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MepiAnyn

Ykomog G mopodoag MmAMUATIKNG epyociag elvar M ektiunon tov eémtepucon

KOGTOLG GTNV LYEIR TV avOpORTOV TOV TPOKVATEL ANO TG UEPLEG EKTOUNEG TAoi®Y, H
uébodog mov mpotundnke Nrav 1 Impact Pathway Assessment (IPA), n omoia &yet
ypnowonomOel ko and 1o ExternE, po cepd omd EPELVNTIKA TPOYPAUUATO
ypnuatodotovpeva and v Evponaikr) Entponr| (I'evir) Aevbuvon ‘Epevvag) v
MV ektiunon 1oV e£MTEPIKOV KOGTMOV TOL TPOEPYXOVTOL KUl cuoyeTilovtal pe v
napayoy evépyeac. H IPA eivon pio avaivtikn péfodog “and kdtom mpog ta mhve”,
N omoio fekvd amd TNV WKPOOOUN] TOL PLTAVTH KOl QPTAVEL WEYPL TOLG
emnpealOUEVOVG VTOOOYEIC. AV Kot OpKETO TOAOTAOKN N UEBOSOG CLTH TPOCPEPEL
avénuévn aéomotio kot axpifelo oTa ATOTEAECHOTO GE GYECT| HE TIS TO GLYVA

xpmoponotovpeveg nebodovg (top down).

H nepintoon mov efetdotnre efval auth] TV OKTOTAOIK®OV  YPOUUDV KUl
KpovallepomAolwV T, omtola Tpoceyyilovv o AMpdvt tov Iepaud yoo to étog 2008-
2009. Ov aépleg exkmouméc oto Apdvi tov Ilepoid éyovv peydho evolapépov
dedopévou 0Tt T0 Mpdvt Ppioketal EviOg TG UNTPOTOMTIKNG TTEPOYNG TV ABnvHV
Kol €xel v poTn B€om otnv kivnon emPatdv otnv Evpodnn kot tnv pitn otov
koopo. ‘Hrov emopévog amopoitnro vo vmdpéel pio ovoAvTIK) HEAETN YO TO
eotepkd KOOTOC TOV PUTOV MOV TPOKAAOVVTOL OO TN VOULTIAlL 610 Apdvt TOL
Iewpond. H cvykekpyévn SIA®pATIK KOADATEL QUTO TO KEVO KOl TOWTOXpOVA divel

TO £VOLOUOL Y10, TEPULTEP® EPELVE. GTO HEAAOV.

v epyacio autny kOpo poro elye 10 mPdHypauuo RiskPoll to omoio omv
TPAYHOTUCOTNTO EIVAL U0 GEWPO TPOYPUUUATOV CXESILCUEVT] Y10 TNV EKTIUNGTY -UE
ypnon g IPA- emmtdoemv oy vyelo and tokd pétarra (As, Cd, Cr, Hg, Ni and
Pb) ko1 aépleg exmounéc tv akdAovbwv puravidv: povoleidio Tov avBpaka (CO),
awpovpeva copariow (PM), ofeidia tov alodtov (NO,), 610&eidio Tov Belov (SO,)
Kol 0gvTepEvovTa, €10 OmMG VITPIKA Ko Beukd aepoidpora. H ebpeon wplaionv
UETEMPOAOYIKDV OEOOUEVOV €VOG YpOVOL KAOMG Kol 1 ONUIovpyio. avOALTIKOV
TOMK®V 6edopEvev TANBuoHoL Yo v mepintoon tov Iepad ékavay dvvary v
ypnon tov mo eéghypévov aiyopiBuov mov pmopel va mpoo@éper to RiskPoll

(QUERI) av&dvovtag étot Ty akpifeta kol 0E10moTior TOV anoTeEAECUATOV.




H avdivon tov amoteiecudtonv £0eiée 611 10 emtepikd KOGTOC GTNV LYElD TOV
aTtOUOV and OAOVLG TOVG PULTAVTES, PTAVEL TA 26 EKOTOUHVPLL. EVPM Y1 TNV TEPIOOO
2008-2009 pe KLPOTEPO GULVEICPEP®V PLTAVTY T alwpovpeva copatiow. Efval
oNuavTKd €00 va avopepBel OTL T0 €TNol0 EE®TEPIKO KOGTOG OTNV LYElD OmO TO.
copoTidw eivat PeyaADTEPO GTNV TOMKY KAMUOKA KO TO GUYKEKPYLEVE. GTTV TEPLOYN
™ ABnvac. Qot000, 10 £1Nolo e€mTEPKd KOGTOG GTNV LYELD v GTOUO TTOL HEVEL
otnv AbMva amd 1o copatiolo eivarl ToAD PKPOTEPO GUYKPIVOUEVO UE TO OVTIOTOLO
eotepkd KOGTOG MOV TPOKOAOLV Ol TOUElG NG Plounyoviog Kol ToV 00KOV

LLETOAPOPOV.

EmmAéov, ylveran 1 extiunon tov €£nteptkod KOGTOLG TNV LYEID TOL TPOKAAEiTOL
Qt0 TOVG 0EPLOVE PUTTOVG EVOC TAOIOL TNG AKTOTAOIKNG YPOUUNG OTay auTtd PplokeTon
otov Ilepaid yia to €to¢ 2013-2014, 1o onoio Ppédnke ico pe 850 yihddeg evpd. INa
TO OKOTO AUTO YPTCYOTOU|ONKAV Ol MPEG TAPAUOVIG OTO AMUEVL (TOPAUOVIG KOl
£160000V/e£000V), M AstTovpyic. TOV PUNXAVOV KaTd TNV TAPAUOVH] Kot €i6000/EE000

a0 TO AUAVL KOl TO, OPUKTNPIGTIKG TOL TAOIOV.

Téhog, Yo TV KOADTEPT KATOVONGT TMV OMOTEAECUATOV Yivovial SVO GLYKPIGELS:
H1a, TOV ETNO0V EEMTEPTKOD KOOTOLG ave KATOWKO otV ABNva TPoKaAOVUEVO AmO TC.
copotidw (dStopétpov 10um) mov ekmEUTOVV To. TAOIO AKTOTAOTKOV YPUUUDV KOl TO
kpovallepomioto mov mpoceyyilovy Tov Iepard pe 1o etoilo e€mtepikd KOGTOG avd.
Kkdtowo otnv Abnvo mpokoiovpevo oamd To. coporiowe (Owupétpov 10um) wov
EKTEUTOVV O Propmyavieg oty meproyn TG ABMvaG Kol fid TOL ETHCL0L £EMTEPTKOD
KOOTOVG ava kdTowko otnv Abnva mpokaioduevo omd 10, copatidwe (SapéTpov
2.5um) oV EKTEUTOVY TA, TAOIQ AKTOTAOTKMVY YPOUUUDY Kol T0 KpovallepdmAoio Tov
apoceyyilovv tov Ilepaid pe 1o etoio e€mtepikd k66TOG avd KdToKo oty Adnva
TPOKAAOVUEVO GO 10 copotidw (Supétpov 2.5um) 7oL eKTEUTOUVV Ol OOWKEG
uetaopég autr] ) @opd. I'a Tic Prounyavieg 10 etolo kO6GTOG otV vYyela ovd
abnvaio etval 24.6 € evod Tov mhoiov Tov Iepad 1.4 € kot Y10 TG 001KEG LETAPOPES

25.9 € evo tov mhoiwv Tov Tleypard 2.2 €,
H dopn| g axdrovbng Simhopatikng epyosiog etvor 1 e&ng:

1° Kepaharo

Y10 Tp®OTO KEPUANL0 VILAPYEL 1 PPAOYPUPIKT] EMIGKOTN T OGOV APOPA TO TPOPAN LA

TOV 0eplOV EKTOUTOV amd TAOIL. APYIKO TOPOVCIALETAL EXLYPAUUATIKE TO YPOVIKO



TOV TPOPANUATOC Kol Ol UEXPL TOPAL EVEPYEIEC YU TEPLOPISUO TOV. XTI GUVEYELD.
ONUELDVETAL O SYOPICHOG TV AEPIOV EKTOURDV GE AVTEG TTOV TPOKGAOVY PUTAVOT)
KOl QUTEG OV TPOKAAOUY KAUOTIKEG OAAAYEG TOPAOETOVTOG TAPAAANAC EKTIUNCELG
S0POP®V EPYACIOV Y10 TIG EKTOUTEG QVTOV ToyKooUing amd tnv vavtiiia. Eniong,
yivetor olOykplon He TIC EKNMOUMEG Oepiov GAADV  UETUQOPIKOV UECOV KOl
Bropunyaviov yu koAdtepn avriinym tov peyéBoug tov mpoPinuartoc. Télog,
emonpaivovTol ot KOPLotl Kot SEVTEPELMV AEPIOL PUTAVTEG OTI VOLTIALL KABMG Kot 1

TPOELEVOT| TOVG KO Ol EMATOCEL TOV TPOKAAOVV GTNV VYEl KOl TO TEPPAAAOY.
2° Kegdharo

Y10 0eltepo KEPGAQMO YivETOL MO, TPMOTN GAVOPOPE GTOLG OIKOVOHUIKOUSG OpOvG
“eEotepcomTed” Kol “eEMTEPIKA KOGTN~ Ol omoieg etvon Pacicég yia v PabiTtepn
KATOVONGN TOL TPOPANUATOC TOV AEPiV pLT®V. XTN GLVEXEW amaPIOUOVVTAL Ol
TNYEC TPOEAEVONC TOV EEMTEPIKMV KOOTAOV OTN VALTIAMLG Kot okoAovBel pia chvroun
avéivon tovg. Emmiéov, mapovcidloviar kot cuykpivoviar ot Lo TPOCEYYIGELS
eKTiUNoNG 10V eMTEPIKOL KOGTOVG, OL “amd KATM TPOG TA TAV® ™ KOl “Omd TAve
PO To KATe”. Teleidvovtog, yivetal o, ETICKOMNGON TV UEAETOV pe BEpa TO

emTepkd KOGTOG TOV UEPIOV EKTOUTMV OTI| VUVTIAML.
3° Kegdharo

Y10 kepdraro 3 mopovctdleron n péBodog Impact Pathway Assessment (IPA) o
AVOADOVTOL TA TEGGEPA, PIUATO Y10, TNV EQAPUOYT| TNG: TNYY| EKTOUTNG, OTLOGPAPIKN
Saonopd, EMATMOGCELS KO TOCOTIKOTOINGOT TOV KOGTOVG TV emmt®ceny. Ensita,
yivetar avagopd otig afefotdtreg g peBOOOL Kol TEPYPAPT] TOV UEYPL TOPO

EPAPUOYADV TNG OTN VOUTIMO.
4° Kepdhoro

To 1étapTo KEQGAUO AVaPEPETAL OTO TPOYPAL OV ypnoipomon|Onke To RiskPoll.
Apyucd, yiveral o avagopd oto Amad Eviaio Iloyxoopuo Moviélo kol Tmg autod
evoouatdvetar uéca oto RiskPoll. Xt ocvvéyewn mapovoidlovral ta Sbéciuo
QTAOTOMUEVO. LOVTEAQ OV TEPLEYOVTOAL GTO TPOYPOULUO KOl YIVETOL U0, GUYKPIGN
aVTOV e GAA o Aemtopepn poviéia. Télog, yivetar avdivon Tov HOVTEAOL TTOL
npotyunOnke (QUERI): ykoovcwvd poviého Bucavov, e&icmon Tov kKOGTOVG TOV

MUdV Kal VOUIGUATOTOIN 6T ouToh TOL KOGTOUC.

5° Kegpdraro
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270 5 KePAAQLO YIVETUL TEPLYPOPT TNG TEPITTM®ONG OV HEAETATAL: 1) EKTIUNGT TOL
emTEPKOV KOGTOLG 6TV LYER TV avOpOROV amd TOVg KUPLOVG UEPIOVE PUTTAVTEG
(PM,5, PMyy, SO, xau NO,) wor devtepedmv pumovtés (Vitpikd kot Oeukd
OEPOADUOTA) 7OV  EKMEUMOVIOL ONO TO TAOINL  OKTOMAOIKMOV YPOUUDV Kol
Kpovallepomioiwv ov mpoceyyilovv to Apdvt tov Ilepad yua éva ypovo (2008-
2009). Ztn ovvéyew mapovctdletar M perETn amd Omov Ba ypnoyomomBovv ot
TOGOTNTEG TOV QEPIOV PLROVIMOV OV EKTEUTOVTIOL OO TO. TAOIL GTO AUAVL TOL
IMepad. EmmAéov, avogépoviar ot LROBEGEG TOL &yvav Yo TNV UEAETN TG
Smhopatikng, o 6edopéva e160dov ov déyetar To RiskPoll xabmg kot ta dedopéva

TLOV YPTGLOTOW ONKOY.
6° Kepalaro

210 keQPGAUo 6 TaPoLSIALOVTUL TO. UTOTEAEGUATO TOV TPOYPALUOTOS Y10, THV KOP1aL
nepintwon PeAETNC 006V TPOPOAG OMOTEAEGUATOV, AVOAVTIKG GTOTEAEGUOTO TOV
aAyopiBuov, ypaenuo Tov Kootoug (nuidv, mPoPid cvykévipmong Tov kuplov

PLTOVTOV KA YPOUPNHATA GUYKEVIPMGTG TMV KLUPLOV pUTAVIOV.
7° Kegalaro

Y10 £BOopo kePOAOO YiveTal poL aVEALOT TOV OTOTEAECUATOV UE TO aKOAOLOO
YPOPUOTO KOl GYOMAGHO TOVL KAOEVOGS: Ypagnua e£mTEPIKOL KOGTOVG OADV TMV
PLTAVTOV, YPAPNIE TOGOCTOL GULUUETOXNG KAPe kOpov pumavt ota e&mtepikd.
KOGTI, YPAPNUO TOGOSTOD GULUUETOYNG KEOe OgVTEPELOV PUTTOVTN ©T0 e&MTEPIKG.
KOGTI, YPAPN UL TOGOGTOV GCLUUETOYNG KABe pumtavtr) ota e€mTeEPIKd KOGTN, TOGOCTO
TOTK®OV KOl TEPUPEPEINKADY EMMTOCEDY 010, £EMTEPWE KOOTN KOPE pumavt,
TOGOGTO KOGTOLG TPOEPYOUEVO GO BVNGUOTNTU KOl VOOST|POTNTA OTO E£EMTEPTKO
KOGTOG KABe pumovin, YPAPNUE KOOGTOLY/TOVVOL KEOe puvmavt] Kol yYPAQT O
eEmTePKol KOGTOVG ava KAtowko (og OAN v EAAGSa, tnv ABfva Kol 6TIC TEPLOYES
ektog Abnvag). Téhog, emonudveror 10 onuelo UEYIOTOV GULYKEVIPOGCEMV TOV

PLTOVTOV GTO XOPTY.
8° Kepalaro

To keedhato 8 ava@épetal oty eKTIUNON TOV EEMTEPIKOV KOGTOC GTNV VLYEID TOL
TPOKUAEITAL 0t £va, TAOIO OKTOTAOTKNG YPOUUNG 610 AMpdvt Tov [epoud yio to €tog
2013-2014. A@ob omoxmnOnke 710 PPAio taldod ToLv v AOY® xapafiov

VIOAOYIOTNKE M UECT OPA TOPAPOVIG TOV OTO AUOVL KAOOG Kot 1 Opa EAYHOD
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€166600v kot e€660v. ‘Encra, ot dpeg avtég 68 GLVOLACUO LE TNV YPTOT| CUVTEAEGTOV
EKTOUMNG KOOMG KAl HE YVOOTE TNV 16xX0 NG Kuplog HNYOvVAG Kol TNG
NAEKTPOYEVVITPLOG G AcrTovpyia oe KGbe mepintmon, Ppédnkav ot TOVOL EKTOUTIG
TOV KOLOAEPIOY TOL poG evow@épouv v évo xpovo. Téhog, pe ypnon Tov
npoypapparog RiskPoll extyunnke 1o e€mtepcd kdotog oty vyeio pe Tavtdypown
TOPOVCIacT] TOV OmOTEAECUAT®OV: 000v] TPOPOM|G OMOTEAEGUATOV, AVAALTIKG,
amMOTEAEGHATA. TOV aAyOopiBLOov, YPAPNUA TOL KOGTOVG (NUIDV, TPOPIA CUYKEVIPOONG

TOV KUPIOV PUTAVTOV KOl YPAPTLATA CUYKEVIPOGTG TOV KUPI®MV PLTOVIMV.
9° Kepararo

Y10 KEPAAUIO EVVEQ YIVETOL 1] AVIALGCT TOV ORTOTEAEGUATAOV Y10 TNV TEPINTMGT TOL
eVOC TAOIOL WE TOVTOYXPOVN TOPABEST] TOV AKOAOLO®MY YPUPNUATOV KUl GYOMAGUS
TOV KaBeVOC: YPAPNUO EEDMTEPTKOV KOGTOLS OAMV TMV PLTOVTAOV, YPAPN O TOGOGTOV
ovppeToynNG Kabe kOpov pumavi) ota EMTEPIKA KOOTI, YPAPNUO TOCOGTOV
ovppeToyNG KkéOe devtepebov pumavtl] oto EEMTEPIKE KOOTN, YPAPNUA TOGOGTOV
CLUUETOYNG KGOe pumavt] oto  e®TEPIKE  KOGTN, TOGOCTO TOMIKMOV Kol
TEPLPEPELNKADY EMTTOGEWV 6T0 e€MTEPIKE KOGTN KAOE pLTAVTY], TOGOGTO KOGTOLS
TPOEPYOUEVO amd BVNGILOTNTO KOl VOST|POTITA. OTO EEMTEPTKO KOOTOG Kébe pumav)

Kot Ypaen e KOGTOVG/TOVWVOUL Kébe pumavTy.
10° Ke@daharo

To kepdioto 10 mepiéyel VO GLYKPIGELS: U1K TOL ETNGIOL EEMTEPIKOV KOGTOLS avVA
Karowo oty AOfva mpokorovpevo amnd 1o, coporidw (Swapétpov 10um)y mwov
EKTEUTOVV  TO. TAOIOL  OKTOMAOIK®V YPOUU®OV kol To  kpovaliepdmAio  mov
apoceyyilovv tov Ilepaid pe to emoto emtepikd KOGTOC ava KATowko oty Abnva
TPOKAAOVUEVO amtd To. cmpatiow (Sapétpov 10um) mov ekméumovy ol Prounyavieg
oTNV TEPLOYN TNG ABNVOG KOl {10, TOV ETNGIOV £EMTEPTKOD KOGTOVG avE KATOKO OTNV
Afnva tpokaiodpevo and To copatioe (StapéTpov 2.5um) mov EKTEUTOVY To TAOTO
KTOTAOTK®V YPOUU®VY Kal Ta Kpovaliepdmiola mov tpoceyyilovv tov Ilepaid pe to
etnoto e€mTepikd KOGTOC avd KATOKO 6TV ABNVo, TPOKAAOVUEVO OO TO COUOTION

(SwpéTpou 2.5um) TOV EKTEUTOVY Ol OSIKEG LETOPOPES QUTY| TN YOPA.
11° Ke@aharo

Eival 10 kepdiaio oto omoio meptrouPdvovial 10 TeEMKO cLUTEPOCU, OAAG Kol

TPOTAGELS PeATimong avahoy®mV EpYacIdV 6TO LEAAOV.
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Abstract

The purpose of this thesis is the estimation of the external cost in health resulting
from air pollutants emitted by coastal passenger ships and cruise ships approaching
the port of Piraeus for the year 2008-2009. The preferred method was the Impact
Pathway Assessment (IPA) which has been used by the ExternE, a number of research
projects funded by the European Commission, Directorate-General (DG) Research for
the assessment of external costs derived and correlated with the energy. The IPA is an
analytical "bottom up" method starting from the micro-structure of the pollutant and
going all the way up to the affected receptors. Although is a fairly complex method it
offers increased reliability and accuracy in the results compared with the more

commonly used methods.

The case of Piracus it’s of a high interest since it is the port with the highest passenger
traftic in Europe and the third highest in the world. It was therefore necessary to have
a detailed study on the external costs of air pollution caused by shipping in the port of
Piraeus. This thesis fills this gap and simultaneously provides a starting point for

further investigation in the future.

A major role in this work had the RiskPoll program which is actually a suit of
programs designed to assess —with the use of IPA- impacts on health and the
environment caused by toxic metals (As, Cd, Cr, Hg, Ni and Pb) and air emissions of
the following pollutants: carbon monoxide (CO), particulate matter (PM), nitrogen
oxides (NO,), sulfur dioxide (§0,) and secondary species such as nitrate and sulfate
aerosols. Finding hourly meteorological data for one year as well as creating detailed
local population data for the case of Piraeus made possible the use of the most
sophisticated algorithm that RiskPoll can provide (QUERI), thus increasing the

accuracy and reliability of results.

The analysis of the results showed that the external health cost of all the pollutants
reaches a total of € 26 million for the period of one year with main contributor
pollutant being the particles. This external cost-that undoubtedly leads to concerns-it
is hoped to mobilize direct and indirect parties in order to create as soon as possible a
framework to protect the most important thing of all, the human health, as well as to

take the necessary measures to reduce this cost.
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Moreover, an estimation of the yearly external cost in health caused by one coastal
passenger ship in Piraeus is taken place which was found to be 850 thousand €. For
this purpose they were used the hours of operation in the port (docking time and
maneuvering in and out of the port time), the operation of the machines in the dock as

well as while in maneuvering and ship characteristics.

Finally, two comparisons were made: one between the annual external cost in health
per person living in Athens caused by particles (with diameter 10um) that are emitted
from the coastal passenger ships and cruise ships approaching the port of Piraeus for
one year with the external cost per person living in Athens caused by particles (with
diameter 10um) that are emitted from the industries in greater Athens is taken place
and one between the annual external cost in health per person living in Athens caused
by particles (with diameter 2.5um) that are emitted from the coastal passenger ships
and cruise ships approaching the port of Piracus for one year with the external cost
per person living in Athens caused by particles (with diameter 2.5um) that are emitted

from the road transport sector this time.
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Introduction

What is the goal of this study?

This study has as a goal the estimation of the external cost in health caused from air
pollutants emitted by coastal passenger ships and cruise ships approaching the port of

Piraeus for the year 2008-2009.
What makes the case of Piraeus so interesting?

The case of Piracus it’s of a high interest since it is the port with the highest passenger
traffic in Europe and the third highest in the world. It was therefore necessary to have
a detailed study on the external costs of air pollution caused by shipping in the port of
Piraeus. This thesis fills this gap and simultaneously provides a starting point for

further investigation in the future

Why is this study different from other studies concerning the external cost of

shipping’s air emissions for Piraeus?

The difference lies in the preferred method, the Impact Pathway Assessment (IPA),
which has been used by the ExternE, a number of research projects funded by the
European Commission, Directorate-General (DG) Research for the assessment of

external costs derived and correlated with the energy.
What is the Impact Pathway Assessment (IPA)?

The IPA is an analytical "bottom up" method starting from the micro-structure of the
pollutant and going all the way up to the affected receptors. Although is a fairly
complex method it offers increased reliability and accuracy in the results compared

with the more commonly used methods.
How was the IPA implemented in this study?

The IPA was implemented with the help of the RiskPoll program which is actually a
suit of programs designed to assess —with the use of IPA- impacts on health and the
environment caused by toxic metals (As, Cd, Cr, Hg, Ni and Pb) and air emissions of
the following pollutants: carbon monoxide (CO), particulate matter (PM), nitrogen
oxides (NO,), sulfur dioxide (S0,) and secondary species such as nitrate and sulfate

aerosols.
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What algorithm of RiskPoll was used and is it accurate?

Finding hourly meteorological data for one year as well as creating detailed local
population data for the case of Piraeus made possible the use of the most sophisticated
algorithm that RiskPoll can provide (QUERI), thus increasing the accuracy and

reliability of results.
What are the results show and how they affect shipping?

The analysis of the results showed that the external health cost of all the pollutants
reaches a total of 26 million € for the year 2008-2009 with main contributor pollutant
being the particles. This external cost-that undoubtedly leads to concerns-it is hoped
to mobilize direct and indirect parties in order to create as soon as possible a
framework to protect the most important thing of all, the human health, as well as to

take the necessary measures to reduce this cost.
What about the yearly external cost in health caused by one ship?

An estimation of the external cost in health caused by one coastal passenger ship in

Piraeus for the year 2013-2014 was found to be 850 thousand €.
How is this compared to the main case study?

The main case study gave us 26 million € of external cost in health for 183 ships (124
cruise ships and 54 coastal passenger ships) but that doesn’t mean that one ship’s
external cost will be 183/26 because every ship has different port times (especially
cruise ships), different emissions as well as different features (stack height, diameter,

etc)

What is the share of the external cost in health from coastal passenger ships and

cruise ships compared to other sectors?

In Chapter 10 there is a comparison between the annual external cost in health per
people living in Athens caused by particles (with diameter 10um) that are emitted
from the coastal passenger ships and cruise ships approaching the port of Piraeus for
one year with the external cost per receptor living in Athens caused by particles (with
diameter 10pm) that are emitted from the industries in greater Athens as well as one
between the annual external cost in health per person living in Athens caused by
particles (with diameter 2.5um) that are emitted from the coastal passenger ships and

cruise ships approaching the port of Piraeus for one year with the external cost per
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person living in Athens caused by particles (with diameter 2.5um) that are emitted

from the road transport sector this time.

The structure of this thesis is as follows:

1% Chapter

The first chapter is a literature overview on the problem of air emissions from
shipping. Initially, it is presented a briefly timeline of the problem and the actions
taken so far to constrain it. Then it is noted the separation of air emissions in those
that are causing pollution and those that are causing climate change while listing
estimates from various studies of global emissions from shipping. Also, a comparison
with the air emissions of other vehicles and industries is presented for the better
understanding of the magnitude of the problem. Finally, the main and secondary air
pollutants in shipping, their origin and their effects on human health and environment

are highlighted.

2" Chapter

In the second chapter a first report on economic terms "externalities" and "external
costs", which are essential for a deeper understanding of the problem of air pollution,
is presented. Then, the sources of external costs in shipping are listed followed by a
brief analysis of them. Moreover, two approaches of estimating external costs are
presented and compared, the "bottom-up" and "top-down". Finally, an overview of

some studies on the external costs of air emissions in shipping is given.

3" Chapter

Chapter 3 presents the Impact Pathway Assessment (IPA) methodology and analyzes
the four steps for its implementation: source emission, atmospheric dispersion, impact
and quantification of impact cost. Then, the uncertainties of the method are analyzed

followed by a description of studies that used the IPA in shipping until now.

4" Chapter

The fourth chapter describes the program RiskPoll that was used. Initially, there is a
reference to the Simple Uniform World Model and how it is incorporated into the
RiskPoll. In addition, the available simplified models contained in the program and

comparisons of these with other more detailed models are presented. Finally, an

17



analysis of the algorithm that was preferred (QUERI) is taken place: Gaussian plume

model, equation of damage costs and monetization of these costs.

5th Chapter

Chapter 5 is a description of the case study: the estimation of external cost in health
from the main air pollutants (PM,s, PM;o, SO, and NO,) and secondary air
pollutants (nitrates and sulphates aerosols) emitted by coastal passenger ships and
cruise ships approaching the port of Piraeus for the year 2008-2009. Then, it is
presented the study from which will be used quantities of the air pollutants emitted
from ships in the port of Piraeus. Furthermore, the assumptions made for this study;

the input data that accepts RiskPoll and the input data that were used are discussed.

6™ Chapter

Chapter 6 presents the results of the program for the case studied: screen results,
analytical results of the algorithm, the graph of damage cost, concentration profiles of

the main pollutants and graphics concentration of the main pollutants.

7t Chapter

The seventh chapter is an analysis of the results with graphics and commentary. The
graphs that were used are: graph of external costs of all pollutants, graph of
participation presentence of each main pollutant in the external costs, graph of
participation presentence of each secondary pollutant in the external costs, graph of
participation presentence of each pollutant in the external costs, percentage of local
and regional impacts in the external costs of each pollutant, presentence of costs
derived from mortality and morbidity in the external costs of each pollutant and a cost
/ tone graph comparison of each pollutant. Also, it includes a comparison with the

study of Tzannatos.

gt Chapter

Chapter 8 deals with the estimation of the external health cost caused by a coastal
passenger ship to the port of Piraeus for the year 2013-2014. After acquiring the travel
book then it was calculated the average time that the ship stays in the port and the
time of entry and exit maneuver. Then these hours in conjunction with the use of

emission factors and the power of the main engine and generator in operation in each
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case, found the tones emitted of the pollutants under consideration for one year.
Finally, using the program RiskPoll it was estimated the external cost in health while
presenting the results: screen results, analytical results of the algorithm, the graph of
the damage cost, concentration profiles of the main pollutants and graphics

concentration of the main pollutants.

9th Chapter

The seventh chapter is an analysis of the results for the one ship case with graphics
and commentary. The graphs that were used are: graph of external costs of all
pollutants, graph of participation presentence of each main pollutant in the external
costs, graph of participation presentence of each secondary pollutant in the external
costs, graph of participation presentence of each pollutant in the external costs,
percentage of local and regional impacts in the external costs of each pollutant,
presentence of costs derived from mortality and morbidity in the external costs of

each pollutant and a cost / tone graph comparison of each pollutant.

10™ Chapter

Chapter 10 contains two comparisons: one between the annual external cost in health
per person living in Athens caused by particles (with diameter 10um) that are emitted
from the coastal passenger ships and cruise ships approaching the port of Piraeus for
one year with the external cost per person living in Athens caused by particles (with
diameter 10um) that are emitted from the industries in greater Athens is taken place
and one between the annual external cost in health per person living in Athens caused
by particles (with diameter 2.5um) that are emitted from the coastal passenger ships
and cruise ships approaching the port of Piracus for one year with the external cost
per person living in Athens caused by particles (with diameter 2.5um) that are emitted

from the road transport sector this time.

1" Chapter

It is the Chapter that contains the final conclusion and recommendations for future

improvement work.
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Chapter 1: Ship air emissions

1.1 The problem of air pollution from ships

Ships contribution to air pollution first started with the use of steam engines and later
internal combustion engines in marine transportation. The IMO (International
Maritime Organization) adopted the MARPOL convention on 2 November 1973 for
the prevention of marine pollution since the impact of marine pollution is more direct
than air pollution. Annex VI for the prevention of air pollution from shipping entered
into force on 19 May 2005, almost a century after the problem first started and
because of that, a certain culture was developed throughout the years before in favor

of more polluting technologies and practices.

1.2 Quantities of total air emissions from ships and comparison with
other transport modes

Figure 1 shows the different sources of pollution in a ship. For air emissions it is
interesting to note that they are divided into emissions that result in air pollution and

emissions that result in climate change.

Air Pollution (NOx, SO2, PM2,5, VOC) and Climate Change (CO2, HCFC)

AIR EMISSIONS

st FROM PLANTS

Lubricants Main and Aux engines, VOLATILE EMISSIONS from
Fresh water heaters, generators, BUNKERING and/or CARGO SPACES
Chemicals incinerators, etc.

Paints

e o e e e e

BILGE BILGE on.] ,Q
waste-water | liquid waste | ,

[ I } - [(_u..."::.’:....}

SLUDGE
(liquid waste)

D Air Emissions D Wastes Discharges into water @ Availability of monetary evaluation

Figure 1: Ship’s Resources Consumptions and Pollution Sources (source: Maffii et al., 2007)
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Malffii et al. (2007) estimated for the year of 2006 the ship GHG (Green House Gas)
emissions (CO,, HCFC). Specifically CO, emissions for the EU fleet found to be
225.2 Mtonnes/y and for the world fleet 1003 Mtonnes/y. In addition, for the HCFC
releases in the atmosphere due to losses of refrigerant gases from air conditioning
systems and on-board freezers the results were 1550.8 tonnes/y for the EU fleet and
6402.8 tonnes/y for the world fleet. According to these results world shipping
CO,emissions account for 3.34% of the global CO,emissions from fuel combustion
(about 30 billion tonnes, IEA, 2012);, the EU fleet for 0.75%. In a geographical
perspective, 178 million tonnes of CO, were released from ships in the five European
sea areas of the EMEP (NE Atlantic & Black & Mediterranean Seas) domain in 2005
according to the reference data of the IIASA-Entec-MET.NO study (2006). Other
studies have found similar results (Cofala et al.,, 2007, Whall et al., 2002; Concawe,
2007). Psaraftis&Kontovas (2009) using the Lloyds-Fairplay world ship database for
2007 calculated a total of 942.44 Mtonnes/y CO,emissions from the world fleet.
Similar results ranging mostly between 713 and 1046 million tons CO, per year were
presented also by other studies(Eyring et al., 2005a); (Corbett and Kohler 2003);
(Corbett et al., 1999), (Buhaug et al., 2008) (Buhaug et al., 2009), (IEA, 2007).

Maffii et al. (2007) also estimated for the year 2006, the air quality emissions
(§02,NO4,PM; 5 and VOC (including HC)). The SO, emissions for the EU fleet were
found to be 3.48 milliontonnes/y and for the world fleet 16.54 million tonnes/y, the
NOyemissions for the EU fleet 5.41 million tonnes/y and for the world fleet
24 29milliontonnes/y, the PM; 5 emissions for the EU fleet 0.42 million tonnes/y and
for the world fleet 1.91 million tonnes/y and the HC emissions for the EU fleet 1.85
milliontonnes/y and for the world fleet 0.83 million tonnes/y. Overall VOC emissions
estimated to be 1.2 Mtonnes/y, 368,000 tonnes from oil tanker cargo loading and
46,000 tonnes from ship’s bunkering . Also in the EMEP area according to the
reference data of the IIASA-Entec-MET.NO study (2006) the SO, emissions were
2.96million tonnes/y, the NOyemissions 4.1 milliontonnes/y, the PM; 5 emissions 3.24
million tonnes/y and the HC emissions 1.45 million tonnes/y. Other studies have
found comparable results (Cofala et al., 2007, Whall et al., 2002; Endresen et al.,
2005; Concawe, 2007). As for the global emissions similar results were presented in
previous papers (Eyring et al., 2005b; Corbett and Kohler, 2003; Corbett et al., 1999,
Buhaug et al., 2008; Vestreng et al., 2007).
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In Figure 2 estimations for global emissions of CO, from different studies are
displayed all together. Corbett & Kohler (2003) and Corbet et al. (1999) emissions are

in million tons of Carbon.

1200
g # Maffii et al. (2007)
O
= 1000 '—
= X M Buhaug, @. Et al. (2009)
[
§ 800 X
g Psaraftis and Kontovas
% 600 (2009)
= X Eyring et al. (2005)
o]
Y 400
° X Buhaug et al. (2008}
[
% 200
€ IEA (2007}
Ll
0
1998 2000 2002 2004 2006 2008 Corbett & Kohler, 2003
Year of estimation

Figure 2: Studies comparison of global emissions of CO, from Shipping

Figure 3-6 shows estimations of global emissions of SO,,NOy, PMand HC from
different studies. Corbett & Kohler (2003) and Corbet et al. (1999) emissions are in
million tones S, Corbett & Kohler (2003) and Corbet et al. (1999) emissions are in
million tones N, Maffii et al. (2007) estimates PM2.5 where the other studies PM10
and Corbett & Kohler (2003) and Corbet et al. (1999) emissions are in million tones
CH4.
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Figure 3: Studies comparison of global emissions of SO, from Shipping
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Figure 4: Studies comparison of global emissions of NO, from Shipping
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Figure 6: Studies comparison of global emissions of HC from Shipping

A comparison between ship emissions and emissions from other transport modes
provides an insight of maritime transport’s contribution to global air pollution and
climate change. In the study of Buhaug et al. (2008), total shipping emissions of CO,
were calculated as a sum of international shipping and domestic/fishing and found to
be 931 million tonnes while CO, emissions from rail, road diesel and aviation are
133,4757 and 735 million tonnes respectively (these estimations are from IEA, 2005).

In Table 1 we summarize the above results.
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Table 1: CO, emissions - Comparison of different transport modes (source: IEA, 2005)

Transport mode Source CO2 emissions (million
tonnes, 2005)

Rail IEA (2005) 133

Road diesel IEA (2005) 4757

Aviation IEA (2005) 735

International shipping  Buhaug et al. (2008) 774

Domestic/fishing Buhaug et al. (2008) 157

In the Second IMO GHG Study (Buhaug, O et al, 2009) the emissions of CQ, from
shipping and other transport modes were given in presentence of total emissions. This
way the reader has a clearer picture of the contribution of each transport mode. Figure

7 shows these results.

M International Aviation

M International Shipping

W Domestic Shipping and
Fishing

M Electricity and Heat
Production

M Other

m Other Energy Industries

[ Manufacturing Industries
and Construction

4,60%

Figure 7: Emissions of CO, from shipping and other transport modes given in presentence of total emissions
(source: Buhaug, @ et al, 2009)

Combining the two studies we can conclude that total CO, emissions from shipping
surpass those from rail and aviation reaching a total of 3.3% of the global emissions.
Electricity and heat production are the main contributors to the global CO, emissions
closely followed by road emissions. However shipping should take imminent action to
reduce its future emissions since according to future scenarios (given in the recent
IMO GHG Study, (Buhaug, @ et al, 2009) shipping’s contribution will be increased in
2050 (between 12% and 18% of global emissions) while other modes of transport are
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expected to reduce their contribution. As for the air pollution, emissions
of $O,,NOy, PM; 5, PM;,, CO and NMVOC have been reported to the Convention on
Long-range Transboundary Air Pollution (LRTAP Convention) in EEA32 (European
Environment Agency-33 member states). Figure 8 summarizes these results. The
graphs report the percentage contribution of transport and not transport sector to total
emission of air pollutants in EEA32. Transport sector includes road transport,

shipping, aviation and railways.

NMVOC

33 % 13 %

Non-transport Transport
sectors 58 % 1%
42 %

Transport

18 %

2%

2%
1%

Primary PM, ;

E—FL

10 %

_ )
Non-transport Non-transport Transport >

EEEigls 27 % L 2%
73 %

Transport
21 %

sectors
79 %

19 %

10 %

co
=
27 % 7%
Non-transport
Non-t: rt
Onseg;':spﬂ Transport sectors 6 %
30 o 78 %
70 % 1 g/o
1%
2% 7%

1%

[0  Non-transport sectors [0 Road transport exhaust B International shipping
[0 Transport B Road transport non-exhaust [0 Domestic aviation
B Railways B International aviation

[0 Domestic shipping
Figure 8: Percentage contribution of transport and not transport sector to total emission of air pollutants in

EEA32 (source: http://www.eea.europa.eu/data-and-maps/figures/the-contribution-of-the-transport-1)

According to Figure 8, for the transport sector, the contributing emissions of air
pollutants from the whole sector of shipping (domestic and international) are: SO, (21

%), NOy (19%), PMj (12 %), PM25 (8%), NMVOC (3 %) and CO (3 %). However it
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should be noted that this does not mean that, for example, SO, emissions are more
dangerous than PM emissions, it’s just a quantitative comparison of different air

pollutants and not a risk analysis.

1.3 Categories of air emissions

Air emissions may be grouped, subject to their general impact, to; emissions causing
air pollution and emissions contributing to the climate change phenomenon. In the
first category belong the emissions of SOy, NOy, PM, CO and VOC and in the second
the emissions of CO,, HCFC, and CH4. Air pollutants can further categorized into
main and secondary pollutants. The secondary pollutants are not emitted directly by
any emission source (like the main pollutants) but they are formed later in
approximately 50 km from the source when chemical reactions are taking place
between main air pollutants and the environment. The secondary pollutants in

shipping are: Oz(ozone), sulfates and nitrates.

1.4 Origin and impact of each air pollutant

1.4.1 Particulate matter (PM)

Origin: PM is an ill defined mixture of pollutants, from acids (such as nitrates and
sulfates) to organic chemicals, metals, soil, dust particles or generally anything, solid
or liquid that accumulates in a particle detector (Rabl A., 2001). It can be categorized
in particles with less than 10 micrometers diameter (the “coarse” fraction) and
particles with less than 2.5 micrometers diameter (the “fine” fraction) called PM;q
and PM, 5 (Caté, 2005). Figure 9 shows an lllustration of PM;, and PM, 5 particle
size. In the atmosphere, PM can either originate from primary particles emitted
directly or ‘secondary’ particles from chemical reactions between PM-forming
(precursor) gases like SO,, NOy, NH; and non-methane volatile organic compounds
(NMVOC) (EEA, 2013). Specifically for the ‘secondary’ particles, S0O,, NOx,
NHzform sulfate, nitrate and ammonium compounds which then condense into liquid
form and produce new particles in the air, called secondary inorganic aerosols (SIA)
(EEA, 2013). Secondary organic aerosols (SOA) are formed from the oxidation of
VOC to less volatile compounds (EEA, 2013). The main chemical compounds of an

- +
aerosol (Black carbon (BC), nitrate (NO3 ), ammonium (NH4 ), organic matter

2.
concentrations (OM), non-sea-salt sulfate (nssSO4 ), sea salt and mineral dust)
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account for about 70% or more of the PM;y, and PM, s mass when the rest 30% is
thought to be due to the presence of water or to the underestimation of the molecular
mass to carbon mass ratio when calculating organic matter concentrations (Putaud et
al., 2004). In shipping, primary particles are emitted directly from the funnel due to
incomplete combustion and secondary particles are formed from SO,, NOy and VOC

emissions.

Impacts: The most consistent results, worldwide, have been found for PM and multi-
pollutant analyses have usually found them to be the most significant source of
damage costs (Rabl A., 2001). Numerous studies have found a link between particle
levels and hospital admissions and emergency room visits, even death from heart or
lung diseases (Denissis, 2009). WHO (2013) (World Health Organization) concluded
that “the evidence for a causal link between PM, s and adverse health outcomes in
humans have been confirmed and strengthened and, thus, clearly remain valid. As the
evidence base for the association between PM and short-term, as well as long-term,
health effects have become much larger and broader it is important to update the
current WHO Guidelines for PM”. Also for black carbon, secondary organic aerosols
(SOA), and secondary inorganic aerosols (SOA) there is substantial exposure and
health research finding associations and effects (WHO, 2013). New evidence links
black carbon particles with cardiovascular health effects and premature mortality for
both short-term (24 hours) and long-term (annual) exposures where epidemiological
studies continue to report associations between sulfates or nitrates and human health
(WHO, 2013). What’s more disturbing is that center investigators identified the brain
and the autonomic nervous system as new targets for adverse eftfects of PM (Breysse
et al., 2013). Long-term exposures of PM have been associated with reduced lung
function, chronic bronchitis and premature death. Short-term exposures can aggravate
lung disease, causing asthma attacks, acute bronchitis and increase susceptibility to
respiratory infections (Denissis, 2009). The size of particles is crucial to their
potential for causing health problems and thus the impact of shipping activity
increases with decreasing particle size (EEA, 2013). In fact PM;, and PM, 5 pose the
greatest danger because they can penetrate the lungs and get into the bloodstream
(Denissis, 2009). In Café (2005) it’s been estimated that over 300, 000 premature
deaths equivalent a year in 2000 are the effects on life expectancy of exposure to

particulates. Corbett et al. (2007) modeled ambient PM concentrations from
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oceangoing ships and found that PM emissions are responsible for approximately
60,000 cardiopulmonary and lung cancer deaths annually, with most deaths occurring
near coastlines in East Asia, Europe and South Asia. Another analysis by WHO
(2006b) indicate that PM (and especially PM, 5) affects the most of Europe population
leading to a wide range of acute and chronic health problems as well as to a reduction
in life expectancy of 8.6 months on average in the 25 countries of the European Union
(EU). Finally, PM,, emissions are closely associated with diesel engines which are

30 to 70 times higher than from gasoline engines (Denissis, 2009).

‘ PM?E
" Combustion particles, organic
Human hair compounds, metals, etc.
50-70 pm < 2.5 pym (microns) in diameter

(microns) in diameter

@ rM,
Dust, pollen, mold, etc.
< 10 pm (microns) in diameter

Fine beach sand
90 pm (microns) in diameter

Figure 9: lllustration of PM,, and PM, ; particle size (source: EPA, 2010)

1.4.2 Carbon monoxide (CO)

Origin: CO is a gas emitted from incomplete combustion of fossil fuels and biofuels
(EEA, 2013) and therefore it is emitted directly from the funnel of the ship. In the
atmosphere CO has a lifetime span of three months or so because it slowly oxidizes

into CO, forming Ozduring the process (EEA, 2013).

Impacts: CO is hazardous for humans and impossible to be detected from them as it
is colorless and odorless. It affects not only the sensitive parts of a society like
individuals with respiratory diseases, infants and elderly persons but also healthy
individuals (Denissis, 2009). CO enters the body through the lungs and is strongly
bound to haemoglobin and therefore reduces the amount of oxygen that it can be
transferred to the body’s organ and tissues (EEA, 2013). People that suffer from
cardiovascular disease are the most sensitive because further reduction of oxygen to

the heart can cause myocardial ischemia (EEA, 2013). High concentrations of CO can
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cause asphyxia and eventually death even to a healthy person. Some of the most
common effects of a small increase in the level of carbon monoxide are impairing
exercise capacity, learning functions, ability to perform complex tasks, affected
coordination, difficult concentrating and damaged visual perception (Denissis, 2009).
There is also epidemiological evidence which suggests that direct impacts of CO also
appear to be statistically significant. However the resulting damage costs are low,
even for the transport sector (Rabl A., 2001). In many studies CO is not examined as a
possibly causative pollutant where in other studies it is considered but they fail to find
a CO-related effect (Rainer Friedrich & Peter Bickel, 2001).

1.4.3 Carbon dioxide (CO2)
Origin: CO, is naturally part of the atmosphere but it can also be produced from
incomplete combustion of fossil fuels and like CO it is also emitted directly from the

ship’s funnel.

Impacts: CO, is a greenhouse gas which means that in large quantities can cause
global warming. Global warming is the phenomenon where increasing concentrations
of greenhouse gases cause a continuing rise in the average temperature of Earth’s

climate system (Stocker et al, 2013).

1.4.4 Nitrogen oxides (NO,)

Origin: Emissions of NOy are produced from the combustion of fuels under high
pressure and temperature (Denissis, 2009). More specifically, high air temperatures
activate oxidation of nitrogen in the air passing through the engine as well as the
potential formation of NOy from nitrogen in the fuel result in emissions of NOy
(Concawe, 2007). Most NOy are emitted in the form of NO which 1s rapidly oxidized
in the atmosphere to NO, and then to nitric acid and other nitrates. A small part of
NOy emissions is directly emitted as NO,, called NO, fraction (f- NO;). F-NO; 1s less
than 5% for petrol fuelled vehicles, whereas in diesel vehicles (like most ships) is

higher at around 10-12% (Grice et al., 2009).

Impacts: As it was previously noted most NOy are emitted in the form of NO which
is rapidly oxidized in the atmosphere to NO, and then to nitric acid and other nitrates.
NO is usually considered harmless as it is a reducing and not an oxidizing agent (Rabl
A., 2001). NO,’s toxicity generally is attributed to its oxidative capabilities although
it 1s less reactive as an oxidant than O3 (Rabl A., 2001). NO, primary affects the
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respiratory system (EEA, 2013). Short-term exposure to NO, can change the lung
function in sensitive population groups and long-term exposure can lead to more
serious effects such as increased susceptibility to respiratory infection (EEA, 2013).
Epidemiological studies have shown that long-term exposure to NO, is possibly
associated with an increase of symptoms of bronchitis in asthmatic children (EEA,
2013). Bascom et al (1996) concluded that "meta analysis indicates that a long term
increase in exposure to NO, of 15 ppb is associated with an increase in illness odds of
approximately 20% in children but not in adults" (Rabl A., 2001). NO, is highly
correlated with other pollutants (especially PM), so it is difficult to distinguish the
effects of NO, from those of other pollutants (EEA, 2013). There isn’t sustainable
evidence for direct health impacts of NO, except maybe for morbidity of children and
therefore it seems that the main damage of NOy is the result of its second pollutants,
03 and nitrates (Rabl A, 2001). Nitrate particles can be transported long distances by
winds and inhaled deep into people's lungs increasing illness and premature death
from heart and lung disorders, such as asthma and bronchitis. In addition, NO, can
have adverse effects on ecosystems. Even though in normal concentration it is an
important nutrient, excess deposition of reactive nitrogen can lead to a surplus of
nitrogen in ecosystems, causing eutrophication (nutrient oversupply) in terrestrial and

aquatic ecosystems (EEA, 2013).

1.4.5 Sulfur dioxide (SO2)

Origin: Outcome of the combustion process in diesel engines. The main fuel used in
international shipping is HFO (Heavy Fuel Oil-used in 87 % of ships in 2010) which
contains sulfur (EEA, 2013) and the combustion of sulfur-containing fuels leads to

SO, emissions.

Impacts: Further oxidation of SO, create acidic deposition (Holleman, A. F.; Wiberg,
E., 2001) called acid rain, causing adverse effects on aquatic ecosystems in rivers and
lakes, damage to forests, and acidification of soils (EEA, 2013). Also, sulfate particles
(secondary pollutants of SO,) can be transported long distances by winds and inhaled
deep into people's lungs increasing illness and premature death from heart and lung
disorders, such as asthma and bronchitis. SO, itself contributes to respiratory

problems, particular in children and elderly, and aggravates existing heart and lung
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diseases (Denissis, 2009). According to epidemiological studies SO, can affect the

respiratory system and lung functions, and causes irritation of the eyes (EEA, 2013).

1.4.6 Volatile organic compounds (VOC)
Origin: VOC (which include HC) are produced from incomplete combustion and fuel
evaporation and they play an important role in creating ground level-ozone when they

chemically react with NOy (Denissis, 2009).

Impacts: In addition, VOC contain Hydrocarbons (HC), some of which are
carcinogenic. For example, prolong exposure to benzene (CgHg) can cause damage to
genetic material of cells (EEA, 2013) which lead to cancer. Also, chronic exposure to
CeHg can damage bone marrow and cause haematological effects such as decreased
red and white blood cell counts (EEA, 2013). Other harmful components of VOC are
the polycyclic aromatic hydrocarbons (PAHs) which are ubiquitously distributed

human mutagens and carcinogen (Choi, 2006).

1.4.7 Ozone (03)

Origin: Ground-level (tropospheric) O3 unlike primary air pollutants is not directly
emitted into the atmosphere; instead it is formed from complex chemical reactions
following emissions of precursor gases such as NOy and non-methane VOCs (EEA,

2013). Figure 10 shows these photochemical reactions. Also at continental scale
methane (CH4) and carbon monoxide (CO) play a role in O3 formation (EEA, 2013).

Impacts: Ozone is a highly oxidative compound and because of that is harmful to
vegetation, materials and human health (WHO, 2008). Respiratory health problems,
such as breathing problems, asthma, reduced lung function, and other lung diseases
can be caused by high concentrations of O3 (EEA, 2013). Recent epidemiological
studies have strengthened the evidence that daily exposures to ozone increase
mortality and respiratory morbidity rates and as for long-term exposures, new
epidemiological evidence indicate inflammatory responses, lung damage and
persistent structural airway and lung tissue changes early in life (however these results
are not conclusive and future studies must confirm them) (WHO, 2008). Ozone can
also damage buildings by increasing the rate of degradation and reduce agriculture
crop yields by impairing reproduction and growth of plants (EEA, 2013). In addition,
05 1s a short lived (unlike CO,) greenhouse gas, so its contribution to global warming

is limited.
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Figure 10: Formation of ground-level O;(source: Jenkin & Hayman, 1999)

To summarize all the above, Figure 11 and Table 2 are given below.

Headache and anxiety (S0,)
Impacts on the central nervous
systemn (PM)

Cardiovascular
diseases
(PM, 0, SO,)

Irritation of eyes, nose and throat
Breathing problems (0., PM, NO,, SO, BaP)

= N

Impacts on the respiratory system:
Irritation, inflammation and infections
Asthma and reduced lung function
Chronic obstructive

pulmonary disease [PM])

Lung cancer [PM, BaF)

Impacts on liver, spleen
and blood (NO_)

Impacts on the
reproductive system [PM)

Figure 11: Health impacts of air pollution (source: EEA, 2013f)




143

—
| S—

‘aJaydsowne
ay3 8ujjood ‘sapited ajeydins
J0 uonew.o} ayj 01 saINqLIIU0)

"S109442 Sjewl|o
pajeloosse yym ‘4apew ajejnapJted pue
2U0Z0 JO UolEeW.I0) Y3 03 S23NJLIAU0D)

‘aJaydsowie ayj Jo Sujwiem o}
sunnquiiuod sed asnoyuaaus e s| auozQp
"(y31yuns

wou} uonejpel 399}a1 0} yues ayy

10 Ajlj1ge ay3) opag|e aoepins uj sadueyd
0} pea| ues uopisodaq susoned

[lejuies padueyd o3 pes| ue) ‘Sujwaiem
0] pea| s19Y30 3|Iym ‘8uljood 1au 0] pes|
awos :uonisodwos pue azis apppJed

uo Sulpuadasp saleA 10848 ajewl|d

"s3ulp|ing

sa8ewe(] "s109 42 [BIUSWUOIIAUD
pajelposse yum Janew ajenoned

JO uonew.oy} ay3 03 SaNQHIU0D)
‘swia)sAs |eli1salla) pue onenbe

ul sass0| sa12ads |ed0o| pue uonelagan
01 Ainful sasne) “1alem 2ens pue
[l0S JO uopedyIpIoe ay} 0} SINLIIUOD)

'sdulp|inq 01 e8ewep 03] pes| ue) 'says
[EIUSWUOUIAUS PajeId0Sse Ym ‘Japew
a1e|noied pue suozo jo Josinoaud

e se s1oy "AlsiaAlp saads ul sedueyd o}
Suipes| ‘4a1em pue [10s Jo uonesiydoiina
pue uonesyipioe ayj 0} se3nqlIue)
20D jo ayerdn jue|d aseasdap

pue Ajsianlpolq aonpad ‘eanyonals
wa3lsAsooa Jayje ue) ‘spialA doao
8ujseatdap pue ‘Ymoa3 pue uoponpoudal
jue|d Sunjedw ‘uoneladan sadeweq

‘Aigisia

pasnpay "s3uip|ing jo 3ujjios pue
23ewep asned ue) ‘sassa20.4d waysAsoss
pue yimous jue|d sppayy ‘suewny

se Aem awies ayj Ul S|ewjue aye ue)

"A}2IXue pue JoJWodsIp [eJauasd
‘ayoepeay asned ue) "pesy Alojesidsad
33 swepul pue uonouny Sun|

22npaJ ued pue ewyjse sajenelddy

‘uonoajul Alojesidsal o3

Ayiqudaasns pasealou) pue swoldwAs
Aiojesidsad 03 3ujpes) saseasip

8un| a1eaeua338e ue) ‘poojq pue

uas|ds ‘Bun| ‘4aAl| ay3 109Je UBSZON

‘Aijeow

ainjewsaud o} pes|

ue) ‘saseasip 3un| Jayjo pue ewyjse
91eAesdse ‘uoppouny 3un| asealdsp ue)

‘yzeap aunjewsud aq ueds swoIINO
8Y] "1eoued asned pue wa3sAs
aAndnpoJdal ay3 ‘waisAs snoalau
[e43u82 8y} 10aye ‘selwyiAyiie

pue syoene peay ‘saseasip un| pue
JenasenoipJied ajeAea38e 1o asned ue)

(x0S) sapixo unyding

(XON) sap1xo uasosN

(€0) auozo

(N d) 19new ajendnied

$109.49 ajewn)

$199449 [RIUBWIUOIIAUT

$10949 Y}edH

jueinjod

(€T0T ‘w33 :224n0s) 31eWID Y1 pUE JUSWUOIIAUD 3Y} ‘Y}eay uewny uo sjueinjjod Jie o s18)3 g 9|qel



13

—
| S—

's109)J2 oyloads op

's192104 a1ew|d
se Joe ued Yyalym ‘sjososse ojuedio
Alepuodas pue au0zo Jo uolew.io}
a3 03 s91nquIuod 3 se auaydsowe
ay3 Jo Suiwuem ayy 01 Sunnqliuod
sed asnoyuaai3 e s| sauazuag
‘auozo

pue z0D se yons sased asnoyuaau3
J0 uonew.o} ayj 03 saINqLIIU0)

ECHI P EANETT]]

ul Ajeroadsa ‘saje|nwnaoeolq

‘SpJiq pue ajl| onenbe 0] 21x0} S|

‘sjue|d

ul yjesp asned pue sdoud |ednyjnoude

10 sanes| a8ewep ued 3| Jolneyaq

10 soueseadde u) se8ueys pue swa|qoad
aanonpoudal 0} spea ‘sajelqaanul

ul Ajjerpadsa ‘seje|nwnooeold y

‘31| onenbe uo 1aya oixo) a1nde ue sey

"3U0Z0 J0 JosindaJd e se sy ‘suewny
se Aem awies ay3 uUj sjewiue 1094 Aejp

"sagn} [e1ysuoq
pue 3eoJy3 ‘@sou ‘saAa ay3 Jo uoneLl|
2 Aew 539919 JaYy3Q "d1uasouipie)

"wia)sAs sunwwi sy} wiey

ued pue ‘uoponpoud poojq [ewJlou
pue wa3sAs SNOAISU [BJ3USD BY3 Jod e
ue) 's309J9p YHiq pue ejwaeyna|
asned ued Yolym ‘uasoujpied uewny y
‘andpe} pue ssaujzzip ‘Oyoepeay
2snNed 0S|e Ued!Wa3sAs snoAIaU SY3 0}
o8ewep pue aseas|p Yeay 0} pea| ued

(deg) suaiAd-e-ozuag
Jenonaed ul ‘sHvd

(9H9D) auazuag

(0D) apixouow uoqie)




References of Chapter 1

Bascom R, Bromberg PA, Costa DA, Devlin R, Dockery DW, Frampton MW,
Lambert W, Samet JM, Speizer FE, Utell M. 1996. Health effects of outdoor air
pollution, part 1. Am J Respir Crit Care Med 153:3-50.

Breysse, P.N., Delfino, R.J., Dominici, F., Elder, A.C.P., Frampton, M.W., Froines,
JR., Geyh, AS., Godleski, J.J., Gold, D.R., Hopke, P.K., Koutrakis, P., Li, N,
Oberdorster, G., Pinkerton, K.E., Samet, JM., Utell, M.J., Wexler, A.S., 2013, 'US
EPA particulate matter research centers: summary of research results for 2005-2011',

Air Quality, Atmosphere, and Health,(6) 333-355.

Buhaug,@., J. J.Corbett,@. Endresen,V. Eyring, J. Faber, S.Hanayama,D.S. Lee, et al.
2008. Updated Study on Greenhouse Gas Emissions from Ships: Phase I Report.
International ~Maritime  Organization (IMO) (included as Annex in

documentMEPCS8/INF.6)

Buhaug, ©., Corbett, J.J., Endresen, @., Eyring, V., Faber, J.,, Hanayama, S., Lee,
D.S., Lee, D, Lindstad, H.,Markowska, A.Z., Mjelde, A., Nelissen, D., Nilsen, J.,
Pélsson, C., Winebrake, J.J., Wu, W_, Yoshida, K. , Second IMO GHG Study 2009,
International Maritime Organization (IMO) London, UK, April 2009.

CAFE, 2005. Thematic strategy on air pollution (COM (2005) 446 final, COM (2005)
447 final).

Choi, H., Jedrychowski, W., Spengler, J., Camann, D. E., Whyatt, R M., Rauh, V.,
Tsai, W.-Y. and Perera, F.P., 2006, 'International Studies of Prenatal Exposure to

Polycyclic Aromatic Hydrocarbons and IFetal Growth', Environmental Health
Perspectives, 114(11) 1 744-1 750

Cofala, J., Amann, M., Hezes, C., Wagner, F., Klimont, Z., Posch, M., Schopp, W.

2

Tarasson, L., Eiof Jonson, J., Whall, C, and Stavrakaki, A. Analysis of Policy
Measures to Reduce Ship Emissions in the Context of the Revision of the National
Emissions Ceilings Directive, 2007. Final Report, Submitted to the European
Commission, DG Environment, Unit ENV/C1, Contract No 070501/
2005/419589/MAR/C1, ITIASA Contract No. 06-107. 7157, 7160.

36



Concawe, 2007. Ship Emissions Inventory-Mediterranean Sea. Final Report, April
2007. Entec UK Limited, vol. 47, pp. 7160

Corbett, J.J., Fischbeck, P.S., Pandis, SN., 1999. Global nitrogen and sulphur
emissions inventories for oceangoing ships. Journal of Geophysical Research 104

(D3), 3457-3470,

Corbett, J.J., Kohler, HW., 2003. Updated emissions from ocean shipping. Journal of
Geophysical Research 108 (D20), 4650

Corbett JJ, Winebrake JJ, Green EH, Kasibhalta P, Eyring V, Lauer A,
2007 Mortality from ship emissions: a global assessment. Environ Sci Technol
2007b:8512-8.

Denisis A. ,2009. An Economic Feasibility Study of Short Sea Shipping Including the
Estimation of Externalities with Fuzzy Logic. University of Michigan: Naval

Architecture and Marine Engineering

EEA, 2013f, EEA Signals 2013 — Every breath we take. Improving air quality in

Lurope, European Environment Agency.

EEA, 2013. Air quality in Europe — 2013 report. EEA Technical report No 9/2013,

European Environment Agency.

EEA, 2013. The impact of international shipping on European air quality and climate
Jorcing. EEA Technical report No 4/2013, European Environment Agency.

EPA, 2010, Qur Nation's Air — Status and Trends through 2008, EPA Report 454/R-
09-002, United States Environmental Protection Agency.

Endresen, O., Bakke, J., Sorgard, E., Berglen, T.F., Holmvang, P., 2005. Improved
modeling of ship SO2 emissions e fuel-based approach. Atmospheric Environment 39,
3621e3628.

Eyring, V., H. W. Ko'hler, J. van Aardenne, and A. Lauer (2005), Emissions from
international shipping: 1. The last 50 years, J. Geophys. Res., 110, D17305,
doi:10.1029/2004JD005619.

37



Eyring, V., H. W. Ko'hler, A. Lauer, and B. Lemper (2005), Emissions from
international shipping: 2. Impact of future technologies on scenarios until 2050, J.

Geophys. Res., 110, D17306, doi:10.1029/2004JD005620.

Grice, S., Stedman, J., Kent, A., Hobson, M., Norris, J., Abbott, J., Cooke, S., 2009,
'Recent trends and projections of primary NO2 emissions in Europe’, Atmospheric

Environment, (43) 2 154-2 167.

http://www.eea.europa.eu/data-and-maps/figures/the-contribution-of-the-transport-1,

2012. The contribution of the fransport sector to total emissions of the main air

pollutants in 2009 (EEA-32).

Jenkin ME, Hayman GD. Photochemical ozone creation potentials for oxygenated
volatile organic compounds: sensitivity to variations in kinetic and mechanistic

parameters. Atmospheric Environment, 1999, 33:1275-1293,

Maffii, S., Molocchi, A., Chifti, C., 2007. External Costs of Maritime Transport.
Prepared by TRT Transport e Territorio Srl for Policy Department, Structural and
Cohesion Policies, Directorate General Internal Policies of the Union. European

Parliament, Brussels.

Psaraftis, HN., Kontovas, C.A., 2009. CO2 emission Statistics for the world
Commercial fleet. WMU Journal of Maritime Affairs 8, 1e25.

Putaud, J. P, Raes, F., Van Dingenen, R., et al.: European aerosol phenomenology-2:
chemical 15 characteristics of particulate matter at kerbside, urban, rural and

background sites in Europe, Atmos. Environ., 38, 2579-2595, 2004.

Rabl A., 2001. Reference database of concentration-response functions for health

impacts of air pollution

Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. Nauels,
Y. Xia, V. Bex and P.M. Midgley (eds.), 2013.Summary for Policymakers. In:
Climate Change 2013: The Physical Science Basis. Contribution of Working Group I
to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change.

Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
p.2.

38



Whall, C., Cooper, D., Archer, K., Twigger, L., Thurston, N., Ockwell, D., Mclntyre,
A, Ritchie, A., 2002. Quantification of Emissions from Ships Associated with Ship
Movements between Ports in the Furopean Community. Final Report 06177.02121.
Entec UK Limited, Norwich, UK.

WHO, 2006b, Health risks of particulate matter from long-range transboundary air
pollution, World Health Organization, Regional Office for Europe, Copenhagen,

Denmark.

WHO, 2008, Health risks of ozone from long range transboundary air pollution,
World Health Organization, Regional Office for Europe, Copenhagen, Denmark.

WHO, 2013, Review of evidence on health aspects of air pollution — REVIHAAP
Project Technical report, World Health Organization, Regional Office for Europe,

Copenhagen, Denmark.

39

——
| —



Chapter 2: External Costs of Maritime Shipping

2.1 Externalities and external cost

An externality, in economics, is the cost or benefit that affects a party who did not
choose to incur that cost or benefit (Buchanan, James; Wm. Craig Stubblebine, 1962).
The above definition suggests that externalities can either be negative or positive.
This study addresses the negative externalities or external costs of ship air emissions.
The external cost occurs when the activities of one group of persons have an impact
(which is not fully accounted or compensated for) on another group (ExternE, 2005).
Monetary estimates for the corresponding external costs are required for the final
results. The importance of external cost in the case of shipping lies in the assessment

of health and environmental impacts of the pollutants (ExternE, 2005)
External costs of shipping derive from:

1. Discharges into the sea (marine pollution)
2. Solid and liquid waste
3. Resources consumption
4. Ship recycling

5. Air emissions

A detailed description of the sources of air emissions costs has already be given in

Chapter 1 and a brief analysis of the other three is given below.

2.1.1 Discharges into the sea

Ships are accountable for five sources of marine pollution: wastewater discharges
from bilge separators, accidental oil spills due to operational activities (bunkering; oil
cargo loading — relevant only for tankers), wastewater discharges from cargo tanks
cleaning with seawater-based process, grey (laundries, kitchen, showers) and black
(sewage) wastewater discharges and ballast water discharges (Maftii et al., 2007).
Wastewater discharges from bilge separators can either be oil discharges or chemical
substances in the engine room bilge wastewater (Maftii et al., 2007). The former are
controlled by the Marpol Annex I (and therefore are at very low level <15 ppm)
where the later are not controlled under IMO regulation (Maffii et al., 2007).

Maritime transport activities release 62 million tonnes of bilge wastewater, containing
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893 tonnes of oils in drops and other dangerous chemical substances, into the sea
(Maffii et al., 2007).

Accidental oil spills (due to operational activities like bunkering; oil cargo loading —
relevant only for tankers) in contrast to accidental oil spills due to non risk-specific
activities are not caused by collision, groundings, fire or explosion (Maffii et al.,
2007). It is estimated that about 142 tonnes oil are accidentally released in bunkering
and cargo loading operational activities by tankers where 52 more tonnes/year are
caused by non-tanker bunkering spills giving a total of 194 tonnes/y (Maftii et al.,
2007).

Wastewater discharges from cargo tanks cleaning with seawater-based process are
mainly related to chemical tankers; these discharges are subject to Marpol Annex 11
(Maffii et al., 2007). It is estimated that chemical tankers discharge 7 million tonnes
wastewater from tank cleaning, with about 1500 tonnes/y legal discharges of oil (<15
ppm).

Grey water (laundries, kitchen, showers) and black water (sewage) discharges are
regulated by Marpol Annex IV and are estimated to be more than 250 million tonnes
globally from which 46000 tonnes/y are of organic matter (BOD- Biochemical
oxygen demand) and about 9000 tonnes are of nitrogen substances and phosphorous
legal discharges (Matffii et al., 2007).

World ballast water discharges from shipping estimated to be 12 billion tonnes in
EEA (2006) causing the intrusion of non-native species around the world (Maffii et
al., 2007). IMO adopted on 2004 an International Convention for the Control and
Management of Ships' Ballast Water and Sediments (covering not only alien species
but also pathogens carried by ballast water) which is not yet in force since it has not

reached the ratification limit by member countries.

2.1.2 Solid and liquid waste

Liquid wastes are regulated by Marpol annex I, V and IV were solid wastes on board
are regulated mainly by Marpol Annex V (Maffii et al., 2007). The main liquid waste
is sludge produced by sewage treatment plants and oil sludge from centrifuges (Maffii
et al., 2007). Global shipping produced 2.8 and 0.6 million tonnes respectively in
2006. to The solid waste produced on board can be comminuted paper, glass, metals,

etc. in order to save holding spaces, food waste and plastic (Maffii et al., 2007). It is
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estimated that for the year 2006 10.5 millions m> of solid waste have been produced

by the world fleet (Maftii et al., 2007).

2.1.3 Shipping resources and chemicals consumptions

The main shipping resources and chemical consumptions are: fresh water, fossils
(such as fuels and lubricants), paints, cleaning products used in the machinery spaces
and deck rooms, refrigerant gases and chemical substances used in sewage treatment
processes (Maffii et al., 2007). It is estimated for 2006 that international maritime
transport consumes 316 million tons/year of fuels and 3.6 million tons of lubricants,
315 million tons/year of fresh water, used for cleaning, cooling, in showers, kitchens,
toilets and other on-board services, 600000 tons of paints/year, 124000 tons of
cleansing agents/year, 11000 tons of chemical substances for sewage treatment and

10000 tons of HCFC annual consumption (Maftii et al., 2007).

2.1.4 Ship recycling

Ship recycling can be very dangerous, if not done in specific facilities with
specialized personnel, because of the numerous hazardous materials of which a ship is
consisted. MEPC (Marine Environment Protection Committee) at its sixty-third
session adopted the 2012 Guidelines for Safe and Environmentally Sound Ship
Recycling and the 2012 Guidelines for the Authorization of Ship Recycling Facilities
(UNCTAD, 2012). In addition MEPC at its sixty-two session adopted the 2011
Guidelines for the Development of the Inventory of Hazardous Materials and the 2011
Guidelines for the Development of the Ship Recycling Plan, and combined with the
2012 guidelines provide assist to ship-recycling facilities and shipping companies to
begin introducing voluntary improvements to meet the requirements of the Hong

Kong Convention which had been adopted in May 2009 (UNCTAD, 2012).

2.2 Bottom-up and top-down approaches for estimating the external
cost

There are generally two ways to calculate the external costs i.e. the bottom-up and
top-down approaches (Jiang L. & Kronbak J., 2012). In the bottom-up approach the
starting point is at the source of emission where at micro-level the basic elements are
first specified in details and then linked together to form a complete system (Jiang L.
& Kronbak J., 2012). With other words, the passage from the origin of a pollutant to

the affected receptors (population, crops, forests, buildings, etc.) is being traced
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(ExternE, 2005). The top-down approach is essentially the breaking down of a system
starting from the macro-level and then moving to the sources (Jiang L. & Kronbak J.,
2012). An example of this approach is the evaluation of the external costs of the
transport system within a country and then the division by the total amount of
transportation leading to the average external costs (Jiang L. & Kronbak J., 2012). As
for the comparison of the two methods, the bottom up approach is more precise and
accurate, with potential for differentiation but it is costly (due to the complexity) and
usually results are difficult to grouped (Miola et al., 2008). On the other hand the top-
down approach is cheaper (since it is simpler) and easier to use-manipulate but fails to

incorporate specific details (Jiang L. & Kronbak J., 2012).

2.3 Studies on external costs of air emissions from maritime shipping
Tzannatos (2010) found that air emissions from shipping in Greece generate an
external cost of 2.95 billion euro for the year 2008. In external cost estimation for a
specific case of a container ship sailing between Rotterdam and Gothenburg, Lee et al.
(2010) estimated that the round trip would create 399,498 euro of air pollution
external costs and 23,618 euro of climate change external costs, reaching a total
external cost of 423,116 euro. Nash et al. (2008) calculated the air pollution costs of
inland water transport for two selected trajectories on the Rhine and the Danube and
found that environmental costs range between 0.17 and 0.41 cent per tkm. For the
inland waterway transport from Basel to Rotterdam, Schmid et al. (2001) estimated
for a vessel carrying 200 TEU the external costs of air pollution and global warming
depending the upstream-downstream shipping and the results are for air pollution
downstream:18.54 €,99¢/LU (loading unit), upstream: 4.95 €,99¢/LU and for global
warming downstream: 7.3 €1999/LU, upstream: 1.8 €1999/LU. Gallagher (2005)
analyzed the total emissions and the economic costs of shipping emissions in the
United States from 1993 to 2001 and found that the economic costs of SO, pollution
range from $697 million to $3.9 billion and the costs from NOy emissions are $3.7
billion. Berechman and Tseng (2012) estimated the costs of key exhaust pollutants
from shipping in the port of Kaohsiung in Taiwan to be 119.2 million $. Finally,
Tervonen et al. (2002) calculated the total marginal cost of emission impacts for the

trip from Helsinki to Tallinn to be €1622.
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Chapter 3: Methodology

3.1 The impact pathway approach
The impact pathway approach (IPA) is a method for calculating the external costs of
air pollutants and it was adopted by the ExternE, a series of research projects financed
by the European Commission, Directorate-General (DG) Research for the assessment
of external impacts and associated costs resulting from the supply and use of energy
(Friedrich & Bickel, 2001). The steps of the methodology (also shown in Figure 12)
applied in a pollutant are:

1) Source emission

2) Atmospheric dispersion

3) Impact

4) Quantification of impact cost

SOURCE

(specification of site and technology)

= emission
(e.g., kg/yr of particulates)

l

DISPERSION

(e.g. amospheric dispersion model)

=> increase in concentration
at receptor sites

(e.g., pg/m? of particulates
in all affected regions)

l : Dose-

L Response
DOSE-RESPONSE FUNCTION . Function
(or concentration-response function) E
= impact 1
(e.g., cases of asthma due to ambient i -
concentration of particulates) [

,

MONETARY VALUATION

(e.g.. cost of asthma)

Figure 12: The steps of IPA (source: ExternE, 2005)

An analysis of each step is given in the following paragraphs.
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3.1.1 Source emission

In the first stage of the method there must be a specification of the site (e.g. urban or
rural surroundings) and the technology used as well as an identification of the
pollutant-s (ExternE, 2005). For example a ship in a port emitting x tons/hour of
PM;,.

3.1.2 Atmospheric depression
In the second stage, a calculation of increased pollutant concentrations in all affected
regions is taking place (ExternE, 2005). This calculation is divided into local scale

and regional scale analysis.

The local scale analysis usually uses Gaussian plume models for the calculation of
primary pollutants concentrations due to low computing time combined with
relatively accurate results (Friedrich & Bickel, 2001). The Gaussian plume models
“Industrial Source Complex, ISC*” (Brode and Wang, 1992) are preferred for point
sources and the ROADPOL (International Road Policing Organization) model
(Vossiniotis ef al., 1996) for lines sources (ExternE, 2005). The chemical conversion
of secondary pollutants and aerosols is generally negligible in the local scale analysis

(Spadaro, 2002).

For the regional scale analysis, the atmospheric turbulence makes the plume spread
vertically and horizontally. In most cases it is assumed that the pollutants have been
mixed vertically throughout the height of the mixing layer of the atmosphere
(Friedrich & Bickel, 2001). Chemical reactions and deposition due to gravitational
settling and precipitation cannot be neglected (Spadaro, 2002). That essentially means
that secondary pollutants and aerosols begin to contribute to air pollution. The
concentrations of the pollutants can be found using either Eulerian or Lagrangian
trajectory models (Spadaro, 2002). For example the EMEP MSC-W (Meteorological
Synthesizing Centre — West) uses a Lagrangian Ozone model (Sandness, 1993;
Simpson, 1992, 1993; Simpson and Eliassen, 1997) in order to calculate the effects of
reducing NO, and VOC emissions (ExternE, 2005). Also, the ExternE study of the
European Commission developed the EcoSense program which uses the Windrose
Trajectory Model (WTM) (Krewitt et al.,, 1995) to estimate the concentration and

deposition of acid species on a regional scale (ExternE, 2005).
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3.1.3 Impacts

Dose-Response functions (DRF) also known as Exposure-Response functions (ERF)
or Concentration-Response functions (CRF) are used for the quantification of impacts
(Spadaro, 2002). ERF relate the quantity of a pollutant that affects a receptor to the
physical impact on this receptor (ExternE, 2005). However, what the term ERF really
means is the response to a given exposure of a pollutant in terms of atmospheric
concentration, rather than an ingested dose (Friedrich & Bickel, 2001). The reason for
this is that the personal dose is correlated with other factors such as indoor/outdoor
concentration ratio, physical activity level, the amount of time a person spends
outdoors, proximity to the emission source and chemistry making difficult to be
estimated (Spadaro, 2002). It is obvious that quantification of damage requires the
corresponding ERF to be known, thus the ERF are central ingredients in the impact

pathway analysis (ExternE, 2005).

Exposure response functions can be linear or non-linear and contain thresholds

(critical loads) or not as illustrated in Figure 13.

response

&

nonlinear

__— with threshold

B S - dose
— with fertilizer effect

Figure 13: Different types of Exposure Response Functions (source: Friedrich & Bickel, 2001)

The point P refers to the lowest dose at which a response has been measured
(ExternE, 2005). The linear model (i.e. a straight line from the origin through the

observed point P) appears to be appropriate for many cases, in particular for many
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cancers (ExternE, 2005). The straight line down to some threshold, and zero effect
below that threshold is called the “’hockey-stick’” (ExternE, 2005). It is important to
note that if the background concentration is everywhere above this threshold there is
no difference between the linear and the hockey stick function (with the same slope)
for the calculation of incremental damage costs (ExternE, 2005). In most countries the
background for particles, NO,, SO,, O3 and CO is above the level where effects are
known to occur so for those pollutants the precise form of the ER function at
extremely low doses is irrelevant (ExternE, 2005). The fertilizer effect is referred to
the effects of air pollutants with the potential to act as fertilizers like those containing
sulphur and nitrogen (Friedrich & Bickel, 2001). Epidemiological studies (e.g. Aunan,
1996, Brunekreef, 1997; ExternE, 1998; Leksell & Rabl, 2001 and Rabl, 2001) help
scientists to study the human health and its related illnesses, ultimately leading to the
formation of the DRF (Spadaro, 2002).

Epidemiological studies have also the advantage of studying response under realistic
conditions, assessing the effects of pollutants on real populations of people, crops, etc
where laboratory studies have the disadvantage of exposing study populations to
extremely high levels of pollutants even greater than they would be exposed in the
field (Friedrich & Bickel, 2001). Most studies to date are focused in finding the short
term or acute effects of air pollution mainly because these relations are the easiest to
establish as they require few data parameters and are not directly affected by changes
in the background pollution level (Spadaro, 2002). On the other hand, long term or
chronic cumulative effects of air pollution are correlated with many factors including
population life style, personal habits (smoking exercise, diet), age distribution and
level of background pollution (Spadaro, 2002). In Pope et al. (1995) study half a
million (550000) people from 151 metropolitan communities throughout the United
States were followed for 7 years making it the largest study of its kind and a key point
of reference for today studies (Spadaro, 2002).

The question here is: Is it valid to assume that these results can be used in Europe? In
most cases experts suggest that the transference of the functions should be preferred
from ignoring particular types of impact altogether- nevertheless both options have

uncertainties (Friedrich & Bickel, 2001).
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3.1.4 Quantification of impact’s cost

The monetary valuation step has the goal to account for all costs, market and non-
market (ExternE, 2005). For the health impacts the market costs include the cost of
medical treatment for the illness, wage and productivity losses where the non-market
costs take into account one’s willingness-to-pay (WTP) to avoid the risk of pain and
suffering (Spadaro, 2002).

Air pollution damage costs are dominated by non-market goods, especially mortality
(ExternE, 2005). In the last years, the preferred method for valuing non-market goods
has become the contingent valuation (CV) (Mitchell and Carson, 1989) in which the
WTP is obtained by asking individuals how much money they are willing to pay to
achieve a benefit (Spadaro, 2002). With other words, CV involves setting up a
hypothetical market (e.g. by questionnaire) to elicit the preferences of those
interviewed (Friedrich & Bickel, 2001). Krupnick ef al. (2002) led the way by
developed a questionnaire specifically for the CV of air pollution mortality and used it
in Canada, Japan and USA and recently has been used in France (Desaigues et al.,
2004), Italy and the UK (ExternE, 2005). However, there are also other valuation
methods that can be used in addition or complementarily with CV (ExternE, 2005).
The cost of mortality is evaluated by the determination of Value of a Life Year Lost
(VLYL), which in turn is based on the Value of Statistical Life (VSL) often called
value of a prevented fatality (VPF) (Spadaro, 2002). The real meaning of VSL is the
“willingness-to-pay (WTP) to avoid the risk of an anonymous premature death”
(ExternE, 2005). Even though most people think that a value of a human life is
infinite, VSL 1s limited and the most used values are in the range of €1-5 million
(ExternE, 2005).

European Commission, (1999a-d) and ExternE (2000) had used an average of the
VPF studies that had been carried out in Europe around €3 million where ExternE
(2004) lowered the value to €1 million with a new CV study. Miola et al. (2009)
estimate central VSL values of €980,000 (from the study median) and €2 million
(from the study mean) both expressed for price year 2000.

For the evaluation of life expectancy (LE) the value of a life year (VOLY) or VSL is
needed. Both approaches VSL or VOLY have their own advantages: VOLY approach
links more naturally to the quantified health impact but lacks the strong empirical

base developed by VSL estimates made over many years (Hurley ez a/., 2005). Hurley
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et al. (2005) followed the recommendation of the peer review team and used both
techniques but clearly suggest using VOLY instead of VSL (Miola et al., 2009). Also,
Rabl (2003) showed the difficulty to determine the total number of premature deaths
due to air pollution making the VSL not appropriate for air pollution mortality but for
accidental deaths (ExternE, 2005).

ExternE (2005) used a VOLY of €50,000 where Miola et al. (2009) used central
VOLY values of €52,000 (from the study median) and €120,000 (from the study
mean). Finally, to find the total economic loss the VOLY is multiplied with the years
of lost life (YOLL).

3.2 Uncertainties
The uncertainties in the evaluation of the environmental costs are known to be rather
large (Rabl & Spadaro, 1999; ExternE, 2005) due to gaps in present working
knowledge (Spadaro, 2002). The good news is that the science behind the IPA is
constantly evolving and hopefully the uncertainties will become smaller but for now
large uncertainties are still better than no study at all (ExternE, 2005). Furthermore, in
many cases the costs are so large that the conjecture for a decision is clear even in the
face of uncertainty and it has been shown that the extra social cost incurred because of
uncertain damage costs is very small (ExternE, 2005; Rabl, Spadaro & van der
Zwaan, 2005). So, although the large uncertainties, the results can still be used for
deriving conclusions (Rabl; Spadaro; Desaigues, 1998). The weakest link, regarding
the uncertainties, is perhaps the ERF (Spadaro, 2002) but as stated by Friedrich &
Bickel (2001) uncertainty arises also from;

e lack of detailed information with respect to human behaviour and preferences;

e assumptions regarding threshold conditions;

e the variability inherent in any set of data;

e political and ethical issues, such as the selection of discount rate;

¢ the fact that some types of damage cannot be quantified at all.

e extrapolation of data from the laboratory to the field,

e extrapolation of exposure-response data from one geographical location to
another;
e the need to assume some scenario of the future for any long term impacts

If the uncertainty is coming from those effects that cannot be described quantitatively

a sensitivity analysis could be carried out (e.g. Holland et al. , 2005) where if the
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effects can be quantified statistical techniques could be used to address uncertainty

(Miola et al., 2009).

3.3 IPA applications in shipping

Miola et al. (2009) calculated with the IPA the effects of PM, 5, PMyy, SO, and PAH
emitted by maritime activities in the port of Venice. Furthermore, Friedrich & Bickel
(2001) used the impact pathway methodology for estimating marginal environmental
external costs (including costs caused by air pollution) of different transport
technologies (road, rail, air and ship transport) being operated at different locations in
Europe. The European intermodal transportation projects RECOEDIT (Real Cost
Reduction of Door-to-door Intermodal Transport) and REALISE-SSS (Regional
Action for Logistical Integration of Shipping across Europe) estimated the external
costs across the range of surface transport modes (including maritime) using the IPA

method.
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Chapter 4: Software

4.1 RiskPoll and the Simple Uniform World Model (SUWM)

For the calculation of damage costs the RiskPoll program is used. RiskPoll is a suite
of impact assessment programs designed to estimate health and environmental risks
from toxic metals (As, Cd, Cr, Hg, Ni and Pb) and airborne emissions of the
following type of pollutants: carbon monoxide (CO), particulate matter (PM),
nitrogen oxides (NO,), sulfur dioxide ($0;) and secondary species such as nitrate and
sulfate aerosols (Spadaro, 2004). The impact pathway approach (IPA) is used to
assess the impacts to human health, crops and materials (Spadaro, 2004). In the
RiskPoll software the Simple and Robust versions of the Uniform World Models were
implemented by Spadaro (1999), (Spadaro, 2004). Figure 14 shows the pathways
considered for health impacts of air pollutants by the Uniform World Model.
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Figure 14: Different types of Exposure Response Functions (source: ExternE, 2005)

The Simple Uniform World Model (SUWM) assumes that the receptor distribution is
constant, the ERF are linear and the calculation of damage costs is achieved through
equilibrium models (steady state) even though the environment is never in
equilibrium (ExternE, 2005; Spadaro, 2004). The disadvantage of SUWM is that

estimates are not site specific meaning that local details are ignored in the analysis




which for primary pollutants may account for 75% or more of the total damage if the
source happens to be located close to a large city (Spadaro, 1999; Spadaro, 2004). On
the other hand, secondary pollutants are formed a long distance downwind of the
emission source thus local conditions have little influence on the damage costs
making SUWM more accurate (Sparado, 2004). Either way SUWM can be a useful
first estimate when there is limited input information (Friedrich & Bickel, 2001).
Several corrections to the SUWM have been added to improve the local assessment
for primary pollutants in the present version of RiskPoll (version 1.052) (Sparado,
2004). The Robust Uniform World Model (RUWM), in contrast with SUWM,
considers weather conditions, stack parameters and local receptor density near the
source allowing site specific estimates (Sparado, 2004). Both SUWM and RUWM
offer greatly reduced input data, simplicity and transparency, the option to check the
impact results from detailed assessments for consistency and the ease of doing
sensitivity studies compared to detailed analyses (Sparado, 2004). It is important to
note that deviation between the SUWM and detailed models for secondary pollutants
(e.g. sulfate and nitrate aerosols) are typically less than +35%, much smaller than
primary pollutants (Sparado, 2004). Figure 15 shows estimates of mortality impacts
for different sites in Europe following the Impact Pathways approach (EcoSense
model for Europe, ver. 2.0) and Simple Uniform World model (SUWM) (Spadaro,
2002). YOLL refers to Aggregate Years of Life Lost (loss in lifetime expectancy)

across Europe.

Nitrate aerosols

+ 35% - good agreement since
insensitive to local conditions

Lausanne (Ch)

Paris (Fr)
Bordeaux (Fr)
Toulouse (Fr)

LeHavre (F1)

Stuttgart (De)
Piacenza (It)

London (UK)

H SUWM
H YOLL
H Estimate

T T T : T T
0 19 38 57 7 96
YOLL per 1000 tons of NOx

Barcelona (Es)

Figure 15: Estimates of mortality impacts for different sites in Europe following the Impact Pathways Approach
(source: Spadaro, 2002)
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Finally, for both individual and aggregate emissions of PM 10 and SO2 via sulfates the
SUWM is sufficiently adequate to predict the impacts and damage costs, with
deviations less than +35% for particulates and +20% for sulfates. For nitrates, the
SUWM predictions are very close with single-source EcoSense results (deviations
less than 14%), but over-estimate the EcoSense multi-source estimates by a factor

between 3 and 4 (Spadaro, 2002).

4.2 Available models

In RiskPoll four models are available, three of which estimate the human health
impacts and monetary costs (QUERL, RUWM, URBAN) and one that estimates the
impacts to crops and materials with the resulting economic costs (AGRIMAT). Each
of them is using a different methodology and input dataset (based on “availability”) to
estimate the physical impacts and damage costs. Table 3 shows the input requirements
for each model. Common to all models are the assumptions of 1) single, elevated
point source, 2) steady emission rate, 3) linear no threshold ERFs, 4) negligible local

pollutant depletion and 5) flat terrain conditions.

4.2.1 QUERI (Basic, Intermediate and Best estimate)

Basic and Intermediate estimates are semi-empirical approaches in which the SUWM
result 1s “adjusted” according to scaling factors that depend on stack parameters
(height), ratio of local-to-regional population density and source location (Site ID).
Best estimate uses a Gaussian dispersion model for the local analysis and SUWM for
regional calculations. At the local scale, detailed population statistics (5 by 5 km

resolution) and hourly meteorological data are used.

4.2.2 RUWM (Intermediate and Best estimate)

The RUWM differs from the QUERI model in the use of different simplifying
assumptions to solve analytically the damage function equation. Also, it is assumed
that there is a uniform distribution of local and regional population throughout the
impact domain and average or typical conditions are used in the meteorological data

for the local scale (with uniform windrose) (Sparado, 2004).

4.2.3 URBAN (Best estimate)
In the URBAN model the human health impacts and monetary costs due to air

emissions (from primary and secondary pollutants) from a source near a city are
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estimated. Local population data can be used (5 by 5 km resolution) or a Gaussian-
shaped function if there is a lack of data. Mean conditions are used in the weather data

and a uniform windrose is assumed (Sparado, 2004).

4.2.4 AGRIMAT
With this model the impacts to crops and materials with the resulting economic costs
from exposure to SO, are estimated (Sparado, 2004). AGRIMAT can approximate the
damages to the following receptor types:

e Agricultural crops

e Barley, Oats, Potatoes, Rye, Sugar Beets and Wheat

¢ Building materials

e (Galvanized steel, Limestone, Natural stone, Paint, Sandstone and Zinc.

Table 3: Input requirements for each model (source: Sparado, 2004)

INPUT DATA REQUIREMENTS FOR THE IMPACT ASSESSMENT MODELS IN RISKPOLL

Parameter SUWM QUERI RUWM URBAN
Basic® Intermediate  Best |Intermediate  Best Best

Local characteristics Apalicsin

o Urban or rural location v v v v s urban sites

o Receptor density i v v v only

o Receptor data (5 by 5 km®) F t v i i &
Regional characieristics

o Receptor density v v v v v v v
Local weather data

o Mean wind speed v v

= Mean ambient temperature v v

o Pasquill class distribution v v

o Detailed hourly data & § §
Stack data

o Height B v v L4

o Exit diameter v v v

o Exhaust gas temperature s 3 v v L

= Exhaust gas velocity £ t v v v

o Pollutant inventory v v v v v v v

o Pollutant depletion velocity v v v % v b ¥
Other

o ER functions v v v v v v v

" NB. Basic estimate input data for QUERL RUWM and URBAN models are the same.
v mandatory input datum

7 can be substituted for the local receptor density

§ can be substituted for mean weather statistics

1 if known an improved impact estimate will be calculated

Input data for the AGRIMAT model include:
Background SO; concentration;

Background ambient temperature;

Background relative humidity;

Agricultural crop distribution;

Material distribution;

S0, emission rate and depletion velocity,

00000 Q

o Monetary unit costs.

Tnput data can be specified for the entire impact domain (2000 x 2000 km area about the source) or for any
portion(s) thereof.

4.3 RiskPoll models VS Detailed assessment (EcoSense model)
Figure 16 and 17 shows a comparison of mortality estimates between the RiskPoll

models and the EcoSense model for Paris (France) and Stuttgart (Germany)
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respectively, Comparison shows that the RiskPoll models are inside the +50%
deviation range. YOLL refers to Aggregate Years of Life Lost (loss in lifetime

expectancy) across Europe.
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Figure 16: Comparison of mortality estimates between the RiskPoll models and the EcoSense model for Paris
(France) (source: Spadaro, 2003)
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Figure 17: Comparison of mortality estimates between the RiskPoll models and the EcoSense model for
Stuttgart (Germany) (source: Spadaro, 2003)
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4.4 The QUERI model

4.4.1 Atmospheric dispersion

The main difference between the three models for human health impacts lies in the
estimation of the local impacts as the regional impacts are calculated with the SUWM
by all of them. In the Best estimate of RUWM model the detailed local
Meteorological data (hourly values) are used to estimate average weather conditions
(uniform wind rose) where the Best estimate of the URBAN model uses a
“simplified’” Gaussian model. In contrast, the QUERI Best algorithm uses a Gaussian
plume for predicting local changes in air pollution (Industrial Source Complex (ISC)-
Long-Term, Version 3.0) utilizing local meteorological data and space-dependent
receptor data (Spadaro, 2002) making it the most sophisticated from the ’simplified’’
calculations and it is the one that has been chosen for this study. Figure 18 shows a

comparison between a detailed analysis (red line) and the Best estimate of QUERL

Impact

& [ QUERI
Local Impact (best estimate)
- Gaussian plume
- demographic data

0.5 7 |

CETTRT T I Regional Impact ~ SUWM

0 50 100 150 200 250
Stack height (m)

Figure 18: Comparison between a detailed analysis and the Best estimate of QUERI (source: Spadaro, 2002)

The Gaussian plume is a model which is detailed enough in the description of
turbulent diffusion and vertical mixing but neglects chemical reactions and that’s why
it is the most economic way for predicting the concentration of the primary pollutants
in the local scale (ExternE, 2005). In Figure 19 the model is visualized with the plume

directed toward the positive axis x for simplicity.
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Figure 19: The Gaussian plume (source: Zannetti, 1990)

u: the average wind velocity vector (uy,Uy,u;) at the emission height

hy: release height

h.: effective stack height= hg+ Ah

Ah; plume rise (a function of emission parameters, meteorology and downwind
distance)

oy: lateral standard diffusion parameter

oz vertical standard diffusion parameter

It is assumed that the horizontal and vertical profiles can be modeled as two
independent Normal shaped distributions, each one characterized by its own standard
deviation or sigma parameter (oy and oz) (Spadaro, 2002). Figure 20 shows an
overhead and a side view of a Gaussian plume where the x coordinate is aligned along

the prevailing wind direction.
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Figure 20: Overhead and side view of a Gaussian plume (source: Spadaro, 2002)
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The three dimensional Gaussian concentration field C(x, y, z) for steady state

meteorological conditions and a constant emission source Q is:

o » = N
Q (z+2] by —h,)2 (z+2 )+ h)2
C(x,y,2)= 5 b3 ex 5 +ex =
jTHCF,l o \ “} t....\ = e — 2o;

Where u is the mean wind speed at release height, z is the vertical distance from the
ground, h. the effective stack height, oy the lateral standard diffusion parameter, oy
the vertical standard diffusion parameter and h,,; the mixing layer height (typical
range is 200 to 2000 m) (Spadaro, 2002). Annex 1 contains Table 12 to 17 which are
used to find various parameters of the above equation. When the exhaust gas
temperature exceeds the ambient temperature by at least 20 degrees the plume is
buoyancy induced and the effective stack height h, is estimated following the
methodology in Table 12 (Spadaro, 2002). The functional expressions for oy and oy
are summarized in Table 13.

The Pasquill classes can be found using the Pasquill method (Table 14) or from
measurements of og(standard deviation of the horizontal wind direction fluctuations)
or oy, (standard deviation of vertical wind direction fluctuations) or the vertical
temperature gradient AT/Az as shown tables 15 and 16 (Zannetti, 1990). When the
stability is found with the help of the standard deviation of the horizontal wind
direction fluctuations, Table 17 must be used for corrections taking into account

vertical diffusion at nighttime (Zannetti, 1990).
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According to the User’s Guide For The Industrial Source Complex (ISC3) Dispersion
Models Volume II - Description Of Model Algorithms (EPA, 1995) © In the long-
term model, the area surrounding a continuous source of pollutants is divided into
sectors of equal angular width corresponding to the sectors of the seasonal and annual
frequency distributions of wind direction, wind speed, and stability. Seasonal or
annual emissions from the source are partitioned among the sectors according to the
frequencies of wind blowing toward the sectors. The concentration fields are
translated to a common coordinate system and summed to obtain the total due to all
sources’’, With the assumption that the meteorological data consist of N; wind speed
classes, N; wind directions classes and Ny, atmospheric stability categories the average

concentration is given by (Friedrich & Bickel, 2001):

;\""'.""-frji

Jﬁm&,zl ;];. 0,

Where:

C =long-term average concentration

Q = pollutant’s emission rate

R =radial distance between the receptor and the emission source

A = sector width in radians

fi,j,x = frequency of occurrence of the ith wind speed category, the jth wind direction
category and the kth atmospheric stability category

u; = mean wind speed of the ith wind speed category

04 = standard deviation of the vertical concentration distribution for the kth stability

category
S; = smoothing function

Vi x = vertical term for the ith wind speed category and the kth atmospheric stability

category

4.4.2 Damage cost equation

The damage cost equation is then:

QUERI Damage cost (Best) = ; AC;xReceptor; x ERF x Unit cost + Regional cost

AC; is the incremental concentration increase above the existing background at

location j (Gaussian plume assessment) and Receptor ; is the number of people at
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location j. The index j runs from 1 to 400, which is the number of cells into which the
local domain is subdivided (RiskPoll, 2004). Local impacts are determined using a 5
by 5 km gridded population distribution (entered by the user manually or using a
Gaussian-shaped function). The regional impact is based on the SUWM evaluation,
reduced by the SUWM local damage cost estimate to avoid double counting the local
impact (RiskPoll, 2004). Figure 21 is a graphical depiction of modeling task, showing

the local radius and the impact radius.

NOx
s0,
b S,
AH [l
ol Cross-sectional view
U wreap— of concentration
TED profile inside plume

Regional
domain

RImpact

Figure 21: Graphical depiction of modeling task (source: Spadaro, 2004)

R, is taken 56 km from source and Ryppace between 500 and 1000 km from source
(500 km if source is near a large city -e.g., Paris- and 1000 km, otherwise).

The SUWM cost estimate is calculated using the relationship:

Emission x Receptor x ERF .
SUWM Damage cost = x Unit cost

Depletion velocity

Where,

66

——
| —



Receptor is the mean receptor density over a radius of 500 to 1000 km from the

source (Pavg).
Depletion velocity= characteristic velocity determining the rate at which a particular
pollutant is removed from the atmosphere because of chemical transformation and

deposition (dry and wet).

For primary pollutants, the SUWM local damage cost for a radius Ro is approximated
by:

SUWM Local Damage cost (—tj R,
—exp ;o

SUWM Damage cost 7

U is the wind speed (typical range: 2-4 m/s), t is the plume transit time and 7 is the
pollutant's time constant or atmospheric residence time (1t = mixing layer height /
depletion velocity, with a typical range of 20 to 30 hours). Secondary pollutant local
impacts are generally small (RiskPoll, 2004).

But

)

SUWM Damage cost — SUWM Local Damage cost =

T

= SUWM Damage cost — SUWM Damage cost * |:]—exp ( t)] =

—1 —1
= SUWM Damage cost * (1 -1+exp [—j) = SUWM Damage cost * exp [—)
T T

So

)

—
Regional cost = SUWM Damage cost x exp (j

T

4.4.3 Uncertainties of economic valuation

Finally, when the impacts are monetized, the lower and upper bounds of the damage
cost range will also be indicated with 68% confidence interval assuming a lognormal
probability density function (RiskPoll, 2004). In Rabl, A. & J.V. Spadaro (1999) data
for uncertainty distributions for two particularly important parameters were examined:
the value of life and the deposition velocity concluding that they are lognormal. The
assumption of lognormality for the distribution of the damages appears to be well

justified since the distributions with the largest spread do not seem to be different
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from lognormal (Rabl, A. & J.V. Spadaro, 1999). Figure 22 shows an example of
lognormal distribution for economic valuation: reference value for protection of
human life, in £1990, as determined by 78 studies reviewed by Ives, Kemp and
Thieme [1993]. Finally, the likelihood or probability that the value of a random event
will lie within a well-defined interval about its median value is identified by a
statistical concept: the confidence interval (CI). For most experiments, the 68% and

95% confidence limits are normally reported (Rabl, A. & J.V. Spadaro, 1999).

Count
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Figure 22: Example of lognormal distribution for economic valuation (source: Rabl, A. & J.V. Spadaro, 1999)

68

——
| —



References of Chapter 4

Best, P.R. , M. Kanowski, L. Stumer and D. Green (1986). Convection dispersion

modeling utilizing acoustic sounder information. Atmos. Res., 20:173.

Brode, RW. and J. Wang (1992). User’s Guide for the Industrial Source Complex
(ISCLT2) Dispersion Models. Volumes 1, II and III, Technical Reports EPA-450/4-
92-008a-c, US Environmental Protection Agency, Research Triangle Park, NC, USA.

DeMarrais, G.A. (1978). Atmospheric stability class determinations on a 481-meter
tower in Oklahoma. Atmos. Environ., 12:1957-1964.

Dobbins, R.A (1979). Atmospheric Motion and Air Pollution. John Wiley & Sons,
New York.

Hanna, SR. (1989). Plume dispersion and concentration fluctuations in the
atmosphere. Chapt. 14 Encyclopedia of Environmental Control Technology. Vol.2.
P.N. cheremisinoff, editor. Houston, Texas: Gulf Publishing Company

Irwin, J.S. (1980). Dispersion estimates suggestion #9: Processing of wind data. U.S.
EPA Docket Reference No. I1I-B-33, . Research Triangle Park, North Carolina.

Ives, D. P, R. V. Kemp and Thieme. 1993. The Statistical Value of Life and Safety
Investment Research. Environmental Risk Assessment Unit, University of East

Anglia, Norwich, Report n°13 February 1993.

Pasquill, F. (1974). Atmospheric Diffusion, 2" Edition. Halsted Press of John Wiley
& Sons, New York.

RiskPoll (2004). An integrated risk assessment program for estimating impacts and
damage costs to public health, agricultural crops and man-made materials from

routine atmospheric emissions. Version 1,052,

Spadaro, J.V., 2004, RISKPOLL MANUAL AND REFERENCE DOCUMENTATION
(Version 1.05): Impact assessment tools to estimate the health and environmental
risks from exposure to routine atmospheric emissions.

Spadaro, J.V., 2002, 4 SIMPLIFIED METHODOLOGY FOR CALCULATING THE

HEALTH IMPACTS AND DAMAGE COS1S OF AIRBORNE POLLUTION: THE
UNIFORM WORLD MODELS.

69



Spadaro, J.V., 2002. A set of impact assessment tools designed to estimate the health

and environmental risks from exposure to routine atmospheric emissions

Spadaro, J. V., 1999. Quantifying the Damages of Airborne Pollution: Impact Models,
Sensitivity Analyses and Applications, Ph.D. Dissertation, Ecole des Mines de Paris,
Centre d’Energétique, 60 boul. St. Michel, F75272, Paris, Cedex 06, France.

U.S. Environmental Protection Agency (1995). USER'S GUIDE FOR THE
INDUSTRIAL SOURCE COMPLEX (ISC3) DISPERSION MODELS VOLUME I -
DESCRIPTION OF MODEL ALGORITHMS. U.S. EPA Document EPA-454/B-95-
003b.

U.S. Environmental Protection Agency (1986). Guideline on air quality models
(Revised). U.S. EPA Document EPA-450/2-78-027R. Research Triangle Park, North

Carolina.,

Zannetti, P. (1990). Air Pollution Modeling. Theories, Computational Methods and
Available Software, Van Nostrand-Reinhold.

70

——
| —



Chapter 5: Case study

5.1 Description of case study

The purpose of this study is to estimate the external health costs of primary pollutants
(PM; s, PMy,, SO, and NO,) and secondary pollutants (nitrates and sulfates) that
emitted from all coastal passenger ships and cruise ships that approach the port of
Piraeus in Athens for one year. The methodology that has been used is the impact
pathway approach-IPA (see Chapter3) with the help of the RiskPoll program and
specifically the algorithm QUERI (see Chapter 4).

5.1.1 The port of Piraeus

The port of Piraeus is the most important port in Greece and holds the highest
passenger traffic in Europe (third in the world), servicing about 20 million passengers
annually (Tzannatos, 2010b). The passenger terminal is part of the city of Piraeus
while the freight terminals of the port of Piraeus are not urbanized (Tzannatos,
2010b). According to the 2011 census, Piraeus is the fourth largest municipality in
Greece, with a population of 163688 people. Figure 23 shows the main (passenger)
port of Piraeus and Figure 24 shows the berth layout at the passenger port.

Figure 23: Photo of the main (passenger) port of Piraeus
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| I | 1
BERTHING LOCATIONS

1: Dodekanisa

2: Crete, Chios, Mytilene, Ikaria, Samos
3: Crete

4: Kithira

5: Cyclades, Rethimno

6: Cyclades, Rethimno
7:Argosaronikos

8:Cyclades, Samos, Ikaria

r
| /%]
9: Cruise terminal 1 1
10: Cruise terminal 2 7/\/ &)2/

Figure 24: The berth layout at the passenger port of Piraeus (source: Tzannatos, 2010b)

Using an in-port ship activity-based methodology, Tzannatos (2010b) estimated the
emissions of 124 cruise and 59 coastal passenger ships for the passenger port of
Piraeus during a twelve-month period in 2008-2009. Table 4 shows the number of
ships involved by type and their seasonal and overall number of calls (or departures)
at the port of Piraeus. The methodology was applied for maneuvering and berthing of
coastal passenger ships and cruise ships calling at the passenger port. As shown in
Figure 25, NO, emissions were found to be 1790 tons, whereas SO, and PM, 5
emissions were estimated at 722 and 99 tons, respectively.

Table 4: The number of ships involved by type and their seasonal and overall number of calls (or departures) at
the port of Piraeus (source: Tzannatos, 2010b)

Ship traffic statistics at the passenger port of Piraeus [1/6/08—31/5/09).

PERIOD? Coastal passenger shipst‘ Cruise ships

Number MNumber of Number Number

of ships departures of ships of calls
Winter 59 1970 124 10
Spring 1918 206
Summer 3545 356
Autumn 2153 330
TOTAL 59 9586 124 902

* Winter = December—January—February, Spring = March—April—May, Summer =
June—July—August, Aurumn — September—QOctober—November,
b Ro-Pax and all passenger vessels (hydrofoils, monohulls, catamaran).
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Figure 25: Emissions of 124 cruise and 59 coastal passenger ships for the passenger port of Piraeus during a
twelve-month period in 2008-2009 (source: Tzannatos, 2010b)

5.2 Assumptions

The Gaussian model (see Chapter 4), used by the QUERI algorithm of RiskPoll, is
referred to a stationary source with a constant emission through the year. It is assumed
for our case that there is constant emission based on the fact that Piraeus has high ship
traftic throughout the year (see Table 6). Also, as seen at Figure 24 berthing locations
in Piraeus are spaced 500 m or less from each other inside a 2 by 2 km cell. It is
assumed that the stationary source is in the middle of that cell. Furthermore, it is
assumed that the emission of PM, 5 is equal to 0.92*PM 4 (EPA, 1999; EPA, 2009)
and PM, s ERF values are the PM;q, values scaled by 1.67 (Spadaro, 2003; Rabl,
2001; Friedrich & Bickel, 2001; ExternE, 1998; Dockery & Pope, 1994). Finally,
typical values of a passenger/cruise ship have been used as input at the optional data
(see stack parameters in 5.3): stack height, stack diameter, flow velocity and gas

temperature.

5.3 Input data

5.3.1 Meteo

Figure 26 shows the Meteo input data screen.
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& RiskPoll - Input Data Screen {E=E[Ec]

‘ Health risk assessment - QUERI model

Case Study Comments
( Pollutant Inventory T ExpResp Functions T Monetary Values
Stack Parameters T Meteor ical Data T Receptor Data
Weather statistics
| Select weather filename
- [have NO meteo dats Ancmomsieriielmiol | 54
Meteo Filename:
[K:\Dphvmatikhitelika dedomenahourly_fali_teliko.c
Local weather data (Optional) I~ Check bos when Pasquil class and miging height
data are included in the meteo fle
[¥ | have detailed meteo data
Change meteo file
I~ | have statistical weather data,
Metecralogical stalistics are not requited for the Basic estimate Reset meteo entries -

* Place mouse over an object to display a description of its function or helpful hints

* Click on RiskPoll Assistant for help

* To perform an operation, dick key using the mouse or press Alt + underlined character
= Required = mandatary value (part of Core dataset); Optional = optional value

A< Click for model

@«— Click for Backaound
information descriptions

Figure 26: Meteo input data screen

Hourly values of wind speed, direction and ambient temperature for the period
4/6/2012-30/11/13 (19 months total) for Faliro (5 km from Piraeus) were obtained
from the national observatory of Athens and imported from a file to the program like
the one shown in Figure 27. A sample (the first week of 2013) of the meteo file that
was used can be found at Annex 2. The anemometer height at which wind speed has
been recorded is 54 m. The Pasquill class (show atmospheric stability) and mixing
layer height (inversion layer) can be entered directly, however in this study (due to
the lack of data) the QUERI computed these parameters by means of measured wind
speed data and solar altitude (or insolation) angle (calculated on the basis of source

coordinates) as discussed in Chapter 4.
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Day (1 - 31)
Hour (1 - 24)
Wind direction (deg from North)
Wind speed (m/sec)
89 1 1 1 0 B ; -
= i 5 i @ e Ambient temperature (K=°C+273)
29 1 1 3 o 2 279
25 1 1 4 20 1 278
g9 1 1 5 29 i on
89 1 1 6 20 1 278
89 1 1 7 20 2 28
89 1 1 8 20 2 278
89 1 1 a 20 2 278
23 1 1 10 80 3 277
23 1 1 11 80 3 277
s 1 1 1z 8O 3 297
g3 1 1 13 €0 2
23 1 1 14 60 E
= : s e : Example of a
89 1 1 16 40 3 meteorological datafile
: (Paris data)

gs 12 31 s 140 2
gs 1z 31 10 140 2
gs 12 31 11 140 3
89 12 31 12 140 2
g9 12 a1 13 170 1
89 12 31 14 170 1
B9 12 31 15 170 1
g9 12 31 16 130 7
B9 12 31 17 130 2
gs 1z 31 18 130 2
B3 2 31 19 120 2
89 12 31 20 120 z
£ 2 a1 21 170 z
89 12 31 2z 1ac 1
g9 12 41 23 130 1
89 12 31 24 130 1

Figure 27: Example of a meteo input file (source: Spadaro, 2003)

5.3.2 Pollutant

Figure 28 shows the Pollutant input data screen.

&5 RiskPoll --- Input Data Screen

| Health risk assessment - QUERI model
[ Stack Parameters T Meteorological Data T Receptor Data
[ Case Study Cc ts |
Pollutant Inventory ] ExpResp Functions T Monetary Values I
- Pollutant discharges and r | data
SUWM Emission Rate Depletion Velocity
calculation tonshr em/s
I 108 0.77
L] 72

¥ Sulfate aerosols

1.855
¥ Nitrogen Oxides {NOx) [ 126

¥ Nitrate aerosols 1.025

1434

™ Carbon Monoxide (CO)
¥ Other Pollutant L

Other: Other [primary pollutant]
PM10 = patticles with aerodynanic: diameter < 10 microns (0,001 ]
Check SLIw bk to camy aut & Simple Linftorm Warld Model caleulation

J

o
=
o

For a given polllant, the annual smission rate [tons pet year] and removal velooiy (characlerized by the
depletion welocily. cm/s] must be specified. For sacondary speciss [agrosols]. the crealion rale is related
ta the precursor emission rate, anly the depletion velacity s requited [S02 for sulfates, Nl for nitiates].

Reset pollutant entries [=

= Place mouse aver an abject to display a description of its function or helpful hints
* Click on RiskPoll Assistant for help

* To perform an operation, click key using the mouse or press Alt + underlined character
= Required = mandatory value (part of Core dataset); Optional = optional value

Click for model-
 descriptions

¢ Click for Background
information’

Figure 28: Pollutant input data screen




Emission rate (tons/yr) and deposition velocity (cm/s) are needed for the estimation of
the impact. Emission rate was taken from Tzannatos 2010b (with PM;o= PM, 5/0.92
as stated in 5.2) for one year (2008-2009) (see 5.1) and the deposition velocity (k) was
taken as the mean of the values for Europe (k= 0.77 for PM;,and PM; 5, k=0.81 for
S0,, k=1.26 for NO,, k=1.855 for Sulfate and k=1.025 for Nitrate) given by Spadaro
(2003) in Table 5:

Table 5: Values of deposition velocity (k) for Europe (source: Spadaro, 2003)

The depletion velocity characterizes the atmospheric pollutant
removal rate. Typical ranges for selected regions around the
world are shown below. All values are in cm/sec.

Europe SE Asia USA S. America
PMy 0.67-0.87 0.53-1.83 1.00 1.13-2.86
SO, 0.73-0.89 0.49-1.16 0.84-2.08
NOX 1.05-1.47 0.65-2.35 0.40-2.26
Sulfate 1.73-1.98 0.76-2.27 3.11-4.76
Nitrate 0.76-1.29 0.67-1.17 1.04-3.00

5.3.3 Stack parameters

Figure 29 shows the Stack Parameters input data screen

£3 - RiskPoll --- Input Data Screen o] B |l

J Health risk assessment - QUERI model

Case Study Comments @
[ Pollutant Inventory T ExpResp Functions T Monetary Values N
Stack Parameters Meteorological Data T Receptor Data
Emission source characteristics
Longitde  Latitude
Source Coordinates (deg) [ 2363706 | 37.94222
Soure tion 3
Site In nleger: 0o 6
Stack Height (m) =
Flange: 25 to 300 melers
Stack Diameter (m) 5
Flow Velocity (m/s) 0
Gas Temperature (K) 600

FRange: 300 to B00K

Core data: Sowrce coardinates [longitude: de { of Greenwich Meridian, 0 to 360 deg:
latitude: degrees Marth or South of Equator, -30 to +30 degl: souree location, integer beween 0 and &

Reset Optional values Reset stack entries i

= Place mouse over an object to display a description o its function or helpful hints
= Click on RiskPoll Assistant for help

= To perform an operation, click key using the mouse o press Alt + underlined character
* Required = mandatory value (part of Care dataset); Optional = optional value

G} <~ Click for Background
information

—>= File - ew/Load/Save Case Study; Calculate - estimate Impacts/Costs; click on RiskPol Assistant for Help ...

{ < Ciick for madel
descriptions

Figure 29: Stack Parameters input data screen
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The program requires the source coordinates (longitude and latitude) and the source

location. The site index is an integer from O to 6, as showing in Table 6;

Table 6: Explanation of site index integer (source: Spadaro, 2003)

Source Location Comments

0 Source located in a rural area or country site
(ratio of local to regional population density less than 2)

1 Source within a few km of a small-sized city. ex. Stuttgart in Germany
(ratio of local to regional population density less than 6)

2 Source within a few km of a medium-sized city, ex. Milano 1n Ttaly
(ratio of local to regional population density less than 10)

3 Source within a few km of a large city, ex. Pans in France
(ratio of local to regional population density greater than 10)

4 Source lies between 15 and 25 km distant from a large city
..... & 50me 1lec,l;emegnjsandmmdlsnmfmma1argecm
""" 6  Sourcelocated more than 40 km distant from a large city
""" Oorl1  Sourcelocated onasmall island, ex. Crete in Greece.or

near a large water body (ocean or lake), or
close to a city surrounded mostly by unpopulated areas, ex. Finland m Europe

For Piraeus the source coordinates are: 23.63706 (longitude) and 37.94222 (latitude).
The site index was taken 3. Therefore, the regional radius is 500 km (see 4.4.2).
Optional data:
1. Stack height
2. Stack diameter
3. Flow velocity
4. Gas temperature
For the case study the following typical values were chosen:
1. Stack height =25 m, (General Arrangement of Blue Star Belos-see Annex 3)
2. Stack diameter = 5 m, (General Arrangement of Blue Star Belos-see Annex 3)
3. Flow velocity = 10 m/s, (EIA report, 2013)
4. Gas temperature =600 K (Kyrtatos, 1993)

5.3.4 Receptor

Figure 30 shows the Receptor input data screen.
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& RiskPoll ——- Input Data Screen

Local population data were entered in RiskPoll using a population file as the one
shown in Figure 31. The numbers of persons living in each cell (400 in total) was
found using Google Earth combined with the 2011 and 2001 population census
released by ELSTAT (Hellenic Statistical Authority). The methodology was: finding
the center and boundaries of each cell using the measure tool in Google Earth
(measuring from the emission source in Piraeus) and referring to ELSTAT for the

population living in that cell. Annex 4 contains the population file that was created

and used.

-47.5 -42.5

47.5 2200 2290
42.5 2200 2290
37.5 5408 5408
32.5 5408 5408
27.5 14272 1a272
22.5 14272 1a272
17.5 13913 13013
12.5 13913 13013
7.5 8871
2.5 2874
-2.5 5792
7.5 5792
-12.5 2920
-17.5 2920
-22.5 2475
-27.5 2475
-32.5 1721
-37.5 1721
-42.5 1722
-47.5 1722

Figure 31:

el
X

=le

] Health risk assessment - QUERI model

Case Study Comments

[ Pollutant Inventory T

ExpResp Functions T

Monetary Values

Stack Parameters T

Meteorological Data

tor Data

Receptor distribution

Regional Population (persikm2) &=
regional size waties from 500 b 1000 km

Local Population (pers/km2) 4264
wpical local domain size (100 % 100 k)

Radius of Local Domain (km) 5

emission source located at the origin 0.0]
(10,000 ken2 = 56 ke radius]

Local receptor data (Optional )

[~ Lonly have the local population density

v | have detailed local population statistics
(5x5 km resolution; area = 10,000 km)

| want to use a Gaussian function to model
population of an urban site (Site 1D = 1.2,3)

[ Select population datafile

Pop Filename:

‘ K:ADiplvmatikhitelika dedomenatbthensPOP2 dat

Change pop file

Core date: Flegional population dersiy [persons per square km, pers/kma)

Reset population entries Al

= Place mouse over an object to display a description of its function or helpful hints

= Click on RiskPoll Assistant for help

= To perform an operation, click key using the mouse or press Alt + underlined character
* Requirad = mandatory value (part of Core datasat); Optional = optional valua

‘)<~ ek fon Backaiae
: information

Click for model
descriptions

Figure 30: Receptor input data screen

]

Example of a local

(P

population datafile

-37.5 -32.5 -27.5 -22.5 -17.5 -12.5 7.5  -2.5 2.5 17.5  22.5 32.5 37.5 42.5
10654 10654 5926 5926 11332 1 8527 8527 9005 see 3231 3232 3238 3111
10654 10654 5926 5926 11332 11332 8527 8527 9005 3s8e  323% 3231 3238 3111
20117 20857 20857 20857 20857 20857 20857 20857 14461 3865 3487 3487 3372
20117 20857 20857 20857 20857 20857 20857 20857 14461 3865 3487 3487 3372
16508 18142 18142 18830 18830 20279 20279 20891 20891 16035 1969 4269 5072
16508 18142 18142 12830 18830 20279 20279 20891 20891 16035 1969 4269 5072
14115 14115 14115 14115 2 21362 95261 91079 €4927 2998 4208 4008
14115 14115 14115 14115 1362 21362 95261 91079 64927 1998 4908 2008
14155 14155 14155 14155 106985 108985 3598417 181129 39101 5012 5012 5012
14158 14155 14188 105985 locosgy 398417 184129 39401 s012 so012 SD12
14179 14178 73713 737§ 215028 127021 48808 5020 5020 5020
14179 73713 7371 2150268 127021 48808 5020 5020 5020
14188 15638 1seadl 38007 €520 36635 36635 5022 5022 5022
14188 15638 1seafl 38007 §6520 36635 36635 5022 5022 5022

14820 15814 15814 1seas 15567 €385 6385 5036 5036 5036
13228 14320 15814 15814 1seas 15567 €385 6385 5036 5036 5036
8643 15366 15820 1ssaf  1sez0 12185 5045 5045 5045 5045 5045
8643 15366 15840 1584 1sB0 12185 5045 5045 5045 5045 5045
2848 15815 15847 1584 1sB47 10044 5047 5047 5047 5047 5047
2848 15615 15847 1584 13847 10044 5047 5047 5047 5047 5047

=

Number of persons living in
each cell of size 25 km®

Example of a population input file (source: Spadaro, 2003)




The local domain has an “effective” radius of 56 km equivalent to a square-shaped
(cells) domain, with sides equal to 100 km (Spadaro, 2003). There are 400 cells in
total, covering a surface area of 10000 km? . The emission source is at (0, 0) and the
X, Y coordinates are referred to the distance of the center of every cell from the
source. Each cell has a resolution of 5x5 km and the values in rows 2 through 20 and
columns 2 through 20 represent the number of people living in each cell, with an area

of 25 km? (Spadaro, 2003).

5.3.5 Exposure Response Functions (ERF) and Monetary Values

Figure 32 and Figure 33 shows the ERF and Monetary Values input data screen
respectively. The ERF (values as of September 28th 2004) and unit damage costs
(€2000) of the ExternE project of the European Commission were used for PM,g, SO,
and NO,. The PM, 5 ERF values were taken as the PM;qvalues of ExternE project

scaled by 1.67. Annex S shows the ERF and monetary values that were used.

£ RiskPoll - Input Data Screen = e

| Health risk assessment - QUERI model

Stack Parameters Meteorological Data Receptor Data
Case Study Comments

Pollutant Inventory ExpResp Functions Monetary Values I

Health impact categories

Cancel
List of functions (click to edit entry or double click to view Bazeline and Slope)

FM10 - Martaliy YOLL [Pope 20021 -
PM10 Chionic Bronchilis [abbey 1395]

PM10 - net Resticted activiy days [Dsto 1987

PM10 - Respiratory hospilalzation [Dab 1996]

PM10 - Cerebrovascular hospitsization [Wordley 1987]

PM10 - Chionic cough, chidren [Dockery 1985]

PM110 - Congestive heart failure, elderly [5 chuwartz Mars 135]

PM10 - Cough, adult asthmatics [Dusseldorp 1335]

PM10 - Bronchodiator use, adult asthmatics [Dusseldorp 1995] =

ERF Sinpe erpicl Bisseline, rominel midence ate of fossse i oaoms/peat, mitpled

by the Incieased Risk Fatio, IR, which 1epresent the change in the prevalence rate per ExtemE ERFs L
i Baseline vahics are peciic, whie IR valuss are obtain frem

epidericlogiosl stucies (Rbl 2001] The ERF is scsumed to be fivear wihout 3 trsshold. Raset list of ERFs g

= Place mouse over an object to display a description of its function or helpful hints

= Click on RiskPoll Assistant for help

= To perform an operation, dlick key using the mouse or press Alt + underlined character
= Required = mandatory value (part of Core dataset); Optional = optional value

A< Click for mode!
A

@« ek faiBackgoxd
infomation descrprions

Figure 32: The ERF Values input data screen
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[ StackP: M ical Data T Receptor Data
[ case Study Con

Pollutant Inventory ExpResp Functions T Monetary Values
- Unit cost data

5= Healin Impact Categary *=

PHI10 - Hortalty YOLL [Pope 2002]

| PM10 - Chronic Bronchitis [Abbey 1985)

PHI10 - net Restricted activity days [Ostro 1987)

PHI10 - Respiratory hospitalization [Dab 1996]

P10 lar iz rdiey 19971

PH10 - Chronic cough, chiidren [Dockery 1989]

P10 - Congestive heart failure, elderly [Schwartz/Morris 1995]
P10 - Cough, adult asthmatics [Dusseldorp 1995]

P10 - 4 it asthmatic 1995]
PH1D - Lower respi symptoms,

PHi10 - Cough, children asthmatics (Pope/Dockery 1992]
PH1O use, chidren i 1993] =l

Unit costs are ewpressed in US dollars per impact case

Monetization s optional. 1o enter data inta the table, double click on a bne (o click once and press retum)
and then specily the urit cost (3 per impact case). N8, a value of 30 indicates that no damage cost
for that heath impact will be calculated, rather only the physicalimpact wil be reported in the resuits

Reset monetary entries

Figure 33: The Monetary Values input data screen
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Chapter 6: Results

6.1 Results presentation

The presentation of the results starts with Figure 35 which is the “View Results

Screen’

> of the program.

3+ RiskPoll --- View Results Screen  [Input data filename: ...\FINAL.dat]

QUERI model results

i
i

Click on last column of table to find out more information on a particular health endpoint. e.g., input data and
estimation algorithm used in the analysis. local and regional impact distribution and insights into sensitivity analyses.

Pollutant | Exposure Response Function Impact Damage Cost Low cost High cost j
P10 P10 - Mortality YOLL [Pope 2002] 8.498E+1 4.249E+8 T.T4TE+S B.97T2E+6 3
PHA1D PO - Chronic Bronchitis [Abbey 1885] 8 542E+0 1.448E+8 2B3TE+5 2373Es6 3
PH10 PLI10 - net Restricted activity days [Ostro 1887] 4 315E+3 4 T46E+5 8653E+4 T TRTE+5| 3
PO P10 - Respiratory hospitalization [Dab 1958] 4 511EA 1.949E+3 3.553E+2 3197E+3| 3
P10 P10 - Cerebrovascular hospitalization [Wordley 1887] 1.083E+0 1837E+4 3.350E+3 3.015E+4| 3
PH10 PW10 - Chronic cough, children [Dockery 1989] 9.022E+1 21B5E+4 3.947E+3 3.553E+4 3
PR PLI1 - Cangestive heart failire, elderly [SchwartzMnrris 1985] 5 R44F-1 1 R40F+3 3 AR4F+7 3MMOF+3 3
PM10 PW10 - Cough, adult asthmatics [Dusseldorp 1955] 2 048E+3 9208E+4 1679E+4 1511E+5| 3

- Impasts are expressed in cases/year, whils Damage costs are ieported in LIS $4ysar; Low and High costs refer ta the BE% confidence interval
- The coefficient in the last column identifies the estimation algorithm wsed to calculate the impact, with the following meanings: 0 = SUMWM: 1 = Basic; 2 = Intermediate; 3 = Best.
- Additional impact infarmation on & specific health impact categam may be obtained by clicking an the last colurn.

- Note: [*] = No Impact/Cost estimates because sither the emission or depletion velacity are unspecified; [*] = Mo cost estimate becauss the monstary unit walue is 0 US$/case.
c fodyi td To perform sensitivity analyses, click on menu option Calculate and select item # 2 from the list of choices { "Senstivity analysis” )
SRR PL or press CTRL-A. Once all changes to the input data below have been made. press CTRL to recalculate the impacts/costs.
Case Study Notes Pollutant Inventory Meteorological Data
7 Pollutant Emission Rate  Depletion Velacity Paranmeta: Value
Case study comments: Mone entered .. PM10 1.080E+02 077 Mean ambient temperature (K) 2948
502 7.220E+02 0.81 Mean wind speed (m/s) 35
NOx 1.790E+03 126 Anemometer height (m} 54.0
N co Mo value Ho value Pasquill Freguency Class & (%) 55
Other 9.900E+01 o7 Pasquill Frequency Class B (%) 15.8
Stack Parameters Nitrates 1.03 Pasquill Frequency Class C (%) 43
Sulfates 1.86 %)
Parameter Mokie Emission rate [tonsdvear], Depletion velocity [cm/s] Eﬂm“!:: Ereq"‘e"w E:ﬂ“ED ::‘J 32;
Source longitude (0 to 360 deg) 234 Shintizr] ci :““'H qu”e"“y CI“S 2 g%f i
Source latitude (-80 to +90 deg) 376 Receptor Data IR PR .ass L -
Mean mixing layer height (m) 8082
Source location (integer between 0 and 8) 3 PararasieT e
) o5 Local meteo datafile: K:\Diplvmatikhtelika ded h
Stack height (m} 25.0 f oealoop At el oy ‘m.:a meteo datafile: k iplymatikhitelika dedomenathor
Stack diameter (m} 50 Local radius (km) 56.0 L i
Flue gas velocity (m/s} 10.0 " " -
Exhaust temperature (K} 600.0 e e (Dersa’kl:ﬂq = = DRIEIEOL TR —
x 2 = Local receptar datafile: K:\Diphvmatikhtelika dedomenatather Name: Other S‘
Effective stack height (m} 3375 7 e = Type: Primary species £ ',.:l

—== Click on Iast“culumn of Resu n‘s.tame for more infurmaf\on; Press CTRL A to perfurm & éénsilivity Analysis ...

Figure 34: View results screen

More analytically, the case study results file included can be seen in Annex 6

6.1.1 QUERI Model Results

The results can be seen in Table 7. This table has 9 columns and 54 rows. More

analytically:

Columns

The first column contains the name of the pollutant under examination

Second column gives information about the study from which the ERF
(Exposure Response Functions) are taken (in the brackets) as well as the
health impact that are referred to. It is reminded that the ERF are used for the
quantification of impacts (for more information see 3.1) and in this study were

used the ones of the ExternE project of the European Commission (values as




10,

11,

12,

of September 28th 2004). The health impacts that these E-R functions
implement are:

Mortality, expressed in YOLL per person per ug/m?® of pollutant per yr (see
3.1 for more information about YOLL). As the ERF for long-term mortality
are not available for SO2, only the acute mortality contribution is calculated
Chronic bronchitis, expressed in cases chronic bronchitis per person per
ug/m3of pollutant per yr,

Net restricted activity days (net RADs), expressed in net RADs per person
per pg/m?of pollutant per yr. Assume that all days in hospital for respiratory
admissions (RHA), congestive heart failure (CHF) and cerebrovascular
conditions (CVA) are also restricted activity days (RAD). Also assume that
the average stay for each is 10, 7 and 45 days respectively. So, net RAD =
RAD- (RHA *10) - (CHF*7) - (CVA *45) (Ostro, 1987).

Respiratory hospital admissions (RHA), expressed in RHA per person per
ug/m>3of pollutant per yr.

Cerebrovascular hospital admissions, expressed in cerebrovascular hospital
admissions per person per pg/m3of pollutant per yr.

Chronic cough in children, expressed in cases chronic cough in children per
person per pg/m>of pollutant per yr.

Congestive heart failure in elderly, expressed in cases congestive heart
failure in elderly per person per pg/m>of pollutant per yr.

Cough in asthmatic adults, expressed in cases cough in asthmatic adults in
elderly per person per ug/m>of pollutant per yr.

Bronchodilator use in asthmatic adults, expressed in cases Bronchodilator
use in asthmatic adults per person per pug/m3of pollutant per yr.

Lower respiratory symptoms in asthmatic adults, expressed in cases lower
respiratory symptoms in asthmatic adults per person per ug/m>of pollutant per
yI.

Cough in asthmatic children, expressed in cases cough in asthmatic children
in elderly per person per pg/m>of pollutant per yr.

Bronchodilator wuse in asthmatic children, expressed in cases

bronchodilator use in asthmatic children per person per pg/m>of pollutant per

yI.
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13. Bronchodilator wuse in asthmatic children, expressed in cases
bronchodilator use in asthmatic children per person per pg/m>of pollutant per
yI.

14. Lower respiratory symptoms in asthmatic children, expressed in cases
lower respiratory symptoms in asthmatic children per person per ug/m>of
pollutant per yr.

e The third column gives the impact of the corresponding health problem and is
expressed in cases/year.

Impact= Regional Impact+ Local Impact

Local Impact= Y, ,per au cetrs local receptor distribution on (5 by 5 km)x ERF x Cypeq

. —t
Regional Impact=SUWM impacts * exp [—j (see 4.4.2)
T

Emission x Receptor x ERIF

Where, SUWM impacts =
Depletion velocity

e The fourth column gives the damage costs

QUERI Damage cost (Best) = Zj AC ;xReceptor; x ERF x Unit cost + Regional cost (S€€ 4.4.2)

e Fifth and sixth column contain the lower cost and upper cost correspondingly.
the lower and upper bounds of the damage cost range are indicated with 68%
confidence interval assuming a lognormal probability density function (see
4.4)

e The coefficient in the eighth column identifies the estimation algorithm used

to calculate the impact, with the following meanings:

Estimation code: 0

Impacts and damage costs were calculated using the Simple Uniform
World Model (SUWM). Estimates depend on the following five
parameters:

1. Pollutant emission rate

2. depletion velocity;

3. Exposure-Response Function (ERF) of health endpoint in question;

4. Regional receptor density and

5. Monetary unit cost

Estimation code; 3
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Based on available input data, impacts and damages were calculated using
the 'BEST Algorithm' of QUERI From the following parameters have
been used in the model: stack Height and Diameter; flue gas exhaust
Temperature and Velocity; Site index; pollutant Emissions inventory
and Depletion Velocity, Regional population density, detailed Local
population statistics (5 by 5 km resolution); and detailed
Meteorological parameters (hourly data).

e The ninth column gives the presentence of the local impact.

85

——
| —



A

(0~)
0 7+36S9S°¢C e+avy8'C¢  €0+31€9°8 T10-30T°S [266T As|piopn] uonezijeyidsoy Jejnosenolqala) soleyins

(0~)
0 €+1STLC ¢+31/T0°€  ¢0+3S0°6 T0-30T°¢ [966T geq] uonezijeydsoy Alojelidsay salej|ns

(0~)
0 S+3¢19°9 v+a/lve L S0+30C°C €0+300°¢C [£86T 04350] sAep Apanoe payollsay au soleyins

(0~)
0 9+3ST0°¢C q+16€¢’¢ S0+3¢L9 00+3L6°E [S66T A2qqy] siyououg dluoayy sojej|ns

(0~)
0 9+3616°S S+34499 90+3/6'T TO+3S6°E [c00Z 2dod] T10A AvjeolA sojey|ng

[€66T
838 € €+3G9/°€ 7+3088°'6 €0+39¢°'T <C0+3/S'T J2wa0y] sonewyise ualp|iyo ‘swoldwAis Alojeaidsal 1omo OTINd
618 € P+30¢r'T €+318/S9°T €0+deLvr ¢CO0+38T'T [£66T Jowaoy] sonewyise ualp|iyd ‘@sn Joje[ipoyouoig 0TINd
818 € 70+3T0°¢ E+J€ETT'9 1+0+3€8T ¢0+3d80F [z66T A1a3po@/adod] sonewyise ualp|iyo ‘yanod OTINd
[s66T

8¥8 € €+3768'8 7+3088°'6 €0+396°¢ ¢0+3iTL'€  diopjassnq] sonewyise jnpe ‘swoldwAs Alojeaidsal 1omon OTINd
818 € S+1E6T'T P+iS¢e'T  v0+3d86°t  C0+IV6'6 [S66T dioplassnq] sonewyise }npe ‘asn Jojejipoyouo.ig O0TINd
818 € S+3€9.L°C ¥+30L0°c  VvO+dTC'6  €0+3S0°C [s66T dioplassn] sonewyise ynpe ‘Yyano) OTINd
818 € €+30¢S°S ¢+31€E€T’9  E0+3v8T T10-379°S [S66T sloN/zuemyds] Ajiap|a ‘@injie} peay aARsaguo) OTINd
818 € P+3567°9 e+31LTC°L v0+3LT°C  T0+320°6 [686T A1axo0Q] uaJp|iys ‘Ysnod sjuoayn OTINd
618 € P+avis’s €+3/¢T'9 1VO+3av8T 00+30T'T [266T As|piopn] uonezijeyidsoy Jejnosenolqala) OTINd
818 € e+31.¥8°S ¢+31/6¥'9 €0+3S6°T T0-31SV [966T geq] uonezijeydsoy Alojelidsay OTINd
818 € 9+3vev’T G+3¢8S'T SO+ISLt  €0+3¢eEY [£86T 04350] sAep Ajanoe pa1olilsay au OTINd
818 € 9+38EEY S+30¢8v 90+3aS¥'T  00+3¥S'8 [s66T A2qqy] siiyououg dluoayd OTINd
818 € [+3TS60°T 9+3189T°¢ 90+3S¢t T0+30S9°8 [c00Z 2dod] T10A AvjemolA OTINd

(%)

pedwi 150D

|e207 uonewnsy 1sodsaddn 150D JamoTq a8eweq 1edw| uonoun4 asuodsay ainsodx3 juen|jod

sjjnsal [3pow [YIND :L d|qel



( ]
.t £ )

(0~)

E+3¢/L°S ¢+tIETP'9  €0+3¢6'T  10-106°S [S66T SMIOIA/ZHEMYIS] AlISp|a ‘Dan|le} 1Liesy aARsa3U0D S9N
(0~)

¥+389/.°9 €+30¢S’L v0+39¢’c T0+30V'6 [686T A4axj00Q] Uaup|iyd ‘YSnod djuoay) s9lesliN
(0~)

A=A 7A €+308€'9 vO+AT6'T 00+3aVT'T [£66T As|piop] uonezijendsoy Jejnoseroiqala) solelliN
(0~)

€+3060°9 ¢+3/9/°9  €0+3€0°C  T10-30L°V [966T qeq] uonezijendsoy Alojelidsay S9jeJMN
(0~)

9+3¢87'T G+3/¥9'T GSO+AV6'Y  E€0+3A6YV'Y [£86T 01350] sAep Avlanoe paldliIsay 18U S9N
(0~)

9+31¢SV G+3€C0'S 90+31S'T 00+306'8 [S66T Aaqqy] sniyououg dluolyd s9lesliN
(0~)

£+38CET 9+39/¢'T 90+3evr'y T10+3988 [c00¢ 2dod] T10A AvljerioN solelliN
(0~) [€66T

€+316¥L°T Z+IEr6’T  TO+IER'S  TO+3I6T L Jowaoy] sonewyise ualp|iyo ‘swoldwAs Asojelidsal Jemon salejing
(0~)

E+3¥65°9 ¢ti/¢e’L  €0+30¢°¢  T0+30S°S [€66T JoWa0Y] soewyise UsJp|iyd ‘asn Joje|ipoyduoig saleyns
(0~)

7+36G8G°¢C €+36€8°C  €0+3¢S'8  C0+368'T [266T Aaxd0@/adod] sonewyise uaipjiyo ‘Ysnod saley|ns
(0~) [s66T

€+387T ¥ ?+3/8SYv €0+38E'T  c¢o+3dgs’ T dioplassnq] sonewyise jnpe ‘swoldwAs Alojeaidsal jomo sajeyns
(0~)

7+3I8ES'S €+3EST'9  VO+3S8'T  CO0+3C9V [s66T diopjassnq] sonewyise ynpe ‘asn Joje|ipoyouoig saley|ns
(0~)

G+3E8C'T r+ae¢cy’'T  ¥0+38¢'v  ¢0+30S°6 [S66T diop|assnq] sonewyise ynpe ‘4sno) salejns
(0~)

€+31¥95°C ¢+3I8¥8°C  ¢0+39S9'8  T10-3¢9°¢ [S66T SMIOIN/ZHEMYIS] AlIop|a ‘Dan|le} Liesy aARsa3U0D sajeyns
(0~)

7+38T0°€E E+3ESE’E  VO+ITOT TO+3I6T'V [686T A4axj00Q] Uaup|iyd ‘YSnod djuoay) salejns




[ = )
[€66T
818 € €+3€9/°S ZHISOVP'9  €0+326°'T  C0+30t°7 J2wa0y] sonewyise uadp(iyo ‘swoldwAis Alojeaidsal 1omon $'ZINd
818 € v+avLTC €+19Tv'¢  €0+3dS¢’L. ¢O0+3T18'T [£66T Jowao0y] sonewyise ualp|iyds ‘@sn Joje[ipoyouoig S'¢Nd
818 € P+3I91¥°8 €+3109€'6  v0+3T8'C  ¢0+3€C9 [z66T A1a3poQ/adod] sonewyise ualp|iyo ‘yanod S'CINd
[s66T
838 € t+379€°T €+3€TS'T €0+3AVYSY ¢0+329'G6 dioplassnd] sonewyise ynpe ‘swoidwAs Alojelidsal sjamoT S ZINd
818 € S+3/C8°T 7+30€0°C  v0+360'9 €0+3CS'T [S66T dioplassnQ] sonewyise }npe ‘asn Jojejipoyouo.ig S"CNd
818 € So+3TEC v0+3/S°¢C  SO+ITV'T  €O+AET'€ [s66T dioplassn] sonewyise ynpe ‘Yyanod S'ZINd
818 € €+309t°'8 ¢+3007'6 €0+3¢8'C 10-399'8 [S66T siIoN/zHeMYdS] AlJap|a ‘aan|le} Heay aARSa8U0) S'CINd
618 € 7+316£6°6 vP+av0T'T  PvO+3dTE'E  <C0+d8E'T [686T A1axo0Q] uaJp|iys ‘Ysnod sjuoayn S'CINd
818 € 7+38¢v9 e+31eST’L  Pv0+3ST'C 00+438¢C'T [266T As|piopn] uonezijeyidsoy Jejnosenolqala) S'CINd
818 € €+1896'8 ¢+3€966  €0+3166°C T0-3T6'9 [966T geq] uonezijeydsoy Alojelidsay S'CINd
818 € 9+3¢8T°¢C q+iqcv'c  SO+3iL¢L  €0+3T199 [£86T 04350] sAep Apanoe payollsay au S'ZINd
818 € 9+34¥9°9 G+J1€8€°L 90+d¢¢'¢ TO+HITET [S66T A2qqy] siyououg dluoayy S'CINd
818 € [+3TS6°T 9+3891°¢ 90+3105'9 ¢O0+30€'T [c00Z 2dod] T10A AvjeolA S'CINd
q'q8 € v+averv €+J€0T'6 P0+310S'T 00+3Lv’E [966T uoa] ap aouod] uonezjjeyidsoy Alojesidsay c0S
9'q8 € 9+39T€°¢C SHiLvP'T  SO+36L°S  00+3¢L°L [966T 1wojno] /uosiapuy] TIOA AljeHoN (401
(0~) [e66T
0 €+31¢6°€E ZHI09€Y  SO+HITET C0+AF9'T  J2wa0y] sonewyise ualp|iyo ‘swoldwAis Alojeaidsal jomo s9leIN
(0~)
0 v+HaLLYT eHITP9'T  €0+3d¢6r ¢0+3ECT [£66T Jawao0y] sonewyise uaJp|iys ‘asn Joje|ipoyduolg S91eJUN
(0~)
0 v+3a/L¢L’S €+31€9€'9 1VO+IT6'T cOo+dave v [z66T A1a3po@/adod] sonewyise ualp|iyo ‘yanod S9lel)IN
(0~) [s66T
0 €+3IEYT6 €+3/20°T €0+380°€ 7o+3s8's dioplassnd] sonewyise 3 npe ‘swoldwAs Alojesidsal sjamoT S9leIN
(0~)
0 S+ia¢ve'T 7+308¢'T VvO+3avT¥ €0+3v0°1T G66T dioplassnQ] sonewyise }npe ‘asn Jojejipoyouo.ig S9lel)IN
(0~)
0 S+39/48°C v+Havel’e Pv0+3189°6  €0+dET'C [S66T dioplassnq] sonewyise }npe ‘4sno) solelliN




6.2 Sample of the results per pollutant (Mortality)
6.2.1 PM,5- Mortality YOLL [Pope 2002]

--- Health Impact ---
Pollutant; PM2_5

Emission: 99 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM; 5 - Mortality YOLL [Pope 2002]
ERF slope: 6.5100E-04 cases/(yr.person.ug/m3)
Impact type: Long-term mortality

Unit cost: 50000 €/case

--- Results ---
Impact: 1.301E+2 cases per year, of which the Local and Regional contributions are,

respectively: 1.103E+02 and 1.973E+01 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 6.503E+6 € per year

(68% confidence interval =2.168E+6, 1.951E+7)

--- Estimation Code ---
Based on available input data, impacts and damages were calculated using the 'BEST

Algorithm' in QUERL

--- Data use ---
Of the available case study input data, these parameters were utilized: stack Height

and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological

parameters (hourly data).

--- Sensitivity analysis ---
Local concentrations were estimated using a Gaussian dispersion algorithm for urban

conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.
Whereas varying any of the other input parameters will have an influence on the

impact/damage estimates.
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6.2.2 PM;o - Mortality YOLL [Pope 2002]

-- Health Impact ---

Pollutant: PM;

Emission: 108 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM;g - Mortality YOLL [Pope 2002]
ERF slope: 3.9000E-04 cases/(yr.person.ug/m3)
Impact type: Long-term mortality

Unit cost: 50000 €/case

--- Results ---
Impact: 8.499E+1 cases per year, of which the Local and Regional contributions are,

respectively: 7.210E+01 and 1.289E+01 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 4.250E+6 € per year

(68% confidence interval = 1.417E+6, 1.275E+7)

--- Estimation Code ---
Based on available input data, impacts and damages were calculated using the 'BEST

Algorithm' in QUERL

--- Data use ---
Of the available case study input data, these parameters were utilized: stack Height

and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological

parameters (hourly data).

--- Sensitivity analysis ---
Local concentrations were estimated using a Gaussian dispersion algorithm for urban

conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.
Whereas varying any of the other input parameters will have an influence on the

impact/damage estimates.
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6.2.3 Sulfates - Mortality YOLL [Pope 2002]

--- Health Impact ---

Pollutant: Sulfates

Emission of precursor pollutant (SO2): 722 tons/yr
Depletion velocity: 1.86 cm/s

Endpoint: Sulfates - Mortality YOLL [Pope 2002]
ERF slope: 3.9000E-04 cases/(yr.person.ug/m3)
Impact type: Long-term mortality

Unit cost: 50000 €/case

--- Results ---
Impact: 3.947E+1 cases per year, of which the Local and Regional contributions are,

respectively: ~ 0 and ~ 3.947E+01 cases per year.

Damage cost: 1.973E+6 € per year

(68% confidence interval = 6.577E+5, 5.919E+6)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in

question; Regional receptor density and Monetary unit cost.

6.2.4 Nitrates - Mortality YOLL [Pope 2002]

--- Health Impact ---
Pollutant; Nitrates

Emission of precursor pollutant (NOx): 1790 tons/yr
Depletion velocity: 1.03 cm/s

Endpoint: Nitrates - Mortality YOLL [Pope 2002]
ERF slope: 1.9500E-04 cases/(yr.person.ug/m3)
Impact type: Long-term mortality

Unit cost: 50000 €/case

--- Results ---
Impact: 8.855E+1 cases per year, of which the Local and Regional contributions are,

respectively: ~ 0 and ~ 8.855E+01 cases per year.
Damage cost: 4.427E+6 € per year
(68% confidence interval = 1.276E+6, 1.328E+7)
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Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in

question; Regional receptor density and Monetary unit cost.

6.2.5 SO; - Mortality YOLL [Anderson/Toulomi 1996]

--- Health Impact ---

Pollutant: SO,

Emission: 722 tons/yr

Depletion velocity: 0.81 cm/s

Endpoint: SO, - Mortality YOLL [Anderson/Toulomi 1996]
ERF slope: 5.3400E-06 cases/(yr.person.ug/m3)

Impact type: Short-term mortality

Unit cost: 75000 €/case

--- Results ---
Impact: 7.716E+0 cases per year, of which the Local and Regional contributions are,

respectively: 6.600E+00 and 1.116E+00 cases per year. The local impact is 85.5% of
the Total.

Damage cost: 5.787E+5 € per year

(68% confidence interval = 1.447E+5, 2.315E+6)

--- Estimation Code ---
Based on available input data, impacts and damages were calculated using the 'BEST

Algorithm' in QUERL

--- Data use ---
Of the available case study input data, these parameters were utilized: stack Height

and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological

parameters (hourly data).

--- Sensitivity analysis ---
Local concentrations were estimated using a Gaussian dispersion algorithm for urban

conditions. Consequently, changing the Site index between 1 and 3 will not affect the

results.
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Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

For a more detailed review of impact assessment results the reader can see Annex 7.

6.3 Damage costs per pollutant and damage cost per kg of pollutant
Figure 35 and Figure 36 shows the damage costs per pollutant and the damage cost
per kg of pollutant respectively. The Other Pollutant refers to PM, s and Particles
refer to PMg.

Figure 35: Damage costs per pollutant

Figure 36: Damage cost per kg of pollutant




6.4 Local Concentration Profiles

The local concentration profiles in the 400 cells into which the local domain is

subdivided are;

6.4.1 PM,, Concentration Profile

Emission rate (tons/yr): 108

Peak concentration (ug/m3): 3.059E-01 at (X,Y) =(-2.5, 2.5)

Coordinates X and Y are measured in km along the horizontal and vertical directions,

with source at (0,0); concentrations are expressed in pg/m3
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Figure 37:

6.4.2 SO, Concentration Profile

Emission rate (tons/yr): 722

Peak concentration (ug/m3): 2.045E+00 at (X,Y) = (-2.5, 2.5)
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Coordinates X and Y are measured in km along the horizontal and vertical directions,

with source at (0,0); concentrations are expressed in pg/m3
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Figure 38: SO, concentration profile

6.4.3 NO, Concentration Profile

Emission rate (tons/yr): 1790

Peak concentration (ug/m3): 5.071E+00 at (X,Y) = (-2.5, 2.5)
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Coordinates X and Y are measured in km along the horizontal and vertical directions,

with source at (0,0); concentrations are expressed in pg/m3
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Figure 39: NO, concentration profile

6.4.4 PM,; Concentration Profile

Emission rate (tons/yr): 99
Peak concentration (ug/m3): 2.804E-01 at (X,Y) =(-2.5, 2.5)
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Coordinates X and Y are measured in km along the horizontal and vertical directions,

with source at (0,0); concentrations are expressed in pg/m3
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Figure 40:

6.5 Concentration Contours
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The concentration contours for each pollutant were made with the help of the

concentration profiles. The contours help the reader to have a better understanding of

how the pollutants are spread in the local domain. The red color indicates the area

with the highest concentrations.
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Figure 41: PM;,concentration contour

Figure 42: PM,, concentration contour (with zoom)
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Figure 43: NO, concentration contour
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Figure 44: NO, concentration contour (with zoom)
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Figure 45: PM, ; concentration contour
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Figure 46: PM, s concentration contour (with zoom})
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Figure 47: SO, concentration contour
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Figure 48: SO, concentration contour (with zoom})

6.5.1 Comparison with the air limit values (LV)
According to the annual report of air pollution (2013) the air limit values (LV) for the

above pollutants are shown in Table 8:
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Table 8: The air limit values (LV) for the pollutants under examination (source: Ministry Of Environment &
Climate Change, 2013)

Pollutants Yearly Limit Values (LV)

PMjo 40pg/m3
PM, 5 26pg/m3
NO 40ug/m3
SO, - (no yearly value)

It is obvious that the highest concentrations of the pollutants in the case study are well
below the yearly limit values but that doesn’t mean that they don’t cause external

costs in health.
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Chapter 7: Analysis of case study results

7.1 Overall external cost

The purpose of the case study is the estimation of the external cost in health resulting
from air pollutants emitted by coastal passenger ships and cruise ships approaching
the port of Piraeus for the year 2008-2009. The estimation of RiskPoll’s best
algorithm QUERI of the above external cost is illustrated in Figure 49.

Air pollutants

PMio

PM; 5

Emissions of one year External cost in health
NO,

50,
Nitrates 26 million €
Sulfates
Figure 49: Estimation of RiskPoll’s best algorithm QUERI
The exact amount of the external cost in health is 26.314.700 €,,00 Which derives as

the sum of the external costs caused by the particular air pollutants under

examination: PM,,, PM, 5, NO,, SO,, sulfates and nitrates.

7.2 External cost of primary and secondary pollutants

Primary pollutants are those emitted directly from ship’s funnel whereas the
secondary pollutants are formed later in approximately 56 km from the source when
chemical reactions are taking place between primary air pollutants and the
environment. The primary air pollutants in this study are: PMyy, PM,5, NO, and
50,.The secondary pollutants are: sulfates and nitrates. The course of the formation of

secondary pollutants is shown in Figure 50.
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Primary Air pollutants
PMy,
PM, s

NO,

Approximately 56 km

S0, > Re y
from ship

03

Aerosol
\04’ NO, . B HNOg— %

| \M

Emission Dry deposition Wet deposition

\ 1trate
acrosol

OH NH
50, % H,507 : o SalEE

oo/

Emission Dry deposition Wet deposition

sjueinjjod
Jie Asepuodas

Nitrates

Sulfates
Figure 50: The course of formation of secondary pollutants

It is important to note that NO, assumed to have zero external cost in health as a
primary pollutant and all the external cost is caused by its secondary pollutant, the
nitrates. This assumption has been used by the ExternE project of the European
Commission and is based in several studies. Rabl (2001) stated “7he evidence for
direct health impacts of NO,, is mixed or weak, except possibly for morbidity of
children for which according to Bascom et al [1996] “... meta-analysis indicates that

a long term increase in exposure to NO,,; of 15 ppb is associated with an increase in

——
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illness odds of approximately 20% in children but not in adults.” The main damage
attributable to NO, seems to be the result of its secondary pollutants (O3 and
nitrates)”

Figure 51 shows the yearly external costs in health of each pollutant (primary and

secondary).

10000000
9000000
8000000
7000000
6000000
5000000
4000000
3000000
2000000
1000000 3

(0]
EPM10 6374000

EmPM2.5 9749000

S02 593700
M Sulfates 2959000
W Nitrates 6639000

External cost (€2000)

Figure 51: External cost in health of each pollutant for the year 2008-2009

Comments

According to the results, PM, s causes the biggest external cost with nitrates coming
second followed by PM,y, Sulfates, and SO,. It is interesting to notice that even
though NO, have zero external cost its secondary pollutant, the nitrates, have the
second highest one. Furthermore, particles (PMo and PM,5) are by far the main
source of external costs reaching a total of 16 million €,4¢9 per year. Also, SO, as a
primary pollutant has low external cost but as a secondary pollutant in the form of
sulfates gives nearly 3 million €,499 of external cost. Figure 52 gives a more clear

view of the contribution of each pollutant in the overall external cost.
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mPM10

WPM2.5
S02

M Sulfates

M Nitrates

Figure 52: Presentence of each pollutant's contribution in the overall external cost

Comments

Taking into account all the pollutants (primary and secondary), particles contribute for
more than 60% of the damage costs followed by the nitrates, sulfates and SO,. So, it is
clear that as far as human health impacts regards, particles are the main source of the

damage costs.

7.3 Mortality vs Morbidity

The impacts in human health from an air pollutant can be separated according to the
mortality or morbidity that they cause. As it was said long-term mortality is measured
in YOLL (Years Of Lost Life) the value of which is acquired by the willingness-to-
pay (WTP) to avoid the risk of an anonymous premature death while morbidity is a
sum of the cost of medical treatment for the illness, wage and productivity and ong’s

willingness-to-pay (WTP) to avoid the risk of pain and suffering.

The external cost from mortality by all the pollutants is 17731700 €499 while the
external cost from morbidity is 8583000 €,090. Therefore, the presentence of
mortality’s and morbidity’s costs in the overall external cost are 67% and 33%

respectively.

The pollutant with the biggest mortality external cost as well as the biggest morbidity
external cost is PM 5 (6503000 €500 and 324000 €490 respectively).
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7.4 Local vs Regional impact

The local domain has an “effective” radius of 56 km while the regional domain has an
“effective” radius between 500 and 1000 km from the source. Local impacts are
determined using a 5 by 5 km gridded population distribution (entered by the user
manually). The regional impact is based on the SUWM evaluation. Nitrates and
sulfates have only regional impacts, while PM,,, PM, ¢ and SO, have each of them
85% local impacts and 15% regional impacts. Because particles are the main source
of the overall external cost in health and 85% of their external cost is local it is

therefore important to note that people living in Athens are mainly the ones at risk.

7.5 External cost per tonne of pollutant
The yearly external cost per tonne of pollutant is the best way to understand the
damage of an air pollutant. Also, it is an important tool for future regulations because

it shows which pollutant first should be subjected to emission control.

100000
90000
® 80000
s 70000
et 60000
,4‘3 50000
é 40000
e 30000
W 20000
10000
0
BPM10 59019
WPM2.5 98475
SO2 (including sulfates) 4602
B NOx (only nitrates) 3709
Figure 53: External cost per tonne of pollutant for the year 2008-2009
Comments

It is obvious that PM, 5 have the biggest external cost per emitted tonne with 98475
€2000 /tonne., PM;, is fOHOWiIlg with 59019 €2000 /tonne, 502 with 4602 €2000 /tonne
(including the sulfates costs) and NO, (only nitrates cost) with 3709 €, /tonne.
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7.6 External cost per person

According to census 2011 the total resident population in Greece is 10815197
receptors and in Attica 3827624, Because the regional scale varies between 500 and
1000 km it is assumed that all Greece is affected by the pollutants. Also, it is assumed
that the local population consists of the people living in Attica because the majority of
the local population is concentrated there (see population file in Annex 4). Finally,
the receptors in the regional scale are 6987573 (population in Greece minus the
population in Athens). First Figure 54 shows the yearly external cost in health per
receptor in total (local and regional), second Figure 55 shows the yearly external cost
in health per receptor in the local scale and the third Figure 56 shows the yearly

external cost in health per receptor in the regional scale.

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

€2000/ person

WPM10 0,6
mPM2.5 0,9

S02 (including sulfates) 0,3
B NOx (only nitrates) 0,6

Figure 54: External cost per person (total-Greece) for the year 2008-2009
Comments
PM, 5 cost every year nearly 1 €599 per person (living in Greece), each of PM;, and
NO, (only the nitrates) cost 0.6 €500 per person and SO, 0.3 €,¢00 per person. That

means a total of 2.5€,0¢ per person external cost every year and considering the size

of the receptors (a whole country) this result is alarming.
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EPM10 1,4
WPM2.5 2,2
mSs02 0,1
Figure 55: External cost per person (local-Athens) for the year 2008-2009
Comments

Here, PM, 5 cost every year 2.2 €,4¢99 per person (living in Athens), PM;, cost 1.4
€,000 per person and SO, 0.1 €,4¢¢ per person. That means a total of nearly 4 €400
per person external cost every year. It is reminded that the nitrates and the sulfates

have only regional impacts.

1
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

0
mPM10 0,1

EPM2.5 0,2
[ Sulfates 0,4
M Nitrates 0,95

€2000/ person

Figure 56: External cost per person (regional-Greece) for the year 2008-2009
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Comments

In the regional scale, the nitrates give the biggest yearly external cost per person
(1 €2000) followed by the sulfates (04 €2000), PM2_5 (02 €2000) and PMlO (Ol €2000).
The total external cost per year in health is 1.7 €,4¢ per person for the people living

outside Athens.

7.7 Point of maximum concentrations

Finally, the maximum concentration point of the Gaussian plume is at (X, Y) = (-2.5
km, 2.5 km) from the source and in that point all the pollutants reach their highest
concentration. According to the concentration profiles and contours the point of

maximum concentration is at Neo Ikonio in Perama.

7.8 Comparison with Tzannatos study

Tzannatos (2010b) also estimated the external costs of PM,5,NO,.,SO, for the same
air emissions of coastal passenger ships and cruise ships approaching the port of
Piraeus for the year 2008-2009 with the help of emission externality factors.
According to his findings; “the overall externalities were valued at almost 51 million
euro, whereas the individual contribution of the pollutants was around 28, 14 and 9
million euro for the NO,, SO,and PM,s emissions, respectively”, Because these
values refer to year 2008 prices they must be brought to year 2000, in order to
compare them with the results of this study with the help of CPI (Consumer Price
Index). The Greek CPI in 2008 stood at 130.8 according to the OECD country
statistical profiles (OECD, 2009) with base year 2000 (=100) (Tzannatos, 2010b).
That means that the costs estimated by Tzannatos are 30.8% higher than those of the
year 2000. So, the 2000 price values of Tzannatos estimations are: 35.3 M €,q¢9, 19.4
M €5000, 9.7 M €3000, 6.2 M €,900 for the overall externalities of NO,, SO, and
PM, s emissions, respectively. For PM, 5 the results are very close to this study but
for NO, and SO, the deviations are big. These deviations are reasonable since
Tzannatos estimated not only health costs but environmental costs as well, like the
effects of SO, (acidity) on materials used in buildings and structures (excluding those
of cultural value) and the effects of NO, on arable crop yield. PM,5’s external costs
are dominated completely by health costs and so the estimation of Tzannatos study is

close to this study.
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Chapter 8: Case study 2 (at ship level)

8.1 Description of the study

The purpose of this chapter is the estimation of the external cost in health caused by
the air emissions of one coastal passenger ship for the year 2013-2014. This study
focuses in the time frame between arriving and departing from the port of Piraeus.
First, the travel log of the ship was acquired, containing data for the year 2013-2014.
The time that the ship stayed in the port was found by subtracting the time of
departure from the time of arrival. This process was repeated throughout the year
acquiring by this way the hours of port time for the whole year. Finally, the average
port time was found by dividing the sum of all the hours in port by the times that the

ship approached Piraeus.
Average port time= 10 hours (125 approaches in total)

8.2 Assumptions and input data

It was assumed that the time for maneuvering in and out of the port is half an hour
respectively. So, a total of 1 hour from the 10 hours in port is for maneuvering.
According to the data collected, when the ship is at port only one auxiliary engine is
working at 80% and when it is in maneuvering the main engine is working at 40% and
one auxiliary engine at 40%. The auxiliary engine is a Daihatsu AL-28 model with
1800 HP and SFOC (Specific Fuel Oil Consumption) 175 gr/kwh while the main
engine has 46200 HP and SFOC 135 gr/kwh. The emission factors for fuel

consumption that were used are shown in Table 9.

Table 9: The emission factors for fuel consumption that were used

Emission Factors For Fuel
Consumption
HFO (Heavy | MDO (Marine
Fuel Oil) Diesel Qil)
NO, 15.88 12.11 | gr/kwh
SO, 9.29 6.9799 | gr/kwh
PM 1.47 0.5551735 | gr/kwh
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By multiplying each emission factor with the hours in port and used engine power (for
the main and auxiliary engine in port and in maneuvering) the emissions for every
pollutant were found for one approach.

The final emissions for one year were estimated by multiplying the above emissions

with the total approaches (125 in total) and found to be:
PM=34tn

NO,=42.76 tn

S50,=26.99 tn

According to ENTEC (2010), PMo= 95% of total particulate matter and PM, 5= 90%

of total particulate matter. So,
PMl(): 3.23tn
PM;5=3.061tn

The input data in RiskPoll remain the same as the main case study with the exception
of the pollutant inventory (the above values were used) and two stack parameters
(stack height= 34 m and stack diameter=1.6 m). Also, the assumptions for the
stationary source and the PM, s ERF values remain the same as the ones used in the

main case study.

8.3 Results presentation

The presentation of the results starts with Figure which is the *’View Results Screen”

of the program.,
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SEHIE G estimation algorithm used in the analysis. local and r

Jumn of table to find out more infarmation on a particular health endpoint, e g., input data and

ional impact distribution and insights sensitivity analyse:

Damage Cost

PHi10 - Mortalty YOLL [Pope 2002]

1.462E<5

PHi10 - Chronic Bronchitis [Abbey 1395]

4975ER4

PN10 - net Restricted activity days [Ostro 1987]

1.633E+4

B.703E+1

PHI10 - Respiratory hospitalization [Dab 1396]
PM10 itali diey 1997]

6.321E+2

P10 - Chronic cough, children [Dockery 1885]

T7.448E+2

P10 - Congestive heart failure, eiderly [SchwartziMorris 1995]

6.328E+1

PH10 - Cough, 1985]

3.167E+3)

Case study input data

Case study comments: None entered

Mean ambient temperature (K)

Mean wi (mis}

height (m}

Pasquill Frequency Class A (%)

Pasquil Frequency Class B (%)

Pasquill Frequency Class C (%)

Parameter

Source longtude (0 to 360 deg)

Source latitude (-90 1o +90 deg}

Source location (integer between 0 and 6)

Mean mixing layer height (m}

Stack height (m)

Local meteo datafile: KADiplymatikhitelia dedomenatho
«

Stack diameter (m)

Flue gas velocity (m/s) Regional populatien (persikm2)

Exhaust temperature (K)

Effective stack height (m)

Local receptor datafile: K:\Diplvmatikh'telka dedomenatdther

b

Figure 57: View Results Screen

QUERI Model Results

The results can be seen in Table 10.
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8.4 Sample of the results per pollutant (Mortality)
8.4.1 PM.5- Mortality YOLL [Pope 2002]

--- Health Impact ---
Pollutant: PM2.5

Emission: 2.91 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM2.5 - Mortality YOLL [Pope 2002]
ERF slope: 6.5100E-04 cases/(yr.person.ug/m3)
Impact type: Long-term mortality

Unit cost: 50000 €/case

--- Results ---

Impact: 4.611E+0 cases per year, of which the Local and Regional contributions are,
respectively: 4.031E+00 and 5.799E-01 cases per year. The local impact is 87.4% of
the Total.

Damage cost: 2.305E+5 € per year
(68% confidence interval = 7.683E+4, 6. 915E+5)

--- Estimation Code ---
Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.
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8.4.2 PMy, - Mortality YOLL [Pope 2002]]

--- Health Impact ---
Pollutant: PM10

Emission; 3.08 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM10 - Mortality YOLL [Pope 2002]
ERF slope: 3.9000E-04 cases/(yr.person.ug/m3)
Impact type: Long-term mortality

Unit cost: 50000 €/case

--- Results ---

Impact: 2.923E+0 cases per year, of which the Local and Regional contributions are,
respectively: 2.556E+00 and 3.677E-01 cases per year. The local impact is 87.4% of
the Total.

Damage cost: 1.462E+5 € per year
(68% confidence interval =4.873E+4, 4. 386E+5)

--- Estimation Code ---
Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity; Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.
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8.4.3 Sulfates - Mortality YOLL [Pope 2002]

--- Health Impact ---
Pollutant; Sulfates

Emission of precursor pollutant (SO2): 24.88 tons/yr
Depletion velocity: 1.86 cm/s

Endpoint: Sulfates - Mortality YOLL [Pope 2002]
ERF slope: 3.9000E-04 cases/(yr.person.ug/m3)
Impact type: Long-term mortality

Unit cost: 50000 €/case

--- Results ---
Impact: 1.360E+0 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 1.360E+00 cases per year.

Damage cost: 6.801E+4 € per year
(68% confidence interval =2.267E+4, 2.040E+5)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity, Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

8.4.4 Nitrates - Mortality YOLL [Pope 2002]

--- Health Impact ---
Pollutant; Nitrates

Emission of precursor pollutant (NOx): 42.76 tons/yr
Depletion velocity: 1.03 cm/s

Endpoint: Nitrates - Mortality YOLL [Pope 2002]
ERF slope: 1.9500E-04 cases/(yr.person.ug/m3)
Impact type: Long-term mortality

Unit cost: 50000 €/case

--- Results ---
Impact: 2.115E+0 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 2.115E+00 cases per year.

Damage cost: 1.058E+5 € per year
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(68% confidence interval =3.527E+4, 3.174E+5)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity, Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

8.4.5 SO; - Mortality YOLL [Anderson/Toulomi 1996]

--- Health Impact ---
Pollutant: SO2

Emission: 24.88 tons/yr

Depletion velocity: 0.81 cm/s

Endpoint: SO2 - Mortality YOLL [Anderson/Toulomi 1996]
ERF slope: 5.3400E-06 cases/(yr.person.ug/m3)

Impact type: Short-term mortality

Unit cost: 75000 €/case

--- Results ---

Impact: 3.211E-1 cases per year, of which the Local and Regional contributions are,
respectively: 2.827E-01 and 3.846E-02 cases per year. The local impact is 88.0% of
the Total.

Damage cost: 2.409E+4 € per year
(68% confidence interval = 6.023E+3, 9.636E+4)

--- Estimation Code ---
Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity; Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.
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Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

8.5 Damage costs per pollutant and damage costs per kg of pollutant
Figure 58 and Figure 59 show the graph of damage costs per pollutant and the graph
of damage costs per kg of pollutant respectively. The Other Pollutant refers to PM, 5
and Particles refer to PM,.

Figure 58: Graph of damage costs per pollutant

Figure 59: Graph of damage costs per kg of pollutant
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8.6 Local Concentration Profiles

The local concentration profiles in the 400 cells into which the local domain is

subdivided are shown in Figures 60-63:

8.6.1 PM,, Concentration Profile

Emission rate (tons/yr): 3.08

Peak concentration (ug/m3): 1.380E-02 at (X,Y) =(-2.5, 2.5)

Coordinates X and Y are measured in km along the horizontal and vertical directions,

with source at (0,0); concentrations are expressed in pg/m3
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Figure 60:

8.6.2 SO, Concentration Profile

Emission rate (tons/yr): 24.88
Peak concentration (ug/m3): 1.115E-01 at (X,Y) =(-2.5, 2.5)
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Coordinates X and Y are measured in km along the horizontal and vertical directions,

with source at (0,0); concentrations are expressed in pg/m3
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Figure 61: SO, concentration profile

8.6.3 NO, Concentration Profile

Emission rate (tons/yr): 42,76
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Peak concentration (ug/m3): 1.916E-01 at (X,Y) =(-2.5, 2.5)

Coordinates X and Y are measured in km along the horizontal and vertical directions,

with source at (0,0); concentrations are expressed in pg/m3
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Figure 62: NO, concentration profile
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Coordinates X and Y are measured in km along the horizontal and vertical directions,

with source at (0,0); concentrations are expressed in pg/m3
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Chapter 9: Analysis of case study 2 results

9.1 Overall external cost

The external cost in health caused by all the pollutants under examination was
estimated by RiskPoll to be 849670 €,¢, for the year 2013-2014. The main case
study gave us 26 million €549 of external cost in health for 183 ships (124 cruise
ships and 54 coastal passenger ships) but that doesn’t mean that one ship’s external
cost will be 183/26 because every ship has different port times (especially cruise

ships), different emissions as well as different features (stack height, diameter, etc).

9.2 External cost of primary and secondary pollutants

Figure 64 shows the yearly external costs of each pollutant (primary and secondary).
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External cost (€2000)

Figure 64: External cost in health of each pollutant for the year 2013-2014

Comments

According to the results, PM, 5 causes the biggest external cost with PM;, coming
second followed by the nitrates, the sulfates and SO,. It is interesting to notice that
even though NO, have zero external cost its secondary pollutant, the nitrates, have the
third highest one. Furthermore, particles (PM;, and PM; 5) are by far the main source
of external costs reaching a total of 570 thousand €,49¢ per year. Also, SO, as a
primary pollutant has low external cost (24 thousand €,490 per year) but as a

secondary pollutant in the form of sulfates gives 102 thousand €,qg0f external cost.
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Figure 65 gives a more clear view of the contribution of each pollutant in the overall

external cost.

mPM10

WPM2.5
S02

M Sulfates
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Figure 65: Presentence of each pollutant's contribution in the overall external cost

Comments

Taking into account all the pollutants (primary and secondary), particles contribute for
more that 70% of the damage costs followed by the nitrates, sulfates and SO,. So, it is
clear that as far as human health impacts regards, particles are the main source of the

damage costs.

9.3 Mortality vs Morbidity

The external cost from mortality by all the pollutants is 574600 €,00 while the
external cost from morbidity is 275564 €,909. Therefore, the presentence of
mortality’s and morbidity’s costs in the overall external cost are 68% and 32%

respectively.

The pollutant with the biggest mortality external cost as well as the biggest morbidity
eXtemal cost iS PMZ.S (230500 €2000$ and 115100 €2000 respectively).

9.4 Local vs Regional impact

Nitrates and sulfates have only regional impacts while PM;, and PM; 5 have each of
them 87% local impacts and 13% regional impacts and S, has 88% local impacts and

12% regional impacts. Because particles are the main source of the overall external
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cost in health and 87% of their external cost is local it is therefore important to note

that people living in Athens are mainly the ones at risk.

9.5 External cost per tonne of pollutant
As it was said the yearly external cost per tonne of pollutant is the best way to

understand the damage of an air pollutant
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Figure 66: External cost per tonne of pollutant for the year 2013-2014
Comments

It is obvious that PM, 5 have the biggest external cost per emitted tonne with 119172
€2000/t0nne. PMIO is following with 71201 €2000/t0nne, SOZWIth 5071 €2000/t0nne
(including the sulfates costs) and NO,(only nitrates cost) with 3332 €,¢¢¢/tonne.
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Chapter 10: Comparison with other sectors

10.1 Comparison with the industrial sector

As it was shown in paragraph 7.6 the cost per receptor is higher in the local domain
which is mainly consisting by the people living in Athens. Furthermore, in Figure 55
it is clear that particles are the main contributor in the external cost per person in
Athens. It was therefore essential to give a first estimate of the magnitude of this cost
compared to the external cost of particles in Athens from other sources. According to
Institute for Environmental Research and Sustainable Development (IERSD) (2007)
“As for air pollutants the major contribution to the total external cost due to air
pollutants comes from PM,,, which are responsible for half of externalities
associated with industrial activity in Athens reaching 94.3 M €,49oper year”. Because
IERSD (2007) refers only to PM,,, the comparison will not include PM, ;. IERSD
(2007) examines 9200 industrial units and Table 11 shows the industrial activities that

were taken into account,

Table 11: The industrial activities that were taken into account (source: IERSD, 2007)

Industrial sector

Food and drinks

Textiles

Leather tanning

Wood processing

Paper and pulp

Printing

Petroleum industry

Chemical industry

Plastic products

Non-metallic minerals

Metal processing

Electroplating

Batteries

Furniture
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The external cost (dominated completely by the health costs) per person living in
Athens for one year caused by the industrial sector is: 94300000/3827624=
24.6 €;5990. According to the results of Figure 55 in paragraph 7.6 the health cost per
person living in Athens for one year caused by PM;o emitted from coastal passenger

ships and cruise ships in Piraeus is 1.4 €5¢0¢.

So, PM,,’s yearly external cost in health per person living in Athens from coastal
passenger ships and cruise ships is 5.7% of the ones from the industrial sector. It is a
big presentence taking into account that the number of industrial units is 50 times the

number of ships (9200 industrial units and only 183 ships).

10.2 Comparison with the road transport sector

Friedrich & Bickel (2001) estimated for Athens that the external cost (dominated
completely by the health costs) of PM, 5 for a petrol car EURO 1l is 1.32 €540 per
100 vkm (vehicle kilometers). The number of cars in Athens is about 1500000 (nearly
all of them are petrol cars because of the ban of the diesel cars that was in force until
2011 for Athens) and it is assumed that they travel approximately 5000 vkm/year. So,
1.32*1500000%5000/100= 99000000 €,00o. The above result is in line with the
OECD (2014) which stated that “The available literature, read with care, suggests
that, in the EU24, road transport’s share of the economic cost, properly calculated, is
likely to be =50%”. So, if the external cost from particles is mainly derived from the
road transport sector and the industrial sector (which is logical because these are the
two larger sectors) then each of them should have 50% share in the external cost. In
this case the transport sector gives 99000000 €,¢gpand from the previous paragraph
the industrial sector gives 94300000 €,q09(a 50%-50% contribution). The higher
external cost of the transport sector is justified from the fact that the pollutant into
consideration is PM, 5 and not PM;, (as in the industrial sector). The health cost per
person living in Athens for the road transport sector is 99000000/3827624=
25.9€,000. According to the results of Figure 55 in paragraph 7.6 the health cost per
person living in Athens for one year caused by PM, 5 emitted from coastal passenger
ships and cruise ships in Piraeus is 2.2 €,¢¢9. Therefore, PM, 5’s yearly external cost
in health per person living in Athens from coastal passenger ships and cruise ships is

8.5% of the ones from the road transport sector.
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10.3 Comments

The yearly external cost (from health impacts) due to coastal passenger ships and
cruise ships was compared to external costs of road transport and industry in the
metropolitan area of Athens. The shipping sector’s cost 1s 8.5% compared to the cost
from the transport sector and 5.7% compared to the cost from the industrial sector as
it is shown in Figures 67 and 68. The slight difference is attributed to the fact that in
the case of the transport sector the pollutant into consideration is PM, 5. This indicates
again that the major contributors in the yearly external cost in health per people living
in Athens from particles are the industrial and transport sectors with coastal passenger

and cruise ships contributing only a small portion in this cost.
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Figure 67: Comparison between the industrial and the shipping sectors costs per person in Athens
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Figure 68: Comparison between the road and the shipping sectors costs per person in Athens
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Chapter 11: Conclusion-Discussion

11.1 Conclusion

This study focused in the estimation of the yearly external health costs from air
pollutants emitted by coastal passenger ships and cruise ships approaching the port of
Piracus for the year 2008-2009. The preferred method was the Impact Pathway
Assessment (IPA) which has been used by the ExternE, a number of research projects
funded by the European Commission, Directorate-General (DG) Research for the
assessment of external costs derived and correlated with the energy. The IPA (Impact
Pathway Approach) is considered the best for calculating this kind of costs. Also, the
presentation and analysis of the results tried to be as detailed as possible with a large
number of figures, tables and comments. The second part of this study made an extra
estimation of the yearly external health costs from air emissions of one passenger ship
approaching the port of Piraeus for the year 2013-1014 with the same methodology.
In the end and because Athens is the city which is affected the most, it was important
to give a comparison between the yearly external health costs per person living in
Athens caused by particles (PM;q or PM,5 according with which sector the
comparison was made) emitted from coastal passenger ships and cruise ships and the
two major contributors in the health external costs: the industrial sector (PMyo) and

the transport sector (PM, 5).

11.2 Discussion

In this paragraph, suggestions for improvement and further study in estimating the
external health costs from shipping’s air pollutants are given. The most obvious
improvement would be the use of a program designed specifically for this task. This
includes a new dispersion model for air pollutants emitted by ship’s funnel taking into
account analytical meteorological data and most importantly the ship movements
(maneuvering in port or travelling in open sea). This way the overall external costs
will be acquired and not only the ones when the ship is at the port. Also, another
improvement would be a detailed inventory of air emissions of coastal passenger
ships and cruise ships in Piraeus with a 24 hour monitoring of shipping traffic,
possibly by using AIS (Automatic Identification System). Furthermore, the estimation

of the external costs could include commercial ships as well as other types of ships.
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Finally, it would be interesting to examine the changes in the external health costs
from applications of different technologies (like cold ironing) in shipping so

comparative and viability analysis could be made.
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Annex 1: Tables which are used to find various
parameters of the three dimensional Gaussian
concentration field C(x, y, z)

Table 12: Formulae for predicting plume rise under buoyancy driven conditions (source: Spadaro, 2002; Brode
and Wang, 1992)

Parameter Formula Value =
Briggs Buoyancy Flux _ 3 ( AT Fp=91m's’
Fy=gbg D.EI e
\ 4T
if Fz < 55
075
Plume rise for unstable (Pasquill AH=21425"% ’ AH = 166 m

classes A. B and C) or neutral
(Pasquill class D) atmospheric

conditions ifFg >55
FO,E!]
AH=38.71-L2
U
FT 4033
!, s |
Plume rise for stable dispersion AH =2, { U e 88 /dz J AH =87 m (class E)
: » g Jez
(Pasquill classes E and F) > AH =72 m (class F)

26/6z = 0.020 K/m for Class E
£6/6z =10.035 K/m for Class F

f Estimate based on input data: Ve =14 m/s, Dz =29m T =413 K. T, =283 K. U=35m/s

(1) Wind speed at release height Hs is calculated by the formula: U = Uszr x (hs / Hzes)®, where P is the wind
profile exponent given below and Heer 1s the anemometer height.

Stability category
Local conditions A B C ) E F
Rural exponent 007 007 010 015 035 035
Urban exponent 0.15 015 020 025 030 030

(2) Plume rise 15 buoyancy driven 1f the followmg criteria are satisfied (typically. AT = 20 K):

Unstable or neutral atmosphere
Fp<35, AT 200297 T, VP¥/DY¥  Fy>s5, AT =0.00575T, vy ¥ /DI

Stable atmosphere
I i
lg 08)0:z
AT = (.19582 TE VE lgo‘i" for all Fg values

|
4

List of symbols

Dz Stack mner diameter (m) Fr Briges buoyancy flux (m'/s%)

g Acceleration due to gravity (9 81 m/s’) hy Stack height (m)

he hg+ AH (Effective stack height m m) Hper  Anemometer height (m)

P Wind profile exponent T Exhaust gas exit temperature (K)

U Wind speed at stack height he (m's) Ve  Exhaust gas exat speed (m/s)

z Vertical distance (m) AH  Plume nse (m)

AT Tg — Ta (Ta 1s the aur temperature 1 K) £8/éz Potential temperature gradient (K/m)
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Table 13: Lateral oy and vertical oz diffusion coefficients for Gaussian plume model (source: Spadaro, 2002;
Zannetti, 1990)

oc=ar(l+br)°: r=downwind distance in meters

Lateral dispersion coefficient, oy (m)

RURAL conditions

Pasquill Pasquill Pasquull Pasquill Pasquull Pasquill
class A class B class C class D class E class F
a=022 a=0.16 a=011 a=10.08 a=10.06 a=0.04
b=0.0001 b =0.0001 b=0.0001 b =0.0001 b=0.0001 b=0.0001
c=-0.5 c=-0.5 c=-05 c=-0.5 c=-05 c=-0.5
URBAN conditions
Pasquull Pasquill Pasquill Pasquill Pasquull Pasquill
class A class B class C class D class E class F
a=032 a=032 a=022 a=0.16 a=0.11 a=011
b =0.0004 b =0.0004 b=0.0004 b =0.0004 b=0.0004 b =0.0004
c=-05 c=-0.5 ce=-05 c=-0.5 c=-05 c=-05
Vertical dispersion coefficient, o, (m)
RURAL conditions
Pasquill Pasquill Pasquill Pasquill Pasquull Pasquill
class A class B class C class D class E class F
a=020 a=012 a=10.08 a=10.06 a=0.03 a=0.016
b=0 b=0 b=0.0002 b=0.0015 b=0.0003 b=0.0003
c=0 c=0 =-05 c=-05 = =-1
URBAN conditions
Pasquill Pasquill Pasquull Pasquull Pasquull Pasquill
class A class B class C class D class E class F
a=024 a=024 a=020 a=0.14 a=10.08 a=0.08
b=0.001 b=0.001 b=0 b=0.0003 b=0.0015 b=0.0015
c=05 c=05 c=0 c=-0.5 c=-05 c=-0.5

Table 14: Pasquill dispersion classes (source: Zannetti, 1990; Dobbins, 1979; Pasquill, 1974)

-Surface Wind Speed (m/s)

Insolation/Cloud Cover <20 2to <3 Jto <5 5to0 <6 =6
| Strong Insolation A A-B B C C
Day Moderate Insolation A-B B B-C Cc-D D
Slight Insolation B C C D D
Day
or Owvercast D D D D D
Night
Thin overcast or
Night § >0.5 cloud cover - E D D D
<04 cloud cover - F E D D

to 35°.

2. Pollutants emitted under clear nighttime skies with winds less than 2.0 m/s,
more recently defined to be class G, may be subject to unsteady meandering
which renders the prediction of concentrations at downwind locations

unreliable.
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Notes: 1. Stronginsolation corresponds to a solar elevation angle of 60° or more above
the horizon. Slight insolation corresponds to a solar elevation angle of 15°
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Where: A, very unstable; B, unstable; C, slightly unstable; D, neutral; E, slightly
unstable; F, stable; G, very stable

Table 15: Classification of atmospheric stability (source: Zannetti, 1990; DeMarrais, 1978; Best et al., 1986;
Hanna, 1989)

AT i
temperature R; i
) change gradient
Stability Pasquill g with hEighEl Richardson _
classification categories (degrees)  (°C l_ﬁ”z_m ) number at 2 m wa u
Extremely unstable A 25.0 <=1.9 -0.9 = 0.15
; ~1.9 to =1, -0.5 J
Moderately unstable B 20.0 1.9 to -1.7 B U.Ii:l'
Slightly unstable C 15.0 -1.7to -1.5 -0.15 L
Neutral D 10.0 =1.5 10 =-0.5 0 0.05 - 0.1
Slightly stable E 5.0 -0.5t0 1.5 0.4
Moderately stable F 2.5 1510 4.0 [0 " ] 0.0 - 0.05
Extremely unstable G 1.7 > 4.0 3

(*) Standard deviation of horizontal wind direction fuctuation over a period of 15 minutes
to 1 hour. The values shown are averages for each stability classification.

Table 16: Classification of atmospheric stability (source: Zannetti, 1990; U.S. EPA, 1986; Irwin, 1980)

Pasquill Standard deviation ;fom o Siandard Devia{ién’ of
stability the horizontal wind the vertical wind
categories direction fluctuations direction fluctuations ? |
(degrees) (degrees) ;
A Greater than 22.5° Greater than 11.5°
B 17.5 to 22.5° 10.0° to 11.5°
C 12.5° to 17.5° 7.8° to 10.0°
D 7.5 to 12.5° 5.0° to 7.8°
E 3.8° to 7.5° 2.4° to 5.0°
F Less than 3.8° Less than 2.4°

1 o .
These criteria are appropriate for steady-state conditions, a measurement height of 10 m,

for level terrain, and an aerodynamic surface roughness length of 15 ¢m. Care should be
taken that the wind sensor is responsive emough for use in measuring wind direction
fluctuation.

2 A surface roughness factor of (zo/15 cm)”-*, where z, is the average surface roughness in
centimeters within a radius of 1-3 km of the source, may be applied to the table values. This
factor, while theoretically sound, has not been subjected to rigorous testing and may not
improve the estimates in all circumstances.
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Table 17: Classification of atmospheric stability (source: Zannetti, 1990; U.S. EPA, 1986; Irwin, 1980)

If the 0y And the wind Then the Pasquill

stability speed at 10 m is stability category is
category is (m s

A < 2.9 F
291t 3.6 E

=36 D

B <24 F
2410 3.0 E

z 3.0 D

C <24 E
=24 D

D wind speed not considered D
E wind speed not considered E
F wind speed not considered F

L
) Nighttime is considered to be from one hour before sunset to one hour after sunrise.
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Annex 2: Sample of meteo input data (Faliro meteo
station)

2013 1 1 1 337.5 089 2843
2013 1 1 2 2925 0.00 2842
2013 1 1 3 0 0.44 2843
2013 1 1 4 3375 044 2839
2013 1 1 5 225 044 2836
2013 1 1 6 225 044 2835
2013 1 1 7 225 044 2838

2013 1 1 8 225 000 2834

2013 1 1 9 225 000 2841
2013 1 1 10 3375 044 2856
2013 1 1 11 270  0.00 286.5
2013 1 1 12 45 0.89 286.5
2013 1 1 13 3375 044 2874
2013 1 1 14 315 089 2877
2013 1 1 15 270 089 2873
2013 1 1 16 225 044 2869
2013 1 1 17 45 0.00 286.3
2013 1 1 18 45 1.33 2859
2013 1 1 19 225 000 2854
2013 1 1 20 2925 0.00 2849
2013 1 1 21 45 0.00 2844
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45

337.5
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Annex 3: General Arrangement of Blue Star Belos
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Annex 4: Population distribution (local scale)

475 425 -375 325 275 225 475 125 75 25 25 75 125 175 225 275 325 375 425 475
475 4743 0 0 0O 0 O 1071 1070 4726 8177 991 0 3156 0 0 4141 54 0 530 474
425 2954 6463 0 129 36477 0 752 1267V BV1 5122 9286 V95 3410 2723 0 0 O O 0 968
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Annex 5: ERF and monetary values

Data per line: Pollutant, ERF name, Endpoint type, ERF slope in

cases/(yr.pers.ug/m3) and unit cost in €3qqg
"PM10","PM10 - Mortality YOLL [Pope 2002]","Long-term mortality",3.90E-04,50000
"PM10","PM10 - Chronic Bronchitis [Abbey 1995]","Morbidity",3.92E-05,169300
"PM10","PM10 - net Restricted activity days [Ostro 1987]","Morbidity",1.98E-02,110
"PM10","PM10 - Respiratory hospitalization [Dab 1996]","Morbidity",2.07E-06,4320
"PM10","PM10 - Cerebrovascular hospitalization [Wordley 1997]","Morbidity",5.04E-06,16730
"PM10","PM10 - Chronic cough, children [Dockery 1989]","Morbidity",4.14E-04,240
"PM10","PM10 - Congestive heart failure, elderly [Schwartz/Morris 1995]","Morbidity",2.59E-06,3260
"PM10","PM10 - Cough, adult asthmatics [Dusseldorp 1995]","Morbidity",9.39E-03,45
"PM10","PM10 - Bronchodilator use, adult asthmatics [Dusseldorp 1995]","Morbidity",4.56E-03,40
"PM10","PM10 - Lower respiratory symptoms, adult asthmatics [Dusseldorp 1995]","Morbidity",1.70E-03,8
"PM10","PM10 - Cough, children asthmatics [Pope/Dockery 1992]","Morbidity",1.87E-03,45
"PM10","PM10 - Bronchodilator use, children asthmatics [Roemer 1993]","Morbidity",5.43E-04,40
"PM10","PM10 - Lower respiratory symptoms, children asthmatics [Roemer 1993]","Morbidity",7.20E-04,8
"Sulfates"," Sulfates - Mortality YOLL [Pope 2002]","Long-term mortality",3.90E-04,50000
"Sulfates"," Sulfates - Chronic Bronchitis [Abbey 1995]","Morbidity",3.92E-05,169300
"Sulfates"," Sulfates - net Restricted activity days [Ostro 1987]","Morbidity",1.98E-02,110
"Sulfates"," Sulfates - Respiratory hospitalization [Dab 1996]","Morbidity",2.07E-06,4320
"Sulfates"," Sulfates - Cerebrovascular hospitalization [Wordley 1997]","Morbidity",5.04E-06,16730
"Sulfates"," Sulfates - Chronic cough, children [Dockery 1989]","Morbidity",4.14E-04,240
"Sulfates"," Sulfates - Congestive heart failure, elderly [Schwartz/Morris 1995]","Morbidity",2.59E-06,3260
"Sulfates"," Sulfates - Cough, adult asthmatics [Dusseldorp 1995]","Morbidity",9.39E-03,45
"Sulfates"," Sulfates - Bronchodilator use, adult asthmatics [Dusseldorp 1995]","Morbidity",4.56E-03,40

"Sulfates"," Sulfates - Lower respiratory symptoms, adult asthmatics [Dusseldorp 1995]","Morbidity",1.70E-03,8
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"Sulfates"," Sulfates - Cough, children asthmatics [Pope/Dockery 1992]","Morbidity",1.87E-03,45

"Sulfates"," Sulfates - Bronchodilator use, children asthmatics [Roemer 1993]","Morbidity",5.43E-04,40
"Sulfates"," Sulfates - Lower respiratory symptoms, children asthmatics [Roemer 1993]","Morbidity",7.20E-04,8
"Nitrates","Nitrates - Mortality YOLL [Pope 2002]","Long-term mortality",1.95E-04,50000

"Nitrates","Nitrates - Chronic Bronchitis [Abbey 1995]","Morbidity",1.96E-05,169300

"Nitrates","Nitrates - net Restricted activity days [Ostro 1987]","Morbidity",9.89E-03,110

"Nitrates","Nitrates - Respiratory hospitalization [Dab 1996]","Morbidity",1.035E-06,4320

"Nitrates","Nitrates - Cerebrovascular hospitalization [Wordley 1997]","Morbidity",2.52E-06,16730
"Nitrates","Nitrates - Chronic cough, children [Dockery 1989]","Morbidity",2.07E-04,240

"Nitrates","Nitrates - Congestive heart failure, elderly [Schwartz/Morris 1995]","Morbidity",1.30E-06,3260
"Nitrates","Nitrates - Cough, adult asthmatics [Dusseldorp 1995]","Morbidity",4.69E-03,45

"Nitrates","Nitrates - Bronchodilator use, adult asthmatics [Dusseldorp 1995]","Morbidity",2.28E-03,40
"Nitrates","Nitrates - Lower respiratory symptoms, adult asthmatics [Dusseldorp 1995]","Morbidity",8.48E-04,8
"Nitrates","Nitrates - Cough, children asthmatics [Pope/Dockery 1992]","Morbidity",9.34E-04,45
"Nitrates","Nitrates - Bronchodilator use, children asthmatics [Roemer 1993]","Morbidity",2.71E-04,40
"Nitrates","Nitrates - Lower respiratory symptoms, children asthmatics [Roemer 1993]","Morbidity",3.60E-04,8
"S0O2","SO2 - Mortality YOLL [Anderson/Toulomi 1996]"," Short-term mortality",5.34E-06,75000
"S0O2","SO2 - Respiratory hospitalization [Ponce de Leon 1996]","Morbidity",2.40E-06,4320

"PM2.5","PM2.5 - Mortality YOLL [Pope 2002]","Long-term mortality",6.51E-04,50000

"PM2.5","PM2.5 - Chronic Bronchitis [Abbey 1995]","Morbidity",6.55E-05,169300

"PM2.5" "PM2.5 - net Restricted activity days [Ostro 1987]","Morbidity",3.31E-02,110

"PM2.5","PM2.5 - Respiratory hospitalization [Dab 1996]","Morbidity",3.46E-06,4320

"PM2.5","PM2.5 - Cerebrovascular hospitalization [Wordley 1997]","Morbidity",6.42E-06,16730
"PM2.5","PM2.5 - Chronic cough, children [Dockery 1989]","Morbidity",6.91E-04,240

"PM2.5","PM2.5 - Congestive heart failure, elderly [Schwartz/Morris 1995]","Morbidity",4.33E-06,3260
"PM2.5","PM2.5 - Cough, adult asthmatics [Dusseldorp 1995]","Morbidity",15.68E-03,45

"PM2.5","PM2.5 - Bronchodilator use, adult asthmatics [Dusseldorp 1995]","Morbidity",7.62E-03,40
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"PM2.5","PM2.5 - Lower respiratory symptoms, adult asthmatics [Dusseldorp 1995]","Morbidity",2.84E-03,8
"PM2.5","PM2.5 - Cough, children asthmatics [Pope/Dockery 1992]","Morbidity",3.12E-03,45
"PM2.5","PM2.5 - Bronchodilator use, children asthmatics [Roemer 1993]","Morbidity",9.07E-04,40

"PM2.5","PM2.5 - Lower respiratory symptoms, children asthmatics [Roemer 1993]","Morbidity",12.02E-04,8
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Annex 6: Case study results file

Stack Parameters

Source Longitude (deg): 23.63706
Source Latitude (deg): 37.94222
Source Location: 3

Stack Height (m): 25.0
Stack Diameter (m): 5.0

Exhaust Gas Velocity (m/s): 10.0
Exhaust Gas Temperature (K): 600.0
Effective Stack Height (m): 3374
(1) Longitude: 0 to 360 deg; positive direction is West of Greenwich Meridian.
(2) Latitude: -90 to +90 deg about the Equator.
(3) Location: 0 = rural site
1, 2, 3 = near small, medium or large city
4 =25 km or less from a large urban center
5 =40 km or less from a large city, and
6 = more than 40 km from a large city.
(4) Effective height is the sum of actual stack height and plume rise.

Pollutant Inventory

Name Emission Rate Depletion Velocity
(tons/year) (cm/s)

PMI10 1.080E+02 0.77

SO2 7.220E+02 0.81

NOx 1.790E+03 1.26

PM25 9.900E+01 0.77

Nitrates 1.03

Sulfates 1.86

(5) Precursor pollutant for Nitrates is NO2.

(6) Precursor pollutant for Sulfates is SO2.

(7) The pollutant removal rate is characterized by the Depletion velocity, which
accounts for 'dry' & 'wet' deposition and atmospheric chemical transformation.
Receptor Data

Regional Receptor Density (pers/km): 82
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Local Receptor Density (pers/km2): 426.4

Radius of Local Domain (km): 56.0

(8) Regional density is estimated using a radius of 500-1000 km about the source.
This surface area covers both land and water.

(9) Local receptors are the number of persons living within the local domain (100 by
100 km2), with the source located at the coordinate origin. The local population
resolution scale is 5 by 5 km2.

Meteorological Data

Mean Air Temperature (K): 294.8
Mean Local Wind Speed (m/s): 3.5
Anemometer Height (m): 54

Pasquill Distribution Class A (%): 5.4
Pasquill Distribution Class B (%): 15.8
Pasquill Distribution Class C (%): 4.3
Pasquill Distribution Class D (%): 38.4
Pasquill Distribution Class E (%): 6.9
Pasquill Distribution Class F (%): 293
Mean mixing layer height (m): 605.5
(10) Air and wind data are mean values during the impact assessment period.
(11) Anemometer height is the height at which the wind speed is measured.
(12) Pasquill classes are a measure of atmospheric turbulence level during pollutant
transport. Class types include:
A, B, C = Very to Slightly Unstable;
D = Neutral, and
E,F = Slightly to Stable atmospheric conditions.
(13) Mixing height is the layer of air above the ground (troposphere) where mass and
energy transport is significant.
Human Health Categories of Impact

See Annex 5,
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Annex 7: Case study detailed review of impact
assessment results

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters:
1. Pollutant emission rate
2. depletion velocity;
3. Exposure-Response Function (ERF) of health endpoint in question;
4. Regional receptor density and
5. Monetary unit cost
Estimation code 3
Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERI. Of the available case study input
data, The following parameters were utilized: stack Height and Diameter; flue gas
exhaust Temperature and Velocity; Site index; pollutant Emissions inventory
and Depletion Velocities; Regional population density; detailed Local population
statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).
A review of impact assessment results is provided below:
PM10 - Mortality YOLL [Pope 2002]
-- Health Impact ---
Pollutant: PM10
Emission: 108 tons/yr
Depletion velocity: 0.77 cm/s
Endpoint: PM10 - Mortality YOLL [Pope 2002]
ERF slope: 3.9000E-04 cases/(yr.person.ug/m3)
Impact type: Long-term mortality
Unit cost: 50000 €/case
--- Results ---
Impact: 8.499E+1 cases per year, of which the Local and Regional contributions are,
respectively: 7.210E+01 and 1.289E+01 cases per year. The local impact is 84.8% of
the Total.
Damage cost: 4.250E+6 € per year
(68% confidence interval = 1.417E+6, 1.275E+7)
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--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the

impact/damage estimates.

PM10 - Chronic Bronchitis [Abbey 1995]

--- Health Impact ---

Pollutant: PM10

Emission: 108 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM10 - Chronic Bronchitis [Abbey 1995]

ERF slope: 3.9200E-05 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 169300 €/case

--- Results ---

Impact: 8.543E+0 cases per year, of which the Local and Regional contributions are,
respectively: 7.247E+00 and 1.296E+00 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 1.446E+6 € per year

(68% confidence interval =4.820E+5, 4.338E+6)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST

Algorithm' in QUERI.--- Data use ---
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Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity; Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM10 - net Restricted activity days [Ostro 1987]

--- Health Impact ---

Pollutant: PM10

Emission: 108 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM10 - net Restricted activity days [Ostro 1987]

ERF slope: 1.9800E-02 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 110 €/case

--- Results ---

Impact: 4.315E+3 cases per year, of which the Local and Regional contributions are,
respectively: 3.661E+03 and 6.546E+02 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 4. 747E+5 € per year

(68% confidence interval = 1.582E+5, 1.424E+6)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant

Emissions inventory and Depletion Velocities; Regional population density; detailed
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Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).
--- Sensitivity analysis ---
Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.
Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.
PM10 - Respiratory hospitalization [Dab 1996]

--- Health Impact ---
Pollutant: PM10
Emission; 108 tons/yr
Depletion velocity: 0.77 cm/s
Endpoint: PM10 - Respiratory hospitalization [Dab 1996]
ERF slope: 2.0700E-06 cases/(yr.person.ug/m3)
Impact type: Morbidity
Unit cost: 4320 €/case
--- Results ---
Impact: 4.511E-1 cases per year, of which the Local and Regional contributions are,
respectively: 3.827E-01 and 6.843E-02 cases per year. The local impact is 84.8% of
the Total.
Damage cost: 1.949E+3 € per year
(68% confidence interval = 6.497E+2, 5.847E+3)
--- Estimation Code ---
Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL
--- Data use ---
Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity; Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---
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Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM10 - Cerebrovascular hospitalization [Wordley 1997]

--- Health Impact ---

Pollutant: PM10

Emission: 108 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM10 - Cerebrovascular hospitalization [Wordley 1997]

ERF slope: 5.0400E-06 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 16730 €/case

--- Results ---

Impact: 1.098E+0 cases per year, of which the Local and Regional contributions are,
respectively: 9.318E-01 and 1.666E-01 cases per year. The local impact is 84.9% of
the Total.

Damage cost: 1.838E+4 € per year

(68% confidence interval = 6.127E+3, 5.514E+4)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

-- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the

results.
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Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

Chronic cough, children [Dockery 1989]
--- Health Impact ---
Pollutant: PM10
Emission: 108 tons/yr
Depletion velocity: 0.77 cm/s
Endpoint: PM10 - Chronic cough, children [Dockery 1989]
ERF slope: 4.1400E-04 cases/(yr.person.ug/m3)
Impact type: Morbidity
Unit cost: 240 €/case
--- Results ---
Impact: 9.022E+1 cases per year, of which the Local and Regional contributions are,
respectively: 7.654E+01 and 1.369E+01 cases per year. The local impact is 84.8% of
the Total.
Damage cost: 2.165E+4 € per year
(68% confidence interval = 7.217E+3, 6.495E+4)
--- Estimation Code ---
Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL
--- Data use ---
Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).
--- Sensitivity analysis ---
Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.
Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.
PM10 - Congestive heart failure, elderly [Schwartz/Morris 1995]
--- Health Impact ---
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Pollutant: PM10

Emission: 108 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM10 - Congestive heart failure, elderly [Schwartz/Morris 1995]

ERF slope: 2.5900E-06 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 3260 €/case

--- Results ---

Impact: 5.644E-1 cases per year, of which the Local and Regional contributions are,
respectively: 4.788E-01 and 8. 562E-02 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 1.840E+3 € per year

(68% confidence interval = 6.133E+2, 5.520E+3)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM10 - Cough, adult asthmatics [Dusseldorp 1995]

--- Health Impact ---

Pollutant: PM10

Emission: 108 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM10 - Cough, adult asthmatics [Dusseldorp 1995]
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ERF slope: 9.3900E-03 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 45 €/case

--- Results ---

Impact: 2.046E+3 cases per year, of which the Local and Regional contributions are,
respectively: 1.736E+03 and 3.104E+02 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 9.209E+4 € per year

(68% confidence interval =3.070E+4, 2. 763E+5)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM10 - Bronchodilator use, adult asthmatics [Dusseldorp 1995]

--- Health Impact ---

Pollutant: PM10

Emission: 108 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM10 - Bronchodilator use, adult asthmatics [Dusseldorp 1995]

ERF slope: 4.5600E-03 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 40 €/case

--- Results ---
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Impact: 9.938E+2 cases per year, of which the Local and Regional contributions are,
respectively: 8.430E+02 and 1.507E+02 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 3.975E+4 € per year

(68% confidence interval = 1.325E+4, 1. 193E+5)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM10 - Lower respiratory symptoms, adult asthmatics [Dusseldorp 1995]

--- Health Impact ---

Pollutant: PM10

Emission: 108 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM10 - Lower respiratory symptoms, adult asthmatics [Dusseldorp 1995]
ERF slope: 1.7000E-03 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 8 €/case

--- Results ---

Impact: 3.705E+2 cases per year, of which the Local and Regional contributions are,
respectively: 3.143E+02 and 5.620E+01 cases per year. The local impact is 84.8% of
the Total.
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Damage cost: 2.964E+3 € per year

(68% confidence interval = 9.880E+2, 8 892E+3)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM10 - Cough, children asthmatics [Pope/Dockery 1992]

--- Health Impact ---

Pollutant: PM10

Emission: 108 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM10 - Cough, children asthmatics [Pope/Dockery 1992]

ERF slope: 1.8700E-03 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 45 €/case

--- Results ---

Impact: 4.075E+2 cases per year, of which the Local and Regional contributions are,
respectively: 3.457E+02 and 6.182E+01 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 1.834E+4 € per year

(68% confidence interval = 6.113E+3, 5.502E+4)

--- Estimation Code ---
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Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM10 - Bronchodilator use, children asthmatics [Roemer 1993]

--- Health Impact ---

Pollutant: PM10

Emission: 108 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM10 - Bronchodilator use, children asthmatics [Roemer 1993]

ERF slope: 5.4300E-04 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 40 €/case

--- Results ---

Impact: 1.183E+2 cases per year, of which the Local and Regional contributions are,
respectively: 1.004E+02 and 1.795E+01 cases per year. The local impact is 84.9% of
the Total.

Damage cost: 4. 734E+3 € per year

(68% confidence interval = 1.578E+3, 1.420E+4)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---
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Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM10 - Lower respiratory symptoms, children asthmatics [Roemer 1993]

--- Health Impact ---

Pollutant: PM10

Emission: 108 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM10 - Lower respiratory symptoms, children asthmatics [Roemer 1993]
ERF slope: 7.2000E-04 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 8 €/case

--- Results ---

Impact: 1.569E+2 cases per year, of which the Local and Regional contributions are,
respectively: 1.331E+02 and 2.380E+01 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 1.255E+3 € per year

(68% confidence interval =4.183E+2, 3.765E+3)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant

Emissions inventory and Depletion Velocities; Regional population density; detailed
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Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

Sulfates - Mortality YOLL [Pope 2002]

--- Health Impact ---

Pollutant: Sulfates

Emission of precursor pollutant (SO2): 722 tons/yr

Depletion velocity: 1.86 cm/s

Endpoint: Sulfates - Mortality YOLL [Pope 2002]

ERF slope: 3.9000E-04 cases/(yr.person.ug/m3)

Impact type: Long-term mortality

Unit cost: 50000 €/case

--- Results ---

Impact: 3.947E+1 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 3.947E+01 cases per year.

Damage cost: 1.973E+6 € per year

(68% confidence interval = 6.577E+5, 5.919E+6)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Sulfates - Chronic Bronchitis [Abbey 1995]

--- Health Impact ---

Pollutant: Sulfates

Emission of precursor pollutant (SO2): 722 tons/yr

Depletion velocity: 1.86 cm/s

Endpoint: Sulfates - Chronic Bronchitis [Abbey 1995]

ERF slope: 3.9200E-05 cases/(yr.person.ug/m3)

Impact type: Morbidity
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Unit cost: 169300 €/case

--- Results ---

Impact: 3.967E+0 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 3.967E+00 cases per year.

Damage cost: 6.717E+5 € per year

(68% confidence interval = 2.239E+5, 2.015E+6)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity, Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Sulfates - net Restricted activity days [Ostro 1987]

--- Health Impact ---

Pollutant: Sulfates

Emission of precursor pollutant (SO2): 722 tons/yr

Depletion velocity: 1.86 cm/s

Endpoint: Sulfates - net Restricted activity days [Ostro 1987]

ERF slope: 1.9800E-02 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 110 €/case

--- Results ---

Impact: 2.004E+3 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 2.004E+03 cases per year.

Damage cost: 2.204E+5 € per year

(68% confidence interval = 7.347E+4, 6.612E+5)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Sulfates - Respiratory hospitalization [Dab 1996]

--- Health Impact ---

Pollutant: Sulfates

Emission of precursor pollutant (SO2): 722 tons/yr

Depletion velocity: 1.86 cm/s

Endpoint: Sulfates - Respiratory hospitalization [Dab 1996]
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ERF slope: 2.0700E-06 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 4320 €/case

--- Results ---

Impact: 2.095E-1 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 2.095E-01 cases per year.

Damage cost: 9.050E+2 € per year

(68% confidence interval =3.017E+2, 2. 715E+3)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Sulfates - Cerebrovascular hospitalization [Wordley 1997]

--- Health Impact ---

Pollutant: Sulfates

Emission of precursor pollutant (SO2): 722 tons/yr

Depletion velocity: 1.86 cm/s

Endpoint: Sulfates - Cerebrovascular hospitalization [Wordley 1997]

ERF slope: 5.0400E-06 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 16730 €/case

--- Results ---

Impact: 5.101E-1 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 5.101E-01 cases per year.

Damage cost: 8.533E+3 € per year

(68% confidence interval =2.844E+3, 2.559E+4)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity, Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Sulfates - Chronic cough, children [Dockery 1989]

--- Health Impact ---

Pollutant: Sulfates

Emission of precursor pollutant (SO2): 722 tons/yr

167



Depletion velocity: 1.86 cm/s

Endpoint: Sulfates - Chronic cough, children [Dockery 1989]

ERF slope: 4.1400E-04 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 240 €/case

--- Results ---

Impact: 4.190E+1 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 4.190E+01 cases per year.

Damage cost: 1.006E+4 € per year

(68% confidence interval =3.353E+3, 3.018E+4)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Sulfates - Congestive heart failure, elderly [Schwartz/Morris 1995]

--- Health Impact ---

Pollutant: Sulfates

Emission of precursor pollutant (SO2): 722 tons/yr

Depletion velocity: 1.86 cm/s

Endpoint: Sulfates - Congestive heart failure, elderly [Schwartz/Morris 1995]

ERF slope: 2.5900E-06 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 3260 €/case

--- Results ---

Impact: 2.621E-1 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 2.621E-01 cases per year.

Damage cost: 8.545E+2 € per year

(68% confidence interval =2.848E+2, 2.564E+3)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in

question; Regional receptor density and Monetary unit cost.
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Sulfates - Cough, adult asthmatics [Dusseldorp 1995

--- Health Impact ---

Pollutant: Sulfates

Emission of precursor pollutant (SO2): 722 tons/yr

Depletion velocity: 1.86 cm/s

Endpoint: Sulfates - Cough, adult asthmatics [Dusseldorp 1995]

ERF slope: 9.3900E-03 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 45 €/case

--- Results ---

Impact: 9.503E+2 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 9.503E+02 cases per year.

Damage cost: 4.276E+4 € per year

(68% confidence interval = 1.425E+4, 1.283E+5)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Sulfates - Bronchodilator use, adult asthmatics [Dusseldorp 1995]

--- Health Impact ---

Pollutant: Sulfates

Emission of precursor pollutant (SO2): 722 tons/yr

Depletion velocity: 1.86 cm/s

Endpoint: Sulfates - Bronchodilator use, adult asthmatics [Dusseldorp 1995]

ERF slope: 4.5600E-03 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 40 €/case

--- Results ---

Impact: 4.615E+2 cases per year, of which the Local and Regional contributions are,

respectively: ~ 0 and ~ 4.615E+02 cases per year.

Damage cost: 1.846E+4 € per year
(68% confidence interval = 6.153E+3, 5.538E+4)
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Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Sulfates - Lower respiratory symptoms, adult asthmatics [Dusseldorp 1995]

--- Health Impact ---

Pollutant: Sulfates

Emission of precursor pollutant (SO2): 722 tons/yr

Depletion velocity: 1.86 cm/s

Endpoint: Sulfates - Lower respiratory symptoms, adult asthmatics [Dusseldorp 1995]
ERF slope: 1.7000E-03 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 8 €/case

--- Results ---

Impact: 1.720E+2 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 1.720E+02 cases per year.

Damage cost: 1.376E+3 € per year

(68% confidence interval =4.587E+2, 4. 128E+3)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Sulfates - Cough, children asthmatics [Pope/Dockery 1992]

--- Health Impact ---

Pollutant: Sulfates

Emission of precursor pollutant (SO2): 722 tons/yr

Depletion velocity: 1.86 cm/s

Endpoint: Sulfates - Cough, children asthmatics [Pope/Dockery 1992]

ERF slope: 1.8700E-03 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 45 €/case

--- Results ---

Impact: 1.893E+2 cases per year, of which the Local and Regional contributions are,

respectively: ~ 0 and ~ 1.893E+02 cases per year.
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Damage cost: 8.516E+3 € per year

(68% confidence interval =2.839E+3, 2.555E+4)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Sulfates - Bronchodilator use, children asthmatics [Roemer 1993]

--- Health Impact ---

Pollutant: Sulfates

Emission of precursor pollutant (SO2): 722 tons/yr

Depletion velocity: 1.86 cm/s

Endpoint: Sulfates - Bronchodilator use, children asthmatics [Roemer 1993]

ERF slope: 5.4300E-04 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 40 €/case

--- Results ---

Impact: 5.495E+1 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 5.495E+01 cases per year.

Damage cost: 2.198E+3 € per year

(68% confidence interval = 7.327E+2, 6.594E+3)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Sulfates - Lower respiratory symptoms, children asthmatics [Roemer 1993]

--- Health Impact ---

Pollutant: Sulfates

Emission of precursor pollutant (SO2): 722 tons/yr

Depletion velocity: 1.86 cm/s

Endpoint: Sulfates - Lower respiratory symptoms, children asthmatics [Roemer 1993]
ERF slope: 7.2000E-04 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 8 €/case

--- Results ---

171



Impact: 7.287E+1 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 7.287E+01 cases per year.

Damage cost: 5.829E+2 € per year

(68% confidence interval = 1.943E+2, 1.749E+3)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Nitrates - Mortality YOLL [Pope 2002]

--- Health Impact ---

Pollutant: Nitrates

Emission of precursor pollutant (NOx): 1790 tons/yr

Depletion velocity: 1.03 cm/s

Endpoint: Nitrates - Mortality YOLL [Pope 2002]

ERF slope: 1.9500E-04 cases/(yr.person.ug/m3)

Impact type: Long-term mortality

Unit cost: 50000 €/case

--- Results ---

Impact: 8.855E+1 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 8.855E+01 cases per year.

Damage cost: 4.427E+6 € per year

(68% confidence interval = 1.276E+6, 1.328E+7)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity, Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Nitrates - Chronic Bronchitis [Abbey 1995]

--- Health Impact ---

Pollutant: Nitrates

Emission of precursor pollutant (NOx): 1790 tons/yr

Depletion velocity: 1.03 cm/s

Endpoint: Nitrates - Chronic Bronchitis [Abbey 1995]

ERF slope: 1.9600E-05 cases/(yr.person.ug/m3)

Impact type: Morbidity
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Unit cost: 169300 €/case

--- Results ---

Impact: 8.900E+0 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 8.900E+00 cases per year.

Damage cost: 1.507E+6 € per year

(68% confidence interval = 5.023E+5, 4. 521E+6)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Nitrates - net Restricted activity days [Ostro 1987]

--- Health Impact ---

Pollutant: Nitrates

Emission of precursor pollutant (NOx): 1790 tons/yr

Depletion velocity: 1.03 cm/s

Endpoint: Nitrates - net Restricted activity days [Ostro 1987]

ERF slope: 9.8900E-03 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 110 €/case

--- Results ---

Impact: 4.491E+3 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 4.491E+03 cases per year.

Damage cost: 4.940E+5 € per year

(68% confidence interval = 1.647E+5, 1.482E+0)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity, Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Nitrates - Respiratory hospitalization [Dab 1996]

--- Health Impact ---

Pollutant: Nitrates

Emission of precursor pollutant (NOx): 1790 tons/yr

Depletion velocity: 1.03 cm/s

Endpoint: Nitrates - Respiratory hospitalization [Dab 1996]
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ERF slope: 1.0350E-06 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 4320 €/case

--- Results ---

Impact: 4.700E-1 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 4. 700E-01 cases per year.

Damage cost: 2.030E+3 € per year

(68% confidence interval = 6.767E+2, 6.090E+3)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Nitrates - Cerebrovascular hospitalization [Wordley 1997]

--- Health Impact ---

Pollutant: Nitrates

Emission of precursor pollutant (NOx): 1790 tons/yr

Depletion velocity: 1.03 cm/s

Endpoint: Nitrates - Cerebrovascular hospitalization [Wordley 1997]

ERF slope: 2.5200E-06 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 16730 €/case

--- Results ---

Impact: 1.144E+0 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 1.144E+00 cases per year.

Damage cost: 1.914E+4 € per year

(68% confidence interval = 6.380E+3, 5.742E+4)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Nitrates - Chronic cough, children [Dockery 1989]

--- Health Impact ---

Pollutant: Nitrates

Emission of precursor pollutant (NOx): 1790 tons/yr
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Depletion velocity: 1.03 cm/s

Endpoint: Nitrates - Chronic cough, children [Dockery 1989]

ERF slope: 2.0700E-04 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 240 €/case

--- Results ---

Impact: 9.400E+1 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 9.400E+01 cases per year.

Damage cost: 2.256E+4 € per year

(68% confidence interval = 7.520E+3, 6.768E+4)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Nitrates - Congestive heart failure, elderly [Schwartz/Morris 1995]

--- Health Impact ---

Pollutant: Nitrates

Emission of precursor pollutant (NOx): 1790 tons/yr

Depletion velocity: 1.03 cm/s

Endpoint: Nitrates - Congestive heart failure, elderly [Schwartz/Morris 1995]

ERF slope: 1.3000E-06 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 3260 €/case

--- Results ---

Impact: 5.903E-1 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 5.903E-01 cases per year.

Damage cost: 1.924E+3 € per year

(68% confidence interval = 6.413E+2, 5. 772E+3)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Nitrates - Cough, adult asthmatics [Dusseldorp 1995]

--- Health Impact ---
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Pollutant: Nitrates

Emission of precursor pollutant (NOx): 1790 tons/yr

Depletion velocity: 1.03 cm/s

Endpoint: Nitrates - Cough, adult asthmatics [Dusseldorp 1995]

ERF slope: 4.6900E-03 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 45 €/case

--- Results ---

Impact: 2.130E+3 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 2.130E+03 cases per year.

Damage cost: 9.583E+4 € per year

(68% confidence interval =3.194E+4, 2. 875E+5)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Nitrates - Bronchodilator use, adult asthmatics [Dusseldorp 1995]

--- Health Impact ---

Pollutant: Nitrates

Emission of precursor pollutant (NOx): 1790 tons/yr

Depletion velocity: 1.03 cm/s

Endpoint: Nitrates - Bronchodilator use, adult asthmatics [Dusseldorp 1995]

ERF slope: 2.2800E-03 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 40 €/case

--- Results ---

Impact: 1.035E+3 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 1.035E+03 cases per year.

Damage cost: 4.141E+4 € per year

(68% confidence interval = 1.380E+4, 1.242E+5)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in

question; Regional receptor density and Monetary unit cost.
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Nitrates - Lower respiratory symptoms, adult asthmatics [Dusseldorp 1995]

--- Health Impact ---

Pollutant: Nitrates

Emission of precursor pollutant (NOx): 1790 tons/yr

Depletion velocity: 1.03 cm/s

Endpoint: Nitrates - Lower respiratory symptoms, adult asthmatics [Dusseldorp 1995]
ERF slope: 8.4800E-04 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 8 €/case

--- Results ---

Impact: 3.851E+2 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 3.851E+02 cases per year.

Damage cost: 3.081E+3 € per year

(68% confidence interval = 1.027E+3, 9.243E+3)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity, Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Nitrates - Cough, children asthmatics [Pope/Dockery 1992]

--- Health Impact ---

Pollutant: Nitrates

Emission of precursor pollutant (NOx): 1790 tons/yr

Depletion velocity: 1.03 cm/s

Endpoint: Nitrates - Cough, children asthmatics [Pope/Dockery 1992]

ERF slope: 9.3400E-04 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 45 €/case

--- Results ---

Impact: 4.241E+2 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 4.241E+02 cases per year.

Damage cost: 1.909E+4 € per year

(68% confidence interval = 6.363E+3, 5.727E+4)
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Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Nitrates - Bronchodilator use, children asthmatics [Roemer 1993]

--- Health Impact ---

Pollutant: Nitrates

Emission of precursor pollutant (NOx): 1790 tons/yr

Depletion velocity: 1.03 cm/s

Endpoint: Nitrates - Bronchodilator use, children asthmatics [Roemer 1993]

ERF slope: 2.7100E-04 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 40 €/case

--- Results ---

Impact: 1.231E+2 cases per year, of which the Local and Regional contributions are,
respectively: ~ 0 and ~ 1.231E+02 cases per year.

Damage cost: 4.922E+3 € per year

(68% confidence interval = 1.641E+3, 1.477E+4)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity, Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

Nitrates - Lower respiratory symptoms, children asthmatics [Roemer 1993]

--- Health Impact ---

Pollutant: Nitrates

Emission of precursor pollutant (NOx): 1790 tons/yr

Depletion velocity: 1.03 cm/s

Endpoint: Nitrates - Lower respiratory symptoms, children asthmatics [Roemer 1993]
ERF slope: 3.6000E-04 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 8 €/case

--- Results ---

Impact: 1.635E+2 cases per year, of which the Local and Regional contributions are,

respectively: ~ 0 and ~ 1.635E+02 cases per year.
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Damage cost: 1.308E+3 € per year

(68% confidence interval =4.360E+2, 3.924E+3)

Impacts and damage costs were calculated using the Simple Uniform World Model
(SUWM). Estimates depend on the following five parameters: Pollutant emission rate
and depletion velocity; Exposure-Response Function (ERF) of health endpoint in
question; Regional receptor density and Monetary unit cost.

SO2 - Mortality YOLL [Anderson/Toulomi 1996]

--- Health Impact ---

Pollutant: SO2

Emission: 722 tons/yr

Depletion velocity: 0.81 cm/s

Endpoint: SO2 - Mortality YOLL [Anderson/Toulomi 1996]

ERF slope: 5.3400E-06 cases/(yr.person.ug/m3)

Impact type: Short-term mortality

Unit cost: 75000 €/case

--- Results ---

Impact: 7.716E+0 cases per year, of which the Local and Regional contributions are,
respectively: 6.600E+00 and 1.116E+00 cases per year. The local impact is 85.5% of
the Total.

Damage cost: 5.787E+5 € per year

(68% confidence interval = 1.447E+5, 2.315E+6)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the

results.
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Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

SO2 - Respiratory hospitalization [Ponce de Leon 1996]

--- Health Impact ---

Pollutant: SO2

Emission: 722 tons/yr

Depletion velocity: 0.81 cm/s

Endpoint: SO2 - Respiratory hospitalization [Ponce de Leon 1996]

ERF slope: 2.4000E-06 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 4320 €/case

--- Results ---

Impact: 3.468E+0 cases per year, of which the Local and Regional contributions are,
respectively: 2.966E+00 and 5.016E-01 cases per year. The local impact is 85.5% of
the Total.

Damage cost: 1.498E+4 € per year

(68% confidence interval = 9.103E+3, 4.494E+4)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the

results.
Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM2.5 - Mortality YOLL [Pope 2002]
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--- Health Impact ---

Pollutant: PM2.5

Emission: 99 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM2.5 - Mortality YOLL [Pope 2002]

ERF slope: 6.5100E-04 cases/(yr.person.ug/m3)

Impact type: Long-term mortality

Unit cost: 50000 €/case

--- Results ---

Impact: 1.301E+2 cases per year, of which the Local and Regional contributions are,
respectively: 1.103E+02 and 1.973E+01 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 6.503E+6 € per year

(68% confidence interval =2.168E+6, 1.0951E+7)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity; Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM2.5 - Chronic Bronchitis [Abbey 1995]

--- Health Impact ---

Pollutant: PM2.5

Emission: 99 tons/yr

Depletion velocity: 0.77 cm/s
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Endpoint: PM2.5 - Chronic Bronchitis [Abbey 1995]

ERF slope: 6.5500E-05 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 169300 €/case

--- Results ---

Impact: 1.309E+1 cases per year, of which the Local and Regional contributions are,
respectively: 1.110E+01 and 1.985E+00 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 2.215E+6 € per year

(68% confidence interval = 7.383E+5, 6.645E+6)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM2.5 - net Restricted activity days [Ostro 1987]

--- Health Impact ---

Pollutant: PM2.5

Emission: 99 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM2.5 - net Restricted activity days [Ostro 1987]

ERF slope: 3.3100E-02 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 110 €/case
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--- Results ---

Impact: 6.612E+3 cases per year, of which the Local and Regional contributions are,
respectively: 5.609E+03 and 1.003E+03 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 7.274E+5 € per year

(68% confidence interval =2.425E+5, 2. 182E+6)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM2.5 - Respiratory hospitalization [Dab 1996]

--- Health Impact ---

Pollutant: PM2.5

Emission: 99 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM2.5 - Respiratory hospitalization [Dab 1996]

ERF slope: 3.4600E-06 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 4320 €/case

--- Results ---

Impact: 6.912E-1 cases per year, of which the Local and Regional contributions are,
respectively: 5.864E-01 and 1.048E-01 cases per year. The local impact is 84.8% of
the Total.
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Damage cost: 2.986E+3 € per year

(68% confidence interval = 9.953E+2, 8 958E+3)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter, flue gas exhaust Temperature and Velocity; Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM2.5 - Cerebrovascular hospitalization [Wordley 1997]

--- Health Impact ---

Pollutant: PM2.5

Emission: 99 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM2.5 - Cerebrovascular hospitalization [Wordley 1997]

ERF slope: 6.4200E-06 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 16730 €/case

--- Results ---

Impact: 1.283E+0 cases per year, of which the Local and Regional contributions are,
respectively: 1.088E+00 and 1.945E-01 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 2.146E+4 € per year

(68% confidence interval = 7.153E+3, 6.438E+4)

--- Estimation Code ---
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Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM2.5 - Chronic cough, children [Dockery 1989]

--- Health Impact ---

Pollutant: PM2.5

Emission: 99 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM2.5 - Chronic cough, children [Dockery 1989]

ERF slope: 6.9100E-04 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 240 €/case

--- Results ---

Impact: 1.380E+2 cases per year, of which the Local and Regional contributions are,
respectively: 1.171E+02 and 2.094E+01 cases per year. The local impact is 84.9% of
the Total.

Damage cost: 3.313E+4 € per year

(68% confidence interval = 1.104E+4, 9.939E+4)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---
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Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity; Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM2.5 - Congestive heart failure, elderly [Schwartz/Morris 1995]

--- Health Impact ---

Pollutant: PM2.5

Emission: 99 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM2.5 - Congestive heart failure, elderly [Schwartz/Morris 1995]

ERF slope: 4.3300E-06 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 3260 €/case

--- Results ---

Impact: 8.650E-1 cases per year, of which the Local and Regional contributions are,
respectively: 7.338E-01 and 1.312E-01 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 2.820E+3 € per year

(68% confidence interval = 9.400E+2, 8 460E+3)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant

Emissions inventory and Depletion Velocities; Regional population density; detailed
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Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM2.5 - Cough, adult asthmatics [Dusseldorp 1995]

--- Health Impact ---

Pollutant: PM2.5

Emission: 99 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM2.5 - Cough, adult asthmatics [Dusseldorp 1995]

ERF slope: 1.5680E-02 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 45 €/case

--- Results ---

Impact: 3.132E+3 cases per year, of which the Local and Regional contributions are,
respectively: 2.657E+03 and 4.752E+02 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 1.410E+5 € per year

(68% confidence interval =4.700E+4, 4 230E+5)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity; Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---
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Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM2.5 - Bronchodilator use, adult asthmatics [Dusseldorp 1995]

--- Health Impact ---

Pollutant: PM2.5

Emission: 99 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM2.5 - Bronchodilator use, adult asthmatics [Dusseldorp 1995]

ERF slope: 7.6200E-03 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 40 €/case

--- Results ---

Impact: 1.522E+3 cases per year, of which the Local and Regional contributions are,
respectively: 1.291E+03 and 2.309E+02 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 6.089E+4 € per year

(68% confidence interval =2.030E+4, 1.827E+5)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the

results.
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Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM2.5 - Lower respiratory symptoms, adult asthmatics [Dusseldorp 1995]

--- Health Impact ---

Pollutant: PM2.5

Emission: 99 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM2.5 - Lower respiratory symptoms, adult asthmatics [Dusseldorp 1995]
ERF slope: 2.8400E-03 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 8 €/case

--- Results ---

Impact: 5.674E+2 cases per year, of which the Local and Regional contributions are,
respectively: 4.813E+02 and 8.606E+01 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 4.539E+3 € per year

(68% confidence interval = 1.513E+3, 1.362E+4)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity; Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM2.5 - Cough, children asthmatics [Pope/Dockery 1992]

--- Health Impact ---
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Pollutant: PM2.5r

Emission: 99 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM2.5 - Cough, children asthmatics [Pope/Dockery 1992]

ERF slope: 3.1200E-03 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 45 €/case

--- Results ---

Impact: 6.233E+2 cases per year, of which the Local and Regional contributions are,
respectively: 5.287E+02 and 9.455E+01 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 2.805E+4 € per year

(68% confidence interval = 9.350E+3, 8 415E+4)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM2.5 - Bronchodilator use, children asthmatics [Roemer 1993]

--- Health Impact ---

Pollutant: PM2.5

Emission: 99 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM2.5 - Bronchodilator use, children asthmatics [Roemer 1993]
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ERF slope: 9.0700E-04 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 40 €/case

--- Results ---

Impact: 1.812E+2 cases per year, of which the Local and Regional contributions are,
respectively: 1.537E+02 and 2.749E+01 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 7.248E+3 € per year

(68% confidence interval =2.416E+3, 2.174E+4)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the
results.

Whereas varying any of the other input parameters will have an influence on the
impact/damage estimates.

PM2.5 - Lower respiratory symptoms, children asthmatics [Roemer 1993]

--- Health Impact ---

Pollutant: PM2.5

Emission: 99 tons/yr

Depletion velocity: 0.77 cm/s

Endpoint: PM2.5 - Lower respiratory symptoms, children asthmatics [Roemer 1993]
ERF slope: 1.2020E-03 cases/(yr.person.ug/m3)

Impact type: Morbidity

Unit cost: 8 €/case

--- Results ---
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Impact: 2.401E+2 cases per year, of which the Local and Regional contributions are,
respectively: 2.037E+02 and 3.642E+01 cases per year. The local impact is 84.8% of
the Total.

Damage cost: 1.921E+3 € per year

(68% confidence interval = 6.403E+2, 5.763E+3)

--- Estimation Code ---

Based on available input data, impacts and damages were calculated using the 'BEST
Algorithm' in QUERL

--- Data use ---

Of the available case study input data, these parameters were utilized: stack Height
and Diameter; flue gas exhaust Temperature and Velocity, Site index; pollutant
Emissions inventory and Depletion Velocities; Regional population density; detailed
Local population statistics (5 by 5 km resolution); and detailed Meteorological
parameters (hourly data).

--- Sensitivity analysis ---

Local concentrations were estimated using a Gaussian dispersion algorithm for urban
conditions. Consequently, changing the Site index between 1 and 3 will not affect the

results.
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