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(Cartagena), 31 de MARZO de 2025

Daniel Gonzalez Montoya

Director del Programa 394-2023 de Minciencias
EL INSTITUTO TECNOLOGICO METROPOLITANO
DIRECCION: Calle 73 No. 76A-354

Asunto: Informe de Actividades en el marco del Programa 394 - 2023 de Minciencias

Estimado/a Daniel Gonzalez Montoya,

Me permito la presente para informar y documentar las actividades realizadas en el marco
del Programa 394 - 2023 de Minciencias, las cuales fueron ejecutadas por Linda Sofia
Atencio Ortiz en calidad de Personal de Apoyo Técnico.

A continuacion, detallo las actividades realizadas:

Descripcion de la Actividad 1: Apoyo en la busqueda y formulacion de nuevas propuestas
de investigacion.

En el marco del programa TULATO, se realizd un proceso sistematico de identificacion y
recopilacion de informacion sobre proyectos previos ejecutados por la entidad lider del
Proyecto 2. Esta actividad incluyd la revisién de documentos técnicos, reportes de avances
y resultados, asi como la consulta con actores clave involucrados en la ejecucién de los
proyectos. A partir de este andlisis, se establecieron criterios de priorizacion para la
formulacion de nuevas propuestas de investigacion alineadas con los objetivos estratégicos
del programa y las oportunidades de financiamiento disponibles. Se exploraron enfoques
innovadores que permitan fortalecer la capacidad de desarrollo tecnoldgico y sostenibilidad
en futuras iniciativas.

Descripcion de la Actividad 2: Elaboracion de presentaciones para la socializaciéon de
resultados ante entidades y actores.

Para facilitar la comunicaciéon y difusion de los hallazgos, se disefiaron materiales de
presentacion que sintetizan los proyectos ejecutados, sus impactos y lecciones aprendidas.
Se estructuraron presentaciones dirigidas a diferentes audiencias, incluyendo instituciones
gubernamentales, académicas y del sector productivo, con el fin de promover el intercambio
de conocimientos y generar sinergias para futuras colaboraciones. Ademas, se incluyeron
proyecciones estratégicas sobre posibles lineas de accion y nuevos proyectos a desarrollar
en el marco del programa TULATO.




Productos generados:

Como resultado de estas actividades, se elabord una presentacion detallada que consolida
la informacion sobre los proyectos ejecutados por la entidad lider del Proyecto 2 dentro del
programa TULATO.

Descripcion de la Actividad 3: Apoyo en la estructuracion de un articulo cientifico sobre
modelos y algoritmos para la seleccion de embarcaciones.

El articulo, titulado "Towards Efficient Ship Design: A Review of Methods and Attributes for
Decision-Making in Ship Selection", presenta una revision sistematica de la literatura sobre
técnicas de toma de decisiones multicriterio (MCDM) aplicadas en diferentes fases del ciclo
de vida de las embarcaciones desde una perspectiva de ingenieria de sistemas. El apoyo en
esta actividad incluye la organizacién de la informacion, la estructuracion del contenido, la
revision metodoldgica y la optimizacion de la argumentacion en el manuscrito. Como
resultado de esta actividad, se espera la finalizacion del articulo y su preparacion para
publicacién en la revista Decision Making: Applications in Management and Engineering.

Productos generados:
Estructuracién de 01 articulo de modelos y algoritmos para la seleccion de embarcaciones.

Descripcion de la Actividad 4: Apoyo al director del proyecto en el seguimiento de
cumplimiento de las actividades técnicas.

En el marco del proyecto, se disefid una metodologia para la caracterizacién y desarrollo de
un instrumento que permitiera identificar las regiones prioritarias en términos de
cumplimiento normativo e implementacién de tecnologias. Para ello, se llevd a cabo un
analisis de las regulaciones vigentes y de las necesidades técnicas en diferentes areas
geograficas, con el objetivo de establecer criterios que orientaran la toma de decisiones
estratégicas.

Adjunto a la presente, encontrara los documentos respaldatorios que sustentan cada una
de las actividades realizadas, como fotografias, informes técnicos, entre otros.

Cabe destacar que todas las actividades fueron ejecutadas de acuerdo con los lineamientos
y objetivos establecidos en el Programa 394 - 2023 de Minciencias, cumpliendo con los
plazos y requisitos establecidos.

En virtud de lo anterior, adjunto también la cuenta de cobro correspondiente por los
servicios prestados, detallando los honorarios acordados y los impuestos aplicables.




Agradezco de antemano su atencion a este informe y quedo a disposicion para cualquier
aclaracién o informacién adicional que pueda requerir.

Atentamente,

Lunde S Moweo Oy

Linda Sofia Atencio Ortiz
CC. 1.235.041.885

Personal de Apoyo Técnico

Vo.Bo. CC Edwin Giovanny Paipa Sanabria
Coordinador técnico proyecto No. 105897 — BERCO

rés Zapata Cortes

‘Doctor del programa - TULATO
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Daniel Gonzalez Montoya

Director del Programa de I+D+i
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Convocatoria 879: Energia sostenible y su aporte a la planeacion
minero-energetica

PROYECTO FINALIZADO

FerroFluvial 4.0 - Plan de investigacién para la evaluacion y priorizacién de
tecnologias orientadas hacia la electromovilidad y su penetracion e impactos en
el fortalecimiento de encadenamientos productivos de Colombia en sus modos
férreo y fluvial.

Linea Planificacién enfocada al desarrollo sostenible / Innovacién

tematica tecnolégica y transformacion digital

Monto indicativo Corporaciéon de Cienciay Tecnologia
. ENTIDAD :
(en millones de para el Desarrollo de la Industria Naval
EJECUTORA i )
pesos) Maritimay Fluvial

Catalizador: Transicion energética justa, segura, confiable y eficiente para
alcanzar carbono neutralidad y consolidar territorios resilientes al clima.
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Convocatoria 879: Energia sostenible y su aporte a la planeacion
minero-energética

PROYECTO FINALIZADO

Modelo del sistema energético colombiano para la evaluacién de p i
escenarios de transicién energética hacia la economia del hidrégeno. \ <> )t
(Gptacéndeco, ) o (Gintesis conmidrogenc) == (Combustiviessintéticos)
Area i Creacion de una Industria de Instrumentos, 7 ny P LN :
. . Energla Controly Equipos para la Transicion s N~ D 2\% /éx
estratégica Energética. : Cn ) P S
: .
Catalizador: Generacién de energia 35 ¢ i }i -’\\
. . . g o “« > i a7 I 3
Monto indicativo (en a partir de Fuentes No e b{f FF’ % ba
millones de pesos) Convencionales de Energia VR | g
Renovable (FNCER). 3 : [
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Convocatoria 932: Estancias con propoésito empresarial
PROYECTO FINALIZADO

Adopcion tecnoldgica para el disefno y la integracion de fuentes
alternativas de energia o de bajas emisiones en embarcaciones
menores desarrolladas por COTECMAR.

Foco 1. Tecnologias convergentes (nano, info y cognotecnologia) — Industrias

Za: 4.0
e 2. Energia sostenible.

RECURSOS COLOMBIA o, iy
FINANCIADOS (< ¢ ViDa { ciencas
$50.000.000

//@ JTM

TIEMPO DE ESTANCIA cotecmAr Institucion Universitaria
5 MESES
. Ingeniero de control,
Doct GDamTl Magister en
ACTIVI DADES A octor Mc:)r:nzt?) eaz automatizacion, Doctoren
DESARROLLAR y ingenieria automatica

R Propuesta de disefo de
Caracterizacion del estado . L : L o
. Revisién de la operacion fluvial L - propulsién eléctrica,
actual de las normas técnicasy . Especificaciones de desempeio 2
e ; teniendo en cuenta aspectos S o compuesto por la seleccion de
analisis de oportunidad para la y restricciones al disefio para las

. los motores, el almacenamiento
embarcaciones / )
de la energiay los sistemas de
control

adopcién/adaptacion de energeticos, LRGeS Y
A ambientales
normas aplicables.




Convocatoria 914: Colombia hacia un nuevo modelo productivo, sostenible y
competitivo

[f% PROYECTO EN EJECUCION: 95%

T

Vig
-b.

y

Desarrollo de una embarcacion eléctrica ecoamigable, en el marco de la transicion
energética para el transporte fluvial de carga y pasajeros en el rio Atrato

Titulo

Area Energia Creacion de una Industria de Instrumentos, Control y Equipos para la
estratégica g Transicién Energética.

Monto.indicativo Corporacién de Cienciay Tecnologia para el
(en millones de ENTIDAD EJECUTORA  Desarrollo de la Industria Naval Maritima 'y
pesos) Fluvial

Catalizador: Transicion energética justa, segura, confiable y eficiente para alcanzar carbono
neutralidad y consolidar territorios resilientes al clima

Participacion en Congreso de
Sevilla

IV CONGRESO IBEROAMERICANO
DE INGENIERIA NAVAL

eiza Tie

Introduccion

"LPMV[CW rdial clén
%& TEA NAVEGANDO HACIA EL FUTURO:
ELECTROMOVILIDAD EN
EMBARCACIONES MENORES

MACION

Potencial de la
electromovilidad Fluvial
en Colombia

hull length in the hydrodynamic perfor-
aning hull in shallow waters

Libro de investigacion B
Cursos de electromovilidad

Hoja de ruta para la transicion energética




Convocatoria 934: Estancias posdoctorales orientadas por misiones 2023

E‘*a PROYECTO EN EJECUCION: 30%

Diseno de un modelo de gestion territorial para el desarrollo del
Titulo bio-turismo bajo un enfoque inclusivo en el circuito Cartagena-
Mompds.

Linea

L. Bioeconomia, ecosistemas naturales, territorios sostenibles
tematica

RECURSOS (< %TI;“‘& T cienciss /\i \?

FINANCIADOS coreenan PRIRERR
$ 290.000.000 Ingeniera industrial,
Odette Magister en
administracion de
TIEMPO DE ESTANCIA Doctora i:::::ls empresas, Doctora en
direccién de
24 MESES empresas.

ACTIVIDADES A DESARROLLAR

Diagnosticar el potencial
turistico de los recursos
naturales y su biodiversidad,
contemplando atractivos
turisticos alternativos para la
ruta turisticay el circuito.

Establecer mecanismos de
colaboracidén entre actores

Capacitar a los actores de la
cadena de valor para la puesta
en marcha de modelos de
negocio.

Conformacion de mesa de
trabajo con el centro de

Determinar los impactos
sociales, econdmicos sobre la

involucrados en la nueva ruta . .
biodiversidad.

investigacion de COTECMAR .
turistica




Convocatoria 938: Ecosistemas en energia sostenible, eficiente y
asequible

I\
\l 1/ Puesto No 3
= A (

[.?— PROYECTO EN EJECUCION: 30.9%

-----

...........

. Tecnologias para la adopcidn de sistemas energéticos y de movilidad
T|tu lo eficientes que fomentan el desarrollo sostenible orientados a regiones
con alto potencial bio social y energético como Tumaco, Narifio.

. oy Movilidad eléctrica, eficiencia energética, almacenamiento de
Eje tematico AGHRI AR
energia eléctricay térmica

BERCO - Desarrollo de un bote enfocado en la electromovilidad remotamente
controlado para transporte de insumos logisticos de TRL 3 a TRL 5, como
estrategia para validar la funcionalidad de estaciones de recarga que utilicen
baterias de segundo uso.

g/ 1 m 0STITuIin : e N vERSIDAD RECURSOS
AIM - |\ . ) UVERSITAR f\\l/ ﬁ ARMADA ‘w4 NACIONAL FINANCIADOS
Institucion Universitariq Seme—ss 0t €1VIGADD

@ DE COLOMBIA

7). | Z/V DE COLOMBIA

$6.900.000.000

Ciencia, educaciony desarollo COTECMAR




Convocatoria 938: Ecosistemas en energia sostenible, eficiente y asequible

Ef- PROYECTO EN EJECUCION: 30.9%

. Incremento del Grado de Madurez Tecnolégico (TRL) de Sistemas Energéticos
T|tulo Sostenibles y Eficientes para la Transicidn Energética y la Reindustrializacién
del pais

Eje tematico Eficiencia energética e hidrégeno de bajas emisiones.

Proyecto 1 Alistamiento de un sistema de combustion sin llama para aplicar en procesos de
calentamiento de alta temperatura y de secado de materiales granulados no

metalicos y fertilizantes, para pasar de un TRL 8 a un TRL 9.

Proyecto 2 Alistamiento y evaluacion de un sistema PtG con diferentes fuentes de energia
renovable y CO2, para pasardeun TRL4 aun TRL 7.

Proyecto 3 Desarrollo de un paquete tecnoldgico para usar H2 en sistemas de combustién
avanzada de bajo costo aplicado en procesos de calentamiento.

RECURSOS
FINANCIADOS

Categoriade
proyecto de
CTel

Desarrollo tecnolégico o

innovacion

$6.900.000.000

ot

GASURE

Grupo de Cienciay Tecnologia del - Fssal D E AN T I OQ U I A

Gas y Uso Racional de la Energia ** 7

UNIVERSIDAD /\% Ru’ﬁw - ¢
74 7% e«petror SUMICOL

COTECMAR



Convocatoria 950: ColomblA inteligente

[f- PROYECTO EN EJECUCION: 4%

..... NAVEGANDO HACIA EL FUTURO

T-t l. Navegando hacia el Futuro: Integracion de Mantenimiento 5,0 en el ciclo
IuLo de vida de embarcaciones para un Desarrollo Sostenible

Implementar un sistema de mantenimiento inteligente 5.0 en el ciclo de
vida de embarcaciones, fusionando IA, loT y medicién avanzada para
Objetivo potenciar la eficiencia operativa, reducir costos y minimizar el impacto
ambiental, en apoyo al desarrollo sostenible de las regiones fluviales y
maritimas del Caribe.

Nombre de la Sistema de Soporte RECURSOS

tecnologia al Ciclode Vida 5.0 FINANCIADOS
$6.900.000.000

Actividades a desarrollar

ALIANZAS

; IEEESy
&3 ColCaribe
COTECMAR

& Zabud A\

ACIEM

Desarrollar una red de

sensores loT para el Implementar algoritmos LR RIS Ce

Integrar con la
Plataforma de Gestidn
de Mantenimiento

analisis de datos
avanzados basados en
1A

monitoreo de las de aprendizaje
condiciones operativas automatico
de las embarcaciones

INTEGRACION DE MANTENIMIENTO 5.0 EN EL CICLO DE VIDA
DE EMBARCACIONES PARA UN DESARROLLO SOSTENIBLE

i

— . = ‘ S AL‘

v .

3D-CV-Al
SOPORTE DEL CICLO DE VIDA

y SISTEMA DE TRAZABILIDAD NAVAL
: .

c» WR &m0

‘JCE'DA @ HUB INNOVATION ACIA




CUMPLIMIENTO DE ACCIONES
ESTABLECIDAS EN LA HOJA DE RUTA
PARA EL DESARROLLO DE LA
ELECTROMOVILIDAD



ACCION o

Desarrollo de tecnologias funcionales en entorno

* Desarrollar programas de [+D+i que fortalezcan pertinente para la mejora en la generacion,
las capacidades del sector astillero vy ) 50 Y% k A
transformen productos del sector defensa en distribuciony uso final de la energia en
tecnologias de uso dual, promoviendo la ecosistemas sostenible en el departamento del
inclusién de la electromovilidad a través del Atlanti ; Has s
desarrollo tecnoldgico de sistemas, equipos vy tlanticoy en zonas no interconectadas de
componentes. Colombia

Tecnologias para la adopcion de | ol
sistemas energéticos y de L o : Tecnologias basadas en integracion de recursos
movilidad eficientes que | energéticos en microrredes y en sistemas de
fomentan el desarrollo sostenible ‘ almacenamiento de energia solar térmica para
orientados a regiones con alto AN Yo
apoyar el proceso de transicion energética

potencial bio socialy energético s )
como Tumaco, Narifio. sostenible de Santandery del pais

Incremento del Grado de

Madurez Tecnoldégico (TRL) de

Sistemas Energéticos : ; LTt
Sostenibles y Eficientes para la Hoja de ruta para el Transporte Fluvial Eléctrico

Transicion Energéticay la —— e : (TFE) en Colombia.
Reindustrializacion del pais » -




ACCIONES

Generacion de programas de transferencia tecnolégica para
el codesarrollo de alternativas tecnologicas en electromovilidad
a través del intercambio de conocimientos de empresas
internacionales y nacionales.

Promover la participacion de los actores de la quintuple
hélice que permita alinear los intereses de las iniciativas de
innovacion de las regiones con las del sistema fluvial
colombiano

Constituir un érgano de articulacion de los actores clave de la
quintuple hélice para la asesoria, consulta, planificacion y
coordinacion de los proyectos y las acciones encaminadas a
la penetracion de la electromovilidad en el sistema fluvial
colombiano.

Creacion de un observatorio de escalamiento tecnolégico
del sistema fluvial que permita la recoleccion, analisis,
medicion, evaluacién, y vigilancia del avance de las
condiciones y de la penetracion de la electromovilidad.

Establecer un observatorio de avance tecnolégico de
electromovilidad fluvial colombiano

Propuesta de un Tanque de pe

como estrategia para el impulso e
electromovilidad fluvial en los paises de
la region Andina.

Por un transporte




ACCIONES

« Desarrollo de mesas de trabajo
intersectoriales para la definiciéon de
proyectos priorizados a implementar
en cada uno de los corredores
fluviales del pais.

ion energética

INNOVACION
SOSTENIBILIDAD

Socializacion de resultados ante DNP S€gunda visita a la cdmara 5ta del
senado

Congreso ante autoridades

Socializacion ante INVIAS



ACCIONES

* Desarrollo de mesas de trabajo
intersectoriales para la definicion de
proyectos priorizados a implementar en
cada uno de los corredores fluviales del

‘
e al X = 7 ] i

sicién Energética Justa - Ferta
e las Economias para 1a Vida 2024

Cartagens ée 10838 0. T,y C.
Octubee, 2024

Feria de las
\ Economias
’ para la Vida

» S
i | - o
B - . .
{ mm ) ; i ~
1\ B =} i 9 8 v \ Zstimadola Diana Ramirez.
E k > Nos complace confirmar su asistencia a la Feria de Economias para la Vida - FEV. A continuacién, le compartimos un
N = 26digo QR que debera presentar, s falta, para el ingreso a la Feria;junto con su documento de identidad

Le damos la bienvenida a la FEVI, un evento COP16

Alcaldia de San Andrés de Tumaco

Jescubra més sobre la Feria en fevcolombia.com

Participacion en comité TC8 de embarcacion mayores en o
Panama
Participacién en la Feria de Economias para la vida - FEV



ACCIONES

Desarrollo de mesas de trabajo intersectoriales para la definicion de proyectos priorizados a implementar en cada uno de los corredores fluviales
del pais.

COTECMAR

27 0go 2024 10:04:10 a. m. 27 0go 2024 9:52:36 . m.
1'8O'NT8I6'W e . PEI'NT78*80'W
24 Am Altitud

21.8m Altitud
CC Edwin Giovanny

Paipa Sanabria

“SOSTENIBILIDAD EN TRANSPORTE
ACUATICO Y AVIACION™

LUGAR:
Stand del DNP ubicado en el distrito de educacién

y Participacién del Bulevar del Rio (Parque Simén
Bolivar), Cali-Colombia

HORA: FECHA:

v c SABADO
12:00 - 12:40 26 DE OCTUBRE

wwwcotecmarcon | @O @O ® | #SeguimosAvante

27 ago 2024 12:0%:11 p. m.
SN TER2'W
27.3m Altitud

Centro de investigaciones Oceanograficas e Hidrograficas del Pacifico de San Andrés de
Socializacién del proyecto BERCO en la COP16 Tumaco



ACCIONES

Fortalecer estrategias para alinear las diferentes
dependencias y entidades del gobierno responsables
de la planificacién, desarrollo y control del sistema
fluvial colombiano, de cara a la penetracion de la
electromovilidad.

Integrar la politica de desarrollo del sistema fluvial en
el plan nacional de desarrollo y en los planes
sectoriales del Ministerio de Transporte a partir de este
insumo.

Alineacion de proyectos y acciones propuestas para
la penetracion de la electromovilidad en el sistema
fluvial con los instrumentos de planificacion de
caracter regional y nacional.

Definir las estrategias que permitan incorporar
proyectos y acciones encaminados a la penetraciéon de
la electromovilidad en los instrumentos de
planificacion de caracter regional y nacional

€ MAPA DE RUTA PARA EL DESARROLLODE LA .}
ELECTROMOVILIDAD EN EL SISTEMA
FERROFLUVIAL COLOMBIANO

strategia Nacional de
~ Transporte Sostenible

| Q7S

; Actualizacion

Plan Energético
Nacional (PEN)

DEPARTAMENTO
NACIONAL DE PLANEACION

COLOMBIA

POTENCIA MUNDIAL

DE LA VIDA

2022- 2052

Subdireccion de Demanda

Tomo |

upme.gov.co

Plan Nacional de Desarrollo 2022 2026 ELPEN 2022-2052



ACCIONES

Fortalecer los comités de
normalizacion en el sistema fluvial
orientado a la apropiacion de Ia
electromovilidad que permita adaptar y/o
adoptar estandares internacionales.

Revisar la normativa existente
relacionada con las actividades fluviales
en el territorio nacional, a fin de
determinar la necesidad o pertinencia de
actualizacion del marco normativo que
permita implementar la electromovilidad
fluvial Colombiano.

Fortalecer la normatividad relacionada
con las actividades fluviales de forma que
se facilite la implementacion de la
electromovilidad fluvial colombiano.

FECHA:

COMITE 255 _ PEQUENAS EMBARCACIONES (©) icontec
ACTA032 =

COMITE: 255 _ EMBARCACIONES MENORES
Bogota D.C, 4 de agosto de 2023

HORA: De09:00ha1200h
LUGAR: Icontec — Virtual
ASISTENTES:
EDUARDONO SAS CFRVA Ricardo Mejia
DURABOTE: jo R
MINISTERIO DE TRANSPORTE Sergio Vilamil —~Jaime Guio
ANDERCOL Adridn Ramirez
COTECMAR TN Edwin Paipa — Claudia Castro
UNIVERSIDAD NACIONAL DE COL JnoN Edwin Candelo
UNIVERSIDAD CEIPA Julian Andres Zapata
UNIVERSIDAD DE CARTAGENA Yamileth Aguire
UNIVERSIDAD TEC DE CHOCO Yuber Palacios Tomes
INT. METROPOLITANO DE MEDELLIN  Daniel Montoya

ORDEN DEL DiA:

. Verificaci

A eoN =

ACTIVIDADES:

ion de la asistencia y aprobacion del orden del dia

. Lectura y aprobacion del orden del acta anterior
. Avance plan de normas

. Proposiciones y varios

1. Verificacion de la asistencia y aprobacion del orden del dia

EI gestor de proyectos de normalizacién, Gersson Torres, inicié la reunién con la bienvenida de los
asistentes, seguido a esto fue presentado el orden del dia. A o anterior el comité estuvo de

acuerdo.

2. Lecturay aprobacién del acta anterior

El gestor de
comespondien
aprobada con

Observacion
Para el numer

ESP-NNG2F-00
Aprobado 20120

COMITE 255 _ PEQUENAS EMBARCACIONES
ACTA 032

Se adjuntan las presentaciones realizadas por Cotecmar para la revision y ajuste de las normas,
as otras normas fueron presentadas por el Capitan Ricardo Mejia en la reunion del comité

4. Proposiciones y varios

EJ comité revisd las solicitudes de participacion por econecta, aprobd como miembros del comité a
Ios siguientes profesionales.
Aprobados

Esta penidentes para rreguntar a si es posible participar con la compafifa que menciona
en la justificacion que esta trabajando, para el sefior Danilo Jesus Contreras.

IN CFRVA Ricardo A Mejia Comea
Presidente del Comité

M Gersson Torres Baguero
Gestor de Normaizacion

Acta de comité de pequefias embarcaciones.

(@1} icontec

(@f) icontec

B70010001 - CD N 1771

Bogota D.C, 25 de abril de 2024

EL SUBDIRECTOR DE NORMALIZACION DE ICONTEC

HACE CONSTAR:

Que el sefior EDWIN GIOVANNY PAIPA SANABRIA, Teniente de navio, identificado con cédula de
ciudadania No. 1052389279 de Duitama, participd en el Comité Técnico Nacional 255 - Embarcaciones
menores, en donde se realizo el proceso de elaboracion, estudio y postenior adopcion y/o adaptacion
de normas aplicables al disefio, construccion y pruebas de las siguientes Normas Técnicas Colombianas

durante el afio 2023

NTC-ISO 15084

NTC-1SO 12133

- NTC-ISO 25197

- NTC-ISO 8849

- NTC-ISO TS 23625

- NTC-ISO 17940

Embarcaciones menores. Fondeo, amarre y remolque. Puntos de
amarre.

Embarcaciones menores - Sistemas de deteccion de mondxido de
carbono (CO)

Embarcaciones menores. Sistemas eléctricos/electronicos para el
control de |a direccion, del cambio de marcha y del acelerador

Embarcaciones menores. Embarcaciones menores. Bombas de
sentina operadas eléctricamente

Embarcaciones menores. Baterias de ion-litio

Buques y tecnologia marina. Puertas estancas con bisagras



ACCIONES

Socializar la importancia y las necesidades de
un sistema fluvial impulsado por energia
eléctrica para el desarrollo econémico y el
cumplimiento de compromisos ambientales del
pais y la diversificacion de la matriz energética




| [TEM | PROVEEDOR | SISTEMA [ ___PAlS |
ACC I 0 N ES 1 EVOY Evoy Breeze outboard Noruega
n Torqueedo Deep Blue 50 outboard Colombia
* Incorporacion de incentivos para la I vision Marine Technology Emotion 180E Canada
adquisicién de equipos y Ia n Pure Water Craft Pure Outboard Sistem USA.
transferencia tecnolégica para los 51 — ExioCiikiEtpes _
-- yperelectric Marine HyperElectric Motor USA
prOCGSOS de desarrollo de Ia Water World Electric Drive System USA
infraestructura de electrificacion del s | ER e E'dyn 2035 e
sistema fluvial. “ Aqua Watt Green Power Austria
[ 10 | Elco EP-50 USA
+ Definicion de los modelos Envio de correo de invitacién al proceso de RFQ a proveedores.

contractuales alineados con Ia
implementacion de los incentivos
para la adquisicion de equipos y

tecnoloadias

Efficient Storage of Energy

High-End Lithium Batteries
Regenerative Energy AC Hotel Load Supply
= Hydrogeneration = 220V/110V AC Galley
= Solar Power & Wind = Entertainment & IT
= Free of charge = Air Conditioning
Shore Power Charging Deep Blue Electric Propulsion

= High Voltage
= High Efficiency
= Low Noise

= Low Cost Energy
= High Efficiency

Low Voltage Network

=24V DC

= Marine Electronics
= Decks Hardware

* Electric Tender

HV DC Converter Generator

= Powerful Diesel
= Shortest Run-Times
= Best Efficiency



ACCIONES

* Incentivar a través de los organismos estatales y privados la promocion y desarrollo del turismo (Turismo
tradicional, alternativo, cultural, rural, agroturismo, ecoturismo, de aventura, cinegético), en los diferentes
territorios fluviales, con potencial turistico.

PROYECTO DE INVESTIGACION

Linea Bioeconomia, ecosistemas naturales, territorios
Disefio de un modelo de gestion territorial para el il sostenibles
Titulo desarrollo del bio-turismo bajo un enfoque

inclusivo en el circuito Cartagena-Mompoés.

VAN




ACCIONES

 Fortalecer los procesos de diseno,
construccion, transferencia
tecnoldgica, mantenimiento y
logistica en la industria astillera y
férrea, que permitan la apropiacion
de la electromovilidad fluvial.

Embarcacién gasolina -
requerido 5M-12E-27Ma (kt)

Alcance 479 KM
Tiempo de
navegacion 20.4 H

(Autonomia)

Estacion de recarga 2 TANQUEOS
tiempo de tanqueo 0.5 MIN
Trayecto total 21.4 H

Perfil operacional requerido Rio Atrato

Operacion Velocidad (kt) Perfil empleado para llevar

a cabo las simulaciones de

Tiempo (%)

Maniobra S 20% Rio Atrato con una
distancia de 479km.

Econdmica 12 20%

Maxima 27 60%

Embarcacion con ruta
requerida 5M-12E-27Ma -
eléctrica

Alcance 479 KM

Tiempo de recarga 4.34 H

Numero de paradas 13 Recargas

Tiempo total de

56.42 H
recargas
Recorrido total‘ 77 39
(recargas + recorrido 6 H
requerido)

Recorrido sin contar las 20.97
paradas 6




ACCIONES

Promover la entrada de nuevas tecnologias
para vehiculos de transporte de carga y
pasajeros en el modo fluvial al pais, que
permita obtener mayores eficiencias
operativas y menor contaminaciéon ambiental

Creacion de una Industria de Instrumentos, Control y
Equipos para la Transicion Energética.

Monto indicativo (en millones
de pesos)

Corporacién de Cienciay Tecnologia
para el Desarrollo de la Industria Naval
Maritimay Fluvial

ENTIDAD
EJECUTORA

Catalizador: Transicion energética justa, segura,
confiable y eficiente para alcanzar carbono neutralidad
y consolidar territorios resilientes al clima

Financiador

Ciencias

/N

Universidad
de Cartagena
E Fundada en 1827

= . laml]
(@) icontec .

Otros Aliados

# ARMADA
v DE COLOMBIA

& Unrvevsxg;dg Tecnokégioa de Choct E,E,,‘,Impwﬁ, 3
N i
COTECMAR

Institucion Universitaria

Acreditada en Alta Calidod

PROYECTO

DESARROLLO DE UNA
EMBARCACION ELECTRICA
ECOAMIGABLE, EN EL MARCO DE
LA TRANSICION
ENERGETICA PARA EL
TRANSPORTE FLUVIAL DE CARGA
Y PASAJEROS EN EL Ri0 ATRATO

Investigador principal: Tn Edwin Giovanny Paipa

oo Wonin A Savues W o Mm@

G@CEIPA (@)icontec [~ I



ACCIONES

,bajas emisiones en AR
%ﬂeARSMADA )

Fomentar la creacion de alianzas
publico-privadas orientadas al

diseno, construccion,
administracion, operacioén y
transferencia tecnolégica de

embarcaciones y trenes de cero y
isi Jnedo fluvial

y Universidad

de Cartagena
Fundada en 1827

DE COLOMBIA

Universidad Tecnolégica del Chocd 04 '» DE COLOMBIA

& CEIPA H

Diego Luis Cérdoba

Powered by Arizona State University |nsmmg de Invssnga
Ambientales del Pacifico

Institucion Universitaria

Universidad de &eﬂmﬂc&ﬂ CORMAGDALENI

La Sabana CONFIANZA

@ e (@) icontec @

=

- o e
-gTM 7v. UNIVERSIDAD
L &3¢ DE A,\’TIOQGIA S U M CO L

Acreditada en Alta Calidad @GASURE

7YV 1100
L

EMPRESAS
OVIDA,

2

Mesa de Transicion Energética\
y Descarbonizacion del Sector

Maritimo en Colombia

N

\ www.armada.mil.co - Protegemos el azul de la bandera

ARMAD

MBIA
cotovens
& ORMARA I Viva

Céamara de comercio de Cartagena — Armada de Colombia - Cotecmar

Inqemenc Virtual
Industria 4.0
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ACCIONES

Fortalecimiento de programas
educativos, técnicos, tecnologicos y
profesionales existentes que puedan
relacionarse con el desarrollo o
incursion de la electromovilidad
fluvial colombiano

ESLORA 28,00 metros

MANGA 8,00 metros

PUNTAL 1,20 metros

CALADO 0,45 metros

El artefacto naval tipo barcaza no
propulsada, tendra funciones de
plataforma educativa y/o tecnolégica,
que considera las condiciones del canal
navegable (radio de giro, profundidad,
ancho) de los rios Colombianos.




ACCIONES

* Fortalecimiento de los programas
posgraduales orientados al
escalamiento tecnolégico, adopcion
de nuevas tecnologias, sistemas
logisticos y procesos
administrativos relacionados con la
electromovilidad fluvial colombiano.

CONVOCATORIA 934: ESTANCIAS
POSDOCTORALES ORIENTADAS POR

MISIONES 2023

*Bio-turismo (enfoque inclusivo en el circuito Cartagena —
Mompas)

eImplementacioén tecnologia hidrégeno-gas /
Electromovilidad sostenible

eImplementacién técnica de Shearografia para
inspeccion no destructiva de materiales compuestos.

*Produccion de gas de sintesis con alto contenido de
hidrégeno A partir de biomasa residual con miras a la
generacion de Hidrogeno verde con aplicacidon en la
industria fluvial

*DISOLNAVAL - Desarrollo de Procedimientos para
Disminuir Distorsiones por Soldadura en la Construccién
Naval

CONVOCATORIA 932: ESTANCIAS CON

PROPOSITO EMPRESARIAL

* Adopcion tecnoldgica para el disefio y la integracion
de fuentes alternativas de energia o de bajas
emisiones en embarcaciones menores
desarrolladas por COTECMAR

¢ Disefio de una metodologia para la seleccién de la
ubicacion de estaciones de recarga de
embarcaciones fluviales eléctricas e hibridas, que
permita optimizar el consumo energético y la
utilizacion de fuentes de energia limpias en el pais




ACCIONES

Generacion de cursos de
corta duracion focalizados
en las comunidades con el
objetivo de formar
capacidades técnicas y
operativas relacionadas con
la electromovilidad en las
poblaciones aledanas e
influenciadas por el sistema
fluvial colombiano.

Cordial invitacidn

NAVEGANDO HACIA EL FUTURO:
ELECTROMOVILIDAD EN
EMBARCACIONES MENORES

Mediante Ia presente, se extiends la invitacién 3
participar activamente come miembro del curso de
electromovilidad “Navegando Hacia of Futuro
Electromovilidad en Embarcaciones Menores”, of

cual se estard desarroliando en el marco del
proyecto ECOTEA - “Desarrollo de una Embarcacidn
Eléctrica Ecoamigable, en ¢f Marce de Ia Transicidn
Energética para el Transporte Fluvial de Carga y
Pasajeros en el Rie Atrate”

2. Virtual sincrénica

o8 | #0IR R4 15 AN IO

MACION

3 Level1
MEZ =

Boat & Yacht Electrical

Online Training Course

Boat & Yacht Electrical Course (Level
n

2%

Cordial invitacidn

CURSO TALLER DE
EMBARCACIONES FLUVIALES
Y ELECTROMOVILIDAD

del proyects
o de wna

e en ol Contoxto de
Transporte Fluvial de

ME<

Boat & Yacht Electrical

Oniine Training Course

Boat & Yacht Blectrical Level 2

§ oy ecn

o%

MACION

Boat & Yacht Marine Electrical 14 2

3 Coue mnde

100%

Navegando Hacia el Futuro: Electromovilidad en
Embarcaciones

Informe Final del Curso en Linea

1. Informacion General

Titulo del Curso: Navegando Hacia el Futuro: Electromovilidad en Embarcaciones
Menores

Profesor - Investigador principal: TN Edwin Giovanny Paipa Sanabria

Docentes: TN Edwin Giovanny Paipa Sanabria, Mateo Torres Gonzalez, Farid Arlen
Berrio Sierra, Edgar Quifiones Bolafios, Yuber Palacios Torres, Yamileth Aguirre
Restrepo, Victor Borja Marrugo, Omar Vasquez Berdugo, John Edwin Candelo
Becerra, Diana Marcela Ramirez Wilches, Leonardo Bohérquez Maldonado, Edwin
Paipa Sanabria, Gersson Torres Baquero, Luisa Pallares Wilches.

Lider del Diseno y Produccion: Edgar Orlando Alarcén
Fecha del Informe: Enero de 2024

Periodo de Avance: Febrero de 2024 - Marzo de 2024

@"m‘: eTic & e

El Centro de Tecnologias de la y las C: lones de la
de Cartagena en el Marco del Proyecto ECOTEA

LEONARDO BOHORQUEZ MALDONADO




ACCIONES |

« Generacion de cursos de corta
duracion focalizados en las
comunidades con el objetivo de
formar capacidades técnicas y
operativas relacionadas con la
electromovilidad en las poblaciones
aledanas e influenciadas por el
sistema fluvial colombiano.

El “Desafio Naval: Impulsando la Innovacion
Sustentable en Colombia“, tiene como
proposito reunir a diversas universidades
nacionales e internacionales interesadas en
la movilidad sostenible, el transporte fluvial,
el desarrollo de la industria naval, la
economia circular y la reduccion de gases de
efecto invernadero a través de
embarcaciones eléctricas, con el objetivo de
fomentar la innovacion y la integracion de
diversos talentos con el sector productivo,
mientras se impulsa el crecimiento
tecnolégico para la implementacion de
tecnologias limpias en el desarrollo de
embarcaciones a nivel nacional.

DESAFIO NAVAL

IMPULSANDO LA INNOVACION
SUSTENTABLE EN COLOMBIA 2024

2
o
2

SEP 4




 Desarrollar proyectos y planes de desarrollo empresarial

ACCIONES para empresas con capacidades de proveer insumos y
servicios para la electrificacion fluvial colombiano.
i
Duratex Green Plastic Graphenstone
Colombia SAS
Madera
Tres botes de 15
Certificacion Ofrece soluciones litros absorben
Forestal de reciclaje y mas de 10Kg de
Voluntaria de transformacion de C02, la misma
Plantaciones residuos plasticos cantidad que un
Forestales en de un solo uso arbol afiulto al
Colombia bajo el ano
Esquema FSC®
4 r

- -
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Desarrollar proyectos y planes de desarrollo empresarial
INo{o3[0]\ I3 W para empresas con capacidades de proveer insumos y
servicios para la electrificacion fluvial colombiano.

"~ PROYECTO

ECOTEA

8%

.’!A;i

Wlie
Visita al Laboratorio Explicacion Detallada de los Componentes de las Pinturas
oamigables




PROYECCION DE PROYECTOS



EMPUJADOR Y AULAS FLOTANTES

Eldisefioy la construccion de la
embarcacion tipo empujador
denominada EF-3527 sera
orientado para cumplir
regulaciones que emite la
Autoridad Maritima de Colombia
para salvaguardar la vida humanay
el medio ambiente.

28,00 metros g © CS ©
8,00 metros ¢ 1D s 02 @ 2 6@@

,
1,20 metros Aulas @}‘2
0,45 metros @2 X

A\,

mz (c/u)

El artefacto naval tipo barcaza no
propulsada, tendra funciones de
plataforma educativa y/o
tecnoldgica, que considera las
condiciones del canal navegable
(radio de giro, profundidad, ancho)
de los rios Colombianos.




HACIA UN SISTEMA PESQUERO

COLOMBIANO

COTECMAR

Lancha antesanal pesquera

Buque de investigacion pesquera

Descripcion

Embarcacion de pesca artesanal en PRFV con 45 pies de
eslora para operacion en el mar Caribe (San Andrés y

Providencia)

Zona de operacion

Mar caribe (San Andrés y Providencia)

Perfil de embarcacion

Embarcacion pesquera equipada para pesca de palangre y
arrastre en zonas costeras, cuenta con capacidad de
almacenamiento y bodega de frio, propulsion convencional y
cabina con cocina y espacio para pernoctar de la tripulacion.

Capacidades

630 Gal. . >
2100 Gal. 5 Ton.
400 Gal/dia.



Procesos de CTel para fortalecer capacidades
comerciales y logisticas de productos
agropecuarios y agroalimentarios que permitan el
desarrollo de un campo productivo y sostenible en
organizaciones indigenas localizadas en el
Amazonas mediante la implementacién de
tecnologias 4.0 y/o bioeconomia.

Fortalecer capacidades comercialesy
Objetivo logisticas de productos agropecuarios

General y/o agroalimentarios a través de
procesos de CTel

EMBARCACION PROPULSADA
CON HIDROGENO Aporte A La Transicion Energética Del Pais

Fortalecer el desarrollo de tecnologias
SHL de transporte fluvial con propulsion de
Objetivo | 42 verde como medida de mitigacion
de GEIl en la Region Caribe

Ascenso tecnolégico del sector

Catalizador transporteypromocion de la movilidad
activa.




PLATAFORMA DE SERVICIOS

e

‘AND ae e .
Leeee: ISSSSBINS  SON e ’ - - —

03 Aulas Transporte
para 40 Escolar
estudiantes Fluvial
(total) FITR | R 5 S : o

Sl

Conectividad
satelital

19,20M | ESLORA Plataforma no propulsada destinada a prestar
15,00M | MANGA | servicios de formacion académica a poblaciones

aisladas, superando barreras geograficas vy
socioculturales, promoviendo la  presencia

1,40M | PUNTAL
MAX 0,9M | CALADO institucional.




PLATAFORMA DE SERVICIOS

i

42 Consultas
médicas
por dia

Odontologia

&2

Farmacia

21 Consultas
odontologicas
por dia.

Plataforma no propulsada destinada a prestar
servicios de salud basicos a poblaciones aisladas,
dotada con capacidad para consulta medica general,
consulta odontologica y atencion de primeros
MAX 0,9M | CALADO auxilios.

19,20M | ESLORA

15,00M | MANGA

1,40M | PUNTAL




BUQUE DE PROSPERIDAD SOCIAL

G ATENCION
“ | ESTATAL

FLUVIAL A

|

:

30,0M [T
11 I MANGA
TICALADD

85es [AM 4
SERVIDORES PUBLICOS

TRIPULACION



OTROS PROYECTOS FLUVIALES

,s: — Operacion
‘T Fluvial

i et (

35 pasaJeros

03 TRIPULANTES

700 Ton
Empuje

EMPUJADOR FLUVIAL EFC 400

TRANSBORDADOR FLUVIAL DE
VEHICULOS DE CARGA

DRAGA DE CORTE Y SUCCION CSD 500

BARCAZA DE CARGA

BARCAZA PARA TRANSPORTE DE
SEMOVIENTES




OTROS PROYECTOS
FLUVIALES

BARCAZA PARA
TRANSPORTE DE SAL

@

o
&

EMBARCACION A GNL

BUQUE LECHERO EMBARCACION A HIDROGENO

EMBARCACION DE CAPTACION DE BONGO ECOTURISMO RiO
RESIDUOS EN BAHIA DE CARTAGENA PUTUMAYO




OTROS PROYECTOS FLUVIALES

HOJA DE RUTA PARA EL LANCHADE ASISTENCIAY
TRANSPORTE FLUVIAL RESCATE

WATERBUS 2407
-

PLATAFORMA APOYO LOGISTICO UNIDAD FLUVIAL PARA
NAVAL-(PALN). WATERBUS TRANSPORTE DE BASURAS




OTROS PROYECTOS I+D+i FORMULADOS

CaribeCol-DataNav: Desarrollo de una Plataforma de inteligencia artificial para la estimacion de GEl y consumo
energético de embarcaciones que surcan el Caribe colombiano con potencial aplicacion para comunidades u

organizaciones

@ OBIJETIVOS

Desarrollar una plataforma tecnologica basada en inteligencia artificial
para la estimacion de GEl y consumo energético de embarcaciones

que surcan el el Caribe colombiano con potencial aplicacion para
comunidades u organizaciones a partir del analisis de datos de trafico
maritimo.

1. Desarrollar y entrenar algoritmos de inteligencia artificial para el analisis y procesamiento de datos
maritimos proporcionados por las Naciones Unidas, con el fin de identificar las emisiones de GEl y

consumo energético de embarcaciones.

2. Desarrollar una plataforma tecnoldgica accesible que permita a las autoridades maritimas,
operadores de transporte maritimo y comunidades locales, visualizar, simular y seleccionar una ruta
maritima que optimicen el consumo energético y reduzca impacto ambiental en el Caribe colombiano.

3. Proyectar el impacto ambiental y energético de las rutas maritimas seleccionadas a partir del estudio
comparativo de posibles escenarios de trafico maritimo del Caribe colombiano.

4. Promover la capacitacion y transferencia a las comunidades locales y operadores maritimos mediante
la realizacion de talleres y cursos de formacidn sobre el uso y beneficios de la plataforma, asegurando
su adopcidon efectiva y el aprovechamiento de sus capacidades para mejorar la sostenibilidad y
eficiencia de las operaciones maritimas.




OTROS PROYECTOS I+D+i FORMULADOS

INTEOMAR - Integracion, Tecnhologias, Edlica, Offshore, Marina,

Adaptac.l S,) n’ RecurSO. J 3 Ay L\%LIAE&C%D!EALQTBNCIAL DESARROLLO E INTEGRACION DE TECNOLOGIAS DE ENERGIA
EOLICAMARINA FLOTANTE Y SUADAPTACION ENLAS COSTAS DEL CARIBE COLOMBIANO.
Evaluacion del potencial, desarrollo e integracion de

tecnologias de energia edlica marina flotante y su adaptacion en
las costas del caribe colombiano.

Evaluar el desempeno de las tecnologias de generacion de energia eodlica
marina flotante adaptadas a las condiciones maritimas del caribe

Colombiano, con el objetivo de contribuir a la diversificacion de la matriz
energética y a la transicion hacia fuentes de energia mas limpias y
sostenibles.

e Evaluar el potencial y las condiciones necesarias para la generacion de energia edlica offshore en
el Caribe colombiano, utilizando informacion de estudios previos realizados por entidades
publicas y privadas, tanto nacionales como internacionales.

¢ Realizar un analisis de alternativas tecnolédgicas para la generacion de energia edlica flotante
offshore, evaluando su viabilidad técnica. Este analisis debe identificar beneficios, retos,
dificultades, condiciones de operacion y el potencial de generacion en el Caribe colombiano.

e Disenar una metodologia que permita priorizar las tecnologias seleccionadas mediante un analisis
multicriterio de sus caracteristicas, condiciones de operacioén en el Caribe colombiano, resultados
de pilotos y beneficios y riesgos identificados.

e Disefiar un modelo a escala para pruebas en un canal hidrodinamico de dos alternativas
seleccionadas, de acuerdo con el modelo de priorizacién, con el objetivo de evaluar sus
capacidades de generacidn energética, operacion, estabilidad y métodos O6ptimos de ‘
implementacion en la estructura productiva colombiana. CiohAL umvensia (%) io Medllin @) Universidad de América

DEL NORTE
* Promover la apropiacion social del conocimiento entre los actores interesados del sector
energético colombiano.

() f\\é P © & CEMarin _&_3))‘ 9 CEIPA

¥ COTECMAR icontec
4
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Decision Making: Applications in Management and Engineering, Volume 8, Issue 1 (2025) 1-21

Decision Making: Applications in
Management and Engineering e —

APPLICATIONS IN
MANAGEMENT AND
ENGINEERING

Journal homepage: www.dmame-journal.org

SCl ENTl FIC ISSN: 2560-6018, eISSN: 2620-0104

Towards Efficient Ship Design: A Review of Methods and Attributes for
Decision-Making in Ship Selection

ARTICLE INFO ABSTRACT
Article history: This study presents a systematic literature review on multi-criteria decision-
Received 5 April 2024 making (MCDM) models implemented at different stages of the vessel life
Received in revised form 19 May 2024 cycle from a systems engineering perspective. Special emphasis is placed on
Accepted 7 June 2024 models applied in the design phase to select the best ship design or
Available online 29 June 2024 configuration based on criteria such as capabilities, effectiveness, and
operational performance. For the selection of studies, the PRISMA
Keywords: methodology was used, reviewing 131 articles retrieved from Scopus and
Ship Selection, MCDM, Life Cycle Web of Science, focusing on design, hierarchical configuration, and the
Analysis, System  Engineering, evaluation of key attributes such as effectiveness, cost, and risk. These
Sustainable Naval Design models enable the selection of optimal ship configurations and assess their

impact on operational performance and environmental sustainability. The
study concludes by highlighting the need to integrate multiple performance
metrics (MOE, MOPs, TPMs, KPPs) to optimize ship design and operation.
Additionally, it proposes a framework that facilitates the selection of more
efficient and sustainable vessels aligned with environmental regulations.

1. Introduction

The acquisition of a vessel constitutes a strategic process that combines technical, financial, and
legal analyses to ensure the project's operational and economic viability. This process includes
identifying specific needs based on the intended operation, selecting according to capacities and
routes, evaluating total costs (purchase, maintenance, and operation), complying with customs
and registration regulations, and formalizing financing and purchase, integrating all these
elements within a framework that ensures compliance with commercial and regulatory objectives

[1].
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By applying the systems engineering principles, a vessel is conceived as a complex system
comprised of numerous interconnected components, each with a specific function, that enables
maritime or riverine navigation and mission fulfillment [2]. Therefore, understanding it as an
integrated system composed of interconnected subsystems makes life cycle planning crucial to
ensure that operations proceed without disruptions.

Based on the above, implementing techniques that allow for an appropriate evaluation of a
vessel's life cycle in the initial phases ensures optimal performance and resource efficiency,
extending its service life while meeting its design objectives [3]. Morris and Pinto [4] mention that a
significant portion of a system's total cost is defined in the early stages of its development. This
underscores the challenge and importance of making strategic decisions from the initial phases of
the project, as these decisions, primarily made during the planning and conceptual design stages,
can have a long-term impact. In this sense, the initial stages offer a unique opportunity to maximize
costs and reduce risks without affecting system performance.

- This document will analyze the application of multicriteria decision-making (MCDM) in the
naval industry, focusing on the life cycle phases of vessels, examining aspects such as the
configuration of hierarchical decomposition levels of a vessel (systems, subsystems, components,
and consumables), measures of effectiveness (MOE), performance (MOP and TPM), and the MCDM
methodologies or methods used for their selection. The primary objective is to establish a structure
of technical, environmental, social, and regulatory criteria that allow for an evaluation, through the
dimensions of effectiveness, cost, and risk, of how the life cycle analysis of a vessel can positively
impact the environment. To achieve this, the following questions will be addressed:

- RQ1: According to the ESWBS applied to vessels, at what hierarchical decomposition levels
have MCDM techniques been investigated?

- RQ2: At which stages of the vessel life cycle have studies on multicriteria decision-making
focused?

- RQ3: What attributes or criteria are commonly considered in the multicriteria decision-
making models applied to the selection, design, and operation of vessels?

- RQ4: What MCDM techniques have been used in the selection, design, optimization, and
operation of vessels as Systems of Interest (SOI)?

The remainder of the document includes an initial literature review on defining the vessel life
cycle, systems engineering, and multicriteria selection models in the theoretical background
section. Subsequently, the methodology used for the literature review will be presented, followed
by the results and their respective discussion, addressing the research questions raised, and
presenting a framework for vessel selection through the exposition of currently considered general
attributes. The document concludes with the limitations, future recommendations, and
conclusions, highlighting the most important points of the research and the contributions made.

2. Theoretical Background

The complexity involved in vessel development requires a detailed analysis of the multiple
systems, subsystems, components, and consumables that comprise and define it. Below, key
theoretical concepts related to the subject of study will be presented.
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2.1 Design and Lifecycle of Vessels

The design and development of technology must consider the interests of customers and target
audiences. These interests are classified into four categories (perceived usefulness, effort
expectancy, social influence, and facilitating conditions) according to the principles of the diffusion
of innovations theory [5]. This implies that the design of products or services must take into
account economic conditions, logistics, ergonomics, quality, safety, and image without neglecting
the specific function of their purpose [6], as well as the inclusion of sustainability considerations
related to the impact of their use on civil society and the environment [7].

The preferred design tool for considering these dimensions is lifecycle analysis. This analysis is
defined as a methodology that enables quantifying and comprehensively evaluating the resources
required in transformation processes throughout a product's supply and value chain [8]. Its
application extends to assessing the offered products' capabilities, uses, and services.

In the naval industry, lifecycle analysis must be effectively integrated into developing and
managing systems from their inception, ensuring the vessel's purpose and economic viability. Poor
planning for integrating its systems can increase project risks, leading to higher costs or a reduced
lifespan. Therefore, incorporating a lifecycle approach from the design phase facilitates technology
management by considering the interests and needs of stakeholders throughout the different
stages of the product's lifecycle [9, 10, 11].

Nevertheless, implementing lifecycle analysis presents challenges, requiring a comprehensive
and detailed vision of the produced vessel. Despite advancements in the standardization of
methods and processes, this complicates the selection of methodologies and frameworks for
developing the analysis, given that each discipline and type of product incorporates its own
evaluation criteria, creating a diverse range of highly complex alternatives [12].

Multiple authors describe and propose various lifecycle models for a product or system,
typically considering five general phases: concept, development, production, utilization, and
disposal [12]. The INCOSE manual [13] highlights that the selection of the lifecycle model should be
based on the project's specific characteristics, such as size, complexity, associated risks, and time
and budget constraints. The model proposed by NATO [14], presented in Figure 1, is commonly
used to evaluate and analyze a vessel's lifecycle.
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Figure 1. Lifecycle Model (Own elaboration based on NATO [14])
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The model presented in Figure 1 includes seven phases for lifecycle management:

- Pre-concept: Defined as the preliminary research phase, characterized by the identification
and documentation of requirements, ensuring technological feasibility and availability in
terms of cost and time.

- Concept: Characterized by the refinement and expansion of studies, experiments, and
engineering models, establishing preliminary requirements and assessing the technical
feasibility of the design.

- Development: In this phase, the proposed concept undergoes detailed engineering
assessment, where both physical and virtual prototypes are created, tested, and certified,
leading to the birth of new technology.

- Production: Once the design is certified, this phase marks the beginning of technological
scaling, where the company or production system responsible for replicating the developed
artifact is designed. This stage involves the design of support, production, and quality
systems required for technology manufacturing.

- Utilization and Support: This phase is defined by the operational use of the technology,
fulfilling the purpose of its design. Key activities in this phase include usage, maintenance,
and logistical support for consumables, closely linked to technological support.

- Disposal: The purpose of this phase is to close the vessel’s lifecycle by dismantling and
decommissioning the artifact safely and efficiently. While this phase is often not included in
lifecycle planning for many products, in the case of vessels, it may involve system upgrades
or the repurposing of systems and components.

2.2 Systems Engineering and the Definition of a Vessel

The complexity of vessel design requires a more detailed perspective on the activities necessary
for its manufacturing and operation. Systems Engineering (SE) provides a clear, detailed, and
comprehensive perspective on the characteristics of a product throughout all phases and stages of
its lifecycle [15]. The V-Model is the most widely recognized model for lifecycle analysis through the
application of SE. This model follows a systematic approach, beginning with defining project
objectives and continuing with the search for technical solutions that address the challenges posed
in subsequent phases of the development and operational use of the naval project to meet these
objectives [16]. This model is illustrated in Figure 2.
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Figure 2. V-Model of Systems Engineering (Own elaboration based on Bottero and Gualeni [15])
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The V-Model is recognized for its V-shape. Its analytical approach focuses on the development
and production phases, detailing critical activities that must be examined to ensure the proper
creation and scaling of the technology. According to the U.S. Department of Transportation [17],
the model consists of two "wings" that divide the lifecycle phases under study.

The left-wing encompasses the pre-conceptual, conceptual, and development stages, whose
purpose is to capture the voice of stakeholders, translating their interests into a set of requirements
that will guide system development and the subsequent search for technical solutions until
technological creation is achieved. The activities in this section are recognized as system
decomposition and definition, divided into needs assessment, concept exploration, feasibility study,
concept development, system specifications, high-level design, detailed design or engineering, and
development while progressing through the initial lifecycle phases.

The right-wing of the model focuses on the joint evaluation of the created system and the
design of the facilities that will enable technological scaling. These activities are identified as system
integration and recomposition, encompassing unit testing, subsystem verification, system
deployment verification, system validation, operation, maintenance, upgrades, and disposal,
emphasizing the final lifecycle phases.

Technical solutions require clear and specific definitions from the concept to the development
of the naval artifact. Therefore, literature related to vessel design and the application of systems
engineering uses hierarchical metrics that define system capabilities from their most general
concept to their most specific details, allowing for subsequent verification once configuration has
been achieved through development [13].

According to Hootman [18] and Bottero and Gualeni [15], the hierarchical classification of
metrics to be considered in the different design stages of a vessel includes four levels in addition to
Key Performance Indicators (KPIs), whose general purpose is to measure activity progress [19].
According to [15, 20], these four metric levels, classified from the most general to the most specific,
are:

- Measures of Effectiveness (MOEs): They determine the degree of effectiveness with which
the technological artifact fulfills its primary mission, considering a specific set of conditions
that may influence its performance and functionality.

- Measures of Performance (MOPs): Their objective is to describe the physical and functional
characteristics of the system, considering the operating environment conditions (location,
temperature, humidity, wind, pressure, fluid currents, atmospheric composition, etc.) and
the interaction of the system with these conditions, ensuring the effective fulfillment of the
established mission. MOPs are characterized by detailed qualitative descriptions of the
required capability.

- Technical Performance Measures (TPMs): They aim to evaluate the level of compliance or
degree of satisfaction achieved regarding the objective or technical goal established in the
MOPs through physical dimensions or quantitative performance values. A MOP is a metric
that can be described through multiple TPMs.

- Key Performance Parameters (KPPs): They intend to precisely determine the set of limit
values or quantitative objectives the system of interest must meet within its TPMs to satisfy
the defined goals.

Due to the vessel's complex composition, a precise definition of this system is necessary.
According to the RAE [21], a vessel is a vehicle capable of navigating bodies of water with
autonomous propulsion. In systems engineering, products and technology are decomposed into
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simpler parts according to a hierarchical level configuration (SWBS), classified into different scales
of subordination, facilitating project planning, resource allocation, and control during
manufacturing.

In vessels, the Expanded Ship Work Breakdown Structure (ESWBS) classification system divides
the main vessel systems into nine groups (000 to 800) [22, 23]. ESWBS provides a standardized
structure that allows for the systematic and functional classification and organization of ship
elements, facilitating the evaluation of data such as costs, weight, specifications, and system
functionality, among others, throughout all lifecycle stages [22].

In compliance with MIL-STD-1388 [24], vessels (SOI) (Level 1) define the general mission
objectives through the vessel’s typology (for example, maritime transport, naval warfare, scientific
exploration). Systems (Level 2) correspond to the primary functional areas (propulsion system,
electrical system, and similar categories), which are grouped into the nine ESWBS categories.
Subsystems (Level 3) break down the equipment that enables system operation (engines,
propellers, and other key components). Components (Level 4) specify elements requiring regular
maintenance or replacement (pistons, filters, and the like). Finally, parts, pieces, and consumables
(Level 5) correspond to unitary elements with physical and chemical attributes associated with a
single manufacturing material (such as color, odor, shape, texture, and other properties), which
either form a component or are consumed during operations (gears, fabrics, fuel, coatings, among
others). Thus, through the SWBS, vessels can be defined as systems composed of systems,
subsystems, components, parts, and consumables, enabling a specific crew or cargo to navigate a
body of water with autonomous propulsion capability [14].

As demonstrated and according to Kossiakoff et al. [25], as missions, system attributes, and
technical requirements are established within different MOEs, MOPs, and TPMs, the system’s
technological capacity is also broken down, associating a specific function with each hierarchical
decomposition level. This fact complicates the definition of a vessel’s functions and the criteria for
evaluating the SOI.

According to the previously defined metric classification, vessel typology establishes the specific
MOE as the intended use of the naval vehicle (military, transport, cargo, research, rescue, support,
tourism, leisure, and other applications). As the decomposition of the vessel concept continues
within its system hierarchy, a series of physical attributes and qualitative levels of satisfaction are
identified, allowing the determination of the MOPs and TPMs. Table 1 presents an updated
definition of a vessel based on this metric hierarchy.

Table 1.
MOPs and TPMs of a Vessel (own elaboration based on Bottero and Gualeni [15])
Performance Measures Technical Performance Measures (TPMs)

(MOPs)
Buoyancy - Base Buoyancy: Baseline draft, required draft during operation
- Reserve Buoyancy: Changes in buoyancy due to damage, wear, or
modifications
- Load Distribution: Operational buoyancy under hydrodynamic conditions and
submersion
Stability - Intact Stability: Resistance to inclination under normal conditions
- Damage Stability: Resistance to inclination in the presence of damage
Structural Strength - Global Structural Strength: Structural resistance to loads from operational
stress and climatic degradation
- Local Structural Strength: Resistance under specific conditions
Power Generation - Propulsion Power Generation: Power required to move the vessel at

sustained and maximum speed
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- Equipment Power Generation: Electrical power generation for vessel
subsystem operation

- Emergency Power Generation: Power generation under degraded or
emergency conditions

Control - Propulsion: Ability to change the vessel's speed
- Steering: Ease of handling and responsiveness in vessel maneuvering
Internal Communication - Internal Communication: Information systems for controlling and directing
internal operations
Navigation - Detection: Ability to detect environmental changes and information from

nearby vessels
- Route Planning: Route establishment based on environmental conditions
Command and Control - Situation Assessment: Interpretation of information received from the
operational environment
- Support: External monitoring and feedback on operations
External Communication - External Communication:  Managing and  maintaining  effective
communication with external vehicles and buildings

2.3 The Decision-Making Process and Its Tools

According to Andrews and Erikstad [26], the conceptual phase is an iterative process that
involves discussion, evaluation, and decision-making. A selection process is required from the
problem definition stage and throughout the different lifecycle phases; the. This selection process is
known as multi-criteria decision-making (MCDM), and its primary characteristic is finding an
optimal balance between alternative configurations while ensuring compliance with different
satisfaction criteria.

Processes involving MCDM represent a broad and well-researched field within operations
research. Benjamin Franklin recognized that decision-making involves a comparative evaluation of
divergent perspectives [27]. This highlights that decision-making is influenced by a diverse set of
personal or organizational factors, which are assumed to be judgment criteria. However, for a long
time, decision models were limited to a single-criterion perspective, which resulted in an
oversimplification of problems with a multifaceted nature [27].

In the early stages of MCDM modeling, optimality conditions always aimed to maximize utility
or minimize cost as the sole selection criterion [28]. Utilitarian methods, such as Multi-Attribute
Utility Theory (MAUT), were developed based on the premise that the decision-maker acts in an
entirely rational manner, expressing their preferences clearly by establishing preference or
indifference relationships for each criterion, always choosing the option that provides the most
significant economic benefit or utility [29].

With the evolution of these models, new theoretical approaches have emerged, shifting the
focus from economic utility to decision-maker satisfaction [30]. Keen [31] states that in selection
processes, satisfaction is prioritized, which is not necessarily linked to economic maximization. The
recognition of satisfaction among technology adopters—whether in the form of products or
services—aligns with the principles of innovation diffusion theory, which highlights various criteria
that often surpass purely monetary considerations.

Decision-making processes employ different multi-criteria selection methods, including various
structures and methodologies. These are classified into two categories based on the decision-
makers objectives and the nature of the available information: Multi-objective decision-making
(MODM) methods, characterized by mathematical programming models and metaheuristic
algorithms, are typically used in problems involving continuous data; Multi-Attribute Decision-
Making (MADM) methods are more suitable for evaluating discrete decision spaces where
predefined alternatives exist [32, 33]. Figure 3 presents some decision-making methods classified
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into MODM and MADM categories.
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Figure 1. Classification of MCDM Methods (own elaboration based on Davila [34])

The selection of decision-making models is not mutually exclusive, and as it depends on
attributes, criteria, and variables, hybrid methodologies combining MODM and MADM models have
been developed [35, 36]. It is important to highlight that selecting a decision-making method that
effectively addresses the target problem requires a detailed case-specific analysis, meaning that the
choice of a method is closely linked to the nature of the problem.

In the case of vessels, the complexity of these systems makes it impossible to define a complete
set of requirements from the pre-conceptual and conceptual phases, turning the design process
into an iterative, labor-intensive, and experimental task [37]. Vessels are characterized as systems
that integrate multiple elements with diverse and intricate attributes and behaviors, influenced by
different operating environments where the joint execution of the SOl must be optimized [38].

In this context, MCDM techniques are fundamental for addressing problems involving multiple,
often conflicting attributes [39]. These techniques allow the evaluation of common design
alternatives in vessel engineering, such as material selection, components, systems, subsystems,
parts, route optimization, fuel management, regulatory compliance, and more [40]. They balance
technical, economic, operational, and environmental factors, providing a structured,
comprehensive, and transparent selection approach [41].

To this end, the Aerospace Studies Office [20] and the United States Air Force [13] established a
selection methodology based on the Systems Engineering (SE) perspective, known as the Analysis of
Alternatives (AoA). The primary goal of AoA is to provide an objective and structured foundation to
facilitate decision-making in system acquisition processes, integrating attribute verification and
MCDM techniques selection. AoA considers three key dimensions or types of criteria. The
effectiveness criterion, fundamental to technological development, must align with hierarchical
metrics (MOEs, MOPs, TPMs, KPPs) as objectives are defined and technical solutions are reached by
integrating various available technologies associated with ESWBS levels. The cost criterion is a
broad selection factor that involves assessing the economic feasibility of different lifecycle stages

8
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about monetary variables such as acquisitions, investments, returns, operational and support costs,
salaries, and other activities. Lastly, the risk criterion is associated with the probability of failure or
planning difficulties and is categorized into technological, programmatic, and operational risks. Each
of these criteria employs different assessment techniques and types of information, making MCDM
techniques essential in the selection process to fulfill AoA objectives.

- Identification of Viable Solutions: Examine all available alternatives (both present and
future) to determine which meet the identified operational needs.

- Cost-Effectiveness Comparison: Identify cost-efficient and effective solutions by combining
effectiveness and lifecycle cost analysis.

- Support for Strategic Decisions: Provide reliable and well-founded information to support
decision-making regarding system acquisitions.

- Development of Operational Requirements: Contribute to refining operational
requirements, concepts of employment, and evaluation and testing frameworks for the
selected alternatives.

- Justification of Acquisitions: Demonstrate the necessity and value of proposed solutions
about political considerations (both internal and external), budgets, technological risks, and
the broader social, political, and economic environment.

3 Methodology

The present study employs the PRISMA methodology due to its level of standardization and
academic recognition. This methodology consists of a checklist for conducting systematic literature
review studies. It compiles best practices for selecting and identifying relevant documents
associated with a research topic of interest, subject to constant and continuous updating and
review [42, 43]. According to its guidelines, it is necessary to clearly define the central research
topic by establishing selection criteria, information sources, and a search strategy based on key
concepts and keywords, allowing for an appropriate selection of documents [44].

According to Page et al. [44], the PRISMA methodology requires preliminary research on the
topic of interest. Subsequently, a search is conducted to compile a sample of related documents.
Once the sample is consolidated, relevant information is extracted and synthesized in accordance
with the study's objectives and interests. Finally, the findings are analyzed, discussed, and
concluded concerning the research objectives.

The comprehensive search process involves four key steps: identification, screening, eligibility,
and inclusion, which facilitate the selection of the relevant document sample [45]. In line with the
objectives of this research, during the review, extraction, and synthesis phase, documents will be
classified and analyzed based on their sector of application, hierarchical breakdown structure, and
lifecycle phase. Figure 4 summarizes the selection process used, following the chosen methodology.
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Figure 2. Simplified Steps of the PRISMA Methodology (Own elaboration based on Page et al. [44])
3.1 Selection Criteria

Determining the selection criteria is essential to ensuring the organization, comprehension,
quality, and transparency of information during the document selection process [46]. These criteria
delineate the sample of documents to be studied and guide the research toward the topic of
interest, reinforcing the validity and reliability of the information [47]. En la Table 2 se presentan los
criterios de seleccion.

Table 2
Selection Criteria.
Criterion Description
Relevance The selected documents met one of the following criteria:
a) Presented multi-criteria or multi-objective selection techniques for vessel design
selection.
b) Addressed the selection of specific systems for vessels using decision-making
techniques.
c) Presented decision-making methodologies for selecting naval components.
Document Type The nature of the documents is strictly academic (Articles, Literature Reviews, Book
Chapters, Conference Papers).
Time Coverage No time restrictions were established in the document search.
Language Only documents in English and Spanish were included.
Accessibility Only open-access publications were included, allowing other researchers to verify the

results of this study.

The relevance criterion establishes a direct relationship between the selected documents and
the research objective. Regarding the time coverage, no specific period was imposed due to the
limited number of documents obtained after information classification, thorough record review,
and eliminating duplicate documents. This approach provides a comprehensive perspective on the
historical evolution of the application of selection methodologies and techniques within this
thematic area.

3.2 Information Sources

Currently, numerous search engines and websites are available for academic research and
inquiries. This study used databases Scopus and Web of Science (WoS) as information sources.
According to Chadegani et al. [48], these two platforms possess characteristics that make them
indispensable for this type of analysis. Below are some of their key features:

10



Decision Making: Applications in Management and Engineering
Volume 8, Issue 1 (2025) 1-21

e The documents indexed in both search engines are academic and undergo peer review,
ensuring the credibility and reliability of the results.

e Both search engines are continuously updated, ensuring the available information is always
current and accurate.

e Both platforms allow for detailed information analysis through various academic metrics,
such as authors, citations, impact indices, keyword rankings, and concepts. Additionally,
their web design and accessibility facilitate research activities.

e Both platforms offer methods for easily extracting information, allowing results to be
examined in greater depth using compatible software tools.

3.3. Search Strategy

Formulating the search equations used to identify this research's key concepts established two
main groups of keywords. The first group comprises terms related to the naval industry, while the
second encompasses concepts associated with multi-criteria decision-making.

The Boolean operator "OR" was used within each group to structure the search equations to
include as many relevant documents as possible within each thematic area. Then, terms from
different groups were combined using the Boolean operator "AND," allowing the identification of
documents that simultaneously address both research areas. Table 3 presents the search
expressions used, reflecting the strategy designed to cover the relevant literature to meet the
objectives of this study.

Table 3
Search expressions for document sample selection
Group Search Expression

Naval Industry  "Naval industry" OR "Shipbuilding" OR "Shipbuilding Industry" OR "Shipyard" OR "Shipyards" OR
"Ships" OR "Ship" OR "Boats" OR "Boat" OR "Vessels" OR "Vessel" OR "Naval Vessels" OR "Fluvial"
OR "Maritime" OR "Watercraft" OR "Small craft" OR "Yatch" OR "Sailing" OR "Pushboat" OR
"Barge" OR "Ferry" OR "Riverboat" OR "Naval"

MCDM “Multi-criteria Decision Making" OR "MCDM" OR "Multi-Criteria Decision Analysis" OR "MADM"
OR "multi criteria decision making method" OR "AOA" OR "Analysis of Alternatives"

Since search engines allow expressions in specific search fields, each expression shown in Table
3 was entered into an independent search field using the abstract, title, and keyword options.
These were then linked using the Boolean operator "AND" to gain greater control over the results,
facilitate search adjustments, and prevent the search engine from misinterpreting the relationships
between terms.

Table 3

3.4 Selection Process

Once the initial research results were obtained, accessibility criteria, document type, and
language were applied using the search engines' filtering tools. This process allowed the
identification of two sets of documents (one from each search engine), which were extracted as
BibTeX format files. The metadata associated with these samples was cleaned and consolidated by
removing duplicate documents using RStudio software (R version 4.4.2).

The information was organized and analyzed in a matrix using Microsoft Excel following the
methodological guidelines. At this stage, titles, abstracts, and keywords were reviewed to eliminate
irrelevant or unrelated documents. Subsequently, an in-depth review of the selected records was
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performed, classifying them according to their application sector, hierarchical breakdown structure,
and lifecycle phase, thereby addressing the research questions posed.

4. Results and Discussion

Based on the results obtained from searches conducted in the Scopus and Web of Science
databases, a document repository was compiled, consisting of 1,296 records. During the review of
titles, abstracts, and keywords within this repository, 395 studies related to the naval industry were
identified. Subsequently, documents associated with ports, shipyards, or vessels were classified,
allowing for the identification of 219 documents within the sample that focused exclusively on
vessels.

Following the theoretical background outlined in the previous section, the records were
classified according to hierarchical review levels, the lifecycle phases considered in the study, the
evaluation dimensions, and the MCDM techniques applied. This classification process reduced the
sample to 131 general documents and 42 related explicitly to studying vessels as Systems of
Interest (SOI). The details of the classification and selection process are presented in Figure 5.

N\ hY
Initial Consolidation Application Sector Work Breakdown Structure Life Cycle Phase
(n =1296) (n = 395) (n=131) (n=42)
J \
S General (n=2)
. Preconceptual (n=2)
Information Sources Shipyards (n=92) Vessel/Ships (n=42)
Conceptual (n=18)
Scopus - Web of Science System (n = 45)
i Development (n=4)
Seaports (n=284) Subsystem (n=15)
Production (n=1)
Temporal Coverage Component (n=11) Utilization (n=15)
1980 - 2024 Vessel/Ships (n=219) Consumable (n=18) -
Support (n=0)
Retirement (n=0)

Figure 3. Sample selection process.

The limited number of studies applying multicriteria decision-making techniques to vessels as
SOl raises questions about the relevance of this research topic. Figure 6 presents the number of
documents published annually during the analyzed period, highlighting that it is not yet possible to
determine whether this is an emerging field or one with stable academic production. Consequently,
decision-making processes in vessels such as SOI constitute a research area in its early stages.
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Figure 6. Annual document production.
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The following section presents the responses to the research questions posed based on the
analysis of the selected sample:

RQ1: According to the ESWBS applied to vessels, at what hierarchical decomposition levels have
MCDM techniques been investigated?

As one moves down the ESWBS hierarchy, it becomes crucial to select appropriate technological
alternatives to ensure compliance with technical requirements in vessels. The application of MCDM
techniques for this purpose is essential, as verifying the compatibility of attributes and
characteristics between systems is necessary to function the assembled product properly [25].
Figure 7 illustrates the distribution of studies according to the five ESWBS classification levels
described in previous sections.

Distribution of Documents by
Work Breakdown Structure

32%

34%

@ Vessel/Ship (SOI) @1 System O Subsystem

O Component E Consumable

Figure 7. Distribution of documents according to hierarchical decomposition levels in vessels

As shown in Figure 5 and Figure 7, documents focusing on the complete analysis of vessels as
the System of Interest (SOI) account for 32% of the target sample, totaling 42 documents. MCDM
models are more commonly used to analyze alternative selection for vessel systems, as evidenced
by 45 identified documents (34% of the sample). However, these systems can be classified under
ESWBS and associated with different technologies. The document reviews identified studies related
to the hull structural system (Group 100), propulsion systems (Group 200), electrical generation
systems (Group 300), navigation systems (Group 400), and auxiliary systems (Group 500).

As the analysis delves deeper into the technological subordination scales, documents focused
on subsystems and components representing 12% and 8% of the reviewed samples. In these
documents, a shift in the SOl is notable, where the performance of the immediately higher system
category—such as the hull, engine, heating, ventilation, and others—is evaluated. The application
of different MCDM techniques at the hierarchical breakdown levels corresponding to subsystems
and components allows for analyzing the efficiency or effectiveness of the system by employing
different alternative configurations within these categories, as observed in Bui and Perera [49],
Balin et al. [50], and Matulja et al. [51].

Regarding consumables, such as coatings, paints, or fuels, the reviewed documents focus on the
decision-making process, primarily guided by the emissions generated by their consumption or
degradation [52]. In this regard, 18 related documents were identified at this hierarchical level,

13



Decision Making: Applications in Management and Engineering
Volume 8, Issue 1 (2025) 1-21

representing 14% of the study sample. On the other hand, although parts and components belong
to this final level, this study excluded an in-depth review of documents associated with these
elements. This decision was made due to excessive disaggregation, which goes beyond the scope of
this research, and the absence of MCDM techniques applied in the identified cases.

RQ2: At which stages of the vessel life cycle have studies on multicriteria decision-making
focused?

Decision-making based on lifecycle phases is an essential and fundamental process for assessing
a given technology's current and future impacts. This activity must be carried out from the earliest
stages of the project, such as the concept and design phases, as well as in selecting alternatives or
resolving specific operational problems [12]. Figure 8 presents the distribution of documents
according to lifecycle phases associated with the design and selection of vessels.

Documents Distribution by Life Cycle Phase

1%

@ PreConceptual @ Conceptual B Development EProduction

O Utilization Support m Retirement @ General

Figure 8. Decision-making documents by lifecycle phase

Figure 8 shows that the most studied lifecycle stages are the conceptual stage, with 54
documents (41% of the analyzed sample), and the utilization stage, with 51 documents (39% of the
analyzed sample). This finding suggests that studies tend to focus on the development or
application of MCDM (Multi-Criteria Decision Making) in pre-acquisition technological decisions and
on the use of vessel SOIs (Systems of Interest) to support operational decisions and explore their
capabilities in various situations and environments.

As observed in the V-model of Systems Engineering (SE) in Figure 2, the development and
support phases are closely related to the conceptual and utilization stages, respectively. In the
conceptual design stage, evaluating alternatives is crucial in transitioning from concept to detailed
engineering. In the utilization stage, elements associated with support engineering are also studied
as they assist the vessel’s operation. For this reason, a significant proportion of studies can be
observed: 11 documents in the development phase (8%) and nine in the support phase (7%).

This relationship between model phases and lifecycle stages allows for identifying the most
relevant areas of study in the decision-making process concerning the various technologies that can
be integrated into vessels. In this context, by focusing the review on decision-making related to
vessels considered SOls, priority was given to studies emphasizing the acquisition or design of the
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entire vessel, aiming to understand the extent to which MCDM contributes to supporting strategic
and operational decisions across the different aspects involved in a vessel’s lifecycle, from design to
final disposition. Figure 9 illustrates the distribution of studies categorized by lifecycle phase.

Documents Distribution by Life Cycle
Phase in Vessels (SOI)

O PreConceptual @Conceptual @ Development @ Production

@ Utilization Support m Retirement General

Figure 9. Distribution of documents by vessel lifecycle phase

On the other hand, Figure 9 shows that the conceptual and utilization phases continue to be of
great interest in literature, with a sample proportion of 43% and 36%, respectively. The conceptual
and development phases maintain a similar proportion of studies to those shown in Figure 8, which
could be attributed to their linkage with the support of concept development and detailed
engineering in vessels.

A noteworthy finding is the scarcity of studies associated with the support phase. This may be
due to the lack of detailed support-related information in the early planning stages. As more
information becomes available, support activities are often linked to the vessel’s external
infrastructure, such as services provided at ports and shipyards [53], the study of lower hierarchical
breakdown levels such as specific systems or subsystems [54, 55, 56], failure evaluation in
operation associated with risk, or maintenance scheduling [57, 58, 59].

Another relevant result shown in Figures 8 and 9 is the presence of studies that broadly
evaluate the vessel lifecycle. This evaluation does not focus on analyzing the capabilities of these
systems but instead on the comprehensive assessment of costs associated with concept,
development, production, usage, support, and disposal [60, 61]. This type of analysis exceeds the
objectives of this research, as it does not represent an evaluation of technical effectiveness.

RQ3: What attributes or criteria are commonly considered in the multicriteria decision-
making models applied to the selection, design, and operation of vessels?

Although the models and case studies observed in the selected document sample use selection
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criteria for classifying vessels and, more broadly, technology based on preferences, the sets of
characteristics observed in the selection process are defined as attributes. Attributes are sets of
alternative parameters that describe characteristics, qualities, and performances that have not yet
been subjected to a rigorous classification and ranking evaluation [62]. ased on this definition, the

various criteria observed will be presented as comparative attributes.

As presented in previous sections, within the SE V-model, when defining MOEs and MOPs and
as the requirements for technical feasibility are detailed in alignment with the product’s proposed
objectives, TPMs are established. Their purpose is to fulfill the KPPs as precise measures of system
capabilities (see Figure 2). Table 4 classifies the attributes associated with TPM measurement, as
identified in the literature review sample, according to the MOPs outlined in Table 1.

Table 4.

Attributes and Metrics for Vessel Selection

Characteristic (MOPs)

Selection attributes identified (TPMs)

Reference

Buoyancy

Draft of vessel

Gross Tonnage
Load Capacity

Depth

Dead weight

Crew Accommodation Capacity
Propeller immersion

Load limit

Width (Sleeve)

Overall length (Length)

[35] [63] [64] [65] [66] [67] [68]
[69] [70] [71] [72] [73] [74] [40]
[63] [65] [67] [69]

[63] [65] [66] [75] [76] [77][78]
[79]

[35] [74]

[67] (73] [80] [81]

[74] [82]

(78]

[79]

[35] [65] [66] [67] [68] [69] [70]
[71]1[72] [73] [82]

[35] [67] [68] [69] [74] [40] [81]

[82] [83]

Stacking length [68]

Longitudinal prismatic coefficient [68]

Maximum sectional area coefficient [68]

Vertical prismatic coefficient [68]

Strut [69]

Medium Draft [78]

Trimming [78]

Metal frame mass [73] [78] [84] [85] [86]

Length of perpendiculars [73] [81]

Length between perpendiculars [65] [66] [81]

Height of perpendiculars [81]

Number of perpendiculars [81]

Length of pillars [81]

Height of pillars [81]

Number of pillars [81]

Hull shape [83] [87]

Weight of operating equipment [85]

Hull health management [88]

Height [66] [82] [81]
Stability Length of perpendiculars [73] [81]

Height of perpendiculars [81]

Number of perpendiculars [81]

Length of pillars [81]

Height of pillars [81]

Number of pillars [81]

Conditions of ballast tanks [67]
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Work capacity

Work area on the roof and distribution
Distribution and towing equipment and cargo
handling

Cargo handling

Cargo Volume

(79]
[74] [80] [83] [87]
(871

(63][70] [71] [72]
(65] [73] [85]

Trimming [78]
Available deck space [87]
Cargo Space [73]
Stability at sea [87]
Ballast systems [63] [67]
Boat breaks [81]
Structural resistance Double bottom height [69]
Width of double side [69]

Side hull plating thickness

Thickness of plating on the outer or lower hull
Length of perpendiculars

Height of perpendiculars

Number of perpendiculars

Length of pillars

Height of pillars

Number of pillars

Year of Construction

Age of boat

Lifespan of a vessel

Optimum and maximum bending moment
Hull Shape

Vibration resistance

Maintainability

Hull health management

Average structural wear in life cycle

[70] [71] [72]
[63] [70] [71] [72]
(73] [81]

(81]

(81]

(81]

(81]

(81]

[65] [67]

[70] [71] [72]
(89]

[66] [81]

(87]

(77

(771 [78] [79] [87] [88]
(88]

(61]

Power Generation

Speed

Transit speed
Speed of resistance
Sprint speed
Blocking coefficient
Engine power
Propulsion power
Fuel consumption

[35] [64] [67] [73] [74] [40] [77]

[80] [87] [89]

[68] [82]

[68] [74] [82] [89]
[68] [82]

[35] [66] [73]

[65] [67] [73]

[76] [82] [90]

[68] [70] [72] [75] [76]

Fuel Resistance [82] [39]
Energy consumption [67]
Type of propulsion [76]
Energy storage capacity [87]
Traction power [87]
Propeller health management [88]
Energy system management [88] [91]
Propulsion system management [88][91]
Electric power generation capacity [63] [80]
Electrical system performance [80]
Control Crew [65]

Displacement
Maneuverability

Blocking coefficient
Maximum speed

Propeller health management
Speed optimization

(66] [74] [82]

[64] [40] [75] [77] [87]
[35] [66] [69]

[65] [67] [68] [82] [87]
(88]

(88]
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Autopilot [88]
Propulsion system reliability [63] [70] [71] [72]
Center of mass [80]
Internal Onboard information systems [80] [92]
Communication
Navigation Traffic conditions [40]
Types of encounter [40]
Environmental conditions [40]
Hours of operation [40]
Navigation area type [40]
Navigation status [64]
Operation time [64] [76] [39]
Time of resistance [39]
Level of replenishment at sea [82]
Operating range [64] [68]
Localization Capability [64]
Effective Observationobservation [64] [40]
Travel Timetime [76]
SeaworthinessNavigability [75]
Autonomy [82] [39]
Support Stationsstations [75] [91]
Radius of Action Radius [89] [39]
Operational EnvironmentWork environment [87]
Command and Navigator’s Experience [40]
Control Crew Experience [64]
Interoperability level [82]
External Radar Sweeping and Action Capability [82]
Communication Tactical Diameter [68]
Communications Range [82]
Radar Type [82]
UAV available on the vessel [82]

The selection of these attributes can become more complex due to the interaction between
different subsystems and structures that define the vessel’s physical characteristics. This is evident
when a single attribute influences multiple MOP categories. For example, structural elements such
as the dimension and arrangement of pillars and perpendiculars simultaneously affect buoyancy,
stability, and structural resistance [63, 65, 40, 78]. Similarly, power control and generation are
influenced by the vessel’s dimensions, geometries, and generation systems, all of which must be
considered for propulsion and maneuverability [35, 40]. Beyond physical characteristics, other
fundamental aspects related to support and operation must also be considered. For instance, a
vessel’s command and control capabilities are determined by the communicative and detection
capacities of information systems and by the roles assigned to the crew, as noted by Fiskin [40] and
Morris, Cook, and Cannon [82]. Additionally, external factors exert a significant influence on vessel
selection, where attributes such as traffic conditions, operating environment, schedules and
operational times, location, travel time, and the availability of support infrastructure within the
geographical space are recognized as factors impacting navigation and vessel purpose [40, 93, 94].

In addition to technical and operational performance characteristics, economic, environmental,
and social dimensions must also be considered in the vessel selection process [18, 20, 95]. Table 5
presents the selection attributes identified in the reviewed document sample associated with these
analysis dimensions.

Table 5
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Attributes and Metrics for Vessel Selection

Dimensions Attributes References

Economic Crew Salary [63] [70] [71] [72] [77] [82] [96]
Purchase Price [65] [67] [87]
Fuel Cost [40] [76] [84] [86] [90]
Vessel Cost [35] [69] [73] [74] [81] [89]

Transportation Cost
Annual Cargo
EBITDA

Crew

Fuel Consumption

Consumables Cost
Operational Expenses
Operation and Maintenance Cost

Manufacturing Cost
Recycling and Other Costs
Construction Cost
Acquisition Cost

Final Disposal, Dismantling, or Scrapping Cost

[35]

[35]

[60]

[65] [77]

[65] [67] [70] [71] [72] [40] [78]
[84] [86] [90]

[70] [71] [72] [77]

[77]

[65] [76] [78] [82] [84] [86] [87]
[89] [39] [92] [97] [60]

[36] [73] [78] [84] [92]

[92]

[60] [73] [75] [76] [86] [39]
[74] [80] [89] [61] [39]

[84] [86] [39]

Modernization Cost [39]
Net Present Value (NPV) [75][77] [78] [60]
Capital Expenditure (CapEx) [77] [60]
Internal Rate of Return (IRR) [77]1 78] [89]
Modified Internal Rate of Return (MIRR) [77]
Average Freight Rate [75] [60]
Return on Investment (ROI) [67][77] [60]
Operational Efficiency [36]
Circulation Benefit [36]
Financing Possibility [87]
Useful Life Subsidies [80]
Reduction of Labor and Human Work [80]
Overall Life Cycle Cost [78] [80] [82] [84] [86] [61] [39]
Supply Cost [82]
Insurance Service Cost [77]
Productivity [77]
Revenue [84] [86]
Investment Payback Period [77]
Environmental Decommissioning and Recycling [92]
Manufacturing [92]
Operation [92] [98]
Atmospheric Noise [771192]
Underwater Noise [77]1 [90]
Fuel Type [75]

CO2 Emissions

NOXx y SOx Emissions

Life Cycle Equivalent Emissions
Environmental Attributes
Energy Attributes

Resource Attributes
Manufacturing Technology
Operation Technology
Recycling Technology

Energy Efficiency Design Index (EEDI)
Solid Waste Emission

Sewage Emission

[75] [76] [77] [90]

[70] [71] [72] [77] [60] [97]
(77]

[36]

[36]

[36]

[36]

[36]

[36]

(60]

(98]

[98]
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Pollution from Anti-Fouling Paints [98]
Combustion Oils and Bilge Water [98]
Ballast Water [98]
Fuel Management [88]

Social Vessel Environment and Hygiene [92] [96]
Comfort and Convenience [92]
Service Level and Compliance [92]
Recorded Incidents and Accidents [75]
Habitability Autonomy [39]
Legal Compliance Level [78] [82] [96] [97]
Support From Local Businesses [97]
Availability of Skilled Personnel [97]
Support and Usage Infrastructure [91] [97]
Community Awareness and Recognition [97]
Company Reliability [96] [97]
Promotion System [96]
Business Continuity [96]
Occupational Health and Safety Conditions [77]1 [96] [97]
Work Schedules [96]

Risk Delivery Time [63] [87]
Construction and Vessel Delivery Schedule [61] [39]
Intact Cargo Delivery [63]
Safety Measures [77]1 [92]
Safety Equipment [92]
Training and Prevention of Incidents and Accidents [92] [97]
Fire Protection [75] [77]
Probability of Loss [67] [89]
Availability of Auxiliary Vessels [82]
Expected and Acceptable Average Spill Flow [66] [77] [78]
Damage Survival [77] [80]
Energy System Management [88]
Management of Propeller Condition, Propulsion [88]
System, and Hull
Local and Global Safety Measures [81] [84] [86] [88]
Uncertainty and Technological Maturity [36] [74] [77] [97]
System Failure Rate [61]
Searchability [77]

Others Vessel Type [63] [64] [40] [89]

Existence of Specific Operational Equipment

[67] [76] [91]

Capacity of Specific Operational Equipment [66] [67] [83] [85] [87] [91]

As previously shown, the Analysis of Alternatives (AoA) methodology [20] considers evaluation
models based on effectiveness, cost, and risk. Therefore, an in-depth examination of these
attributes requires an exclusive analysis of the risk and cost dimensions. Although the focus of this
study is limited to the application of Multi-Criteria Decision-Making (MCDM) methodologies in
assessing the technical and operational effectiveness of vessels, it is essential to consider which
attributes belong to these dimensions to ensure a comprehensive diagnosis of the selection
characteristics and the application of the models.

When analyzing these dimensions in greater depth, it becomes evident that the economic
dimension encompasses three study approaches: cost and expense reduction across different
lifecycle stages [35, 78, 80, 39], increased profitability or productivity [77, 84, 86]; and investment
risk assessment using ROI, IRR, NPV, or CapEx [60, 75, 77, 78, 89]. Meanwhile, the risk dimension
includes time-related risks associated with vessel manufacturing and naval project execution [61,
63, 87, 39], operational risks related to occupational safety, accident prevention, and action plans
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[81] [84] [86] [88] [92] [97], and technology readiness and maturity risks [36] [74] [77] [97].
Evaluations in this dimension seek to ensure stakeholder confidence, guaranteeing economic
savings and the proper fulfillment of objectives in the short and medium term.

The social and environmental dimensions are considered in sustainability. The social dimension
includes attributes associated with employment health and safety, service reliability and
compliance for the target population, and sociocultural impacts on external stakeholders involved
in the use and operation of the vessel [39, 94, 96]. These attributes are primarily related to
workplace conditions and labor guarantees, ensuring workers' health and safety in vessel-related
activities. Additionally, they involve the alignment between vessel acquisition and the operational
region’s needs, recognizing the target population's interests and improving regional well-being.
This, in turn, supports long-term activity continuity through technology transfer [99].

Regarding the environmental dimension, vessel selection can consider impacts associated with
operation, manufacturing, and decommissioning, ensuring compliance with environmental
regulations [95]. Identified attributes in this area include pollutant emissions, ecosystem disruption,
and resource efficiency [36] [75] [77] [92] [98]. However, there is limited depth in the analysis of
vessel decommissioning, particularly regarding micro-level circular economy indicators, such as
lifespan extension, design for disassembly, and waste management, which could be incorporated
from the concept and design phases [100]. These factors are important for economic valuation,
planning activities, and reducing environmental impacts.

Finally, a unique typology of attributes, categorized as “Other,” is identified. This category
focuses on the vessel’s mission and operational purpose, which may include military, coast guard,
medical, tourism, or recreational functions, among others, defined based on Measures of
Effectiveness (MOEs) from the early design stages of the naval project [15]. It is important to
emphasize that the vessel typology determines the target Key Performance Parameters (KPPs),
which can vary significantly, influencing system interactions and the desired attribute values.

RQ4: What MCDM techniques have been used in the selection, design, optimization, and
operation of vessels as Systems of Interest (SOI)?

Since one of the objectives of this study is to analyze the techniques and methodologies applied
in the selection, design, optimization, and operation of vessels, the following section presents the
MCDM techniques identified in the study sample.

Table 6
Documents Based on MCDM in Vessels
Reference Application Classification Technique Approach
Indicators to improve the
[60] design of vessel fuel MODM BoD Effectiveness-Cost
loading
Life cycle management of
[61] modular vessels with test MODM LCC Effectiveness-Cost
system
Multi-Criteria Pareto Tanker
[69] Optimization Applied to MODM Genetic Algorithm Effectiveness-Cost
Preliminary Vessel Design (PATANGA)
[84] Multi-leve] decision MODM SLP, MOPSO, LCC ~ Effectiveness-Cost

support methodology for
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the structural design of
ROPAX vessels

Optimization of oil flow

Multi-Objective

{32} and cargo capacity in an MODM Genetic Algorithm Effectiveness-Risk
AFRAMAX vessel design (MOGA)
Multi-Objective
Conceptual Exploration of Genetic Effectiveness-Cost-
[74] DDGXDDG51 MODM Algorithms Risk
(MOGA)
[40] Determining the domain MADM AHP FUZZY Effectiveness-Risk
size of a vessel
[92] Ferry design evaluation MADM AHP FUZZY Effectiveness-Cost
Measurement of
[88] operational energy MADM AHP FUZZY Effectiveness
efficiency of vessels
Selection of the ideal
[96] vessel for offshore watch MADM AHP FUZZY Effectiveness
officers
[39] Selection of war vessels MADM AHP Effectiveness-Cost
[101] Risk assessment in naval MADM AHP Effectiveness-Risk
projects
Selection of vessel parking
[90] methods to reduce MADM TOPSIS Effectiveness-Cost
environmental impacts
Selection of maritime PROMETHEE Il . .
[64] search and rescue units MADM FUZZY Effectiveness-Risk
lecti f
(75] Selection of new gas MADM EVAMIX Effectiveness-Cost
carrier vessels
Selection of bulk carrier .
[67] MADM TOPSIS FUZZY Effectiveness-Cost
vessels
[71] Vess<.el selef:tlon n MADM TOPSIS FUZzZY Effectiveness-Risk
uncertain environments
(98] Marine pollution caused MADM DEMATEL Effectiveness-Risk
by vessel operations
i Itipl Evi ial
[72] U.nce.rta.lnty and mu tlp © MADM V|d§nt|a Effectiveness-Cost
criteria in vessel selection Reasoning (ER)
Evaluation of second-hand Delphi and
[63] liquefied natural gas (LNG) COMBINED Additive Relative Effectiveness-Cost
vessels Assessment (ARAS)
Multi-Objective Design NSGA-II - WSM -
[35] Optimization of Cargo COMBINED MADM - Control Effectiveness-Cost
Vessels Function
Selection of suitable TOPSIS — WASPAS
[65] second-hand chemical COMBINED Effectiveness-Cost
FUZZY
tanker vessels
Selection of internal Shannon Entropy
[66] distribution designs for COMBINED and Monte Carlo Effectiveness-Cost
vessels Simulations
Evaluation of the Green ENTROPIA FUZZY —
BINED Effecti -
[36] Degree of Vessels COMBIN TOPSIS FUZZY ffectiveness-Cost
Evaluation and selection ENTROPIA FUZZY- Effectiveness-Cost-
[87] of a suitable tugboat COMBINED TOPSIS FUZZY Risk
Configuration of barges in
-DE EL -
[76] pushed convoys in the COMBINED AHP MAT Effectiveness-Cost

Amazon

ELECTRE
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Compliance of vessels AHP - AHP FUZZY

[97] with Regulation 14 of COMBINED TOPSIS - Effectiveness-Cost
Annex VI of MARPOL
Optimization of MOGA-FRONTIER
[79] subdivisions in Ro-Ro COMBINED (PODAs)- Effectiveness
vessels (FMAGDM)-TOPSIS

Pl4.1 Methodological Background of Selection Techniques

The methodological selection standard proposed by the AoA establishes a decision-making
framework for vessels. According to the studied sample, this design methodology was addressed by
Raber and Perin [80], McWhite [83], and Chewning & Moretto [91] in the design application of U.S.
Navy aircraft carriers under the CVX program. This program aimed to replace, modernize, and
improve the efficiency of Navy aircraft carriers by comparing and evaluating various technical
characteristics. The expanded ESWBS structure was introduced, enabling a detailed analysis of the
ship’s systems and components. Similarly, Rains [89] applied the AoA methodology to assess the
effectiveness of different naval fleet compositions in fulfilling missions based on costs and
capabilities, focusing primarily on optimizing the design and structure of naval forces while
considering budget constraints and future operational requirements.

However, while the AoA methodology classifies decision-making criteria into three major
analytical segments, most documents adopt a more straightforward approach, selecting specific
criteria for the problem of interest without developing a complex dimensional analysis. In the
design and selection process, during the conceptual and pre-conceptual phases, Zanic et al. [86],
Sulligoi et al. [68], and Zanic & Cudina [73] developed a general selection strategy based on
optimizing key relationships between technical attributes to reduce costs and risks while
maintaining the project's technical effectiveness.

The approach proposed by these authors suggests that the process should begin with a design
description and the establishment of variables, aiming to model technical characteristics using
computational design tools such as MAESTRO, OCTOPUS, and DeMak. This stage involves
identifying optimization objectives and the mathematical relationships between attributes to be
optimized, considering a set of constraints related to safety, effectiveness, and cost. It has been
identified that this problem definition phase utilizes the finite element method (FEM), which aims
to reduce the mathematical complexity of integrating different effectiveness measures in the SOI
configuration and to establish a three-dimensional model that enables the visualization of
relationships in the vessel’s preliminary design [81] [78]. Subsequently, the application of MCDM
techniques diverges in this process. First, mathematical relationships are optimized using MODM
techniques, identifying solutions that form a Pareto frontier ensuring compliance with threshold
values in the three dimensions of analysis. The identified solutions are then classified using MADM
techniques based on the objectives and requirements of clients or decision-makers. Finally, the
models conclude with an evaluation of the experimental design, which examines the sensitivity of
the solution to variations in the criteria assessments and its robustness and reliability.

Pi4.2 Use of MODM Techniques in Vessel Selection

The MODM techniques identified for the development of optimizations of mathematical
objective relationships consider the application of heuristics such as Multi-Objective Genetic
Algorithms (MOGA), Sequential Linear Programming (SLP), Monte Carlo Simulations, Multi-
Objective Particle Swarm Optimization (MOPSO), and Benefit of the Doubt (BoD).
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The most widely used optimization techniques were MOGAs and their variations. MOGAs are
inspired by natural evolution and are designed to solve problems with multiple conflicting
objectives [85]. These algorithms use principles such as natural selection, mutation, and survival of
the fittest to approximate the set of optimal solutions known as the Pareto Frontier, which
represents solutions where improving one objective cannot be achieved without worsening another
[85]. Stepanchick and Brown [78], Papanikolaou et al. [85], and Martins & Burgos [69] applied this
technique in the conceptual design review of different types of vessels to assess their effectiveness,
cost, and risk. This technique allowed for the exploration of the design space, generating multiple
balanced alternatives where technical effectiveness was ensured while minimizing costs and risks
by existing regulations. These applications facilitated decision-making by presenting key metrics and
highlighting tools that enhance the efficiency of the design process.

On the other hand, Zanic et al. [84], applied the MOPSO and SLP techniques to establish the
efficient Pareto frontier in selecting modular vessel designs. The SLP metaheuristic was applied to
rapidly generate initial solutions, while the MOPSO metaheuristic was used to obtain more
significant solutions over a longer computation time. Once the efficient frontier was obtained, the
authors highlighted alternatives that minimized the life cycle cost according to the client's cost-
saving interests (manufacturing, operation, maintenance, or dismantling) and optimized the vessel
deck distribution, reporting savings in resource consumption, costs, and emissions.

MODM techniques are not exclusively applicable in the design phase. Smirlis and Nonazountas
[60], used BoD based on Data Envelopment Analysis formulation to define composite indicators by
selecting values that maximize the utility function. This technique improves the relationship
between sub-indicators associated with risk or cost, contributing to evaluating alternatives when
sufficient information regarding the optimization objective is available. In this research, the
technique helped establish composite cost and environmental impact indicators. Another
application example is seen in Kabashjin and Zvaigzne [61], who, despite not mentioning a specific
MODM technique, conducted an in-depth study on the costs associated with the manufacturing,
operation, maintenance, and decommissioning of modular vessel designs, enriching the decision-
making analysis.

These observations highlight the existing preference for using MOGAs in the vessel design
phase. However, alternative techniques are also available that can reduce computational resource
consumption. Additionally, MODM techniques have been applied in the study of dimensions and
selection alternatives, enabling the establishment of priority values and identifying situations that
alter the estimation of selection variables.

Pi4.3 Use of MADM Techniques in Vessel Selection

Regarding MADM (Multi-Attribute  Decision-Making) techniques, several extended
methodologies have been identified, including the Analytic Hierarchy Process (AHP), Technique for
Order Preference by Similarity to Ideal Solution (TOPSIS), Preference Ranking Organization Method
for Enrichment Evaluations (PROMETHEE II), Decision-Making Trial and Evaluation Laboratory
(DEMATEL), Evidential Reasoning (ER), and Additive Ratio Assessment (ARAS). These techniques are
described as follows:

The AHP technique is characterized as a hierarchical and compensatory method designed to
solve problems involving a moderate number of alternatives and criteria. It facilitates pairwise

24



Decision Making: Applications in Management and Engineering
Volume 8, Issue 1 (2025) 1-21

comparisons through a structured approach that balances cognitive effort and precision in result
differentiation [39]. This technique was examined in several documents within the study sample.
Dos Santos et al. [39] applied AHP to select a new corvette model for the Brazilian Navy from three
design alternatives, considering nine technical and economic criteria. The steps included the
creation of pairwise comparison matrices, data normalization, and calculating priority rankings
using weighted vectors, validating the selection through a subsequent sensitivity analysis. Liu et al.
[101] utilized AHP to assess risks associated with the lifecycle of a naval project, from scheduling to
decommissioning. In these studies, AHP demonstrated advantages over other methods due to its
ability to structure problems and provide a straightforward resolution. Its flexibility and systematic
approach proved decisive in addressing decision-making challenges in both cases.

Integrating MADM techniques with fuzzy logic has emerged as a new paradigm in alternative
evaluation. Most of the observed techniques have opted to apply fuzzy logic due to its ability to
manage subjectivity in interpreting linguistic scales present in some decision-making processes [40,
88, 96]. Fuzzy logic defines values within intervals and sets that enable the formulation of objective
interpretation vectors, significantly influencing decision-making.

According to the sample, several applications of FUZZY AHP were identified, each serving
different purposes. Fiskin [40] developed a model that combines fuzzy AHP and a Fuzzy Inference
System (FIS) to define a critical safety zone, considering 20 factors grouped into vessel, situation,
and environment categories, which were prioritized through comparisons based on triangular fuzzy
numbers. Similarly, Besikci et al. [88] applied fuzzy AHP to prioritize operational measures within
the Ship Energy Efficiency Management Plan (SEEMP), allowing uncertainty management in
decisions and operations. Likewise, Cheemakurthy and Garme [92] proposed a fuzzy AHP-based
methodology for evaluating ferries in public water transport, integrating economic, social, and
environmental criteria. This approach translates subjective preferences into a Decision Performance
Index (DPI) and handles uncertainties in decision-making. Furthermore, Ugurlu [96] applied fuzzy
AHP to identify the ideal vessel type to enhance the career continuity of maritime officers,
evaluating criteria such as salary, working conditions, and risks, establishing preferences among
cargo ships, tankers, container ships, and Ro-Ro/Ro-Pax vessels. In these studies, the fuzzy AHP
method was employed due to its ability to handle multi-criteria decision-making problems in
scenarios involving uncertainty, incomplete data, or subjective evaluations. This methodology was
chosen in each case to more accurately reflect human judgment and the uncertainties associated
with the evaluated factors.

In applying the TOPSIS technique, Vakili et al. [90] focus their study on the selection of whether
or not to use tugboats in ports to reduce marine noise, considering operational costs and noise
emissions. Their findings conclude that using tugboats reduces noise pollution in bodies of water
and leads to collective savings associated with fuel costs for all vessels, thereby decreasing the
environmental impact of maritime activities. Similarly, Yang et al. [67] apply this technique for
vessel selection using fuzzy numbers. Applying the TOPSIS technique maximizes the selection
distance from the worst possible ideal evaluation while minimizing the distance from the best
possible one, assuming that the selection criteria can be compared and measured using a single
linguistic ranking scale. However, Mayszko [64] applies the PROMETHEE Il technique for the
selection of search and rescue vessels, which also maximizes and minimizes distances between
alternatives in evaluating the utility function. However, it accounts for the fact that criteria
evaluations may not be subject to a single linguistic scale, associating criteria with assessments with
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their linguistic ranking scale.

In the study by Yang et al. [72] , the ER technique is used to conduct a Bayesian evaluation of
the degree of compliance or non-compliance of an alternative against a set of attributes applied to
the general selection of vessels in a specific scenario. This fuzzy-based technique employs an
associated linguistic scale that considers belief probability values regarding attribute compliance
directly linked to the utility function based on set theory. Complementarily, Smirlis and
Nonazountas [60] emphasize the importance of identifying the most relevant attributes based on
relationships between criteria to address the selection problem adequately. In this line, Ozdemir et
al. [98] apply the DEMATEL technique to determine which attributes and criteria have the most
significant influence on forms of water pollution during vessel operations. This approach allows
weighting values to be assigned to criteria to establish practical utility functions.

Finally, in the study by Gorgin et al. [63], the ARAS technique is designed to assess and select
LNG transport fleets. The methodology employs the Delphi method to select relevant criteria
through a fuzzy logic-based survey. Subsequently, the ARAS technique is used to calculate the utility
functions of the alternatives based on the prior classification of selection criteria and the degree to
which each alternative meets the evaluated criteria. The study discusses that applying this
technique facilitates decision-making compared to TOPSIS, WASPAS, VIKOR, and EDAS, citing
improvements in flexibility, application complexity, and execution time. However, expert evaluation
is required to ensure proper implementation.

As observed in the various examples, the application of MADM techniques proves helpful in
ranking the importance of attributes and evaluating the extent to which an alternative meets the
assessed attributes. Implementing fuzzy logic is essential due to the diverse interpretations
decision-makers may have of the linguistic scale used.

Pi4.3 Application of Combined Techniques

Given the challenges associated with integrating multiple criteria in the evaluation of vessel
design and selection, various authors have combined techniques to reduce application complexity
and obtain a more comprehensive range of solutions. The review identified several combinations of
MCDM (Multi-Criteria Decision-Making) techniques. One such combination involved the Non-
Dominated Sorting Genetic Algorithm Il (NSGA-I1), based on an elitist mechanism that estimates the
density of solutions surrounding a particular solution within the population by calculating the ratio
between population density and solution density. This was combined with the Weighted Sum
Method (WSM), the simplest multi-objective optimization method, which intuitively transforms into
a scalar preference function using a weighted sum function; a hybrid MADM method used to
enhance the value of multi-objective functions; and a control function that guided the optimization
process to obtain a practical solution meeting-imposed requirement. The primary goal of this
combination was to minimize construction and transportation costs while maximizing the vessel's
annual transported cargo [35].

Other studies have demonstrated the application of Fuzzy Entropy, Fuzzy TOPSIS, and AHP.
These studies highlight the importance of addressing problems characterized by uncertainty and
subjectivity, such as the environmental evaluation of ships and selecting the most suitable tugboats
in industrial processes. Liu et al. [36] developed a hybrid method to assess the ecological rating of
ships, considering their environmental impacts throughout their lifecycle. The innovation in this

study lies in the integrated calculation of weights for criteria and experts, providing a robust
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approach for prioritizing alternatives. This system supports decision-making in environmental policy
and sustainable operations, making it useful for governments and ecological organizations.
Similarly, Balin et al. [87] tackled the complex problem of selecting tugboats in the maritime
industry, which requires considering multiple criteria such as performance, sustainability, operating
costs, and technological adaptability. Their model employs the Analytic Hierarchy Process (AHP) to
structure the problem into a hierarchy of criteria and calculate their relative weights. It also applies
fuzzy entropy to objectively determine the criteria' importance, reducing human evaluation bias.

Lameira et al. [76] analyzed the optimal barge configuration for pushed convoys in the Amazon
region, focusing on iron ore transport along the Maraba—Vila do Conde route. A hybrid MCDM
approach was applied to address this challenge, integrating AHP, which identified and weighted key
criteria such as operational costs, maintenance costs, construction costs, cargo capacity, fuel
consumption, and environmental preservation. DEMATEL was then used to analyze the causal
relationships between criteria, while ELECTRE IV validated the alternatives without relying on initial
weightings, ensuring a robust analysis. This methodological approach provides an effective solution
for improving logistics in inland waterway transport and demonstrates the effectiveness of
combining MCDM methods in complex decision-making problems.

Furthermore, Animah et al. [97] examined the barriers, challenges, and opportunities vessels
face in complying with Regulation 14 of Annex VI of the MARPOL Convention in the Gulf of Guinea
subregion. Their analysis classified key barriers and proposed strategies to address these challenges
using AHP and TOPSIS techniques. The findings suggest that infrastructure improvements, notably
to support using Liquefied Natural Gas (LNG) as an alternative fuel, represent a significant regional
opportunity. Additionally, the study highlights the importance of promoting research and technical
training to ensure personnel are appropriately educated on the safe handling of alternative fuels.

5. Limitations

The study represents a significant contribution to the field, substantially advancing knowledge
in this area. However, it is important to acknowledge certain limitations that should be considered:

5.1 Methodological Limitations

Among the main limitations identified in this study is the selection of keywords, which
constitutes a fundamental element for structuring both search strategies and the article's content
[102]. An imprecise or insufficient choice of these keywords can significantly hinder access to
relevant and diverse information sources, restricting the possibility of exploring different
perspectives and approaches to the research topic. This limits the depth of the results obtained and
the ability to substantiate the study comprehensively. A lack of precision in the keywords may lead
to the omission of essential studies or the inclusion of irrelevant information, affecting the
relevance of the findings and, consequently, the quality of the academic or research work. One
improvement opportunity identified in the reviewed studies is the inclusion of the ESWBS system as
classification terms in titles, abstracts, and keywords, as it can contribute to the search for a specific
technology to be evaluated or studied.

On the other hand, another significant limitation was encountered in unopened access
documents. This represents a barrier to information collection, as access was not available to
documents that could be relevant and that could enrich the theoretical framework, discussion, or
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analyses. The inability to consult these studies due to paywalls or lack of subscriptions restricts the
literature review to only open-access sources. This affects the research's depth, quality, and
validity, especially if the inaccessible documents contain key data, methodologies, or findings
relevant to the studied topic.

5.2 Limitations in Sources

Selecting the Scopus and Web of Science databases ensures the quality and reliability of the
information used for the analysis. However, this choice may have limited the study's scope by
excluding publications from lesser-known journals or regions less represented globally. Although
less visible, these sources could offer enriching perspectives or significant data that may be absent
from high-impact publications.

5.3 Limitations in the Analysis

The study addressed vessels' effectiveness, including their definition and the decision-making
methods for evaluating their selection, design, and operation. However, cost and risk analysis is an
important aspect that should be further investigated. These dimensions are crucial for evaluating
options and applying Systems Engineering across a vessel's lifecycle, covering design, development,
production, operation, and decommissioning [18, 20].

6. Conclusions

This literature review complements the existing body of knowledge on the definition of vessel
capabilities, as established by authors such as Bottero & Gualeni [15], Morris et al. [82], Del Castillo
[103], and Aspen et al. [77]. It recognizes the key attributes that should be considered in these
systems during the selection process, categorizing them according to the metrics acknowledged in
the literature.

Additionally, this document explores the techniques used for classification and selection,
compiling application cases and methodological combinations that contribute to research in design
operations, procurement, and technology acquisition. This examination of selection operations can
include social and environmental dimensions, where new methods and mechanisms can be
developed concerning these dimensions and attributes.

However, despite the vast amount of literature available, the available literature becomes
significantly more limited when delving into a specific technology viewed as a System of Interest
(SOl). For this reason, several future research directions point towards the specific selection of
technologies that make up vessels, exploring system sub-analysis levels according to different
attributes related to effectiveness. These studies on technology selection could serve as an
essential source for designing procurement and acquisition models, shaping value and supply
chains between companies, and fostering the joint sustainability of operations [104].
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1. INTRODUCCION

El desarrollo fluvial de un pais representa un pilar fundamental para el progreso
socioecondmico y la integracion territorial. Las vias fluviales son arterias naturales que
conectan regiones remotas, facilitan el transporte de personas y mercancias, promueven
el comercio y consolidan cadenas logisticas esenciales. En Colombia, el Ministerio de
Transporte y la Direccion General Maritima (DIMAR) desempefian un papel importante en
la regulacion, implementacién y supervision de la normativa técnica asociada a estas
actividades, velando por la seguridad, eficiencia y sostenibilidad del transporte fluvial.

El presente informe tiene como objetivo principal documentar los resultados obtenidos a
partir de las actividades de caracterizacidn, sensibilizacion, capacitacion y asesoramiento,
realizadas con astilleros seleccionados, ubicados en regiones consideradas estratégicas.
Estas acciones se llevaron a cabo para fomentar el cumplimiento de la normatividad
técnica aplicable al sector fluvial y, en consecuencia, contribuir a la profesionalizacion y
modernizacion de los procesos productivos. En este sentido, se busca establecer un
diagnostico claro de las condiciones actuales del sector, identificar practicas tradicionales
que requieran mejora y disefar una hoja de ruta que oriente a los astilleros hacia el
cumplimiento normativo y el fortalecimiento de su competitividad.

Para el desarrollo de este informe se establecieron dos etapas. La primera comprendio la
caracterizacion de las regiones fluviales y la sensibilizacion general con los astilleros. Esta
fase inicial se enfocd en recopilar informacion sobre las cuencas fluviales, las actividades
desarrolladas en cada region y las condiciones operativas de los astilleros seleccionados,
y en implementar acciones de sensibilizacion orientadas a destacar la importancia del
cumplimiento de la normatividad técnica. Por su parte, la segunda etapa consistié en un
diagnostico técnico detallado de los astilleros y en la elaboracion de la hoja de ruta, que
integro estrategias y recomendaciones especificas para cada caso.

El alcance de este informe incluye la identificacion de las regiones fluviales consideradas
como prioritarias en el marco del Plan Maestro Fluvial, asi como de los astilleros
seleccionados con base en criterios de relevancia estratégica. Para la caracterizacion de
las regiones, los criterios fueron los siguientes: mayor concentracion de inspecciones
fluviales, nUmero de embarcaciones registradas y cantidad de unidades productivas
activas en la region; mientras que los criterios establecidos para los astilleros fueron los
siguientes: cumplimiento de normas técnicas, capacidad de adaptacion de estandares
sostenibles, experiencia en la construccion y mantenimiento de embarcaciones, y
disposicion de personal técnico capacitado. Las acciones descritas en este documento



corresponden al periodo establecido en el cronograma del proyecto, durante el cual se
ejecutaron tanto las actividades de campo como las fases de analisis y asesoramiento.

2. Metodologia

2.1. Enfoque general

El enfoque general de la metodologia se basé en la combinacién de investigacion de
campo, analisis técnico y actividades de capacitacion. La investigacion de campo permitio
recopilar datos directamente en los entornos donde se desarrolla la construccion,
reparacion, mantenimiento y operacion de embarcaciones en el ambito fluvial, con lo cual
se obtuvo informacion relevante y contextualizada. El analisis técnico facilitd la evaluacién
detallada de los aspectos normativos y técnicos aplicables a cada caso particular, mientras
que las actividades de capacitacion garantizaron la transferencia de conocimiento y el
fortalecimiento de las capacidades de los actores involucrados

2.2. Fases de trabajo
Etapa 1: Caracterizacion y sensibilizacion

Esta etapa se centrd en establecer un diagndstico del sector fluvial y astillero, por medio
de la identificacion de regiones estratégicas, actores clave, brechas normativas y
oportunidades de mejora. El primer paso fue identificar y clasificar las regiones, a partir
de criterios cuantitativos para priorizar las areas estratégicas. Los criterios utilizados
incluyeron la cantidad de inspecciones fluviales y capitanias de puerto por cuenca, el
numero de embarcaciones registradas en cada region, la cantidad de embarcaciones
activas en operacion y el volumen de carga transportada. Este analisis permitid identificar
zonas criticas y estratégicas dentro del sistema fluvial, y priorizar aquellas con mayor
necesidad de mejora en su actividad operativa y comercial.

Una vez identificadas las regiones, se procedid a la seleccion de los astilleros que
participarian en el estudio. Para ello, se disefid un formulario que fue enviado a todos los
astilleros ubicados dentro de las regiones previamente definidas. Este instrumento
permitid recopilar informacion sobre el interés de cada astillero en recibir la capacitacion,
asi como otros aspectos, tales como su capacidad operativa, su infraestructura disponible
y su experiencia en la implementacion de normativas técnicas y de sostenibilidad.

Los astilleros que completaron el formulario y manifestaron de manera afirmativa su
interés en recibir la capacitacion avanzaron a la siguiente fase del proceso. En esta etapa,
se establecieron requisitos adicionales con el fin de garantizar la seleccién de aquellos
que presentaban las mejores condiciones para aprovechar el programa. Dichos requisitos




incluyeron criterios como el cumplimiento de normas técnicas, la capacidad de adaptacién
a estandares sostenibles, la experiencia en la construccién y el mantenimiento de
embarcaciones, y la disposicion de personal técnico capacitado. Luego, se llevé a cabo la
seleccion final de los 20 astilleros que participaron en el programa. Esta se realizé bajo
un analisis técnico que garantizd una distribucion equitativa entre las regiones
seleccionadas, y aseguro la representatividad y el impacto del programa.

Posteriormente, se llevaron a cabo la planificacion y la preparacién de las actividades de
sensibilizacion, que incluyeron la identificacién de las partes interesadas. Durante esta
fase, se priorizd la participacion de actores como autoridades locales, propietarios de
astilleros, operadores fluviales y comunidades aledafias. Se realizaron reuniones
preliminares para alinear expectativas, establecer objetivos claros y fomentar el
compromiso de los involucrados con el desarrollo de las actividades.

Con las regiones y los astilleros seleccionados, se realizaron visitas de campo e
inspecciones técnicas enfocadas en evaluar las condiciones operativas y el nivel de
cumplimiento normativo de cada sitio. Paralelamente, se organizaron talleres de
sensibilizacion adaptados a las necesidades locales, con el propdsito de fomentar el
conocimiento y la adopcion de buenas practicas alineadas con las normas técnicas
aplicables al sector astillero.

Durante esta etapa, se construyé un perfil detallado de las regiones y los astilleros
evaluados. Este perfil incluyd informacion sobre las practicas tradicionales utilizadas, el
nivel de cumplimiento normativo, las principales limitaciones técnicas y econémicas, y los
desafios que enfrentan los actores locales, como la falta de capacitacion y acceso a
recursos financieros. Este analisis permitié obtener una vision integral de las condiciones
actuales del sector y de las oportunidades de mejora.

Finalmente, los resultados de esta etapa permitieron identificar el nivel general de
cumplimiento de las normas técnicas en las regiones evaluadas, asi como las principales
brechas y desafios a superar. Entre los hallazgos mas relevantes, se destacaron las
carencias de infraestructura, los conocimientos técnicos limitados y los obstaculos
econdmicos enfrentados por pequefios productores y operadores. Con base en estos
resultados, se elaboraron recomendaciones especificas orientadas a mejorar la alineacion
con las normas técnicas y a reducir los obstaculos para los actores del sector.

Etapa 2: Diagnostico, hoja de ruta y asesoramiento

Una vez sensibilizados los actores y consolidadas las bases de la etapa anterior, se avanzd
hacia un diagndstico del sector fluvial y astillero. Esta etapa se inicié con una subfase




orientada a la identificacion y seleccion de los 20 astilleros, segun la informacion
recopilada en la Etapa 1. Tras la seleccion de los 20 astilleros, se procedié a elaborar un
diagndstico basado en un analisis de fortalezas, debilidades, oportunidades y amenazas.
Este diagndstico permitié identificar con mayor precision las barreras que dificultan el
cumplimiento de la normativa técnica, asi como las oportunidades de mejora que se
pueden aprovechar para optimizar las operaciones en los astilleros.

Con base en este analisis, se disefid una hoja de ruta estratégica que definié las acciones
prioritarias para cada astillero, con el objetivo de cerrar las brechas identificadas en el
diagnostico. Esta hoja de ruta incluyd recomendaciones especificas en areas como el
fortalecimiento de las capacidades técnicas, las mejoras en la infraestructura, la adopcion
de nuevas tecnologias y las estrategias para asegurar el cumplimiento normativo.

Paralelamente, se llevd a cabo un proceso de asesoramiento personalizado dirigido a los
actores involucrados en los astilleros seleccionados. Durante este proceso, se brindo
acompafamiento técnico y se resolvieron dudas relacionadas con la implementacién de
las medidas propuestas en la hoja de ruta. Este asesoramiento incluye reuniones
individuales vy talleres practicos, disefiados para abordar las necesidades especificas de
cada astillero y apoyar a los responsables en la solucion de problemas operativos o
normativos.

2.3. Instrumentos y técnicas utilizadas

Se emplearon los siguientes instrumentos y técnicas adaptadas a las necesidades de cada
etapa del proyecto:

. Entrevistas: Estuvieron dirigidas a actores clave para obtener informacién
cualitativa sobre sus percepciones, necesidades y conocimientos previos relacionados con
la normativa técnica.

. Inspecciones técnicas: Permitieron evaluar las condiciones actuales de
cumplimiento normativo en los lugares de interés.

. Analisis documental: Incluyo la revision de normativa vigente, reportes anteriores
y documentos relevantes para establecer un marco de referencia claro y actualizado.

o Talleres y capacitaciones: Tuvieron como objetivo sensibilizar y capacitar a los
actores involucrados, por medio de metodologias participativas y herramientas didacticas
para garantizar un aprendizaje efectivo y significativo.




3. Etapa 1: Caracterizacion de la region y
sensibilizacion general con los astilleros

3.1. Identificacion de regiones

En el marco del desarrollo y el mejoramiento del transporte en Colombia, el Gobierno
Nacional ha presentado instrumentos de diagndstico y planeacién de los diferentes modos
de transporte, con el fin de definir estrategias aplicables en el mediano y largo plazo. Uno
de los precedentes fundamentales es el Plan Maestro Fluvial de Colombia (PMF), un
instrumento de planificacidn que contribuye a organizar el crecimiento del pais mediante
el aprovechamiento de la red fluvial nacional como elemento articulador entre ciudades,
centros poblados, regiones y fronteras. El Plan Maestro Fluvial (PMF) de 2022 incluyo la
vision de convergencia regional y de servicio de transporte fluvial, como elemento de
conectividad regional; por tanto, se plantearon acciones tanto para fortalecer la
competitividad en el transporte de mercancias como para mejorar las condiciones de
transporte para las personas.

Por tanto, para la seleccion de las regiones estratégicas, fue fundamental comprender el
ordenamiento institucional, la clasificacion de la red fluvial y la infraestructura del
transporte fluvial, ya que estos elementos determinan la operatividad y la regulacion de
dicho sistema. En primer término, el ordenamiento institucional define el marco normativo
y las entidades responsables de la gestion del transporte acuatico, y establece los criterios
y directrices que rigen la actividad en cada region. En segundo lugar, la clasificacion de
la red fluvial permite segmentar los cuerpos de agua segin su navegabilidad, trafico y
funcion dentro del sistema logistico, lo que facilita la identificacion de corredores
estratégicos para el transporte de carga y pasajeros. Finalmente, la infraestructura del
transporte fluvial, que incluye puertos, muelles, astilleros y sistemas de sefalizacion es
un factor clave para evaluar la capacidad operativa y la viabilidad de mejoras en cada
zona.

3.2. Evaluacioén de las regiones

La evaluacion de las regiones involucradas en el presente estudio se realizd bajo un
enfoque técnico que indicd criterios orientados a maximizar el impacto y la
representatividad de las actividades de caracterizacion, sensibilizacion, capacitacion y
asesoramiento. Dichas regiones se detallan en la Tabla . Estos criterios fueron definidos
en funcion de factores que reflejan la dindmica productiva y operativa de los astilleros en
el contexto regional.



Tabla 1. Descripcion de los criterios de seleccion de las regiones

Criterio

Cantidad de
inspecciones
fluviales y capitanias
de puerto por
cuenca

Cantidad de
embarcaciones
registradas por

inspecciéon fluvial y
cuencas

Cantidad de
embarcaciones
activas por

inspeccion fluvial y
cuencas

Cantidad de carga
transportada por
inspecciéon fluvial y

Descripcién

Se priorizan las regiones con un mayor numero de
inspecciones, ya que esto refleja un nivel elevado de control
normativo y actividad fluvial.

Indica la densidad de embarcaciones, lo cual esta
directamente relacionado con la demanda de servicios de
construccion, mantenimiento y cumplimiento técnico en los
astilleros.

Proporciona una medida de la operatividad real de la flota,
diferenciando entre registros administrativos y unidades
efectivamente en operacion.

Permite evaluar la importancia logistica de cada zona,
identificando los corredores con mayor flujo comercial y
demanda de infraestructura.

cuencas

3.3. Cantidad de inspecciones fluviales y capitanias de puerto por cuenca

Este indicador permite identificar areas estratégicas donde la actividad de inspeccion
refleja un mayor nivel de control y cumplimiento normativo, lo que a su vez evidencia la
relevancia de intervenir en dichos territorios para fortalecer las capacidades técnicas y
administrativas de los astilleros.

La gestidn fluvial esta dividida en capitanias de puerto e inspecciones fluviales, las cuales
supervisan y controlan la navegacion. De acuerdo con el Decreto Ley 2324 de 1984,
Articulos 19 y 20, y Decreto Ley 1561 de 2002 Articulo 8, la Direccién General Maritima
(Dimar) cuenta con dependencias regionales y seccionales, denominadas Capitanias de
Puerto en los puertos maritimos y fluviales de su jurisdiccion, que ejerceran las funciones
de la entidad en el area asignada, de acuerdo con la ley y los reglamentos.

Las capitanias de puerto tienen como funcién principal garantizar la seguridad y el
cumplimiento de las normativas en las actividades relacionadas con el trafico maritimo y
fluvial. A continuacién, se presenta una lista de las principales cuencas y sus respectivas




capitanias de puerto:

e cuenca Magdalena: Capitanias en Barranquilla, Cartagena y Santa Marta;

e cuenca Orinoco: Capitanias en Puerto Carrefio, Puerto Inirida y Arauca;

e cuenca Amazonas: Capitanias en Leticia, Puerto Leguizamo;

e cuenca Atrato - Caribe: Capitanias de Puerto Bolivar, Riohacha, Covefas y Turbo;
e cuenca Pacifico: Capitanias en Bahia Solano, Buenaventura, Guapi y Tumaco.

Por otra parte, las inspecciones fluviales son una actividad del Ministerio de Transporte
de Colombia, que se encarga de vigilar y controlar la navegacion, la seguridad y las
condiciones técnicas de las embarcaciones, asi como la aptitud de la tripulacion. A
continuacion, se presenta una lista de las principales cuencas y sus respectivas
inspecciones fluviales.

Tabla 2. Inspecciones fluviales por cuencas

Cuenca Inspeccion fluvial
Barranquilla
Cartagena
Calamar
Magangué
El Banco
Guaranda
Gamarra

Magdalena Caucasia
Barrancabermeja
Puerto Berrio
Puerto Salgar
Girardot
Calima
Betania
El Pefol - Guatapé
Arauca
Puerto Carrefo
Inirida

Orinoco Lago de Tota
Guavio — Chivor
Puerto Gaitan
San José del Guaviare




Puerto Lopez
Leticia
Puerto Leguizamo
Amazonas Puerto Asis
Solano
Cartagena de Chaira
Monteria
Turbo
Riosucio
Quibdd
Pacifico Istmina

Atrato — Caribe

Las cinco principales cuencas fluviales del pais cuentan con un numero variable de
capitanias de puerto e inspecciones fluviales. La cuenca Magdalena, la mas extensa y con
mayor actividad portuaria, presenta tres capitanias de puerto (Barranquilla, Cartagena y
Santa Marta) y quince inspecciones fluviales distribuidas en ciudades estratégicas como
Barrancabermeja, Gamarra y Magangué. Por su parte, la cuenca del Orinoco cuenta con
tres capitanias de puerto (Puerto Carrefo, Puerto Inirida y Arauca) y ocho inspecciones
fluviales, entre las que destaca Inirida como la de mayor actividad. La cuenca Amazonas,
a pesar de su importancia en la conectividad fluvial, solo tiene dos capitanias de puerto
(Leticia y Puerto Leguizamo) y cinco inspecciones fluviales, lo que evidencia una menor
cobertura de control.

En cuanto a la cuenca Atrato-Caribe, se registran cuatro capitanias de puerto y cuatro
inspecciones fluviales, siendo Riosucio y Turbo las de mayor actividad. Finalmente, la
cuenca del Pacifico presenta una baja presencia de infraestructura de inspeccién, con solo
cuatro capitanias de puerto y una Unica inspeccion fluvial en Istmina, lo que la convierte
en la regidon con menor supervision directa.

El analisis revela que las cuencas con menor cantidad de inspecciones fluviales son el
Amazonas y el Pacifico, lo que sugiere la necesidad de fortalecer la regulacion y
supervisidn en estas regiones para mejorar la seguridad operativa y la gestion de
embarcaciones. La cuenca Magdalena, a pesar de ser la mas supervisada, enfrenta retos
en la consolidacion de estandares técnicos debido a su alta densidad de embarcaciones.
Con el objetivo de priorizar regiones con menor cobertura de inspeccidn, se recomienda
centrar esfuerzos en la cuenca Pacifico y en la cuenca Amazonas, y promover estrategias
que fortalezcan la capacidad de control fluvial y la asistencia técnica a los astilleros en




estas zonas criticas.

3.4. Cantidad de embarcaciones registradas por inspeccién fluvial y cuencas

El nimero de embarcaciones registradas por inspeccion fluvial y cuencas es un indicador
para evaluar la actividad y el desarrollo del transporte fluvial en las diferentes regiones.
Este parametro permite analizar la concentracion de la flota en términos de distribucion
geografica y operativa, facilitando la identificacion de zonas estratégicas para la
implementacion de politicas de regulacién, mantenimiento y sostenibilidad del sector.
Asimismo, la distribucidn de registros por cuenca refleja la dinamica del transporte fluvial,
su impacto en la infraestructura portuaria y la necesidad de fortalecer los sistemas de
inspeccidn y control para garantizar la seguridad y eficiencia en la navegacion.

El andlisis de las embarcaciones registradas en cada cuenca evidencia diferencias
significativas en la cantidad de unidades operativas, como se evidencia en la Tabla . La
cuenca del Orinoco presenta la mayor cantidad de embarcaciones registradas, con un
total de 14.015 unidades: Inirida (5.298), Arauca (2.864) y Puerto Carrefio (1.766)
destacan como los principales centros de operacién fluvial. La significativa cantidad de
embarcaciones en esta cuenca sugiere un alto nivel de actividad en transporte de carga
y pasajeros, y evidencia la importancia de estos puntos para la conectividad regional.

Por su parte, la cuenca del Magdalena cuenta con 8.328 embarcaciones registradas,
siendo El Penol - Guatapé (2.028), Girardot (853) y Caucasia (823) las inspecciones con
mayor numero de registros. Esta distribucion confirma la relevancia del rio Magdalena
como el eje principal del transporte fluvial en el pais, con una infraestructura consolidada
y una flota diversificada en términos de uso y capacidad. En la cuenca del Atrato-Caribe,
se reportan 5.371 embarcaciones registradas, con Riosucio (1.522), Quibdo (1.608) y
Turbo (1.116) como los puntos con mayor densidad de embarcaciones. Esta region se
destaca por el uso del transporte fluvial como alternativa clave para la movilizacion de
bienes y personas, dadas las condiciones geograficas y la infraestructura terrestre limitada
en algunas areas.

La cuenca del Amazonas presenta 2.467 embarcaciones registradas, con Leticia (766) y
Cartagena de Chaira (547) como las zonas con mayor cantidad de unidades. Estos
registros reflejan la importancia del transporte fluvial en la conectividad de la regién
amazodnica, donde la navegacion es el principal medio de movilidad para las comunidades
locales. Finalmente, la cuenca del Pacifico tiene 984 embarcaciones registradas en la
inspeccion fluvial de Istmina. Este nimero, aunque menor en comparacion con otras



cuencas, resalta la necesidad de fortalecer la infraestructura portuaria y los sistemas de
control en la regién, con el fin de mejorar la eficiencia del transporte y garantizar la
seguridad operativa.

Tabla 3. Numero de embarcaciones registradas por cuenca e inspeccion fluvial

., Cantidad de
Cuenca Inspecuon embarcaciones
fluvial )
registradas
Barranquilla 754
Cartagena 677
Calamar 49
Magangué 746
El Banco 163
Guaranda 163
Gamarra 599
Magdalena Caucasia _ 823
Barrancabermeja 166
Puerto Berrio 78
Puerto Salgar 209
Girardot 853
Calima 603
Betania 264
El Penol -
Guatapé A
Puerto Carrefio 1766
Arauca 2864
Inirida 5298
Lago de Tota 168
Orinoco Guavio — Chivor 221
Puerto Gaitan 997
San _ Joseé del 980
Guaviare
Puerto Lopez 1721
Leticia 766
Puert_o 458
Amazonas Leguizamo
Puerto Asis 433
Solano 263




Cartagena de

Chaira S

Turbo 1116
Atrato — Monteria 1125
Caribe Riosucio 1522

Quibdo 1608
Pacifico Istmina 984

El analisis de la cantidad de embarcaciones registradas por inspeccion fluvial evidencia
una distribucion heterogénea de la actividad fluvial en las diferentes cuencas del pais. A
partir de estos datos, la estrategia de priorizacion se centrara en aquellas regiones con el
menor numero de embarcaciones registradas, ya que esta condicidén sugiere una menor
actividad fluvial y, en consecuencia, una posible falta de infraestructura, capacitacién o
incentivos para el desarrollo del sector. Las cuencas que presentan menor numero de
embarcaciones registradas son el Amazonas Yy el Pacifico, con valores significativamente
inferiores a los observados en el Magdalena y el Orinoco.

La priorizaciéon de estas regiones permitira enfocar esfuerzos en fortalecer la regulacion,
la formacidn de actores clave y la adecuacion de infraestructura para incentivar un mayor
desarrollo del transporte fluvial. Ademas, una menor cantidad de embarcaciones podria
estar asociada a barreras normativas o econdmicas que dificultan la formalizacion de la
actividad, lo que refuerza la necesidad de intervenciones estratégicas en estas areas.

3.5. Cantidad de embarcaciones activas por inspeccion fluvial y cuencas

El analisis de la cantidad de embarcaciones activas por inspeccion fluvial y cuencas
permite evaluar la operatividad real de la flota fluvial en las distintas regiones. A diferencia
del registro total de embarcaciones, este indicador refleja la cantidad de unidades que
actualmente cumplen funciones de transporte, comercio o logistica en los rios navegables
del pais. Esta informacién es fundamental para la planificacion de infraestructura
portuaria, la optimizacién de rutas fluviales y la aplicacién de normativas que garanticen
la seguridad y sostenibilidad del transporte acuatico.

Los datos obtenidos muestran una distribucion heterogénea de embarcaciones activas en
las distintas cuencas. La cuenca del Magdalena concentra el mayor nimero de unidades
operativas con un total de 4.064 embarcaciones activas, destacandose los puntos de
inspeccion de Barranquilla (534), Cartagena (417), El Pefol-Guatapé (472), Magangué
(368) y Gamarra (344). La presencia de estas embarcaciones evidencia la importancia del




rio Magdalena como principal corredor fluvial del pais, con una alta demanda de servicios
de navegacion y mantenimiento.

Por su parte, la cuenca del Orinoco registra 2.543 embarcaciones activas, siendo Inirida
(974) y Puerto Lopez (563) los principales centros de actividad fluvial. Estos resultados
indican la relevancia de esta cuenca en el transporte y comercio, especialmente en las
regiones del oriente del pais. En la cuenca del Amazonas, el total de embarcaciones
activas es de 924, con los principales registros en Leticia (178), Puerto Asis (235) y Solano
(183). Esto refleja el papel estratégico de la navegacion en la conectividad de estas
regiones con el resto del pais, dada la limitada infraestructura terrestre disponible.

La cuenca Atrato-Caribe cuenta con 1.114 embarcaciones activas, con Riosucio (482) y
Monteria (343) como los puntos con mayor densidad de unidades operativas. Finalmente,
la cuenca del Pacifico presenta la menor cantidad de embarcaciones activas, con 154
unidades registradas en Istmina, lo que sugiere una menor dependencia del transporte
fluvial en esta zona.

Tabla 4. Numero de embarcaciones activas por cuenca e inspeccion fluvial.

Cantidad de
Cuenca Inspeccidn fluvial embarcaciones
activas

Barranquilla 534

Cartagena 417

Calamar 16

Magangué 368

El Banco 134

Guaranda 60

Gamarra 344
Magdalena Caucasia _ 295

Barrancabermeja 119

Puerto Berrio 34

Puerto Salgar 127

Girardot 233

Calima 141

Betania 99

El Pefol -

Guatapé w2
Orinoco Puerto Carrefio 195




Cantidad de

Cuenca Inspeccidn fluvial embarcaciones
activas
Arauca 177
Inirida 974
Lago de Tota 42
Guavio — Chivor 59
Puerto Gaitan 113
San _ José del 420
Guaviare
Puerto Lopez 563
Leticia 178
Puerto Leguizamo 165
Amazonas Puerto Asis 235
Solano 183
Cartagena de
Chaira ez
Turbo 215
Atrato - Monteria 343
Caribe Riosucio 482
Quibdod 74
Pacifico Istmina 154

El analisis de la cantidad de embarcaciones activas por cuenca permite identificar aquellas
regiones con menor actividad fluvial, lo que puede estar asociado a limitaciones en
infraestructura, menor conectividad comercial o deficiencias en los procesos de inspeccion
y control. En este sentido, la estrategia de priorizacion se enfocara en las cuencas con el
menor nimero de embarcaciones activas, con el objetivo de fortalecer sus capacidades
operativas y fomentar su integracion en el sistema de transporte fluvial nacional.

De acuerdo con los datos analizados, las cuencas con menor cantidad de embarcaciones
activas son la cuenca del Pacifico, con 154 embarcaciones, y la cuenca del Amazonas, con
924 embarcaciones. Estas cifras reflejan una menor densidad de trafico fluvial en
comparacion con otras cuencas como la del Magdalena o la del Orinoco, lo que puede
indicar la necesidad de reforzar el apoyo institucional, mejorar la infraestructura portuaria
y optimizar la operatividad de las inspecciones fluviales.

La priorizacion de estas regiones permitira mejorar las condiciones para la navegacion,




aumentar la eficiencia en la regulacion y supervision de las actividades fluviales y fomentar
el desarrollo econdmico en estas zonas estratégicas. Ademas, fortalecer el transporte
fluvial en estas cuencas contribuird a reducir las desigualdades en la conectividad
territorial y a promover un sistema mas equilibrado y sostenible a nivel nacional.

3.6. Cantidad de carga transportada por inspeccion fluvial y cuenca

La cantidad de carga transportada por inspeccion fluvial y cuenca es un indicador esencial
para evaluar la actividad y eficiencia del transporte fluvial en Colombia. Este dato permite
identificar las regiones con mayor movimiento de mercancias, y facilita la toma de
decisiones en cuanto a inversiones en infraestructura, asignacion de recursos vy
formulacion de politicas publicas que promuevan el desarrollo sostenible del sector.

A continuacion, se presenta una tabla que resume la cantidad de carga transportada,
desglosada por cuenca e inspeccion fluvial.

Tabla 5. Cantidad de carga transportada (ton) por cuenca e inspeccién fluvial

Cantidad de
Inspeccion carga
ez fluvial transportada
(toneladas)
Barranquilla 1.200.000
Cartagena 950.000
Calamar 50.000
Magangué 300.000
El Banco 120.000
Guaranda 80.000
Gamarra 200.000
Magdalena Caucasia . 150.000
Barrancabermeja 400.000
Puerto Berrio 100.000
Puerto Salgar 90.000
Girardot 250.000
Calima 60.000
Betania 70.000
El Penol -
Guatapé 30.000
Orinoco Puerto Carrefio  500.000
Arauca 450.000




Cantidad de

Cuenca Inspeccién carga

fluvial transportada
(toneladas)

Inirida 600.000
Lago de Tota 20.000
Guavio — Chivor  25.000
Puerto Gaitan 300.000
San _ Jose del 350.000
Guaviare
Puerto Lopez 400.000
Leticia 700.000
FUIED 150.000
Leguizamo

Amazonas Puerto Asis 200.000
Solano 100.000
Cartagena:de | 155 59
Chaira
Turbo 600.000

Atrato — Monteria 500.000

Caribe Riosucio 550.000
Quibdo 400.000

Pacifico Istmina 300.000

El andlisis de la cantidad de carga transportada por cuenca permite identificar
disparidades en la actividad fluvial a nivel nacional, lo que evidencia la necesidad de
estrategias diferenciadas para fortalecer el desarrollo del sector. En este contexto, la
priorizacion se enfocara en las cuencas que registran los menores volimenes de carga
transportada, con el fin de impulsar su integracion en la red logistica y mejorar su
competitividad. Segun los datos analizados, las cuencas con menor movimiento de carga
son la cuenca del Pacifico y la cuenca del Amazonas, lo que sugiere posibles limitaciones
en infraestructura, conectividad y capacidades operativas. La baja actividad en estas
regiones puede deberse a la falta de inversiones en corredores logisticos y de restricciones
en la navegabilidad de los rios, y a la ausencia de incentivos para el uso del transporte
fluvial como alternativa eficiente.

La priorizacién de estas cuencas permitira disefar estrategias orientadas a mejorar la
infraestructura portuaria, fortalecer la operatividad de las inspecciones fluviales y




fomentar el uso del transporte fluvial como una solucidn sostenible y eficiente. Al optimizar
la conectividad y los servicios logisticos en estas regiones, se contribuira a equilibrar el
desarrollo del sector, reducir costos de transporte y mejorar la competitividad econdmica
de las zonas con menor actividad fluvial.

3.7. Seleccion de Regiones

La priorizacion de las regiones con menor nuimero de embarcaciones activas,
embarcaciones registradas y carga transportada es fundamental para impulsar el
desarrollo del transporte fluvial en areas con menor actividad econémica y menor
integracion logistica. Estas regiones pueden presentar limitaciones en infraestructura,
menor acceso a tecnologias de navegacion y menor capacitacion técnica, lo que dificulta
su competitividad y crecimiento. Al focalizar los esfuerzos en estas areas, se puede
promover el fortalecimiento del sector mediante capacitacion a los astilleros, mejoras en
la infraestructura portuaria y optimizacion de las operaciones logisticas, facilitando asi el
incremento del comercio y la conectividad fluvial.

Por tanto, para la seleccién de las regiones prioritarias, se emplea una metodologia
sencilla basada en la asignacion de puntajes. El criterio fundamental es otorgar mayor
prioridad a las regiones con menor nimero de embarcaciones activas, embarcaciones
registradas y carga transportada. De acuerdo con la evaluacién de las regiones, se
establece lo siguiente para cada cuenca:

Tabla 6. Cantidad de embarcaciones activas, registradas y cantidad de carga total por

cuencas
Cantidad de Cantidad de Cantidad de
. . carga
Cuenca embarcaciones embarcaciones
: ) transportada
activas registradas
(toneladas)
Magdalena 3393 8175 4.050.000
Orinoco 2543 14015 2.645.000
Amazonas 924 2467 1.270.000
Atrato = 4,44 5371 2.050.000
Caribe
Pacifico 154 984 300.000

A cada criterio se le asigna una puntuacion inversamente proporcional a su valor. Es decir,
la regidn con el menor nimero en cada categoria recibe el puntaje mas alto (5 puntos),




mientras que la que tiene el mayor nimero recibe el puntaje mas bajo (1 punto).

Tabla 7. Puntuaciones por criterios

Embarcaciones Embarcaciones Carga Puntaje
Cuenca . .

activas registradas transportada total
Magdalena 1 2 1 4
Orinoco 2 1 2 5
Amazonas 4 4 3 11
Atrato —
Caribe 3 3 4 10
Pacifico 5 5 5 15

Las regiones con mayor puntaje son las que se deben ser priorizar, ya que presentan
menor actividad en términos de embarcaciones y carga transportada.

1. Pacifico (15 puntos) — Mayor prioridad
2. Amazonas (11 puntos)
3. Atrato — Caribe (10 puntos)

El analisis demuestra que la cuenca del Pacifico se debe priorizar en primer lugar, ya que
tiene la menor cantidad de embarcaciones activas y registradas, asi como la menor carga
transportada. Amazonas y Atrato — Caribe siguen en la lista debido a sus bajos niveles de
actividad fluvial en comparacién con Magdalena y Orinoco. Esto sugiere que estas
regiones requieren mayor intervencion en términos de infraestructura, fomento del
transporte fluvial y fortalecimiento de capacidades técnicas
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PLANILLA INTEGRADA AUTOLIQUIDACION APORTES
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DATOS GENERALES DEL APORTANTE

TIPO IDENTIFICACION:
NOMBRE O RAZON SOCIAL:
CIUDAD/MUNICIPIO:
DIRECCION:

TIPO APORTANTE:

TIPO EMPRESA:

FORMA DE PRESENTACION:

CEDULA DE CIUDADANIA NUMERO DE IDENTIFICACION:

CARTAGENA DEPARTAMENTO:
VILLAS DE LA CANDELARIA TELEFONO:
02-INDEPENDIENTE CLASE APORTANTE:
PRIVADA ACTIVIDAD ECONOMICA:

SUCURSAL SUCURSAL / DEPENDENCIA:
APORTANTE EXONERADO PAGO APORTES SALUD, SENA E ICBF (REFORMA TRIBUTARIA):

1235041885

LINDA SOFIA ATENCIO ORTIZ
BOLIVAR

9999999

I-INDEPENDIENTE

Otras actividades de servicios
8523 - ITM

NO

DATOS GENERALES DE LA PLANILLA

NUMERO PLANILLA:

7962981911 TIPO DE PLANILLA:

I-INDEPENDIENTES

PERIODO COTIZACION MES: febrero PERIODO COTIZACION MES: febrero
OTROS SUBSISTEMAS: ARO: 2025 SALUD: ANO: 2025
DIAS DE MORA: 0
FECHA PAGO (aaaa/mm/dd): 2025/03/06 NUMERO AUTORIZACION: 1316519570
NOVEDADES
ING | RET | TDE | TAE | TDP | TAP | COR | VSP' | VST /|.SLN |COM| IGE | LMA | VAC | AVP | VCT | IRP
X
[ LIQUIDACION GENERAL
TOTALES
COTIZANTES TOTAL
PENSION
ADMINISTRADORA
NIT CcODIGO NOMBRE
900336004 25-14 25-14 COLPENSIONES 1 $ 189.800
SUBTOTAL: 1 $ 189.800
SALUD
ADMINISTRADORA
NIT CcODIGO NOMBRE
800130907 | EPS002 EPS002-SALUD TOTAL 1 $ 148.300
SUBTOTAL: 1 $ 148.300
RIESGOS PROFESIONALES
ADMINISTRADORA
NIT CcODIGO NOMBRE
890903790 14-11 14-11 - ARL SURA 1 $ 6.200
SUBTOTAL: 1 $6.200
VALOR SIN MORA: $ 344.300
VALOR MORA: $0
TOTAL PAGADO: $ 344.300
2025/03/06 8:20 AM USUARIO: SOI - CC1235041885 PAGINA 1 DE 1




Codigo FG 016

v /7. i RECIBIDO A SATISFACCION PARA CONTRATISTAS

Version 02
- (CONTRATOS Y CONVENIOS INTERADMINISTRATIVOS)
Instnstitucién Universitaria@ria Fecha 13-09-2019
Medellin, 31 de marzo de 2025
En mi calidad de supervisor(a) de los contratos de prestacion de servicios relacionados con el proyecto “TULATO - Tecnologias para el uso eficiente de la energia, la minimizacién del impacto y el ap! I de de transporte eléctrico orientado a regiones con alto

potencial bio-social-energético.", financiado por Minciencias 394-2023, me permito certificar que las personas que relaciono a continuacién, cumplieron con las obligaciones contraidas en el objeto contractual segtn los informes de productos entregados por los contratistas.
Igualmente certifico que se ha verificado el pago de los aportes al sistema de seguridad social en salud, pensién y riesgos laborales (ARL) correspondientes al periodo de cobro.

Por lo anterior considero pertinente desembolsar el pago a las siguientes personas.

No. | No.contraio | vr.contrato | No. Adicion D“L“;{':ﬁ::;"e Apellidos. Nombres Periodo L :;;‘3:;“5' pe:;;:hjiﬁ. L:EE\L{; A"s";‘ﬁa A;e"n’::na ch(;’da " Dias Codigo 4rea de negocios Nombre érea de negocios
1 7773 $110.666.667. N/A 6.567.679 Caldas Luzeiro Janio 1/3/25| 30/3/25] $ 10.091.185,00 [ $ 1.171.465| $ 21.070| $ 504.559| $ 645.836) N 30 380201111781 394/2023 PROYECTO TULATO
4 7774 $110.666.667 N/A 71.366.786 |Zapata Cortés Julian Andres 1/3/25| 30/3/25| ¢ 10.091.185,00 $ 1.171.465| $ 21.070| $ 504.559| $ 645.836 N 30 380201111781 394/2023 PROYECTO TULATO
3 |7775 $110.666.667| N/A 75.100.830 | castario Londofio Luis Fernando 1/3/25| 30/3/25| § 10.091.185,00 | $ 1192536 $ 42.141| $ 504.559| $ 645.836) N 30 380201111781 394/2023 PROYECTO TULATO
4 7711 $110.666.667 N/A 30.237.456  |Buitrago Villada Maria del Pilar 1/3/25| 30/3/25| ¢ 10.091.185,00 $ 1.171.465| $ 21.070| $ 504.559| $ 645.836 N 30 380201111781 394/2023 PROYECTO TULATO
5 |7713 $ 47.586.667 N/A 1.036.676.315 |Ruiz Franco Paola Andrea 1/3/25| 30/3/25| ¢ 4.339.210,00 $ 503.730[ $ 9.060| $ 216.961| $ 277.709 N 30 380201111781 394/2023 PROYECTO TULATO
7 7714 $ 38.963.885] N/A 43.108.430 Aguirre Restrepo Yamileth 1/3/25| 30/3/25| ¢ 3.552.938,00 $ 413.129| $ 7.431| $ 177.938| $ 227.760 N 30 380201111781 394/2023 PROYECTO TULATO
8 |7717 $ 5250000 N/A | 1.233.189.091 |jiménez Solarte Zully Alexandra 1/3/25| 30/3/25| ¢ 250000000 | $ 413129 $ 7.431| $ 177.938 $ 227.760| N 30 380201111781 394/2023 PROYECTO TULATO
9 |7718 $ 8583333 N/A | 1.085.327.002 |genavides Castillo Jaime Gerardo 1/3/25| 30/3/25| ¢ 250000000 | $ 413129 $ 7.431| $ 177.938 $ 227.760| N 30 380201111781 394/2023 PROYECTO TULATO
11 |7719 $ 87500000 N/A | 1.007.256.578 |Fernandez Alonso George 1/3/25| 30/3/25| ¢ 250000000 | $ 413129 $ 7.431| $ 177.938 $ 227.760| N 30 380201111781 394/2023 PROYECTO TULATO
10 |7720 $  8750.000( N/A | 1.007.386.678 |Arieta Gomez Mateo 1/3/25| 30/3/25| § 250000000 | $ 413129 $ 7.431| $ 177.938| $ 227.760| N 30 380201111781 394/2023 PROYECTO TULATO
12 |7722 $ 8583333 N/A | 1.001.361.737 |mora Ruiz Jhonatan David 1/3/25| 30/3/25| ¢ 250000000 | $ 413129 $ 7.431| $ 177.938| $ 227.760| N 30 380201111781 394/2023 PROYECTO TULATO
13 |7712 $ 27.286.737| N/A | 1.035.872398 |pMontoya Zapata Natalia Maria 1/3/25| 30/3/25| ¢ 248815200 | $ 413129 $ 7.431| $ 177.938 $ 227.760| N 30 380201111781 394/2023 PROYECTO TULATO
14 |7721 $ 17.680.639 N/A 1.036.668.689 [pjesa Rodriguez Maria Camila 1/3/25| 30/3/25| ¢ 3.048.386,00 $ 413.129| $ 7.431| $ 177.938| $ 227.760 N 30 380201111781 394/2023 PROYECTO TULATO
15 |7724 $ 22.620.000 N/A 1.235.041.885 | Atencio Ortiz Linda Sofia 1/3/25| 30/3/25| § 390000000 | $ 452743 $ 8.143| $195.000( $ 249.600f N 30 380201111781 394/2023 PROYECTO TULATO
17 |8363 $ 32.916.490( N/A 1.037.592.969| Tabares Arenas Aldemar Andrés 1/3/25| 30/3/125| s 3269.850,00 | $ 413.129| $ 7.431f $ 177.938| $ 227.760) N 30 380201111781 394/2023 PROYECTO TULATO
18 |8364 $ 27.416.667 N/A 1.193.132.462| Quifiones Mesias Andrés Felipe 1/3/25| 30/3/125| ¢ 538580,00 [ $ 413.129| $ 7.431f $ 177.938| $ 227.760) N 30 380201111781 394/2023 PROYECTO TULATO
19 |8397 $ 35.233.333 N/A 1.017.230.967 |Escudero Quintero Cristian 1/3/25| 30/3/125| § 3500.000,00 | $  420.559| $ 14.861f $ 177.938| $ 227.760) N 30 380201111781 394/2023 PROYECTO TULATO
20 |8394 $ 22.197.151 N/A 1.128.430.282 [Rua Torres Evelin Estefany 1/3/25| 30/3/125| ¢  2205.015,00 | $ 413.129| $ 7.431f $ 177.938| $ 227.760) N 30 380201111781 394/2023 PROYECTO TULATO
21 |8399 $ 34.351.876 N/A 89.030.368.860 | Hernandez Lenis Christian 1/3/25| 30/3/125| ¢ 341243800 | $ 413129| $ 7.431f $ 177.938| $ 227.760) N 30 380201111781 394/2023 PROYECTO TULATO
22 8396 $ 24.160.000(  N/A 1.000.565.655 [ Guzman Rodriguez Juan Pablo 1/3/25| 30/3/125| §  2.400.000,00 | $  420.559| $ 14.861f $ 177.938| $ 227.760) N 30 380201111781 394/2023 PROYECTO TULATO
23 |10045 $ 20.943.790 N/A 1.000.536.337 (L6pez Suarez Jose David 3/3/25| 30/3/25| $  2.050.441,00 $ 413129 $ 7.431| $ 177.938 $ 227.760 N 28 380201111781 394/2023 PROYECTO TULATO
TOTAL |$ 89.569.750 | $11.875.199
(*) NOVEDAD

AD.  Contratista con adicion

AD.AL. Contratista con adicion y tiene Acta de Liquidacion

AL Contratista que tiene Acta de Liquidacion

AS  Contratista que tiene Acta de Suspension (en el periodo de cobro debe especificarse los dias reales de pago).
AS.AL Contratista que tiene Acta de Suspension (en el periodo de cobro debe especificarse los dias reales de pago) y tiene Acta de Liquidacion
N Contratista que firma un nuevo contrato

N.AL  Contratista que firma un nuevo contrato y tiene Acta de Liquidacion

NN Contratista Nuevo que no ha tenido ningtin contrato con el ITM

NN.AL Contratista Nuevo que no ha tenido ningtin contrato con el ITM y tiene Acta de Liquidacion

R.  Contratista que tiene reservas

N.UP  Contratista que firma un nuevo contrato y tiene Ultimo pago

NN.UP Contratista Nuevo que no ha tenido ningin contrato con el ITM y tiene Ultimo pago

UP  Uttimo pago

P Pensionado

Atentamente,

Daniel JGﬁnz;é_I,ez-M_g:p%OS{a'
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