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Abstract

This paper is the first to assess operational aobabilistic externalities of oil extraction andsportation

to Europe on the basis of a comprehensive evatuafioealistic future oil demand-supply scenarifsthe
relative relevance of import routes, of the locpédficities in terms of critical passages and eddht
burdens and impacts along import routes.

The resulting externalities appear reasonable botter the assumption of high future demand andrunde
low demand. Estimates range from 2.32 Euro in 20308e low demand scenario to 2.60 Euro in 201fhén
high demand scenario per ton of imported oil.
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1. Introduction

The most recent large scale accidents in oil seesport (such as the Erika and Prestige accidents)
have highlighted the threats posed by oil spilldhte environment, health, economy, and socio-
economic activity, particularly for a world regi@o dependent from oil imports as Europe. The
associated externalities have been very poorlyyaedlin previous work and as their impact can
locally be very high, there is a need to deepenktimvliedge in this field. Moreover, in order to
assess properly the overall damage cost assodiatedrrying oil into Europe, these kinds of
damages must be assessed together with the damade®ly caused by this transport activity,
within a consistent framework.

The externalities generated by oil transport aréwaf kinds. On one hand there aecidental
externalities,caused by accidental oil spills, whose naturenignsically stochastic. On the other
hand, there areperational externalitiescaused by day to day operations of the ship, lwha not
depend upon the occurrence of any uncertain egadtpy and large are generated by the discharge
of polluting emissions from the ship engihes

This study summarises four years of research withenEU FP6 integrated project NEEDS (New
Energy Externalities Developments for Sustainab)iliand it is the first to provide a comprehensive
evaluation of the external costs associated withoming oil into Europe, on the basis of realistic
future oil demand-supply scenarios, the knowledfyéhe relative relevance of import routes, the
local specificities in terms of critical passagbe, differences in terms of burdens and environaient
and socio-economic impacts along the differentesuand the development of oil spills prevention

and remediation technologies and regulations.

For the first kind of externality, the perceptiohEuropean citizens of the risks involved in cangyi
oil to Europe and the associatesk aversionare particularly important. In order to incorperail
these features into a consistent evaluation framkevame needs to develop a methodology suitable
to deal withprobabilistic externalitiesln this perspective, we use an original approactafalyzing
the risks related to oil tanker accidents. Thishodblogy is described in Bigano et al. (2006) and

briefly summarised in the next section.

! Due to the lack of reliable data we are unablagsess externalities related to the operationahdiges of small
amounts of oil during cleaning operations. Shitedl oil pollution is attributed mostly to operai@b discharges,
which have consistently overshadowed accidentahdiges. However, the majority of these dischahgggpen either
close to the mainland or within port areas and ireahstations, usually resulting in small spillattare dealt with by
the local authorities and seldom reported.
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For the second kind of externality, we follow theplact Pathway Approach developed in ExternE
(1995) as adopted and further refined within theERE project. This yields geographically

differentiated unit externality values for each lptEnt, which take into account the local

specificities of oil producing regions and the hkalispersion paths of air pollutants along the
import routes to Europe.

Finally, the external cost associated with carryong ton of oil in Europe in 2010, 2020 and 2030 is
evaluated by attaching to each ton oil projectededransported along the different import routes,
the relevant unit external costs for both probatdi and operational externalities. The import
volumes projections are derived using an origingdart—export flows model developed within the

project.

The resulting overall externality values from tregercise appear reasonable both under the
assumption of high demand for oil in the next desadnd under assumption of low demand.

Estimates range from 2.32 Euro in 2030 in the l@mdnd scenarios to 2.60 Euro in 2010 in the

high demand scenario per ton of oil transporte@umpe.

The rest of this paper is organised as follows. &t section illustrates the methodology and the
main results of the probabilistic externalitiesesssnent. Section 3 describes the methodology and
the results of our unit operational externality laations. Section 4 describes how these two kirfids o
externalities have been brought together to atoven overall assessment of the future externsilitie

connected to importing one ton of oil into Europelie coming decades.



2. Probabilistic externalities of oil transportation by tanker route

The main methodology for probabilistic externaiti@gssessment including risk aversion has been
described in detail in Bigano et al (2006). Thedegas referred to that paper for the details af ou
approach. In a nutshell the methodology adoptedives the following steps:

» identify the possible causes of an oil spill;

» evaluate the probabilities related to these typexcidents;

* monetize probabilistic externalities;

* introduce risk aversion and lay risk assessmerd theoretically sound and empirically

founded framework.

The main motivation for applying this methodologythe inadequacy of the traditional approach
(Expert Expected Damage EED). This approach estsmddmages by simply monetising expected
consequences, relying on expert judgements abdhtthe probability of consequences and their
magnitude. This approach disregards three fundahtaits of human behaviour when confronted
with situations involving the risk of catastroplaccidents. On one hand, people need more money
to compensate them for taking risks than the auealue of these risks (risk aversion). On the
other hand, when confronted with the perspectiveenfig potentially affected by the consequences
of a negative event, people naturally adopt an re&-gerspective, rather than the ex-post
perspective implicit in standard externality evéioi Finally, the public and the experts usualty d
not share the same information set. This influertbesperception of the relevant probabilities.
Hence subjective probabilities held by the publie ia general different from probabilities assessed
by the experts (lay vs. expert probabilities). Usl¢hese issues are addressed, the sum of money

estimated as the damage will not match the amaeeded to make whole those potentially harmed.

Accidental oil spills from a tanker can be causgalimited number of accidental event.. The most
likely causes of accidental oil spills are grourgdand ship to ship collision. Fire and explosiordis

to be significant causes of accident. Their impuréais now negligible, due to recent changes in
unloading regulations that prevent the formationegplosive gas mixtures in the hull. Structural
failures, foundering and loading-unloading erroas @lso cause sizeable spills; in these cases the
human element, which can play a role also in cdsgroaunding and collision, is particularly

important.



Our study focuses on groundings, collisions andcstral failure & foundering as these are the
most relevant causes of accidents
For each cause of accident the probability thaa@ndent of such kind happens and oil is actually
spilt, are determined applying the Fault Tree Asalymethodology. The Fault Trees were
constructed to show the possible accident trajgaibopportunity which could lead to an oil spill,
and standard probabilities were attributed to thiator events. These were then combined using
Boolean algebra techniques. The fault trees cantaliements which are site specific and elements
which are independent on the location, i.e. theyldcdappen anywhere along the route. The
probabilities associated with the elements depeanderthe location are then multiplied by site-
specific weightings to give the relative site prioltity of this accident trajectory of opportunity.
Weighting factors are based on the physical charnatts, preventive measures taken and level of
spill preparedness of the locatforiThis allows us to determine the probability thiis spilt, given
that grounding or a collision or a structural fadlthas occurred, and the probability that different
amounts of oil are spilt given that oil is lost.
The probabilities of two scenarios are computed:

» the spill occurs and its size is the average onéhtt kind of accident and

» the spill occurs, is exceptional and 90% of caglost (“Worst Case Scenario”).

For probabilistic externality evaluation, we grotine oil tanker traffic into three main routes: (a)
the Novorossisk—Augusta route which we take asesgmtative of the oil transport from the Black
sea to Mediterranean Route, (b) the Ras Tanuraefidatn route which captures the traffic from the
Persian Gulf to Northern Europe, and (c) the Prakidtongstad -Rotterdam route which captures
the Baltic/North Sea traffic to Europe. Along thesates particularly sensitive passages (hotspots)
have been identified on the basis of the exposuractident risk and the environmental/cultural

value of the area. The routes and the criticalggess are highlighted in Figure 1 and .Figure 2.

2 For structural failure, time is also taken intc@ant.
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Figure 1. Hotspots along the Ras Tanura—Rotterdam+®morsk/Mongstad routes.
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Figure 2. Hotspots along the Novorossisk-Augustaute.
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In the following tables the weightings (Table 1 ahable 2) and the probabilities (Table 3 and
Table 4) computed for the critical passages albegselected routes are listed.

Factor Novorossiysk | Bosphorus| Aegean | Augusta
Strait Sea
Assistance unable to help 2 4 1 1
Non Arrival of Assistance 2 1 4 1
Desired Track Unsafe 4 5 2 4
Grounding Obstacle 4 5 1 4
Other Vessel 3 5 2 3
Vision impairment 3 4 1 1
Erroneous/Untimely Action 1 3 1 1
Bad Weather/Currents 2 4 1 1
Manoeuvre Not Possible 3 4 1 3
Passage Time (hours) 8 20 100 8

Table 1 Estimation of the probabilities of occurreme along the sample routes: the weightings for the

Novorossisk—Augusta route.



Factor Ras Sue;SiC”.y St.rait of] Ergngh DovgllBaItic RejSpqnish Primorsk
Tanura Strait|Gibraltar [finistére[Strait [Sea |SedFinisterg]

IAssistance unable t

help 5 4 1 1 1 1 1] 4 1 1

Non Arrival of

IAssistance 3 3 2 1 3 2 1 p 2 2

Desired Track

Unsafe 5 4 2 4 3 4 51 3 2 1

Grounding Obstaclq 4 5 2 3 1 4 5 3 2 2

Other Vessel 2 4 3 3 2 5 3 ] 4 2

\Vision impairment 2 2 2 3 2 4 2| 2 3 3

Erroneous/Untimely]

IAction 3 4 1 3 1 3 3 3 3 3

Bad

\Weather/Currents 4 2 2 4 5 4 4] § 4 1

Manoeuvre Not

Possible 3 4 2 3 2 4 3|2 2 2

Passage Tim

(hours) 8 421 20 25 15 20 | 23 |63 14 8

Table 2. Estimation of the probabilities of occurr@ce along the sample routes: the weightings for th®as

Tanura—Rotterdam-Promorsk route.

Collision Collision Groundin Grounding|structuralistructural (Total)
+ Spill 9 Spill failure  [failure + Spill |+ spill
Novorossiysk

expected 2,57E-04 ,05E-0§ 2,81E-04| 1,05E-04 7,40E-05 7,40E-05 2,50E-04
worst case 2,57E-08,05E-01 5,63E-06| 2,11E-0§ 2,52E-05 2,52E-05 2,80E-05
Turkish Straits
expected 2,84E-04,76E-0§ 7,74E-04| 2,90E-04 7,80E-05 7,80E-05 4,46E-04
worst case 2,84E-(6,76E-01 1,55E-05| 5,80E-06 2,65E-05 2,65E-05 3,31E-05
Aegean Sea
expected 2,41E-046,59E-08 3,64E-04| 1,37E-04 7,20E-05 7,20E-05 2,75E-04
worst case 2,41E-06,59E-01 7,29E-06| 2,73E-0§ 2,45E-05 2,45E-05 2,79E-05
Augusta
expected 2,57E-04 ,05E-0§ 2,70E-04| 1,01E-04 7,20E-05 7,20E-05 2,44E-04
worst case 2,57E-(08,05E-01 5,39E-06| 2,02E-0§ 2,45E-05 2,45E-05 2,72E-05

Table 3. Estimation of the probabilities of occurrece along the sample routes: the probabilities forthe

Novorossisk—Augusta route.



Collision S%l:)?lllon Grounding fg):irl}dmg I‘S;Iliucrte struct failure + Spill gg;ﬁ:)
Ras Tanura
expected 2,50E-04,85E-05 7,15E-04| 2,68E-04 7,80E-05  7,80E-05 4,15E-04
worst case 2,50E-(6,85E-07 1,43E-05| 5,36E-0§ 2,65E-05  2,65E-05 3,26E-05
Suez
expected 2,74E-Q4 ,50E-0§ 1,01E-03| 3,78E-04 7,40E-05  7,40E-05 5,27E-04
worst case 2,74E-(06,50E-07 2,02E-05| 7,56E-0§ 2,52E-05  2,52E-05 3,35E-05
Sicily
expected 2,50E-04,85E-05 2,79E-04| 1,05E-04 7,40E-05  7,40E-05 2,47E-04
worst case 2,50E-(6,85E-07 5,58E-06| 2,09E-0§ 2,52E-05  2,52E-05 2,79E-05
Gibraltar
expected 2,57E-04 ,05E-05§ 7,10E-04| 2,66E-04 7,80E-05  7,80E-05 4,15E-04

worst case 2,57E-06,05E-07 1,42E-05| 5,33E-06 2,65E-p5  2,65E-05 3,26E-Q5
French Finisterre
expected 2,46E-04,72E-09 2,79E-04| 1,05E-04 8,00E-p5  8,00E-05 2,52E-04
worst case 2,46E-06,72E-07 5,58E-06| 2,09E-06 2,72E-p5  2,72E-05 3,00E-Q5
Dover Strait

expected 2,84E-04,76E-04 7,31E-04| 2,74E-04 7,80E-05  7,80E-05 4,30E-04
worst case 2,84E-(6,76E-07 1,46E-05| 5,48E-0§ 2,65E-05  2,65E-05 3,28E-05
Baltic Sea
expected 2,57E-04,05E-0§ 7,20E-04| 2,70E-04 7,80E-05  7,80E-05 4,18E-04
worst case 2,57E-(06,05E-07 1,44E-05| 5,40E-0§ 2,65E-05  2,65E-05 3,26E-05
Red Sea
expected 2,50E-04,85E-09 1,10E-03| 4,13E-04 8,00E-05  8,00E-05 5,62E-Q4
worst case 2,50E-(6,85E-07 2,20E-05| 8,26E-0§ 2,72E-05  2,72E-05 3,61E-Q5
Spanish Finisterre
expected 2,55E-04,98E-0 6,84E-04| 2,56E-04 7,80E-05  7,80E-05 4,04E-04
worst case 2,55E-(06,98E-07 1,37E-05| 5,13E-0§ 2,65E-05  2,65E-05 3,23E-Q5
Primorsk
expected 2,46E-04,72E-05 6,42E-04| 2,41E-04 7,20E-05  7,20E-05 3,80E-04
worst case 2,46E-(06,72E-07 1,28E-05| 4,81E-0§ 2,45E-05  2,45E-05 3,00E-Q5

Table 4. Estimation of the probabilities of occurr@ce along the sample routes: the probabilities fothe Ras
Tanura—Rotterdam-Promorsk route.

In order to monetize the external impacts, we a®ersithree main categories of burdens of
accidental oil spills: tourism, fisheries and natuenvironment. The steps followed in order to
compute the monetary impacts are illustrated iufacs.



Stage 1 Stage 2 Stage 3 Results

Distribution
and size of
|dentification the local Impacts
Determination of the of the area economies (incident
size of the oil outflow involved by (fishery and COStS)
oil pollution tourism) on estimation
the islanas’
area
Qil
dspersion
in sea water

Figure 3. Determination of the impacts on fisheriesnd tourism.

For Stages 1 and 2, the following assumptions wamde: we assumed three possible spill sizes,
two for the average spill scenario according totiwleit occurs in the open sea or in a harbour, and
one for the worst case scenario, independent ofottaion of the spill. The average spill sizes are
based on two actual spills. For harbour spills, assumed that the spill would have the
characteristics of the one that occurred in La Gar{Spain) in 1992. For open sea spills we take as
reference the Braer spill, that occurred in thet@hd islands in 1993. For the worst case scenario,
we assume that 130,000 tons of oil (about 90 petr @ea Suezmax cargo) is spilled. However, we
assume that if the oil spill occurs in a harbowaait will contaminate more land. These assumption

are summarised in Table 5 below.

Average oil spill Worst case scenario oil spill
Harbour Open sea Harbour Open sea
spill size (t) 72000 84700 130000 130000
Shoreline: 3% 1% 1% 3%
Oil arrived on land (t): 3% of 72000=2160 1% of BAZ847 1300 3% of 130000 = 3970
Land contaminated 60 60 (847:60kmar130Q:x | (216G:60kmg=390Q:x
(kmq): kmg =92.1 kmg = 108.3

Table 5 Assumptions concerning oil spill size, digssion and land contamination.

For Stage 3, we assume that population and workfar¢he hotspots are evenly spread across each
hotspot’s administrative region, that tourism aistidries will stop activities for a year (11 months

if affected and that the impacts will be more sevar the proximity of the spill. The latter
assumption captures the observations that usuatlydegree of severity of an oil spill decreases
with the distance from the oil spill site and thigk aversion have a higher impact on those more

intensely affected by an accident. The area ardhmail spill has thus been divided into three sub-
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areas, with increasing population and decreasingrigg of the impacts, according to the

assumptions specified in Table 6 and illustrateBigure 4.

Land area [Impact groups| % involved |% of oil spill impact
Area 1 Group 1 0.2% 10%
Area 2 Group 2 9.1% 45%
Area 3 Group 3 90.7% 45%

Total 100% 100%

Table 6. Assumptions related to the determination fadifferentiated impacts on local economies

Figure 4. Vulnerability areas around a oil spill ste.

The income likely to be lost has been derived fribv sectoral GDP in 2004 of fisheries and
tourism in the administrative regions around thdspots. It is assumed, in order to avoid
unreasonably high risk premiums that the sectolisnever lose their full annual income, but will
be able to count on at least one month’s worthrairicial resources. Moreover, sectoral GDPs are
scaled down from the administrative region levelthe level of the areas affected by the spill
assuming that workers are distributed evenly inrélggon and then using the ratio of the workers of
the sectors under scrutiny in the affected areahw total workers of that sector in that
administrative region.

For environmental impacts, we have used the Bel@aast CV study by Van Bierveliet et al
(2005), as it is the only valuation study in Eurdpgcept the Blicher study in Norway, which is
based on a small sample and a very local spille Belgian Coast CV study was based on the
Exxon Valdez study (Carson et al 1992, 2003) wisdhe prototype study that satisfies the NOAA
Panel guidelines for CV studies (Arrow et al 1998)¢d which also satisfies the requirements listed
in Soderqvist and Soutukorva (2006). As both ok¢hare national studies, the WTP from these

studies will probably be a lower estimate of WTPoag a more affected regional population.
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However, Belgium is a small country, and therefibrere might not be a large difference between
the regional and national WTP. Therefore, we walé® the benefit transfer exercise on the Belgian
Coast study, but we also look at the Exxon Valdedysas a consistency check.

Since there are too few CV studies of oil spillp&rform a meta analysis, and since we do not have
data on variables needed to perform a value fumdt@ansfer (as these variables are typically not
available from statistical sources at the polidg,sbut are typically elicited during a CV survey),
unit transfer is the only available transfer methiddwever, since income data are available at the
policy sites we perform income adjustments basedzB#® measures (national GDP figures, or
regional GDP figures where these are available thedaffected population is determined to be
regional rather than national). Even though WTRIetermined by many factors, a recent meta
analysis (Bredahl, Jacobsen and Hanley 2007) @\35tudies (with a total of 107 WTP estimates)
on 5 continents (80 % of which are from Europe #redUS) of WTP for nature protection where
existence values play a major role (which is ateodase for WTP to avoid damages to marine and
coastal ecosystems from oil spills), shows that G@BPcapita is a significant and good predictor of
WTP. They report that adjusted Ras 0.53 in a single linear regression between \&fd GDP

per capita (with no constant since at zero incomePVlso has to be zero). Often an income
elasticity of WTP equal to 1 is assumed (impligifty unit value transfers, but CV studies typically
show an income elasticity of WTP lower than 1 f&& €udies of environmental goods, typically in
the 0.3-0.7 range (Kristrom and Riera 1996, Hockhy Soderquist 2003, Bredahl Jacobsen and
Hanley 2007). Therefore, we hawsed an income elasticity of WTP equal to 0.5.

Since the estimated values in the original CV ssidire carried out in different years and stated in
different currencies, we convert the different eagies to the same unit in the same year, which we
refer to as 2007-Euros. This is achieved by adjgdfe original estimate with the Consumer Price
Index in the study country to 2007, and then coirvgrto euros using Purchasing Power Parities
(PPP) - adjusted exchange rates. The resulting W&d per household (as a one-time amount, i.e.
present value) to avoid the described natural resomjuries in these two original CV studies are
presented in Table 7 and Table 8.

Mean WTP/household

US, 1991 current prices 97
US, 2007 current pricés 140
Euro, 2007 current pricés 102
Euro, 2007ppp° 120

Table 7. Exxon Valdez CV study. WTP/household (ongme amount).Sources: Carson et al (1992, 2003)

3 Estimated value on the basis of Consumer Pricexinidr USA (source: IMF); see e.qg.
http://investintaiwan.nat.gov.tw/en/env/stats/ciphh

* This value is calculated according to the avemgdange rate of Euro and US$ in August

® Estimated value on the basis of 2007-PPPs fromB@p://www.oecd.org/dataoecd/48/18/18598721.pdf
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Mean WTP/household Mean WTP/householdarge
Medium Spill Spill
Euro, 2001current prices 118 143
Euro, 2007ppp” 130 158

Table 8. Belgian Coast CV study. WTP/household (orttme amount).Source: Van Bierveliet et al (2005)

The WTP (in 2007-Euros) from these two CV studies ery close. This can be viewed as a
consistency check (although the damages valueaarelirectly comparable). We will base our
benefit transfer exercise on the result from thdgida Coast CV study, i.e130 euro per
household for medium size oil spills (both in open sea and in the harboand 158 euro per
household for worst case grounding scenario (both in thenopea and harbour). We do not
distinguish between WTP to avoid oil spills in tbpen sea versus the harbour area, as the CV
studies on oil spills (see Table 1) are so few ihat not defensible to distinguish between these
two scenarios in terms of environmental damagesassent. However, we do distinguish between
WTP to avoid medium and large (worst case) oillspdut recognize that the CV literature does not
support an increase in WTP proportionally to tHespill size. The Belgian Coast CV study shows a
22 % increase in WTP with an approximately 100 &tease in spill size from medium to large oil
spills (from 26.000 to 53.000 tons of oil spilledhd about 100% increase in the described impacts).
Unit value transfer with corrections for differescen GDP/capita between Belgium (national
figure; as the sample was representative for thigi@e population) and the hot spots (using
national GDP figures, and regional GDP where tlagseavailable), and an income elasticity of 0.5
are estimated using equation (1) below

WTPy = WTPs (Yp/ Yg)® ()

whereWTRs is the original WTP estimafeom the study siteYs andYp are the income levels at the
study and policy site, respectiveBnd 3 is the income elasticity of WTP for the environnant
good in questioni3 for different environmental goods are typicallyal®ar than 1, and seems to be
in the 0.3 - 0.7 range for environmental goods imogean countries (Kristrom and Riera 1996;
Hokby and Soderquist 2003, Bredahl Jacobsen anteidan07).

These corrected unit values are then multipliedti®y size of the affected regional population,

using equation (1). The resulting environmental a@gencosts (present values) for each hot spot are

6 Estimated value on the basis of Consumer Prigexifior Belgium (source: IMF); see e.g.
http://investintaiwan.nat.gov.tw/en/env/stats/ciphh To get 2004-euro, which the impacts on fiskerdnd tourism are
measured in, just add 3.3 % to the 2001-figures ¢GPI 2002 = 1.64 and CPI 2003 = 1.59, to getesaas of January 1
2004)

13



presented in table 4. To calculate the expectedevaf the damage costs, these estimates must be

multiplied with the probability of an oil spill ooering.

Ratio of Transferred Environmental
Hotspot GDP/capita WTP/hh (one- . damage costs; if a
(and affected area) between the time) for Number of hh in the medium / large
. affected area T
hotspot and medium / large (worst case) oil spill
Belgium’ oil spill® occur; Million euro
gﬁ‘s’ggss's"(*(raj Krasnodar, 0.10 (N) 41/51 1,830,436 75.0/93.4
Aegan SegNorthern Aegan, N. Agean: 0.47 89/109 N. Agean: 79,231 7.1/8.6
Southern Aegan and Crete, S. Agean: 0.53 95/115 S. Agean: 116,154 11.0/134
Greece) Crete: 0.48 90/ 109 Crete: 231,154 20.8/25.2
Bosphorus(Istanbul and 0.12 (N) 46155 2,494,405 1147 /1372
Kocaeli, Turkey)
Augusta (Sicily, Italy) 0.51 92/ 112 2,005,232 184.52426
Ras Tanura (Eastern Province, 0.05 29/33 550,845 16.0/18.2
Saudi Arabia)
Suez Canal(Regions around 0.18 55 / 66 386,426 21.3/255
canal, Egypt)
Sicily Strait (Nabeul Nabeul : 147,660
. - Nabuel:0.07 34 /41 e 5.0 /6.0
I(f;)l\;)ernorate, Tunisia and Sicily, Sicily: 0.51 92 /112 Sicily: 2,005,232 184.5 /224 6
. . . Andalucia: Andalucia:
Strait of Gilbraltar (Andalusia, 0.50 92 /112 2,604,475 239.6/291.7
Spain and Tangier — Tétouan, . p . ) )
Morocco) Tangier-Tetouan Tangier-Tétouan:
0.03 23127 466,108 10.6/12.7
Spanish Finistere 0.52 94/114 933,147 87.7/106.4
(Galicia, Spain)
French Finistere 0.77 114 /139 1,313,428 149.7/182.6
(Bretagne, France)
Nord-Pas-de- Nord-Pas-de-Calais:
Dover Sirait (Nord-Pas-de- Calais : 0.69 108 /131 LISLITT 1 189.1/220.4
Calais, France and South East South East England:
England, UK) South East 3,373,025
9 ’ England : 1.03 132/160 ’ ’ 445.2 [ 539.7
Rotterdam (Zuid-Holland, The 1.01 130/ 158 1,500,844 195.1/237.1
Netherlands)
ggselﬁgﬂ ftg]‘:nmark and Scanla, Siaelland: 0.88 | 122148 Sjaelland: 896,338 109.4/132.7
) ' ' Scania: 1.02 131/ 160 Scania: 552,094 72.3/88.3
Sweden)
Primorsk (Leningrad Oblast, 0.10 (N) 41 /51 596,145 24.4130.4
Russia)
Mongstad (Hordaland County, 1.08 135/164 197,206 26.6/32.3
Norway)

Table 9. Recommended environmental damage cost estites (in 2007-euro) for the hotspots

Based on the results from validity tests of intéoral benefit transfer these estimates could have

errors of +40 %.

" Based on regional GDP/capita figures for the pots except in a few cases where only national [6&)#ta figures
are available (These are marked “N”). GDP per eapiBelgium was 30.600 euro and 31,100 euro imd20@ 2005,
respectively. We divide GDP per capita from theshots by one of theses figures (dependent on whitthe

GDP/capita at the hotspot was from 2004 or 2005)

8 Calculated as WTP/hh to avoid medium/large oill §im the Belgian Coast CV study in table 3 mpiied by
(GDP-ratio)® ; Bis the income elasticity of WTP equal to 0.5 (seeation (1))
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The environmental damage costs for each of the diSpbts are presented in Table 9. These
estimates have been added to the economic assdssimempacts on commercial fisheries and
tourism to provide an estimate of total externatsdrom accidental oil spills at these hotspots.
Risk premiums have been computed using a specifieaed utility model, under the assumption
of logarithmic utility functio. These computations have yielded a large amduimfarmation,
which is omitted here for economy of spcén particular the risk premiums for each of theee
impact groups and for each potentially affectedtaeftourism, fisheries, environment) at each
relevant location around a hotspot have been etealudhe risk premiums are computed according
to the probabilities of each accident cause (atrattailure, collision and grounding) and accoglin
three alternative assumptions regarding accideobglnilities perceptions by the public: expert
evaluation, lay public’'s perception 20 times th@erxs’ probabilities, and lay public’s perception
100 times the experts’ probabilities. Generallyadqeg, the highest premiums are related to the
impacts in the tourist and fishery sectors, and ldvdae required by the more exposed groups
(Group 1 and 2), usually resident in Northern Eetamd they get proportionally higher the higher
the probabilities assumed by the public. Howevss, haximum value (0.88 M€) is attained by the
tourist sector in Andalucia, for grounding accidgninder the assumption of lay public’s perception
100 times the experts’ probabilities. This is daeghe relevance of the tourist sector in the local
economy. Similar values are attained in south-Bagfland, were fisheries play a more important
role. Hotspots in developing countries usually @igghe lowest risk premiums, due to the lower
incomes at stake. For the Reader’'s conveniencdge THb summarises the total expected utility
losses, including risk premiums, at each hotspudeuthe assumption of lay public’s perception 20

times the experts’ probabilities.

Hotspot Expected Ioss&mtspot Expected losses
Ras Tanura 46,329  |Spanish Finistere 255,976
Novorossisk 131,079 [French Finistére 257,023
Primorsk 67,974 |Dover Strait 1,980,070
Mongstad 109,030 [Strait of Oresund 615,377
Rotterdam 326,132 [Bosphorus 782,841
Augusta 310,734 |Northern Agean Sea 13,726
Suez Canal 82,663 |Southern Agean Sea 21,263
Sicily Strait 323,029 [Crete 40,119
Gibraltar Strait 751,767

Table 10. Expected losses at each hotspot for prdiifistic externalities caused by European oil impats by

tanker(Euros).

° The logarithmic functional form proved the mosttde and robust in the sensitivity analysis.
1 The interested reader is referred to Bigano €2G07b).
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3. Unit operational externalities

3.1 Extraction

Unit externalities vary with time, as the socio+4ecmic and ecological characteristics of the areas
exposed vary with time. We used the most updategegiions produced by NEEDS project. For
non GHG pollutants, we used values for averagehthefrelease derived using EcoSenseWebV1.2
- 21.09.2007 (based on aggregation scheme "NEED& _$0A" for Human Health Impacts, based
on average meteorology - corresponding to emisdroms all SNAP-Sectors). For GHG emissions
external costs used are computed as Marginal Dam@gsts of GHG, taken from
MDC_Anthoff V1.1 under the following assumption&without equity weighting",-"average 1%
trimmed", -"1% discounting". The exchange from U®$Euro corresponds to ca. 1.35% per €.
More details can be found in Preiss (2007). Thelavea projections cover 2010, 2020 and 2030
for GHG emissions, and 2010 and 2020 for non-GHGs&ions. For the latter, 2020 values are
used for 2030 as well.

OFFSHORE ONSHORE
Norway | The Netherlands| UK Atlantic |UK North Sea | Middle Eastl Russia | Africa
Human Health
NMVOC | 1,850E-09 3,006E-05 1,496E-04 1,007E-p3 8EB02| 9,284E-04
NOy 1,252E-10 7,749E-04 3,224E-03 8,701E-0B 1,337E{Q1L,468E-01| 5,207E-02
PPM° 3,040E-05 1,789E-04 2,082E-08 7,084E{03 1,508H-0
PPM? 1,660E-01| 2,442E-0L 1,195E-Q1
SO, 1,853E-03 1,903E-05 5,672E-05 5,023E-01  6,934F-G]1840E-01
Loss of Biodiversity
NMVOC | -8,342E-05 -1,463E-06 -6,746E-06 -5,864E-05 -3,101E}05,864E-05
NOy 3,074E-05 1,348E-04 5,608E-04 2,137E-0B 1,233E{QR064E-02| 1,233E-0Z
PPM?° 0 0 0 0 0
PPM? 0 0 0
SO, 6,241E-05 6,409E-07 2,544E-06 5,969E-03 1,006F-G969E-03
Crops & Material
NMVOC | 6,859E-10 9,151E-06 5,547E-05 2,619E-D4 8BH4| 2,619E-04
NOy -1,721E-12 1,031E-04 4,288E-04 -1,196E-04 3,704E-03  1,041H-(704E-03
PPM?° 0 0 0 0 0
PPNMP® 0 0 0
SO, -3,105E-05 -3,189E-07 -5,364E-01 -2,707EP3 6488 | -2,707E-03
Total
NMVOC | 2,452E-09 3,775E-05 1,983E-04 1,210E-03 | 1,064E-02| 1,132E-03
NOy 1,542E-10 1,013E-03 4,214E-03 1,072E-02 1,497E-01 | 1,678E-01| 6,811E-02
PPM?° 3,040E-05 1,789E-04 2,082E-03 | 7,084E-03| 1,506E-03
PPNMP® 1,660E-01 | 2,442E-01| 1,195E-01
SO, 1,884E-03 1,935E-05 5,873E-05 5,056E-01 | 7,684E-01| 5,873E-01

Table 11. Unit External Costs [Euro per Ton] non —GIG emissions from crude oil, at production, offshoe and
onshore, in 2010
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OFFSHORE ONSHORE
UK North
Country:| Norway | The Netherlands| Uk Atlantic Sea Middle East Russia | Africa
Human Health
NMVOC| 9,88E-10 1,09E-05 7,99E-05 4,53E-04 5,26E-D26E-04
NOy 1,49E-10 7,46E-04 3,10E-03 1,04E-0p 1,60E{01 1-8PE7,86E-02
PPM?° 3,09E-05 1,78E-04 2,17E-0B 7,08E}(A351E-03
PPM? 1,64E-01| 2,44E-Q11,19E-01
SO, 1,90E-03 1,95E-05 6,64E-05 5,34E-01 7,90E-®02E-01
Loss of Biodiversity
NMVOC]| -7,96E-05 -1,56E-06 -6,44E-04 -4,87E-05 -2, 78E-DB7E-05
NOy 3,05E-05 1,32E-04 5,49E-04 2,12E-0B 1,20E4{02 1,08F1,20E-02
PPM?° 0 0 0 0 0
PPM? 0 0 0
SO, 6,75E-05 6,93E-07 2,77E-04 6,88E-03 9,09E-®B8E-03
Crops & Material
NMVOC]| 4,21E-10 4,24E-06 3,40E-05 1,43E-04 2,49KE-DA3E-04
NOyx 5,62E-12 8,79E-05 3,66E-04 3,91E-04 4,96E{03 1/00K4,96E-03
PPM?° 0 0 0 0 0
PPM? 0 0 0
SO, -2,64E-05 -2,71E-07 -8,31E-07  -3,45E-P3 6,46E-BA5E-03
Total

NMVOC]| 1,33E-09 1,36E-05 1,07E-04 | 5,47E-04 |5,23E-03 3,20E-04
NOy 1,85E-10 9,66E-04 4,02E-03 | 1,29E-02 | 1,77E-01 |2,13E-0] 9,55E-02
PPM® 3,09E-05 1,78E-04 | 2,17E-03 |7,08E-03 1,51E-03
PPM® 1,64E-01 [2,44E-01 1,19E-01
SO, 1,94E-03 1,99E-05 | 6,83E-05 | 5,38E-01 |8,64E-01 6,06E-01

Table 12. Unit External Costs [Euro per Ton] non —&IG emissions from crude oil, at production, offshoe and

onshore, in 2020.
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OFFSHORE ONSHORE
Norway | The Netherlands| Uk Atlantic | UK North Seal Middle East| Russia Africa
2010
CO, 0 0 0 0 1,70E-01 540E-0L 2,67E-Q1
CH4 | 4,01E-01 0 4,86E-05 4,86E-05 6,81E-04 2,72E-03  9,74E}04
N,O | 1,49E-02 8,23E-03 3,42E-02 3,42E-02 8,90E-0B 6,76E{02 1,67H-
Sk 0 0 0 0 4,99E-07 1,23E-0p 4,78E-(06
2020
CcO, 0 0 0 0 1,83E-01 5,81E-01L 2,88E-Q1
CH4 | 3,45E-01 0 4,18E-05 4,18E-05 5,86E-04 2,34E-03 8,38E}04
N,O | 1,51E-02 8,34E-03 3,47E-02 3,47E-02 9,01E-0B 6,85E{02 1,62H-
Sk 0 0 0 0 5,02E-07| 1,23E-0p 4,81E-(6
2030
CO, 0 0 0 0 1,68E-01| 5,33E-01 2,64E-01
CH4 | 3,09E-01 0 3,74E-05 3,74E-05 5,24E-04 2,09E-03 7,49E104
N,O | 1,24E-02 6,85E-03 2,85E-02 2,85E-02 7,40E-OB  5,62E{02 182H-
Sk 0 0 0 0 4,48E-07 1,10E-0p 4,30E-06

Table 13 Unit External Costs [Euro per Ton] GHG emssions from crude oil, at production offshore

The results for offshore and onshore oil extractiomlisted in Table 11 and in Table 13. The tables
show that the impact of air emissions of offshoiteegtraction is in general lower than those of
onshore oil extraction, both for the low volumesitéed and for the distance from inhabited areas.
Table 14 lists the weighted average values of twrnalities by pollutant. To keep our analysis a
general as possible, we used a weighted averageshiore and offshore extraction externalities,
were the weights in each year and in each scereradyzed, are given by the shares in total
European imports, of the various production areaswhich it was possible to compute unit
eternality values (Middle East, Africa, Russia, Way, the Netherlands and United Kingdom).
Thus the results shown in Table 14 are based odifferent sets of weights, capturing the relative

relevance of the various production areas in eael &nd scenario.

HIGH case Low case

2010 2020 2030 2010 2020 2030
NMVOC 4,17E-03 2,64E-03 2,70E-03 4,08E-03 2,37E-03 2,72E-03
NOy 1,02E-01 1,41E-01 1,59E-01 1,01E-01 1,44E-01 1-B9E
PPM® 3,18E-03 3,96E-03 4,22E-03 3,13E-03 3,73E-01 4Q3E
PPM® 1,42E-01 1,60E-01 1,81E-01 1,40E-01 1,61E-01 1-B1E
SO, 4,92E-01 6,07E-01 7,02E-01 4,85E-01 6,16E-01 7-01E
CO, 2,79E-01 3,64E-01 3,73E-01 2,74E-01 3,54E-01 304E
CH, 5,96E-02 4,14E-02 7,05E-03 6,20E-02 3,12E-02 7-G9E
N,O 3,40E-02 4,19E-02 3,32E-02 3,36E-02 3,79E-02 B.65
Sk, 5,42E-06 7,12E-06 6,89E-06 5,30E-06 6,62E-04 6.06E

Table 14. Averaged Unit External Costs [Euro per Ta] GHG emissions from crude oil, at production. Wejhts

vary with year and scenario.
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.3.2  Oil Transportation

Oil pipeline operations can cause negative impacts throughitreEmissions of compressors at the
pumping stations that propel the oil along the lp@e and trough the air emissions due to the
escaping of the volatile fractions of the hydrocerd in the oil. Oil pipelines are listed in the
Ecoinvent database but the fields for air emissiares empty. The only unit emissions record
present in the database are heat emissions arsgilbdd in the soil. Alternative LCI data for oll
pipelines could not be found. However, gas pipsliwerk in a similar fashion, but more energy is
necessary to displace gas rather than oil, since ngast be compressed first. Therefore gas
pipelines’ operational externalities can be consdeas an upper bound for oil pipeline
externalities. In particular, according to the d#ate used by the TEAMS model, which computes
well-to-hull LCI data for marine transportatidnon average, one ton of natural gas requires 336
Btu/mile to be moved along a pipeline; crude oguiees about 240 Btu/mile. Therefore, assuming
a linear relationship between energy intensity amissions, gas pipelines’ emissions should be
multiplied by a factor of 0.714 to yield approxireatalues for analogous emissions from oil
pipelines. The resulting externalities are listedhie tables below.

2010 2020 2030
NMvOC | 5,15E-07| 1,19E-08] 1,19E-08
co, 6,91E-10 | 7,43E-10] 6,82E-1f¢
CH, 4,62E-04 | 1,86E-05 1,66E-0%
N,O 0 0 0
Sk 0 0 0
Total GHG | 4,62E-04 | 1,86E-05| 1,66E-01

Table 15. Unit External Costs [Euro per Ton]. Emis®ns from crude oil transport, by long distance pigline,
NMVOC and GHG-emissions in 2010, 2020 and 2030, Raia.

Externalities due to the operation_of oil tankeese originally computed combining Ecoinvent and
Ecosense data. The resulting externalities for 2@&ed by emissions from oil tankers operations
in the regions crossed by the importing routes wooge are listed in Table 16 and in Table 17
below. Again, externalities not related to GHG enmss vary with the different regions crossed,
due to the different deposition patterns of thdytahts and hence due the different socioeconomic
and environmental characteristics of the regiornsos&d. The average values have been computed

using as weights the ratio of the lengths of thee®' legs pertaining the areas listed in the fist

1 More details on the TEAMS model can be found fertin this section.
19



of Table 16 to the total length of the main rowdealysed by this Research Stream (that is, the sum

of the lengths of the route Primorsk-Ras Taffuaad of the route Novorossirsk —Augusta).

At’;la-lﬁtlic Baltic Sea| Black SeaMeditSeégnearr North Sea
Human Health
NMVOC 2,87E-07 | 6,28E-07] 1,59E-0F 3,52E-071 1,43E106
NOy 3,73E-05| 6,93E-05| 8,57E-0% 3,15E-05 1,01E{04
PPM® 4,21E-07 | 1,16E-06] 1,88E-06 1,65E-04 2,48E106
PPM?® 6,24E-06 | 1,58E-05 2,60E-0% 2,13E-05 2,98E105
SO, 1,30E-04 | 2,50E-04] 4,17E-O4 3,46E-04 3,89E1{04
Loss of Biodiversity
NMVOC -1,00E-08| -7,00E-04 -1,00E-OB -2,00E-0 -6,00E{08
NOy 6,49E-06 | 3,05E-05 3,35E-06 7,46E-06 2,48E105
PPM®°
PPM*
SO, 4,39E-06 | 2,38E-05 1,11E-06 3,54E-06 1,74E105
Crops & Material
NMVOC 9,00E-08 | 2,30E-07| 4,00E-08 1,00E-07 5,30E{07
NOy 4,97E-06 | 1,98E-06| 2,81E-0§ 2,24E-04 -1,39E}{06
PPM®
PPM*
SO, -2,18E-06| -2,94E-04 -4,10E-Of  -1,60E-0¢  -3,67E}06
Total

NMVOC 3,60E-07 | 7,86E-07 | 1,87E-07 4,29E-07 1,89E-06
NOy 4,88E-05| 1,02E-04 | 9,18E-05 4,12E-05 1,24E-04
PPM®° 4,21E-07 | 1,16E-06 | 1,88E-06 1,65E-06 | 2,48E-06
PPM?® 6,24E-06 | 1,58E-05| 2,60E-05| 2,13E-05 | 2,98E-05
SO, 1,33E-04 | 2,71E-04 | 4,18E-04 3,48E-04 4,02E-04

Table 16. Unit External Costs [Euro per Ton.Km], nm- GHG emissions from Tanker operations. Source: Ow

computations based on Ecoinvent and Ecosense data.

CO, 2,83E-05
CH, 1,12E-08
N,O 1,25E-06

Table 17. Unit External Costs [Euro per Ton.Km], GHG emissions from Tanker operations. Source: Own

computations based on Ecoinvent and Ecosense data.

The resulting externality values in Table 16 fortigalates and S@©are, however, relatively high

(1-2 orders of magnitude higher than externalitissed by other pollutants). This is most probably

12 |ncluding the alternative northern branch MongstaRlotterdam.
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due to the fact that LCI data from Ecoinvent arsdobon data for old and existing ships. Moreover
the Ecoinvent data at our disposal referred to reege crude oil tanker, thus not distinguishing
between alternative fuel/engine configurations aizés of the ship. To overcome these problems
we have resorted to an alternative source of L@ & ships, the model TEAMS 1.3 developed by
the Center for Economic Analysis and Policy, Rotdrelgniversity, New York.

TEAMS calculates total fuel-cycle emissions andrgpeaise for marine vessels. TEAMS captures
emissions along the entire fuel pathway; howevepravides emission results for each phase,
including ship operation. TEAMS considers six fpathways: petroleum to residual oil; petroleum
to conventional diesel; petroleum to low-sulphuesgil; natural gas to compressed natural gas;
natural gas to Fischer-Tropsch diesel; and soybtealie-diesel.

TEAMS calculates total fuel-cycle emissions of thigreenhouse gases (carbon dioxide, nitrous
oxide, and methane) and five criteria pollutantsldtile organic compounds, carbon monoxide,
nitrogen oxides, particulate matter with aerodyr@adiameters of 10 micrometers or less (BM
and sulphur oxides). TEAMS also calculates totargy consumption, fossil fuel consumption, and
petroleum consumption associated with each ofixtsugl cycles. TEAMS can be used to study
emissions from a variety of user-defined vessalduding crude oil and LNG tankers. The results
shown in Table 19, Table 20 and Table 21 are basethe case of a Very Large Crude Carrier
(VLCC) of 275000 dwt, carrying 2 million barrels ofl from Ras-Tanura to RotterdafnAmong

the engine configurations available, the one comgima low sulphur oil main diesel engine with a
conventional auxiliary diesel engine was selectedha most representative of current and future
tanker configurations. The emissions per ton.kntHerlow sulphur oil configuration resulting from
the TEAMS simulation are listed in Table 18 beldwMain engines using residual oil and
conventional diesel are used in existing vesselparticular in old ones, while bio-diesel is a& th
moment mainly a theoretical possibility.

The resulting values are much lower than thoseimddafrom Ecoinvent data, in particular for O

particulates and SO

13 This is at the moment only a theoretical scendriovever, the Suez canal is currently being expeuaael will allow
the transit of VLLCs from 2010.

14 emissions and externality values for all otherieagonfigurations for oil tankers (residual oibnventional diesel,
bio-diesel main engines coupled with conventionabkel auxiliary engines) can be obtained from ththars upon
request.
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Main Engine Fuel: Auxiliary Engine Fuel:
tons/km.ton Low-Sulfur Diesel Conventional Diesel Total
CO, 1,36E-06 1,61E-07 1,51E-06
CH, 7,89E-11 9,55E-12 8,85E-11
N,O 3,45E-11 4,17E-12 7,31E-11
GHGs 1,37E-06 1,62E-07 1,54E-06
\VOC 1,68E-09 2,03E-10 1,88E-09
CO 7,71E-09 9,33E-10 8,64E-09
NO, 4,23E-08 5,12E-09 4,74E-08
PM'° 2,53E-10 3,06E-11 2,84E-10
SQ, 1,28E-11 3,60E-11 2,77E-10

Table 18. Unit emissions from oil tankers fuelled minly with low sulphur oil. Source: own computatiors s based
TEAMS model output.

Mediterranear
N.E. Atlantic | Baltic Sed Black Sea Sea Average

Human Health

NMVOC 2,44E-07 5,34E-07 1,35E-07 2,99E-091 2,99E-07
NOy 3,86E-05 7,16E-05 8,86E-0b 3,26E-05 4,14E-05
PPM® 6,60E-09 1,82E-08 2,94E-08 2,59E-0§ 2,06E-08
PPM?* 1,12E-07 2,84E-07| 4,66E-0Y 3,82E-01 3,10E-07
SO, 5,91E-08 1,14E-07 1,89E-0F7 1,57E-07 1,30E-07
Loss of Biodiversity

NMVOC -1,19E-08 -6,36E-08 -9,04E-09 -1,89E-08 -2,10E-08
NOx 6,72E-06 3,15E-05| 3,46E-06 7,72E-06§ 9,58E-06
PPM®° 0 0 0 0 0
PPM® 0 0 0 0 0

SO, 1,99E-09 1,079E-04§ 5,04E-10 1,605E-0p 2,5485E-09

Crops & Material

NMVOC 7,42E-08 1,973E-07 3,27E-08 8,44E-0§ 9,00E-08
NOx 5,14E-06 2,046E-06 2,91E-06 2,32E-06 3,03E-06
PPM®° 0 0 0 0 0
PPM* 0 0 0 0 0

SO, -9,91E-10 -1,335E-09-1,848E-10 -7,28E-10 -8,21E-10

Sum

NMVOC 3,06E-07 6,68E-07 | 1,59E-07 3,65E-07 3,68E-07
NOy 5,05E-05 1,05E-04 | 9,50E-05 4,26E-05 5,40E-05
PPM® 6,60E-09 1,82E-08 | 2,94E-08 2,59E-08 2,06E-08
PPM* 1,12E-07 2,84E-07 | 4,66E-07 3,82E-07 3,10E-07
SO, 6,01E-08 1,23E-07 | 1,90E-07 1,58E-07 1,32E-07

Table 19. Unit External Costs [Euro per Ton.Km] for non-GHG emissions from oil transportation by tanke in

2010. Source: Own computations based on TEAMS andcBsense data.
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N:E. Atlantic Baltic Sea Black Sea Mediterranearﬁeel Average
Human Health
NMVOC 1,30E-07 3,18E-07 2,71E-09 1,07E-07 2,34E-03
NOy 5,17E-05 1,21E-04 1,36E-04 6,83E-05 1,35E+00
PPM® 5,69E-08 1,58E-07 2,63E-07 2,2E-07 3,23E-03
PPM® 9,47E-07 2,4E-06 3,96E-06 3,23E-06 4,81E-02
SO, 7,17E-08 1,52E-07 2,28E-07 1,92E-07 2,93E-03
Loss of Biodiversit
NMVOC -1,87E-08 -8,3E-08 -1,4E-08 -2,3E-08 -5,02E-04
NOy 9,14E-06 4,3E-05 4,81E-06 1,04E-05 2,39E-01
PPM® 0 0 0 0 0
PPM* 0 0 0 0 0
SO, 2,55E-09 1,34E-08 6,69E-10 2,19E-09 6,05E-05
Crops & Material
NMVOC 5,07E-08 1,42E-07 2,61E-08 6,81E-08 1,26E-03
NOy 6,09E-06 6,81E-06 3,37E-06) 4,32E-06 9,07E-02
PPM® 0 0 0 0 0
PPM* 0 0 0 0 0
SO, -9,94E-10 -2,2E-09 -2,5E-10 -1,1E-09 -2,06E-05
Total
NMVOC 1,62E-07 3,77E-07 1,53E-08 1,52E-07 1,69E-07
NOx 6,69E-05 1,71E-04 1,45E-04 8,31E-05 9,16E-05
PPM®° 5,69E-08 1,58E-07 2,63E-07 2,20E-07 1,76E-07
PPM%® 9,47E-07 2,40E-06 3,96E-06 3,23E-06 2,62E-06
SO, 7,32E-08 1,63E-07 2,28E-07 1,93E-07 1,62E-07

Table 20. Unit External Costs [Euro per Ton.Km] for non-GHG emissions from oil transportation by tanke in

2020. Source: Own computations based on TEAMS andcBsense data.

2010 2020 2030
CO, 9,31E-06 9,31E-06 9,31E-06
CH4 5,61E-07 5,61E-07 5,61E-07
N.O 5,23E-07 5,23E-07 5,23E-07

Table 21. Unit External Costs [Euro per Ton.Km] for GHG emissions from oil transportation by tanker, h 2010,
2020, 2030. Source: Own computations based on TEAM®d Ecosense data.
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To sum up, it must be noted that data coverag@isndomain is extensive, but not complete: in
particular we could not find reliable LCI informaii on air emissions from oil pipelines. Moreover,
some available LCI data seem to be outdated. Tioblgm is particularly relevant for tanker
transportation. In order to overcome this issue,use a source of LCI data for oil transportation
alternative to Ecoinvent by tanker, the TEAMS moddlis model generates specific LCI data for
marine transportation, and allows to fine-tune ¢haracteristics of the ship under scrutiny in terms
of many parameters among which the size, the enginéiguration, and the length of the route.
This allows us to compute externality values fourf@lternative engine configurations, among
which low sulphur diesel engines were selectedhasrost representative technology to be adopted
now and in the near future. This results in opereti externalities which are appreciable but not as

high as those obtained from Ecoinvent LCI data.
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4, Overall assessment of external costs for oil Imports to Europe.

The final step of our externality assessment ferdl chain entails combining the unit externality
values with the scenario projections of oil prodttand import to Europe for the present and for
selected future years, under reasonable assummlomst energy markets trends. This step was
performed on the basis of oil demand and impomv$lscenarios developed by the Observatoire
Méditerranéen de I'Energie, and generated ovextdtmality values which ranging from 2.32 Euro
in 2030 in the scenario assuming low demand t0 E@ro in 2010 in the High demand scenario

per ton of oil transported to Europe.

The unit externality values described and liste@eation 3 give an overall indication of how much
external damage is caused by producing a ton amall by transporting it for one kilometre in the
seas around Europe. However they do not yet gprecise evaluation of how much external cost is
generated bypringing that ton of gasmto Europe. More importantly, these values do notalls to
assess whatill be the evolution of these externality costs in theife.
In order to do that, one needs to combine thevaiites above with an assessment of the flows of
oil produced for European consumption, and trartsgaio Europe along the main import channels
(pipelines and tanker routes) now and in the futlmeprinciple, this can be done with varying
degrees of refinement and precision. Our procedsirguite accurate but still entails some
simplifying assumptions.
For one thing, “the future” enters into our analyses three selected years: 2010, 2020 and 2030.
Moreover, we have strived to include as much dycagléments as possible. In particular, time-
dependent parameters and variables in our compusagire the following:

» the volumes of oil extracted and transported tampger

» the routes and the transportation modes used iteedéhe oil to European consumers,

« the unit externality values for operational extdities'°,

« the weights used to compute average operationafrealities for the extraction pha&e

15 We used the most updated projections produced B§DS project. For non GHG pollutants, we used \slioe
average height of release derived using EcoSenséWeb- 21.09.2007 (based on aggregation scheme
"NEEDS_core_SIA" for Human Health Impacts, basedaeerage meteorology - corresponding to emissioom ll
SNAP-Sectors). For GHG emissions external costd ase computed as Marginal Damage Costs of GH@ntédom
MDC_Anthoff V1.1 under the following assumptionswithout equity weighting",-"average 1% trimmed"1%
discounting”. The exchange from US$ to Euro comess to ca. 1.35$ per €. More details can be fannBreiss
(2007). The available projections cover 2010, 2886 2030 for GHG emissions, and 2010 and 2020 dor@GHG
emissions. For the latter, 2020 values are usedd80 as well.

1 To keep our analysis as general as possible, wed asweighted average of onshore and offshore atixtra
externalities, were the weights in each year andaich scenario analyzed are given by the sharesahEuropean
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« the maintenance standards of oil pipeliies
However, probabilistic externalities are not allowe vary between these years. This assumption
has two main motivations. On one hand, the alter@atould have involved the addition of further
uncertainty to the computation. In fact, the fastarhich may influence future probabilistic
externality values are many, spatially differerditand very hard to project in the future with any
confidence, at the hot spot level of spatial resmiu Relevant factors, for each hot spot, include:
population size, per capita income, evolution afsgstems, evolution of the local economy, etc.
On the other hand, the assessment of the likelpente of the upcoming trends in marine
regulation and technology performed within the NEEEroject showed the presence of contrasting
and counterbalancing trends, with a roughly neutrfflence on the overall safety standards of the
industry.
Finally, even oil flows may vary according to tresamptions one can make about the main drivers
influencing international energy markets. In ortteat least partially capture some of this parécul
source of variation, we use two alternative scesammne assuming a lower demand level and one
assuming a higher demand level. A reference saehas not been used in this evaluation exercise,
as it is conceived as instrumental for the derrabtf the other two. However it is briefly descdbe
in Section 2 to help illustrating the other sceosri
For each of these scenarios and for each pollutaatkind of external costs are computed. On one
hand, as in the case of natural gas, operationatredities along the main import routes and at the
most relevant production sites for European oil ontp are computed. Their values are then
averaged to yield externality values, for eachyiatit, per ton of oil produced and per ton of oil
imported into Europe. On the other hand, probdhilisxternalities are also included using a
specific methodology to be illustrated in more ddialow. Finally, external costs pertaining to the
two categories considered are summed up to yielovamall external cost value per ton of oil

imported into Europe in the base year and in eachathd scenario.

imports of the various production areas for whiclwas possible to compute unit eternality valuegd(NMe East, Africa,
Russia, Norway, the Netherlands and United Kingddrhus the results shown in Table 23 and Tablergsased on
six different sets of weights, capturing the refatielevance of the various production areas ih gaar and scenario.

7 pipelines are assumed to reach European stanoa@20.
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4.1 Oil demand scenarios

The following is a summary of the main assumptibehind the three demand scenarios used in
this analysis, as depicted@uarrera and Karbuz (20Q1p which the interested reader is referred for
further details.

» Reference ScenarioCrude oil imports are set to increase by 0.3%ypar over the next 25
years, reaching 619 Mt in 2030, up from 567 Mt 002. While the FSU region and the
Middle East will remain the main exporters to tHe, Borth Africa and Western Africa will
gain in share. By 2030, the African continent \aiticount for nearly a third of all EU crude
imports up from 17% in 2004. A quarter of all exsoto the EU will come from North
African countries alone and especially from Libyal &Algeria. Except for pipeline imports
all crude imports to Atlantic and Mediterraneantpancrease over time. For Atlantic ports,
crude imports increase from 283 Mt in 2004 to 338iM2030, while for Mediterranean
ports, crude imports are expected to increase ®mMt in 2004 to 208 Mt in 2030. For
pipeline imports, the decrease in share and in i®thie consequence of falling Norwegian
crude oil production. Indeed, Norwegian crude apats by pipeline exports are expected
to fall from 31 Mt in 2004 to 3 Mt in 2030. All inguts through pipeline to the UK will
therefore reduce drastically. However, pipeline ioiports from the FSU region are
increasing rapidly from 56 Mt in 2004 they are fasted to reach 71 Mt in 2030.

* Low Case Scenario Compared to th&keference Scenarian the Low Case Scenario,
import requirements for the EU are expected to%% Iower in 2030 reaching 526 Mt, 548
Mt in 2020 and 526 Mt in 2030. In 2030, 53% of thémports will come to EU Atlantic
ports, 34% through its Mediterranean ports and I8Péctly by pipeline. In 2010 the
difference with theReference Scenaris not likely to be that great since most of the
policies to be put in place to reduce demand waooldyet be effective; in 2020 however, in
the Low Case Scenarjamports are expected to drop by 8% from Reference Scenario.
Compared with the Reference Scenario, in the LogeQaports would be reduced by more
than 90 Mt in 2030. In theow Case Scenarjdhe lesser needs for imports compared with
the Reference Scenar@re expected to affect routes unevenly. Indeedoitegrom Africa
and the Caspian region will be less pronouncedlé\the drop in Norwegian oil production
in the Low Case Scenariwill still lead to a shift towards other regionkgse regions will
not need to contribute as much to oil imports & BU as in thé&keference Scenari®ver

20% less crude will be needed from regions suclAfasa (-21%) and Caspian (-28%),
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while other regions such as Middle East or evensRwyswho are already currently
substantial EU trade partners, will see their ingpdess affected. Compared to the
Reference Scenation theLow Caseimports form the Middle East are expected be cedu
by 13% and imports from Russia by less than 7%.

High Case Scenarioln this scenario, the increase in demand, ansl ithimports, will lead

to a supply constraint forcing EU countries to tpet oil wherever they can - using the full
extent of routes and pipelines available. In tliengrio, the effects of growing demand
would be visible as soon as 2010 due to incread@mgand and unchanged production in the
EU; and would therefore lead to immediate increals@nports by 5% compared to the
Reference Scenario. By 2020 the increase in importhis scenario would be as high as
8%, to reach 681 Mt in 2030 —more than 10% increasapared to the Reference Scenario.
Compared with the Reference Scenario, in the Higén&rio, over 60 Mt of additional
crude oil will need to be imported by 2030. Overallthe High Case Scenario, EU imports
are expected to reach 596 Mt in 2010, 646 Mt in(2&@2d 681 Mt in 2030. In 2030, 53% of
these imports will come to EU Atlantic ports, 3486augh its Mediterranean ports and 13%

directly by pipeline.

4.2 Inclusion of probabilistic externalities

Probabilistic externalities, refer, by definitiolo, damages that may or may not take place in any
given moment and at any given location, in thisecatong the oil import routes to Europe.
Therefore, any given ton of oil that reaches Eurdpenot need to cause any damage of this kind
(actually, if ithas reachedturope, it has not caused any damage!). Howavdts route to Europe,

it stands chances to cause damages by being silhat reaching its final destination. Thus the
first step is to define the “probabilistic exteribacontent” of each ton of oil imported. In oundy

this is done by looking at this issue in termsxgexted utility loss. That is, each ton of oil reiag
Europe brings about a reduction in welfare, whishthe utility losses that may be caused by
accidents along the routes to Europe weighted &y girobability of occurrence, and including the
discomfort suffered by the affected populationdemg exposed to such risks.

In principle, each single kilometre along theseampoutes has such a risk attached, and therefore,
in principle, multiple accidents could happen angvehalong these routes. The complete evaluation
of the exposure of each kilometre of each impantgas a daunting task, and thus we had to resort
to some simplifying assumptions.

In particular we assume that a) accidents occur anwell identified “hot-spots” where oil coming

from different exporting countries transits inviay to Europe, and where historical records for oil
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tanker accidents indicate a significant exposuractodent risk; b) that each ton of oil “collectts’

bits of probabilistic externalities by passing gbuthe hot spots relevant for the route actually
followed. Thus, for instance, oil imported from &lga to Southern France will carry attached only
its own shares of probabilistic externalities paitly occurring at the relevant hot spots in weste
Mediterranean, but not those occurring, say, inNbgh Sea.

In practice, probabilistic externalities are akaktto the various routes by dividing their valuetha
relevant hotspots along that route by the volumeilofransported along that route in a given year.
This is exemplified in Table 22 below, which shothe computations performed for the case of
Norwegian oil exports to Northern Europe in 20X0Thble 22, the values in the green row are just
the expected losses at the hotspots in the colusadihgs of Table 22, as reported in Table 10,
divided by the total volume of oil imports to Eusoprojected to pass trough each hotspot in 2010
in the Low demand scenario. To compute the relepanibabilistic externality values, Table 22
multiplies in its blue cells, the externality vasuper ton (green row) by the volume of oil projecte
to leave Norway (orange column) for each Europessticiation (yellow column), buinly if the
correspondent hotspot in the column heading pertairthe route from Norway to the destination
country. In this case, only two hotspots are ralevéhe departure port of Mongstad and the
destination port of Rotterdam. The blue cells fa temaining hot spots are therefore 0: Norwegian
oil does not need to pass trough Augusta to reaghNarthern European destination. Finally, the
last row computes the probabilistic externality fmer of Norwegian oil imported to trough Atlantic
ports by dividing the total probabilistic exterri@s (blue cells, bold numbers) by the total import

volume in 2010 (orange row, bold number x 1 Million
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Ras NovorossiskPrimorsk|MongstadRotterdam/Augusta
Tanura
Probabilistic Accidents value at Hot Spots (euros)t 186 6.776 566 1.315 1.044 | 1.964
FROM TO oil flows (Mt)
Belgium 3,8 0 0 0 4,974 3,947 0
France 15,0 0 0 0 19,767 | 15,684 0
> |Germany 18,0 0 0 0 23,714 | 18,815 0
%': Netherlands 13,0 0 0 0 17,105 | 13,572 0
% Sweden 5,7 0 0 0 7,514 5,962 0
Z |United Kingdom 10,7 0 0 0 14,127 | 11,209 0
All EU Atlantic importers 66,3 87,202 | 69,189
Probabilistic externalities in €per torn 0.0013 | 0.0010

Table 22. Example of the procedure used to allocatgobabilistic externalities among import routes. The case of

imports from Norway to European Atlantic ports in 2010 in the Low demand scenario.

4.3 Overall externality assessment

Operational externalities are evaluated in a ssmplay. As far as oil transport is concerned, for
each import flow in each scenario and for eachupanit, unit externality values, in terms of Euros
per ton of oil transported for a kilometre, are nplied by the relevant volume transported and
distance covered. These values are then summedouginaded by the total volume of oil imported
to yield the externality content of one ton oil ionfed to Europe. An analogous procedure is
followed for oil extraction, although the computetiis even simpler as in this case there are no
bilateral flows to trace down, but only extractedumes for each producing country.

The results are summarised in the tables belowailedtexternality values per pollutant have been
computed, but for economy of space are summarisedeims of “non-GHG” and GHG
externalities®. Also for economy of space, Table 23 and Tabléll@dtrate only the values in the
High and Low Case demand scenarios.

Total externalities appear to be quite low: botlthi@ low and in the high demand scenario they are
around 2.5 Euro per ton, in each period considenaaging from 2.32 Euro in 2030 in the low
demand scenarios to 2.60 Euro in 2010 in the heghahd scenario. The bulk of external costs is
caused by operational externalities of oil exteacti followed by oil tankers’ operational
externalities: probabilistic externalities and tha@®riving from pipeline transport have very lindite

18 1t is worth mentioning that a complete and exhiaestvaluation of the damages linked to GHG emissis still an
open issue, as the research on the consequenciémate change has still a lot left to cover andartainty is high and
probably will persist for long in the future. Howary damage cost ranges have been produced inithate€lchange
literature. The externality value used here arentbst updated values selected within the NEED Septoj
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impacts on the overall assessment. For probabilisiiternalities, this not unexpected. The
probabilistic externalities values listed in Talileé range from the tens of thousand Euros to over
one million Euro, and refer to accidents that tgficoccur along any given route with probabilities
in the order of 10 to 10° per year. Thus the actual damage caused shoufdameident actually
occur would range between 1 10" Euros, that is between 100 million and 100 billiuaro.
These sizeable damages are diluted twice: firsheyow probability of occurrence and then by the
huge volume of oil passing trough each hotspot.sTiesults in terms expected damage per ton of

oil import of about one Eurocent are not unexpected

. Tanker Total Total
2010 High E?(i(érri(:lli?igs Transport | Accident NOQC;SGI':G GHG costg emissions E t(-arrcr):;l't'es
Externalities| Extrernalities| costs X ”
To Atlantic Ports 1,39 0,48 0,013 1,16 0,71 1,87 1,89
To Mediterranenan Ports 1,39 0,41 0,011 1,10 0,70 1,81 1,82
Total EU 1,39 0,45 0,012 1,14 0,71 1,85 1,86
Pipeline 0,00 0,74 0,74 0,74
Total Externalities 1,39 1,19 0,01 1,14 1,44 2,58 2,60
. Tanker Total Total
2020 High E?(i(érri(:lli?igs Transport | Accident NOQC;SGI':G GHG costg emissions E t(-arrcr):;l't'es
Externalities| Extrernalities| costs X ”
To Atlantic Ports 1,72 0,67 0,014 1,50 0,89 2,39 2,41
To Mediterranenan Ports 1,73 0,48 0,007 1,34 0,87 2,20 2,21
Total EU 1,72 0,59 0,011 1,44 0,88 2,32 2,33
Pipeline 0,000 0,035 0,035 0,035
Total Externalities 1,72 0,63 0,01 1,44 0,91 2,35 2,37
. Tanker Total Total
2030 High Elf(i(él;?\(z;tllii)igs Transport | Accident NO:(;SGt?G GHG costs emissions E tTotall_t_
Externalities| Extrernalities| costs xternaliies
To Atlantic Ports 1,83 0,72 0,013 1,69 0,86 2,55 2,57
To Mediterranenan Ports 1,84 0,47 0,006 1,47 0,84 2,31 2,31
Total EU 1,83 0,63 0,010 1,61 0,85 2,46 2,47
Pipeline 0,00 0,04 0,04 0,04
Total Externalities 1,83 0,66 0,01 1,61 0,89 2,49 2,51

Table 23. External costs of oil extraction and traeport. Projections to 2010, 2020 and 2030 in thedfi demand
scenario. Euros per ton.

On the other hand, the very low values for pipetra@sport are an indication that, most probably,
transferring emission values from natural gas partation cannot capture in satisfactory way the
impacts, and therefore the external damages, cduysedide oil pipeline transportation. Note that
even disregarding technical improvements in pigetimaintenance would not result in significant

increases of the relevance of pipeline externalititowever, neither LCI data for oil pipelines nor
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unit externality values for oil leakages from pipek were available; thus the alternative given the

information available at the moment is simply tave oil pipeline externalities unaccounted for.

. Tanker Total Total
2010 Low Elf()t(é:i(z;ﬁli(:ig Transport| Accident NOCnO'StSHG GHG costs| emissions E t(-err?wtaall' ties
1Externalitie§Extrernalitie costs X 1
To Atlantic Ports 1,37 0,48 0,015 1,15 0,70 1,85 1,87
To Mediterranenan Ports 1,38 0,41 0,010 1,09 0,69 1,79 1,80
Total EU 1,37 0,45 0,013 1,13 0,70 1,83 1,84
Pipeline 0,00 0,66 0,67 0,67
Total Externalities 1,37 1,12 0,01 1,13 1,36 2,49 2,51
. Tanker Total Total
2020 Low Elf(i(gr?](;ﬂli(tjig Transport| Accident Nogl(;gsHG GHG costs| emissions E tTotall_ i
ExternalitiejExtrernalitie costs xternafities
To Atlantic Ports 1,70 0,65 0,016 1,50 0,85 2,34 2,36
To Mediterranenan Ports 1,70 0,48 0,009 1,35 0,83 2,18 2,19
Total EU 1,70 0,58 0,013 1,44 0,84 2,28 2,30
Pipeline 0,000 0,032 0,032 0,032
Total Externalities 1,70 0,61 0,01 1,44 0,87 2,31 2,33
. Tanker Total Total
2030 Low Elii(gr?g'i?ig Transport| Accident Nogl(;gsHG GHG costs| emissions Extgr?]tgli ties
Externaities|Extrernalitie costs
To Atlantic Ports 1,70 0,70 0,016 1,54 0,86 2,40 2,42
To Mediterranenan Ports 1,70 0,46 0,009 1,32 0,84 2,16 2,17
Total EU 1,70 0,61 0,013 1,46 0,85 2,31 2,32
Pipeline 0,00 0,00 0,00 0,03
Total Externalities 1,70 0,64 0,01 1,46 0,88 2,34 2,36

Table 24..External costs of oil extraction and transport. Prgections to 2010, 2020 and 2030 in the low demand

scenario. Euros per ton.

It must also be noticed that the results dependialiy from the unit externality values used foe th
extraction phase. It is worth noting that usingsbéire values only would have resulted in a drop of
extraction externalities to a few cents a ton, entd overall externalities in the range of 0.56 0.

Euro a ton.
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5. Conclusions

Our assessment covered in detail various aspettieoéxternalities related to the extraction and
transportation of oil to Europe, in particular thenamic features related to the foreseeable vanati
of oil flows and transport modes, the evolution tbk burdens and impacts of operational
externalities, the relative relevance of the vasiquoduction areas, the likely improvements of
pipeline maintenance standards. The resulting saseem quite low, ranging from 2.32 Euro per
ton in 2030 in the Low demand scenarios to 2.6 Eur2010 in the High demand scenario, but
still about 1-2 Euro higher than those originatgdte extraction and transportation phases of the
natural gas chaff,. Externalities due to pipeline transport are thain driver of the difference
between the 2010 results and the 2030 results,aastenance standards of Russian pipelines are
assumed to close the gap with European standaels2&f10. Thus, pipeline externalities in 2010
are 25 times higher than those expected in 2030, this has stronger effect on the overall
externality values than the differences in oil impwolumes and exporting countries’ shares
between the two demand scenarios. Assuming thanhpmvements in the maintenance standards
of Russian pipelines take place, the overall edterosts in 2030 would reach 3.05 Euro in the Low
demand scenario, and 3.25 Euro in the High demesauasio. It is not unlikely that more accurate
LCA data for pipelines would have resulted in etggher, but not too high, external costs, as gas
pipeline transport is quite energy intensive are éhergy content per cubic meter of oil is higher
than for natural gas and the majority of gas impastEurope are transported via pipelth@hese
values are however sensitive to the LCA and uniereality assumptions made for the various
phases of the value chain; in particular, the etitva phase, appears to have a strong impact on the
overall assessment.

Notwithstanding the sensitivity of these resultsLtBA data and to unit externality values per
pollutant, it is clear that these externalities guée low, both compared to the direct cost ofamitl

to the externalities generated by the use of od &gel. Assuming a price of crude oil at destimati

of $90 a barrel, the cost of one ton equals to $660447 euroS. The external costs of
transportation then amount to about 0.6% of the obghe product in 2010. Burning oil for
electricity generation results into a much highsare of external costs over total (external + gava

costs). For an average European power plant buireagy fuel oil the external costs represent on

19 Also assessed within the NEEDS Project. See Bigaml (2007¢). External costs for oil transpoet fiom 35% to 8
times higher (per imported ton) than those for retgas, depending on the demand scenario condidard on
whether Russian pipeline maintenance standardgpal@ed to European standards after 2010.

% To move one ton of oil by pipeline for one kilomeeit takes about 71% of the energy needed toentbe same
amount of natural gas along the same distance.

2L Assuming an exchange rate of 1.476 Euro per Ulgrdo
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average about 45% of the total costs, while for groplant using light fuel oil in a gas turbine the
share of external costs over total costs is abéut’?

The main implication for environmental policy te drawn from this study is that bringing oil to
Europe is not the most noxious phase of the faldycle, as actually using oil as a fuel brings
about, on average, much more serious consequenrciefenvironment and for human health.
However, transporting oil to Europe is an actiwvitiyich brings about a non negligible probability of
causing very high local damages. The fact thatethpebabilistic externalities account for a very
small fraction of the total external cost of oihnsport, once weighted for their occurrence
probabilities and the volume of oil transported, iy means should be used as a justification for
relaxing pollution prevention and remediation st@nas in European waters. In fact as our analysis
of probabilistic externalities has demonstrated,ithpact on local populations affected can be very

substantial.

22 These shares of private and external costs ot tost of electricity generation are those assesgigtin the
European project CASESnvw.feem-project.net/casgsand reported in Bigano and Porchia (2008).
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