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O aywvac yia TTpacivn VauTIAIO

m dOo@QaAcia
B TTEPIBAAAOV

m TTPOANYN
m TTOAITIKN ‘proactive’
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" A
To TPOBANHA TOU «KHOUPOU XOTTIOU»

m ‘Evag avOpwTrog KaAgital
va TTAPEI TO «Jaupo
XATTI»

m Me yvwortr mlavortnta P
(11, 0.00001), TO XQTTI
TTPOKOAEI akapiaio Kal
avwouvo Bavaro

® m [loio eival To eAdyxIoTO
TToo0 X (eupw) TTou Ba
NBeAe va AaPel o
AvOpPWTTOC WOTE vVa TTAPEI
TO XQTTI;
m X=f(P, KAT)
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" J
‘EkBeon o€ KivOUvoucg (pioKo):
MEPOG TNG KABNUEPIVAG paG (NG

... KivOuvol TTou PuTTopEi va gival HEYOAAUTEPOI ATTd TO HAUPO XATTI

KatrvioTAg

MeBuopuévog 0dnyog
MOTOOUKAETIOTI G XWPIG KPAVOG
[1eC0¢ TTOU d1aoilel TO OPOUO
KATT, KATT, KATT..

EmRAaTng Tou TTaipvel 1o TTA0IO!

m 2ZHMANTIKO ©OEMA: lol10og gival 0 KAAUTEPOG TPOTTOG
dlaxeipiong Tou PioKoU OTIC BAAAOCOIEC HETAPOPEG;
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» I
Pioko = 77?7

2 Old0TACEIC:

m [11I8avoTnTa EVOC (aveTTIBUUNTOU)
YEYOVOTOC
m ETITTTWOEIC QUTOU TOU YEYOVOTOC

OIKONOMIKH Il FSA 2010-11



"
Pioko (ouveExeia)
m [IIOANOTHTA m ETTNTQ2EIZ

m 1/10, 1/100, 1/1000, m OdvaTtol

KATT m TpaupaTiopoi
m Oxi 10010 e TN m ATTWAEsIa TTAoioU
guxvotnta m OIKOVONIKEC {NMIEC
m ZnNUIEC OTO

TTEPIBAAAOV
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Pioko (ouveExeia)

m [10AANEC popEC (1I0IWC OTO TTAQICIO TOU
IMO), 10 pioko opileTal iCO PJE TO YIVOUEVO
TNC TBavOTNTAC (N TNG OUXVOTNTAC) EVOC
ATUXNMUATOC, ETTI TIC ETTITITWOEIC TOU

m Pioko = (mBavotnta, n ouxvotnTta) X
(ETTITITWOEIG)
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" S
Avaykn yia ‘proactive’
(TTPOANTITIKO) KOVOVIOTIKO TTAQICIO

m [IPOMENEZTEPH avayvwpion Twv KUpIiwv
TTAPAYOVTWY QOQPAAEIOC

m Avartrtuen kavoviouwy yia tnv NPOAHWH
OUCOPECTWY TTEPIOTATIKWYV

m Alatuttwon kavoviopwy NPIN atro to aruxnua

m AlaTtuTTwon Kavoviopwyv META aTro TTpOCEKTIKN
avaAuon OAQN Twv EMTITWOEWYV TOUG
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" A
[TTapevOeon:

m H UeXPI OTIYUNG I0TOPIA €V TTOAAOIC €lval
QKPIBWC TO AVTIBETO

m [loAAOI Kavoviopol uloBeTnBnkav ad hoc
OTO ATTOVEPO COBAPWYV ATUXNHUATWYV

m Exxon Valdez, Estonia, Erika, Prestige,
KATT. ]

OIKONOMIKH Il FSA 2010-11
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" I
O Pakpuc OPOPOC VIa VO
TTPOANTITIKO KAVOVIOTIKO TTAQICIO

m Formal Safety Assessment (edw Kal
KOTTOIO KQIPO)

m Goal Based Standards (TToAu TTpoo@aTQ)

OIKONOMIKH Il FSA 2010-11
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" S
Formal Safety Assessment (FSA)

FSA cekivnoe atmmo tov IMO w¢

m “a rational and systematic process for
accessing the risk related to maritime
safety and the protection of the marine
environment and for evaluating the costs
and benefits of IMO’s options for reducing

- b))
these risks (FSA Guidelines in MSC circ. 1023, MEPC circ. 392)
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'-_
FSA steps (acs - msc 75)

FSA - a risk based approach

|Deﬁn|t|on of Goals, Systems Operatlonsl »-Prcpamtor\' S[CI)

Hazard Identification

Step 1
- Hazard Identificati
Seaiario dESRIBan I azard Identification
1
x -
Cause and Consequence
Frequency Analysis Analysis
v
Risk Summation Step 2
Risk Analysis
7 Optibns to decrease | i i Options to mitfgate Slep 3
. | Consequences | Risk Control Options
,\i(‘[) 4 Cost Benefit Assessment
l Cost Benefit Assessment
= Step S Recommendations
II Repating for Decision Making
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" I
[110 XOpaKTNPIOTIKO TTOPAOEIYVUO
(2004)

m Xpnon FSA otov IMO, via 1nv atrogacn NA
MHN KataoTouv UTTOXPEWTIKA TA OITTAQ
Tolxwpara ota bulk carriers

m H apxikn 8eon t1n¢ MSC ATAV VIO UTTOXPEWTIKO
OITTAQ TOIXWUATA KAl NTAV ATTOTEAEOUA 3
UEAETWYV FSA

m H aAAayn mAeuong Tng MSC BaoioTnke o€ Pia
«review» autwyv TwV JEAETWYV, TTOU UTTOBANOBNKE
atro TNV EAAadQ.
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"
Goal Based Standards (GBS)

m [lpotaBnke otov IMO atmé Greece, Bahamas kai IACS (2004)

m  Kupiog aT1oxog: Elocaywyn cuoTtnuarog mpotuttwy (standards), wg
METPA BaOEl TWV OTTOIWYV N ACTPAAEIQ EVOC TTAOIOU UTTOPEI VA
a¢loAoynOel kata TN oxedlaon KAl KATAOKEUN TOU, OTTWG KAl
(apyoTepa) KATa Tn AEITOUPYIA TOU.

m Baoikn apxn: Ta Standards va €ival EUPEIG, YEVIKOI OTOXOI, EVAVTI
TWV OTTOIWV N ACQPAAEIQ TOU TTAOIOU UTTOPEI VA CAKPIBWOEL.

m AEN utrdpxel TpoBeon va opioouv «prescriptive requirements” n va
TTPOTEIVOUV OUYKEKPIMEVEC AUCEIC.

B AANQ TTPETTEI va €Ival Zagn, va emdexovTal E¢akpiBwaon Kai
QPKOUVTWG 2ZUYKEKPIMEVA WAOTE VA YNV UTTOKEIVTAI OE DIAPOPETIKEG

EPMNVEIEG.
m Mexpi oniyung: GBS ---> KATAZKEYH lNAOIOY

OIKONOMIKH Il FSA 2010-11 16



Prescriptive vs GBS

= Aapapiva TTuBueva m Prescriptive:
OECAMEVOTTAOIWY Mayoc AapapIvaC
=2 X mm
m GBS:

H Aapapiva Ogv TTPETTEI VA
aoTOXNOEl KaTa TN dlapKEIa
(wnc Tou tanker (Y xpovia)
AV AUTO AEITOUPYEI O€
OUYKEKPIUEVO TTEPIBAAAOV
(TrX, Bopeio¢ ATAQVTIKOG)

OIKONOMIKH Il FSA 2010-11 17



GBS: Tpooeyyion S EMITTEOWV

ler I: Goals

ler Il: Functional requirements

ler IlI: Verification of compliance

ler IV: Technical procedures and guidelines,
classification rules and industry standards

m Tier V: Codes of practice and safety and quality
systems for shipbuilding, ship operation,
maintenance, training, manning, etc.

OIKONOMIKH Il FSA 2010-11 18



" I
O Agyopevocg dlaAoyocg TG “risk
based” TTpooeyyiong

m [1petrel 1O “risk based approach” va
xpnoluotroinel oto GBS?

m [lpetrel To GBS va xpnoluotroel FSA Kal
AAAEC TTAPOMOIEC TEXVIKEC PIOKOU

m Av val, TTwg;
m KATT, KATT

OIKONOMIKH Il FSA 2010-11
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" I
['10TI 0 OIOAOYOC;

m Acv UTTAPXEI Au@IBOAIO OTI Ol APXEC TOU PIOCKOU
EIVAI KEVTPIKEGC OTOUG OUYXPOVOUC KAVOVIONOUC
QoPaAEIaC

m [a FSA kai GBS avamrtuxénkav gexpl oTiyung
TTapaAAnAa

m [loAANol ouvdeouol petacu FSA kal GBS
UTTAPXOUV

m Apa €lval PUOIOAOYIKO TO OTTAOCTACIO TNG
Oeswplag piokou va xpnoipyotroinBel ota GBS

m H Paoikn epwtnaon: MNQx, kal MNOTE;

OIKONOMIKH Il FSA 2010-11 20



2uvdeopol GBS-FSA

GBS

FSA

Tier | (Goals)

Step 1 (HAZID)
Step 2 (Risk Analysis)

Tier Il (Functional requirements)

Step 2 (Risk Analysis)
Step 3 (RCOs)

Tier Il (Verification of compliance)

Step 4 (Cost benefit assessment)
Step 5 (Recommendations)

Tier IV (Technical procedures and
guidelines, classification rules and
industry standards)

Step 3 (RCOs)
Step 4 (Cost benefit assessment)
Step 5 (Recommendations)

Tier V (Codes of practice and safety
and quality systems for shipbuilding,
ship operation, maintenance, training,
manning, etc)

Step 3 (RCOs)
Step 4 (Cost benefit assessment)
Step 5 (Recommendations)

OIKONOMIKH Il FSA 2010-11
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FSA Guidelines

m [lapatroutrn oTIC avaBewpnueveg (MSC
83/INF.2)

m (ouvexion avaBewpnong: 2011)

OIKONOMIKH Il FSA 2010-11
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~ S
FSA Step 1 (HAzID)

2 TOXOI

B Avayvwpion oAwv Twv duvNTIKWV
ETTIKIVOUVWYV OEVOPIWY TTOU UTTOPOUV Vd
EXOUV ONUAVTIKEC ETTITITWOEIC, KAl

B lepapxnon Twv CEVOPIWY AUTWV PE aon
TO ETTITTEOO PIOKOU

OIKONOMIKH Il FSA 2010-11 23



No Hazard Fl Sl RI
8-2 Failure of evacuation equipment during an emergency 478 3.33 8.11
4-1&3-5 Fire in accommodation while in open sea or navigating in coastal waters 3.89 4.00 7.89
8-3 Human error and/or lack of training during an evacuation 4.56 3.22 7.78
4-2 & 3-2 Collision with other ships while in open sea or navigating in coastal waters 3.22 3.78 7.00
6-1 jE)ilrJ?ng;r vehicle deck while unloading due to accumulation of fuel spills during 3.33 322 6.56
4-1& 34 Fire in machinery spaces while in open sea or navigating in coastal waters 3.44 3.1 6.56
8-7 Evacuation arrangements and plans not as effective as designed for 3.44 3.11 6.56
8-5 No or reduced visibility and high toxicity due to smoke during evacuation 3.00 3.33 6.33
8-4 Evacuating following a fire or explosion 3.11 3.00 6.11
3-1 Grounding while navigating in coastal waters 3.22 2.89 6.11
OIKONOMIKH Il FSA 2010-11 24




" S
[MTPO2OXH

m XpnNon ouxvoTnTag avtl yia 1Téavornta
TTPOBANUATIKN AV UTTAPXOUV Alya OTOIXEIO
N KaBoAou oToIXElq.

m H mpooeyyion tou «Risk index» exel
KATTOIa TTpOBANUATQ.

OIKONOMIKH Il FSA 2010-11

25



21NV FSA, n “ouxvotnTta” XpNOIUOTTOIEITAI AVTI YIA
TNV “mbavornta’

ANNA:

m ouxvoTnta # mbéavornra!

m 1 Oavarog og 1 mAolo ava €1o¢ # 1.000 Bavartol o€ 1.000 1TAOIO Qva
ETOG

B OUXVOTNTa = TMOavoTNTa JOVO AV TO ICTOPIKO dEIYUA DEQOPEVWV
EIVal HEYAAO

m  AvaAuaon 1Tou BaoileTal O€ IOTOPIKA OTOIXEIO OEV EIVAI proactive
m T1YyIvETal av OEV UTTAPXOUV KOBOAOU OTOIXEIO?
m [l¥, veol Kavoviguol

OIKONOMIKH Il FSA 2010-11 26



"
AEIKTEC «OUXVOTNTAC» KAl «OEIVOTNTACY
(MSC Circ. 1023)

Frequency Index
Il FREQUENCY DEFINITION I' (per ship
year)
7 I"'requent Likely to occur once per month on one ship 10
5 Reasonably Likely to occur once per yvear in a flect of 10 ships. i.c. 0.1
probable likely to occur a few times during the ship’s life
3 Remote Likely to occur once per year in a fleet of 1000 ships. 107
i.c. likely to occur in the total life of several similar
ships
A Extremely remote | 107
Severity Index
SI | SEVERITY | EFFECTS ON HUMAN SAFETY | EFFECTS ON SHIP S
(Equivalent
fatalitics)
| Minor Single or minor injuries Local equipment 0.01
damage
2 Sienificant Multiple or severe injuries Non-severe ship damage 0.1
3 Severe Single fatality or multiple severe | Severe damage |
injuries
4| Catastrophic | Multiple fatalitics | Total loss 10

OIKONOMIKH Il FSA 2010-11
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[TIBava TTpoBAnuaTa

m 10 ooapol TpauuaTIoOPOo! avTIoTolXo! e 1
BavaTo?

m Mn diakpion yia > 10 Bavartoug

m AnAadn 50, 100, 1000, 3000, n
TTEPIOCOTEPOI BavaTol €lval IC0OOUVAUOI JE
107

OIKONOMIKH Il FSA 2010-11 28



" SN
Risk index RI= FI+SI

(MSC Circ. 1023)

m Risk = frequency X severity

Risk Index (RI1)
SEVERITY (SI)
| 2 3 el
Il FREQUENCY Minor Significant Severe ~ Catastrophic

7 Frequent 8 9 10 | 11

6 8 9 i 10
5 Reasonably probable 6 7 8 \ 9

4 5 6 7 | 8
3 | Remote 4 5 6 7.
2 3 4+ 5 \ 6
| Extremely remote 2 3 4 5

OIKONOMIKH Il FSA 2010-11



TTapad0co

an accident leads to an
iury (SI=1). This elvai )\IYOTEPO
means that RI=8§. O-OBapO a-n-c’) TO

Within a yearin a 1O7|
1.000—ship fleet
(FI=3), an accident
leads to more than 10
deaths (SI=4). This
means that RI=7.

OIKONOMIKH Il FSA 2010-11
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" J
Alayvwon

m Pioko €ival 2-01aoTarto (1TiavornTa, EmITTwaon)
m AAAG 1O Risk Index is 1-diaoTtaTo

B 2UUTTITUEN aTTO 2 o€ 1 dlaoTaon XAVel KATTola
TTAnpo®opPNON

m O mivakag piokou (Risk matrix), ETo1 OTTWG
gIval, BEWPEI TTIO ONUAVTIKO YEYOVOTA ME
uynAn cuxvoTnTa Kal un cofapeg
ETTITTTWOEIG ATTO TO AVTICTPOPO.

OIKONOMIKH Il FSA 2010-11 31



TO “TTOAITIKO PIOKO™:

m .. Eival oT1 o1 Kavoviouol TTou uloBeTouvTal
UETQ ATTO HIA TETOIA AvVAAUON €Ival
TTEPICOOTEPO VIO CEVAPIA ATUXNMOATWYV
uypnAnc ouxvoTnTag Kal un coapwyv
ETMTITWOEWYV TTAPA TO AVTIOTPOPO

m XpeladeTal KATTOIOC TPOTTOC VO
KOAUTTTOVTAI KQI Ol 2 TTEPITITWOEIC

OIKONOMIKH Il FSA 2010-11
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[1lpoTaoeic yia FSA Step 1

m Xpnon mOavoTnTac avTi yia ouXvoTnta

m Xpnon moavoBewpnTIKWV HOVTEAWYV AV OEV
UTTAPYXOUV OTOIXEID

m Xpnon TTpoocyyloswv Bayes yia avaBewpnon
moavoTnTwy

m Alatnpnon 2-0100TATOU PIOKOU
m EI0IKN peTaxeipion yia mTepIBAAAOVTIKO KpITnpla

OIKONOMIKH Il FSA 2010-11 33



"
[ KOOUTT EUTTEIPOYVWHOVWYV Kal
YVWHN EI0IKWYV

m Eival Koivn n Xpnon €vog d1E6voug YKPOUTT
EIOIKWV OTIC MEAETEC FSA,

TepIAappavouevou Ttou HAZID step.
m [1o10¢ oplIel TOUC €10IKOUC;
m [looo0I €10IKOI;

m I yIVETAI AV OEV OCUPPWVOUV JETAGU TOUG;

OIKONOMIKH Il FSA 2010-11 34



" S
2. UVTEAEOTNC CUHPWVIOC
(concordance coef.)

m J €10IKOI KOAOUVTAI VA IEPAPXNOOUV Evav apIBuo atrd oevapia atuxnUaTwy
(I oevapia, 1, 2, 3, .. D).

m O €1dIKog | divel IEpapxnon (o€ipa) xij oTo oevaplo i.

{Exij—;\](l +1)}

j=1

Jo(1°=1)

=1

OIKONOMIKH Il FSA 2010-11
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" A
BaBuoc cuppwviac

(a6 MSC81, Aovdivo, Maiog 2006)

m \W=0 TTAnpn¢ acup@wvia

m O<W<0,5 1oxvn cupoewvia

m 0,5<W<Q0,7 yetpia cuppwvia
m \W>0,7 KaAn cuupwvia

m \W=1 teAcia cuppwvia

OIKONOMIKH Il FSA 2010-11
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FSA Step 2 AvaAuon Piokou

B 2 KOTTOC. AVOAUTIKN £CETAON TWV QITIWV KAl
TWV ETTITITWOEWY TWV TTIO CNUAVTIKWY
gEVAPIWY, ATTO QUTA TTOU AVAyVWPICTNKAV
onuavtika oto Step 1 (HAZID)

m [lepicooTepa apyoTepa

OIKONOMIKH Il FSA 2010-11 37



" S
FSA step 3 Risk Control Options
(RCOs)

m 2KOlMNOX: rpotaocn TTPAKTIKWY Kal
QTTOTEAECUATIKWY EVOAAQKTIKWY EAEYXOU TOU
plokou (RCOs) w¢ £¢n¢

1. €0TIOON O€ BepaTta PICKOU TTOU ETTIOEXOVTAIN
EAEYXO;

2. avayvwpion TTéavwy PJETPWY EAEYXOU TOU PIOKOU
(RCMs);

3. acloAoynon TNG ATTOTEAEOUATIKOTNTAC KABE £VOC
Q1T AUTA, CUMPWVA JE TO Step 2; Kal

4. opadotroinon Twv RCMs o€ TTPAKTIKEC
KAVOVIOTIKEC EVOAAOQKTIKEG AUCEIC

OIKONOMIKH Il FSA 2010-11 38



" I
[Tapaodeiyuata RCOs

AITTAQ TOIXWUATO
Eidika designs
[Maxutepa eAacpaTa

EowTtepikec uttodlaipeoelc ota Ro/ro (cupgwvia
2. TOKXOANNG)

MeTpa TTUPOTTPOCTACIOC

EAeyxoc Bahaocoiag KUKAO@opPIag

ATTayopeucn ATTOTTAOU OTAV KAIPOG EIVAI KOKOG
Opla nAIKIOg

KATT

OIKONOMIKH Il FSA 2010-11
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" J
AANNAeTTIOpaoeic RCO

m Eva RCO ptropel va emodpacel oe aAAa RCOs,
EITE TTOAU, EITE AIYO

m Av Ta RCOs gxouv aAANAETTIOPACEIC, TOTE N
ouvoAIkn emmrtwon Touc AEN €ival To aBpoioua
TWV ETTI JEPOUC ETTITITWOEWV!

m H avaAuon 1TTpeTrel va eCeTaoel TTIOAVEC
aAAnAemidpaceic RCO

m Oewpnon ot evag ocuvduaopog RCOs sival Eva
cexwploto RCO

OIKONOMIKH Il FSA 2010-11 40



" S
ATTo Tnv MSC 81 (Maiocg 06,
A\ovOIVO)

“Before adopting a combination of RCOs for which a quanfitative assessment of the
combined effects was not performed, a qualitative evaluation of RCO interdependencies
should be performed. Such an evaluation could take the form of a matrix as illustrated in
the following table:

Table: Interdependencies of RCOs
RCO 1 2 3 4
1 Strong No Weak
2 Weak Weak No
3 No Weak No
4 Weak No No

OIKONOMIKH Il FSA 2010-11




FSA Step 4 (avahuon kootoug
WEPEAEIQC)

B |O TTAEOV KPIOIUO KAl m AC = KOOTOG ava TTAOIO TOU

RCO T1ou ecetadleTal.
TPWTO GNUEIO HIAG m AB = 0IKOVOIKO OPENOC

FSA ava TTAOIO TTOU ATTOPPEE]
QTTO TNV UAOTTOINCN TOU
m Av KaTroloC BeAel va  Reo. | non

XEIPAYWYNOEI TA m AR = peiwon piokou ava
OTTOTEAECUATO HIOG TAOIO0, O€ aplBuo BavaTwy
ESA. quTo GUVNO TTOU ATTOPEUYOVTAI, AV

’ nowg uhoTToinBel auTto To RCO.
YIVETAI EOW s GCAF = AC/AR

s NCAF = (AC-AB)/AR

OIKONOMIKH Il FSA 2010-11 42



" J
Cost to avert a fatality (CAF)

(Skjong and Ronold, 2002)

4.5 7 =
CAF for OECD Countries ( $ million) =
4 -
3.5 — I
3____— ™ 1 | —
25 HHHH — H —r— H H — —
2 I I 1 I _ - - ]
15 HHHH — H H H HHHHH — — H —
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" I
O TTNXUC TWV 3 EKATOUHUPIWY $

Eva RCO sival attodeKTO, £QV
m GCAF < $3 ¢k
m NCAF < $3 €K

m Metacu evaAAakTiKwy RCOS TTou TTeEpvave
QUTO TO TEOT, OlaAeyoupe To RCO pe 10
uikpotepo CAF
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[TPO2OXH!

m  YTT0BETIKO TTOPAdEIYUO

AR AC () AB(S)  |GCAF (Sm)| NCAF (Sm)
RCO1 | 010 | 100000 90 000 1.0 0.10
RCO2 | 0.01 9 000 8 500 0.9 0,03

m Kalta 2 RCO cival ammodekta: GCAF<$3 ek kal NCAF<$3 k.
m To RCO2 sival kaAutepo Tou RCO1 cupgwva Kal Je Ta 2 KPIThPIa.

B Opwg, To RCO1 peiwvel 1o pioko BavaTtou 10 popeC TTEPIOCCOTEPO ATTO TO

RCO2!

m AnAadn 1o RCO TToU diaAgeyoupue augavel To pioko Bavartou 10

QPOPEC TTEPICTOTEPO ATTO EKEIVO TTOU ATTOPPITITOUME!
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[1lpoTaocic yia FSA Step 4

[MPO20OXH aTtov uttoAoyiopo Twv AR, AB, AC!

GCAF igpapyxika avwTtepn atmo NCAF.

ecetaon NCAF, povo eav GCAF IKavoTrolEl TO KPITAPIO.
[Tpoooxn ne NCAF, 101wg av <O.

AMNAeTIOpacn RCOs emIPEPEI ETTAVUTTOAOYIOUO TWV
CAFs.

[Tpoooxn OTOV UTTOAOYIOUO TWV TTEPIBAAAOVTIKWYV
EMTITWOEWV! (BA. KaI apyoTepQ)
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"
FSA Step S (cuotaoeig yia Anyn

ATTOPACEWV)

m [loio ival 10 P oo
EMOUUNTO ETTITTEDO
PIOKOU? X

m Apxn ALARP

ALARP
Region

Y
BROADLY
ACCEPTABLE
REGION

Negligible Risk

Increasing individual risks and societal concerns
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F-N olaypappaTa

Frequency of N or more fatalities (per ship year)

1.0E-02

1.0E-03

1.0E-04

1.0E-05

. ¢ Buk and
\ —I—Containe

Intolerable

ore

10 100 1000

Fatalities (N)
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"
To o@aAua TOU “aTOUIKOU PIOKOU”

§ KpITNPIa ATTOO0X NS ATOMIKOU PICKOU

m BAXZIKH EPQTH2H: 11010 €IVQl TO ATTOOEKTO
ETTITTEQO PIOKOU YIA KATTOIO AVOPWTTO?

m ATTavTnon (000 ATTIOTEUTO KAl AV QAIVETAI):

Oute 0 IMO, ouTte Kaveva AAAO WO OEV EXEI
QKON OPICTIKN aTTavTnon oto Bgua auto!

m O,TI UTTAPXEI €IVal JOVO EVOEIKTIKO
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ATtro ta IMO FSA guidelines

(uI0BeTnNBNKav 10 2002, emKaipoTToiNnOnkav 1o 2006):

MeyIOTO QVEKTO £TNOIO PIOCKO BavaTou
(ENAEIKTIKEZ TIMEZ MONO):

m [1a pyeAn TAnpwparoc: 1/1.000
m [1a emPBarec: 1/10.000
m [1a TpITOUC N TO KOIVO OTNV ¢npa: 1/10.000

aueAnTeo pioko: 1/1.000.000
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"
2.UYKPION ME AEPOTTOPIKEC
METAPOPEC

[TIBavoTnNTa KATTOIOC VO EUTTAQKEI O€ UOIPAIO AEPOTTOPIKO
duaTuxnua: 1 oTa 8 eKaToupUpIa Ava TTTNON, O€ ETAIPIEC
TOoUu 1°V koopou (Barnett, 2006)

Mia TTTNON ava nuEPa: TTPOOOOKWHEVOG XPOVOGS HEXPI TO
Bavaro = 22.000 €1n!

8 TITNOEIC TO XPOVO: £€TNOI0 pIoKo BavaTou 1/1.000.000

['1aTI 0 €TTIBATNG TTOU TTAIPVEI TO TTAOIO ETTITPETTETAI VA
exel eTnoio pioko 100 gopecg 1o TTavw? (1/10.000)

Eival o1 emiIateg TwV TTAOIWYV TTOAITEG ODEUTEPNG
KaTnyoplag?
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" J
Tpexouoec eceicelc FSA:
2 OXEOO0V TTapaAAnAol Opopol

m MSC

m MEPC



MSC

m FSA Group of Experts (2009-2010)
m Kpion 7 peAeTwyv FSA

LNG carriers

Container vessels

Cruise vessels

RoPax ships

Crude oil tankers

Hazardous cargoes for open top containerships
General cargo ships

OIKONOMIKH Il FSA 2010-11
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" J
FSA Group of Experts

[MpwTtn ouvavtnon, MSC 86 (Maiog- louviog 2009)
Aeutepn ouvavtnon: Nogu3. 2009
Tpitn ouvavrnon: MSC 87 (Maiog 2010)

EkBeon kpiong yia oAeg (TTANV uiag!) TIc ueAeTeg FSA
AvaBewpnon FSA Guidelines (2011)

OIKONOMIKH Il FSA 2010-11
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FSA on LNG

[MPOTEINOMENA RCOs

Risk based maintenance — Navigational systems
Improved navigational safety — ECDIS

Improved navigational safety -AlS integrated with radar
Improved navigational safety — Track control system
Improved navigational safety — Improved bridge design
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" A
FSA on container vessels

[TPOTEINOMENA RCOs

m AIS (Automatic ldentification System)
Integrated with radar

m Track control system.

OIKONOMIKH Il FSA 2010-11
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"
FSA on cruise ships

[TPOTEINOMENA RCOs

m Implementation of procedures for Bridge Resource Management
and

m Increase in the required subdivision index for damage stability.
m Improved bridge design (above SOLAS),

m ECDIS - Electronic Chart Display and Information System, and
m Increased Simulator Training for Navigators.
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" S
FSA on RoPax ships

[TPOTEINOMENA RCOs

m improved damage stability and survivabllity after flooding,

m all measures aimed at improving navigational safety not requiring
additional manning levels,

m improved fire prevention and protection and

m improved evacuation arrangements.

OIKONOMIKH Il FSA 2010-11
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" A
FSA on crude oll tankers

[TPOTEINOMENA RCOs

Hot Works Procedures Training.

Active Steering Gear Redundancy;

Electronic Chart Display Information System;

Navigational Sonar;

Ship Design Modifications — Enhanced Cargo Tank Subdivision;
Ship Design Modifications — Increased Double Bottom Height (not
economically viable for VLCC);

Ship Design Modifications — Increased Side Tanks Width.
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FSA on hazardous cargoes in open-top
containerships

[MPOTEINOMENA RCOs

m [nstallation of permanent high-volume ventilation in the cargo hold (RCO 1),
with respect to DG classes 2.1, 2.2, 2.3 and 5.1

m Installation of flammable gas sensors in cargo holds (RCO 2), with respect
to DG class 2.1

m Installation of foam extinguishing systems in cargo holds (RCO 4), with
respect to DG class 4.2

m Installation of a fixed breathing air supply system in cargo hold (RCO 5),
with respect to DG classes 2.3 and 6.1

m  Provision of improved portable air supply (RCO 7b), with respect to DG
classes 2.3 and 6.1

m Provision of improved protective clothing (RCO 7c) , with respect to DG
classes 2.3 and 6.1

OIKONOMIKH Il FSA 2010-11 60



EkBeon Group of Experts

m AVOAUTIKN acloAoynon TwWV PJEAETWYV
m YTTOOEICEIC YIa DIOPBWOEIC
B YTTOOEICEIC VIO BaTelC OEOOUEVWV

m YTTOOEICEIC VIO avaBewpnon FSA
guidelines
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" J
Baoegig 0edouevwyv

= Databases shall not confuse cause and effect, shall contain information on the root causes of accidents, and
allow for multiple causation factors;

m  Databases shall be able to describe the casualty in complete detail whenever possible, but be flexible enough to
also handle casualties for which limited information is available;

m  All sources used shall be clearly stated, and there should be a distinction between the ‘factual’ fields (eg, date) and
the ‘judgmental’ fields (e.g., causal factor). Background information on decisions and judgements shall be readily
available;

m  Search engines for the IMO GISIS casualty database should be further developed to allow searching by types of
ship, casualty date and place, ship particulars, initiating event, and in general the main information contained in the
casualty report forms;

m  Cooperation with the European Maritime Safety Agency (EMSA) regarding casualty databases could be
considered. EMSA is developing an European Casualty Information Platform (EMCIP), which includes most
desired features mentioned above; and

m  Itis necessary to devise a new and efficient method to utilize the huge source of data available inside the
seafaring community which up to now remains mainly untapped (e.g., near-miss data). data on psychological
factors as well as adequateness of man-machine interface of hardware systems based on practical on-board
experiences should be taken into account.
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" J
Baoegig 0edouevwyv

m Kuplotepo mTpoAnua

m [IAnpo@opia yia 10 “root cause” cuvnBwg
OEV UTTAPXEI

B 2 UYKPOUQOEIC, TTPOCAPACEIC, TTUPKAYIEC,
KATT eival EKBAZEIZ o1 aiTieg

OIKONOMIKH Il FSA 2010-11
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"
AvaBewpnon FSA guidelines (2011)

m description/discussion of experts participation in FSAs

m description of the structure, selection and composition of the project team, HAZID team and any
other team, if established for taking any decision making

m information and analysis on root causes and details of casualties, with a view to obtaining RCOs
focused on prevention rather than mitigation;

development of risk models;

unification of terminologies;

reporting the method and justification for the final selection of RCOs;

indices for cost-benefit analysis for risks other than safety of life;

clarification on the use of NCAF and GCAF;

methodologies to analyze possible side effect of RCOs;

methodologies for sensitivity and uncertainty analysis;

consideration of the human element (to have more detailed and specific guidance);

methodologies to reach the consensus or agreement as well as reporting the degree of
agreement, or concordance;

how to present reports; and
m  how to review FSA studies.
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" SN
MEPC: Kpitnpia 1TepIBaAAOVTIKOU
PIOKOU

m [1oAU onuavTiko B€ua

m MExpl oTiyung 1o Formal
Safety Assessment dgv
EXEI ATTOTIMNOEI TO
TTEPIBAAANOVTIKO piOKO

m AIQQOPEC TIPOCEVYIOEIC

m O IMO €xel yOAIC apyioel
va oulnrael To BEpa
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" B
[1ePIBAAAOVTIKO PIOKO

m [leTpeAaikn puttavon

m [1dong puoewc atroAnTa

B XpwuaTa

m 2 KouTTidIa

m Kauoagpia

m Oopufoc

m OaAdoolo £pua

m Padievepya Kal TTIKivOuva @opTia
m KATT
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[Tpooeyyion otov IMO

m [1lw¢ YTTOPOUV VO EVOoWPATWOOUV
TEPIBAAANOVTIKA KPITH Pl OTN HEBODOAOYIa
Tou Formal Safety Assessment?

m Mexpl Twpa culntnon MONO via
TTETPEAQIKN puUTTAVON
ATTO poprTio tankers
ATTO Kauolua TTavTog TTAoiou
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"

KOoTOC TTETPEAQIOKNAIOOC oUVAPTNOEI OYKOU

Correlation of Clean-Up Costs and Spill Size

$1,000,000 —

$100,000 .

$10.000

Cost/Tonne (SUS)
2

s
$100 . .
L ] .
. 1
$10 4 ]
o | i}
* o ' 2
L I - HAlEIRE S e ) ey J
0o0m 014 072 37.00 4300 92.00 20400 537.00 1.36100 29,000.00
Spill Size (Tonnes) it data 1n

Figure 18: Correlation of per-tonne cleanup costs and spill size based on analysis of oil spill cost data in
the OSIR International Oil spill data base [75].
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" I
CATS=Cost to Avert one Tonne of
Spilled Qll

m MeyeBoc¢ avrtioToixo tou CAF

m CATS: uttoAoyiouocg atro 10
Tpoypaupa “Safedor” (Kupiw¢ DNV)
oc $60.000/peTPIKO TOVVO
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"
[a va pTtaoel katrolo¢ ota $60.000:

Ava MT KooTo¢ KaBapIiouoU UTTOTEDNKE:
2.T06EPO pE TO HEYEBOC TNC KNAIDAC
AvECOPTNTO ATTO TUTTO TTETPEAQIOU
2.T00EP0 yeEWypapIKa

AvecapTnTo a1Td OAOUC TOUGC GAAOUC
TTapayovTecg!

2KEMNTIKO?

OIKONOMIKH Il FSA 2010-11 70



T1 onuaivel $60.000/MT

m Prestige 4,9 d10. doAapia (1.633)*
m Braer 6 010. doAapia (2.000)*
m Torrey Canyon 8,5 d10. doAapia (2.833)*
m Haven 9,9 dio. doAapia (3.300)*
m Amoco Cadiz 16 dio. doAapia (5.333)*

m Castillo de Bellver 17,8 d10. doAapia (5.933)*
m Atlantic Empress 19,7 di10. doAapia! (6.567)*

*avTioToixol BavaTtol ($3ek/Bavarto - IMO)
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"
[MapeupPaon Tnc EANGdac¢ otov IMO

(Marine Environment Protection Committee- MEPC)

E

INTERNATIONAL MARITIME ORGANIZATION ;

i

IMO
MARINE ENVIRONMENT PROTECTION MEPC 56/18/1
COMMITTEE 4 May 2007
56th session Original: ENGLISH

Agenda item 18
FORMAL SAFETY ASSESSMENT
Environmental Risk Evaluation Criteria

Submitted by Greece

SUMMARY

Executive summary: This document brings to the Committee’s attention some points
pertaining to Environmental Risk Evaluation Criteria. This document
may be useful within the process of revision of the FSA guidelines

Action to be taken: Paragraph 29

Related documents: ~ MSC 81/18; MSC 81/WP.8; MSC 82/INF.3: MSC 82/24;
MEPC 55/18: MEPC 55/23 and MEPC 56/18
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MEPC 56 (louAio¢ 2007): dnuioupyia
“correspondence group”

18.7 The Committee, noting that further work, including more research, was needed on the

" " " . * .
subject, agreed to establish a correspondence group, under the co-ordination of Greece , with the
following terms of reference:

1 to review the draft Environmental Risk Acceptance Criteria as set out in annex 3
to document MEPC 55/18, taking into account document MEPC 56/18/1 (Greece)
and the comments made in plenary with a view to finalize the Criteria; and

| B

to submit a written report to MEPC 57.

*
Co-ordinator of the correspondence group:

Professor Harilaos N. Psaraftis

Laboratory for Maritime Transport

Drviston of Ship Design and Mantime Transport
School of Naval Architecture and Marine Engineering
National Technical University of Athens

Iroon Polytechneion 9

Zografou 15773 Greece

tel. +302107721403;

fax +302107721408

Email hnpsarfdeslab.nfua.gr

['MEPCY56'23.DOC
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[1pooeyyion

m Baolkn epwrtnon:

| 5.

lw¢ utTopel N FSA va

ETTEKTAOEI O€ TTEPIBAAAOVTIKO KPITNPIA;

m MeAeTn povo via TTeETpEAAIKN pUTTOVON
ATTO TO (POPTIO OECAMEVOTTAOIWYV
ATTO Ta Kauolua KaBe TTAoIoU
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| 5.

ApyoTepa

Residues

Recycling

Paints

Garbage

Air emissions

Noise

Water ballast

Radioactive and dangerous cargoes
etc
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Epyo ueExp! Twpa

[ToAAoI yupol UTTOBOAWV

[TOAAEGC BeoeIC (YEVIKO ATTOKAIVOUOEG)
Web site

4 reports otnv MEPC:

MEPC 57 (Atrp. 2008)
MEPC 58 (Okr. 2008)
MEPC 59 (louA. 2009)
MEPC 60 (Map. 2010)
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" S
MEPC 58 (Okr. 2008)

m 2udnTnon (aTtutrn) aTro

Canada, China, Finland, Greece, Japan, Malaysia, New Zealand, Norway,
Turkey, and United States. Observers: BIMCO, OCIMF, Intertanko.

B 2UYKAION O€ OpIouEvVa BeuaTa
m 2.£ aAAQ oYl

OIKONOMIKH Il FSA 2010-11
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"
TTEPIOXEC OUYKAIONC

m Xpnon “oil spill cost per unit volume” w¢ kpiTnplo
m Mn ypauUUIKOTNTO KOOTOUC- OYKOU

OIKONOMIKH Il FSA 2010-11 78



" SN
Huepidoa 27/2/2009 (ABnva)
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" B
Ev Tw peTacu!

m FSA yia decapevotrAola uttoBAnGnke oTnv
MEPC 58 atro Aavia

m Baoioyevn otnv avaAuon tou SAFEDOR, dnA.
$60.000 yia 1o opio Tou CATS

m 2uvioTa 7 RCOs yia uttoXpewTikn uioBeTnon,
TTEPINAUBAVOUEVWV:

Aucnueva TTAATN TTAEUPIKWY OECANEVWYV KOl Uyn
dITuBuEvVwWY yia vea tankers
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" J
MEPC 59 (louA. 2009)

m ExkBeon ouyadac (MEPC 59/17)

m [1oAU Alyn oudnTnon

m H EmiTpoTTn OUNPWYVNOE va CUVEXIOTEI TO
EPYO

m H EmTpoTTn cup@wvnoe oto volume-
dependent CATS
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" I
MEPC 60 (MapTio¢ 2010)

m Working Group on FSA
m MeyaAn (kal duokoAn) culnTnon

m EmBeBaiwon yia xpnon BN YPOUMIKWY
OUVvapPTNOEWV

m EmAoyn TnC 0IKNG pac KAUTTUANG yia TO
KOOTOC TNC TTETPEAQIOKNAIDOC WC Baon

ougnTnong
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MEPC 61 (2e1rT-OkT. 2010)

m [1oAU Alyn oudnTnon
m [lapatmroutn yia MEPC 62 (louA. 2011)
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" S
Movaodlalo KOoTo¢ KNAIOOC

m Total Unit Spill Cost ($/tonne) vs log(V) for V21 tonne

70,000 -
60,000
50,000 \
40,000 —0—)3pan
-~ Norway
30,000 -
—dr— Greece

20,000 - - Constant unit cost

10,000
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Movaodiaio KooToc KnAioac |l

Table 4: Total Unit Spill Cost (Total Spill Cost/Spill Size) $/tonne®

V-tonnes | Log(V) Japan Norway Greece Constant
Unit Cost
1 0 38,735 60,515 51,432 40,000
10 1 17,705 26,845 27,494 40,000
100 2 8,093 11,909 14,697 40,000
1,000 3 3,699 5,283 7,857 40,000
10,000 4 1,691 2,343 4,200 40,000
100,000 5 773 1,040 2,245 40,000
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ITOPF DATA-AITIEZ PYTTAN2HX
Incidence of Spills Incidence of Spills
less than 7 tonnes by Cause of 7-700 tonnes by Cause
R\ Most spills from tankers
e At ‘ m result from routine
\ operations
Feeftsplovon - m occurin ports and oil
= ’ terminals

&N

Groundey
n Colision
PL

Incidence of Spills
greater than 700 tonnes by Cause

Operationst

Fire/Explosion o

w \glh

Hull Falure
1%

L7

m are small (less than 7 tonnes)

Incidence of Spill of Of the accidental causes

greaterthan 7 tonnesby Cause @ most incidents are from

collisions and groundings.
Fire/Exploson Other

m  \

Hull Fadure
LY

Percentage of Incidence of Spills by CauséQH§FNONBISH 1l FSA 2010-11 86
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Statistical Analysis
Autocorrellation Function (ACF)

Mann-Kendall Test

Downward Trend

O =700 tonnes
| /-700 tonnes

Number of Spills per year

120
100
&0
60
40

ITOPF DATA -APIOMO2 KHAIAQN

800¢
L00¢
900¢
S00¢
v00¢
£00¢
¢00¢
100¢
000¢
6661
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L66T
9661
9661
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c66l
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1661
0661
6861
8861
LB6T
9861
9861
v861
€861
(861
1861
086T
6461
8461
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Q61
vL6T
€L61
L61
1261
0461
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" N

=
pomad

ITOPF DATA-TIO2OTHTA

Statistical Analysis
Autocorrellation Function (ACF)
Mann-Kendall Test

Annual Quantity of Oil Spilt (in tonnes)

700,000

Heaven (144,000 t)

600,000

500,000

ABT Summer (260,000t)

400,000

Downward Trend

300,000 -+

200,000

100,000 -

1870
1871
1872
1873
1574
1975
1876
1877
1978
1879
1880
1881
1882
1883
1584
1885
1586
1987
1988
1889
1890
1991

Annual Quantgyeiinindty Ao7s=96%0-11

1892
1893
1894
1895
1896
1897
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2000
2001
2002
2003
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2006
2007
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"
ITOPF DATA-TIOZOTHTA

14,000.00

12,000.00

10,000.00

8,000.00

6,000.00

4,000.00

2,000.00

0.00

Average Quantity of Oil Spilt

Heaven (144,000 t)
ABT Summer (260,000t)

(after 1991)

Average Spill Size

1970
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2003
2004
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2006
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Average Quantity|RERBRAKEPATHBESEAb. 1074-2008
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"
IOPC FUND - Kootog kaBaplopou

Cleanup cost (US$)

1,000,000,000 ——

y = 44435x0.643
R?=0.615 TP
100,000,000
.
- [ 1 -
T B
10,000,000 g M | o
1,000,000 "
100,000
10,000
1,000
0 1 10 100 1,000 10,000 100,000

Spill Size V (tonnes)

Cleanup Cost in 2009QKGNDMEtE b dSAPMBARE Annual Report)
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" N

IOPC FUND —2YNOAIKO KO2TO2

(Name: Plate Princess \
Date: 27/5/1997
Cause : Overflow during loading Removed
operation : :
300,000,000.00 Spillage : 3.2 tonnes pendmg claims

Compensation CLAIMED $ 47 millions &
\_ (fishery related)

10,000,000.00 | ! f

extreme values

—
g Name: Daiwa Maru No 18
c Date: 27/3/1997 Place: Japan
2 1,000,000.00 | - - Cause : Mishandling of oil Supply
- Spillage : 1 tonne
-4 % Paid more than $ 4.5 million 2008
g ° A .
wv - ! L : 8! VERY HIGH COST (EXTREME VALUE)
100,000.00 = o #
a o ‘t‘\ * 9
|7 ° T 2T % .
o} $ ‘}"’* o® o
- 0,000.00 ¥ ilhe \\f"‘x{ ...8 |
- 10, - y=70343x0348 s T ‘\. B
- 2 _ o & i@ ) ( \
o R?=0.2901 o S8 <t
b ~ s
' \\“ Name: Kifuku Maru
100000 | - - * g =—e - e Date: 1/12/1982 Place: Japan
¢ ° Cause : Mishandling of oil Supply
o .
Spillage : 32 tonnes
= : ° Paid about 165 (2008 US $) per tonne
100.00 - | |
0.1 10 10.0 100.0 1,000.0 10,0000 wooo  VERY LOW COST (EXTREME VALUE)

Spill Size (tonnes) \ J

|

Cost per tonne in 2009 US $ (Data b&¥E@RAMEPHFRATI3PRéport) 91




" JE
JIOPC FUND —2YNOAIKO KO2TO2 |l

1,000,000,000

11

y = 51432x0 7276 ° » Sensitivity Analysis
100,000,000 R?=0.7826 -

€z
N\

Total cost (in 2008 US $)

for a hypothetical spill of 1 tonne
-

- (based on the equation derived from the
% 4 * regression analysis)

10,000,000 ~

T g Total Cost : 51,432 US$
1,000,000 e

Total cost (USS)

100,000 el 2 gl Extreme LOW value (about 165 $/tonne)

—'é = T e If the case of Kifuku Maru had been
&k included

o the total cost for an ONE tonne would be
: Total Cost : 46,706 US$

10,000

Extreme HIGH value ( about 4.6 millions $/tonne)
If the case of Daiwa Maru No 18 had been
0 | 10 100 1,000 10,000 100,000 in C I Ud ed

Spill Size V (tonnes) Total Cost : 56,058 USS

1,000

Total Cost in 2009 US $ (Data based g F R 6
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IOPC FUND -mtaAtvépounon

1000000000 ————rrr—— T e e . .
SEssniS S st HHE— Extreme Cautious is
Ly =51432x0-7276 ‘ necessary
100,000,000 Rz 0 7826 ahal
| i i . § Total Number of cases : 88
. Min Spillage = 0.1 tonnes
160060601 Maximum = 84,000 tonnes
‘3 "/ Average = 4,854.29
2 Median = 140.00
Tl Geometric Mean = 127.52
o R
o
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Ratio

|OPCF-Aoyoc ocuvoAikou kooToug Ttpog
KooTtoG kaBaplopou

12

10

Total Cost / Cleanup Cost Ratio

Note that Vanem et al (20073, 2007b) concluded that a
ratio of 1.5 should be assumed for socioeconomic and
environmental costs as compared to cleanup costs.

' \Therefore Total Cost/CleanUp = 2.5

J

Some Interesting Figures

Dataset of N=68 ratios

(ratios equal to 1 and extreme values
removed)

s

minimum ratio of 1.002
maximum of 10.01
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Natural Resource Damage Costs

Based on Helton & Penn (NOAA)
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Natural Resource Damage Costs

Based on Helton & Penn (NOAA) - Chart shows average values

Cost of Oil Spills
Penalties
6.5% Othoer
\ /-2.14,

3rd Party
14.6%
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BiBAloypa@ikn avagopa

Marine Pollution Bulletin 60 (2010) 1455-1466

Contents lists available at ScienceDirect

Marine Pollution Bulletin

journal homepage: www.elsevier.com/locate/marpolbul

An empirical analysis of IOPCF oil spill cost data

Christos A. Kontovas *, Harilaos N. Psaraftis, Nikolaos P. Ventikos

Lahoratory for Maritime Transport, National Technical University of Athens, Greece

OIKONOMIKH Il FSA 2010-11

98



" N
TTOAAEC EPYAOTIEC OTA:

m http://www.martrans.org/Imsf.htm

m http://www.martrans.org/limo.htm
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http://www.martrans.org/limo.htm
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m ECeAICEIC TpEXOUV
m To EMI eival yeca
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"
[TapapTnua

m [ eVIKO TTAQICIO XPNONG TTEPIBAAAOVTIKWY
KpITnPlIwv oTnNV FSA

m Avagopa: Psaraftis, H.N., (2008), “Environmental Risk
Evaluation Criteria”, WMU Journal of Maritime Affairs,

vol. 7, No. 2, pp 411-430.
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-

RCOs to reduce oill pollution risk

m Any RCO that reduces olil pollution risk may also, in
general, reduce the risk of fatalities, of injuries, and
maybe also the risk of damage or of loss of the ship
and/or cargo.

Although incidents that lead to fatalities may not necessarily lead
to oll pollution, or vice versa.

m A specific methodology already exists in FSA for looking
at fatalities and injuries.

m Attention is due when combining the benefits of fatality
risk reduction to those due to oil pollution risk reduction.
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" J =
e
Assume two scenarios:
m (A) the status quo m The purpose of this
m (B) a specific RCO is RCO is to reduce the
applied to waterborne risk of olil pollution.
transport on a global m Need a way to decide
basis. if this RCO is cost-
effective and hence
should be
recommended for
adoption
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| 5.

Reduce oll pollution risk: how?

m Reduce probabillity of spillage

m Mitigate consequences of spillage, If it
happens

m (risk= probabllity X consequences)
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| 5.

Typical RCOs

ECDIS m Coulombi egg/ passive
VTMIS vacuum
Tanker double sides m A specific design that

Tanker double bottoms

Smaller tanks

limits discharge once it
happens

m (purely theoretically?)

Inert gas in ballast tanks Rescinding double

More steel bottoms!

Fuel tanks not close to m Twin screws (for tankers)
ship hull s Etc
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" J nd
-

STATUS QUO (without RCO):

Define E(TOT) as the expected annual total cost of all spills
worldwide.

m (A) Expected annual total damage m (B) Expected annual total cleanup
cost of these spills, taking into cost of these spills, either at sea or
account when they hit the shoreline.

economic consequences to the ship This cost depends on the response
owner, level and response tactics, which here
the cargo owner we assume to be a constant.

fisheries ’ Addressing oil spill response

tourism ’ alternatives is outside the scope of this

_ _ . work.
other industries that may be impacted

negatively by the spill,
guantifiable damages to the
environment,

etc
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" A
Assume that

m \We know how to calculate E(TOT)
m (method how to do It, later)

OIKONOMIKH Il FSA 2010-11
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" J
How can E(TOT) be reduced?

m Introduce a specific RCO
choose from list

m Apply RCO:
Globally (to all ships, everywhere)

Or locally (to some ships or to a certain
geographical area)

m Cost of RCO application = AK (known)

@nnualized basis)

OIKONOMIKH Il FSA 2010-11
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| 5.

Effects of RCO =2

m  Spill frequency may change because of it
Presumably it will be reduced

m  Probability distribution of spill volume

may change
Presumably

necause of It
ess oil will be spilled, and

expected spi

| volume will be reduced
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| 5.

WITH this RCO applied:

m E..,(TOT) = New expected annual total
cost of all spills worldwide

m Presumably E;-,(TOT) < E(TOT)

m E..,(TOT) can be computed same way as
E(TOT)- more later
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| 5.

Cost Benefit Assessment

m Define AE(TOT) = E(TOT) - Egeo(TOT)
m AE(TOT) = Expected benefit from RCO
m RCO Is cost-effective globally if

AK < AE(TOT)
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| 5.

Comparison among RCOs

« Among alternative RCOs for which
AK < AE(TOT), pick the one that

achieves the highest positive difference
{AE(TOT)-AK}

« NOTE: the one that achieves the
highest ratio AE(TOT)/AK !
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Beware of ratio tests?

RCO AK AE(TOT) AE(TOT)-AK | AE(TOT)/AK
RCOI ) 5 3 25

RCO2 3 6.5 35 2.17

RCO3 4 g 4 2

(in $billion/yr)

nenefits

Highest difference: RCO3
Highest ratio: RCO1
f RCOL1 is chosen, $1 billion/yr less expected

OIKONOMIKH Il FSA 2010-11
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| 5.

Important note

m The stakeholders who will receive the expected benefits
AE(TOT) can be many.

m But they may not be the same with those who will incur
cost AK to adopt RCO!

m \We do not deal with this issue here (distribution of costs
and benefits), assuming that our black box is “society”.

m Butitis an issue that needs to be addressed, otherwise
those who pay but do not receive benefits will react.
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| 5.

Combining environmental and
safety risk

m RCOs that reduce pollution risk may also

Improve safety, I.e. reduce the risk of
fatalities.

m How can this be incorporated into the
CBA?
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" J
Currently In FSA

m Cost to Avert a Fatality (CAF)

m GCAF and NCAF

OIKONOMIKH Il FSA 2010-11
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| 5.

GCAF

m [f GCAF = AC/AR < VHL, then RCO is
cost-effective, otherwise not

AC: Cost of introducing RCO
AR: Expected reduction of fatalities

m Among alternatives that pass this test,
choose the one with the minimum GCAF.

m VHL = $3million
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| 5.

INCAF

m [f NCAF = (AC-AB)/AR < VHL, then RCO
IS cost-effective, otherwise not.

AB: Benefit of introducing RCO

m Among alternatives that pass this test,
choose the one with the minimum NCAF.]
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" A
Note 1: CAF I1s another ratio test

m AC/AR < VHL

m But can also be written as a difference
VHL* AR -AC >0

(see MSCB82/INF.3 on possible pitfalls on the use of ratio tests in CBA)
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| 5.

Combining the criteria

m The specific RCO under consideration is cost-
effective globally if its cost

AK < AE(TOT)+VHL*AR, otherwise it is not.

m Among alternative RCOs that pass this test,
choose the one that achieves the highest
positive difference

{AE(TOT) +VHL*AR —AK).
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| 5.

Note 2

m Unclear if or how this can be expressed as
a ratio test

m Unclear why it should be expressed as a
ratio test!
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| 5.

Note 3 (NCAF)

m The specific RCO under consideration is cost-
effective globally if its cost

AK < AE(TOT)+VHL*AR +AB, otherwise it is not.

m Among alternative RCOs that pass this test,
choose the one that achieves the highest
positive difference

{AE(TOT) +VHL*AR +AB —AK}.]
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" J yud
-

Other environmental consequences

m These may include shipbuilding and ship
recycling residues, ballast water, ,
garbage, sewage, , hoise,
radioactive and other hazardous materials,

, chemicals, other dangerous
cargoes, and others.
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| 5.

Approach can still be applied!

m E(TOT) and Exo(TOT): Expected annual total
costs associated with environmental
consequences, before and after the application
of a specific RCO (respectively).

m For instance, one may contemplate a measure
to mitigate SOx emissions, a measure to reduce
recycling residues, and so on.
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| 5.

HOW TO COMPUTE E(TOT)

m SEE OF PAPER

m Assumes spills are generated according to a
Poisson process of known frequency A

m Assumes known spill volume distribution f(v)

m Assumes various other known probabilities and
damage & cleanup cost functions (generally
non-linear with spill volume)

m Accounts for different spill locations and olil types
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| 5.

What an RCO may do

m It may reduce spill
frequency to u<A

m It may change spill
volume distribution
from f(v) to g(v) g f

m both py and g(v)
known

use of probabilistic
modelling, Bayesian
analysis and/or the
help of expert
opinion
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| 5.

Special cases

m Special case y=A

RCO concerns only measures to mitigate
damage once pollution occurs

Many “ship-design” measures are in this
category

m Total cost function assumed linear in spill
volume v (or linear approximation is used)
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| 5.

Then, criterion reduces to
5K / (AE, ¢ (V)/N) < B

m Numerator = per ship cost of implementing the
RCO (on an annual basis)

m Denominator = per ship reduction of expected
total volume spilled in one year

m B: a constant (function of input data)
m B — CATS threshold! (but computed differently)
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