31. Lealher, shoes

32. Wood and wooden fumiture

33. Paper pulp, paper

34. Paper anieles, printing

35. Rubber and plástic products

36. Other manufacturad products

37. Construction

38. Rehabilitation and repairing

39. Trade

40. Restaurants and lodgings

41. Railways

42. Road transpon, oil and gas pipelines

43. Maritime transpon

44. Air transpon

45. Transpon related services

46. Communications

47. Credit and insurance

48. Services to businesses

49. Housing rentáis

50. Marketable research and educational services

51. Marketable health services

52. Other marketable services

53. Public services

54. Non-marketable research and educational sen-ices

55. Non-marketable health services

56. Other non-marketable services

TOTAL

0

0

0

0

0

1

1

0

3

5

3

0

7

0

0

1

1

9

5

1

0

0

0

0

0

0

0

91

0

0

0

0

0

1

1

0

3

3

2

1

0

5

0

0

1

1

7

4

1

0

0

0

0

0

0

0

67

0

0

0

0

0

0

0

0

3

2

1

1

0

2

0

0

0

0

5

3

0

0

0

0

0

0

0

0

42

Therefore, the total empioyment generated by the biomass power plant installation
would be that shown in the following table.

Table 6.4. Total empioyment generated by the project

Direct empioyment

Indirect empioyment

TOTAL

Jobs

81

42-91

100-120

6.3. Economic valuation

The issue of placing valúes on empioyment and other economic attributes, in terms of a
trade-off with price, is problematic, because economic development attributes,
according to some authors (Bohi, 1994), do not constitute true externalities associated
with electricity production, ñor is there a justifiable economic method of assigning
stable monetary valúes to them. The valuation of economic development benefits will
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depend upon the economic conditions of the región, and of the political environment.
This has not been an obstacle for some studies to be carried out, which attempt to valué
the creation of new jobs. (Hohmeyer, 1988; ONRL,1992; Navrud, 1994).

As mentioned before, externalities due to job creation arise depending on the labour
market conditions. Therefore, we will analyze these conditions in the área around the
power plant, and in the whole country. We will sepárate the analysis for the agricultural
sector and for the rest of economic sectors, as their labour market characteristics are
quite different.

6.3.1. Agricultural sector

In the agricultural sector, unemployment rates are very high, around 45% of the active
population. That means some 25,000 unemployed in the área. It is not so difficult to
assume, then, that all workers employed by the project in the agricultural sector will
come from the unemployed pool, as the workforce requirements are much lower than
the available workers. Since agricultural work is not highly valued, it is not expected
that workers from other sectors will come to occupy these jobs. Also, as the amount of
unemployed agricultural workers is so high, it is probable that all of them will come
from the área studied. Therefore, a true externality is involved in this case, since the
workforce used by the project would otherwise remain idle.

As for the economic valuation of the employment benefits, we must first explain the
current status for unemployed agricultural workers in Andalucía.

Those workers who have an income below 75% of the mínimum wage (3,420 ECU/yr)
and have worked a mínimum of 40 days in the previous year, are paid 2,016 ECU per
year by the government. Therefore, if these workers work enough time a year to exceed
the income limit, the government would save the amount of money paid.

We have assumed that the 23 agricultural workers needed for fuel production will work
for 1,760 hours a year. Assuming a daily pay of 18.2 ECU, that means that they would
earn around 4,000 ECU per year, henee being eliminated from the unemployment roll.

In addition, there is some indirect employment in the agricultural sector, which has been
estimated to be around 0.5 jobs. However, this indirect employment is generated in the
whole country, while unemployment subsidies only exist in two regions of Spain. We
may assume that the agricultural employment increment is distributed according to the
current agricultural population distribution (44% of the agricultural workers reside in
these regions), thus obtaining the indirect employment in agriculture generated in
Andalucía and Extremadura, the regions where agricultural unemployment subsidies
exist. Anyway, in our case the indirect agricultural employment generated is negligible.

The direct and indirect employment created in the agricultural sector by the biomass
power plant implementation is shown in the following table.
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Table 6.5. Direct and indirect employment in agriculture in Andalucía and Extremadura

Direct

Indirect

TOTAL

Jobs

23

negligible

23

As has been mentioned before, each job created in agriculture in these regions saves
2,016 ECU per year to the government. Therefore, we may calcúlate the annual savings
for the government because of the project. Results are also presented normalized against
the electricity production of the power plant.

Table 6.6. Employment benefits in the agricultural sector

Direct employment

Indirect employment

TOTAL

ECU/yr

46.368

negligible

46,368

mECU/kWh

0.31

negligible

0.31

6.3.2. Other economic sectors

For the rest of the economic sectors, there is not such a specific unemployment program
as for agriculture. Unemployment subsidies do exist, but under other conditions.

Only those workers previously unemployed are entitled to receive the subsidy, which is
set at 70% of the average monthly salary received for the last six months worked. This is
limited by minimum and máximum quantities, namely 344.3 ECU/month and 1009.9
ECU/month, depending on the worker conditions, such as his age, family size, etc.

These will be the lower and upper limits for the government savings, if we assume that
all the workers employed in the project will come from the unemployment lists.
However, this assumption is quite strong, as there may be unemployed workers who are
not receiving the unemployment subsidy. Therefore, the lower limit might be even 0, if
none of the unemployed workers had worked previously.

The analysis has to be done sector by sector, as there may be sectors where
unemployment is lower than the natural rate of unemployment, and thus the jobs created
might displace others rather than créate new ones.

In the next table, the unemployment rates, and the employment created in each
economic sector (direct and indirect) are shown. Those jobs created in the agricultural
sector in Andalucia and Extremadura are not indicated, in order to avoid double
counting.
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Table 6.7. Unemployment rates and employment created

1. Agricultura, forestry and fisheries

2.Coal

3. Lignites

4. Coal products

5. Crude oil

6. Refined oi¡ products

7. Natural gas

8. Water

9. Electricity

10. Manufacturad gas

11. Nuclear fuels

12. Iron and siderurgy products

13. Non-iron minerals and metáis

14. Cement, lime and gypsum

15. Glass

16. Ceramic products, clay

17. Other minerals and non-metals

18. Chemical products

19. Metalic products

20. Agricultural and industrial machiner)'

21. Office equipment

22. Electric material

23. Cars and engines

24. Other transport means

25. Meat and preserves

26. Milk and dairy products

27. Other food products

28. Beverages

29. Tobacco

30. Textiles

31. Leather, shoes

32. Wood and wooden fumiture

33. Paper pulp, paper

34. Paper articles, printing

35. Rubber and plástic products

36. Other manufacturad products

37. Construction

38. Rehabilitation and repairing

39. Trade

40. Restaurants and lodgings

41. Railways

42. Road transport, oil and gas products

43. Maritime transpon

44. Air transport

45. Transport related services

46. Communications

47. Credit and insurance

48. Services to businesses

49. Housing rentáis

50. Marketable research and educational services

%unemployment

17,6%

6,3%

6,3%

6,3%

5,5%

5,5%

5,5%

9,2%

7,37o

7,3%

0,0%

0,0%

0,0%

8,4%

8,4%

8,4%

8.4%

10,7%

11,1%

11,6%

16,9%

13,6%

6,0%

11,7%

15.9%

15,9%

15,9%

15,9%

15,3%

17,8%

21,2%

15,0%

9,9%

15,8%

8.9%

14.4%

22,7%

15,0%

15,0%

17,5%

7,1%

7,1%

16,6%

8,2%

14,3%

10,1%

5,5%

17,6%

9,2%

7,3%

Jobs created

23-24

0

0

0

0

1-2

0

1-2

26-29

0

0

2-3

0

0

0

0

0-1

3-11

1-2

9-17

0

2-3

0-1

0

0

0

0-1

0

0

0

0

0

0

0-1

0-1

0

12

2-5

1-3

1-2

0

26-31

0

0

0-1

0-1

5-9

3-5

0-1

0
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51. Marketnble health services

52. Other marketable services

53. Public services

54. Non-marketable research and educational services

55. Non-marketable health services

56. Other non-marketable services

TOTAL

11,5%

15,3%

8,6%

7,3%

11,5%

15,3%

22,7%

0

0

0

0

0

0

123-172

As can be seen in the table, all jobs but one are created in sectors where unemployment
rates are greater than 5%. so it is very likely that all workers will come from the
unemployment lists. Therefore, we will assume that all of them were receiving
unemployment subsidies.

Assuming then a range for employment benefits from 344.3 to 1009.9 ECU/month for
each job created, the total amount saved by the government is shown in the next table.

Table 6.8. Employment benefits in other economic sectors

Direct employment

Indirect employment

TOTAL

ECU/yr

239,633-702,890

173,527-1,102,811

413,160-1,805,701

mECU/kWh

1.60-4.69

1.16-7.35

2.75-12.04

This figure may be added to that obtained for the agricultural sector, to produce the total
amount saved by the government as a result of the employment created by the biomass
power plant installation.

Table 6.9. Total employment benefits

Direct employment

Indirect employment

TOTAL

ECU/yr

286,001-749,258

173,527-1,102,811

459,528-1,852,069

mECU/kWh

1.91-5.00

1.16-7.35

3.06-12.35

The previous calculations have been undertaken based on an avoided cost approach,
what may not be very consistent with the methodology proposed. Therefore, real welfare
benefits should be calculated to incorpórate them to the analysis. In addition to
government savings, there is a greater valué for job creation, which should account for
the welfare increment produced. Some authors (Navrud, 1994) propose the use of
government expendi tures in job promotion as the indicator of society's revealed
preferences to créate extra employment. Though this may be reasonable, we believe it
should not be considered under the marginal approach adopted for our study.

This is because it is highly unlikely that a small change in employment as that created
by an additional power plant will change government expenses in employment
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promotion. Then, no savings in these expenses are expected to happen due to the
project. However, we may take these figures as an indicative measure for the welfare
increment produced.

For the 1995 fiscal year, the Spanish government has devoted 418,975 kECU to
employment promotion programmes. However, they do not specify the amount of jobs
they intend to créate. Madrid regional government, to put another example, is allocating
1,820 MECU to créate 8,000 jobs. That is, they assign a valué to each job of 227,500
ECU. If we take this valué as an estímate of the external benefit of job creation, we may
produce a figure for the whole biomass project. Since the amount of jobs created ranges
from 123 to 172, the external benefit should be from 27,983 to 39,130 kECU, what is a
much larger figure than the one estimated before.
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7. CO2 FIXATION

7.1. Introduction

One of the major benefits of biomass systems is their role as sinks of CO2. Carbón
dioxide is supposed to be the main contributor to the greenhouse effect, which
contributes to the global warming trend of the atmosphere.

Although this is a beneficial effect, without which life would not have been possible on
the Earth, the increment in carbón dioxide emissions has caused temperature patterns to
be altered, producing an unusual temperature rise. In spite of some uncertainty
remaining, the last IPCC report seems to establish a firm relationship between these
facts.

This climate ehange has serious eonsequenees over many aspects of life. The problem is
that the determination of these impaets is very difficult, because of the long time scales
involved, the global nature of impaets, the intervention of several factors, and the
uncertainty conceraing the own climate ehange.

Climate ehange is determined by several greenhouse gases besides from carbón dioxide.
Methane and nitrous oxides are also known to contribute directly to the greenhouse
effect.

NOX may also contribute to global warming, due to their role in the formation of
tropospheric ozone, which is also a greenhouse gas. On the other hand, it also
contributes to the reduction of the atmospheric lifetime of methane, producing a global
cooling effect (Houghton et al, 1990). No definitive quantification of the net effect is yet
available. Anyway, NOX contribution to global warming is expected to be at least an
order of magnitude lower than that of CO2.

SO2 effeets are also uncertain, because of its role in the formation of sulphate aerosols.
Aerosols refleet ineoming solar radiation and therefore tend to cool the atmosphere.
However, their geographical distribution is not uniform, and their effeets are mostly in
the short-term. This creates much uncertainty on its effeets.

7.2. CO2 emissions of the biomass fuel eyele

Several stages of the biomass fuel eyele emit or absorb carbón dioxide. Here, the
ones that are believed to be more important have been analyzed. It is difficult to
evalúate the emissions from all the stages of the eyele, but, as it will be shown in the
final results, the contribution of most of the stages other than the electricity generation
to the COT eyele are negligible.
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7.2.1. Biomass cultivation

From the growing of the energy crop comes the only CO? sink of the biomass fuel cycle
for our case study. If we assume a cultivated área of 9,310 ha. per year to cope with the
required biomass consumption for electricity generation, and a crop yield of 15 t/ha, the
yearly biomass production will be 139,650 tons.

Net CO2 fixation of the aerial part of Cynara has been calculated based on the carbón
content of the different parts of the plant, and has been estimated to be 1.53 kg CO2 / kg
aerial biomass.

But it also has to be considered that not the whole plant is harvested, and the roots and
part of the stem remain on the ground when the rest is exported. It has been estimated
that 25% of the plant remains on the ground after the harvest. During the lifetime of the
plant, it can be estimated that, on average, 2.5% of the plant that is harvested every year
remains on the fields. So the amount of harvested biomass must be multiplied by a
factor of 1.025 to calcúlate the CO2 fixation per year. The percentages that have been
used are only a first approximation to the problem. Further research must be carried out
to evalúate more precisely these figures.

Thus, the CO2 fixation of the biomass can be calculated as:

9,310 ha x 15 t/ha x 1.53 kg CO2/kg biomass x 1.025 = 219,006 t CO2 / year

Biomass cultivation also produces CO2 which comes from the tractors and agricultural
machinery that are used. Two ways of calculating these emissions have been addressed:

a) For the overall cultivation stage it has been estimated a diesel consumption of 35.43
1/ha, which represents 35.43 1/ha x 9,310 ha/year = 329,807 1/year (87,500 gallons/year)
for our case study. An annual driving distance of 1,350,000 km (839,000 miles/year)
was assumed.

To calcúlate the CO2 emissions from these figures, the following formula is applied
(DOE, 1994):

Annual emissions = Annual mileage x Fm x Annual fuel use x Ff

where Fm and Ff are emission factors that depend on the fuel used. For our case, this
results in :

CO2 emissions = 3 x 839,000 + 11,700 x 87,500 « 1,025 tons of CO2 / year

where 3 and 11,700 are the emission factors obtained from tables in the cited reference.

b) Another way of calculating the CO2 emissions from biomass cultivation is using
emission factors that appears in different references. From (IEA-GHG, 1994) it can be
obtained that in the first year carbón emissions for the establishment of the plantations
(ploughing, planting, fertilizing, herbicide application) are assumed to be about 20 kg
C/ha. The average annual emissions during the following years are about one tenth of
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the previous valué. If the total lifetime of the plant is assumed to be 25 years, the
average carbón emissions per year will be around 3 kg C/ha. Assuming a carbón to
carbón dioxide conversión in the engines of 90% and with the relationship between their
molecular weights (Mcoi / Me = 44 / 12 = 3.67), the CO? emissions from biomass
cultivation can be obtained as:

3 kg C/ha x 9,310 ha/year x 3.67 kg CO2/kg C x 0.9 - 92.25 tons of CO2 / year

The results obtained with the two methods employed vary in one order of magnitude,
but as we will show, the influence in the carbón dioxide balance of these figures will be
negligible.

7.2.2. Biomass transport to the plant

To calcúlate the CO? emissions from the transport of biomass to the plant the same
method used in the last section has been used. Several assumptions have to be made:

The yearly biomass consumption of the plant will be 139,650 tons, that will have to be
transported over an average distance of 20 km.

Heavy trucks of 12 tons of capacity will be used for the transport. So there will be
necessary 139,650/12 = 11,638 truck trips per year to carry the biomass to the plant. The
truck trips are supposed to start in the plant, go to the fields to load the biomass and
return to the plant, so the average distance of one truck trip is 40 km. 11,638 x 40 =
465,520 are the km driven by the trucks per year (289,276 miles/year).

If a 25 liter per 100 km diesel consumption is assumed, the total fuel consumption per
year will be 116,380 liters (30,750 gallons/year).

Data summary:

- Biomass consumption: 139,650 t/year.

- Truck's load: 12 tons.

- Average driving distance: 40 km.

- Km. driven: 465,520 km/year.

- Diesel consumption: 116,380 1/year.

To calcúlate the COi emissions the following formula is used again:

CO2 emissions = 3 x 289,276 + 11,700 x 30,750 = 360 tons of CO2 / year

7.2.3. Biomass conversión into electricity

There are various sources of CO2 derived from the existence of a plant to convert
biomass into electricity. Following the fuel cycle, the first source is the construction of
the plant. It has been estimated (European Commission, 1995) that in the construction of
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a coal plant the CO2 produced in relation to the electricity generated is approximately 40
g COi/MWhe generated. Here, the assumption that the emissions from the construction
of a coal plant and a biomass plant are similar has been made. The equipment used in
both cases is similar, but there is higher uncertainty in the emission factor itself than in
the similarity of the plants. Nevertheless, as it will be shown, the contribution of the
construction of the plant to the whole CO2 cycle is minimal. In our particular case the
CO2 emitted due to the plant construction can be calculated as:

40 g CO2 / MWh x 150,000 MWh / year = 6 t CO2 / year

Carbón dioxide emissions from the normal operation of the plant, that is, from the
biomass combustión, can be calculated in two different ways:

a) Using an emission factor that can be found in the literature (CEEETA, 1995). For a
similar biomass plant it has been estimated to be 91.16 t CO2 / TJ. Considering that the
thermal energy production in the plant will be 600,000 MWhth/year = 2,160 TJ / year,
COT emissions from the normal operation can be calculated as:

91.16 tCO 2 /TJ x 2,160 TJ/year = 196,906 t CO2/year

b) From the average carbón content of the Cynara cardunculus (42% w.) and the
biomass consumption per year, the carbón consumption per year is:

0.42 x 139,650 tdry biomass/year = 58,653 t C/year

Assuming a carbón to carbón dioxide conversión in the combustión of 95% and with the
relationship between their molecular weights (Mco2 / Me = 44 / 12 = 3.67), the CO2
emissions from biomass combustión can be obtained as:

58,653 t C / year x 0.95 x 3.67 = 204,493 t CO2 / year

With different assumptions the figures where we arrive are quite similar, giving
confidence to the result.

Finally, for the dismantling of the plant, as it is considered in many references, CO2
emissions are estimated to be equal to the ones from the construction of the plant.
Therefore, CO2 emissions from the dismantling of the plant are estimated to be 6 t CO2 /
year.

Total CO2 emissions from the biomass to electricity conversión stage will be:

- With assumption a) 196,906 + 6 + 6 = 196,918 t CO2 / year

- With assumption b) 204,493 + 6 + 6 = 204,505 t CO2 / year

As can be seen, CO2 emissions from the biomass combustión represent 99.99% of the
emissions derived from the biomass fuel cycle.
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7.2.4. Net CO2 emissions

Adding up all the emissions and sinks calculated in the former section with the worst
emission assumptions, net CO2 emissions of the biomass cycle are calculated:

-219,006 + 1,025 + 360 + 204,505 = -13,116 t CO2/year

The negative result means that CO2 is absorbed in the biomass fuel cycle for our case
study.

The following figure shows schematically the different carbón intakes and sources.

Figure 7.1. CO2 balance for the biomass power plant

219

025 360

FUEL PRODUCTION TRANSPORT

204,505

ELECTRiCiTY
GENERATION

To compare with a conventional technology it can be said that a typical coal power plant
produces 800 g CO2 per kWh of electricity generated while this 20 MW biomass power
plant absorbs 85 g CO2 per kWh generated.

7.3. Climate change impacts

The net CO2 absorption of the biomass fuel cycle will reduce carbón dioxide
concentrations in the atmosphere, thus reducing the impacts of climate change, which
are described below.
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The combined effect of greenhouse gases is expected to produce an increase in global
mean temperatures, and this, in turn, will also bring about a rise of the sea level. Both
effects would produce severe impacts on the environment and human wellbeing. As we
mentioned before, these impacts are still uncertain, and highly dependent on the región.
In addition, it is difficult to predict the degree of adaptation that could be achieved both
by the human population and natural ecosystems to avoid these effects.

Sea level is expected to rise due to the thermal expansión of the oceans. Estimates range
from 30 to 50 cm. This would cause coastal zones flooding, thereby affecting valuable
human activities and coastal ecosystems, or requiring costly protection. Other aspect of
the same problem is the migration trend induced by land loss and degradation, as a great
percentage of human population live near the shore.

Agriculture production might be expected to increase, because of the increase in CO2
concentrations. Nevertheless, rainfall patterns will also change, counteracting this
benefit in many regions. Production would increase in northern mid latitudes, while in
drier regions increased drought risk is predicted. Therefore, impacts on agriculture are
uncertain, and highly variable at a regional scale, moreover if we account for adaptation
strategies of both crops and growers, and market equilibrium changes.

Other damages would include those on forest ecosystems, because of their slow pace of
adaptation, on biodiversity, on water resources, on energy demand, and on human
•health.

However, for the quantification of the contribution of the biomass fuel cycle to the
reduction of these impacts, according to the impact pathway approach, further steps
should be followed.

First of all, the effect of the reduction of CCb emissions on the global temperature rise
should be assessed through atmospheric modelling, such as that provided by General
Circulation Models (GCM). However, these models are not adapted to small, marginal
changes in carbón dioxide concentrations. Their complexity puts them out of the scope
of this report.

Then, the impacts on the different sectors should be assessed using models of the
physical, social and economic impacts of changes in temperature, rainfall, and sea level.

These steps are being developed within the ExternE project, but are not defined yet, so
they cannot be undertaken for our report.

Instead, we will rely on literature valúes. These valúes may be translated to damages per
ton of CO2 emitted. Although no error because of different geographical sources is
expected, because of the global nature of the impacts, some error should be expected
because of the difference in magnitude of the carbón dioxide emissions considered in
these studies with the carbón dioxide absorption considered in our case.

The valuation of the COT fixation effects is attempted in the following section.
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7.4. Economic valuation

Several attempts of monetary valuation of climate change impacts have been undertaken
for the past years, the best known being those of Nordhaus (1991), Cline (1992),
Fankhauser (1992) and Intera (1994). The results obtained by some of them, for a
doubling in COo concentrations, are shown in the following table, on a %GDP basis.

Table 7.1. Comparison

Coastal protection
Loss of wetlands
Loss of dryland
Migration
Agriculture
Water resources
Energy
Biodiversity
Others
TOTAL

of the cost of climate change by
Nordhaus(1991)

0.154
-

0.066
-

0.021
-

0.021
-

0.738
1.000

Cline (1992)
0.021
0.074
0.031
0.008
0.372
0.125
0.185
0.072
0.210
1.100

different studies (%GDP)
Fankhauser(1992)

0.007
0.155
0.069
0.021
0.139
0.229
0.113
0.138
0.629
1.500

Intera (1994)
-
-

0.349
-

0.037
-

-0.001
0.736
1.174
2.300

Nevertheless, it would be quite difficult to adapt these figures to our case study.
Therefore, we have used the results obtained by Dorland et al (1995) when assessing the
climate change impact of the coal fuel cycle in the Netherlands.

The above mentioned study used the Climate FUND model (Tol, 1994), developed at
the Institute for Environmental Studies. FUND consists of a set of exogenous scenarios
and endogenous perturbations, specified for nine major world regions. The effects of
sulphate aerosols are omitted.

For an emission rate of 3.22E6 tons of carbón dioxide per year, during 25 years, and
1.40E5 tons emitted for the first and last year, the following damages were estimated.

Table 7.2. Damages estimated for the coal fuel cycle in the Netherlands

Best estímate
(million US$)

Discount rate
1%

1,405
3%
506

5%
232

10%
55

This results in a range of 0.68 US$ to 17.39US$ per ton of CO2 emitted, or 0.52 ECU/t
to 13.17 ECU/t.

It has to be remmded that using these valúes for our case study conditions adds a great
uncertainty to the valuation, since they have been calculated under different
assumptions. It is quite difficult to assume that the damages caused by CO2 emissions
will equal the benefits of CO2 fixation, as the relationship between CO2 emissions and
global warming effects is not linear. As we mentioned before, more complex models
should be used to assess the effects of CO2 fixation, and thus calcúlate the economic
benefits produced.
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However, since these are the better figures available, we will use them for the estimation
of the benefits of COT fixation. Results are shown in the following table.

Table 7.3. Benefits

Benefits per ton
(ECU/t)
Benefits per year
(ECU/yr)
Benefits per kWh
(mECU/kWh)

of COT fixation

1%
13.17

172,738

1.15

Discount
3%
4.75

62,301

0.42

rate
5%
2.18

28,593

0.19

10%
0.52

6,820

0.05
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8. SOIL EROSIÓN

8.1. Introduction

Soil erosión is one of those effects that biomass cultivation causes in the environment,
without being accounted for in its production cost. It is always a cost, although it may be
a relative benefit when compared to the alternative land use, specially when this
alternative. is fallow land, since plant cover contributes to a reduction in erosión
processes.

We term as soil erosión the accelerated loss of soil, with a decrease of its finer mineral
and organic compounds (Díaz and Almorox, 1994). It is produced by several factors
which may act individually or collectively, and are known as erosive agents.

Erosión is a progressive and irreversible process, which may have significant
agronomical, environmental and economic impacts. It causes both desertification and
desertization. By the first term it is defined the degradation of environmental parameters
such as soil and plant cover. With the second the depopulation caused by adverse
natural conditions is described.

In addition to human activities, which usually accelerate erosión processes, soil erosión
may be caused by water (including snow and ice) and by the wind.

Wind erosión is that produced both by the removal of loóse soil partióles by the wind,
and by the abrasión of rocks, which in tum creates a greater amount of loóse partióles.
This type of erosión is not very common in Spain, except for some specific áreas.

Water erosión is the most important type. It is defined as the process of desintegration
and transport of soil partióles because of water. Water attacks the soil in two ways: in
the surface, removing its partióles, and in depth, creating favourable conditions for the
displacement of the soil because of gravity forces. Water erosión may be classified
according to different types (MOPU, 1981):

Sheet erosión accounts for the removal of thin soil layers, more or less evenly
distributed across the surface. It results from the desintegration of soil elements because
of the rainfall impact and runoff. That way, the ensemble of soil and water flows along
the slopes as a sheet, and the soil is degraded in succesive layers. This process is
difficult to detect, as it affects large extensions, and the trails it leaves in the soil are
eliminated by tillage.

RUI erosión is produced when soil elements are carried by the water when it flows
unevenly along the soil surface, forming rills, typically oriented along contour Unes. It is
easier to detect, but it is also eliminated by tillage.
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Gully erosión comes out as deep cuts in the soil, generally caused when there is a great
runoff concentration in steep-slope áreas. Tillage operations cannot eliminate it, and its
correction requires costly activities.

All these erosión processes are affected by several factors, of which the most important
are: climate, soil characteristics, topography, and plant cover.

The most important climatic conditions for soil erosión determination are the rainfall
distribution and intensity, and wind distribution and intensity. Soil loss is specially
related to rainfall because of the desintegrating power of raindrops hitting the soil
surface, and because of its contribution to runoff.

Soil characteristics include structure and texture, chemical composition, and organic
matter contení. Typically, those soils which are deeper, permeable, and with a high
contení of coarse sand are less erodible. Large soil particles are more resistant to
erosión.

The most important topographic faclors are íhe slope steepness and length, as they affect
runoff volume and speed.

Plant cover affects erosión because of iis interception of raindrops, reducing their
kinetic energy. Therefore, erosión effects will depend on the cover heighí and
dislribulion. Roots are also important, since they contribute to fix the soil, and to
increase its permeability, what, as meníioned above, reduces erosión.

These characteristics have been analyzed for the área studied, and inpuí to the EPIC
model (Sharpley and Williams, 1990) for the quaníificaíion of íhe soil loss.

The EPIC (Erosión Producíivity Impact Calculator) model was developed by the US
Dept. of Agriculture to determine the relationship between erosión and productivity for
the US. It is designed to be capable of simulating íhe relevant biophysical processes
simultaneously, as well as realistically ; of simulating crop systems for long periods ; of
being applied to a wide range of soils, climates and crops ; and of simulating íhe
particular effects of crop management on soil erosión and productivity in specific
environments.

The model uses a daily íime step to simúlate weather, hydrology, soil temperalure,
erosion-sedimentation, nulrient cycling, tillage, crop management and growth, pesticide
and nuírient movement with water and sediment, and field-scale costs and returns.

It has been widely used for assessing crop production, management practices and input
levéis, response to climate and soils, climate change, and soil degradation. In this case,
we will use it for quantifying the soil loss produced by íhe biomass crop cultivation, and
to determine the fate of fertilizers and pesticides applied to the crop (in íhe following
chapler).

The impact palhway for the assessment of soil erosión effecls is shown in íhe following
figure.
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Figure 8.1. Impact pathway for soil erosión
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8.2. Soil loss quantifícatioe

The amount of soil removed because of the cultivation of Cynara cardunculus has been
determined with the EPIC model. Since this model provides various measures for its
quantification, we have chosen the Universal Soil Loss Equation (USLE), as it is widely
used and accepted.

The USLE simulates erosión caused by rainfall. It is expressed by:

Y = EI*K*LS*C*P*RO

where Y is the sediment yield in tons per ha, El is the rainfall energy factor, K is the soil
erodibility factor, LS is the slope length and steepness factor, C is the crop management
factor, P is the erosión control practice factor, and RO is the coarse fragment factor.

The P valué is determined initially by considering the conservation practices to be
applied.

The rainfall energy factor is obtained from the following equation

+ 8.91og/>~0.434)r.5
El

1000

where R is the daily rainfall amount, rp is the peak rainfall rate, and r.5 is the máximum
l/2h rainfall intensity.
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The valué of LS is obtained according to the following equation

LS = (-^-)a(65.41S2 + 4.56S + 0.065)

where S is the land surface slope, X is the slope length in m, and a is a parameter
dependent upon slope, which is estimated with the equation

0.35a =
(S + exp(-1.47 - 61.095)) + 0.2

The crop management factor is evaluated for all days when runoff occurs by using the
equation:

C = exp ((In 0.8 - In CE) exp(-1.15 CV) + In CE)

Where CE is the minimum valué of the crop management factor for each specific crop
and CV is the soil cover (aboveground biomass plus residue) in tons per ha.

The soil erodibility factor K is evaluated for the top soil layer at the start of each year of
simulation with the equation

SIL SIL 0 3 °-25C 0.1SN1
K = (0.2 + 0.3exp(-O.02565A/V(l ) U J

100

) ( ) ( )
100 CLA + SIL OCexp(3.72~2.95OC)

where SAN, SEL, CLA and OC are the sand, silt, clay and organic carbón contents of the
soil (%) and SN1 = 1 - SAN/100. K may vary from 0.1 to 0.5. The first term gives low
K valúes for soils with high coarse sand contents and high valúes for soils with little
sand. The fine sand content is estimated as the product of sand and silt divided by 100.
The expression for coarse sand in the first term is simply the difference between sand
and the estimated fine sand. The second term reduces K for soils that have high clay to
silt ratios. The third term reduces K for soils with high organic carbón contents. The
fourth term reduces K further for soils with extremely high sand contents (SAN>70%).

The data input to the model have been those described previously as the reference
environment. There is one important drawback for doing this, as we have assumed
uniform climate, soil and topographic conditions for the whole área, in order to simplify
the calculations.

The different crop management practices have been accounted for, along the eight year
period for which the crop is grown. This results in different soil loss quantities for these
years. However, as we are assuming for the analysis that the crop is being cultivated on
a rotational basis, we may calcúlate an average figure for the whole crop área.

The major problem encountered when using the EPIC model is that it does not include
the crop parameters needed for Cynara carduiiculus, and although they may be added by
the user, most of them are not yet known. While these parameters are calculated (what is
expected to happen in the following months), it is necessary to run the model for another
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crop, which is deemed similar to Cynara. In our case, we have chosen sagebrush range
as the most similar available. This produces some degree of uncertainty, which is
expected to be reduced soon. However, it also has to be reminded, when looking at the
USLE, that the crop factor is only one of those included in the equation, and that, along
with crop characteristics, it is determined by the management practices. Therefore, soil
losses are not expected to vary hugely depending on the crop, but they will be more
dependent on other parameters, such as climate, soil characteristics or management
practices.

The model results are shown in the following table.

Table 8.1. Soil erosión average valúes

Water erosión

Wind erosión

t/ha.yr

1.11

0.01

The eroded soil thickness after the 8-year rotation is expected to be around 0.7 mm,
almost negligible when short-term is considered.

8.3. Economic valuation

Though soil erosión causes significant damages, such as the loss of arable soils, or
siltation of reservoirs, no valúes have been obtained from a willingness to
pay/willingness to accept approach. Therefore, these impacts will be valued mostly with
a replacement cost approach, although it is not fully consistent with the proposed
methodology. However, it is also stated in the methodology that it is better to produce
some valué, provided that this has been done in a transparent way, that to produce none,
so we will valué this impact with the instruments available.

Only productivity loss and siltation of reservoirs will be valued, as no valúes are
available for other effects, such as the decrease of drinking water quality, or the impact
on fisheries.

8.3.1. Loss of soil productivity

The constant erosión of the soil removes its upper layer, which is the most fertile, and
the one in which the crop develops its root system. If this upper layer is eliminated, the
crop will not be able to grow, and thus productivity will be reduced to 0. However, this
is a very slow process, specially in our case, where soils have good agricultural
conditions, such as depth.

The average soil depth in the área is around 120 cm. If we assume that 0% soil
productivity will be achieved when a minimum depth of 25 cm is reached, we may
calcúlate the number of years it takes to reach this condition.
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As has been mentioned before, the soil thickness eroded every 8-year rotation is 0.7
mm. Therefore, it will take some 10,857 years for the soil to be removed, and soil
productivity to be left to 0 (of course, if we assume that the soil regeneration capacity
does not exist). That means a yield reduction of 0.009% per year.

The valuation of this yield reduction will depend on the crop being cultivated. If we take
as an example sunflower, which is a quite common crop in the área, yields would be
reduced in C.07 kg/ha per year. For an average selling price of 0.38 ECU/kg, that would
mean 28.2 mECU/ha per year. For wheat, the result would be 49.7 mECU/ha.

Table 8.2. Soil loss productivity impact

Soil depth

Soil available

Eroded soil

Soil life

Yield loss per year

1200 mm

950 mm

0.088 mm

10,857 years

0.009%

However, the loss of soil productivity is not considered to be an externality (CEEETA,
1995), but as an internalized cost. This is because farmers may account for this effect,
when buying land, or taking cropping decisions. To the extent that they take steps to
limit erosión, or even decide to do nothing, once accounting for the productivity losses
that might result, the damages are internalized.

8.3.2. Siltation of streams and reservoirs

The soil removed by erosión is assumed to settle into stream beds and reservoirs,
causing an alteration of their flow or storage capacity. Therefore, these sediments have
to be removed, this implying some cost. For the study, we have assumed that all soil
eroded will go into reservoirs, although this is a rather strong assumption. In our case, it
is likely that most of the sediment will settle in river beds, altering their flow, and
possibly producing effects on river flora or fauna. However, these impacts are very
difficult to determine.

Henee, we will only assess the impact that would be produced if all sediments would
accumulate in reservoirs, calculating the cost of its removal. No indications can be made
on the relevance of this valué, as damages could be much greater or smaller, depending
on the impact of siltation on biodiversity, for example, which has a large valué.

A figure for the cost of sediment removal has been obtained from data on actual costs
undertaken by Portuguese firms working on this field, to be around 7.7 to 17.1 ECU/t
(CEEETA, 1995). This impact is an externality of biomass production, as it is not taken
into account in the production process.
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Table 8.3. Impact of erosión on sediment treatment

Soil eroded per ha

Soil eroded in the crop área

Impact

Impact per kWh

1.12 t/ha.yr

10,427 t/yr

80,289 - 178,305 ECU/yr

0.54- 1.19mECU/kWh

8.3.3. Comparison with alternative land uses

Just to have a clear view of the importance of erosión processes, and to put the impacts
of biomass crops into perspective, we will compare with the effects that would have
been produced had the soil been kept bare. Only water erosión will be assessed, as wind
erosión seems negligible.

Soil losses may be calculated, as for the cultivated lands, using USLE equation. The
same coefficients are applied, except for C, the crop management factor, which is the
one relating the soil loss produced in a cultivated soil with that produced in a clean
fallow land. While for our crop this coefficient is around 0.01, for fallow lands it is set
at 1. Therefore, the erosión produced by water in the same land kept fallow would be
100 times bigger, that is, 111 t/ha.yr.

According to the first soil layer density, 1.36 g/cm3, that would mean an eroded soil
thickness of 8.2 mm per year. With a constant erosión rate, this soil would last 116
years, what is quite low compared with the 10,857 years of soil life that were estimated
previously for the crop-covered soil.

The impact on siltation of reservoirs would also be a hundred times larger. These results
are shown in the following table.

Table 8.4. Impact on soil erosión for fallow lands

Soil eroded per ha

Soil eroded in the crop área

Thickness of soil eroded

Impact on siltation of reservoirs

111 t/ha.yr

1,033,410 t/yr

8.2 mm/yr

7,959,257- 17,671,311 ECU/yr
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9. NON-POINT-SOURCE POLLUTION

9.1. Introduction

There is an increasing concern on the effects that non-point source pollution may cause
in human health or ecosystems. Of this pollution, the major part is produced by the use
of fertilizers and pesticides in agriculture.

The ways through which non-point source pollution affects the environment are the air,
plants, the soil, and water.

Air pollution increases when wind speeds are higher, and in warm and dry climates, as
high temperatures contribute to product dispersión and degradation.

Crops are not generally affected by agrochemicals, as these are adapted to achieve
higher crop productivities. However, there are other plant species considered as weeds,
which are systematically eliminated by herbicides, thus producing a loss of biodiversity.

Soil pollution by agrochemicals is not yet well known. The soil acts as a filtering and
cleaning agent, but it can also accumulate toxic products, as well as transport the
pollution. Its behaviour regarding pollution will depend on its physical characteristics,
its chemical composition and properties, its biological properties, and its humidity and
temperature. Of those, the most important are the organic matter content, and its content
in clay.

Organic matter is a potential storage for chemical compounds, so a high content will rise
the possibility of elements to remain fixed to the soil. However, organic matter contents
are very low in Spain.

Clay content influences soil permeability, thus conditioning agrochemicals
accumulation in different parts of the soil. Clay types also have importance, as some
types may increase the storage capacity of the soil for toxic elements.

Water, specially runoff, is the major way for non-point source pollution, because of its
mobility, and of the important amounts of pollutants that it receives directly. This is
specially relevant for irrigation water in intensive agriculture, as in this case
agrochemicals are used in high doses, and water surpluses are usually spilled in sewage
networks or groundwaters.

These effects may be considered as extemalities, as they produce damages which are not
accounted for by the producer. As has been done throughout the report, we will assess
the gross extemality produced, not taking into account the possible alternatives. We may
consider that the most likely alternative for set-aside land would be to let them fallow,
so that no agrochemicals would be applied, thus producing no effects. Henee, the net
extemality is likely to be the same as the gross extemality.
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For the crop we are considering as fuel for the biomass power plant, and the
management practices previously described, a combined NPK fertilizer will be used, as
well as two types of pesticides, alachlor and dimethoate.

The amount of these agrochemicals incorporated to groundwater will be assessed using
the EPIC model, already mentioned in previous sections. However, the quantification of
the impacts produced is very difficult. Though some studies do exist providing welfare
measures of water pollution, they are generally site-specific, and therefore their
transferability to the área studied is very uncertain.

For the Spanish case study, water pollution may be quite important, since most of the
water courses of the área end up in Guadalquivir river, and in Doñana marshes. This
would possibly affect the abundant biodiversity of the región, as has already been
proved by pesticide pollution episodes, but no quantification of this impact is possible,
as no specific studies have been carried out. Those impacts whose assessment is feasible
will be dealt with in the following sections. In the following figure, the impact pathway
for agrochemical pollution is presented.

Figure 9.1. Impact pathway for agrochemical pollution
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9.2. Fertilizers

As mentioned above, the fertilizer used for this crop is NPK 15-15-15. However, no
data are available for the fate of potassium and its effects, so this fertilizer will not be
assessed, keeping the analysis only for nitrogen and phosphorus.
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The main effects of nitrogen and phosphorus are the eutrophication of water and the
accumulation of heavy elements, such as lead and cadmium, which may be included in
some fertilizers.

Eutrophication is the excessive growth of algae and other aquatic flora because of the
high nutrient content of water, specially nitrogen and phosphorus. This biomass growth
implies a greater demand for oxigen, originating, in extreme cases, anaerobic
conditions, which in tura produce the death of the aquatic fauna. This process also
creates obstructions in irrigation and drainage channels, as well as storage capacity loss
in reservoirs.

As for the heavy element content in fertilizers, they are not usually important, unless
fertilizer is used in really high doses.

9.2.1. Nitrogen

Nitrate contamination of drinking water is carefully surveyed, because of the risks it
poses on human health, such as methemoglobulemia in infants, and the carcinogenic
effects of nitrosamine compounds possibly formed (Beatson, 1978; Walters, 1984;
Máteme et al, 1991)

Nitrogen is also the main responsible for eutrophication, as it is the more mobile
element along the soil profile.

However, at least in Spain, the largest part of water nitrate pollution is not usually
caused by fertilizers, because their consumption is quite low when compared with other
European countries.

Nitrogen gets into groundwaters through lixiviation, subsurface flow, and runoff
processes. The amount of it participating in these processes is determined by the general
equilibrium of the nitrogen cycle, which is shown in a simplified way in the following
figure.

Figure 9.2. The nitrogen cycle
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How this cycle works is influenced by several factors, such as climate (specially
precipitation, and evapotranspiration), soil characteristics, crop type, and the way in
which nitrogen is applied to the crop.

For the biomass crop considered in our study, Cynara cardunculus, the movement of
nitrogen in the soil has been assessed using the EPIC model mentioned in previous
chapters. As we did before, it has to be reminded that it has been impossible to this
moment to adapt the model for Cynara, so an alternative crop, sagebrush range, was
used. In this case, there is a greater influence of the crop chosen than for erosión
simulation, so a greater error should be expected. This is hoped to be corrected in
following revisions of the project.

EPIC simulates the transformation within and between N organic and inorganic forms.
The N mineralization and inmobilization models are based on the PAPRAN model
(Seligman and Van Keulen, 1981) and are simplified versions of the nitrogen
transformation model in CERES (Jones and Kiniry, 1986) with a single mineral pool.
Soil organic matter and organic N in each soil layer are partitioned into fresh (labile
protein and carbohydrate fraction) and stable (decay-resistant humus fraction) pools.
Decay rates are a function of soil water, temperature and mineral N availability, and of
time after residue incorporation. Net mineralization occurs if N released during decay of
the fresh pool is greater than that required for decay. Net inmobilization may happen if
the fresh pool has a high C/N ratio, large amounts of N from other sources being
required by the microbes involved in the inmobilization. The process is regulated by
temperature and the amounts of soil water, mineral N and labile P.

Regarding inorganic N transformations, only mineral N is simulated (mineral N is
assumed to be NO3-N). Denitrification, which takes place only when soil moisture
content is above the drained upper limit, is a function of mineral N availability, which is
affected by the relative degree of soil saturation, soil temperature, and the amount of
soluble C associated with soil organic matter. Ammonium volatilization and fixation,
and nitrification, are not simulated.

Nitrate loss in surface runoff is estimated by considering the top soil layer (10 mm)
only. Leaching and subsurface flow in lower layers are treated under the same approach,
except that surface runoff is not considered.

The potential plant uptake of N from a soil layer is a linear function of the mineral N
concentration and of water use from the layer. The actual uptake during the day is the
minimum of plant demand and potential uptake from all soil layers.

The results provided by the model are shown in the following table.
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Table 9.1. Nitrogen in groundwater

Lixivíate

Runoff

Subsurface flow

TOTAL

kg NC>3/ha.yr

2.0061

1.8662

0.0101

3.8824

kg NCtyyr

18,677

17,374

94

36,145

Nevertheless, not all the nitrates in groundwaters will have consequences on water
quality, since part of them are denitrified along the way. The real irapact of this
denitrification is not well known. Many calculations assume a denitrification of roughly
50%, meaning that half the nitrate leached is denitrified (Haan, 1987). We will also use
this valué for our study.

Table 9.2. Impact of nitrogen on water quality

Total nitrates

kg NO/yr

18,073

9.3.3. Phosphorus

The effects of phosphorus regarding eutrophication or toxicity are not very severe, as it
is easily fixed by the soil, and only pollutes groundwater when applied directly, or
because of the deposit of phosphorus-rich sediments caused by erosión.

Most of the P found in waters comes from urban residues, with that of agricultural
origin representing only around 5% (Díaz et al, 1994).

Another effect of using phosphates as fertilizers is that some of them contain heavy
metáis like cadmium or lead, which may pose toxicity problems. Nevertheless, this
content is never very high, and no effects are expected from this point of view.

As has been done previously for nitrogen, we will show the movement of phosphorus in
the soil with a simplified diagram of the phosphorus cycle in soils.
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Figure 9.3. The phosphorus cycle
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Organic P is divided into a fresh residue pool, consisting of P in the microbial biomass
and undecomposed residues, and the stable organic pool, formed by the P in stable
organic matter. Stable organic matter P is divided into mineralizable and
nonmineralizable pools, their relative sizes dependent on the time the land has been
under cultivation.

Organic P mineralization is similar to N mineralization. However, when labile P is
deficient, P mineralization increases because of the increased phosphatase enzyme
activity of soil microbes. P mineralization and inmobilization are simulated by models
similar to those for N (Jones et al, 1984).

Inorganic P is considered to be transferred among three pools: labile P (available for
plant uptake), active inorganic P (in equilibrium with labile P), and stable inorganic P.
Labile P contení is calculated from soil test P and chemical and taxonomic
characteristics of the soil (Sharpley et al, 1984). Similarly, the equilibrium between
active and labile pools is soil specific and controlled by sorption capacity.

When P fertilizer is added, a part of it remains in the labile P pool, and the rest is
transferred to the active inorganic P pool. The distribution between them is estimated
from soil chemical and taxonomic characteristics. P fertilizer dissolution rate is not
considered.

Potential uptake of P is assumed to be a linear function of labile P, up to a critical
concentration. It is also a function of soil moisture and the fraction of the total root
system in that layer. The rate of P uptake from a soil layer is assumed to be 1.5 times
that needed to maintain the optimum plant P concentration when P uptake is not limited
by soil moisture, root distribution or labile P content.

The results of the model are shown in the following table. It has to be reminded that the
amount of P in runoff or lixiviated is much smaller than in the case of nitrogen, because
most of it is fixed in the soil.
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Table 9.3. Phosphorus in groundwater

Runoff

Lixivíate

TOTAL

kg P/ha.yr

0.1242

0.13

0.2542

kg P/yr

1,156

1,210

2,366

9.3. Pesticides

Pesticides are acknowledged to have many unexpected side-effects, including those on
human health and the environment. Most of these side-effects are caused by the mobility
of these chemical compounds across different environmental compartments. This
mobility is shown in the following figure.

Figure 9.4. Pesticide transport and transformador! processes
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This produces large uncertainties over which fraction of the applied pesticide goes to
each compartment, and therefore it is not clear what effect it will produce.

Once the amount of pesticide that has reached a certain compartment is known, its
degradation route has to be determined, to obtain the final concentration responsible for
the effects it produces.

Some models have been devised for carrying out this assessment (Mackay, 1979),
although they are quite simplistic. The EPIC model, which was used in previous
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sections, also gives results for the fate of those pesticides applied to the crop. This
results are shown in the following table.

Table 9.4. Pesticide fate

Runoff

Subsurface flow

TOTAL

Alachlor

g/ha.yr

0.0543

0.1163

0.1706

g/yr

505.5

1082.8

1588.3

Dimethoate

g/ha.yr

0.0633

0.0032

0.0665

g/yr

589.3

29.8

619.1

The effect of these pesticides on receptors has not been determined, as there are not
available studies on this issue. The only information available is that regarding the
toxicity of these pesticides. Alachlor is considered as a cat.3 carcinogenic product, and
Dimethoate is considered to be of modérate toxicity to humans, requiring strict
procedures for its use. Its toxicity is greater for bees, but it is considered to be harmless
for aquatic fauna.

9.4. Economic valuation

According to the proposed methodology, the best way to valué the impact of fertilizers
in water quality would be to determine the damages caused by these fertilizers in the
possible receptors (humans, ecosystems) and then valué these damages. However, no
studies are available for the assessment of the damages, so no valuation will be
attempted using this approach.

The alternative is to use welfare valúes, measured as willingness to pay or willingness to
accept, for changes in water quality. The problem here is to relate the impact of
agrochemicals on water quality.

Magnussen and Navrud (1991) studied user and non-user benefits from water quality
changes in Norway. Water quality was found to be mainly affec*;d by N and P
emissions, and the benefits of a 50% reduction in emissions were assessed. The average
WTP per household for the improvement was estimated at 72-600 ECU. But this study
only measures large changes in water quality, so it is difficult to adapt for marginal
changes.

This is the case of two other studies in the UK. Green and Tunstall (1990) calculated
WTP valúes for a change from one water quality class to another, on a qualitative basis.
However, there was no way to determine the changes in quality classes caused by
marginal increments in pollutant concentration. Hanley (1989) attempted to establish a
WTP for a water quality below the 50 ml/1 WHO treshold for nitrate concentratíons in
East Anglia, UK, obtaining an estímate of 20 ECU per person per year using a payment
method of increased water rates.
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One study that estimates social benefits (including use and non-use valúes) of reducing
nitrate concentrations is that by Silvander (1991), which obtained a valué of 0.65 to 6.6
ECU per kg of nitrogen leached.

Other studies, such as those by Baan (1983), Winje et al (1991) and Ewers and Schultz
(1982) estimated the benefits of improved water quality by calculating the reduced cosí
of treating it. As has been mentioned along this report, this is not the best way of
measuring externalities, so we will not use it for our analysis.

One problem concerning all the studies, however, is the transferability of the results.
Most of the valúes have been obtained for other countries, where water pollution
problems are greater, and public concern is higher. Thus, it is expected that WTP valúes
will be much higher than those that would be obtained in Spain.

As has been mentioned before, the main obstacle for using most of the results obtained
in the above mentioned studies is the lack of a relationship between increments of
pollutants and decreased water quality. The only study that avoids this requirement is
that by Silvander, which relates WTP valúes with N concentrations. Unfortunately, this
is not the case for phosphates or pesticides, so no economic valué will be given for this
impacts.

The proposed valué for the social benefit of reducing nitrate concentrations in
groundwaters is 0.65 to 6.6 ECU per kg of nitrate. The results obtained are shown in the
following table.

Table

Low

High

9.5. Economic valuation of nitrate concentration on ¡

ECU/yr

11,747

119,279

jroundwater.

mECU/kWh

0.08

0.80
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10. SUMMARY AND CONCLUSIONS

The present report has attempted to devise a methodology for the estimation of biomass
external costs and benefits, and to apply it to a specific case, in order to quantify, in
economic terms, the valué of externalities associated to this type of energy.

The most relevant literature on externalities assessment has been reviewed, and the
estimation methodology most adapted to biomass energy has been chosen.

The methodology seiected has been that devised within the ExternE project (European
Commission, 1995), which is a bottom-up, site- and technology-specific methodology.
This has been found to be the most appropriate way of dealing with biomass
externalities, since they depend heavily on the site characteristics. This methodology is
described in chapter 3.

The impacts seiected for the assessment have been those which had not been treated
much before, such as non-point-source pollution, soil erosión, CO2 fixation, or
macroeconomic effects. Some impacts which may be relevant, such as health effects due
to atmospheric pollution or accidents, or road damages, have not been assessed in this
stage of the project, as they have been dealt with before by other studies. In order to get
a full view of the external costs and benefits of biomass energy, as assessment of these
impacts should be carried out.

The practical implementation of the methodology has been demonstrated with the
assessment of the externalities of a 20 MW biomass power plant, fueled with Cynara
cardunculus, grown on set-aside lands near the power plant.

This implementation has shown the uncertainties still present in the analysis, which
should be eliminated through further research.•'o1

For the assessment of macroeconomic effects, an input-output model for the Spanish
economy has been used, in order to determine the increment in production and taxes
generated by the investment in the project. This model has used several simplified
assumptions, such as the relationship between economic parameters, which should be
further refined in following revisions. In addition, more precise data for the investment
generated, and the income flow associated, should be required.

Employment has been assessed using the same input-output model. The same caveats as
before are present, concerning the relationship between economic parameters and the
lack of precise data for the estimation of direct and indirect employment. The valuation
of employment benefits is also controversial, as several measures have been proposed
by different studies. Here a conservative approach has been adopted. using as benefits
the government savings in unemployment subsidies.

Environmental effects include soil erosión, agrochemicals pollution, and global
warming reduction.
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Soil erosión is a very site-dependent impact, as well as the pollution created by the
application of agrochemicals. Therefore, a large amount of site specific data is needed
for the quantification of these impacts. Here lies one of the main uncertainties of the
process, since the great amount of chemical, physical and biological processes involved
make very difficult to predict precisely the impacts. In this report, the EPIC model of the
US Dept. of Agriculture has been used, since it provides more site-specific results than
other methods used by previous studies. However, these data requirements make quite
complex its application to large áreas. In this case, the combination with a Geographical
Information System (GIS) would be very useful.

Very little work on the economic valuation of erosión or agrochemical pollution has
been published, and so only some of the impacts have been monetarized. It is reasonable
to expect then that the real damages caused by these impacts will be greater that those
estimated.

As for global warming, no estimates may be given with certainty. Even the link between
CO2 emissions and global warming trends is seen as highly uncertain, although the latest
DPCC report seems to establish a clear relationship between them. However, a first
approximation has been attempted, relying on cost estimates from the literatura. For a
more precise assessment, complex models should be used to trace the effects of CO2
concentration changes in global climate patterns, although usually these models are not
adapted to small-scale changes. This approach, although much more precise, was found
to be out cf the scope of this study.

AU the results obtained in these sections are presented in the following table. Benefits
are noted with a positive sign, and costs with a negative one.

Table 10.1. Externalities of a 20 MW biomass power plant

GDP (+)

Tax revenues (+)

Employment (+)

CO2 fixation (+)

Soil erosión (-)

Non-point-source pollution (-)

kECU/year

1,324-2,729

391 - 806

460- 1,852

70- 173

80- 178

12- 119

mECU/kWh

8.83- 18.19

2.61 -5.37

3.06- 12.35

0.05- 1.15

0.54- 1.19

0.08 - 0.80

These figures have been expressed as subtotals, since there are still other externalities to
quantify (such as health effects, or road damages) in order to obtain the total external
cost or benefit of biomass systems.

Once all of them have been quantified, they should be added to the prívate cost, to
produce the social cost, that is, the one really imposed on society. However, it has to be
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reminded that their direct addition would produce in some cases double-counting, as
happens with GDP and tax revenues effects, which overlap to a certain extent.

The externalities calculated in this report are gross externalities, that is, those that
should be added to the private cost. Therefore, if a comparison is required between
biomass energy and its alternatives, total costs should be added and then compared.

For example, if the biomass system examined here is compared against the alternative of
a coal power plant (what would mean that the land used for growing biomass would
remain fallow), the externalities of both should be added to their private costs. Taking
into account only the environmental externalities calculated in this report, the results
would be the following.

Private costs of biomass electricity may be assumed to be around 70 mECU/kWh
(which is a quite conservative assumption). Adding to it the externalities of soil erosión,
agrochemical pollution and COT fixation, we obtain a total cost of 70.57 to 70.84
mECU/kWh.

For coal, no agrochemical pollution exists, but soil erosión costs may be set at 54 to 119
mECU/kWh, and global warming costs range from 0.8 to 16.1 mECU/kWh. Adding
these externalities to a private cost of around 40 mECU/kWh, the total costs resulting
ranges from 94.8 to 175.1 mECU/kWh.

It seems then, that the total cost of producing electricity from biomass (if only these
externalities are taken into account) is much lower than that of electricity from coal,
because of the damages it may cause on the environment. This cost competitiveness
should promote a larger implementation of biomass energy.
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