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     Introduction and purpose
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1oѴѴ;1ঞ�;�;@ou|v�|o�blruo�;�t�-Ѵb|��-m7�-�-bѴ-0bѴb|��o=�7-|-�-m7�7;�;Ѵor�m;1;vv-u��]Ѵo0-Ѵ�7b]b|-Ѵ�7-|-�
v|-m7-u7v�|_-|��o�Ѵ7�-ѴѴo��u;Ѵb-0Ѵ;�-m7�;L1b;m|�7-|-�;�1_-m];�0;|�;;m�v_br�-m7�v_ou;�-v��;ѴѴ�-v�;mŊ
_-m1;7�vѴo|�-ѴѴo1-ঞom�roѴb1b;v�|_;u;0��orঞlbvbm]��o�-];v�-m7�rou|�1-ѴѴv�-m7�=-1bѴb|-ঞm]���v|��m�$bl;�Ő��$ő�
�uub�-Ѵ�o=�v_brvĺ

$_;�1om1;r|�o=���$��uub�-Ѵ�o=�v_brv�-ѴѴo�v�=ou�v_brv�|o�orঞlbv;�|_;bu�vr;;7�7�ubm]�|_;��o�-];�bm�ou7;u�
|o�-uub�;�-|�|_;��bѴo|��o-u7bm]��Ѵ-1;�Ő���ő��_;m�|_;�-�-bѴ-0bѴb|��o=�0;u|_ķ�=-bu�-��-m7�m-�ঞ1-Ѵ�v;u�b1;v�
bv�;mv�u;7ĺ�$_;u;=ou;ķ�vbm1;���$��uub�-Ѵ�-ѴѴo�v�|_;�v_br�|o�-7f�v|�-m7�orঞlbv;�b|v�vr;;7�7�ubm]�|_;��o�-];ķ�
b|�_-v�0;;m�b7;mঞC;7�-v�-�=;-vb0Ѵ;�orrou|�mb|��|o�u;7�1;�����;lbvvbomv�=uol�v_brv�-m7�v�rrou|�|_;�]o-Ѵv�
o=�|_;��mbঞ-Ѵ���������"|u-|;]�ĺ

$_;�o0f;1ঞ�;�o=�|_bv�v|�7��bv�|o�1-Ѵ1�Ѵ-|;�|_;�ro|;mঞ-Ѵ�=�;Ѵ�1omv�lrঞom�-m7���2�;lbvvbom�u;7�1ঞom�
=uol�|_;�;@;1ঞ�;�blrѴ;l;m|-ঞom�o=���$�=ou�|_;�1om|-bm;u�v_brrbm]�v;1|ouĺ�"bm1;�=uol�ƑƏƑƏ�om�-u7vķ�
l-ubঞl;�|u-mvrou|�_-v�0;;m�_;-�bѴ��blr-1|;7�0��|_;���(�	ŊƐƖ�r-m7;lb1ķ�ƑƏƐƖ��-v��v;7�-v�|_;�u;=;Ŋ
u;m1;��;-uĺ�$_bv�v|�7��1omvb7;u;7�|_u;;���$�"1;m-ubovķ�bm��_b1_�vr;;7��-v�-7f�v|;7�|o�lbmblbv;�=�;Ѵ�
1omv�lrঞom�ŐƐő�=uol�����|o����ķ�ŐƑő�o�;u�|_;�Ѵ-v|�ƑƓ�_uv�o=�|_;��o�-];ķ�-m7�Őƒő�o�;u�|_;�Ѵ-v|�ƐƑ�_uv�o=�|_;�
voyage.

$_bv�v|�7��=o1�v;v�om�|_;�1om|-bm;u�v_brrbm]�v;1|ouķ�-v�1om|-bm;u�v_brv�_-�;�mo�1om|u-1|�-Ѵ�0-uub;uv�
|o�-7f�v|�vr;;7�7�ubm]�|_;��o�-];�-m7�bv�|_;u;=ou;�1omvb7;u;7�|o�0;�-�]oo7�v|-uঞm]�robm|�=ou�blrѴ;l;mŊ
|-ঞom�o=���$ĺ��ou;�bm=oul-ঞom�om�0-uub;uv�-m7�ro|;mঞ-Ѵ�voѴ�ঞomv�=ou���$�blrѴ;l;m|-ঞom�1-m�0;�=o�m7�
bm�|_;��o���-u0om�������$���b7;ĺƒ��|�bv�;m�bv-];7�|_-|�o|_;u�v;1|ouv��bѴѴ�0;�-m-Ѵ�v;7�bm�lou;�7;|-bѴ�bm�|_;�
=�|�u;�|o�bm1u;-v;��m7;uv|-m7bm]�o=�|_;�ro|;mঞ-Ѵ�=�;Ѵ�1omv�lrঞom�-m7�;lbvvbom�u;7�1ঞom�|_uo�]_�
|_;�blrѴ;l;m|-ঞom�o=���$�=ou�|_;�u;v|�o=�|_;�]Ѵo0-Ѵ�Y;;|ĺ

ƒ _�rvĹņņ]u;;m�o�-];ƑƏƔƏĺbloĺou]ņ�rŊ1om|;m|ņ�rѴo-7vņƑƏƑƐņƏƐņ���Ŋf�v|ŊbmŊঞl;Ŋ_bu;vĺr7=
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     Methodology

Data preparation and cleaning

�v�-m�bmbঞ-Ѵ�v|;rķ�-ѴѴ�1om|-bm;uv_brv�ŐƔķƐƒƐ�1om|-bm;uv_brvő��b|_�u;1ou7;7���"�rovbঞomv�bm�ƑƏƐƖ��;u;�
;�|u-1|;7�=uol�|_;��-ubm;$u-L1�7-|-0-v;ĺ���"�7-|-�bm1Ѵ�7;vķ�-lom]�o|_;uvķ�rovbঞom-Ѵ�1oou7bm-|;vķ�vr;;7�
o�;u�]uo�m7�Őbm�hmo|vőķ�ঞl;v|-lrvķ�_;-7bm]�-m7�7u-�]_|�bm=oul-ঞomĺ

��"�bv��;u��;@;1ঞ�;�bm�|u-1hbm]��;vv;Ѵv�v-bѴbm]�1Ѵov;�|o�v_ou;�Ő1omঞm�o�v�rovbঞom-Ѵ��r7-|;vő��_;u;�u;Ŋ
1;rঞom�=uol�|;uu;v|ub-Ѵ�l;-mv�bv�v�rrou|;7ĺ�
ou�u;lo|;�-u;-vķ�or;m�v;-v�-m7�-u;-v�o=�mo�1o-v|-Ѵ�1o�;u-];ķ�
|_;�v�v|;l�u;Ѵb;v�om�v-|;ѴѴb|;�|u-1hbm]��_;u;�|_;�7-|-�-�-bѴ-0bѴb|��bv�lou;�vr-uv;ĺ��o�uѴ��rovbঞomv��;u;�
v-lrѴ;7�|o�-�ob7�vh;�bm]�|_;�o�|r�|��b|_�m;-uŊv_ou;�7-|-�robm|v�1-�vbm]�o�;uCমm]ĺ�
ou�7bv1�vvbom�
o=�ro|;mঞ-Ѵ��m1;u|-bmঞ;v�u;Ѵ-|;7�|o���"�7-|-ķ�=�u|_;u�bm=oul-ঞom�1-m�0;�=o�m7�bm��mm;���ĺ


ou�|_;�r�urov;�o=�|_bv�v|�7�ķ�-ѴѴ��;vv;Ѵv��b|_�u;1ou7;7�-1ঞ�b|���b-�|_;���"�7�ubm]�ƑƏƐƖ��;u;�1omvb7;u;7�
u;]-u7Ѵ;vv�o=�|_;bu�1�uu;m|�v|-|�v�-|�|_;�ঞl;�o=��ubঞm]�|_bv�v|�7�ĺ�$_bv�bm1Ѵ�7;v��;vv;Ѵv�|_-|�lb]_|�mo�ѴomŊ
];u�0;�bm�v;u�b1;�bm�ƑƏƑƑ�|o�;mv�u;�7-|-�bm|;]ub|��o�;u�|_;�u;=;u;m1;��;-u�ŐƑƏƐƖőĺ

$_;�7-|-��-v�|_;m�CѴ|;u;7�|o�u;lo�;���"�u;1ou7v��_b1_�7b7�mo|�_-�;�1olrѴ;|;�-m7�u;Ѵb-0Ѵ;�bm=oul-ঞom�
om��-r-1b|��Ő$�&őķ�u;v�Ѵঞm]�bm�ƔķƏƔƏ��;vv;Ѵvĺ���7-|-v;|�o=�-ѴѴ�u;1ou7;7��o�-];v�o=�|_;v;�ƔķƏƔƏ��;vv;Ѵv�
7�ubm]�ƑƏƐƖ��-v�u;1omv|u�1|;7��vbm]�rovbঞom-Ѵ���"�7-|-�|o];|_;u��b|_�];o=;m1;7�-u;-v�o=�-m1_ou-];�
-u;-v�-m7�rou|�-u;-�Ѵblb|v�o=�]Ѵo0-Ѵ�rou|vķ��_b1_�_-�;�0;;m�b7;mঞC;7�=uol��-ubm;$u-L1�7-|-0-v;vĺ�

�-1_��o�-];�_-v�-��o�-];�v|-u|�robm|�-m7�-��o�-];�;m7�robm|�7;Cm;7�-v�0;Ѵo�Ĺ

Voyage start point:�$_;��;vv;Ѵ�v|-u|v�rb1hbm]��r�vr;;7�o�;u�Ɣ�hmo|v�-m7�_-v�;�b|;7�|_;�];o=;m1;7�
rou|�-u;-�o=�oub]bmĺ

Voyage end point:�$_;��;vv;Ѵ�_-v�;m|;u;7�|_;�];o=;m1;7�rou|�-u;-�-|�7;vঞm-ঞomĺ

�o|_�vr;;7�-m7�];orovbঞom-Ѵ�1ub|;ub-�m;;7�|o�0;�l;|�|o�0;�1omvb7;u;7�-v�-��o�-];�v|-u|�ou�;m7�robm|ĺ�

ou�|_;�r�urov;�o=�|_bv�v|�7�ķ�|_;��o�-];�v|-u|�robm|�-m7�;m7�robm|�-v�7;Cm;7ķ�1ouu;vrom7�|o�|_;�rbѴo|�
0o-u7bm]�rѴ-1;�-|�|_;�7;r-u|�u;�-m7�-uub�-Ѵ�rou|vķ�u;vr;1ঞ�;Ѵ�ĺ�

$_;�u;1omv|u�1ঞom�o=��o�-];v�u;v�Ѵ|;7�bm�-�raw dataset�o=�ƓƔƔķƖƏѵ��mbt�;��o�-];v�Ő=uol�ƔķƏƔƏ��;vv;Ѵvőĺ�
�rruo�bl-|;Ѵ��ѵƔѷ�o=�|_;v;��o�-];v��;u;�Ѵom];u�|_-m�ƑƓ�_uvĺ

$_;�bmbঞ-Ѵ�u-��7-|-v;|�o=��o�-];v�-m7�rovbঞomv��-v�1Ѵ;-m;7�|o�u;lo�;�7-|-�]-rvķ�u;7�1;�mobv;ķ�1om|uoѴ�
�m1;u|-bmঞ;vķ�-m7�ru;r-u;�|_;�0-v;Ѵbm;�7-|-v;|ķ�bm�Ѵbm;��b|_�|_;�=oѴѴo�bm]�u;-vombm]ĺ



12

$_;�u;v�Ѵঞm]�baseline dataset�1omvbv|;7�o=�ƒƒƖķƒƖƏ��o�-];vĺ��m�o�;u�b;��o=�|_;�u-��-m7�|_;�0-v;Ѵbm;�
7-|-v;|v�1-m�0;�=o�m7�bm�$-0Ѵ;�Ƒĺ

!;lo�-Ѵ�o=�ro|;mঞ-ѴѴ��;uuom;o�v�
��"�rovbঞom-Ѵ�u;-7bm]v�-m7�0-vb1�
�o�-];v�1omvbv|;m1��1_;1hv

!;lo�;�rovbঞomv��_;u;�1oou7bm-|;v�7b7�mo|�l-|1_�];ovŊ
r-ঞ-Ѵ�r-u-l;|;uv�Ő��"�lbvu;-7bm]vķ�bm1omvbv|;m|�7bv|-m1;vő�
ou�v_o�bm]�v-bѴbm]�vr;;7v�-0o�;�Ƒѵ�hmo|v�-v�_b]_Ѵ��Ѵbh;Ѵ��
|o�0;�;uuom;o�v�vbm1;�|_bv�vr;;7�bv�o�|vb7;�o=�|_;�moul-Ѵ�
or;u-ঞm]�u-m];�=ou�1om|-bm;uv_brvķ�-v�u;rou|;7�0��bm7�v|u��
;�r;u|vĺ�)_;u;�rovbঞomv��;u;�u;lo�;7ķ�]-rv��;u;�CѴѴ;7�
|_uo�]_�bm|;uroѴ-|bom�0;|�;;m��-Ѵb7�rovb|bom-Ѵ�7-|-ĺ�

�u|_;ulou;ķ��o�-];v��b|_�=;�;u�|_-m�Ƒ�o0v;u�;7�rovbঞomv�
o�;u-ѴѴ��;u;�u;lo�;7�vbm1;�|_;���o�Ѵ7�mo|�1omvbv|�o=�-�
voyage.

�7;m|b=b1-|bom� -m7�l-uhbm]�
o=�rovbঞomv�|_uo�]_�1-m-Ѵv

�-m��1-m-Ѵv�l-��_-�;�vr;;7�Ѵblb|vķ�-m7�-v�-�u;v�Ѵ|�v_brv�
l-��]o�-|�vѴo��vr;;7v��_;m�|u-mvbঞm]�-�1-m-Ѵĺ�$_;v;�
��"�rovbঞomv��;u;�Y-]];7�-v�0;bm]�-�1-m-Ѵ�r-vv-];ķ�bm�ou7;u�
|o�7bvঞm]�bv_�b|�=uol�-�l-mo;��ubm]�v|-|;ĺ

!;lo�-Ѵ�o=��o�-];v��m7;u�ѵ�_o�uv $_;v;��o�-];v��;u;�1omvb7;u;7�|oo�v_ou|�|o�0;�orঞlbv;7�
-m7��;u;�;�1Ѵ�7;7ĺ

!;lo�-Ѵ�o=��o�-];v�-0o�;�ƒƏ�7-�v $_;v;��o�-];v��;u;�1omvb7;u;7��mv1_;7�Ѵ;7ņ�mrѴ-mm;7�
-m7��m�v�-Ѵ�bm�u;-Ѵ�or;u-ঞomvĺ��m1Ѵ�7bm]�|_;v;��o�-];v�
1o�Ѵ7�_-�;�_-7�-�7bvruorou|bom-|;� bm=Ѵ�;m1;�om�|_;�
u;v�Ѵ|vĺ

!;lo�-Ѵ�o=��o�-];v��b|_�-m�o0v;uŊ
�;7�o�;u-ѴѴ��-bঞm]ņl-mo;��ubm]�
ঞl;�o�;u�ƑƓƏ�_uv�ŐƐƏ�7-�vő

$_;v;��-bঞm]�ঞl;v��;u;�1omvb7;u;7�v�0v|-mঞ-Ѵ�-m7�Ѵbh;Ѵ��
-vvo1b-|;7��b|_�v�v|;lb1�bvv�;v�=-ѴѴbm]�o�|vb7;�o=�moul-Ѵ�
or;u-ঞom�1�1Ѵ;vĺ

$-0Ѳ;�Ǝث�	�1-|-Ѳ;-mbm]�-m7�ruo1;vvbm]

Datasets

Raw dataset

Baseline dataset

Voyages

ƓƔƔķƖƏѵ

ƒƒƖķƒƖƏ

Vessels

ƔķƏƔƏ

ƓķƖƓѵ

Port Pairs

ƐƏķѶƒƖ

ƖķƔƒƖ

Ports

ƐķƑƑѵ

ƐķƐƔѶ

$-0Ѳ;�Əث���;u�b;��o=�m�l0;u�o=��o�-];vĶ��;vv;ѲvĶ�rou|v�-m7�rou|�r-buv�bm�;-1_�7-|-v;|
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�;|-7-|-��-v�-77;7�|o�;-1_�_o�uѴ����"�rovbঞom�|o�bm7b1-|;�|_;�v|-|;�o=�|_;��;vv;Ѵ�Ő�m7;u�-�ķ��-bঞm]ķ�
l-mo;��ubm]őķ�|o�-vv;vv��o�-];�orঞlbv-ঞom�ro|;mঞ-Ѵķ�bm�1omvb7;u-ঞom�o=�|_;���$�v1;m-ubovķ�-v�r;u�
|_;�7;Cmbঞomv�0;Ѵo�Ĺ

Underway:�|_;��;vv;Ѵ�v-bѴv�o�|vb7;�];o=;m1;7��m1_ou-];�-m7��ou|�-u;-v��b|_�-�vr;;7�o�;u�Ɣ�hmo|vĺ

)-bঞm]Ĺ�|_;��;vv;Ѵ�;m|;uv�-m7�v|-�v��b|_bm�|_;�];o=;m1;7��m1_ou-];�-u;-�o=�|_;�	;vঞm-ঞom�rou|�
-|�-�vr;;7�0;Ѵo��Ɣ�hmo|vĺ

Manoeuvring:�|_;��;vv;Ѵ�lo�;v�o�|vb7;�rou|Ŋu;Ѵ-|;7�];o=;m1;7�-u;-v��b|_�-�vr;;7�0;Ѵo��Ɣ�hmo|vĺ

)-bঞm]�ঞl;�bv�1-Ѵ1�Ѵ-|;7�0��|_;�7b@;u;m1;�bm�ঞl;v|-lrv�0;|�;;m�|_;�;m|;ubm]�-m7�;�bঞm]�o=�|_;�
];o=;m1;7��m1_ou-];�-u;-ĺ

�-mo;��ubm]�ঞl;�bv�1-Ѵ1�Ѵ-|;7�0-v;7�om�|_;�1Ѵ�v|;u�o=�1omv;1�ঞ�;�rovbঞomv�|_-|�-u;�l-uh;7�
-v��-mo;��ubm]�Ő�-v|��-mo;��ubm]��ovbঞom�Ŋ�
buv|��-mo;��ubm]��ovbঞom�Ʒ��-mo;��ubm]�$bl;ő�
on a per voyage basis.

 

Calculating fuel consumption and emissions

$_;�vr;;7�Ő�iő�o=�-��;vv;Ѵ��-v�1-Ѵ1�Ѵ-|;7�0;|�;;m�;-1_�r-bu�o=�1omv;1�ঞ�;�rovbঞomvķ�om;�_o�u�-r-u|�Ő;ĺ]ĺ�
rovbঞom�bķ�-m7�bŊƐķ�v;;�
b]�u;�Ɛőĺ�$_;�vr;;7�1-Ѵ1�Ѵ-|;7�0;|�;;m�|_ov;�rovbঞom-Ѵ�r-buv�bv�|_;�-�;u-];�vr;;7�
0;|�;;m�|_;v;�|�o�robm|v�-m7�bv�-vv�l;7�|o�0;�1omv|-m|�=ou�|_;�u;Ѵ;�-m|�ঞl;�r;ubo7ķ�bm�|_bv�1-v;ķ�-m�_o�uĺ�

�u|_;ulou;ķ�;�;u��rovbঞom�-Ѵvo�_oѴ7v�bm=oul-ঞom�u;]-u7bm]�|_;�|o|-Ѵ�7bv|-m1;�|u-�;ѴѴ;7�=uol�|_;�v|-u|�
-m7�;m7�o=�|_;��o�-];�Ő7iőķ��v;7�|o�b7;mঞ=���-bঞm]�-m7�l-mo;��ubm]�lo7;vķ�|_;�ঞl;v|-lr�Ő$iő�|_-|�
|_;�rovb|bom��-v�1-r|�u;7ķ�-m7�o|_;u�bm=oul-|bom��v;7�=ou�t�-Ѵb|��-vv�u-m1;�r�urov;v�-m7��o�-];�
-m-Ѵ�vbvĺ�


b]�u;�Ǝث��omv|u�1ࢼom�o=��o�-];v�=uol�oub]bm�rou|�|o�7;vࢼm-ࢼom�rou|ĸ�"o�u1;ث��-ubm;$u-L1�1oѲѲ;1ࢼomĸ
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�-v;7�om�|_;�1-Ѵ1�Ѵ-|;7�vr;;7�-|�;-1_�_o�uѴ��bm|;u�-Ѵ�-m7�|_;�7u-�]_|�Ő|őķ��_b1_�bv�-vv�l;7�1omv|-m|�
=ou�|_;��o�-];�-m7�1omvb7;u;7�|_;�Ѵ-v|�u;rou|;7�7u-�]_|�rubou�|o�-uub�-Ѵ�-|�|_;�rou|�o=�7;vঞm-ঞomķ�|_;�=�;Ѵ�
1omv�lrঞom�Ő
�iő�Ő=ou�l-bm�;m]bm;ķ�-��bѴb-u��;m]bm;v�-m7�0obѴ;uvő��-v�7;|;ulbm;7�0���ঞѴbvbm]�=�;Ѵ�1omŊ
v�lrঞom�7-|-�ruo�b7;7�0��|�o�Ѵ-u];�1om|-bm;u�v_brrbm]�1olr-mb;vĺ�$_;�|o|-Ѵ�=�;Ѵ�1omv�lrঞom�7-|-�
Ől-bm�;m]bm;ķ�-��bѴb-u��;m]bm;v�-m7�0obѴ;uvő��-v�|-0�Ѵ-|;7�0��vr;;7ķ�-m7�7u-�]_|�-m7�v;]l;m|;7�r;u�1omŊ
|-bm;u��;vv;Ѵ�vb�;�0bmv��v;7�bm�|_;�
o�u|_���������"|�7�ĺ��-1_�0bm�vb�;�1omvbv|;7�o=�u;-Ѵ�7-|-�=uol�0o|_�
o�m;7�-m7�1_-u|;u;7��;vv;Ѵv��b|_��-u�bm]�;L1b;m1b;vķ�-v�;L1b;m1��7;r;m7v�om�7;vb]mķ�1Ѵ-vv�-];ķ�;m;u]��
v-�bm]�7;�b1;v�C�;7ķ�l-bm|;m-m1;�-m7�or;u-ঞom�o=�|_;��;vv;Ѵĺ��m�|o|-Ѵķ�7-|-�=uol�ƔƖƏ�v_brv��-v�|-h;m�
bm|o�1omvb7;u-ঞomķ�-m7�-�;u-];7�0��vr;;7�-m7�7u-�]_|�|o�ruo7�1;�|_;�=�;Ѵ�1omv�lrঞom�1�u�;v�=o�m7�
bm�
b]�u;�ƐƐ�bm��mm;���ĺ�"bm1;�|_bv�7-|-�bv�=uol�o0v;u�;7�or;u-ঞomvķ�b|�|-h;v�bm|o�-11o�m|�=�;Ѵ�1omv�lrঞom�
�_bѴ;�v-bѴbm]�bm�7b@;u;m|�v;-�v|-|;vĺ�

$o�1-Ѵ1�Ѵ-|;�|_;�|o|-Ѵ�=�;Ѵ�1omv�lrঞom�=ou�;-1_��o�-];ķ�|_;�=�;Ѵ�1omv�lrঞom�-|�;-1_�rovbঞom-Ѵ�robm|�
�-v�-]]u;]-|;7�=ou�-ѴѴ�rovbঞomv�o=�-�r-uঞ1�Ѵ-u��o�-];ĺ���2�;lbvvbomv��;u;�|_;m�1-Ѵ1�Ѵ-|;7�-vv�lbm]�
|_-|�-ѴѴ�v_brv�or;u-|;�om��"�
��Ő��2�;lbvvbom�=-1|ou�o=�ƒĺƐƐƓ]���2ņ]��"�
�őĺ

&vbm]�|_;�0-v;Ѵbm;�7-|-v;|�o=�ƒƒƖķƒƖƏ��o�-];vķ�|_;�=�;Ѵ�1omv�lrঞom��-v�1-Ѵ1�Ѵ-|;7�=ou�;-1_��o�-];�
-m7�|_;�l;-m�-m7�|o|-Ѵ�=�;Ѵ�1omv�lrঞom�-m7���2�;lbvvbomv�-u;�v_o�m�0;Ѵo�ĺ

$-0Ѳ;�Ɛث��-v;Ѳbm;ث��;-m�-m7�$o|-Ѳ�
��-m7���2�;lbvvbomvĶ�om�-�r;u��o�-];�0-vbv
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Just In Time Scenarios

$_;�=oѴѴo�bm]�|_u;;�v1;m-ubov��;u;�1omvb7;u;7Ĺ

Scenario JIT PBP-PBP�ŋ�|_;��o�-];�bv�=�ѴѴ��orঞlbv;7�=uol�����|o����ĺ

Scenario JIT 24 ŋ�|_;��o�-];�bv�orঞlbv;7�o�;u�|_;�Ѵ-v|�ƑƓ�_uv�o=�|_;��o�-];�|o����ĺ

Scenario JIT 12�ŋ�|_;��o�-];�bv�orঞlbv;7�o�;u�|_;�Ѵ-v|�ƐƑ�_uv�o=�|_;��o�-];�|o����ĺ

�-1_�o=�|_;v;�v1;m-ubov��ঞѴb�;7�|_;�v-l;�0-v;Ѵbm;�7-|-v;|�o=�ƒƒƖķƒƖƏ��o�-];vķ�-[;u�7-|-�ruo1;vvbm]�
-m7�1Ѵ;-mbm]ķ�-m7�|_;�orঞlbv-ঞom�o=�vr;;7�bv�;�rѴ-bm;7�0;Ѵo�ĺ

�11ou7bm]�|o�|_;�7-|-ķ�vol;��;vv;Ѵv��;u;�-Ѵu;-7��bm�-��-bঞm]ņl-mo;��ubm]�v|-|;�1Ѵov;�|o�|_;�7;vঞm-ঞom�
rou|�ƑƓ�ou�ƐƑ�_o�uv�0;=ou;�|_;��;vv;Ѵ�1o�Ѵ7�;m|;u�|_;�rou|ĺ��v�|_;v;��;vv;Ѵv�-Ѵu;-7��-uub�;7�Ő1Ѵov;ő�|o�|_;�
rou|�-m7�7o�mo|�_-�;�|o�v-bѴ�-m��Ővb]mbC1-m|ő�7bv|-m1;�-m�lou;ķ�|_;v;��o�-];v�7o�mo|�0;m;C|�=uol���$�bm�
|_;���$�ƑƓ�-m7���$�ƐƑ�v1;m-ubovĺ�$_;v;��o�-];v��;u;�mo|�u;lo�;7�bm�ou7;u�|o�_-�;�-�1omvbv|;m|�0-v;Ѵbm;�
v;|�|o�;m-0Ѵ;�1olr-ubvom�-1uovv�|_;�|_u;;�v1;m-ubovĺ��m�|_;����Ŋ����v1;m-ubo�-ѴѴ��;vv;Ѵv�1-m�_-�;�orঞŊ
lbv-ঞom�ro|;mঞ-Ѵ�-v�|_;�v1;m-ubo�bv�mo|�u;Ѵ-|;7�|o�-�ঞl;=u-l;ĺ


�u|_;ulou;ķ�=ou�|_ov;��o�-];v��_b1_��;u;�Ѵ;vv�|_-m�|_;�u;vr;1ঞ�;�ঞl;=u-l;�ŐƑƓņƐƑ�_uvőķ�|_;v;��o�-];v�
�;u;�=�ѴѴ��orঞlbv;7�=uol�����|o����ĺ�
b]�u;�Ƒ�bѴѴ�v|u-|;v�|_;�1omvb7;u-ঞom�o=��o�-];v�o=�7b@;u;m|�Ѵ;m]|_v�
�m7;u�|_;��-ubo�v�v1;m-ubovĺ�$_;��v;�o=�|_;�v-l;�0-v;Ѵbm;�7-|-v;|�-ѴѴo�v�=ou�7bu;1|�1olr-ubvomv�-1uovv�
|_;�|_u;;�v1;m-ubovĺ


b]�u;�Əث��omvb7;u-ࢼom�o=�7b@;u;m|��o�-];�Ѳ;m]|_v��m7;u�;-1_���$�v1;m-ubo�Ŏ]u;;m�bm7b1-|;v�orࢼlbv-ࢼomࢼ�l;=u-l;ŏ
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$_bv�v|�7��-blv�|o��m7;uv|-m7�|_;�blr-1|�o=���$�-uub�-Ѵ�o=��;vv;Ѵvķ�bm��_b1_�|_;��o�-];�vr;;7�bv�-7f�v|;7�
|o�lbmblbv;�o�;u-ѴѴ�=�;Ѵ�1omv�lrঞom�-m7�;lbvvbomv�-m7�vঞѴѴ�-uub�;�om�ঞl;ĺ�$_bv�v|�7��bv�0-v;7�om�o0Ŋ
v;u�;7�_bv|oub1-Ѵ�7-|-ķ�|_;u;=ou;�|o�ľvঞѴѴ�-uub�;�bm�ঞl;Ŀ�l;-mv�|_-|�|_;�o�;u-ѴѴ�o0v;u�;7�7�u-ঞom�o=�|_;�
�o�-];�Őbĺ;ĺ�|_;�|o|-Ѵ�ঞl;�|-h;m�=ou�;-1_��o�-];�=uol�����|o����ķ�-v�o0v;u�;7ő�bv��m1_-m];7ĺ

$o�;�rѴ-bm�ľJIT speedĿķ�-m�;�-lrѴ;�o=�-��;vv;Ѵ�v-bѴbm]�=uol�
;Ѵb�v|o�;�Ő&�ő�|o��u;l;u_-�;m�Ő��!őķ�-��o�-];�
o=�ƒƏƏ�m-�ঞ1-Ѵ�lbѴ;v�Ő��ő�bv��v;7ĺ��m�|_;�-1|�-Ѵ�vb|�-ঞom�|_;��o�-];�_-7�-�7�u-ঞom�o=�ƑƐ�_o�uvĺ�$_;��;vv;Ѵ�
v-bѴ;7�ƐƔ�_o�uv�-|�ƑƏ�hmo|v�-m7�|_;m�-m1_ou;7�=ou�ѵ�_o�uvĺ�$o�1-Ѵ1�Ѵ-|;�|_;���$�vr;;7�o=�|_bv��o�-];ķ�
|�o�m�l0;uv�l�v|�0;�7;Cm;7Ĺ�the minimum speed of this voyage to arrive Just In Time�-m7�the most 
economical speed�o=�|_;��;vv;Ѵĺ

$o�1-Ѵ1�Ѵ-|;�|_;�lbmbl�l�vr;;7�=ou�|_bv��o�-];ķ�-�1omv|-m|�orঞl-Ѵ�vr;;7�bv�-vv�l;7ĺ��v�|_;��o�-];�
bv�ƒƏƏ����-m7�|_;�|o|-Ѵ�7�u-ঞom�o=�|_;��o�-];�bv�ƑƐ�_o�uvķ�|_;�lbmbl�l�vr;;7�|_;��;vv;Ѵ�1-m�v-bѴ�-m7�vঞѴѴ�
-uub�;�bm�ঞl;�bv�ƒƏƏņƑƐƷ�ƐƓĺƒ�hmo|vĺ

$_;�lov|�;1omolb1-Ѵ�vr;;7�o=�|_;��;vv;Ѵ�bv�7;Cm;7�-v�|_;�lov|�=�;ѴŊ;L1b;m|�vr;;7�om�-�r;u�m-�ঞ1-Ѵ�
lbѴ;�0-vbvĺ�$_bv�vr;;7�bv�7;ub�;7�=uol�|_;�ruo�b7;7�=�;Ѵ�|-0Ѵ;vķ�0-v;7�om��;vv;Ѵ�vb�;�0bm�-m7�7u-�]_|ĺ�

ou�|_bv��o�-];�|_;�lov|�;1omolb1-Ѵ�vr;;7�bv�ƐƏ�hmo|vĺ

"-bѴbm]�|_;�lov|�;1omolb1-Ѵ�vr;;7�o=�ƐƏ�hmo|v�bv�mo|�-m�orঞom�-v�|_;��;vv;Ѵ��bѴѴ�-uub�;�|oo�Ѵ-|;ĺ�$_;u;�
-u;�omѴ��ƑƐ�_o�uv�-�-bѴ-0Ѵ;ķ�0�|�|_;��;vv;Ѵ�m;;7v�ƒƏ�_o�uv�|o�-uub�;ĺ�"oķ�|_;�lov|�orঞl-Ѵ��-��|o�v-bѴ�|_bv�
�o�-];�=uol�
;Ѵb�v|o�;�|o��u;l;u_-�;m�bv�0��v-bѴbm]�ƑƐ�_o�uv�-|�ƐƓĺƒ�hmo|vĺ

�mo|_;u��;vv;Ѵ��b|_bm�|_;�v-l;�vb�;�0bm�-m7�7u-�]_|�_-v�ƒƔ�_o�uv�-�-bѴ-0Ѵ;�|o�v-bѴ�|_;�v-l;��o�-];ĺ�
$_;�lov|�;1omolb1-Ѵ�vr;;7�bv�vঞѴѴ�ƐƏ�hmo|vķ��_bѴ;�|_;�lbmbl�l�vr;;7�|o�vঞѴѴ�-uub�;�bm�ঞl;�_-v�1_-m];7�
|o�ƒƏƏņƒƔƷ�Ѷĺѵ�hmo|vĺ


b]�u;�Ɛث�&m7;uv|-m7bm]���$�vr;;7�Ŏlbmbl-Ѳ�vr;;7�|o�-uub�;�bmࢼ�l;ŏ
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"o���$�vr;;7�bv�|_;�lov|�;1omolb1-Ѵ�vr;;7�=ou�|_bv��o�-];ĺ�$_-|�1-m�0;�;�rѴ-bm;7�-v�|_;�1omv�lrঞom�
r;u�lbѴ;�bv�Ѵo�;u�-|�ƐƏ�hmo|v�1olr-u;7�|o�Ѷĺѵ�hmo|vĺ�$_;�lov|�orঞl-Ѵ��-��|o�v-bѴ�|_bv��o�-];�=uol�

;Ѵb�v|o�;�|o��u;l;u_-�;m�bv�0��v-bѴbm]�ƒƏ�_o�uv�-|�ƐƏ�hmo|v�-m7�-m1_ou�=ou�Ɣ�_o�uvĺ

��$�vr;;7�bv�|_;�vr;;7�-|��_b1_�|_;�v_br�1o�Ѵ7�|u-�;Ѵ�|o�lbmblbv;�|o|-Ѵ�=�;Ѵ�=ou�-�r-uঞ1�Ѵ-u��o�-];�-m7�bv�
7;r;m7;m|�om�|_;�lbmbl�l�vr;;7�|o�-uub�;���v|��m�$bl;ķ�-m7�|_;�lov|�;1omolb1-Ѵ�vr;;7ĺ��uub�bm]���v|�
�m�$bl;��bѴѴ�mo|�m;1;vv-ubѴ��;Ѵblbm-|;��-bঞm]�ou�l-mo;��ubm]�ঞl;ĺ

     


b]�u;�Ƒث�&m7;uv|-m7bm]���$�vr;;7�Ŏlov|�;1omolb1-Ѳ�vr;;7ŏ
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      Results

!;v�Ѵ|v�|-h;�bm|o�-11o�m|�|_u;;�7b@;u;m|��o�-];�v1;m-ubovĹ

Scenario JIT PBP-PBP�ŋ�|_;��o�-];�bv�=�ѴѴ��orঞlbv;7�=uol�����|o����ĺ

Scenario JIT 24�ŋ�|_;��o�-];�bv�orঞlbv;7�o�;u�|_;�Ѵ-v|�ƑƓ�_uv�o=�|_;��o�-];�|o����ĺ

Scenario JIT 12�ŋ�|_;��o�-];�bv�orঞlbv;7�o�;u�|_;�Ѵ-v|�ƐƑ�_uv�o=�|_;��o�-];�|o����ĺ


ou�;-1_�o=�|_;�v1;m-ubovķ�=�;Ѵ�1omv�lrঞom�-m7���2�v-�bm]v��;u;�1-Ѵ1�Ѵ-|;7�Ő|_;�v-l;�7-|-v;|��-v��v;7ķ�
1omvbvঞm]�o=�ƒƒƖķƒƖƏ��o�-];vőĺ�

Scenario JIT PBP-PBP – Optimisation from PBP to PBP

�m�|_bv�v1;m-uboķ�-ѴѴ�ƒƒƖķƒƖƏ��o�-];v�bm�|_;�7-|-v;|��;u;�orঞlbv;7�=uol�����|o����ķ�buu;vr;1ঞ�;�o=��oŊ
�-];�Ѵ;m]|_ĺ

$-0Ѳ;�Ƒ1"�ث;m-ubo���$����ň���
�ث�;Ѳ�1omv�lrࢼom�-m7���2�;lbvvbomv�v-�bm]vĶ�l;-m��-Ѳ�;v�om�-�r;u��o�-];�0-vbvĸ
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ƐƓѵķƑƒƏ

ƒѶķƓƖѶ

ƐƔƓķѵѵƑ

$-0Ѳ;�ƒ1"�ث;m-ubo���$�ƏƑث�
�;Ѳ�1omv�lrࢼom�-m7���2�;lbvvbomv�v-�bm]vĶ�l;-m��-Ѳ�;v�om�-�r;u��o�-];�0-vbvĸ

Scenario JIT 24 – Optimisation over the last 24 hrs of the voyage

�m�|_bv�v1;m-uboķ�o�|�o=�|_;�|o|-Ѵ�o=�ƒƒƖķƒƖƏ��o�-];vĹ

�;u;�-0Ѵ;�|o�0;�orঞlbv;7�o�;u�|_;�1olrѴ;|;�Ѵ-v|�ƑƓ�_uv�o=�|_;��o�-];ĺ

�;u;�mo|�-0Ѵ;�|o�0;�orঞlbv;7�o�;u�|_;�Ѵ-v|�ƑƓ�_uv�o=�|_;��o�-];ķ�0;1-�v;�|_;�v_br�_-7�-ѴŊ
u;-7��;m|;u;7�-��-bঞm]ņl-mo;��ubm]�v|-|;ĺ�
ou�|_;v;��o�-];vķ�|_;�orঞlbv-ঞom�ro|;mঞ-Ѵ�
�o�Ѵ7�0;��;uoĺ

_-7�-�7�u-ঞom�o=�Ѵ;vv�|_-m�ƑƓ�_uvĺ�$_;v;��o�-];v��;u;�orঞlbv;7�=ou�|_;�=�ѴѴ�7�u-ঞom�o=�|_;�
�o�-];�Ő=uol�����|o����őĺ�
ou�=�u|_;u�7;|-bѴv�v;;�
b]�u;�Ƒĺ
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Scenario JIT 12 – Optimisation over the last 12 hrs of the voyage

�m�|_bv�v1;m-uboķ�o�|�o=�|_;�|o|-Ѵ�o=�ƒƒƖķƒƖƏ��o�-];vĹ

�;u;�-0Ѵ;�|o�0;�orঞlbv;7�o�;u�|_;�1olrѴ;|;�Ѵ-v|�ƐƑ�_uv�o=�|_;��o�-];ĺ

�;u;�mo|�-0Ѵ;�|o�0;�orঞlbv;7�o�;u�|_;�Ѵ-v|�ƐƑ�_uv�o=�|_;��o�-];ķ�0;1-�v;�|_;�v_br�_-7�-ѴŊ
u;-7��;m|;u;7�-��-bঞm]ņl-mo;��ubm]�v|-|;ĺ�
ou�|_;v;��o�-];vķ�|_;�orঞlbv-ঞom�ro|;mঞ-Ѵ�
�o�Ѵ7�0;��;uoĺ

_-7�-�7�u-ঞom�o=�Ѵ;vv�|_-m�ƐƑ�_uvĺ�$_;v;��o�-];v��;u;�orঞlbv;7�=ou�|_;�=�ѴѴ�7�u-ঞom�o=�|_;�
�o�-];�Ő=uol�����|o����őĺ�
ou�=�u|_;u�7;|-bѴv�v;;�
b]�u;�Ƒĺ

  

 

Comparison across Scenarios JIT PBP to PBP, JIT 24 and JIT 12

$_;�vr;;7�-7f�v|;7�����|o������o�-];���$�v1;m-ubo�o@;uv�|_;�]u;-|;v|�orrou|�mb|��=ou�=�;Ѵ�v-�bm]vķ�
-m7�-vvo1b-|;7���2�;lbvvbom�u;7�1ঞomvĺ��m�|o|-Ѵķ�|_;�����|o�������$�v1;m-ubo�_-v�|_;�ro|;mঞ-Ѵ�|o�u;7�1;�
=�;Ѵ�1omv�lrঞom�0���r�|o�ѵĺƑƒ�lbѴѴbom�|omm;vķ�1ouu;vrom7bm]�|o���2�;lbvvbom�u;7�1ঞomv�o=�ƐƖĺƒƖ�lbѴѴbom�
|omm;v�Ő-vv�lbm]��"�
��=�;Ѵvőĺ

ƐƕѶķƏƖƓ

ѵѶķƔƑƑ

ƖƑķƕƕƓ

$-0Ѳ;�ѳ1"�ث;m-ubo���$�ƎƏث�
�;Ѳ�1omv�lrࢼom�-m7���2�;lbvvbomv�v-�bm]vĶ�l;-m��-Ѳ�;v�om�-�r;u��o�-];�0-vbv
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$_;���$�ƑƓ�v1;m-ubo�_-v�|_;�ro|;mঞ-Ѵ�|o�u;7�1;�|o|-Ѵ�=�;Ѵ�1omv�lrঞom�0���r�|o�ƑĺƔƖ�lbѴѴbom�l;|ub1�|omm;vķ�
�b|_�1ouu;vrom7bm]���2�u;7�1ঞomv�o=��r�|o�ѶĺƏѶ�lbѴѴbom�l;|ub1�|omm;vĺ��-v|ķ�|_;���$�ƐƑ�v1;m-ubo��o�Ѵ7�
Ѵ;-7�|o�-�u;7�1ঞom�bm�=�;Ѵ�1omv�lrঞom�o=��r�|o�ƐĺѶѵ�lbѴѴbom�l;|ub1�|omm;vķ�-m7���2�u;7�1ঞomv�o=��r�
|o�ƔĺѶƏ�lbѴѴbom�l;|ub1�|omm;v�Őv;;�
b]�u;�Ɣőĺ


b]�u;�ѵ�v_o�v�|_;�-�;u-];�vr;;7�r;u��o�-];�-v�o0v;u�;7�=uol�|_;�7-|-ķ�r;u�$�&�1Ѵ-vv�-m7�|_;�1ouu;vŊ
rom7bm]�1-Ѵ1�Ѵ-|;7�-�;u-];�vr;;7�|o�-uub�;���$�-1uovv�|_;�|_u;;�v1;m-ubovĺ��v�|_;�$�&�1Ѵ-vv�vb�;�bm1u;-v;vķ�


b]�u;�ѳ��0ثv;u�;7�vr;;7��vĸ���$�vr;;7�-1uovv�v1;m-ubov

Figure 5: Total FC and CO2 savings across three scenarios
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vo�7o;v�|_;�o0v;u�;7�vr;;7ķ�-v�|o�0;�;�r;1|;7��b|_�Ѵ-u];u�v_brv�];m;u-ѴѴ��v-bѴbm]�-|�_b]_;u�vr;;7v�|_-m�
vl-ѴѴ;u�v_brvĺ��1uovv�|_;�|_u;;�v1;m-ubovķ�|_;��-ub-ঞom�bm���$�vr;;7�7o;v�mo|�1_-m];�7u-l-ঞ1-ѴѴ��Őu-m]bm]�
=uol�-rruo�bl-|;Ѵ��ƐƏ�|o�ƐƓ�hmo|vő�-1uovv�|_;�v1;m-ubov��_b1_�v�]];v|v�|_-|�buu;vr;1ঞ�;�o=�|_;�v1;m-uboķ�
|_;�1-Ѵ1�Ѵ-|;7�vr;;7�-1uovv�|_;�|_u;;�v1;m-ubov�bv�ƒŊƓ�hmo|v�Ѵo�;u�|_-m�|_;�o0v;u�;7�vr;;7ĺ�$_bv�l;-mvķ�
|_;�vr;;7�o=��;vv;Ѵv�1o�Ѵ7�0;�u;7�1;7�-m7�vঞѴѴ�-uub�;�bm�ঞl;ĺ�


b]�u;�ƕ�Őo�;uѴ;-=ő�v_o�v�|_;�l;-m�=�;Ѵ�1omv�lrঞom�om�-�r;u��o�-];�0-vbvķ�-m7�|_;�1-Ѵ1�Ѵ-|;7�ro|;mঞ-Ѵ�
=�;Ѵ�1omv�lrঞom�v-�bm]v�-1uovv�|_;�|_u;;�v1;m-ubovĺ�$_;�C]�u;�v_o�v�|_-|�-v�|_;�$�&�1Ѵ-vv�vb�;�bm1u;-v;vķ�
|_;�l;-m�=�;Ѵ�1omv�lrঞom�r;u��o�-];�-Ѵvo�bm1u;-v;v�Ő0Ѵ�;�0-uvőĺ�$_bv�bv�|o�0;�;�r;1|;7�mo|�omѴ��7�;�|o�
|_;�Ѵ-u];u�v_br�vb�;�0�|�-Ѵvo�|_-|�|_;v;�v_brv��v�-ѴѴ��|u-�;Ѵ�om�Ѵom];u��o�-];v�-m7�|_;u;=ou;�=�;Ѵ�1omv�lrŊ
ঞom��bѴѴ�0;�_b]_;uĺ��v�=�;Ѵ�1omv�lrঞom�bm���$�ƑƓ�-m7���$�ƐƑ�-u;�omѴ��orঞlbv;7�=ou�|_;�Ѵ-v|�ƑƓ�-m7�ƐƑ�_o�uvķ�
|_;�=�;Ѵ�1omv�lrঞom�bv�_b]_;u�bm�|_;v;�v1;m-ubovĺ
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Figure 7: Mean FC and FC savings (in parenthesis) across scenarios
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Table 8: Total FC and CO2 savings across scenarios
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     Conclusions and next steps
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      Annex I – Uncertainties

AIS data
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