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« 80 MW

« 300 t/day

* 16m$/yr

* 3% => 0.5m$/yr
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Emissions
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NOx and SOx emissions from
Land Based Sources and
International Shipping

[The International Council on Clean Transportation (icct), “Air
Pollution and Greenhouse Gas Emissions from Ocean-going

Ships”, 2007. (www.theicct.org)]

GLOBAL MANMADE EMISSIONS/
SHIPS CONTRIBUTION =
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NOx — Nitrogen Oxides
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Definitions

Nitrogen monoxide (NO) and nitrogen dioxide
(NO,) are referred as nitrogen oxides (NOx)

Environmental Impact

Acid rain / Over-fertilization of lakes and soil /
Ozone and smog formation / Small size particulates formation

Diesel process for NOx emissions

= relatively high due to high local combustion temperatures bii—— < 79%N, | Induced air
Combustion gases y 21%0, | (7-5kg/kiWh)

=  NOx formation is thermal (768 kol porma I
99.7% 3%S (180 g/kWh)

= Main nitrogen source is combustion air Nz, 0, CO,, H,0

. . . . 0.3%

= High temperature results in high NOx formation Pollutants e
(NO,, SO,, HC, ¢, '1%; (0.8 g/kWh)

=  NOx formation process EXTREMELY COMPLEX Rallicles

(hundreds of different chemical reactions)
=  95% NO and 5% NO2
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NOx — Nitrogen Oxides

Abatement Technologies
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Primary Measures Secondary Measures
*  Common rail « SCR (Selective Catalytic Reduction)
. « Variable valve timing - Sea water scrubbing
. Saturation of intake air - EGR - Exhaust Gas Recirculation
;: * Emulsion - Fuel Additives
20
g 18 Different NO, reduction technologies
5 2
g = 16 E 1 o
2 imi 5% J
g T IMO limit
= 77, 2 5
% S 124 w — 3
2 10 TEYYN
g = i : -
g g B -3{}':; A( EQ\H Il )
i g 97 [ Wet methods | x Humidification, by 000000
= : -
; E 4 ] Direct Water Injection 70% "
’ 2 SCR Catalyst technology |
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SOx — Sulphur Oxides
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Definition
Sulphur dioxide (SO,) and sulphur trioxide
(SO,) referred to as Sulphur oxides (SOx)

Environmental Impact
Acid rain / Small size particulates formation

Diesel process for SOx

All sulphur entering COMBUSTION
chamber is oxidized forming SOx

(SOx is directly proportional to fuel sulphur
content and fuel consumption)

In Sox, typical SO, is 95% and SO, is 5%

F ]
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‘Manmade SOx ~10% of Volcanic

*Ships SOx ~6% of Manmade (0.6% volcanic)
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SOx — Sulphur Oxides
Abatement Technologies
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« Switch to low sulphur fuel
Operation on low sulphur residual fuel or distillate fuel or natural
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gas (LNG)
.+ Sea Water Scrubber Pl dagran o
Reduces SOx by dissolving it and neutralizing it in salt water (SWS) process ° B
3 Exhaust pipe
§ Exh_aust ggs 1|‘r0m
g - engine or boller N
.+ Caustic soda scrubber ” P s
5 Reduces SOx in a closed loop system with fresh water, to
" wfhécS Sodium Hydroxide (NaOH) is added for the neutralization Effluent discharge
5 0 X

Principle diagram of
freshwater scrubbing
(FWS) process
Exhaust pipe

Alkali injection

z
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;5 Exhaust gas from Freshwater
© engine or boiler Cooling with
Handling NaOH R seawater
anoar_d o Effluent to water
- - treatment and discharge
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Particulate Matter (PM) and Smoke

Definitions
* Diesel particulate matter (PM)

(Complex mixture of solid carbonaceous material,
unburned hydrocarbons and inorganic compounds)
« Particulate emissions (PM) are defined

by the measurement method

600 Aseniged Lz

b

Environmental Impact

e Small particles considered detrimental to
human health (able to penetrate into human lung)

* Visual impact — smoke

Isosurface representation of predicted soot for
4T50ME-X two-stroke engine

XHINVUA ZHMIDIVOZOWLY ZHL AOWZIHOIdIL X3IIOVONXIL IV XIdHLHNIM IOMILAVYN

Diesel process
® Soot produced from incomplete combustion

* All liquid & gas fuel operated combustion
processes generate small size particulates
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Particulate Matter (PM) and Smoke
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Abatement Technologies

Primary technologies Secondary technologies
. Combination of increased fuel . Water-in-Fuel Emulsions
injection pressure and advanced . Scrubber Technology
fuel injection timing . Particulate Traps and Oxidation
*  Increased boost pressure Catalysts _
. Optimized combustion chamber ) Bag Filters and Electrical

Precipitators

. Common Rail . Fuel Additives

. Variable valve timing
. Variable turbine area

Figure 2: Diesel Particulate Filter

Dirty liquid particle

Contaminated scrubber liquid outlet
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Present and Upcoming IMO Legislation
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Emission legislation limits by IMO (International Maritime Organisation) /MARPOL
MEPC are becoming more stringent .

Present TIER | limits are reduced to TIER Il (lower by 20%), and subsequently to
TIER Il limits (lower by 80%).

55 .
g O IMO GLOBAL limits 0 IMO SECA limits| SECA regions
g . — (Sulphur oxide Emission
o | Control Areas),
m TIER | 14 4 -
§ ‘Global y _\K 4.5
% f‘ 10 \ = :
§ g Z Tier Il (Global) 35 . i ': :
8 4] : = < 4
g , 7_‘--.___._._'I'|erlll (NOx Emissien Control Areas) S
I =
E UU 200 460 EaU EéU 1UIUU WE‘UU 14‘00 1GIUU WB‘UU ZUIUU 2200 25 E
§ Rated Engine Speed, rpm °\°
g TIER 1 (2000-2010) @
z SECA TIER 11 (2011-2015) - 1.5
5 TIER Il N
: SECA TIER 11l (2016—onwards)
H TIER III
. Elokal TIER III - 05
g *Sample points . seca [l
apply to 200rpm
18 16 14 12 10 8 6 4 2 0
NOx (g/kWh)
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‘E::FZEERR;;sCiemmcFomm Global manmade emissions/ Ships contribution = NOx: 12%, SOx: 6%, CO2: 3%
5
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Year ]
engines

.~ Combined cycles |

i __\ Intelligent

Overall ship engines
powertrain

T optimization )
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Computer simulation for marine engine performance prediction

Rt O Laboratory of Marine Engineering (LME)
. Marine Engine research facility

. Modelling & Control of Propulsion Systems
. Field measurements of engine performance and emissions
. Development of advanced exhaust emission measuring methods
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Exterior of the Laboratory Building at NTUA
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Engine Testing Facility
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* Electric Dynamometer, 500 kW, 4-quadrant operation Supefstrejctclﬁe

L
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* Hydraulic Dynamometer, 1200 kW
* Engine Monitoring, Control and Alarm systems

» Data Acquisition system , 50 channels

XHINVUA ZHMIDIVOZOWLY IHL AOWZIJOIdIL X3110V(

» Heavy Fuel conditioning facility

* MAN 5L16/24 research engine
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 Caterpillar 3508 test engine
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Engine performance measurements

Testing activities at LME

« Pressure , temperature, flow sensors on engine
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» Torque feedback control of brake

» Measured data processed to DAQ
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¢ EnergyRes LME Research Activities / Projects on Emissions (1990 - 2008)

1?:;)|(_:)F (1)9393 Diesel Engine Operation with Variable Quality Fuels | LR, SULZER, BP, SHELL...

7 1995 -1997 . , . .

: CCMS Air Pollution from Marine Engines /| LR, MAN B&W, WARTSILA, PIELSTICK ...

1996 - 2000 Adaptive Control of Marine Engines | ABB, MAN B&W ...
ACME

2 1997 - 2003 .. .

g PREMTECH I & Il Emissions Reduction State of Art / FIAT, RENAULT, VW...

: 1998 - 2000

f ] DAIMLER...

: SORPTEC NOx removal techniques /

2000-2003 " £GR Scheduling | DEUTZ, VOLVO...

5 ATECS

g 20;)%&?_?_04 Injection technologies, NOx models, EGR / VOLVO, AVL ...
2000-2004 Ny onboard estimator / MAN B&W, HAPAG-LLOYD, ABB...
g LIFETIME

: 2002 - 2005 . .

v Emissions control for Gas Engines / IVECO, DAIMLER.
: CLEATRANS % J

; 2002 - 2006 Smoke Control for Marine Engines

: SMOKERMEN /ABB, WOODWARD,GL...

2004-2007  Ultra Low Emissions Engine

) HERCULES /MAN, WARTSILA + 40 partners
1990

91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 O7

2008
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MeTprioeig eTIOOCEWYV KOl AEPIWV PUTTWV i
TTEIPAMATIKOU VAUTIKOU KivnThipa diesel ey M
METABANTAG YEWUETPIOG eCaywyng Kal turbo S —
YIO JEIWON EKTTOPTTWY KATTVOU O€ PETARATIKI @OPTION
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LME Shipboard Emissions Measurements

A transportable unit has been developed for

measurements of ALL Gaseous emissions:

— NO, NO2, NOx, HC,CO, CO2, SO2, 02
(according to IMO MARPOL)

— Smoke (Opacity, Smoke Number-FSN)

= |SO 17025 certification process

600 Aseniged Lz

"l | NOXGom | | _ |
5 I L N i 1 | |
i AN I
B

This is supported by a small
chemical analysis lab.facility.
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