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Summary
✔The paper reports about the methodology for 

ti t i i f i ti tlestimate emissions from navigation, recently 
updated in the frame of maintenance of the 
EMEP/EEA air pollutant emission inventoryEMEP/EEA air pollutant emission inventory 
guidebook (the Guidebook) 

✔The methodology uses both installed capacity 
and fuel consumption as alternative for estimate 
emission in cruise (open sea), manoeuvring 
(approaching harbours) and hotelling (at the(approaching harbours) and hotelling (at the 
dock in port) and take into account both the main 
and auxiliary engines
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Guidebook
✔The Navigation chapter of the EMEP/EEA air 

pollutant emission inventory guidebook is the 
reference for emission estimate at international 
levellevel 

✔The Guidebook is designed to facilitate reporting 
of emission inventories by countries to the UNECE o e ss o e to es by cou t es to t e U C
Convention on Long-range Transboundary Air 
Pollution and the EU National Emission Ceilings 
Di tiDirective

✔It is also recommended by IPCC Guidelines for 
the indirect greenhouse gases emissions
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the indirect greenhouse gases emissions 
estimates that Parties report under UNFCCC
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Emission estimate methodologies
✔The emissions can be computed:

✔with fuel related emission factors (EFs) for the 
different navigation phases where fuel 
consumptions (FCs) are knowconsumptions (FCs) are know 

✔with a methodology based on installed power, 
where fuel consumptions are not knowwhere fuel consumptions are not know

✔When installed power is not know specific 
functions (derived using data on about 100.000 
ships from Lloyds register) are proposed to 
evaluate installed power from gross tonnage 

✔Finall simplified methodologies a e int od ced
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✔Finally simplified methodologies are introduced
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World Fleet Characterization

For the use of the methodologies a world fleetFor the use of the methodologies a world fleet 
characterization was realized based on an analysis of the 
available literature on the subject and on statistical 
analysis of Lloyd’s database for 1999 and 2010analysis of Lloyd s database for 1999 and 2010

The Lloyd database for 1999 was first analyzed in the 
frame of MEET project (Methodologies for estimating air 

ll t t i i f t t d th t t RTDpollutant emissions from transport under the transport RTD 
program of the European Commission fourth framework 
program) 

The Lloyd database for 2010 was analyzed in the frame of 
the special project to update EMEP/EEA Guidebook

In the following slides elaboration of world fleet data
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In the following slides elaboration of world fleet data 
from Lloyd’s are reported
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Emission estimate methodologies
Where fuel consumptions are known:

Etrip,i= 10-3 ΣeΣjΣmΣp (FCe,j,m,p * EFCi,e,j,m,p )
Where fuel consumptions are not known:

Et i i= 10-3 Σ T [Σ ΣjΣ (P j * LF j * EFPi j )]Etrip,i= 10 ΣpTp[ΣeΣjΣm (Pe,j  LFe,j  EFPi,p,e,j,m)]

i = pollutant e, engine (main, auxiliary)
j engine type (slow medium high-speed diesel gas and steam turbine)j, engine type (slow, medium, high-speed diesel, gas and steam turbine)

m, fuel type (bunker fuel oil, marine diesel oil/marine gas oil)
p, phase (cruise, hotelling, manoeuvring)

E emission over a complete trip (tonnes)Etrip , emission over a complete trip (tonnes)
FC, fuel consumption (tonnes)

EFC, fuel consumption based emission factor (kg/tonne)
EFP power based emission factor (kg/kWh)
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EFP, power based emission factor (kg/kWh)
T,  time (hours), LF, load factor P, engine power
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Methodology “fuel based”

This procedure is applicable only where detailed  FCs p pp y
for each ship/engine type combination in the 
different navigation phases are available

b i f h i di id l hi i1 Obtain FCs for each individual ship, engine 
type/fuel class and ship activity (for the whole 
year or a representative sample of the year, for allyear or a representative sample of the year, for all 
ships or for a representative sample of the ships 
for each ship category and engine type/fuel class)

2 Calculate emissions for each ship category and 
engine type/fuel class multiplying by the EFs (see 
next slide)
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next slide)
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Emission factorsEmission factors
NOx, NMVOC, PM EFs are available as kg/tonn for 

the individual engine/fuel type combinations.the individual engine/fuel type combinations. 
Others pollutants EFs are available as kg/tonn 

only for fuel type. Also NOx, NMVOC, PM EFs and 
specific fuel consumptions are available as 

kg/kWh installed for the individual engine/fuel 
type combinations Different NOx EFs are reportedtype combinations. Different NOx EFs are reported 

for 2000 and 2005. The EFs for 2000 are 
representative of the fleet before application of 
IMO NOx Technical Code, while 2005 value are 

obtained from the year 2000 NOx EFs with a 
reduction of 3 4% to account for the new engines
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reduction of  3.4% to account for the new engines 
introduced by 2005
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2000 vs 2005 NOx Emission factors2000 vs 2005 NOx Emission factors
The reduction is obtained starting from 2005 

European Commission study that assumed that aEuropean Commission study that assumed that a 
new engine meeting the requirements of the NOx 

Technical Code has roughly 17% lower NOx 
emissions than a pre-2000 engine. To obtain 

emission factors for 2005 an average annual rate 
of replacement for vessels is evaluated to be 4%of replacement for vessels is evaluated to be 4% 
(the approximate life cycle for a marine engine is 

assumed to be 25 years), on the basis that the 
overall fleet size remains constant in each of the 5 

years. As 4% of the fleet has new engines with 
17% lower NOx the reduction is
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17% lower NOx the reduction is  
5 x 4% x 17% = 3.4%
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Emission factors “fuel based” (main pollutants)Emission factors “fuel based” (main pollutants)
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Emission factors “fuel based” (other pollutants)Emission factors “fuel based” (other pollutants)
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Emission factors “power based” (main pollutants)Emission factors “power based” (main pollutants)
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Methodology “power based” (1 of 2)Methodology “power based” (1 of 2)
1 Obtain ship movement data: place of departure, place of 

arrival, time of departure and time of arrival for each a a , t e o depa tu e a d t e o a a o eac
individual ship

2 Determine sailing routes and distances between ports
3 Ch t i h hi b hi t d i3 Characterize each ship by ship category and engine 

type/fuel class (if unknown see default values in LDB slide 
1) and record the installed main or auxiliary engine power; 
if i i k d l t (GT) iif engine power is unknown, and only gross tonnage (GT) is 
available, installed main engine power can be obtained 
from default values of LDB slide 2 (with reference to 1997 

f fworld fleet, 2010 world fleet and 2006 Mediterranean Sea 
fleet) and then installed auxiliary engine power from  LDB 
slide 3 (with reference to 2010 world fleet and 2006 
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Mediterranean Sea fleet; 1997 auxiliary engine data are not 
available)
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Methodology “power based” (2 of 2)Methodology “power based” (2 of 2)
4 Determine the total sailing time for each ship category and 

engine type/fuel class, either based on the distance and 
average cruise speed (LDB slide 4) or time of departure and 
arrival

5 Determine total hotelling and manoeuvring time for each5 Determine total hotelling and manoeuvring time for each 
ship category and engine type/fuel class by port survey or 
on the basis of average time spent values reported in LDB 
slide 4.slide 4.

6 Calculate emissions for each ship category and engine 
type/fuel class multiplying total time spent in each phases 
as determined in previous steps 4 and 5 by the installedas determined in previous steps 4 and 5 by the installed 
main and auxiliary engine power, for each ship category, 
calculated as determined in step 3, load factors and for 

i i % ti f ti (f LDB lid 5) d
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main engine % time of operation (from LDB slide 5) and 
emission factors
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LDB Slide 1 Lloyd’s data base elaborationLDB Slide 1 - Lloyd’s data base elaboration
Installed main power vs engine type/fuel class
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LDB Slide 2 Lloyd’s data base elaborationLDB Slide 2 - Lloyd’s data base elaboration
Installed main engine power vs gross tonnage
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Main Power vs GT for 1997 world 2010 world andMain Power vs GT for 1997 world, 2010 world, and 
2007 Mediterranean sea fleets 
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LDB Slide 3 Lloyd’s data base elaborationLDB Slide 3 - Lloyd’s data base elaboration
Average ratio of Auxiliary vs Main engine
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LDB Slide 4 Lloyd’s data base elaborationLDB Slide 4 - Lloyd’s data base elaboration
Average cruise speed and 

duration of in port activitiesduration of in-port activities
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LDB Slide 5 Lloyd’s data base elaborationLDB Slide 5 - Lloyd’s data base elaboration
Load and operating time
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Simpler methodology (Tier 2)Simpler methodology (Tier 2)
1 Obtain national statistical Fuel Consumptions by fuel 

and port arrivals data by type of vesselp y yp
2 Compute total power installed by type of vessel using 

data elaborated from Lloyds (LDB slide 6)
3 Split total power installed for type of vessel by engine 

speed/fuel class (ES/FC) using Lloyds data (LDB slide 
7)7)

4 Compute total power installed by ES/FC as sum of 
figures derived in step 3

5 Assume fuel usage proportional to total power 
installed to assign consumption to ES/FC

6 Estimate national emissions with EFs for main engine
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6 Estimate national emissions with EFs for main engine 
in cruise
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LDB Slide 6 Lloyd’s data base elaborationLDB Slide 6 - Lloyd’s data base elaboration
Average main engine power
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LDB Slide 7 Lloyd’s data base elaborationLDB Slide 7 - Lloyd’s data base elaboration
Main engine power by engine type/fuel class
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Very simpler methodology (Tier 3)

When only statistical information about fuel 
consumption are known, a very simplified 
methodology (Tier 1) can be used, computing the 
emissions as the product of fuel consumptions and:
for NOx NMVOC PM the 2000 fuel based emissionfor NOx , NMVOC, PM the 2000 fuel based emission 
factors in cruise for medium speed engines 
for the other pollutants, fuel based emission factors  p
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ConclusionsConclusions
The paper reports emission estimate methodologies 
developed in the frame of maintenance of the p
EMEP/EEA air pollutant emission inventory guidebook
Emissions can be estimated at different levels that are 

d i th ti f i i l itexpressed in three tiers of increasing complexity 
A detailed “ship movement” methodology has been 
described (the methodology is quoted as Tier 3 indescribed (the methodology is quoted as Tier 3 in 
EMEP/EEA air pollutant emission inventory guidebook) 
that must be used when detailed ship movement data 
as well as technical information on the ships (e gas well as technical information on the ships (e.g. 
engine size and technology, power installed or fuel 
use, hours in different activities) are available
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ConclusionsConclusions
Emission factors, specific fuel consumptions and all 
other data useful to the estimates have been 
discussed.  Emission factors derive from literature 
review while all other relevant functions and 
parameters are derived utilizing Lloyd’s databaseparameters are derived utilizing Lloyd s database 
(years 1997 and 2010) for world fleet
Simplified methodologies has been introduce to use 
when only statistical information about fuel 
consumption are known (Tier 1) or when also 
information about port arrivals by type of vessel areinformation about port arrivals by type of vessel are 
available (Tier 2)

San Antonio, Texas September 27 - 30, 2010Carlo Trozzi


