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Abstract

Italy was the first country in the world to explogeothermal resources for the
production of electricity. In Europe it is still éhfirst country in terms of installed
capacity. Currently, the only region in Italy wigfeothermal power plants is Tuscany.
This study focuses on Mt. Amiata, one of the twothermal areas in Tuscany, where
there is strong opposition to the exploitation ebthermal resources. The context is
characterized by contested scientific results idiggrcrucial issues such as the impact
of geothermal exploitation, the conservation of evatsources and human health. A
social multi-criteria evaluation is proposed to lexp the different legitimate
perspectives of the actors involved. Scenarios diséinguished in terms of their
installed capacity, technology and plant site. An@arcet consistent aggregation
algorithm is applied and results are analyzed uaisgnsitivity analysis. The alternative
scenarios are evaluated in a multi-dimensional yagttaching different weights to the
criteria reflecting divergent points of view.
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1. Introduction

This paper intends to show the potential use ofo@abs multi-criteria evaluation
(SMCE) in managing problems related with confliatsing around geothermal power.
Specifically, it explores the case of Mt. Amiata,the region where geothermal power
originated: Tuscany.

The first experiments to use geothermal energyddyxce electricity took place in
Tuscany in 1904 in Larderello. Since then Italy mamsained the first producer of
electricity from geothermal sources in Europe andhe fifth internationally after the
USA, Philippines, Indonesia, and Mexico (Bertand afridleifsson, 2010). At the
moment of writing all the geothermal power plamdtaly are located in Tuscany. Here
geothermal power made up 24% in 2009 of electricigpsumption (and 32% of net
production), while nationally the contribution ofe@hermal power to electricity
consumption is just 1.6% (Terna, 2010). Currertbré are 35 power plants with 882,5
MW of installed capacity(ARPAT, 2010; ENEL, 2010). In Tuscany the geotharm
power plants are located in two areas: the soddtkditional area around Larderello
where 30 plants (and 794,5 MW of installed capaatg located, and Mt. Amiata area
(in the south of Tuscany) where five plants (wiBlVBV) have been installed (see Fig.
1). It is in the Mt. Amiata area where geothermakrgy has been facing strong
opposition during the last few years.

Fig. 1. Geothermal power plants in Italy
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Opposition to renewable energies is not uncommanh ians often considered as a
NIMBY (not in my back yard) attitude. The geothetrpawer industry therefore tends
to classify such behavior as a social acceptabityblem (Cataldi, 2001; De Jesus,

! Corresponding to 770 MW of net capacity.



1997). However more than simple social acceptgbiipposition should be considered
as being part of a more general environmental me&nagt problem which presents
elements of energy policy, economic consideratitotgl pollution, water conservation
concerns, employment effects, quality of life arebthetical aspects. This kind of
environmental management problem reflects conflaftsnterests and values. In the
presence of plural values, incommensurability ie ttorm and not the exception.
Incommensurability refers to the absence of a comaorot of measurement to evaluate
alternatives (Martinez-Alier et al., 1998). This bhgecause simply deciding what to
measure implies value conflicts. However incommeatisility does not imply that
rational comparability is impossible. On the contravith value-pluralism, alternatives
can be “weakly comparable”, without resorting teirggle value (and to a single unit of
measurement). Simon (1976) distinguishes betweebstaatial rationality and
procedural rationality. The former refers to theamality of the result irrespectively of
the way in which decisions are taken, while théetatefers to the rationality of the
decision-making process itself. In deciding betweerakly comparable alternatives,
procedural rationality must substitute for substnttionality (Martinez-Alier et al.,
1998).

Where environmental management is characterizeddoylicts in values and
interests, it is very difficult to arrive at a sghtforward and unambiguous solution.
This implies that planning processes should be actarized by the search for
acceptable compromise solutions through an adegvaleation methodology (Munda
et al., 1994).

Multi-criteria decision aid has proven to be a pdwletool to deal with complex
environmental and energy management problems. &egramples can be found in
Gamboa and Munda (2007), Diakoulakt al (2005), Bardaet al (1990),
Georgopoulotet al (1997), Cavallaro and Ciraolo (2005), Afgan araiv@lho (2002),
Goumas and Lygerou (2000), Beccati al. (2003), Haralambopoulos and Polatidis
(2003), Sittaro (2010), and Janssen (1992). Thectibg of multi-criteria aid is not to
discover some particular truth or an optimizingusoh, but rather the final result
should be seen as a creation (and not a discoaangd at facilitating “an actor taking
part in a decision process to shape, and/or amgdéatransform his preferences, or to
make decision in conformity with his goals” (Ro@9D p. 328).

From a practical point of view, one of the main ahages of multi-criteria
decision aid is that it makes it possible to hargiksat amounts in a multi-dimensional
way. It is a very transparent method because éifitevaluations are not translated into
a single numeraire (e.g. US$ or energy or exergyging data from scientific
dimensions in their original units of measureméns also suitable for interdisciplinary
approaches (Munda, 2008).

Of course, multi-criteria analysis cannot solvecalhflicts but it can help decision
making by shedding light on the nature of the donfand on the way to find
compromises, thus increasing the transparency ef dicision-making process
(Martinez-Alier et al., 1998). The most common wfemulti-criteria analysis is in
providing a final ranking of alternatives baseddiffierent criteria. In order to address



possible quality problems with data, a sensitiatyalysis is often added. This work
proposes a very different approach. A sensitivitalgsis is included here mainly to
give political weights to the different criteriaflexting diverging perspectives. The final
rankings thus represent “politically sensitivity ps&, to use Stirling’s (1999) words.

The next section describes the methodological freone Section 3 provides a
historical-institutional analysis of the contexttbis study and includes a brief summary
of the main social actors involved. Section 4 idtrces the chosen alternatives and
explains which criteria were used and how they vestenated. The results are included
in section 5. The last section presents some farakarks on the overall process and on
the specific results.

2. Methodological framework

A multi-criteria problem can typically be describdy a finite setA of feasible
alternativesa;, &, ... & (later called scenarios) and a fam@yof criteriag;, @, ....Gn
(representing the different points of view), by uthialternatives are evaluated.
Alternative a; is considered better than alternataeif, according to they; criterion
g(a)>9g(a).
Given the sef of alternatives and the set of crite@a it is possible to build a x m
matrix whose elements report the performance oh ediernative according to each
criterion. Depending on the methodology used, trarisn can include quantitative,
gualitative and also both types of evaluations (Wajr1995; Munda et al., 1994).

The multi-criteria exercise can be summarized devis (adapted from Gamboa,
2006; Gamboa and Munda, 2007):

* Problem structuring

» Historical-institutional analysis

» ldentification of social actors

» Definitions of preferences and aspirations
» |dentification of alternatives
» |dentification and estimation of criteria
» Selection and application of a ranking algorithm
e Analysis of results and sensitivity analysis

These phases are not intended to follow a chrore@bgrder. Rather, they influence
each other dynamically. Once the results analysssiieen performed, a new cycle can
begin because the knowledge acquired may enablsadtial actors and analysts to
change their perspectives and structure the impt@ablem in a different way.

The historical-institutional analysis is mainly @dat defining the given problem
by identifying social actors and eliciting theiefgrences and aspirations.

An analysis of the actors cannot be a simple enatioer of the agents involved.
Important aspects to be included are the actorgi méerests and stakes, the perception



of the problem, the degree of influence, and actesschnical knowledge (Funtowicz
et al., 1998). This phase of the research fa@kt#lhe generation of alternatives.

The institutional analysis in this research invalhaereview of various documents
such as laws, policy documents, press releasesnewdpapers. This phase made it
possible to identify the main actors. Subseques#ini-structured interviews (SSI) were
held with exponents and representatives of thetiitksh social actors (Appendix Al
reports a list of the interviews held). A questgunide was previously prepared based on
the information collected during the secondary adataew. The main objective of the
interviews was to gain knowledge on the perceptioeeds and aspirations of the social
actors identified. In addition, following a snowbalethodology, the interviews made it
possible to identify other social actors.

As Roy (1985) specifies, the preference model tsexvaluate the alternatives is
not based on the alternatives themselves but andbesequences, which result from
the alternatives and from the subjective evaluatiaf the social actors. The
consequences are evaluated using certain criteria.

The choice of criteria is a technical translatidrntiee social actors’ desires and
needs (Gamboa and Munda, 2007). Essentially, iexritepresent the different points of
view of the social actors, i.e. the axes along Wwihine social actors argue, transform and
justify their preferences. The comparisons obtaittedugh these criteria should be
considered as partial preferences because thelinasited to the aspects taken into
account by the point of view represented by théndafn of each criterion (Bouyssou,
1990).

According to the multi-criteria problem reportedoab, in order to state thats
preferred tdk (with j andk belonging to the set ®f feasible alternatives), it is sufficient
thatgi (j) > gi ( k ). This preference description represents a “triteran”. In this
case, any difference betwegn( j ) andg ( k ) implies a strict preference relation.
However, even when the decision maker is a reagoertheir preferences are seldom
clearly stated. Among areas of firm conviction ni@ynebulous zones of uncertainty.
Moreover, the data used to evaluate the performariceach alternative may be
imprecise (Roy, 1990). This is why the introductioh discrimination thresholds is
advisable. Here an indifference threshold is uasdlepicted in Eqg. 1 and 2.

jPk = g,(j)>g,(k)+q (Eq. 1)
JTk = ]g.()-9gnk)l=q (Eq. 2)

where P represents a preference relatibran indifference relation ang is the
indifference threshold, i.e. the greatest valuéhefdifference between the alternatiyes
and k which is not large enough to differentigtérom k on criteriongn, (Roy et al.,
1986). The type of model in Eq. 1 and 2 is callgddsi-criterion”.

From the chosen preference relations, a multit@ait@gorithm must be applied in
order to derive the aggregate result. Given theestrof this study, one important
characteristic is that the result should not bésatated alternative but a rankfinghus,

2 Also called y problem (Roy, 1990)



if the first alternative cannot be chosen becadigmlitical reasons (e.g. it gives rise to a
strong conflict), other alternatives can be congden their ranked order. In addition, it
is important that the algorithm be non-compensasorthat a very good performance in
one criterion cannot compensate for a bad one ierasronmental criterion or vice
versa. It is also advisable that the intensity lo¢ tpreference information is not
accounted for in order to avoid compensability. yiés should reflect importance
coefficients and not trade-offéMunda, 2004; Vincke, 1992). Finally, it is essahthat
algorithm be simple and transparent. The Condocceisistent rule developed by
Munda (2005; 2009) has such properties. This igdbam the maximum likelihood
concept, that is, the maximum likelihood rankingsarted by the maximum number of
criteria for each pair-wise comparison, summed @adrs of alternatives. AN x N
outranking matrixE can be built respecting the axioms of diversitgganplete order of
alternatives can be obtained for each criteriogjnreetry (only ordinal pair-wise
information is accounted for, so intensity of prefece is disregarded), and positive
responsiveness (the degree of preference betweéemadivej and k is a strictly
increasing function of the number of criteria aneights, which rankgbeforek).

Any element ofE:gx (j # K) is obtained by a pair-wise comparison between
alternativej andk according to alM criteria. This pair-wise comparison is obtained by

applying Eq. 3.
M

€ix :Z(Wm(ij)-'-%Wm(l jk)j (Eq. 3)

m=1

wherew, is the weight for criteriom.
Let T be the set of alN! possible complete rankings of alternatives, anelch
individual ranking belonging t@. The scoreys of eachrsis obtained by the summation

N
of gx over all the( 2} pairsj, k of alternatives (i.eg, :Zejk , Wherej # k, s =

1,2,...Nlandey Uts).
The final ranking* is the one which maximizes (see Eqg. 4):

77 e ¢ =max)_e, (Eq. 4)

wheregy UT.

% Weights as trade-offs indicate how much a goofopmiance in one criterion can compensate for a bad
one in another (the analogy in economic jargonhis marginal rate of substitution). Weights as
importance coefficients indicate how important igecion is, but no compensation is implied.



3. Historical-institutional analysis

3.1 Historical context

Until the beginning of 1900 Mt. Amiata was a typio@ountain area of volcanic origin
where the main activities included agriculture,ekiry and animal production, after
which the mining for cinnabar radically changed dw@nomic profile of the area. The
mining sector grew so much that in 1965 it satsf&@b% of the world’'s mercury
demand. Subsequently, a fast decline took placké 186 when mines were closed
down with hundreds of redundancies (Serafini and,S807).

Geothermal explorations started at the end of 8%04 with the installation of the
first small plants in the municipality of Piancagtaio to the east of the mountain and,
in Bagnore (belonging to the municipality of Safi@ra) in the west. Geothermal
activity was soon perceived as an opportunity tonteract the economic depression
caused by the end of the cinnabar mining. Governrpelicies were set up to create
new jobs. These included ornamental plant prodnatiogreenhouses benefiting from
geothermal heat. These greenhouse areas were setaugliancastagnaio, in an area
named Casa del Corto.

ENEL, the once state-owned company operating astdlimg geothermal plants,
was privatized at the beginning of the 1990s. Dythre same period a new plan called
“Geotermia 2000” was launched to install 200 addial MW of capacity in Mt. Amiata
(Bertini et al., 1995). It was around this planttbpposition to geothermal exploitation
originated. At that time, the visual impact of thew plants was the main concern. In
any case, three new plants were installed in Pgagaaio and one in Bagnore (20MW
each). Compared to the plants previously installeglse new plants entailed the
decoupling of installed capacity from on-site enyphent. This is because all plants are
remotely controlled at a center a long distanceyaws a consequence, the reduced
employment effects of geothermal power plants becamain reason for discontent.

The municipality of Piancastagnaio asked varioupees to contribute to the
publication of a new book (1994) on the effectg@bthermal exploitation. Some of the
articles gave cause for concern among a small mynof the population. In the
meantime the first reports on air quality releas®d the authority in charge of
environmental control (called ARPAT) revealed thtta¢ emissions of the individual
plants were much higher in Mt. Amiata than in tleecalled traditional geothermal
areas (further north, around Larderello).

In September 2000 two explosions occurred nearcBsiagnaio because of
geothermal fluid escaping from the soil. The inleaiiis were evacuated and all the farm
animals in the area died. These events gave rigsertew surge of opposition which
included local rallies.

Another important element which caused concern gntba population was the
arsenic concentration in drinking water. In 200ldecree set the limit of arsenic
concentration at 1Qg/l. Since then, authorities have permitted expextao the law
regarding drinkable water. Given the high quantityarsenic in the water, limits were



often raised to 20 or 3@g/l. The problem was solved in 2009-2010 with th&tallation
of arsenic abatement plants for drinkable waterwéieer opponents to geothermal
exploitation suspect that the high arsenic conedéiotr may in some way be linked to
the presence of the power plants.

At a regional level (i.e. within Tuscany in gengrahe growth of geothermal
power plants was almost nil during the 2000s. Isigleng its new energy policy the
regional government decided that the abundanceeothgrmal resources was an
opportunity not to be wasted for the developmenthef renewable energies sector. In
the energy plan approved in 2008 the installatior2@ MW* were planned. The
regional government of Tuscany spearheaded an tamgonegotiation with ENEL to
set up a new compensation fund for the geographreals where the geothermal plants
are located. This gave rise to the so-called “ganagreement on the exploitation of
geothermal resources” signed in 2007 by all the ioipalities of geothermal areas in
Tuscany apart from the one in Mt. Amiata (i.e. AthbaSan Salvatore).

In addition to the final compensation, the geneagkeement included the
acquisition of EMAS certification for all power pits, the commitment of ENEL to
endorse new agreements with unions and industdabaations to enhance local
employment and entrepreneurship, the promotioncngfic studies and research on
the impact of geothermal exploitation, and the &idopof best available technologies.

3.2. The scientific debate

The scientific debate is mainly around two cruggdues: the effects of geothermal
exploitation on water conservation and the effectfiuman health.

The main question on water regards the effectseotigermal exploitation on the
quantitative and qualitative conservation of théapte aquifer. In order to introduce the
reader into the geological context of this caseysitiis necessary to briefly describe the
geothermal field of the Amiata volcanic complex (8wrn Tuscany). There are two
distinct water-dominated reservoirs: a so callegllstv reservoir and a deep reservoir.
The shallow reservoir is sited in the Mesozoic oadiic formations at 500-1000 m
depth. The deep one is hosted in the Paleozoicnmoepdic basement at 2500-4000 m
depth. These two reservoirs are separated by gpévmeable layer and are considered
part of a unique geothermal syste(Barelli et al., 2010). The shallow geothermal
reservoir is overlain by cap rocks namely “Ligutidhbove them is located a layer of
volcanic rocks or “Volcanites” which host the pdahquifer.

* The plan was for the whole Tuscan area (and doespecify where 200 MW are to be installed). So
the 200MW target is not a target just for the MimiAta area.

® Other characteristics of the geothermal reservaies the shallow reservoir presents temperature
ranging from 150 (in Bagnore) to 200°C while themperature of the deep reservoir are more
homogeneous and generally greater than 300°C (Beatial., 1995). In the deep reservoir the non
condensable gas content is between 4% and 15%tiniBsral., 1995) while in the shallow one is much
higher: around 40% in Piancastagnaio and 85% im8ag(Barelli et al., 2010).



The effect of the geothermal exploitation on thensmyvation of the potable
aquifer depends on various elements which, dukdiv tomplexity, are highly debated
among the scientific community. It is worth rememibg that the springs in Mt. Amiata
are characterized by water shortages.

The first cartographic reconstruction of the pagaddjuifer can be found in a study
by Calamaiet al. (1970) who identified its piezometric level at 9%0.a.s.l. A
geophysical survey carried out in 2003-2006 bylthkan National Research Council
(CNR) identified an important depression in the gattic aquife? (Manzella, 2006).
Finally the recent piezometer installed by the aagl government revealed that the
water table is at 780 m.a.s.| (thus suggestingdaateon of 170 m compared with the
level identified in Calamagt al).

This debate basically has two main positions. Quetion claims that the potable
aquifer and the geothermal system are not connesier shortages are mainly due to
a reduction in rainfall, to the continuous drawirgfsvater for drinking purposes from
wells (many of which are illegal) and tunnels carted to waterworks, to the general
crumbling conditions of the local waterworks andlte presence of the tunnels of the
old mine. According to this position, the origimatonstruction of the piezometric level
of the phreatic aquifer of Calamat al. is probably subject to errors due to the
techniques used, to the few measurements taketoahd interpretations of the results.
The depressions identified by the CNR study are alsbject to the approximation
typical of the technique used. In addition, thespreee of contaminants in the water
could be due to the natural presence of the salv&ances in the area and to the now
closed mining activity. Different aspects of thiew can be found in the EIA reports
submitted by ENEL (2005, 2008, 2009a, 2009b, 2008c3cientific articles by ENEL
personnel, and in the study commissioned at thevdgsity of Siena (2008) by the
Tuscany regional government. These studies findircoation of their arguments in the
prior works of Focaccet al (1993), Barazzuolet al (2004) and Papalini (1989),
among others.

The other position argues that the exploitatiogedthermal power has provoked
a depression in the geothermal reservoir and thses$sion has drawn water from the
phreatic aquifer thus reducing the water table. @apression identified by the CNR
study consequently indicates a recharge of thehgewtal reservoir by the potable
aquifer. Since the phreatic aquifer reduces itgtteithe pressure that the water table
causes on gasses coming from below also diminist@ssequently the ascent of
contaminants from the geothermal reservoir is itatdd. In addition, the reduction in
springs causes an increase in the concentratipeisbning contaminants. In summary
geothermal exploitation can negatively impact tbhaservation of the potable aquifer.
Different aspects of this view are held by Borgg@@7), by a study commissioned at
EDRA by the regional government (EDRA, 2006a, 2Q0@éind by some geologists
from the offices in charge of land protection am@ tprevention of hydraulic and
hydrogeological risks of the regional governmentsifilar position can be found in

® The magnetotelluric method was applied for cagynt the geophysical survey.



older studies conducted by ENEL personnel with ENfata (Burgassi et al., 1965;
Calamai et al., 1970; Cataldi, 1965).

Just to give an idea of how the scientific debatpadlarized, Borgia (2007) found
a clear correlation between the vapor extracte@éothermal use and a reduction in the
Mt. Amiata spring flows. However this correlatiandompletely negated in the study by
the University of Siena Moreover, the legitimacy of the University of B#estudy is
contested by residence committees opposing geo#thexploitation because the study
was conducted by a research team which includecmabar who was appointed by
ENEL as an expert in previous civil suits.

The other main issue is the effect of geothermalatation on human health. A
specific statistical-epidemiologic study (ARS, 2Pp1®as conducted by comparing
mortality and hospitalization statistics of the plgtion in the geothermal areas with
that of nearby and similar aréa3he results showed that considering the wholetet
geothermal areas (i.e. including also the so-cdltaditional geothermal area), there
was a small excess of mortality among males (+6%) mespect to the expected value
and no excess of hospitalization. However, considepnly the Mt. Amiata area,
among males there was a significant excess of higr{a13%), an excess of cancer
(+19%), and an excess of mortality for breathingaaptus illnesses. While females
presented an excess of mortality for acute bregtiimesses. Regarding hospitalization
there were some excesses due to stomach cancahibgeillnesses (only for females)
and kidney failure. However, the study concludeat in all likelihood the excess of
mortality and hospitalization was not due to thesence of geothermal plants because
the most worrying indicators referred only to méalésnd not to females who are
exposed to the geothermal presence in the sameasvanales). According to the study,
the excesses revealed were probably due to lieesipld past employment, mainly
mining. In spite of the reassuring conclusions, thgults of the epidemiologic study
remain a cause of concern and the regional governhees recently agreed to finance
further investigations.

3.3 Current status

Two mining concessions have been awarded to ENRe&:i®to the east of Mt. Amiata
(where Piancastagnaio and Abbadia S. Salvatordoaated) and one is to the west
(Where Santa Fiora and Arcidosso are located)

" The input data in the two studies was different.

® The analysis covered 2000-2006 for mortality stas and 2002-2004 for hospitalization statistics.

° According to the study, the excess in breathilieiises among females were consistent with regional
trends.

°The mining concession of the West known as Bagrioas an extension of 45.87 Krand all the
municipalities involved here belong to the Provind&rosseto. The mining concession of the eastisid
called Piancastagnaio, it extends over 47.92° limd all the municipalities belong to the provirafe
Siena.



Four plants are currently operating in the eadt,jralthe Piancastagnaio area. The
characteristics of each plant are reported beloil teir official name (data are from
the Environmental Impact Assessment submitted bigIENR008, 2009b, 2009c¢):

* PC2. This is the oldest plant and currently has \& Mif installed capacity. It
was installed in 1969 and it is fuelled only by thleallow reservoir (which
presents a very high quantity of non condensabsegavith all their harmful
elements). It is a dry steam power plant with nenjection of fluid and no
filters for air emission. This plant is responsilie the vast majority of the
geothermal emissions due to geothermal exploitatibrihe area. The plant
provides heat to the nursery activities of a neatsa called Casa del Corto,
where greenhouses are located. These nurseriesyearplind 250 people.

* PCa3. It has 20MW of installed capacity and wasugein 1990. It is fuelled only
by the deep reservoir. It has a flesh steam teolgyt, which partially re-injects
the extracted geothermal fluid and is endowed Witérs for the abatement of
hydrogen sulphide (}%) and mercury (Hg) emissions (the filter is calfed|S).

It is located in the south of Piancastagnaio.

* PC4 and PC5. These two plants are located neaadio @her in the north of
Piancastagnaio. Each of the two plants has 20MWsbélled capacity. PC4 was
set up in 1991, and PC5 in 1996. The two plantsfuglied only by the deep
reservoir. Their operation capacity is slightly Evithan the theoretical capacity
because of a lack of geothermal fluid. In ordeoperate at full capacity new
wells need to be drilled. Without new wells the tplants reduce their power
capacity every year. The two plants exploit flaskas technology with partial
re-injection of the geothermal fluid and both acsvrequipped with the ¥ and
Hg abatement filters.

A so-called “re-organization plan” for Piancasaignaining license was submitted by
ENEL and authorized by the regional governments Jian involves interventions only
in Piancastagnaio. The main characteristics ar& Wa@uld be closed down, the heat
that PC2 was providing to Casa del Corto would bavided by a new heat pipe
connected to PC3, another heat pipe would be ledtab provide the citizens of
Piancastagnaio with heat, various wells would bkedf to increase the production of
existing power plants, and more than 16.3 km ofousr steam pipelines would be
installed in order to connect the new wells with fower plants and to make the three
plants part of a single system of steam distrilsuaetails are from ENEL, 2008).

In the west of Mt. Amiata there is only one opergtplant named Bagnore 3
(BG3 for short) from the name of the concession tedlocality where the plant is

* A description of the technologies available footermal power plans can be found in Kagfehl

(2007), DiPippo (1991, 2005), and Bacci (1998) aghothers.

2 Five new production wells would be drilled, twalatells would be reactivated, one old well would be
deepened (all of them would be about 3,500 meteep dthus reaching the deep reservoir). In addition
one new re-injection well of about 1,000 meters {aphe shallow reservoir) would be drilled (ENEL,
2005, 2009a).



located. It has 20MW of installed capacity withstiasteam technology, partial re-
injection of the extracted fluid and,8 and Hg abatement filters. As mentioned the
plant is located within the municipality of Santana.

A new project for the construction of a new 40 Miyer plant (named BG4) in
the west of Mt. Amiata was submitted by ENEL. Cuthg the regional government
has not yet authorized this new project.

3.4. Social actors

There are many stakeholders involved in the podi;gna of this case and deciding
which ones to include inevitably presents some eegf arbitrariness. The total list
could include research organizations (the Universit Siena, the University of
Florence, a technical expert committee set up leyRlegional government, and the
National Research Council), the local associatibhatels and the local association of
service providers, environmental NGOs with a mipoesence (e.g. Legambiente or
Amici della Terra), a lawyers’ NGO which assistdu tresident associations during
various legal actions, and also a Buddhist orgaiozavhich attracts several followers
in the west of Mt. Amiata. However, the social astbelieved to have been the most
active in recent years and/or which present a d&dte in the geothermal exploitation
of Mt. Amiata are reported in Table 1.



Table 1: social actors

Social actor

Type

Description - Position

Tuscany
Regional
government

ENEL

Piancastagnaio
municipality

Abbadia S.
Salvatore
municipality

Santa Fiora
municipality

Arcidosso
municipality

Prospettiva

Regional
government

Private
company

Local
authority

Local
authority

Local
authority

Local
authority

Residents

The regional government has taken over the 20-2@ERO objectives.
According to the most recent energy plan, the Regimuld cover 39% of
the electricity consumption (and 10% of thermalrggk with renewable
energy sources by 2020 (Tuscany regional governm2@08). The
additional amount of electricity that will have tme produced by all
renewable energy sources is planned to be 3,542 ,@Nwhich 1,600
GWh by geothermal power.

These objectives show the essential role that gewoidl power is expected
to have in order to achieve the desired targetsaddition, the regional
government is in charge of authorizing the consioacand operation of
geothermal power plants.

This is the sole company currently operating gemtia¢ power plants in
Italy (including on Mt. Amiata). Depending on thepected costs and
revenues, it is interested in expanding the geothkerexploitation to
produce more electricity and to be entitled to mgneen certificates (or to
new incentive schemes).

Four plants are located within its area with altofa68MW of installed
capacity. The municipality supports the re-orgatiwaproposed by ENEL
in Piancastagnaio for several reasons: it invotliesclosing of PC2 which
is a plant emitting high levels of air pollutiom;eintails the construction of a
heat pipeline allowing inhabitants and companieadoess low heat costs;
it guarantees maximum capacity of electricity prctéhn and consequently
the maximum level of royalties (which, to some extedepend on the
quantity of electricity produced).

Part of the area is included in the mining con@essiwarded to ENEL for
the exploitation to the east of Mt. Amiata. The neipality has never
considered geothermal power as a driver of devedmprand it opposes the
construction of any new plants that would exploighh and medium
enthalpy resources. Geothermal exploitation isgieecl to be at odds with
the development of the already important touristtare It is the only
municipality in the geothermal area which did nagnsthe general
agreement with ENEL and the Regional governmeng thtning down the
funds that this would have involved. In any cageslpports the re-
organization plan because it means closing down BE€Rss air emissions
would affect the municipality.

This is the local authority is on the west sidéviof Amiata. A 20MW plant
(called BG3) is located in its district. The new 40Mplant (called BG4)
would also be located in the area, if installatisrfinally authorized. The
municipality supports the presence of BG3 and the nenstruction of
BG4. The main perceived benefit for the new plantthie possible
development of small companies that could accegsst sources of heat.
Royalties are also considered important. In facg tast majority of
royalties are allocated to the municipality whére hew plant is physically
located.

Part of the district is included in the mining ceasion awarded to ENEL
for the exploration of the west side of Mt. Amidtawever no plant is
located in its area. Nevertheless, given the pesxalvind direction, the
majority of air emissions from the BG3 (and BG4 if ig finally
constructed) are deposited in its district (and inothe Santa Fiora area
where the plant is located). The municipality is rrex that the
construction of BG4 would imply further emissioiswould tolerate its
presence if the technical authorities guarantead tthe emissions will be
maintained within acceptable levels and that the mpéant would not
interfere with the aquifer conservation.

They are worried that exploitation of high enthaipgources may provoke



Social actor

Type

Description - Position

Comune di
Piancastagnaio

WWF

Rete Comitati di
Difesa del
Territorio

Comitato

per la Tutela
dell’Ambiente
Abbadia S.S

Rifondazione
Comunista Santa
Fiora

association with
elected
representatives
in the city
council

Environmental
NGO

Regional
network of
associations

Residents’
association with
elected
representatives
in city council

Local branch of
a left-wing party

a geothermal fluid discharge (as has already oedurand interfere with
the conservation of the aquifer. They oppose therganization plan
because it involves new wells and new pipelinass timore exploitation of
high enthalpy resources and a negative visual im&ey do not consider
the closing of PC2 to be a positive element of th@®rganization plan
because dismissing PC2 should have been agreedemdisgly from the
plan. They ask for a moratorium of additional exgliions of the high
enthalpy resources.

In the past they submitted a request for furtheegrations of the
environmental impact assessment of BG4 regardingeffects of the
planned plant on the ecological stability and om fiod chains. They also
submitted a formal claim to the European Union rega the fact that the
mining concession for BG3 was extended withoutranrenmental impact
assessment. They are worried about the additiomégsens that BG4
would provoke and about the possible detrimenfakés on the aquifer.
This is an network of associations committed to thatural and
preservation of the area. It operates on a regiscale. They are worried
that geothermal exploitation may deplete the wtiele, contaminate water
resources with heavy metals, provoke superficistitrges of geothermal
fluids, and cause dangerous emissions. They opfiesexploitation of
high enthalpy resources. They also oppose theganaration plan and the
construction of the new plant in Bagnore.

This is a citizens association from the town of Athia San Salvatore. They
fear that geothermal power plant emissions maycafiaman health. They
are worried about the conservation of the aquifed ¢hey believe the
presence of geothermal power plants does not steuhe economic
development for the area. They oppose the explmitaf medium and high
enthalpy resources.

It is the local branch of a political leftist party represents the oppositicn
to the development of geothermal power in the smoah of Santa Fiora.
Members are mainly worried about the environmeimgbact that the
construction of the new plant in Bagnore (BG4) woildolve. They
oppose the construction of BG4 because it impligbrae times larger
capacity (in Santa Fiora area) with the same tdolgyaf BG3.




4. The multi-criteria matrix

The multi-criteria methodology entails identifyireg set of alternatives and a set of
criteria to compare such alternatives.

4.1 Generation of alternatives

The scenarios taken into consideration are seveh four overall origins: 1) the
preservation of the status quo 2) the projectsr@drby ENEL, 3) scenarios generated
after in-depth discussions with technical experid acientists from the geothermal
sector in order to address (at least partially)woeries of some of the social actors 4)
the formulation in “scenario terms” of the requesfsthe opponents to the ENEL
projects.

The scenarios considered are:

A. BaU (Business as Usual). This scenario means nmaimga the current
conditions. All five plants remain operating asyttege. At the same time, two
plants in Piancastagnaio (PC4 and PC5) experienaedaction in their
production capacity because of a lack of geothefliuial.

B. Reorg (reorganization). This plan is proposed byEENind has already been
authorized. The details are reported in section 3.3

C. ClosingPC2. This scenario envisages that PC2 woelldosed down and a new
heat pipe would be installed from PC3 in order tovpe the Casa del Corto
area with heat (as in the previous case). No otfterventions are envisaged, so
the annual electricity production of PC4 and PChildalecrease.

D. Reorg+BG4. This scenario joins the two projectsppsed by ENEL. In
Piancastagnaio a re-organization is planned exastlgxplained in B. To the
west of the mountain a new plant of 40MW capadi®4 for short) would be
installed with flash steam technology beside tkeéstmg plant (the total
installed capacity in Mt. Amiata would be increadeain the current 88MW to
120 MW). In addition to the installation of a powsystem (which in this case
involves cooling towers with six cells and theSHand Hg abatement filters), the
construction of the new plant entails drilling neells'® and the installation of
about 12 km of steam pipelines.

E. Reorg+40CC. As in the previous case this scenaviolves the re-organization
plan proposed by ENEL in Piancastagnaio. The newepoplant to be
constructed in Bagnore would have a closed cyaden@ogy. This means that
the fluid extracted from the geothermal reservoould be totally re-injected
(and not partially as normally happens with trawhitil flash steam technology).

13 Six new wells would be drilled and two old well®wid be re-activated (all of which would reach the
deep reservoir and would be used for productiorp@aes). In addition, two new wells reaching the
shallow reservoir would be drilled for re-injectiparposes.



The only technology presenting this characteriatid already on the market is
binary cycles, which is the technology envisaged hEteThe construction of
this new plant with 40MW of installed capacity wduhean using a wider area
and a higher cooling towers than in the traditioflash stem technology
(because of the different cooling systems), aloith & higher number of wells
to be drilled in order to totally re-inject the eadted fluid.

F. ClosingPC2+20CC. This scenario envisages that B2 plant would close
down and that a new heat pipe would be installgaf¢éoide Casa del Corto area
with heat. In Piancastagnaio no further interverdiovould be made. In addition,
a new plant with 20MW of installed capacity andsed cycle would be built in
Bagnore. As in the previous case the technologyldvdie binary cycles.
Obviously, the area occupied by this new plant wdog smaller than in the
previous case (but much larger than traditionahtslebased on flash steam
technology).

G. Reorg+20CC. In Piancastagnaio the re-organizatiam pvould take place
exactly as in B. In addition, a new 20MW plant wéhbinary cycle technology
would be installed in Bagnore.

Each scenario is assumed to have a 30-year duziood.

4.2. Choice and estimation of criteria

Eleven criteria were taken into consideration repnting the results of the institutional
analysis described in Section 3: 1) electricitydurced, 2) profitability of the plants, 3)
municipality revenues, 4) direct heat use, 5) gneese gas (GHGs) emissions avoided,
6) H,S emissions, 7) Hg emissions 8) ammonia {NEmissions, 9) arsenic (As)
emissions, 10) possible impact on the phreaticfagil) visual impact. Initially it was
considered also direct employment among the setitefria. However, it was excluded
because the local actors never actually mention&d the interviews. The plants are
controlled remotely at a control centre a longatise away. In Mt. Amiata there are
few locals employed in maintenance. In additioe, tikmber of local employees would
not be significantly different in the considereckrsarios. Of course, during a plant’s
construction, the employment effect can be impartelowever, this effect would be

“Wwith binary cycles, the geothermal water heatstheroliquid. The two liquids are kept completely
separate through the use of a heat exchanger aisethsfer the heat energy from the geothermalntate
the working fluid. The secondary fluid vaporizetigaseous vapor and turns the turbines that pthwer
generators. With air cooling the geothermal furbver make contact with the atmosphere before the
are pumped back into the underground geothermahwes (Kagel et al., 2007). ENEL itself installed
two binary cycles plants in Nevada amounting to @b total capacity and has acquired rights toaithst
150 MW of additional capacity in different USA stat(Roxborough, 2010)

!> Theoretically a closed cycle can also be obtaimighl total re-injection and flash steam technoloigy
Iceland there are plans to install this type oftgiypal plant, but there are no operating and coroiale
cases at the moment of writing. Consequently, & decided not to consider this possibility in thisrk.



limited just to a few years and the majority of doyees and companies contracted for
the construction of the plant would not be from Winiata. Moreover, the employment
effect of the construction phase could only benested with a very high degree of
approximation. The potential of new companies asiogslow cost heat sources may
have some positive employment effect. However, sarcleffect is already reflected in
criterion 4. Some studies also include social atatelity among the criteria (Beccali et
al., 2003; Cavallaro and Ciraolo, 2005; Chatzimbdimand Pilavachi, 2008; Liposcak
et al., 2006). However social acceptability is @oly a consequence of the evaluation
of other criteria.

The criteria taken into consideration are repotielbw along with the way they
were estimated.

Criterion 1: Electricity produced
This criterion reflects the point of view of thegienal government. In fact, Tuscany is
required to reach specific electricity targets et from renewable resources. Of
course, this criterion is also of interest for fhlant operator because the electricity
produced is sold on the market.

The amount of electricity produced by each plans weatracted from the a
regional government database (2011).

In the scenarios that do not include the reorgaisizaplan, the electricity
production of PC4 and PC5 diminishes over timesT#iclearly evident from the time
series extracted from the abovementioned dataB&seaverage annual change rates of
electricity production were calculated for eachnpl& hese rates were used to estimate
the annual amount of electricity produced by edahtdor the duration of the scenarios.
It was also assumed that once a power plant preduse 40% of its net capacity the
plant is closed down (DiPippo, 2005). This is tlase of PC4 in BaU, in Closing PC2
and in Closing PC2+20CC. It was also assumed the¢ C4 closes down, all the
geothermal fluid which was originally used by PCA4directed towards PC5, which
returns to full capacity (this is because the wetianected to PC4 and PC5 are part of
the same pipeline system). As previously mentioakdhe scenarios excluding BaU
involve PC2 closing down, thus no electricity woblel produced by this plant.

For the scenarios that include the re-organizgtian and for all new plants, the
annual electricity production is estimated by nphfiing the net capacity of each plant
by 8,000 hour¥.

The net capacity of a traditional flash steam popfant is 95% of the gross
capacity. With binary cycle technology, the therymmamic losses are much higher and
on average the net capacity is 77% of the grosaoigp’

As previously mentioned, in all scenarios where itberganization plan is not
included, some power plants would slightly reduwartelectricity production. When a
criterion varies over time (or in space) a “poiathaction” is needed to sum up a given

'® This is the average yearly duration of working fsoaf each plant as indicated in the EIA report for
BGA4.
" personal communication from ENEL Ricerche



distribution by a single value (Roy, 1985). In thisrk the median value of the annual
electricity production was used. The results farhescenario are reported in Table 2.

Table 2: Electricity production (MWh)

BaU Reorg ClosingPC2 Reorg+BG4 Reorg+40CC  ClosingPC2+20CC Reorg+20CC

531,670 620,800 504,670 924,800 867,200 577,350 744,000

Criterion 2: Company profitability
This reflects the point of view of the company @ieg and installing the power plants.
The profitability is measured by the net preseti@&NPV) of each scenario.

The main sources of revenue are the electricitdyeed and the incentive scheme.
The price of electricity was obtained by means ofeaghted average of the price of
electricity exchanged in the electricity market mged by the company in charge
(GME, 2011) from 2005 to 2010. The current incemtscheme for geothermal power
plants is the green certificate (GC), that is, akeabased mechanism. The GC market
in Italy is characterized by an excess of suppIgKEG2011) so the withdrawal price set
by law was chosen as the reference price. Duriegptriod when this research was
carried out, a new law was introduced, radicallyaraing the incentive system.
Basically, from 2011 to 2015 the GC system is nzanm#d as is and the withdrawal
price is set at 78% of the price at which the G@spdaced® by the company in charge
of allocating incentives for renewable energies. (GSE). Thus the assumed prices are
72.32 €/MWh for the electricity and 88.22 €/MWlor the GCs until 2015. The price
of the GCs is certainly not the price that would teealed if the withdrawal
mechanisms were not in place. In fact, the ratefat a withdrawal price system is to
avoid a too low price because of the excess supp@Cs. Consequently, once the
withdrawal system is not in place, the price of tB€s (or of their substitute) is
expected to be much lower. The recently introddaadestablishes that after 2015, the
GC system will be substituted by an auction syst@éime price resulting from the
auction system was assumed to be 45€/MWh. Thisiptice simulated by REF (2011)
through the GreeCe model in the absence of a vatmarprice for the GCs. Of course
such an estimation may easily be wrong. Therefombastness analysis is needed.

Investment, maintenance and operational costs veéen from various sources
(Bertani, 2009; Entingh and McVeigh, 2003; Handg0%2, Petty, 2005; Sanyal, 2004),
updated and adapted to the Italian case underupenssion of a geothermal plant
expert.

8 Such a price is set by law as the difference betvi80 €/MWh and the reference price of the previou
year for renewable energies set by the relevanemorent authority. In 2011 this price was 113.1
€/MWh.

19 This value must be multiplied by a given coeffitiewhich depends on the type of renewable source
from which the electricity is produced. The coea#it for the electricity produced by geothermalrgge
is0.9



In order to take into account the entrepreneuis#l in choosing the discount rate,
We decided to increase the interest rate by’°38arned by the government bonds
expiring in 30 years (i.e. the entire duration atle scenario). The resulting discount
rate is 10%. Table 3 reports the NPV of the sewemarios and includes the effects of
different GCs values.

Table 3: Profitability (NPV in thousands €)

GC(€/MWh) BaU Reorg  ClosingPC2 Reorg+BG4 Reorg+40CC ClosingPC2+20CC Reorg+20CC
45.00 177,150 239,380 171,993 294,782 236,487 159,475 231,459
66.61 177,150 247,476 171,993 324,826 262,219 168,698 248,778
88.22 177,150 255,572 171,993 354,868 287,949 177,920 266,095

Criterion 3: Municipality revenues
This reflects the point of view of the town cousciFor each municipality the revenues
generated by geothermal activities consist of dtlewing:

a. 0.13 cents per KWh produced. At least 60% of this $s for the municipality
where the plant is located and the remaining paproportionally distributed to
the municipalities according to the mining licemsea of each municipality.

b. The compensation fund in the general agreement hen exploitation of
geothermal resources.

c. The real property tax. According to the interviewsth the mayors, in
Piancastagnaio this amounted to about €50,000reSdnta Fiora to €3,000.

Abbadia S. Salvatore is the only municipality whdid not sign the general agreement
on the exploitation of geothermal resources. Camsetly this municipality benefits
only from the revenues in poiat

The annual flow of revenues is actualized thougiNPV. There is no reason why
the municipalities representing local communitieewsdd prefer higher gains (or lower
costs) today than tomorrow. Consequently, the distoate was chosen to be equal to
the inflation rate: 3%. The results are reportedable 4.

Table 4: NPV of the municipality revenues (NPV tisands of Euros)

BaU Reorg ClosingPC2 Reorg+BG4 Reorg+40CC ClosingPC2+20CC Reorg+20CC

Santa Fiora 10,907 10,907 1,287 38,784 34,647 23,644 23,655
Arcidosso 6,074 6,074 7,317 19,095 18,086 12,073 12,084
Piancastagnaio 14,781 32,054 18,759 32,085 27,914 17,522 27,818
Abbadia S.S 1,994 3,278 4,208 7,322 7,322 4,208 7,322
Total 33,755 52,312 31,570 97,286 87,970 57,447 70,879

20 Auction held on 14 February 2011



Criterion 4: Direct heat uses

The possibility to access a low cost heat souroseaseveral times during the interviews.
Direct heat use is considered important both farseoheating and for small industrial
activities. In Tuscany the main energy source foude heating is natural gas which is
distributed though pipelines. However, one of therfvillages - Piancastagnaio - is not
connected to a natural gas network, so houseseatedusing GPL and diesel boilers or
through electric systems. Consequently heatingagerexpensive than in the rest of the
region. In addition, even in the areas that areneoted to a natural gas network, it is
believed that access to low cost heating would nlag& companies more competitive
and would encourage new companies to be set up.iJbelieved to be very important
to limit the emigration flow due to the few emplognt opportunities available in the
area.

Geothermal power plants can provide a low costwf heat by selling the
excess heat which is not used in the plant (eigr @he steam resulting from the
geothermal fluid has fuelled the turbine).

The availability of heat from geothermal power ptars evaluated in linguistic
terms. Following the approach used by Roy and 5(t@86), the qualitative evaluation
was translated into a quantitative scale, whichemorted below in Table 5. Since the
scale reports increases for worse performancesig$ieed direction idecrease

Table 5: Qualitative evaluation of direct heat uses

Evaluation  Perfect Very Good Moreor Moderate More or Bad Very Extremely bad
good less good less bad bad
Scale 1 2 3 4 5 6 7 8 9

Heat availability essentially depends on the sizéhe new plants (the larger the size,
the more excess heat is available), on the techgalsed (binary cycle plants are less
efficient in producing electricity than flash stegmwer plants, so they present a higher
quantity of excess heat) and on the specific agaremts offered by the plant operators.
In this regard, the aforementioned reorganizatitam pnvolves the construction of a
new heat pipeline to provide Piancastagnaio witkt.he

The small town of Santa Fiora is already provideth\keat from BG4. Thus a
direct heat use is already an option for a veryllspaat of the whole Amiata area. The
BaU and ClosingPC2 scenarios envisage that diesdt ise is maintained at the current
level (which benefits only Santa Fiora), so thenBastagnaio area would still need the
high cost heating systems that it is using now. &waluation is considered “more or
less bad”. Closing PC2+20CC means that more exXoesatis available for the west
side of the mountain (where heating from the geaaothé plant is already available) in
comparison with the current level. An evaluationtlus scenario is therefore obtained
by a one step increase in the scale to the lev&Moflerate”. As already mentioned,
Reorg entails the construction of a new pipelirrenfeating Piancastagnaio (which is not
connected to the natural gas network), which mehas this scenario is considered



“more or less good”. In addition to the new pipelin Piancastagnaio, Reorg+BG4 and
Reorg+20CC envisage the construction of a new piatite west, thus the evaluation
for these two scenarios is a step further: “godd.the above scenarios Reorg+40CC
entails installing a pipeline in Piancastagnaio als®h envisages the construction of the
largest plant with the highest excess supply, ttaduation is “very good”.

The evaluation of each scenario is reported ind &bl

Table 6: Direct heat use

BaU Reorg ClosingPC2 Reorg+BG4 Reorg+40CC ClosingPC2+20CC Reorg+20CC
More or More or More or less Good Very good Moderate Good
less bad less good bad

Criterion 5: GHG emissions avoided

This criterion is of interest for the regional gaweent. In fact the regional government
took over the EU 20-20-20 targétand the production of electricity from renewable
energy is part of the GHG abatement strategy. @ewthl power plants can emit a large
amount of GHGs in the form of GGand CH and their exact value depends on the
specific composition of geothermal fluid. Howevheit emissions are not included in
the quotas allocated to EU countries. Therefore atmount of GHGs emitted from
geothermal power plants is not part of the amofi@leGs that Italy and Tuscany need
to reducé®. Thus, the GHG emissions caused by geothermal poleats are not
accounted for in this study.

The amount of electricity produced in Tuscany freath fossil fuel source was
derived from Terna (2010) and from the Tuscanyaegii government (2009). In 2008
the electricity production obtained from fuel oibgv13%, while the rest was obtained
from natural gas. An amount of 557.1 Kg of £@ is avoided for geothermal MWh.
This value was calculated using data from the ragjiogovernment ’'s database
(providing data from individual power plants) whishows that the average emissions
of CO,eq per MWh produced by fuel oil is 763.2 Kg and 226g by natural gas. It was
then assumed that the electricity obtained by #attgermal power plants replaces the
electricity produced by burning fuel oil and natugas in the same proportion as such
plants contribute to the total quantity of eledtyiproduced by fossil fuels.

The median value of the annual GHG emissions adoide each scenario is
shown in Table 7.

%L The 20-20-20 are two main targets to be achieyeth® EU by 2020: at least 20% of GHGs reduction
in comparison to the 1990 emissions and at lea% 20 energy consumptions must be obtained by
renewable energy. On 22 June 2011 the European issmom also proposed a new directive to achieve
an increase of at least 20% in energy saving coaapiarthe PRIMES 2007 baseline.

2 This is because it is generally assumed that tH& @missions from geothermal power plants would
naturally occur in a diffused way, so geothermalgoplants would be simply concentrating emissions
they cannot be held responsible for.



Table 7: Tons of C&q emissions avoided

BaU Reorg ClosingPC2 Reorg+BG4 Reorg+40CC ClosingPC2+20CC Reorg+20CC

296,187 345,840 281,145 515,194 483,106 281,145 414,473

Criteria 6, 7, 8, 9: H,S, Hg, NH3 and As emissions

The emissions can be a cause for concern for theugasocial actors involved in the
study (municipalities, the regional government, ENEtc) however, they represent the
greatest worry for residents.

These criteria include the emissions that are digghd in the highest amounts,
and which are considered most dangerous, namgy Hg, NH, and AS®.

H.S produces an unpleasant smell at low levels ofcemtnation (but its
perception diminishes with prolonged expositionj)d abeyond certain levels it
represents a serious hazard for human health. Hi3, &d As can also represent a
health problem beyond certain concentration IéVelBhe last ARPAT report on the
emissions of geothermal power plants shows thabatth the concentration value of the
WHO guidelines for health protection in the 199020measurement period was
occasionally exceeded, the concentration ¢ dnd Hg in Mt. Amiata is much higher
than in the traditional geothermal area.

It is worth mentioning that % and NH contribute to the formation of inorganic
secondary particulate matter (PM) whose effectsoara regional scale. In this regard
the regional government has specific objectivesdrreduction.

From a comparison of the geothermal areas in Tysdae total Hg emissions
flow in Mt. Amiata is much higher than in other ase(Tuscany regional government,
2010). In addition, ARPAT (2010) reports a frequemerflow of the maximum Hg and
NH; flow allowed by law among plants (but the regwatis still respected because the
maximum concentration limits are not exceeded)

NH3 emissions from geothermal power plants are esipeaigportant in Tuscany
because they represent the second source efeltission after agriculture, amounting
to 30-40% of the total emissions of this substdicescany regional government, 2010).

Many different variables should be taken into cdesation to estimate the
concentrations of emissions in the air (such asdvgipeed and direction, temperature
and rainfall) and a specific model should be udéds is certainly very important but
goes beyond the scope of this study. Consequemtly, the annual quantities of air
emissions are calculated and not air concentrations

% Others could have been included such as antimoathane, and boric acid, however according to the
literature consulted, given their emissions leviiigy are not thought to represent a problem.

4 The maximum concentration of the polluting elersesftthe WHO guidelines and other authorities for
health protection are reported in ARPAT (2010),ceungy regional government (2010) and Bacci (1998).
% The regulation on geothermal power emissions §iestamaximum limit on the flow and a second limit
on the maximum concentration of the polluting sabse. Only when the first limit is not respectedesl
the second take place. Thus, when the maximum liloivis exceeded, the regulation is still respéddtfe
pollutant concentration does not exceed the lexditated by the second limit.



The emission factors indicating the amount of eioissper MWh were calculated
by averaging the individual ARPAT (20%8)emission measurements. The ARPAT
database reports the emissions both in the presandeabsence of AMIS. The
environmental impact assessment (EIA) report fodBspecifies that on average the
abatement filters for $ and Hg (called AMIS) work 90% of the time. Conseutly
the emission factors were calculated as a weiginvedage emission in the presence and
absence of AMIS. In order to calculate the annumissions, the resulting emission
factors were multiplied by 8,000, which is the n&@nbf hours a power plant normally
works (ENEL, 2005). For the remaining 760 hoursglant is assumed not to work due
to maintenance. When the power plant is not working flow of the wells is reduced to
about 50% of its working flow, and wells dischardeectly into open air, that is,
without AMIS and without re-injection of the fluigt plant level). Thus the emissions
during the maintenance period were estimated asrttigsions that would occur without
AMIS, with 50% of flow and increased by the quantitormally re-injected. The
quantity normally re-injected was assumed to be ®5%e flow that reaches the plaht
(ENEL, 2005).

Tables 8, 9, 10 and 11 report the median annuaksabf HS, Hg, NH and As
emissions for each scenario.

Table 8: HS emissions (Tons/yr)

BaU Reorg ClosingPC2 Reorg+BG4 Reorg+40CC ClosingPC2+20CC Reorg+20CC

1,825 1,070 1,015 1,727 1,119 966 1,021

Table 9: Hg emissions (Kg/yr)

BaU Reorg ClosingPC2 Reorg+BG4 Reorg+40CC ClosingPC2+20CC Reorg+20CC

605 309 251 391 317 244 302

Table 10: NH emissions (Tons/yr)

BaU Reorg ClosingPC2 Reorg+BG4 Reorg+40CC ClosingPC2+20CC Reorg+20CC

3.088 3.392 2.929 7.827 3.530 2.792 3.255

Table 11: As emissions (kg/yr)

Bau Reorg ClosingPC2 Reorg+tBG4 Reorg+40CC ClosingPC2+20CC Reorg+20CC

16 19 15 26 19 15 18

%6 |n the PC4 plant the AMIS system was only insthiecently and no measurements were available. The
abatement efficiency was thus estimated by avegatiia efficiency of the same filters on all theeath
plants in Mt. Amiata

" Even though the quantity to be re-injected wagtakom an ENEL source, it should be noted that it
represents an approximation and the actual levelldcehange according to different levels of
condensation.



Criterion 10: Impact on the aquifer
The evaluation of this criterion is unavoidably gab to strong uncertainty. The heated
scientific debate mentioned in Section 3.2 is alsesult of this uncertainty.

Given the uncertainty underlying the effects of theamal exploitation on the
conservation of the water aquifer and the critiogbortance of this issue (the aquifer
provides water to more than 700,000 people), a remgutionary principle is here
proposed. Consequently it is assumed that geotheemoitation may affect the
conservation of the aquifér Therefore if the extraction of vapor from a gewthal
reservoir can cause a depression, which draws weder the potable aquifer, the
consequence is that the less vapor is extractedydtter it is for the conservation of the
potable aquifer.

The quantities of extracted vapor in the differergnarios was estimated from the
EIA data (ENEL, 2005, 2009c) and are reported ibldd 2. With binary cycle plants
all extracted fluid is assumed to be re-injected.

Table 12: net quantity of extracted fluid (T/h)

BaU Reorg ClosingPC2 Reorg+BG4 Reorg+40CC ClosingPC2+20CC Reorg+20CC

284 194 164 280 194 164 194

Criterion 11: Visual impact
There are many tools for assessing the visual itnpa project, however given the
scope of this study no sophisticated techniques weed. Similarly to the approach
proposed in Munda&t al. (2006), a matrix aimed at facilitating the evdioma of the
visual impact was built with two axes: distancetlod additional work from the main
villages of the area (Piancastagnaio in the eadtS&anta Fiore in the west) and the
volume of the site of the power plants (see FigThus the higher the distance and the
reduced the visibility of the location, the bettbe visual impact. The visual impact
would naturally be evaluated though a qualitatiudgment. As for criterion 4, the
qualitative evaluation was translated into a quatie scale, which is reported in
Figure 2. The result is that the higher valueshefdcale mean a worse visual impact, so
lower values are preferred to higher values.

The visual impact of the BaU scenario is consider®dbeing “moderate”. So the
additional work of the other scenarios involvesnges in the visual impact evaluation
with respect to the “moderate” level of the BaUrsu#o.

8 A similar view is assumed in the advice on th@mganization plan of Piancastagnaio provided by the
three watershed authorities (Tevere, Ombrone andafithe office in charge of the water resources
protection and management and by the office ingdhaf the prevention of hydraulic and hydro-geatogi
risks of the regional government. The document katgs that it is not possible to rule out thatvapor
extraction cannot provoke an important impact enghreatic aquifer.



Figure 2: visual impact matrix evaluation

On the basis of the above considerations, the Visyzact of the different scenarios is
reported in Table 13.

Table 13: visual impact

5. Ranking alternatives

In this work the decision maker is not a real peratose preferences can be elicited in
some way. Consequently the model only represestgsiem of preferences aimed at
answering certain questions (Roy, 1991).



A choice must be made about weights. These refilecimportance of a given
criterion with respect to the others. Differenthteitjues can be us€but in the context
of this work with no individual decision maker, ig impossible to establish a set of
weights to satisfy all the social actors. Some nwdike ELECTRE IV (Roy and
Hugonnard, 1982) and NAIADE (Munda, 1995) simplyoiav assigning weights to
criteria. However these models do assign weightannmplicit way. In fact, if no
weights are assigned, the result is that all caiteave the same weight. As previously
stated, one of the main advantages of a multir@it@nalysis is its inherent
transparency. If criteria are assumed to havedheedmportance, it is advisable that all
criteria are assigned an equal weight in an expliay.

Another approach suggested by Munda (2008) corisistssigning each criterion
to one of the three dimensions of the sustaingbdiincept (economic, social and
environmental). The weights are allocated to detgoroportionally so that each
dimension has an equal weight. Such an approacterinly defensible from a
theoretical point of view. However, its main prables that often criteria can be
assigned to the three different dimensions only \aitvery high degree of arbitrariness.
For instance, considering the criteria used in gtigly, the profitability of the plant
would certainly be considered as being ‘econominit what about electricity
production? Is it economic (because it is soldfenmmarket), social (because it is used
by humans), or environmental (because it comes &aagenewable energy source)? The
same would apply to direct heat use. And what alpolluting substances? Are they
environmental because they affect the environmentsocial because they can also
affect human health?

This work does not claim to provide a complete arste the conflict described,
but rather to explore the problem from differentnp® of view. A sensitivity analysis
applied to relative weights is thus an extremelyw@dul technique.

Here a final ranking is presented assuming equaihis of all the criteria, and
further results are explored by changing the netatveights of criteria.

Table 14 represents the multi-criteria impact mawlerived by joining the
evaluation vectors of the previous section. Talderdports the outranking matrix by
applying Eq. 3 with equal weights and the indiffese threshold indicated in Table 14.

The choice of threshold value is very often basedammon sense. In addition, it
nearly always contains a certain amount of arbitess (Roy et al., 1986). Yet, in many
situations, any reasonable value of the indiffeeeificesholds other than zero, leads to a
model of preference that seems more convincing tbguating the indifference
threshold to zero (Bouyssou, 1990).

In this research project, indifference threshol@seaset using two common sense
approaches. When an external benchmark was awilttie indifference thresholds
were set as a minimum percentage of achievemetiteobbjectives reflected by the
selected criteria. This was the case dtactricity producecand GHGs avoidedThese

29 See Edwards (1977) for SMART, Edwards and Barrt894) for SMARTER, Jizet al (1998) for
SWING, Simos (1990) and its amendments (Figueich Ray, 2002) and Wanet al (2008) for pair-
wise comparison techniques



two criteria are mainly of interest to the regiomgvernment. In fact, the regional
government has specific objectives for electrigtpduction from geothermal power
and GHG reduction. Thus, the threshold values cefl@inimum percentages of
achievements of the regional government's statepbctibbes. When an external
benchmark was not available, the thresholds wereas¢he minimum percentage of
current levels. This is the case for all criteriecept electricity producedand GHGs
avoided In any case, a robustness analysis is includeetrify that arbitrariness does
not significantly affect the final results.

Table 14: multi-criteria impact matrix

. : . Reorg Reorg ClosingPC2 Reorg | Threshold
Criteria Dir. BaU Reorg ClosingPC2 +BG4  +40CC +20CC +20CC e
E:ggt”c'ty + | 531,670 620,800 504,670 924,800 867,200 577,350 744,000 100,000
Profitability t | 177,150 239,380 171,993 294,782 236,487 159,475 231,459| 15,000
?g:‘/“'c'pa"“es + | 33755 52,312 31570 97,286 87,970 57,447 70,879 | 5,000
Direct heat | 6 4 6 3 2 5 3 )
uses
LVEIIEn t | 296,187 345840 281,145 515194 483,106 281,145 414,473| 150,000
GHGS em' ’ ’ ] ] ] ] ] ’
= I | 1,825 1,070 1,015 1,727 1,119 966 1,021 250
emissions
Hg emissions | | 605 309 251 391 317 244 302 50
NHs
il N | | 308 3392 2,929 7,827 3,530 2,792 3,255 500
As emissions | | 16 19 15 26 19 15 18 3
Lozl L | 284 194 164 280 194 164 194 50
aquifer
Visual impact | | 4 5 4 6 7 5 6 -

Table 15: outranking matrix
BaU Reorg ClosingPC2 Reorg+BG4 Reorg+40CC C'i;‘gg'écz Reorg+20CC

BaU 0 02727 0.4545 0.3636 0.1818 0.3636 0.2273
Reorg 07273 0 0.5455 0.5455 0.4091 0.4545 0.4091
ClosingPC2 0.7273 0.4545 0 0.5455 0.4545 0.4545 0.4545
Reorg+BG4 0.6364 0.4545  0.4545 0 0.3636 0.4545 0.5000
Reorg+40CC 0.8182 0.5909  0.5455 0.6364 0 0.5455 0.5909
ClosingPC2+20CC 0.6364 0.6364  0.5455 0.5455 0.4545 0 0.4545
Reorg+20CC 0.7727 0.5909  0.5455 0.6818 0.4091 0.5455 0

One disadvantage of the aggregation procedureeappkre is that there can be more
than one ranking with the same maximum likelihocadkingz*. This is why the results
presented in the following tables include more thame ranking. The rankings
presenting the highest score when equal weightagsked are reported in Table 16. It
is worth noting that equal weight methods are tlostncommon approach in renewable
energy analyses (Wang et al., 2009).



Table 16: ranking for equal weights among all cidte
10 20 30 40 50 60 70
Reorg+Bin4d0 Reorg+Bin20 Bin20 Reorg ClosingPC2 Reorg+BG4 BaU

Some interesting results can be observed. Therdwseenario is the worst. In this sense,
the discontent that geothermal power has genexaedoe justified. Also, with equal
weights, the scenario joining the two ENEL propss@le. Reor+BG4) is the second
WOrst.

Scenarios including binary cycles technologies esdmtween best positions. In
fact, Reorg+Bin40 ranks first. However, as expldina the institutional analysis
section, the reorganization plan (included in R&m#40 and in Reorg+Bin20) would
be strongly opposed by the Prospettiva Comune aindaistagnaio and Comitati di
Difesa del Territorio. Bin20 does not score as vasllReorg+Bin40 but might receive
less social opposition.

A sensitivity analysis was applied to evaluate amkings change by varying the
relative weights of criteria. A robustness analyses also applied to the indifference
thresholds. Of course, an extremely high numbeseokitivity analyses are possible by
combining all possible weights of each criteriorihathe other weights of all the other
criteria and with all possible values of the indifnce thresholds. Limits need to be set.
It was decided to limit the possible number of genty analyses to the following
possible combinations: an increase in the weighteath criterion by one and
maintaining all other weights at their original walof one (all weights are normalized
to make a total of one), increase the thresholdevaf the same criterion by 50%,
reduce the threshold value of the same criteriorb@}6, and increase the weights of
two criteria that reflect a specific point of vielwhe most significant changes that were
observed by increasing or reducing the indifferethcesholds are included in the tables.
When the different values of the indifference thadds do not cause significant
changes in the rankings, the robustness analystheoindifference threshold is not
reported. Only the most interesting results obthibg the sensitivity analysis are
reported here.

The profitability criterion is mainly of concernf&NEL. The results obtained by
changing the value of its weight are in Fig. 3 (feasons of space, just the three best
positions are included).



Fig. 3: Sensitivity analysis of Profitability
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The position of Reorg+BG4, i.e. the projects praobsy ENEL, improves by

increasing the weight of the profitability critemioHowever, Reog+Bin40 keeps scoring
very well. Figure 3 does not report the tails &f thnking. These would show that if the
profitability weight is five, Bin20 is in last pd®@n. This results suggest that with
increasing importance for this criterion, Bin20 Wbyprobably be rejected by ENEL
unless it is subsidized.

Figure 4 shows different rankings obtained by iasneg the weight of the

Electricity Production. Reorg+Bin40 remains in fiposition even with a high weight.
Only if the indifference threshold is strongly reegd and a weight of four is applied,
would Reorg+Bin40 be surpassed by Reorg+BG4. Agantails are not included but

they show that BaU would stay in last position.



N of times higher then other weights

Fig. 4: sensitivity analysis of Electricity Prodigct
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Figure 5 reports the same typology of analysisherHS Emission criterion. Changes
can be detected only by reducing the indifferemeeshold. In so doing, Bin20 would
be the first option if the weight were doubled mpled.

20

N of times higher then other weights
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Fig. 5: Sensitivity analysis of 3 emissions
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The sensitivity analysis for the Hg emission crdgeris depicted in Fig. 6. By increasing
the weight of this criterion by three, Bin20 reabk first position and ClosingPC2 the
second. So, when the emissions of Hg are actuafigidered as a major concern (e.g.
because of further investigations announced by¢henal government following the

results of the epidemiological study) these altevea could be justified. If the

threshold value is increased by 50%, Reorg+Bin#@ fast, Reorg+Bin20 second, and
Bin20 third.



Fig. 6: Sensitivity analysis of Hg emissions
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The sensitivity analysis for the impact on aquigereported in Fig. 7. The use of binary
cycles improves the position of the scenario. HaveN the threshold value is reduced,
ClosingPC2 and Bin20 rank better than the alteveati which include the

reorganization plan.

Fig. 7: sensitivity analysis of Impact on aquifer
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Figure 8 reports the sensitivity analysis obtaibgdchanging the weights of the two
criteria at the same time. The criteria are Elettjriproduction and GHGs avoided. This
type of analysis would reflect the importance afioeal energy policies.



Fig. 8: Sensitivity analysis of Electricity Prodiact (E) and GHGs (G)
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Results were also calculated for the consideredegabf green certificates but the
changes observed are minimal and are related orhettails of the rankings.

6. Conclusions

The context of this work is characterized by strangertainty concerning crucial issues
such as the impact of a given economic activitthaman health and the conservation
of an extremely precious resource: water. It is@mntention that the problem presented
here is a typical post-normal science problem, wHéacts are uncertain, values in
disputes, takes high and decisions urgent” (Furdnvaind Ravetz, 1993: p744 ). In
post-normal science, the classical dichotomiesaofsfand values, and ignorance and
knowledge are transcended. Incomplete control andplwality of legitimate
perspectives should be openly acknowledged. Thalsaxtors included in this study do
have different legitimate perspectives and configctvalues. This paper has attempted
to show how a social-multi-criteria evaluation dam applied in such a post-normal
science case.

Decision making cannot accommodate all the legiemaaims from different
social actors. Some people will benefit and otheits be negatively be affected. If
decision making is based on optimizing mono-disegply models, best alternatives
could certainly (and easily) be identified. Howevitese optimizing models tend to



make the problems that have not been capturedebgdlected variables, reappear in a
stronger form in other models. For example, pnoféximizing models, which cause
ecological stress, and models that optimize ecolbgionservation variables, which
imply profit compression and the absence of empkrynopportunities. In addition, by
boosting the expected benefits of the selected rdiswplinary variables in conditions
of diverging perspectives, social and environmeadstflicts can easily be aggravated.
In fact, the social actors whose interests arereftgcted by the selected variables will
be negatively affected. This is why decision suppools should facilitate decision-
making processes based on an interdisciplinaryctsete of variables, aimed at
identifying compromise solutions rather than prawidoptimizing results.

The main objective of this work was not to indicatelefinitive solution for the
geothermal development scenarios in Mt. Amiata, kather to explore possible
alternatives in the light of different concerns aliifierent points of view. The results do
not intent do relieve policy makers of their resgbilities to take very difficult
decisions but are aimed at shedding light on theseguences of specific options by
assigning more or less importance to certain ¢aitend certain points of view. In this
way, the paper contributes to the decision-makingcgss by modeling preferences
through weights and criteria. The ultimate hopéoithave contributed to making the
decision-making process more transparent.

With this caveat, some tentative conclusions fas tpecific case study are
reported. Current scenarios become the worst abalsidered alternatives when criteria
have an equal weight. In addition, current sceisanever get beyond the penultimate
position by changing relative weights. The two pot$¢ proposed by ENEL become the
first option when the profitability criterion weighat least four or five times more than
all the others. Between these two extremes lieouarialternatives, and their rank
depends on the weights of the criteria. Therefe@edding on the relative weights, this
work provides some answers for the decision-makiragess. Binary cycles tend to
move the given alternatives between the highestipos. Regarding social reactions,
the alternatives which include the so-called reoizgtion plan would be vetoed by
three social actors based in the east of the mimuthe scenarios reflecting the views
of the residents committees (i.e. ClosingPC2) rhakwveen best positions when air
emissions or impact on aquifer acquire more impaea Specifically, it is in the first
position when Hg emissions are at least twice ah las the others, or when the
importance of KIS emissions is at least two/three times along waithhalving of the
indifference threshold. The same scenario is insg@nd position when the weight of
As emissions is al least two/three times highentttee others. Moreover, it would
obtain the second position when the weight of thpact on aquifer criterion is doubled
along with an halving of the indifference threshalthe social compromise alternative
could be the installation of binary cycles on thestside. However, the position of the
different social actors is not determined once fmdall, and opposition may become
stronger when the feasibility of a given projectdmmes a concrete option. In addition,
the installation cost of a 20MW binary cycle plafiould probably be subsidized in
addition to the envisaged green certificate price.



It is worth recalling that a specific criterion f@mployment effects was not
included. The reasons for this were explained ictiSe 4.2 and include the lack of data
and the fact that employment was never indicatedbemg important by the
interviewees. This is because the number of perntammployees in the geothermal
industry in Mt. Amiata is small and is not expected grow significantly in the
expansion scenarios. However, inclusion of emplaoynedfects for the limited period
of the construction phase of the scenarios, comgrisew investments would probably
have provided different results. Moreover with egéa scale analysis, the effects on
ancillary industries could also be included.
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