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BC control options — reduction technologies

Fuels
Fuel switching (HFO to Distillate)

Water technologies (Water-in-fuel
Emulsions / Direct Water Injection
/ Humid air supply)

Liquefied Natural Gas(LNG) /
Liquefied Petroleum Gas (LPG)

Biodiesel

Methanol

Hydrogen

Ammonia

Battery electric system
Fuel cell

Nuclear Power
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. Engine technologies
Engine stroke type

Engine load

Common rail fuel systems

Slide valves

De-rating

. Exhaust gas treatment
Exhaust Gas Cleaning Systems
(SOx scrubbers)

Diesel Particulate Filters (DPF)
Electrostatic Precipitators (ESP)

Selective Catalytic Reduction
(SCR)

* [tems shown in blue have/had been studied at our institute.
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Study on BC control measures in Japan
1. Diesel Particulate Filters (DPF) A few practical
h .
2. Electrostatic Precipitators (ESP) SXPETENEE
> Effectiveness and Feasibility

3. Fuel (HFO, distillates and compliant fuel)

> BC emission
> BC values measured by different methods



Diesel Particulate Filter (DPF)

Feasibility of DPF for marine diesel engines
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Diagram of the principle of ceramic DPF

Porous ceramic wall

v

= < = ||
<

Gas outlet
> || (hot & clean)

—Ri—=%— | «<—Plug

Deposited particulates

e High Efficiency of BC reduction (<= 99%)
e A source of engine exhaust back pressure.

Cleaned exhaust gas Compressed Air

The accumulated particulates on the filter 1 1 ) 3 3 3
surface must be removed periodically and
automatically by some means.
+ backblowing by a compressed air N K2 Fa4 K2 B
+ burning out by a burner + 1+t 1 RSN,
+ catalytic oxidation Dusty exhaust gas ST
filtering backblowing

Telesiveledris
e LR C S C R
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€ ClassNK R&D project in FY2012 and FY2013
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Scrubber
L]

257 kW engine operating
with HFO

25% load

Dust* 90% reduction
before DPF: 290 mg/m?3

Diesel engine CERALLEC~ after DPF: 32 mg/m3

BC (MSS) 99% reduction
before DPF: 80 - 90 mg/m?3
after DPF: =~ 0.5mg/m3

*The dust in the stack gas was isokinetically collected on the 75% load

cylindrical filter paper in accordance with reference method )
JIS 78808:2013. Dust™* 90% reduction

{OO000oH:

4 cycle diesel engine
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DPF system design for main engine of capesize bulk carrier.

Target vessel

Principal Particulars of ship

Target performance

Exhaust gas temp. | 230 °C

Type bulk carrier Dust concentration

Length overall 290 m Input 80 mg/Nm3
Molded breadth 45 m Output < 20 mg/Nm3
Molded depth 25 m Reduction rate > 75%

Gross tonnage 93,000 GT

Deadweight 93,000 DWT ‘

Main engine MCR 17,780 kW

Service speed (approx.) |15 kt DPF system for main engine

* DPF system needs a compressed air to
remove the accumulated particulates on the
filter surface periodically by backblowing.

Filter element size

150x150x500 mm

Pore size

5um

Number of filter
elements

480
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NGK'’s DPF system for marine diesel engines.

€ NGK has already provided their DPF system “CERAREC” for auxiliary
engines on 10 Pure Car Carriers to prevent new cars from the fouling
due to acid particulates during loading and unloading operation at ports.

DPF system for PCC
Fuel MDO & HFO
Exhaust gas flow

80 Am3/min (350 °C)
Number of ceramic filters

36

¥ Blower -

https://www.ngk-insulators.com/en/product/industrial/dustcollector/ship/index.html
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Feasibility of DPF for international shipping

Advantages:
* High efficiency of BC reduction (99%).

Isuues:
e Engine exhaust back pressure
> Negative effect on engine performance
A large amounts of space
Blowers
Regeneration of filters
Additional energy consumption

 Storage and disposal of the collected particulates



Electrostatic precipitator (ESP)

Feasibility of ESP for marine diesel engines
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Conceptual diagram of an electrostatic precipitator
Charged particle flow Discharge electrode
Charged ion ,! . ."I Coron4 diSEha_Ege
Aerosotparticle || ~e| ik Advantages:
o ¥ 8~ wﬁ’ Low back pressure
ﬁ? ¥ Effective for both soot and
Exhaust gas flow - g l —~Collecting plate 'duefied aerosol

.
e,

\\|' o —
T ) } D.C. High voltage
! Power supply
(]

Factors affecting particle collecting performance
e Electrical resistivity of aerosol particle Exhaust f| o
e Particle size distribution and concentration XNaust gas riow rate.

30 m/s
* Gas flow rate ,
» Desirable flow rate for ESP:
1m/s
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New design of ESP system for main engine developed
by Usui Co.
D.C. High voltage > Desirable flow rate for a “ESP+C”
V Collecting electrode system: 10 - 15 m/s
—.-.L.-.-.-.-,ﬂm_ > ESP high voltage power supply
Inlet -> f. JT 1 |l = oulet ynit consumes electricity
- pamdes Cprscharge e'ectfm"é equivalent to
cosrse partles J# 0.2% engine output
ESP-C system Main engine ESP-C system design
T e Main engine: 21,600kW MCR
oD 8 4} Fr)| (2 cycle engine)
Luu 'lj 2 units (2 X2 %3m /1 ESP unit)
1,400kW MCR

W2.0m x H2.5 x L3.0

http://www.usui.co.jp/en/products/espc/index.html



':'3'3 Summery: Electrostatic precipitator (ESP)

NMRI

13/22

Feasibility of ESP for international shipping

Advantages:
e Low back pressure

Isuues:
* Factors affecting particle collection performance of ESP
> A large amounts of space

e Additional energy consumption to operate a ESP system

 Storage and disposal of the collected particulates



Effect of Fuel Properties on
BC emission and measurement

Fuel grade, sulphur content, viscosity and ignition property

Microstructure of PM
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Crude Oil geeeees » naphtha, kerosene... gasoline
- : - {Desulfurized Gas ol
Atmospheric . :
di t'IIpt' »| Desulfurization >
IStifiation Light Gas Oil | MGO

Atmospheric residue Hydrocracking Gas oil

Hydrocracking residue
. Hydrocracking >

Vacuum gas oil — @

distillation desulfurization Desulfurized Gas Oil
>

LCO

Direct :
— q Furizati > —>» FCC LCO >
Vacuum residue esulfurization I CLO »| 0.5%S
(VR) e mm o | |
I DireLx ! @ Desulfurized Residue FO
P . L
! 1 desugfandation

:".> aspha|te VR ........... >

LSFO (< 0.5% sulphur):

15/22

+--VVR

1. Use low sulphur crude oil, 2. distillates (DMB grade), 3. add desulfurized GO to current HFO
4. Use desulfurized residue as a major blending component
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Middle speed 4-stroke engine

—e—HFO (2.49%S) 236cSt CCAIl 848
60 -«O--HFO (2.24%S) 110cSt CCAIl 846
-O--LSFO (0.24%S) 98cSt CCAI 800
--@--MDO(0.27%S) 2.3cSt Cl 36.3
50 ( ~” O- MDO(0.08%S) 2.4cSt Cl 43.6

X HFO (3.1%S) 517cSt CCAI 860
X DMA (1%S) <6¢St Cl47.3

+

40 IR
30
Heavy Fue
20
Distillate

BC concentration (PAS) [mg/m?3]

10 Ce

0 25 50 75 100

load [%]
Note:

NMRI (257kW/420rpm)

IPIECA

(450 kW/1,000rpm)
ref. PPR 5/INF.13

Engine Specification

NMRI IPIECA
4-stroke
Cycles Turbocharged
Cylinders 3 5

Bore 230 mm 160 mm

Stroke 380 mm 240 mm

Power 257 kW 450 kW

Speed 420 rpm 1000 rpm

CR 13.6/1 15.5/1

1) BC concentration values of PAS (MSS), including IPIECA data, were corrected for thermophoresis

losses of particles during sampling.
2) BC concentration unit: mg/Nm3-wet (0°C, 1 atm)
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Middle speed 4-stroke engine

80
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BC concentration (FSN) [mg/m?3]

10

Effect of measurement methods on BC results /%2

Filter Smoke Meter (FSN) Micro Soot Sensor (PAS)
—e—HFO (2.49%5) 236cSt CCAI 848
PR 80 +-O+-HFO (2.24%S) 110cSt CCAI 846
.’ . T 0 -<O--LSFO (0.24%S) 98cSt CCAI 800
°. £ --@--MDO(0.27%S) 2.3cSt Cl 36.3
o ST~ 2 -0 MDO(0.08%S) 2.4cSt Cl 43.6
A — [ = ~Z] % HFO (3.1%S) 517cSt CCAI 860
S AN \{@‘\m\ 7 % DMA (1%S) <6¢St Cl 47.3
. = , .
\\\ ~ \l N 1
\\ ._. c \ \\ I
g 40 N O X
© AR AN
: S 30 VEIRAN
c o\
] RN
S TN
AR _"_6
B 10 "‘?5&‘8_
O | | I
0 25 50 75 100
load [%] load [%]

*FSN reported by IPIECA was measured with a portable smoke meter testo 338.
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NMRI
® MDO(0.27%S) 2.3cSt CI 36.3 :l_, NMRI 257kW ® HFO (2.49%S) 236cSt CCAI 848
O MDO (0.08%S) 2.4cSt Cl 43.6 O HFO (2.24%S) 110cSt CCAI 846 NMRI 257kW
o,
A MDO(0.27%S) 2.3cSt Cl 36.3 } NMRI 750kW O LSFO (0.24%S) 98cSt CCAIl 800
A MDO (0.08%S) 2.4cSt Cl43.6

X HFO (3.1%S) 517cSt CCAI 860— |PIECA 450kW
X DMA (1%S) <6cSt Cl147.3  — IPIECA 450kW
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@ Sulphur content in fuels had little effect on the BC emissions.

& Fuel ignition property affected BC emissions just a little under the
steady state engine operating condition.

€ The BC emissions under the steady state condition at the higher
engine load didn’t depend on the fuel grade (HFO, LSFO, distillates).

» The amount of larger hydrocarbon component in fuels may
affect on BC (PM) emissions at low engine load.

» BC emission from marine diesel engines operating with
compliant fuels depends on fuel recipe and engine
performance.

@ The relationship between the BC values measured with FSN and
PAS (MSS) changed depending on the fuel grade and engine
operating condition. Scanning electron microscopic observations
suggest that the microstructure of PM affects on the BC
measurement.
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@ To identify the appropriate BC control measures for international
shipping, we should take into consideration the following issues:

* Negative effect on engine performance

- Effect on the other gas emission, especially NOx emission
> Trade-off relationship between NOx and BC (PM) emission

- Additional energy consumption to operate the control
measures
> Leading to an increase in GHG emission

€ The potential of BC reduction by fuel switching depends on fuel
recipe, engine performance and operating condition. We must
investigate the BC emission in various cases of using different fuel
oils and engines.

€9 PM microstructure may affect the measurement values of BC
emission, so the measurement method(s) should be identified
before consideration of BC control measure.



Thank you for your kind attention!
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