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The imnpact of EEDI on VLCC design and CO2 emissions

Jack Devanney
Center for Tankship Excellence, USA, diwl@eitx.org

This paper studies the impact of EEDI on VLOCG COZ2 emissions.  In competitive sectors such as the
V9L.CC market, this analysis must be performed over a market eyvele adjusting « ship's steaning speed 10
the market rate and bunker cost. OQur numbers indicated that, over a market eyvele. imposition of EEDI
will result in a slight increase in VLCC CO2 emissions. relative to no regulation at all. The problemn is

two-fold:

1. For VLCC's. BEDI elfectively limits iustalled power. 13t al currend and expectod BFO prices, a
non-EEDI VLCC owner nses all his installed power only in a full boont, For the great hulk of her life,
a noun-EEDT VLCC uses little or no more power than an EEDI-compliant ship.

2. In limiting installed power. EEDI induces owners to use smaller bore, higher RPM engines. These
engines have a higher specific [uel consmuption and more importantly require a smaller, less eflicient
propeller. This means the EEDI-compliant VLCC constunes more fuel when the mwarket is not in

boou., which is 90% of the time.

In contrast. we find that a S50 per ton C'O2 hunkers tax will reduee VECC CO2 emissions by mote than
6% over a market oyvele And it will do o without Toreing the world to devete 30% mote tesomees to g

greatly expanded. under-powered. over-dmven V9LOC et

Keywords: EEDL VLCOC: CO2 Enissions: Slow ~teaning,

Introduction

The luternational Maditine Oiganization (I1MO) mas
Le on the verge of enacting an amendhnent to MAR-
POL which would require all new Tamge ships to meet an
Fuergy Efficiency Design Index (E1WDIy Lhis is an at-
tempt to reduce CO2 emissions fiom ocean tLansporta-
fion. This paper considers the upact of this legislstion
on one ocean transportation sector, Very Large Crude
Cartiers {(VLCOCS) and estimmates the resulting reduc-
tion In CO2 emissions from these ships. Theae estimates
are compared with those generated by a pohey of -
posing a fuel carbon tax {or an equitalent cap-and-tiade
penit price) on these ships

EXEDIis defined by MEPC ], Cric.Ga1 (MEPC, 2000)
While the formula is complex. for VLOCs it hasically
boils down to the ranio of fuel consmned ar 75% installed
power to speed at that power,

IMO has vt (o [nalize the mandsied decrease i,
EEDE ut the discussion has {focnsed on the tollowing
redue tion schedule

Phase 1 Phase 2 Phase 4
2013 201~ 2023

1% 25 3040

These reductious will be ftom a dascline that is de-
termued by fitting a power law tegression to the exist-
ing fleet Due Lo biases 1 this ad hoe procedire, the
EEDI of a current standard VECC is abont 89550 above
tlis baseline Qzaki et al., 20001 Tn other words, 1mw-
buikling VLCCs will be required to have an FEDI whick
s L9 below current designs 11 2013, 3645 helow currens
in 2018. and 47% below current in 2023.

There are essentially only two ways a VLCC desiguer
can meet these EEDI requireients:

I. Rednee the fuel required at 734 installed power
be cwploving el saving technology not alveady
in e,

2, Rednee installed power, Unlike most nendated ve-
hicle efficien y requurements suell as CALFE, speed
2 not fixed  An antennobile maker cannot meet his
CAFE by testing bas onr at 10 mph rather than
5% But EEDID allows and encourages this, CAFE
stands for Corporate Average Fuel Feonoms. An-
olher dithence betwoen CAFE and KD s that
ELEDI i~ imposed on eacll individual ship. not on
the builde » overall production. Very ronghly.
VECC speed goes as the one-third power of in-
stalled power. So the expectation is that a 30%
reduetion in installed power will results i approx-
imately a 100 teduetion in speed at that power.
and w2004 reduction i the EEDID tatio, We shall
~ee that 11~ not quite that ~simple.

“True” Efficiency Improvements

The CIX has conducted a surves of what might be
callel b “tme” eliiciensy imprasements hecanse (hes
attempt to reduce el constmmtion withour educing
speed (Devanney 20000

We rejected several possibly econonne measures as
mprudent. ua luding:

Coutra-rotating propellers Contra-rotating  props
tequite complex epicvelie gearing aud bhearmgs
Thev are inherently fur less veliable than a stan-
dard VLCC ahaft aud propeller. aud wounld be
a maintenance nigltmare.  No prudent owner
could spec contra-rotating props on a single screw
tanker.

I' Like most things EEDL these numbors are rubbery and constanily changing. There are proposals to correct, this biss.




Reducing lightweight The EEDI formula inchules a
cargo capacity torm. For VLCC's, it is deadweight.
By reducing lightweight the designer ean incerease
deadweight on the same displacemsent and reduce
his EEDI. Unfortunately, VLCC huall structures
are aheady over optimized, resulting in frequent
fatigne cracking and short lived vessels. Nonethe-
less. EEDY will put additional presswre on V9LOC
designers to take chances in this area,

We rejected a nuber of ieas that have heen arouned
for decades, on the grounds that they have neter been
able 1o demonsirate a signilicant rednetion in [uel con-
sunption.

We rejected a number of possible fuel savings mea-
sures on some combination of cconomics, feasibility, or
low availability. This category includes solar, kites. and
other wind energy devices. Even if a VECCG owner in-
vests in such measures, he canuot reduce his conven-
tional installed power since cnergy fronn these sonrees s
not always available.

We rejected a couple of promising measires as -
proven imcluding hull cavity.

We realized that our designer will have to cope with
the Tier 1T NOX requirements whiclh will cost himn 2 1o
3 e/k\Wh or about 14

Ou the other hand. it i~ true that the massive. post-
2005 inerease 1 bunker prices has resulted in a mnbe
of measures which were not economic at 3200 per ton
Bunker Fuel il (BFO) now heing economic at $150 pet
ton BFOQ. But when we added them up vejecting those
we regarded as nuprudent or noproven. we were lard
pressed to produce more than a B saving m EEDILL

Abont half of this savings was due to Waste Heatr Re-
conery (WHRY With an i estient of abor 123 nallion
dollars. it s possible to extract cnongh enerey fronn w
VLOCs cooling water and niain engime exlianst 1o dine
a 1000 kW generator, aud meer o VECC S normal at wea
electric power requireients. The overall fuel savings is
of the order of 4%, At cunent BFO pices. these WIHR
svstems have a pav-hack period of less than 2 veans for
a VLOC, and ovwners are Hocking 1o nestall advaneed!
WHR. In Aungust. 20000 Wattsila connted <1 hig ships
mchding 33 VLOC s thar bave ordered Waresila's ver-
sion of WHR.CAntonopoulos, 2016

A mamber of these tow ceonomic measnres {for ex-
ample. electronmeally controlled cugines, varable prrel
twho-chargers, and multi-speed pumps) resalt ur a ~ubs-
stantial improvenent in VLOC fuel oficietoy at low
loads. but have littie o1 no jmpact ou the ship’s FEEDI
which is based on 734 MOR - Perhaps the ~ingle most
imporrant recent technological developuent is the abil-
itv of VLOC nmin engines to opetate well helow 50%
load continuomsly and do 1t pute ellicentis. hs maor

change is ignored by EEDIL

A common feature of just about all the measures that
nmake sense is that they will be implemented without any
1‘(‘gula,ti0n.2 I thie jargom, they have negative abatement
cost, meaning that the owner’s bottom Jine will be im-
proved by investing in them in his newbnildings. Most
of them are already being implemented.

The problem for our VECC designer is that. if vou
add up all the prudent. proven measures you are talk-
ing at wost a 99 improvement in fuel constunption at
75% installed power, the BEREDI design point.? This just
gets him down to the Baseline. For the great hulk of
s rednction in KEDL, e wall have to veduce installed
power.

Slow-steaming

Before we can estimate the inpact of mandating a re-
duction in installed power. we st understand sloaw-
steanring The 1elationsnp between EEDI and tanker
COX2 emissions i= an inditect one. The amont of ('O2
enatied v a VLCC tor any ship) depends ot on the
fuel consumption at installed power {or 75% of installed
power i, but ou the powet that the owner; tern chiarterst
actuallv nses ated the fnel consumption ar that power.
The power that a VLCC owner S terue charterer will ae-
pally use depends on tluee things:

L. the carrene VLCC spat rate
2. the owner s, tern charterec’s current fuel cost,
3. the ship's specd fconsumption enrve,

In amwy nenket sitnation (spot rate and bhunker cost).
the ownet ter chanrerer will aedpst the ship's steam-
g, ~peed 1o maximize his <dailv uet carnings o1 egis -
alently for the tenin chanterer, minimize his unit cost of
rransportation. !

As Figure 1 shows, the VLCC market. an example of
neathy teatbook competition, 15 extremehe volatile. The
spol rate can vy by a factor of ten in a matier of
tonthis, At the botrom of the matket. the owner will
barelv he paving his fuel hill, In a full seale hoont. the
cntire S100.000.000 ship can be paid off in a dozen vor-

RN

» . - ) o ) .
= A~ wall be news sl unpuoven techimalogies that 1o ond 10 Le truds effectae Perhaps the unber oenelidate i this category s an

Cavily.

# greenslup.org. & group that generally Lakes an optintistic view of the potential fo vessol etmissions reductions. studied a
bulk carrier Lo which they fitted jusi aboul every device applicable. and ended up with a 74 decrease  CO2 emissious.(Schad

OO0 {ow
L2000

T tas well known that both the teal owner in The spot market amsd a term eharterer face vasentially the same speed optimization problen
See for example Devanney (2000, Apprendix 13) lor a ool Tlencefontl. 1 will shonten the klusky “owner flerm charterer™ 1o “owner™ with
the undersianding that, for & term chalered Gandker. the serm charterer s the elfective owner
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Figure 1. VLCG Spot. Rates, 1989-2009
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The spot wmarket cannot go below the owner’s Lagup
Rate for any length of thue. The Lavup 1ate s the rate
below which the owner is betler off lavmg up lus VLOC,
tather than comtinuing to nadc. In Worldscale 1ermns.
the VLCC lav-up rate is usually in the very high 200

in the very long . the spot rate st average the
Requored Freight Rate {RER) The RFR is the spot rate
the owner would have to average over the ship's hife in
order to just hreak even on his investinent. including his
opportunity cost of capital. If over the very Jong 1.
the market averaged a spot rate higher than RFR this
wonld attiact wore investient m VLOCS aild depross
the vate. If over the vers long i, the marhet averaesd
A spotl rate less than RER. then capital wordd move ant
of the VLOCC market vaising, the 1ate.

The VLCC Regnined Freight Bare over the last 1wo
decades 15 a bit of A wmovog, taget for several reasous,
but wmainly because the newbuilding pice ot o VECC
is constantly changing. When the sinphbuildmg, warket
is very strong. the price of a 3 LCC ean he double that
when the vards are desperate for husiness  But onee
agatn, ovel the long-ran. the average newbilding, piice
lias to be somewhere near the vards” proesens valued vomt
ot Taulding the ship. or we'd have capital continually
flowmg into or out of shipbnilding. .\ reasouable o
thmare of the average VLCC BRER over this period is
WS02 4+ /- 5 Worldscale poiut~. See Appendix A, The
average spot 1ate over the period was WS63.2 b shore,
the actual average spot rate is about where we would
expoct it to be.

Fignre 2 is a histogram showing the fraction of the
thme the market spent at each spot vate, hetween 1089
and 2009 mclusive,
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For the purposes of this diagrain. we bioke the rates
down into 10 Worldscale point intervals.  As Figme 2
shows. the market spends most of its tiime between the
Lazup Rate (usually in the high twenties) and RFR
{usually in the low sixties) with occasional spikes mueh
highet in booms. LFor this 21 sear period. the market
was above WS 100 about 94 of the time and at or be-
low the RFR about 700 of the tinwe. & highly skewed
distiibution During o hootn. 1ates can casily be 3 or |
tines the RER. windh means the market nst spend a
lat of time below RFR to compensate.

Table 1 shows the actual muubers. The column la-
beled “Srandard” is the market rale profile which we
sl i averaging COX2 eindssions over anarket evele. In
1his profile. all rates abosve WSH100 are cousidered to be
full boow, and mapped to WS200. Our Standard rate
profile s a reasonable approxnuation to tlw observed
rates helow WSSO0, hat i~ intentionally biased upward.
that i~ 1 favor of the lower powered. EEDI compliant
ship above WSIMHL The Standard profile has an aver-
aee Worldseale of TU9L comtor table above a newhuilding
RFR. ¢ven fon 3620 hunhers, More importantls. in any
niarket above WS100, (0 astificially speeds np the non-
FEDI BASE ship more than the EEDT compliant slup
which is often alveads ar or near max speed at WS110

improving the lowered powercd ships™ advantage m
emissions at the gl end of the market,

Lable 1 Actual and Standard Bute Profiles
Wkl Olsersexd] Standdard

st ale frew tion fraction
20 0.0z 000
B 0007 003
1ty 1.7240 (1,20
i a.l64 020
t5t) 0,230 .20
U 0,000 000
=t 0.056 006G
) 0.032 0,05
LX) 0ol 0.05
LD L0320
120 0,028
1.3 0.008
1403 0.020
150 0.004
180 0.008
200 0.000 0.10
210 0.001



The BASE Route and Ship
Standard Route

In order to estimate VI.CC CO2 emissions over anarket
evele,
1. we must brsi figure ond what {he owners will do as
a function of the spot rafe.

2. {hen, using our utarket rate profile, combine lwese
munbers to obtain his average CO2 cmissions over
a market cyele.

We will perform these calenlations for astandand (no
EEDID VLCC and a standard route. We will them study
arions EEDI compliant variaticns of the standard ship
on the same route.

The particulars of the rounte we used for all our eal-
culations are shown in Table 20 The route is Fujalrah to
Ras Tanwra to Yokohama to Fujairali via Malacea both
ways. The ship was bankered for the round trip at Fu-
Jairah. For these parameters none of the loadlines nor
the Malacea draft requirement is limiting  The cargo
Hmiting restriction is arrival draft at Yokohama  This
route is reasonably 1epresentative of most VLCCO vov-
ages. The SFC adjustient corteets for overly optumnistic
book (mamifacturer) SFC figures mainly due 1o an un-
realistically high inel Net Calorific Valune «NCV).

Samner Dwt S0 000 SIYWT drat 22000
Tons per m b =0 Ton~ m2 hl.h
Cargo Cubic LO00 Lot 2
Cargo deusity O%5 Careoaaluers o [NUARTT
Denmirtagel 5/ dan 23000 Carao etes 5
[y tune(his} T2 1h~ o omuen I~
Cylmder LO g/kWh 12 (vhinder 1)~ 1 [RIEE:
[Brokers Conuns % 125 Hotel TPD I
Consumables(tons) A00 BECG Capadity tons 9T
SEC Adjpustment % T 1 speed adjustment 0o
FU.JA port charges G FUAA pon heurs 0
FUJA chaft lnan D9 FUTA poat laeling 0
FUJA/RAST nulow SO6G0 sea Maoin 157
RAST port chiuges 27000 RAST poat buan I~
RAST dialt limit S200 RANT peut tuel 1) e
RAST/YORO unles 503 RAST YORO WS a1~ 11
YORO port charges 130,000 YORKO dialt oo RN

Y OKO pors fuel (1) 250 YORKO FULN miles H220
Table 2. Route used 1 VLOC Ennssion~ Calendations

The cargo value {about 3830 per barvel} and mteresr
1ate (5%} are used 1o compute the In-ttansit inventors
catrving cost. Currently, oil conspanies tend to be vuther
cavalier about inventory carrving cost, for the most part
wnonng them, This might be semi-forgivable when one
15 dealing with o dilference of a day or two u loaaed
leg time, But since we wall he dealing with o very wivde
tange of vessel speeds, we realls don't hase this s,
Theretore, our VLOC steannng speeds will he ~et tomin-
mnize the charterer s total vost of Ganspotting a ton of
oil including Ios inventory caryving cosi-.

We also made some test 1uns o whiel we set iu-
ventorv carrving cost to zeto. The relative dillereid os
between the uon-EEDI and EEDI ships were alost au-
changed. ‘Lhe main effect, of including inveutory carrving
costs is to speed both ships up on the loaded leg at the
bottow of the market. Within reason, whatever you as-
stune about inventory carrying costs will not change om

bottom e conchstons about the effectiveness of KEDI]
for VLGS

Standard Ship

Fortmmately, for o pumposes, almost all VLCCGs are
very similar, The singie most important characteristic
of a VLCC from a CO2 point of view is the loaded and
ballast speed/fuel constnption curves. The speed /fuel
curves i furn are based on three enrves:

1. The hull resistanee eurve, which determines the
araount of power the hull 1equares as a function of
spoed,

2 Propulsive efliciency eneve whicl detenmines the
fraction of the main engme power that is converted
to thrust to drive the hull.

3. The englue Specific Fuel Consamption (SEC)
enrve which deterimmes the aunount of fuel the en-
gine needs to produce a given amount of power,

Hull form

In all our calealations. we kept the hall form constant.
The Imll we tseel is that stwcdied by Min and Clo (2003).
In the Min paper. o hall fonn is labeled Extreme V.
It is clearly, the hest of the thuee studied. The design
draft (20085 1w resistance cive of this hull is shown in
Fiewe 3 Te s ¢lose 10 cabne np 1o Frowde number of
U1 TS knotsy above which ot tinns upward o e faster
than culue To convert thos design draft curve (woerted
siiface = 272710 2y to loaded and ballast errves, we as-
stned 1estance wis proportionad to woegted surface and
A loaeded ballast wetted smface of 2% 5060 21000 m2.

2t )] e tance Coanve Mt all A LOC
Fovrene Volomm on 2095 w0 dhal ,
Imrat o Aried salae - 2720wl A
Dspdarcaem = 322 10s tons i
v & Lemt D 98 v diunetet popeller H
- - - !
PDaabl L ar1nl I
Do oarly wens ddown to 13 his ‘/'
Tapong b R
Vestanied ¢ b bekoss 13 K- /
Proomlsive Fotin e
T & 13 ki~ 0ny.;2
[WINEN 0Ty
(TTIE T L S (R
16 hie 0Tl
17 ks =1
120t 1ok by
I~ ks 073
oo & /
'
!
TR 4
tannl =
RETSR
2000 F
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01 23 15 6 7 8 % 1001121801415 161789
Fignre 3. Base Speed/Power Curve



Propulsive efficiency curve

Owr base ship uses a four bladed, 9.93 m propelier, with
a constant propulsive elliciency (P18) of 0 73. In vealily.
PE will vary with speed, bul, as Figure 3 shows, for this
hull formn and propeller, the variation was less than 1%
over a range from 40% full power to 100% full power.
This propeller is designed to aceept about 27000 kW at
76 RPPML

As we shall see. EEDI will produce <drastic changes
in VLCC powering. Phase 3 will require a halving of
installed power inducing owuers to use smaller bove,
higher RPM engines. This in turn will generate deastic
changes in propeller design. To attempt to prediet what
these propellers will look like and their petformanee.
CTX used MIT’s OpeuProp program.(Epps ot al., 2009}
Openl’rop is a modan lifting line program capable of
creating wake adapted propellers. Open Prop takes as
input a ship speed, a requived thrust at that speed, an
RPM. a diameter. a description of the wake. aud re-
turns the propeller that generates this thrust at mini-
mum torgue while meeting all the other constraints.,

In our propedler analvses we held the hull cansraur.
For cachi of Phase 1. 2 and 3. we held the engine constant.
Using OpenProp we then searched over diameter, look-
ing tor the propeller that gave the vessel the maxiimun
specd without exceeding the engine’s torque, power ci-
pability. Finallv. we cheeled that combnnation for EEDI
compliance and. if necessaiy. derated the eugine as re-
quired to meet the mandated EEDL? In conduetimg ths
searcit we required that the blade loacding on the pro-
peller be no higher that that for the ~standard uo-1ED]
ship. See Devannet (2010¢) for the details of rhese pro-
peller studies

For our axial wake profile. we nsed that measnred fo:
Sausung Tl 13210 4 VECC which has almost exactly
the same ll 1esistance {owing ) ciave as the M. Chon
hull and nearlv the same thrmst deduction and wake
fraction. (SSALI3. 2000) Table 3 shows the SEH 1321 walie
profile.

‘Fable 3 Clroumiferential Mean Axaial Wake Pzolile

SHE 13321
Radins Wake
m - Fraction
1.9 ().5009)
2.1 0. 164
Jan 0. 185
1.8 (.50}
S.an2 0.327
(.79 0.5 14
T.70 0.610
873 1).760
9.2 0.790
9.710 ().820

Tle important {eature of this profile is that the high

wake region extends out to about 5 m from the shaft
centerline. This means that smaller di;ueter propellers
must operate at an average wahe fraction that is con-
sidlerably highev than that for the standard 9.9 m prop.
We shall see thal the improvement in hull elficiency is
more than compensated for by reduction in open water
efficiency associated with the lower advance ratio.

Specific Fuel Consumption Curve

The base Specilic Fuel Consnmption Curve we will use
i that for the Wartsila TRTASAT engine. This is a stan-
dardd seven eylinder engine used by many VLCC owners,
It has an MCR (Maximuam Continnous Rating) power of
27.516 kW at 76 RPM. at which point it has a book SFC
of 168.0 g/kWh. The conmpetitive engines have very sim-
ilar characteristics, For reasons which will hecome ¢lear
we also shidied 6.0, and [ evlinder engines with the same
bore and stoke. These are essentially the same engine
with less evlindir<. The 3 and | evlinder variants don’t
actually exist hecause they would have extremely poor
vibiation chatactoristies, bat for now we ignore that.

VLCC Speed/Fuel Curves
Speed/Fuel Curves for Existing VLCC's

Putting all ¢ asssunptions together. we arrive at
the speed/fuel ciuves shown in Table |0 for existing
VLCCS. The ship Jabeled TRTASIT is a standard 7
evlinder. camshaft contiolled VECC, Most VLOCs ¢
rently trading will leok pretty much like this ship. The
alup labeled 61T ASTT iy the same ship e fitted with
a ~ix eviinder engine of the same make and model. The
third aned tomth =hips are imaginars: thev are infeasible
due to tibrarion proldons, They were produeed by sim-
ph removing additional ey lindets from the same engine.
A foan desighis use the sae diameter propeller, Ty all
tour cases, the book SFC at MOR is 16%.0 g /KWh."
According to Table 1. the 7 eviinder ship has a poorer
fzel consumption helow about 11 knots loaded than the
lowered powered ships as the SFO starts to elinb with
lower load. The 7 eviinder ship is also very linited as to
how ~low it can go. This is misleading,  For a mod-
ost imvestment. the owner of the 7 evlinder ship can
o evervthing the lower powered Ships can do, inelud-
ing, the vilnationally challenged 5 and 1o linder slops.
To do this he muse imest o evlinder ent ont svstem
ess than 330,000 and varable piielr or multiple turho-
charger fans (about $1350.0000. He can pav for this with
a savings of 1K) tons of fuel. At that point. he will he
able to have the hest of all worlds pickimg out the best
SFEC for each power in Fable 1 And unlike the four and
five exlinder engines. e will not. have a vibration prol-
lesi. The womeniardy vunsed cvhnders are in effect
balancers, The resulting <hip is shown in the rightmost

g . N . - . - - .
I deing su we held RPA constant, moving vertically downward in the layonl diagram. 1t is possible that by veducing, REM and going
tea Idtle higher piteh, we conld come up with a very slightly hetter Tuel consumption for this power and speed. But any such improvement

would be insignificant for present purposes
Hor

This in the actual voyage calculations.

Lhis is a manulacturer fgure based on a fuel NCV that doesn’t exist. oplimistic ambient and NOX conditions. We will correct for



colnn. This ship is also a decent approximation for an
electronically conbrolled VLOC fited with a complete
set of slow-steaming mods.
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Table 4 Speed-Fuel Carves for Existing Ships
Despite the big hiprovement over the minnodifiod

lefenost s‘l;i]) at low load. o BASE VLCC has the
sapie EEDL 251 Akivama and Taee came np with an
EEDI of 2.53 inr their standard VLOC which 3= a slightlv
staller ship.Qzalki ot al. (2010, So this appears 1o e a
reasonable munber for existing V9LOC'S
The Base Speed Fuel Curves for Newbulding
VLCC's
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Table 5. Specd-Fuel Curves for Newbnilding VLCOCs

When we take advantage of additionn]l Waste Heat
Recovery (about 1% rednetion) and assmine other true
improvements in efficiency amounting lo 3% in tolal,
wo obtain tlie ‘Fable 5, newbuilding counterparts to the
ships in Table L. The ship on the right will he our BASE
newbuilding VLCC, the ship that would be built sith
no new regulation. This ship has an EEDI of 2,31, well
above the Phase | requirement of 2.09,

Phase 1 EEDI

Slow-steaming curves for $465 BFO cost

The proposed VLCC baseline EEDLis 2.32, and the pro-
posed Phase 1 reduction is 10% resulting in a required
DI of 2.09. A glance at Table 5 reveals that our BASE
7 evlnuder ship is illegal. ot the six eviinder ship just
meets the proposed Phase 1 requirenent.

The MCR RPM is unchanged at 76. OpenProp indi-
eates that 1he optimal diameter vewains 9,93 m, bat by
adjusting, piteh distridmtion amd blacde area was able to
marease the propudsive eflicieney 1o 0 731 Lhe downside
wets that OpenPrap ended up wath an Expanded Area
Ratio of 0,12, an unbeard of nunnber for a VRLCC pro-
peller This propeller should be caefully checked for
cavitation. strengtll and heavy weather performance.
For present purposes we accepred the calim water Open-
Prop results.

Tables 6 ad 7 <how the slow-steannng tables for the
Toevimder cno-EEDD and the 6 evlinder (Phase L) ships
on gir standard Ras Tamwa-Yokohanm ronte for an as-
stened bunker cost of $165 per ton. about the curent
warher price.

Tahle 4

Slow-steaimning Corve for no-EEDD VLCC, s165 BFO

WS AVE S BFO O Davs Clargo BI'D o)
RID] RT 1T fans TPD
001000 13000 5950 276930 34506 1 (1593
10 117 1670 AT 00 276830 31971 I 1002
S0 NGO IN20 51U 276050 362000 11531
6l 12 2] 20103 34 2T6TRL L1 1 2050
T0 L3 Is 25y 150~ 276672 HIOTS 1.3071
~( 1121 E 2496 2760550 327 1.:3551
IS0 2K a0 27611 18525 1 09y
1Kl 15, 1) 326 HONN 2T02T ) Hahr22 Iyey
T 159 3P =T 2Telun 5153 ) 63
120 16 25 1T 2V6IN0 0 5200n 15331
1.30 16 1 AT 6L 276007 K2 T 1 5570
T lo.sd S9N 2THINN S4TIE 1 HO8S
150 16 =l A0 273990 33706 LoOs3
lat 1702 6l T80 RS I 636)
300 1702 $=al S ol 37’».\*)\ 31237 1.6AGE

These tables displin the owner™s optimal average
Joaded Ballasty steamig speed s a0 Bnetion of =por
rate, the resulting rouned tp fuel consumed. vound trip
voyage tinie, cargo per ttip. aud the barrels per day de-
livered. These nmnbers were computed using the MFIX
package which was the standard voyage analysis software
used by Hellespont. Shipping between 1995 and 2002 in



operating their Heet of VI.CC's and ULCC's, This pro-
pramm optimizes loaded and ballast speed in half-knot
increments, so the speed-up can be a little junpy.
Table 7
Slow-steaming Curve for Phase | VLCC, $165 BEQ
W8 AVE  BFO Days Carge 3P0 o/
SPD /BT /RT (ot D
30 190.00 17331 5000 276Y83 33806 10531
10 1017 1661 A7 00 276983 44971 10916
50 10.90 I8L2 51,92 276983 36294 1.1500)

G0 12,20 2106 1933 2T6TEG A0382 12005
TO 1348 2489 A58 276676 11074 1L30M3
80 1400 2619 43,69 276556 15009 1 323)
90 1475 2863 4163 276421 ATTHO 13803
60 §5.25 3057 4039 276352 19237 L1306
PO 1572 3258 39.31 276272 h0G84 1843
120 15096 3360 39878 27GITS 51259 15102
I3 1596 3300 33.78 276178 512% LAalo2
1O 16,19 3471 38.28 276076 51908 15107
150 16.19 34T 3328 276076 51908 15167
160} 16,14 3171 38280 276076 G190y Lo 0T
170 1624 80 382 276062 51972 15155

300 16.2] ARG dx 23 2ToeOn2 Slav? 1 5135

The coluun on the tight shows the tons CO2 emit-
ted per ton per day cango delivered. Thes columnm adjusis
the fleet stze 1o achieve the saine tous per day delivered,
but does not adjust CO2 emissions for the additional
Build/Repair/Serap cissions. nor the CO2 produced
by (lhmg more crews around, exira cargo ovapoeration,
ole, associated with slower speed and a Ingger fleet

Comparing Tables 6 and 7 below WS30. both
ships are going the saine speed. so there is no
difference. This s where the warket speids ot of
its time. Between WS90 and WS1100 the more fael of-
ficient {at these speeds) 7 ooy lnder <hip speeds np o b
taster. and the 6 exvlinder slup produces 1 ro 350 Jeas (102
per ton delivered per period. Between WsTHE and 190
the lowered powered slup s gomg just abont as fast it
can. and the differonce i= abont 1% Lhe hiiaker powered
ship =till has one gear lefr. which it nses at WS200, At
WS200 and above. the duflerence s abiow Gh¢

Table 5. Phase T Pereent Reduction in ¢O2
BASE vs 6 oviiider <hip BEO== {05

WS Avesxd Al Kot r
BASL e co2

S0 s it2n .t BINll
] 1071 10,71 10wt -0
50 1114 BRI 1.t -t
311] 1107 P17 [t -t
Nt 1.3 20 1420 | hono -
X0 11.21 Hiog o2 -1
a0 1300 1870 0.4Ux 16 10
100 1% 19 1525 nuSis -0
110 13099 15 1% DuTs2 27
120 16 25 1749l ouuns Sl
130 16 19 1591 noati7 -2 5
1in 16 72 le 17 onrs? -2
150 16 84 16 1T 1 Hig2 -3 7
({1} 16 =3 Tty 17 1) tHy32 47
170 16 3 16,17 1] 'Kl -3 7
1x0 I 83 (L N I R =37
141y Ifh.=3 1617 g2 3.7
200 16.497 1617 04127 =57
Average 1238 1.226 -0

Table & swunmarizes this comparison. The fourth col-
winn in Table 8 is jast the ratio of the rightmost cohums
in Tables 6 and 7. The last column is this ratio converted
to a percent, The bottom line shows the CO2/TPD de-
livereed for each of the two ships averaged over the wmarket
evele, and the resnlting average percentage rednetion as-
sociated with the ship on the right.

Under our Standard spot rate profile. over a market
evele a fleet of the BASE ships wonld average 1.238 Lons
of C'O2 per ton per day delivered; a fleet of the 6 eylin-
der ships would average 1.226 tous of CO2Z/TPD. De-
spile our rate profile being iwtentionally biased toward
the lowered powered ship. we end up with & 1% redue-
tion in VLCC CO2 emissions due to Phase | EEDL Due
to the tennous connection between nstalled power and
power actually used, a 10% reduction in EEDI resnlts in
very little 1eduction in operational CO2 cmissions over
a market evele.

When we throw in the seven evlinder ship's superior
heavy weather performance. and the fact that in a hoom
we would need 14 more six evlinder ships to move the
satse amount of ol and thus LA more 13/R/5 entis-
sions. the difllerence m CO2 emissions 15 m the noise I
is also olnious from these tables. that, over a market
evele, the seven aovlinder engine is on average operating
at a consilerably lower pereent of MCOR which means a
substantial deerease in main engime failures.

Slow-steaming curves for 8620 BFO cost

If vow 1epeat these analvses for a BFO cost of 5620 per
ton, von will iind that the differeuce in CO2 enassions
from the two ships over o market ¢yvele v even smaller
than for S165 BFQO cost See Devanney (20100) for the
detaiis. s ates vuprove. both ships speed up morve
slowlv, The lowered powered ship does not reach its
speed constraint antl WS220. Below WS150. theve is nil
differenee i specd o CO2 cmissions: hetween WS150
and WS2ZA0 the difference Is about 3%, and 1t 1s not
il vou get to WS2T00 that we see the hoth-stips-at-
Iull-speed 5 5% diterence. Using, one Standard spot rate
profile. tie BASE slup averages 1 L6T tons of CO2, TP,
the RO compliang =lnp 1102 a difference ol 0,558

The Dupact of a $50 per ton CO2 Carbon Tax

A far more interesting comparison s to watel the slow
steaming owrve for the BASE slup at $165 hankers.
with the slow steannng anve for the same ship at $620
bunkers. as lable 9 doez, I the 5150 diflerence i
oaner’s fuel cost is eansed by a $30 per ton carbon tax
tot eguivalent eap-and-trade permit price). we are look-
ing at how a VECC owner would react to a $30 per ton
CO2 carbon clsstous prive. assuing o EEDIL

7 The RFR al the tong 1un average of the spot rates will be about, 5 Worldscale points higher (assuming the same flal rale as we have)
tor $620 bunker cost than for $465 bunker cost This is one of the reasons we biased our Standard profile toward the high end



Table 9. Percent Reduction GO2, $50/ton CO2 tax
BASE ship at $465 versus $620 BFO cost

WS Avespd  Avespd Ratio Y
165 G20 02 1L

30 10.00 948 0.9656 =31
A0 10,47 075 00162 -5
St 10,90 1021 0.934:31 -6.7
{4 12.24 10 64 0.9336 -6.6
70 13.48 11 AT 08902 -11.0
fall) 14 21 1221 #8397 -11.0
a0 15.00 13,20 090401 -9.1
100 13449 1-LOD 0.9216 -T.R
110 15,99 1L Al 0.9111 -8.45
120 16 25 1520 0 %206 =T}
130 16.19 1544 0.9262 =T
140 1684 15.7% 09173 -%.13
150 16 84 1599 03301 =T

160 17.02 16,49 0.9520 -1.8
170 17.02 16.49 09520 -18
150 1702 1672 00710 -2.9
190 17.02 16.81 (1 9830 -1 7
200 17.02 16 &) (3 830 -1 7
210 17.02 1702 1.6000 -0.0

300 17 (F2 17.02 1 60 -0

Average 1.213 l.1o7 =iy |

At WS30. an owner facing the 5620 BFO cost will
steam about (L3 knot slower than he would at S 163
bunkers. rvesulting in a 3% reduction m CO2 per TPD
delrvered. Aswates inaprove, an ewner facing the highe
BFO cost will specd up more slowlyv and ot WS70 oo
WSAD the speed difference is aboit 2 hnata aud the re-
duction in CO2,TPD 11N A 1ates finther mupnone
e speed diflerence begis 1o drop until ar WS2,0, o
owner will steam as fast as he can even at 5620 BFO and
there i+ no difference in CO2 - TPD. Osver the market oy -
cle. the higher fuel cost wall prodoce G100 Tess CO2 pen
TPD delivered.

It is extremely important to foens on how the hunkers
tax achoeves this reduction Below abour WS150 in
other words alnwost all the thine the non-EEDD com-
pliant ship with the tax (Table 9. colnmnn 3) is steaming
more slowly than the Phase | EEDI comphane <hip
without the tax (Table 8. cohunn 32 It is only in an
all-out full boom that the non-EEDI ship with
tax steams faster than the Phase I EEDI compli-
ant ship without the tax 13nr thi- i~ exactly whar
we want for it avolds wastefully expending resoees on
additional ships. just to handle a hoow,”

Phase 1 Summary

Speed reduction is not a measure s~ most vesscl
CO2 eutismons studies wounld liave us helwove, It is a
reaction. [f i~ the owner tenm chartorer = reaction ta
e curtent spot rates s hunker cost and his sped-
el curve. At aorent aud likely hunker prices o0 weli-
designed VECC will e operating at maximan speed
onlv in a full scale hoonw less than 10050 of the <inp's

life. Most of the thwe, the ship will be operating at a
percentage of full power, often much less than full power.
15D afllecls this reaction indirectly by redncing the
own's ax speed Fhe net effect, over a market, eyele is
that the Phase 1 EEDE requirement will reduce VLCC
operational C'O2 cinissions by 1% or less for the ships
that are actually allected Ty 1lns regulation while at fhe
sane fme inereasing the mmount of resowrees society
mst devote to the VLOC sector. and reducing safety.

An increase in hunker cost afleets the owner's reac-
fion direcetly. This could be accomplished most simply
and most elBciently by a carbon based buukers tax. Over
a market eycle, a $50 per ton CO2 BFO tax would reduce
VLCC CO2 emissions by more than 6% and it would ap-
ply to the entire leet, and il would do so without EEDI's
expensive and pernicious side-cflects.

So far we have been acting as if society’s goal were
to winiize CO2 ewdssions. In fact. the goal i (o1 al
least should be) minimizing the sum of the societal cost,
of C0O2 plus all the other costs associated with moving
the oil The six eviinder ship will have a market cost
which is abont 1.2 nnilion dollars less than the 7 evlin-
der. o savings of about 1 3% initial cost. But as we
Lave seen we will need about 197 morve of them., so the 7
evlinder <hip bas a clear snperiorits here. This of course
> wihn abmost all existing VLCC"s hase the power they
do. By fonemg onners to by less power than they would
have, we are foremg the world 1o devote more seatee 1e-
~onrees 1o building VLOC S Av inrelligent regnlatory
polics woulbd take 1tlus into aceouns.

Phase 2 EEDI

Slow-steaining curves for $465 BFO cost

The proposed VECC haseline EEDT s 2,32, and the pro-
posed Phase 2 cedietion is 239 1esulting m o a 1equured
EEDIof 1.7 X glance ar Table 3 reveals that om imag-
mare 3 evlinder shup is illegal. hut the 4 cylinder would
easilv meet the EED reguivement. Unfortunatels, nei-
ther of these engines have acceptable vilnation charace-
reristies. To meet the EEDD requitement waith a 6 evlin-
det engine. the owner will have to go down to a 630
nun bore exlinder  The engine we will use for Phase
245 a ALAN GSGIME with an MCR of 17.220 KW at
05 RPAL The hest propeller OpenProp could come up
with for this engine has a dimueter of 8.5 m resulting
m a propulsive clficiency of 0617, abow a 757 loss in
propul-ive efficiency. relatne to the no-EEDL ship Ou
top ol this. the smaller bove engine has o 3 g/ KW-hy
(2501 disadvantage o SFC.

Table 10 shows the fuel consmmnption emves ot this
cogine for 6 thionel 3 cvhnders, As usial we exan-
ine vibrationalls ufeasthile engines 1o study the npacr
of evhneler cutout. This engine stili does not quite meet
the Pliase 2 EEDBrequuremsent. Therefore the owner will

E The loug-tun average Workiseale vate will be about 5 WS points higher e o 3620 BFO cost world than a $165 BFO cost workl. To
he totally correct, we shoukl compate, say. WSH0 and $165 BFO with WS55 and $620 BEO; but. as Table 9 shows. it woulds™t make that,

much difference.

' In economic Jargon. the mmginal socictal value of VLCC capaeity is at least, 10 times bigher in a boem thau a slump. A tax adjusts
elficiently to this changing valuation ISEDI does not. For a more tomplete discussion of this issue, see Devanney (2010a),




have to derate the engine slightly to an MCR. of 16,800.
resulling in the fuel consmnption curve at the far right.
This ship will have a loaded, trial speed of about 13.6
knots.

Laondded GaG5me 5 eyl eyl 3 evl GaGhme

EREDL 178 1.57 136 .12 w, neds
Ity kW S0 Tpd St Tpd  8hc Tpd  Ske'Tpd Sfe Tpd
8.5 Li30 167 9 159 1679 15
9.0 5110 16O 1 187 1661 18T
995 6016 L6756 222 1GR.5 21 9 1655 219
10.0 7052 1683 20.0 1654 25.0 1606 25,7 1059 2506
10.5 8102 168 8 302 166 ¢ 29 3 16050 20.06 1095 30.3 1065.0 2000
1.0 938G 167.1 343 105 7 380 106.6 34.2 1667 310
115 10724 105.9 33.9 165 8 38 & 169.2 30.7 1Gh R 419
120 12185 166 5 142 1672 16 16H 5 112
12,5 13772 106 350 1 1659 51 2 16033 5l
330 1535852 1638 | 57 .4 ths 1 K73

Ballast [N 5 eyl vl 3evl Hn(idme
his kW SlcTpd  sSte'I'pd  Ske Fpd Sl I'pd Sl ped
4.3 |1I65 G777 1631677 Iu 3
Mo 51450 1691 193 1660 129 1660 189
105 GOk 167 H 22,1 1665 21 X 1655 21 R
110 6916 168.5 25.5 166G 0 25 1 1661 23.2 166.0 25 |
TR TI02 1602 2903 16GTA) 289 16H 0 286 16NN 292 16k UNO
120G 2973 167.6 32,9 1659 32.6 1601 326 165.9 3206
125 10148 166 2730 9 1655 6.8 1679 37 3 1435 G40
130 11159 1656 711 6 166 3 41.7 1709 129 1657 1ln
135 12775 1658 10 3 168 1 1T 0 Hab% 3
110 1185 166.7 31 8 1707 530 Hib. T 3~
11 5 15721 168.6 538 0 [ha 6 S~ 0

Table 10. Speed-Fuel Carves for G50mm Beore Ships

Table 11 shows the slow-steauing table for this slap
for a bunker cost of $165 per ton, Ar WS and this
bunker cost. the Phase 2 VLOC 1w gomg as fast it can,

Tialler 11

Slow -stoannng Curve tor Phase 2 Compliam VOO

WS AVE BFO Bax~ Cargn B onz
sPD RT T Tals THD
30 .50 i L2012 2vvnnt 3iq9l0 Lovod
Y] 997 16300 S066 277000 4313 12
S0 10.39 1795 57 3% 277000 31740 1 1410
G0 14T 209 5237 2T6N50 WNodT o L2107
T2 2270 193 27678 10473 1 20%5
SO 1325 20 g 27H00 Lidsg 1 3s07
13Tl 2TV e 2761064 [ TR T N L
0 1391 286) A SR SR ATH e 11532
1o TElg 2916 P2~ 27600 Pads 1 ITYS
S TR 251006 Bi2s 276400 IS N S|

If we compare this ship with the nou-EEIM BASE
ship from Table 6, we obtain Table 12,

These manibers are Based in favor of the lower pow-
ered ship, Thev are calin water munbers plus o 15% sea
margin for both ships. [n realite. in heavy weather the
low powered ship’s performance will deteriorate more
rapidly than the higher powered ships. The low pow-
ered ship will sulfer a larger specd rednetion due to prop
cavitation and lidted torque:s but also that laeer re-
duction will be trom a smaller hase. A 2 knot redue tion
tromn 13 knots will incrcase vovage time T I8 N 2
knot rednetion from 17 knots will increase vovage thue
b 15'¢.

Bur assnming cabn water. below WS100, the BASE
ship puts out less C'O2 thanks 1o its wmore eflicient pro-
puilet and engine. At WSTH and above the BASE ship
is steaming Faster than the Phase 2 ship, and the CO2
balance shifts in favor of the speed limited, lower pow-
cred ship. At WS200, an all-oul. boomn, a feel of Phase 2
EEDI-compliant VLCC's produces 10% loss operational

9

CO2 than 2 [eel of BASE ships. In (his situation. we
need about 18% more EEDI-compliant ships to move the
same amount of oil.

Table 12. Phase 2 Percent CO2 Reduetion
BASE ship vs 6S65ME at $165 BFO cost

WS Avespd Avespd Ratio Yo
02 ML

30 10,60 9500 1 010 + 1.0
10 1047 G497 L0218 +42.2
50 1690 13y 10311 +31
60 1221 1147 1.0291 24
Fit] 1348 12210 09911 -(19)
80 1124 13.25 1.0189 +1.9
Gi) 15 00 13.71 [LOETE 1l
{84} 15,19 1.3.9:1 LOOT3  +0.7
P10 15 01 LIS 05873 -1 3
120 16,25 PLLE 086306 -3
130 10,19 VLT 0948 =02
11 16 51 LT 09185 -84
150 1681 1113 0.9185 -3
160 17 (02 L% 00020 =47
300 17482 THIS 09029 =07
Average 1213 1.214 +073

I we apply onr Stawdard spot rate prolile (o this
compatison, we flid that a fleet of the non-EEDI ships
averages 1213 tous CO2per ton per day deliversd: the
EEIN compliant ships average 1.219. "The overall eflect
of EED] Phase 2 at ths Innker price is to increase
VECC CO2 crnissions by about 0.5%.

Gratsos ot ol 2010H argue that at least 2,15 tous of
CO2 are prodoced per ton of ship steel in the buildmg,
ancd scrapping process. I we assiune o VLOC hgloweight
of 13.000 tous and a 25 vear ship life. then Dbuild-
g, scrapping emissions ate about 314 of operational
classions  With these wunbers. an 18% larger flect 15
veivalent to o Q4% increase i operational ennssions.

Slow-steaming curves for $620 BFO cost

We repeated these analy ses tor 5620 bunkers. Devanney.
200000 Onee agam the gl Ininher mice shitted the
mnthets it favor of the BASE ship. Both ships speed up
mote slowle at el BFO cost, extending the World-
seaje range ovor which the more el efficient. Ligher
poweted slup produces Jess CO20 Ty any market except
alall-out booni, the non=1R1EDHeet eusits less CO2 than
the Phase 2 feet. Assiunmng the Standard spot rate
profile. the non-EEDL BASE fleet averages 1.167 tous
CO2/TPD. the TEDL cowpliant fleet LG a virtual
e,

Phase 2 Summary

o The Phase 2 FEDI regulations will not result in
any noticeable deerease in operational VLOC CO2
ontssions over o arket evcle The fuel savings
Jae to foreing the owner to 2o slower in oo
are halanced by the neflicioncies associated witl
a much smaller than optinal power plant for this
sized ship. These are cahn water numbers.  Tn
heavy weather, the bhalance shifts further in favor
of the nou-EEDI ship.




o The Phase 2 regulations will eventually resnlt in
a 18% larger fleet.  ‘The resulting increase in
huilding /serapping cmissions will be eguivalent fo
about auother LG% increase in operational cuis-
sious.

e The Phase 2 regulations will requive that just
about 18% mwore of the world’s resourees be de-
voted to VLOC transportation, great news it you
are a shipyard.

¢ The Phase 2 regulations will iucrease our exposure
to VLCC casualtics hy 18% even before we acconnt
for the fact that the EEDI compliant ship will be
less maneuverable. less able to get out of trouble
than the nou-EEDI ship.

Phase 3 EEDI
Slow-steaming curves for $465 BFO cost

The proposed VLCC baseline EEDI s 2.32. and the pro-
posed Phase 3 reduction is 359 resulting in a requived
EEDI of 1.51. To weet the EEDI regmitement with a 6
evlinder engine without throwimg awav a lot of power.
the owner will have to go down to a 600 1m bore exlin-
der. The engine we wsed for Phase 3 3= a MAN GSGOME
with an MCOR of 280 KW at 105 RPAL Accenddins 1o
MAN. this engine has the ssune SFO enrve as the G530 mitg
hore engme. bhut the increase in RPM reducees the opts-
mal propeller diameter to abowr &40 w0 and consequently
stialler propeller will result s a 3% loss i propulsive
cfficiency relative to the 830 nun bore machine

Even with the rednetion in bore. this engine uor-
mally rated does not meet the reguired EEDL of 151,
The owner will have to derate the engine to an MCR
of about 13.210 kW, Phase 3 will require VLCC
owners to cut installed power in half. This <hip
will have a loaded calin water. trial speed of about 12
knots

Table 13, Pereent CO2 Reduetion.

BASE ship v 656G0ME at $165 BFO cost
WS Avespd Avesxd Ratin v

02 Intl

30 10400 021 1027 —-13
0 10,17 .6~ 1.060 } - 6.0
a0 10 90) gsa o LOITI -1
i) 122 a7 lolls - 13
70 13 I 1171 1.ong] < (4
~l 1121 1231 1 (0= —~
Rl 1300 125~ [EIA AT -1
Tun 15 193 12~1 s -l
110 1799 {2 ] 00167 -3
120 16 2% 12.~1 oo =T
1730 16 14 12~ ooy -9
1 o~ 1251 sl -1
150 1681 12 %1 fhasu~ 114
160 1742 1251 (Os65s =13 ]
300 17.402 12 1 {1 =58 =141
Avoerage 1 214 1 257 —-11

The details of these Phase 3 caleulations can be fowud
in the CTX report.(Devanney, 2010L). Table 13 sum-
marizes the $465 BFO results. This ship is so under-
powered that at WS100, she is already going as fast as
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she can. This ship's engine will be pushed hard. The
Pliase 3 VLCC fleet will need to be 33% larger than
the BASL fleet to move the same amounl of oll in a
boom. And that’s in calin water. This ship will have
lonsy hieavy weather performance. If we apply onr Stau-
dard spot rate profile Lo these muubers, the non-EREDIL
BASE lleet averages 1.243 tong of CO2 per tou per day
delivered: Lhe ElDI-compliant fleet averages 1.257.

Slow-steaming curves for $620 BFQ cost

We o repeated  the Phase 3 analyses  for $620
BFO.{Devanney. 20100, When you apply owr Standard
spot rate profile to the resulling wanbers. the non-EREDI
BASE ship averages 1,167 tons of CO2 per ton per day
delivered; the EEDI-compliaut vessel averages 1.183, for
an average inercase of 1A%

Phase 3 Summary

The Phase 3 resulis follosced a now famihin pattern.

o Even assuning ealis water. a Phase 3 EEDI con-
pliant VLCOC {lect will not produce legs ('0O2 cimis-
sionis that ati pon=1EDE Leet, despiie the dragtic
rednction innstatled power  In fact. the numbers
widicate that. over a market exvele. the net eflect
of Phare 3 FKEDD will be to inerease calm water
VLOC CO2 ennssions by a little more than AL
evel, hefere we adjust Ior The dilferences in heavy
weather perfonnance.

o The Phase 3 reenlanions will eventually result in o
3370 larger fleer. Lsiug the Gratsos mbers, the
resulting iuercase m building /scrapping einissions
i~ vguivalent 1o about another 1.1% inciease in op-
orational eniissions.,

o The Phase 3 regnlations will regnire that about
3350 more of the world's resonrees be devoted to
VLCC transportation.

¢ The Phase 3 regulations will inerease o exposwee
to VLOC casidties by 33% even hefore we acconut
tor the fact that the dangerously under-powered
ELEDI compliont V9LCOC will be less veliable and
less manenverable than the nou-EEDI ship.

¢ Fosllve over the maket evele, the engines of the
FEEDI-compliant ~hip~ wili he pushed nmeh harder
thian those of the no-EKEDI ships which will gener-
ate a big jump i machiners faihue rares,

Conclusion

Table VT sunmnarizes o resnles

Table 11 Overall Sunenas of Resalis
o1 reduction e CO2 Fonssions averaged over ket ovele
Negative muphes RED compliant fleet better
BEFG - Phawe | Phase 2 Phase 3
O-T
S0 -1t ~0,54 -]

Su2i -0.5%, 2% +lAa%

The Phase 2 aud Phase 3 EEDI fleet produce more
€02 thau the non-regulated flect. [ow can this be? The
auswer is two fold:



1. KEDI effectively limils installed power. But al cur-
rent and cxpected BFQ prices, a non-EEDI VLCOC
ownet uses all his installed power ouly in a full
boom. So for the great bulk of her life, a non-
BEDI ship uses litkle or no more power than an
EEDI-compliant ship.

2. In Hmiting installed power. EEDL induces owners
to wse smaller bore. higher RPM engines  Ta-
ble 15 sununarizes CTX s estimate of how VLCC
owners will respoud to EEDIL These engines have
higher Specifie el Conswmplion and more im-
portanlly reguire a swaller, less eilicient propeller.
This means the EEDI-compliant VLCC constines
more fuel when the market is not in boom. which
s 90% of the thme.

Table 15. Main Propulsion Parameters of EEDI
Compliant VLCC's
No EEDI Phase | Phase 2 Phase 3
|

EEDI 2.51 2.09 1.7 1.51
ACRkW) 27500 23,600 16.800% 13.200%F
Cyvlimders T G 0O G
BORE(mm) 810 R0 Gt Ol
RPM(MCR) 6 6 93 105
ACR SFC{book) 163 168 171 171
Prop Diam{m) 0ha 14 3 =0
Propulsive Kif. 0.730 0.731  06x2 0.07
Exp. Area Ratio (U R 3 ) S I 5 ) 0.131
Loaded Trial Spd 16.% 15.5 13.6 121

e “Derated from 17200 KW, ““De-rated from
11100 k3,

o Dis-allowed less than 6 cvlioclers on vibration
eromnds  Reducthion gear not considered

o Lower powered ships spewd nmeds more of the ma -
ket evele at or elose 1o MOR
aucd above the min SFC point

o lleavy woeathor, mauewsering charaereristies of

ships ot right need to e carefully studued
o Strength, cavitation, heavy weather perfonuaee
of unprecedentedls narow VECC propeller Blades
necds careful studv.
And this is only at-sea enussions, Table 16 shows the
VL fleet size reguireients of ERDIL

Table 16, T rease in Fleet S for same niansport eapacity

Phase | Phasie 20 Phase 3
Fleet Size -1 s -33.
13,18 002 =01 (U L1

The inercase in Build; Repair Serap emidssions i hased
on Gratsos et al (2010} comerted to eguivalont ar—en
ctissions. These authors considered only enpssions at
hukling. repair and breakmg vards.  Mining. Oving
crews arowd. additional cargo loss due to tank breath-
ing. ete were uot included,

Finally. these ate all calur water numbers, The low-
powered EEDD compliant <hip will have considerablv
poorer performance in heavy weather than the non-
EEDI ship. As Table 15 shows, in order to meet Phase 3
EEDIL VLCC will have to go down to about 13.000 KW

MCR. This is less than half present practice. This
ship will not ouly have great difficolty waintaining any
speed in bad weather. but also hor engine will be pushed
much harder over the market ¢yele than the non-EEDI
ship’s. And that meaus a big jumyp in machinery failures.

As far as | know, simila studies have not been done
for smaller tankers, bulkers, or big containerships: but
there is every reason to believe that such studies would
goenerate vory similar results.

EEDI is a loser. So what should we do? The an-
swor will be obvious 1o any livst yvear cconowmics student:
charge the polluter for his pollution. Table & shows that
a $50 por ton CO2 dumping fee wonld generate a 6.1%
reduction in C'O2. far more than any level of KEDIL And
it will do it without wasling resources on UHNECeSsary
ships, And it will do it without forcing owners to build
dangerously nnder-powered ships.

A carbon dumping fee is effective. ellicient, and sale,
EEDI is none of the above.

A VLCC Required Freight Rate

The 1ight way to campute Required Freight Rate is to
combine the investment pinameters with a market rate
prolile. allawing the slup (o use the oplunal speed lor
whatever marhet it i~ cunently in. Then adjust the
prolile so the investnent just breaks even. and find the
average ol that break even profile. Lhe standard and
incorreet wav to compute RER is to assume a constant
market rate thromghont the =hip's life. and {ind that rate
tor which the investinent just breaks-even We will use
this second  meotredt approach hoth because it is the
staudard defiimton of BRI R awd it is close enough for
PLOSCTLL DLLPOSES,

MEFIN has the capehility of computing standard
RFER s so we cian ise the same route. ete that we used
in the slow-steaning calenlations, The ship we used was
ot nen-EEDE BASE VLCC ™ For represemt ative tinan-
c1al parameters. we fsed the fellowmg,

Yerd Terwns 101010070
Loan Terms  Gibwillion at 7.7% . 7 vears. level

OPEX SA0ON per day
Drvdockmg  FEyery Fyeaes. 15 davs, 83,000,000
Inffation 30 per vear

Sorap value  STOD per l-ton, 13000 ton et

We witied ship price {00 1000 120) malhion dollars,
ghup e 1200 25} vears. disconnt rate {10, 153'%4). and
el prce ($165. 56200 per ton. Table 17 summarizes the
resilts, Obviousle. von can move these numbers around
v cnvang, the paraimeters. bur a reasouable ball park
[igure tor ~i65.1 15 Ingl 305, low 60°s.

Since Worldseale is tied to hunker prices with a lag.
the 3620/t BFO wunbers ave not really applicable. If
BEFO coat did move to 3620 for a vear or so. then the
Worldscale flat rate would be adjusted upward, pushing
the RFR mumbers back down to those we see for current
bunker cost.

10 The HEDI conpliant. shups will have a higher RFR 1epresenting 1he long-tun market <ost 1o socicts of the 1epulation.



Table 17. Representative RFRs 20 yea ship life

8165/t BFO $620/t
Price || &0mund | 100mm$ | 120mm$ | 100mm$
10% WSH1.7 | WSH9.6 | WS64.5 | WSG7.5
15% WSE60.5 | WSGT.4 WSTL3 | WE75.3
25 vear ship life )
$465,/t BFO %620/t
Price || 80uwund$ | 100mnd | 120mm$ | 100pun$
10% W553.0 | WSHT.9 | WS62.4 | WSG65.5
15% WS59.7 | WS66.2 | WS72.8 | WST74.1
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