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The Daily Port & Shoreline Emission Inventory Model

Outline

@ Manuel Hernández Lafunte

The Daily Port & Shoreline Inventory Model

• Motivation

• Methodology (Model framework)

• Empirical Work Case study – Israel ports (P2P Israel Shoreline and Haifa, Ashdod – Containers Vessels)

• What next?
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The Daily Port & Shoreline Emission Inventory Model

Motivation
Lost Time - Port performance terminology

Journey from Port Perspective

Source: Own compilation, based on Israel ASP dataset observation and vessel stages analysis

Note:

* - Optional stage

** - Depend on assign schedule (planned

or unplanned)

*** - Depend on port policy

Sa
ilin

g/
En

te
rin

g C
ountry

 C
ontig

uous Z
one (

24NM
) (

Port 
Relat

ed)

Sa
ilin

g/
En

te
rin

g C
ountry

 Te
rri

to
ria

l Z
one (1

2NM
) (

Port 
Rela

te
d)

Arri
va

l p
ort 

ar
ea 

(S
ta

nd b
y E

ngi
ne - ~

1 h
ours

)

Anch
orin

g /
 D

rif
tin

g *
 -A

rri
va

l

To
w

ag
e  

* (
fo

r p
ort 

riv
er l

oca
te

d / 
lo

ck
s p

as
sin

g)

Pilo
t O

n B
oar

d - V
ess

el R
ead

y t
o En

te
r

Vess
el M

oorin
g -

 Fi
rs

t R
ope a

t E
ntra

nce

Pilo
t L

ea
vin

g -
 B

oar
din

g a
t E

ntra
nce

La
bor T

im
e  

/ *
 O

n-S
ite

-S
huntin

g -
 P

ilo
t O

nboar
d

La
bor T

im
e  

/  
* O

n-S
ite

-S
huntin

g -
 La

st
 Li

ne

La
bor T

im
e  

/  
* O

n-S
ite

-S
huntin

g -
 Fi

rst
 Li

ne

La
bor T

im
e  

/  
* O

n-S
ite

-S
huntin

g -
 P

ilo
t O

ffb
oard

Pilo
t O

rd
er -

 V
es

se
l R

ea
dy t

o D
ep

ar
tu

re

Pilo
t O

n B
oar

d - V
ess

el R
ead

y t
o D

epartu
re

Undock
in

g -
 U

nm
oor L

as
t R

ope - D
epar

tu
re

Pilo
t L

ea
vin

g -
 D

ep
artu

re

To
w

ag
e  

* (
fo

r p
ort 

riv
er l

oca
te

d / 
lo

ck
s p

as
sin

g)

Anch
orin

g *
 - D

epar
tu

re

Vess
el O

ut o
f P

ort 
Are

a
 (F

ull a
w

ay
 - 

~1
 h

ours
 - f

or h
igh

 se
as

)

Sa
ilin

g/
Ex

ist
in

g C
ountry

 Te
rri

to
ria

l Z
one (1

2NM
) (

Port 
Rel

at
ed

)

Sa
ilin

g/
Ex

ist
in

g C
ountry

 C
ontig

uous Z
one (

24NM
) (

Port 
Rela

te
d)

Navy Time at Sea / Port & related area

Time at Sea **

Idle at Berth (In/Out)    * *

Maneuver (In/Out) * * * * * *

Operations / Work Time

Waiting Time

* * * * ***

ASP

Gross Gang Time 

(Labor Time)

Port Time

Gross Port Time - According to this study
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The Daily Port & Shoreline Emission Inventory Model

Motivation
Gap in Knowledge - “Lost Time” at Port

Journey from Navy Perspective - First Scenario: Enter Port for Cargo Operation

Source: Own compilation, based on Israel Navy observation and stages analysis

Note:

* - Optional stage

** - Depend on assign schedule (planned

or unplanned)

*** - Depend on port policy
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The Daily Port & Shoreline Emission Inventory Model

Motivation
Gap in Knowledge - “Lost Time” at Port

Journey from Navy Perspective - Second Scenario: Enter Port Area for Anchorage Reason

Source: Own compilation, based on Israel Navy observation and stages analysis

Note:

Anchoring / Drifting - Time intervals in this

scenario may vary between different type

of vessels depend on seasoning periods

and vessel owner strategy decisions.

Sa
ilin

g/
En

te
rin

g C
ountry

 C
ontig

uous Z
one (

24NM
) (

Port 
Relat

ed)

Sa
ilin

g/
En

te
rin

g C
ountry

 Te
rri

to
ria

l Z
one (1

2NM
) (

Port 
Rela

te
d)

Arri
va

l p
ort 

ar
ea 

(S
ta

nd b
y E

ngi
ne - ~

1 h
ours

)

Anch
orin

g /
 D

rif
tin

g *
 -A

rri
va

l

To
w

ag
e  

* (
fo

r p
ort 

riv
er l

oca
te

d / 
lo

ck
s p

as
sin

g)

Pilo
t O

n B
oar

d - V
ess

el R
ead

y t
o En

te
r

Vess
el M

oorin
g -

 Fi
rs

t R
ope a

t E
ntra

nce

Pilo
t L

ea
vin

g -
 B

oar
din

g a
t E

ntra
nce

La
bor T

im
e  

/ *
 O

n-S
ite

-S
huntin

g -
 P

ilo
t O

nboar
d

La
bor T

im
e  

/  
* O

n-S
ite

-S
huntin

g -
 La

st
 Li

ne

La
bor T

im
e  

/  
* O

n-S
ite

-S
huntin

g -
 Fi

rst
 Li

ne

La
bor T

im
e  

/  
* O

n-S
ite

-S
huntin

g -
 P

ilo
t O

ffb
oard

Pilo
t O

rd
er -

 V
es

se
l R

ea
dy t

o D
ep

ar
tu

re

Pilo
t O

n B
oar

d - V
ess

el R
ead

y t
o D

epartu
re

Undock
in

g -
 U

nm
oor L

as
t R

ope - D
epar

tu
re

Pilo
t L

ea
vin

g -
 D

ep
artu

re

To
w

ag
e  

* (
fo

r p
ort 

riv
er l

oca
te

d / 
lo

ck
s p

as
sin

g)

Anch
orin

g *
 - D

epar
tu

re

Vess
el O

ut o
f P

ort 
Are

a
 (F

ull a
w

ay
 - 

~1
 h

ours
 - f

or h
igh

 se
as

)

Sa
ilin

g/
Ex

ist
in

g C
ountry

 Te
rri

to
ria

l Z
one (1

2NM
) (

Port 
Rel

at
ed

)

Sa
ilin

g/
Ex

ist
in

g C
ountry

 C
ontig

uous Z
one (

24NM
) (

Port 
Rela

te
d)

Navy Time at Sea / Port & related area

Time at Sea

Idle at Berth (In/Out)    

Maneuver (In/Out)

Operations / Work Time

Waiting Time

ASP

Gross Port Time - According to this study



7WCTRS SIGA-2 2021 – Conference – 05-06th May 2021, Antwerp

The Daily Port & Shoreline Emission Inventory Model

Motivation
Gap in Knowledge 

• Israel – 99% of the country trade in goods is 

transported by sea (Israel ASP, 2019)

• Israel - The Missing Piece – Maritime sector 

contribution 

• Identify main contributors.

• Identify daily and annual contribution.

• Preserve economic growth with green shipping.

• Effect of IMO 2020 0.5% Sulfur Regulation

Source: Own compilation



8WCTRS SIGA-2 2021 – Conference – 05-06th May 2021, Antwerp

The Daily Port & Shoreline Emission Inventory Model

Methodology
Overview Description Daily Port Emission Inventory – Bottom-Up Activity Based 
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The Daily Port & Shoreline Emission Inventory Model

Israel Maritime Traffic
Fast Numbers (2010-2018)

~6K Unique Vessels (ASP)

10,380 Unique Vessels (Navy ~5,7K OGV, Other Yachts, etc..)

98,448 Movements ID (ASP - Pier; Load, Unload, Shunting)

43,517 Movements ID (Navy)

5,384 Unique Vessels,   448,686 Movements ID (Model Logic)Source: Own compilation
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The Daily Port & Shoreline Emission Inventory Model

Methodology
Stage Two – Computation of Vessel Presences Time at Sea / Port - According to the Model Logic

Time at Sea 

(Shoreline)

Time at Port for i and k >1

Port i>1, k>1 

Enter 

Area

Navy Vessel Time 

(unique ID visit)

ASP Vessel Time at 

Port (unique ID visit)

Port i=1, k=1

Vessel Presences 

Time at Port 

(Unique ID visit 

This Study)

Vessel Time at Port i,k=1 (This Study)

Vessel Time at Port i,k (This Study)

(For i=2, k=2)

Vessel Total Presences Time at Port where i=k=1 (i.e.. - when only one port is called)

Vessel Steam Time

(This Study)

Exit Area

Time at Port (Port Authority Time at Port (Port Authority)

Scenario B

Multiply Call

Scenario A

One Call

t<T

“Lost Time”

Anchorage / 

Drift

Source: Own compilation
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The Daily Port & Shoreline Emission Inventory Model

Case study: Israel P2P & Shoreline Emission Inventory
P2P - ILASH-ILHFA & ILHFA-ILASH

Ashdod

Ashkelon

Haifa

Ashdod

Hadera
32.30 33.56

32.26 33.56

A

B

Treaty
Territorial seas (12NM)

Contiguous zone (24NM)

Shipping trade lane corridor

Exclusive Economic Zone (EEZ)

Ashkelon

Haifa

Israel Shoreline Emission Inventory

▪ Wind dominant

direction - West to

the East.

▪ Narrow strip,

majority of Israel

population.

Jerusalem

Tel-Aviv

Source: Own composition, Wind Rose – Levin et al, 2012 (CAMERI), Shaded Relief Map – Hall, K.K & Calvo R. 2005
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The Daily Port & Shoreline Emission Inventory Model

Motivation - Traffic Map by Port Destination (Entrance)
Navy Initial Geo Location - Years 2015-2018 

Ashdod

Ashkelon

Haifa

Hadera
32.30 33.56

32.26 33.56

A

B

Treaty

Territorial seas (12NM)

Contiguous zone (24NM)

Shipping trade lane corridor

Exclusive Economic Zone (EEZ)

Source: Own compilation, based on Navy records and coordinates table
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The Daily Port & Shoreline Emission Inventory Model

Israel Visiting Fleet
Tier Analysis

Source: Own compilation, NOx limit illustration - IMO, MARPOL Annex VI, Reg. 13

36%

49%

14%

1%

15%

Total Fleet visits Israel Ports (2010-2018) -
Age Distribution By Tier n = 5,384

Tier 0

Tier I

Tier II

Tier III

33%

40%

24%

3%

Bulk Carrier - Age Distribution By Tier

n = 1,544

43%

1%

RO-RO - Age Distribution By Tier

n = 97

48%

40%

9%
3%

Passenger - Age Distribution By Tier

n = 134

12%

72%

15%
1%

Oil / Chemical - Age Distribution By Tier

n = 1,090

56%
35%

9%0%

General Cargo - Age Distribution By Tier

n = 1,818

22%

66%

11% 1%

Containers - Age Distribution By Tier

n = 701

▪ ~85% - Lower Tier - High NOx Emitted

▪ Lack of local emission regulation - attracted old Tier grade vessel

(incentive is required!).

( ),

0  2000

1 2000 2010

2 2011 2015

3 2016  

i l number

Before

Tier IMO BuildYear

and above




−
= 

−

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The Daily Port & Shoreline Emission Inventory Model

Methodology
Stage Two - “Lost Time” Analysis Example 

Date

Vessel 

Type 

& 

Class

Estimated 

DWT or 

GRT 

(Y/N)

IMO

Navy

ILHFA 

(min)

Navy 

ILASH 

(min)

ASP 

ILHFA 

(min)

ASP 

ILASH 

(min)

United 

ILHF

A 

(min)

United 

ILAS

H 

(min)

Shoreline 

– N2S 

(min)

Shoreline 

– S2N 

(min)

1/1/2017 12.1 N 8010635 0 273 0 0 0 273 0 0

1/2/2017 12.1 N 8010635 0 1440 0 968 0 1440 0 0

1/3/2017 12.1 N 8010635 0 1440 0 1440 0 1440 0 0

1/4/2017 12.1 N 8010635 0 1440 0 1440 0 1440 0 0

1/5/2017 12.1 N 8010635 0 599 0 410 0 599 0 0

1/6/2017

1/7/2017

1/8/2017

1/9/2017

1/10/2017

1/11/2017 12.1 N 8010635 0 294 0 0 0 294 0 0

1/12/2017 12.1 N 8010635 0 1440 0 911 0 1440 0 0

1/13/2017 12.1 N 8010635 0 1440 0 1440 0 1440 0 0

1/14/2017 12.1 N 8010635 0 1440 0 1440 0 1440 0 0

1/15/2017 12.1 N 8010635 0 1440 0 1440 0 1440 0 0

1/16/2017 12.1 N 8010635 0 1407 0 1300 0 1407 0 0

IMO 8010635 – According to Model Logic

Note A: 

Color Orange and Blue were assigned to “United” 

columns in order to highlight model logic work and 

the importance of including “lost time” to the 

vessel presence time at port

Note B: 

N2S mean North to South and S2N mean South 

to North

Note C: 

12.1 is programming code to describe vessel type: 

General cargo and class of small vessel size (i.e.. 

<5k DWT). 

Source: Own compilation
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The Daily Port & Shoreline Emission Inventory Model

Israel Shoreline Emission Inventory
Shoreline – Movements Analysis

Source: Own compilation, based on ASP FC Survey (2015), A major liner shipping company and charter agency operational database analysis
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▪ 2015 – 2017 - on average of 14 containers vessels movements (P2P) per week.
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The Daily Port & Shoreline Emission Inventory Model

Israel Shoreline Emission Inventory
FC Rate, Steam Time & Sulfur Content (%) Per Vessel Assign ID

Source: Own compilation, based on data received from a major shipping company in the liner sector.
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The Daily Port & Shoreline Emission Inventory Model

Israel Shoreline Emission Inventory
P2P - ILASH to ILHFA / ILHFA to ILASH

Israel Shoreline Emission Inventory
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CO2 CO HC TPM (2.48%) SOx (2.48%) NOx

▪ Logisitics balancing – Decrease in Small/Feeder activity increse in Panamax (<8K TEU) and Neo-Panamax

▪ Increse in NOx emission – due to Panamax (<8K TEU) and Neo-Panamax.
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The Daily Port & Shoreline Emission Inventory Model

Container Vessel
Nitrogen Oxides (NOx) - Haifa Vs. Ashdod

P2P Haifa & Ashdod - Container Vessel - Nitrogen Oxides (NOx – Left Chart) & Sulphur Oxides (SOx – Right Chart) 

▪ Tier 1 – Dominnate, Tier 3 – Rare

▪ P2P – NOx Daily Average 2-2.5 Ton/Day

▪ P2P – SOx Daily Average 1.5-2.2 Ton/Day
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The Daily Port & Shoreline Emission Inventory Model

Container Vessel
Nitrogen Oxides (NOx) - Haifa Vs. Ashdod

Port – All Container Vessel - Nitrogen Oxides (NOx) – Haifa Vs. Ashdod  

▪ Tier 1 – Dominnate, Tier 3 – Rare

▪ Daily Average 4-6 Ton/Day (Haifa & Ashdod).
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The Daily Port & Shoreline Emission Inventory Model

Container Vessel
Sulphur Oxides (SOx) - Haifa Vs. Ashdod

Port – All Container Vessel  Container Vessel - Sulphur Oxides (SOx) – Haifa Vs. Ashdod

▪ Ashdod / Haifa - Impact of Mega-Ships - vessel (12 TEU +) replace the small one and the total daily emission increased.

▪ Haifa – Container Vessel contribute daily Avg. of 3.5 Ton (2010-2016) and daily Avg. of 4.5 Ton (2016-2018).

▪ Ashdod – Container Vessel contribute daily Avg. of 4 Ton (2010-2016) and daily Avg. of 5 Ton (2016-2018).
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Container Vessel - SOx Emission (S.C - 2.48%) - 2010-2018 
Segmented by Class Analysis  - Haifa 

a. Small/Feeder b. Handysize c. Sub-Panmax d. Panmax (< 5K TEU)

e. Panmax (< 8K TEU) f. Neo-Panmax g. VLCC
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Container Vessel - SOx Emission (S.C - 2.48%) - 2010-2018Class 
Analysis  - Ashdod 

a. Small/Feeder b. Handysize c. Sub-Panmax d. Panmax (< 5K TEU)

e. Panmax (< 8K TEU) f. Neo-Panmax g. VLCC
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What Next?

Broader Validation –
Port Emission Real Time 

Spread Simulation
Broad Industry Conversation -
“Emission Based Port Charging“

ebh@technion.ac.il

ElyakimBH

Thank you!
Elyakim BenHakoun, PhD

Technion (Currently on the Postdoc Market)

mailto:ebh@Technion.ac.il
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