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1. Regulation — IMO NOx Tier Il
2. Exhaust gas recirculation
3. Selective catalytic reduction

4. Summary
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Regulation
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* High traffic areas « Map - ECAs fixed
North American Coants ECA S0y
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Source: “Understanding exhaust gas treatment systems”, LRS

« ECAs fixed (existing and coming)

ECA (Annex VI. Prevention of air pollution by ships) In Effect From

Baltic Sea (SOx) 19 May 2006

North Sea (SOx) 22 Nov 2007

North America (SOx and NOx) 1 Aug 2012 (NOx from 2016)
United States Caribbean Sea ECA (SOx and NOXx) 1 Jan 2014 (NOx from 2016)
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« Tier 1. Low NOx atomizer, injection retard,,,
« Tier 2. Miller cycle,,,
« Tier 3: ??? (EXisting engine technology not enough)
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Techniques to reduce NOx Hitz
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« Candidates, for example: 6

NOx control technologies NOyx emissions, % ANOy
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Source: ‘Global: Understanding MARPOL
Annex VI — the international requirements for
. the control of NOx and SOx emissions from
 EGR and SCR seem able to meet Tier 3 ships operating globally and in Emission
Control Areas’ by IMO at SAE 2012,
Emission Control from Large Ships
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« Besides NOx, consider also...

EEDI (less CO2, i.e. less FOC)
Fuel flexibility (High S with SOx scrubber)
Cost (CAPEX and OPEX)
Less space
Availability of consumables

What is used for aux. engines?
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EGR

Exhaust Gas Recirculation
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* Recirculating a part of exh. gas as scav. air

» More CO2 - higher specific heat capacity

> Less O2 - slower combustion

» Lower combustion temperature - less NOx

A method related with combustion process
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Exhaustreceiver
T/C i Shut-down
cut out valve
Small T/C
Mix Cooler é
Scrubber ‘
WMC } EGR blower WMC
!
Scavenge airreceiver
Source: MDT
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Exhaustreceiver
Small T/C
-
Cooler
WMC |
—4—
Scavengeairreceiver
Source: MDT
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Exhaustreceiver
Shut-down
valve
EGR blower
—p—
Scavenge airreceiver

Source: MDT
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Exhaust outlet

I Shut down valve

Scrubber

Prescrubber

=]
Cooling water

; vl
Blower l I

~a= wmc | Cooler

\

Bilge tank

Source: MDT
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Exhaust outlet

Prescrubber

Blower l I

"‘{ WMC | Cooler

Fresh water

Discharge
control

Om'oﬁ
valve

Water
Buftor cleaning
tank
v EGR makes SOx
vV
scrubber smaller sGm.,.,a.,,um.,

Sludge
tank
| -*
Stop  NaoH
valve pump

Source: MDT
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S80ME-C with EGR2

Turbine
cut-out valve

EGR shut down
valve

Compressor
cut-out valve

EGR inlet pipe
& prescrubber

Cooler

EGR Scrubber

+ | Auxiliary Systerns ]

EGR blower

Source: MDT
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Max. 23 +4.9 4.17 151 39
EGR
EGRref | 37 +3.0 2.57 151 36
Incr. 4.0 +2.5 2.18 156 30
Pcomp/
Pscav
Incr. Phyd 472 +2 8 1.83 151 37
fncr. 36 +1.9 2.12 156 37
fucr. 3.9 +3.6 2.82 156 34
L +0.6 1.34 157 41
Source: MDT
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Tier Il operation cost of 4TSOME-X with EGR1 - MDT Hitz

What does it cost;:

SFOC penalty:

Additionally aux. power:
NaOH consumption:
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0.5-1.0% (1 - 4 g/kWh for SBOME-C-EGR2)
with fuel-saving measures
1.0 - 1.5 % of M/E power
5 I/IMWh in case of 3%S fuel and 50% solution
Source: MDT
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SCR

Selective Catalytic Reduction
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What is SCR? Hitz
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« A conventional/proven method for stationary plants
 More than 90% NOXx reduction possible
« Not conventional for ships, especially for 2-strokes
« After-treatment, regardless of combustion process
l.e. free from ‘Diesel Dilemma’
. I, 40% urea solution -

« NOx -->nitrogen and water: Exhaustqas XOT% 8 {j

> 4NO + 4NH3 + 02 --> 4N2 + 6H20 (Major) g TR e

> 6NO2 + 8NH3 --> 7N2 + 12H20 (Minor) -

> NO + NO2 + 2NH3 --> 2N2 + 3H20 (Fast) i
« Urea as reducing agent . s

> (NH2)2CO --> NH3 + HCNO N Ve

> HCNO + H20 --> NH3 + CO2 it

4NO + 4NHy + O, = 4N, + 6H,0
BNO, + 8NH; = 7Ny + 12H,0
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FAQ: “SCR before or after?”
SCR after turbine SCR before turbine
‘Low Press SCR’ ‘High Press SCR’
Low pressure High pressure

® More active --> Compact

Low temp High temp

® Gastemp: 210-280degC ® Gastemp: 290 - 430 degC
® SCR needs: 300 - 350 degC ¢/Heatup ->No heating, low CO2

with burner

e.g. Burner =100 C x 1 kJ/kg K x 10 kg/kWh /42700 kJ/kg = 23 g/kWh 1?
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« Exhaust gas flows
directly to the turbine
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SCR-engine — SCR in use Hitz
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« Exhaust gas flows
to the SCR reactor
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* The current temperature requirement for continuous

operation on high S fuel is 300C (lower) and 350C (sweet)

6S50ME-C8 9960kW

500 ¢ I r r I
450 p= Turbine Inlet Temp (Normal)
w == Engine Massflow (Normal)
mmmm SCR Requirement ??7?
400 ‘
350reEEEEEEEEEEEEEE EEEEEEEEEE R .
% |
g 300 R R R N e
2
o3
% 250 _
A -
200 ="
-
-
-
-
150 -
-
-
-
— ’
100 J— -
50 r ; : : : ; ; : .
20 30 40 50 60 70 80 90 100
Power %
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Reactor Exhaust gas
sealing valve receiver

Q_‘ Controllable
valve \x

SCR
reactor

-

Controllable
valve

Cylinder & SCR
bypass valve

—_— ‘e

Scavenge
air receiver
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6S46MC-C-SCR on testbed
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Reactor contain. catalysts Vaporizer & urea injection nozzle Urea injection unit 26

& soot blower

(;"{;\ NIPPON KAIJI KYOKAI
s j
STATEMNT OF FACT

Air compressor & air
tanks

Urea solution tanks Urea supply unit
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 The same arrangement - engine, reactor, vaporizer, duct, fixation, ...
» Proved on the test-bed

» Made the sea trial trouble-less _ _
SCR In engine room
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Installation in engine room H I tZ
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« Enough maintenance space reserved
» Piston overhauling
> Reactor maintenance

« Safe SCR
» Urea-SCR for safety
» Fulfilling class requirements on safety

L x

=N T
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Fixation of vessels and ducts H I tZ
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« SCR located at high pressure side
» Gas forces - e.qg. @600 * 2.5 barG =7.2 tf

» Thermal expansions
e.g. 0.01 mm/m/K*4 m* 400 K =16 mm

» Compensators necessary - almost free end
» Vibrations
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e Stress evaluated before installation

Ratio to Aliowable Stress: 7 | X

B ooo2
[ o204
B oso0s
B osos
[ JCERE
B
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Engine performance — sea trial Hitz
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Engine No.4506 M/E: 6S46MC-C7
Performance curve

SCR Auto ___ (I1SO)
(ZDELLLDSLS) (Except M/E speed, Pump Mark, T/C speed)
(20111015) ~_ 500
 Almost same performance between
T/C inlet L —
SCR and Bypass R
[ 2 5
=L Cyl.outlet — -350 —
i
. . &-:9{4‘ =] ‘T/Clcutlet >, -_ E
1 -
« Higher cylinder outlet gas temp. w [
] L 200
at low load due to CBV v i
%, 12 Prmax ‘éfpy /»J‘ ~
E 104 Z l”/’l £0.30
2 = 1
§ 3'_ p Peomp ' Fo.25
_500 ) & Foal & /’ !Psca!v )l, --0 20;_6
- 1 | d Lo L =
[ 450 4- Py JA" = :110C 5-0.15 ;
T/C inlet B 5 > M [ r1ou§ E-o.mLL
_400 g -l 4 M/E Speed + 90 E :—0.05
= ol o z B L LA S -
7 = £ R 21 —1._ _I_PfE___'m'f_ 1 r 8owtooo
—x": Cyl.outlet —H— %d -350 Ta7 , o [
L~ e ST | B ‘cg = .4 > [
(&} 3 i
o - 300 = & . WI' /W i 90{
o @
T/C outlet - i = iy - 702
/ —— A Pump Mark — |
D === ST .V - 250 ? === [ w?
_’ | g L |
%,/' -200 - o
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10 2530 50 75 90 100 110 (%)
0 1 2 3 4 5 6 7 8(x 1000)
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 DeNOx control setting = 80%
450 M
.
- DeNOx result = 80% at every E3 2 350 _l//l——"’/
« E3-cycle value = 3.1 g/kWh § 300 - W= = T1 degC
« Lessthan NTE at every E3 point 222

0 10 20 30 40 50 60 70 80 90 100
Engine load %

6 [ = NTE | | | 100
e =g === = = — [ NOX g/kWh
= S | d o 80 [ gp——m = u
= 4 s 3
D P L L 5w
x T Z 4 DeNOX %)
O Nl Q40
z 2 =
1 20
0 0
O 10 20 30 40 50 60 70 80 90 100 0O 10 20 30 40 50 60 70 80 90 100
Engine load % Engine load %
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Tier Ill operation cost of high pressure SCR H I tZ

What does it cost;:

SFOC penalty:

After-burner expense:
Urea consumption:
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Negligible (1% only at low load, Nil at other loads)
without any fuel-saving measure

Nil
16 I/MWh (40% solution, deNOx 14.4 --> 3.4 g/kWh)

Copyright © 2012 Hitachi Zosen Corporation. All rights reserved.
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° CO m p aCtl N g an d | n '[eg I’atl N g /Exhaust receiver with mixer

\ Compacting and integration ”brainstorming” J&

 Fuel-optimized engine + SCR
= “Minimum C0O2 & Minimum NOXx”
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Summary
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« NOX reduction

> EGR can meet Tier 3
> SCR can meet Tier 3

 Cost
» CAPEX: SCR < EGR
» OPEX: EGR < SCR
> Total: depending on time for sailing in ECA
¢ Size
> EGR: EGR2 integrated on engine (except auxiliary systems)
» SCR: Compact SCR investigation ongoing
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FAQ: “Which is available in 2016?”

Ans.: “Both are available”

New Question: “Which way to go after Tier llI?”

Consider:

More NOx reduction required in future?
More CO2 reduction required in future?
Gas?

Who consumes HFO?

Which way are auxiliary engines going?

YV VYVYYVYVY
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Consumption of HFO in the world Hitz
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Impact of Global Sulfur Limit of 0.5% due to become mandatory since 2020
€ The fleet of container ships carrying World Fleet Annual Consumption of HFO
. m Bulk Carriers & Tankers B Bulk Carriers & Tankers
1,100 TEU or more and bulk carriers = Container Ships = Container Ships

Others Others

less than 20% of total world fleet.

¢ Around 80% of total HFO demand is
consumed by this 20% fleet of large
container ships, bulk carriers, oll
tankers and chemical tankers.

& tankers of 10,000 DWt or larger is I

€ Annual consumption of HFO (heavy World Residual Fuel Demand
fuel oil) is more than 200 million tons. gog e ToneS 40%
700 [ Feedstocks
N i’
600 ““"|""“ "I I |II!|I [ Other
200 Illllliilliilillll 30%  mm Industrial

Fuel surcharge will be approx. 60 billion

40

o

USD per year, if price difference between 300 259, = Power
LSHFO/MGO and high sulfur HFO s 200 e
assumed 300 USD/ton when global sulfur 100 |||| | —Percent

0 | 15% unker

limit of 0.5% is implemented.

Source: “Residual Fuel Outlook” prepared by Purvin & Gertz Inc.
for EGCSA workshop at Hamburg 8/9 September 2010
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Transient response tests - sea trial
FAST loading H I tZ

« Conditions:

120
100
80
60
40
20
0

%, rpm
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Loading quickly HALF --> 90% load in 3 min

[/ — Fuel index
| o
Engine speed
500 1000 1500 2000 2500

Time [S]
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Transient response tests - sea trial

FAST loadi

ng

« SCR-bypass opens
 Fast loading possible (A function prepared just for ‘emergency’)

5 —V1 Feed back
S !,’ — CBV Feed back
© 1 \\ — EGB Feed back
L \‘.‘1 Water/Urea flow
I R
0 500 1000 1500 2000 2500
1400
1200
1000 {“\w-w = ~
£ 800 I\f]\,\ﬂ — NOx before
e 600 — NOx after
200 ——
0
0 500 1000 1500 2000 2500
Time [s]
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450
400 ] T /"“ ittt = o DN
SO
? 350 —T1 (T exh)
© __I{ —T2(T tcin)
300 J
250
0 500 1000 1500 2000 2500
3
Q25 = -
3 2 r*w\/“"\-«/' vt -
3 | ——
o 1.5
o /1 —T/C speed
S 1
S J/ — P scav (PT502)
< 0.5
< L/
0
0 500 1000 1500 2000 2500
Time [s]
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Transient response tests - sea trial H i tZ
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e Conditions: Loading HALF -->90% load in 15 min

120
o~ T -
100 i
= 80 /
o /
< 40 _, — Fuel index
20 — Engine speed
0
0 500 1000 1500 2000 2500
Time [s]
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Transient response tests - sea trial

NORMAL loading

« SCR-bypass kept closed
« Continuous deNOXx possible

ﬁ —V1 Feed back
%' - — CBV Feed back
© — EGB Feed back
r\-—-—*-\ Water/Urea flow
0 500 1000 1500 2000 2500
1400
1200 L\_Jﬂ\
1000 S e —
£ 800 — NOXx before
= 600 NOx aft
400 X arter
200 /\\l{\m..__,_-_v’_._ —_——
0
0 500 1000 1500 2000 2500
Time [s]

450

400

degC

300

250

N

x10000 rpm, barG
(@) —_
o =~ 0N U W
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//\J,kzﬁxe_-
/r\v/\'/ —T1 (T exh)
— T2 (T tcin
- =
0 500 1000 1500 2000 2500
Vol u
—T/C speed
/’/\/ — P scav (PT502)
0 500 1000 1500 2000 2500
Time [s]
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Transient response tests - sea trial H i tZ
FAST UNLOADING Hitachi Zosen
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e Conditions: Unloading 90% load --> HALF in a few secs

100 — Fuel index
80 — Engine speed

60
40
20

0

%, rpm

0 1000 2000 3000
Time [9]
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Transient response tests - sea trial H i tZ
FAST UNLOADING Hitachi Zosen
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« EGB and CBV open

 Fast unloading possible

| | 450 |
—\é1 Feed back —T1 (T exh)
— CBV Feed back 400 . .
= — EGB Feed back o T2 (Ttcin)
> Water/Urea flow g 350
[} ©
§ .
#, 300 / Py
250
0 1000 2000 3000 0 1000 2000 3000
1400 2.5 | |
1200 r\“fmw‘f S et e e Q 5 Lj —T/C speed
1000 fmq 3 \ —P scav (PT502)
£ 800 II — NOx before £ 1.5
o
S 600 — NOx after S |
400 / S 05 \\/~
aN 0.
0 0
0 1000 2000 3000 0 1000 2000 3000
Time [s] Time [s]
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Low temperature operation on HFO - testbed Hitz
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 Low temp. 230C, high temp. 370C

. 1 SB per 30 min Loading and SB are effective.

400 90%load
\ \ \ | 90 I I I
Q co-ots - Accumulation w/o SB . = Accumulation w/o SB
2 350 . . - 80 . .
g -e- High load operation B; J -»- High load operation
E 300 rt—Wlth SB 9 - / -+ With SB
$ 15%load 15%load & 60 S — L
~ 250 | = 50 1.
200 40 -
0 ) 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Net running time h Net running time h
0.8 | | | | 0.27 ! —— ‘
0.7 fon-see . 0.26 - Accumulation w/o SB
© 0.6 -+ Accumulation w/o SB ©
L 05 -e- High load operation o 0.25 B -+ With SB
8 0.4 —+ With SB 7§ 024 )
a 03 5 0.23
T l.-.--.-'“‘" o
0.2 N bhedcA—drdrdededekrhded | 0.22 1 l
0.1 0.21
0.0 ' 0.20 =
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Net running time h Net running time h

Copyright © 2012 Hitachi Zosen Corporation. All rights reserved. NOXx Reduction, Fujibayashi, ASEF, China, 22 NOV 2012



