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Summary

Waste management and its problems with high generation rates, due to the
Current consumerism has generated an increase in waste in ports, which is why at present
research strategies are developed based on the principles of the circular economy and the
Zero waste management system to preserve the value of materials and products
for as long as possible, avoiding generating as much waste as possible and
ensuring that these are reintegrated into the productive system for reuse. This is why it was carried out
the methodology with descriptive and exploratory characteristics that starts with an on-site diagnosis
where the management carried out on each type of waste is recognized and the most significant ones are identified.
generation in Palermo Port Society, the waste identified was: non-recoverable,
Recyclable, hazardous, post-consumer and special waste; the latter being the most
impact on its generation and storage. Consequently, strategies were designed to
circular economy and the 3R principles based on the Zero Waste management system and
Additionally, due to the conditions diagnosed for residual wood (special waste),
implemented a mass balance and a PDCA model where the results were:
need to adopt a registration and control system for this type of waste and improvement in
collection areas.

Keywords: Sustainability, Circularity, waste, PHVA, zero waste, balance of

masses, multipurpose ports
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Abstract

Waste management and its problems with high generation rates, due to the current
consumerism has generated an increase of waste in the ports, therefore in this research strategies
based on the principles of circular economy and the zero waste management system are
developed to preserve the value of materials and products for as long as possible, avoiding the
generation of as much waste as possible and ensuring that these are reintegrated into the
production system for reuse. For this reason, a descriptive and exploratory methodology was
used, starting with an on-site diagnosis where the management of each type of waste is
recognized and those of greatest generation in Palermo Sociedad Portuaria are identified; the
identified wastes were: non-usable, usable, hazardous, post-consumer and special; this last waste
having the greatest impact on its generation and storage. Therefore, circular economy strategies
and the 3R principles were designed based on the Zero Waste management system and,
Additionally, due to the conditions diagnosed for residual wood (special waste), a mass balance
and a PHVA model were implemented, which resulted in the need to adopt a registration and
control system for this type of waste and improvement in collection areas.

Keywords: Sustainability, Circularity, waste, PDCA, zero waste, mass balance,

multipurpose ports
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Introduction

Nowadays, resource scarcity coupled with population growth, patterns
consumption and the increase in demand for maritime freight transport observed in the
recent years (Deja et al., 2023) call for a change in the current linear model of “extract, produce
and discard” and decouple economic growth from the extraction and use of new resources.

For this reason, it is important to reduce the volume of waste generated both on ships and in
the ports (Gomez Cruz, 2021).

The maritime industry has had to adapt to strict environmental requirements that
requires the development of the best technological and organizational solutions in this area.
Consequently, efforts must be made in all sectors of the economy to achieve
simultaneously environmental, economic and social development (Deja et al., 2023), this is possible
through the 3R principle: reduce, reuse and recycle (including composting), this
principle describes a progression of strategies to support the zero waste system, from the
highest and best use even of the lowest materials, in conjunction with the implementation of
circular economy strategy (Gémez Cruz, 2021; Simon et al., 2020).

In this research, the principles of the Zero Waste management system were evaluated.
through the implementation of strategies based on the 3Rs and the circular economy. The objective
The main objective was to design strategies to optimize waste management in Palermo Society
Port, aligned with the standards of the Zero Waste management system.

From this analysis, the question arises: How to design strategies for the management of
solid waste in the multipurpose port “Palermo Sociedad Portuaria” based on the
principles of the Circular Economy and the Zero Waste Management System? This research

seeks to answer this question, proposing sustainable solutions that allow reducing the

13
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waste generation, improve its use and minimize final disposal,

thus promoting more efficient and environmentally responsible management.

14
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Goals

General objective

Design strategies for waste management based on the principles of economics

circular following the standards of the zero waste management system for Palermo Society

Portuaria SA

Specific objectives

- Analyze the generation of waste by processes to identify critical points and
your opportunities for improvement.
- Formulate strategies for the management and utilization of terminal waste
port.
- Evaluate the proposed strategies based on compliance with system requirements

zero waste management.

15
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Problem statement

One of the most important issues, which generates intense debates and demands solutions
concrete and forceful, is the generation of waste and its management. This is a priority issue
in the world due to the social and environmental repercussions it represents (Paweyczyk, 2005;
Pomoni et al., 2024). There are several factors that aggravate this problem, such as;
high consumption rates, high and continuous growth in waste generation levels
and the lack of an adequate management and control system (Vidarte & Colmenares, 2020).

Waste management in multipurpose ports is a challenge with repercussions for the
environment, the economy and society. Ports, being critical nodes in the supply chain,
global supply, generate a significant variety of waste, including solid waste,
liquids and gases. These wastes, if not managed properly, can have an impact
negative impact on marine and terrestrial ecosystems, as well as representing a health risk
public and port security (Alvares et al., 2020).

The development of stricter environmental standards forces the maritime industry to
develop technological and organizational solutions to address waste management. In
Consequently, efforts must be made in the port sector to achieve objectives
environmental, economic and social development focused on waste management (Inter-
American Committee on ports, 2020).

Thus, measures will be focused on reducing the negative impact generated by the
ports and in promoting innovative and sustainable solutions in order to minimize the generation
additional waste and avoid increasing the carbon footprint (Deja et al., 2021).

For this reason, Palermo Port Society proposes initiatives for the comprehensive management of

waste based on management systems, for the use of waste from the

16
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circularity generating social and economic benefits; to be eligible for certification

zero waste. In developing this research, it is hoped that it will not only contribute to the
knowledge in waste management and circular economy, but also provides

guidelines and practices applicable to improve sustainability and operational efficiency in the

ports.
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Justification

Waste management and its generation, which is constantly increasing, represents a
important and priority challenge that requires clear and effective solutions. Therefore, it is important
mention that waste management in ports is not only an environmental issue, but
also has important economic and social implications. The adoption of practices
Sustainable technologies can reduce long-term operating costs, increase the efficiency of
port operations and strengthen the image of the port as a responsible entity and
committed to sustainability (Calderon, 2023). In addition, waste reduction can
help comply with both national and international environmental regulations,
avoiding possible sanctions, improving relations with the local community and even
allowing you to opt for environmental certification (Roffé & Ignacio, 2024).

The transition towards a circular economy (CE) has gained importance during the last
decade, and ports are expected to be contributors to this movement towards an economy
more sustainable (Courtens et al., 2023). For this reason, Palermo Port Society in search of a
better performance in sustainability aims to generate new strategies for the
waste reduction and moving the port towards certification of the Garbage Management System
Zero, ratifying its commitment to defending a sustainable growth model and
environmentally friendly.

According to waste management data, in 2023 Palermo Port Society
generated approximately 389,842 kg/year of waste. By 2024, this figure will have increased
significantly, reaching 1,358,386 kg/year, which shows an increase
considerable associated with the growth of port operations. This increase highlights the

urgency of implementing effective actions in waste management, considering that

18
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Palermo Sociedad Portuaria is a port in expansion, with a growing logistical demand and
operational.

Taking into account the above, the implementation of measures framed in
the principles of the circular economy, which allow the use of waste,
reduce final disposal and promote the recovery of materials. These actions will allow
move towards Zero Waste (ZW) certification, as well as validate the environmental management that is already in place
has been developing, demonstrating the port's commitment to sustainability,

Innovation and constant improvement in the definition of new strategies for comprehensive management
more efficient and responsible waste management.

It is expected to promote positive impacts on the social, economic and
environmental by using participation in the EC to contribute to sustainability, strengthen the
Corporate social responsibility (CSR) and from the EC based on efficient waste management
through sustainable practices can result in a significant reduction in costs
operational (Antioquia Governorate, 2020). This optimizes port operations and
positions the port as a "green port", generating savings through reduced use
of resources and the minimization of environmental sanctions (Faut et al., 2023).

The need to orient business activities towards sustainability through
eco innovation, taking into account primarily environmental concerns for
modify the way they use resources and establish sustainability strategies that
allow the use of waste (Zhang et al., 2024).

With these actions, we seek not only to minimize the environmental impact, but also

Strengthen social unity and improve the port's economic efficiency. Showcasing Palermo
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Port Society as a sustainability manager through good practices to identify

opportunities and reduce resources.

20
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Theoretical framework

Environmental Management Systems

The Ministry's Environmental Management System (EMS) is based on the ISO standard
14001 and aligned with the Integrated Planning and Management Model (IMPM). The EMS follows a
cyclical process of planning, implementation, review and improvement to ensure the
compliance with environmental policy, objectives, and applicable legislation. In the Ministry
of Commerce, Industry and Tourism (MinCIT), the SGA is part of the MIPG and focuses on the
pollution prevention and continuous improvement of environmental performance. Its structure is
based on the "Plan, Do, Check and Act" (PDCA) cycle, ensuring management

efficient and sustainable (Ministry of Environment and Sustainable Development, 2024).

Zero Waste (ZW)

Figure 1. Zero Waste (ZW) Management System.

£

Fountain. (Global Zero Waste, 2023)
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The Zero Waste Systems Certification (CSBC) is a global initiative that emerged in
response to the environmental problems caused by the uncontrolled increase of waste in the
landfills. In this context, ICONTEC and Basura Cero Colombia joined forces to
develop comprehensive waste management standards in Latin America. This management system
It is based on the models of Circular Economy and Industrial Ecology, allowing the
organizations implement strategies for reduction, reuse, utilization and
waste recovery. SBC Certification becomes a key tool for the
Life Cycle analysis and risk reduction, strengthening internal management of the
organizations through the Plan, Do, Check, Act (PDCA) methodology, which in turn
in turn improves its reputation among stakeholders (Icontec, 2024).

The main objective of Zero Waste Colombia is to transform the perception of the concept
of "garbage", considering it as raw material usable within economic cycles,
productive and ecological. This seeks to ensure that both citizens and the productive sector adopt
conscious practices and techniques that reduce the amount of solid waste sent to the
landfills. In this regard, ICONTEC and Basura Cero Colombia present to the Government
National and local governments an alternative to achieve the objectives of CONPES 3874
of 2016, which establishes the National Policy for the Comprehensive Management of Solid Waste. One
One of its specific purposes is to promote the Circular Economy through management instruments

comprehensive waste management, thus contributing to the country's sustainability (Icontec, 2024).
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Circular Economy

Figure 2. Concept of the circular economy that promotes comprehensive management.

Circularidad
de materiales

Residuos

Source: (National Administrative Department of Statistics, 2024).

The circular economy is defined as an economic model that seeks to maximize the use
sustainable use of resources by closing material cycles, reducing dependence on
virgin resources. This approach is based on the reduction, reuse, recycling and recovery of
materials throughout the production and consumption processes. By integrating sustainability
environmental with economic development and social equity, the circular economy is presented
as a comprehensive solution to the challenges of the traditional linear model. It promotes greater
efficiency in the use of resources and minimizes waste generation, seeking to preserve the
environment and promote sustainable economic growth (Figge et al., 2023).

The national government of Colombia through the National Economic Strategy

Circular (ENEC) is a commitment by the national government that invites us to rethink our model

23
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development, in line with the proposal of the National Development Plan "Pact for Colombia,
Pact for Equity”. The slogan “produce by conserving and conserve by producing”
It imposes a challenge as a society, since it is a paradigm shift that will allow us to migrate towards
an approach to resource efficiency, taking into account the capacity of
recovery of ecosystems and the circular use of materials, water and energy
(Minambiente, 2021a).
Given the projected shortage of raw materials to meet future demands
and the continuous increase in waste generation, waste management becomes a
crucial importance. Under a life cycle approach, prevention actions are prioritized,
Reuse and recovery of materials. This approach is essential to promote circular use.
of material flows, thus ensuring long-term sustainability in the use of

resources (Minambiente, 2020).

Sustainable development

Sustainable development according to Gro Harlem Brundtland, who was Prime Minister of
Norway is the development that meets current needs without compromising capacity
of future generations to cover their own, this implies using the planet's resources
in a moderate manner, without exceeding its natural capacity for regeneration and in the use
balanced between the environmental, social and economic components of each society
(Knight, 2023).

Based on this, development is a social condition in which authentic needs
of its population are satisfied with the rational and sustainable use of resources and systems
natural. The use of resources would be based on a technology that respects the aspects

cultural and human rights. All social groups have access to organizations

24
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already basic services such as education, housing, health, nutrition and that their cultures and

traditions are respected (Cristina Larrouyet, 2015; UN, 2015).

Sustainable Development Goals (SDGs)

Figure 3. Sustainable Development Goals.

@ OBJETIVOS S55iiats
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3 2

Source: (United Nations, 2015)

OBIETIVOS
DE DESARROLLO

The Sustainable Development Goals (SDGs) were conceived at the Conference of the Parties
United Nations Conference on Sustainable Development, held in Rio de Janeiro in 2012.
UN member states approved the so-called Global Development Agenda
Sustainable in September 2015, which consists of 17 objectives and 169 goals to be met by
2030. These lines of action encompass the States' commitment to eradicate hunger
and achieve food security, guarantee healthy lives and quality education, achieve
gender equality, ensuring access to water and sustainable energy, promoting growth

sustained economic growth, take urgent action against climate change; promote peace,
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facilitate access to justice and strengthen a global partnership for sustainable development.
Sustainable Development Goals (SDGs) entail a spirit of collaboration and pragmatism
to choose the best options in order to improve life, in a sustainable way, for the
future generations. They provide guidelines and goals for adoption by all countries
in accordance with their own priorities and the environmental challenges of the world in general
(Eduardo Moreno et al., 2019).

Through this research it is hoped to achieve the Sustainable Development Goal
(SDG) number 12, which focuses on ensuring consumption and production patterns
sustainable, something fundamental to sustain the livelihoods of generations
current and future. This objective is working to decouple economic growth from the
environmental degradation, creating more efficient and circular economies. By helping countries and
companies to do more with less, allowing people to improve their quality of life without
compromising that of future generations. It also seeks to ensure consumption patterns
and sustainable production, an essential aspect to sustain the livelihoods of the

present and future generations UN (UN, 2015; UNEP, 2024).

Solid waste management

The integrated management of solid waste is the set of operations and processes for the
reduction at the source of waste including its collection, transportation, treatment,
recycling, and final disposal, with the aim of minimizing the environmental impact and protecting the
public health through appropriate practices to reduce, reuse and recycle waste
(Tolentino Rebaza, 2019).

It is the adoption of all necessary measures in prevention activities,

reduction and separation at source, collection, storage, transportation, utilization and/or
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recovery, treatment and/or final disposal, import and export of waste or residues
hazardous, individually performed or combined appropriately, to protect health
human and the environment against the temporary and/or permanent harmful effects that may

derived from such waste or residues (National Agency for Disaster Risk Management, 2024).

Recyclable waste

Figure 4. Recyclable waste management.
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Source: (Mayor's Office of Santiago de Cali, 2021).
Recyclable waste is that which can be reused or transformed into
another product, re-entering the economic cycle and with commercial value. Maximizing the

utilization of the waste generated and consequently the minimization of garbage

contributes to conserving and reducing the demand for natural resources, reducing consumption of

energy, preserve final disposal sites and reduce their costs, as well as reduce the
environmental pollution by reducing the amount of waste going to disposal sites

final or that are simply disposed of anywhere, polluting the environment.
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exploitation must be carried out as long as it is economically and technically viable
feasible and environmentally convenient (Minambiente, 2024).
The separation of recyclable waste is carried out as part of the activity of
utilization that is complementary to the public sanitation service and that, in an integral manner,
includes the collection of recyclable waste, transportation to the stations
classification and utilization, and its classification and weighing (Decree 1077 of 2015)

(Minambiente, 2024).

Non-recyclable waste

Figure 5. Management of non-recyclable waste.
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Source: (Mayor's Office of Santiago de Cali, 2021).
It is any solid or semi-solid material or substance of organic and inorganic origin,

putrescible or not, originating from any activity, which does not offer any possibility of
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utilization, reuse, or reincorporation into a production process. They are solid waste
that have no commercial value, require treatment and final disposal and therefore

generate disposal costs (Minambiente, 2021)

Hazardous waste

Figure 6. Hazard characteristics of hazardous waste (CRETIB).

6‘ ‘

Source. (MinAmbiente, 2022).

Hazardous waste is considered internationally as a risk factor
for the environment and human health, as expressed in the Environmental Policy for the
Comprehensive Management of Hazardous Waste in Colombia. Such waste is
generated in different sectors of the national economy. This being a relevant topic

importance for the country since the economy is constantly growing and therefore the volume

of hazardous waste is increasing (MinAmbiente, 2022).
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The Comprehensive management of hazardous waste is understood as the articulated and
interrelated regulatory, operational, financial, administrative, educational, and other actions
planning, monitoring and evaluation, including waste management operations,
from its generation to its elimination, within the framework of sustainable development (Minambiente,
2020)

Hazardous waste — RESPEL is generally understood to be waste that,
due to their intrinsic hazards, for example, being corrosive, reactive, explosive, toxic,
flammable, can cause damage or undesirable effects to health or the environment. RESPELSs are
They can be found in a solid or semi-solid state or be liquids or gases contained in containers

(for example, in gas cylinders) (MinAmbiente, 2022).

Color code

Resolution 2148 of 2019 also establishes the National Single Format for the
Presentation of the Program for the Rational Use of Plastic Bags and the progress report, with the
in order to ensure the homogeneous presentation of information by distributors of
plastic bags in the country, such as chain stores, large commercial areas,
chain supermarkets, among others. Likewise, to facilitate the consolidation and analysis of the
data by the competent environmental authorities (Minambiente, 2024).

It should be noted that the Program for the Rational Use of Plastic Bags is an instrument of
management regulated by Resolution 0668 of April 28, 2016, which must be formulated and
implement the large distributors of plastic bags, and which seeks to raise awareness among
commercial sectors and the final consumer of these bags, on the need to rationalize their
use and minimize as much as possible the use of those that are not reusable or single-use

(Minambiente, 2024).
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In addition to the above, the new resolution adds an obligation to submit
of the annual report by distributors who are not required to submit the Program
of Rational Use of Plastic Bags, which, from now on, in addition to reporting the quantity
of bags sold at payment points, they will have to calculate the annual percentage of
Reduction in bags sold compared to the base year (2015 or 2016, depending on the start of
operation of commercial activities) (Minambiente, 2024).

Figure 7. Color code for waste separation at the national level.
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White bag: recyclable waste such as plastic, glass, metals, paper and cardboard.

These should be dry and clean.

Black bag: non-recyclable waste such as toilet paper, napkins, papers

metalized and cardboard contaminated with food; among others. This bag can also be used

dispose of the face masks that people use every day as the main measure against the

coronavirus.
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Green bag: usable organic waste such as food scraps and pruning
floors).

Red bag: solely and exclusively for hospital waste and similar waste containing
bacteria, parasites, viruses, fungi, infectious agents, among others. Some of them are described below
Examples: surgical gloves, needles, syringes, gauze, items contaminated with blood or

bodily fluids of humans and animals.

Green port

A Green Port is one that carries out its activity taking into account not only the
economic sphere, but also the environmental, as well as the social, that is, in a way
sustainable, carrying out its activity causing the minimum impact on the environment, contributing
This way you improve the quality control of air, water, noise and waste. At the same time
At the same time, a Green Port is one that among its characteristics can offer a supply
electrical from land to ships, including renewable energy installations and measures
energy efficiency.” (Dominican Port Authority, 2023).
Measures to achieve this objective:
Based on the previous experience of some European ports, where legislation
It requires the use of technology that is capable of reducing any type of sulfur and gas emissions.
greenhouse effect, it is proposed to bring this type of techniques and other more innovative ones to the rest of the
ports. These technologies are based mainly on the implementation of natural gas in the
ships, as well as the installation of electrical supply systems so that ships can
have their engines turned off when they are in port, turning them into what is called
Green Ports, which are committed, to the extent possible, to the environment

(Dominican Port Authority, 2023).
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Mass Balance
A mass balance is the quantitative verification between products or masses used in the
input, and the output products and waste of a process. In an industrial process, also
called unit operation, the result is products and waste (Cortés Martinez et al.
al., 2015).
Figure 8. Mass balance.
Entradas: Salidas:
Mg » Mp (Masa de
(Masa de Entrada) productos)
=" | OPERACION UNITARIA —> Mg (Masa de
Residuos)
My (Masa No
identificadas)

Source: (Cortés Martinez et al., 2015).

Mass balances are based on the law of conservation of mass, which states that

Mass is neither created nor destroyed, it only undergoes transformations. From this, it is stated that in

any process with or without reaction the total mass of input to the process must be equal to

the output mass of the process. This is the reason why it is said that processes are not

are complete until it is established that the amount of matter in the inputs and outputs

of the entire process and of each of the process units separately, satisfy the

balance equations (Limusa, 2005; Mosquera mena, 2021).

Establishing these balances is important within the processes because

By means of them it is possible to determine flows and compositions of the input and output streams,
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and also allows for the establishment of conversion and generation relationships that can be of great

It helps in the processes to estimate production if the feed flows are changed.

(Alvarez Zapata, 2011; Mosquera mena, 2021).

PDCA Model

The PDCA (Plan, Do, Check, Act) model is a continuous improvement cycle that
optimizes processes within organizations, providing benefits such as reduction in
waste generation, reduction of operating costs and optimization of production times
execution. These factors are key to efficiency and sustainability in the generation of science,
Its application promotes competitiveness and increased productivity by establishing a
structured cycle of evaluation and adjustment. Likewise in the field of research, the model
PHVA facilitates the formulation of efficient solutions, promoting continuous improvement in the
processes analyzed (Moyano-Hernandez & Villamil Sandoval, 2021a).
Based on the international standard ISO 14001 of 2015, this model allows us with its
phases:
- Plan: establish the objectives and processes necessary to achieve results
in accordance with the organization's policy.
- Do: implement the processes as planned.
- Verify: monitor and measure processes against policy,
including their commitments, objectives and operational controls, and report on the

results.

- Act: take action to continually improve.
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Checklist.

Its main function is to carry out a systematic verification of the strategies
based on the international standard of zero waste in the company, ensuring that there is no
details that are overlooked. The checklist is of vital importance to a company because
that allow you to organize activities and improve the management carried out, which ensures greater
Productivity. The main actions the checklist allows for include:

1. Automate: It is used to fulfill what the job demands; that is, it becomes
an automated activity so that the worker can do it quickly and
effective, without wasting time or costs in the verification process.

2. Reduce errors: The checklist effectively allows you to minimize errors in both the
machines and equipment as well as workers. Being a tool that can be
automate, can be applied daily and evaluate whether the objectives are met
productivity at work, managing to control and avoid errors found.

3. Organization: The card can be arranged so that the time, day, etc. can be displayed.
the inspected item, the objective, the cost, etc. In addition, it allows to evaluate and measure the
progress of objectives continuously.

4. Troubleshoot: The checklist keeps track of all the procedures and
activities that were carried out or will be carried out according to the stated objective, this allows
that reflect the problems that are desired to be solved or that have already been solved (Luis &

Gonzales, 2020).

3R Strategy

Within the Zero Waste approach, one of the fundamental strategies is the application

of the 3R principle: Reduce, Reuse, and Recycle. This approach aims
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main objective is to minimize the generation of solid waste and optimize the use of
available resources, promoting measurable and sustainable long-term benefits.
It is essential that these strategies are implemented in a systematic and hierarchical manner,
since, as stated in the international standard zero waste, an approach based on the
waste prevention (reduction), followed by reuse and finally recycling,
allows for greater efficiency within a solid waste management system. Apply
This order of priority contributes to the optimization of resources and the reduction of impacts
environmental and the development of sustainable production and consumption models (Institute
Colombian Technical Standards and Certification, 2023).
The 3Rs constitute a set of principles and strategies aimed at minimizing the
environmental impact and optimize resource use. These principles are:
» Reduce: Seeks to limit the generation of waste from its source, which is achieved
reducing the consumption of materials and avoiding unnecessary packaging.
* Reuse: It consists of prolonging the useful life of products and materials before
dispose of them, whether through repair, rental or exchange.
» Recycling: It involves transforming waste into new products or materials through
mechanical processes, such as crushing, or chemical processes, such as thermal decomposition.
This process reduces dependence on natural resources and decreases the amount of

waste generated.
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Figure 9. Principle of the 3Rs.

REDUCE REUTILIZA RECICLA

Source: (ASECA, 2018).
These strategies equally represent both a philosophy and a tool.
key to managing waste sustainably and improving efficiency in the use of
resources. Being interconnected, these actions form an essential part of the economic model

circular (HOLCIM, 2024).
Climate variation

As climate change intensifies, action by all becomes more urgent.
the fronts, both to eliminate greenhouse gas emissions and to adapt
to a rapidly changing climate. The waste sector offers an exceptional opportunity
so that, through a series of measures, cities and companies collaborate in reducing the
emissions, strengthen resilience, and significantly benefit the economy and public health.
Waste is the third largest source of anthropogenic methane emissions, reducing them
will deliver rapid results that prevent global warming. In fact, good practices

in waste management along with the strengthening of safer collection centers and
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adapted to extreme weather events, not only reduces the sector's own emissions, but

which also contributes to reducing those of other sectors, achieving a reduction of more than 100% of the

total emissions (GAIA; Global Alliance for Incinerator Alternatives, 2022).

Legal framework

Table 1. Regulatory framework for the management system.

Guy Year No.

Description

Law 9 1979

By which Sanitary Measures are dictated

By which the Ministry of the Environment is created
Environment, the Public Sector is reorganized
in charge of the management and conservation of the environment
environment and renewable natural resources,
organizes the National Environmental System, SINA, and

other provisions are issued

Decree 1505 2003

Ministry of Environment, Housing and Development

Territorial. "By which the

Decree 1713 of 2002, in relation to the
Comprehensive solid waste management plans and

dictate other provisions.

Policy for the comprehensive management of

waste

Policy guidelines for comprehensive management

of the waste.

Decree 713 2002

"By which Law 142 is regulated of 1994, the

Law 632 of 2000 and Law 689 of 2001, in relation



https://www.funcionpublica.gov.co/eva/gestornormativo/norma.php?i=4632#632
https://www.funcionpublica.gov.co/eva/gestornormativo/norma.php?i=4633#689
https://www.funcionpublica.gov.co/eva/gestornormativo/norma.php?i=2752#0
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with the provision of public cleaning services, and the
Decree Law 2811 of 1974 and Law 99 from 1993 on

relationship with Integrated Waste Management

Solids"

By which Decree 1713 of 2002 is modified
Decree 38 2005 on final disposal of solid waste and

dictate other provisions.

By which the comprehensive management of

the waste generated in the activities of

Resolution 472 2017
Construction and Demolition (RCD) and are dictated
other provisions.
By which the National Code of
Decree / Law 8111974 Renewable Natural Resources and protection
environment.
By which the regime of the
Law 42 1994 public services and other services are provided
provisions.
By which the National Day of the
Recycler and Recycling.
By which the provision of the
Decree 981 2013
public sanitation service.
By which regulations are issued to prevent the
Resolution 09 2006

introduction to the national territory of RESPEL.



https://www.funcionpublica.gov.co/eva/gestornormativo/norma.php?i=1551#2811
https://www.funcionpublica.gov.co/eva/gestornormativo/norma.php?i=297#99
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Decree 713 2002

Obligation to store and present,
presentation of solid waste for
collection, characteristics of the containers
returnable for waste storage
solids, characteristics of the boxes
storage, responsibility for the

improper presentation of solid waste.

Decree 713 2002

"Solid Waste Management Plan. Records of

disposition/ disposition certificates."

Decree 609 2002

"By which the handling and transportation is regulated

land automotive transport of dangerous goods by

road."

Decree 287 2014

"By which criteria are established for the use of
biosolids generated in plants

municipal wastewater treatment.”

Source: Adapted from (Coremar, 2021).
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ISO legal framework

Table 2. ISO regulatory framework for the management system.

41

Guy No. Year Description
Environmental labels and declarations
ISO 14020 2000
— General principles
Plastics. Guidelines for the
ISO 15270 2008 waste recovery and recycling
plastics.
Management systems of the
ISO 20121 2012 Event Sustainability — Requirements with
guidance for use.
Guidance on the management of
ISO 21500 2012
projects.
Environmental management systems —
ISO 14001 2015
Requirements with guidance for use.
Environmental labels and declarations
ISO 14021 2016  _ self-declared environmental claims
(Environmental labeling type ).
ISO 20400 2017 Sustainable Purchasing — Guidelines.
Framework for the application of the principles
CERTIFICATION 8001 2017 of the circular economy in the

organizations.
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AFNOR standard XP X30-901 2018

Circular Economy - System of

circular economy project management -

Requirements and guidelines.

Environmental management systems —

ISO 14006 2020
Guidelines for incorporating ecodesign.
Environmental Management — Communication
ISO 14063 2020
environmental — Guidelines and examples.
Guidance on the transition of
ISO 59010
business models and value networks.
"Environmental Management - Life Cycle Analysis
ISO 14044 2006
of life - Requirements and guidelines™
An example of how to apply
ISO 14047 2002
develop the ISO 14042 standard
It is based on the PHVA cycle, where the
ISO 14001 2015

acronym stands for Plan — Do —

Check — Act.

Source: Adapted from (Colombian Institute of Technical Standards and Certification, 2023).
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State of the art

The state of the art presented below indicates the management of waste in ports

maritime and circular economy strategies for the use in management of

waste.

International cases

Citation: Faut, L., Soyeur, F., Haezendonck, E., Dooms, M., & De Langen, PW (2023).
Ensuring circular strategy implementation: The development of circular economy indicators for
ports. Maritime Transport Research, 4, 100087.

Objective: This document focuses on the development of a comprehensive set of
relevant and feasible EC (circular economy) indicators, which aim to support the
Port management bodies (PMBs) as well as port stakeholders, to
monitor the EC transition that is taking place.

Relevant definition: The circular economy in ports is a relevant topic, it is
highlights the influence of circular economy policies on maritime industries and
port, as well as in policies related to maritime and port transport. At the level
global, organizations such as the International Maritime Organization (IMO) participate in
circular economy initiatives, such as the Hong Kong Convention, which seeks to ensure that
vessels, when recycled at the end of their operational life, do not represent unnecessary risks to the
human health, safety, and the environment. Furthermore, at the regional level, port entities
as the European Sea Ports Organization (ESPO) pays attention to the economy
circular, recognizing waste management and circularity as a priority (Faut et al.,

2023b).
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Methodology: The research was conducted using multiple methods due to the
exploratory nature of the study, which required solid and substantiated data from various
sources and points of view. This combination of methods allowed for a deep and
extensive circular indicators for port management bodies confirming their relevance
or adjusting as needed. A balance was maintained between limiting the indicators to the
highly relevant and ensure that they encompass the concept of circular economy, being
applicable to different types of ports and projects. The multi-mode approach included analysis of
content, focus groups, gap analysis and qualitative surveys, reducing 308
indicators to a final list of 12 feasible for ports.

Results: The combination of four consecutive methods to identify indicators
relevant and feasible circular economy (CE) initiatives in ports resulted in a final list of 12
indicators. These include: the number of circular economy business activities
located in the port area, the number of circular economy projects in the area, the
percentage of new circular economy companies that use incubation services,
percentage of tender specifications that include a circular procurement policy, and
the percentage of port companies that are members of circular economy platforms in
the port cluster. The percentage of non-recyclable waste generated is also considered
on board ships, the percentage of the cargo volume of end-of-life materials, the
percentage of non-recyclable waste generated in the port area, the percentage of hectares
dedicated to circular economy activities, the percentage of direct employment coming from
EC activities, the amount of end-of-life material processed in the port area
(in tons, liters, kJ) and the percentage of secondary material consumption. These indicators

answer research questions about their relevance and practical feasibility. The
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research, enriched with feedback from focus groups and surveys, provided
Detailed descriptions of each indicator, covering metrics such as the number of activities and
EC projects, the percentage of non-recyclable waste, participation in EC platforms,
and the amount of end-of-life material processed. The viability of the indicators varies,
with some being highly feasible due to good access to data and ease of measurement,
while others present challenges related to data availability and quality.
In addition, the quality of the indicators may be affected by limitations, such as the possible
misrepresentation of reality and lack of consideration of the quality of activities.
It was observed that the values of the indicators may vary depending on the type of port, with ports
Industrialists showing greater maturity in monitoring EC and metropolitan ports
standing out in innovation and research and development (R&D).
Conclusions: Finally it was found that the indicators developed had their
own limitations and that, although all the final indicators can be measured by all
port profiles, different port typologies will probably have different values
for some EC indicators. In addition, the study revealed the lack of current ambitions of the
ports in the context of EC. Therefore, the research could be used as a signal to
that PMBs and other policymakers increase their levels of ambition on CE
in the coming years.
Latin American case studies
Citation: Gémez Cruz, M. (2021) Comprehensive management of urban solid waste through

Zero waste in the Toluca Metropolitan Area.
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Objective: To evaluate the comprehensive management of MSW through zero waste principles.
and circular economy in the municipalities of the Metropolitan Zone of Toluca (ZMT) and with it
create general guidelines for waste management.

Relevant definition: The management of urban solid waste is one of the most
major challenges facing urban areas of any size, and constitutes one of the
five main problems that local authorities have to solve (UN-Habitat,
2010b; Zhu et al., 2008; Adamides et al., 2009 cited in Jiménez, 2015). However, it is one of
urban management issues that receive less attention, although they consume a significant amount of
proportion of city budgets (UN-Habitat, 2010 cited in Jiménez, 2015).

Methodology: The methodology for this research is hypothetical-deductive and
quantitative, which allowed us to meet the objectives and test the working hypothesis, this is
developed in six phases. In the first phase, bibliographical and analytical information was collected and analyzed
statistics to develop the theoretical framework, addressing topics such as urbanization, development
sustainable and management of urban solid waste (MSW) with a zero-waste approach. The second
phase consisted of a literature review on case studies and management methodologies
RSU at the international and national levels, creating the Reference Framework. In the third phase,
analyzed the legal framework and regulations regarding MSW. The fourth phase involved the
Analysis and synthesis of quantitative information on the current management of MSW in the Area
Metropolitan of Toluca, together with the Municipal Development Plans and the Municipal Plans
Urban Development. In the fifth phase, the methodology was designed to describe variables and
indicators related to MSW management and zero waste, and information was collected
statistics from official databases for evaluation. Finally, in the sixth phase,

They analyzed and interpreted the results, formulating an alternative solution and proposal for
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Improve MSW management and contribute to sustainability and quality of life in the area
studied.

Results: The results of the research revealed several characteristics about the
Management of urban solid waste (MSW) in the municipalities of the Toluca Metropolitan Area
(ZMT). Information was collected from the Municipal Development Plans (PDM) and the Plans
Municipal Urban Development Plans (PMDU). It was found that updating these plans
varies between municipalities, with several PDMs updated and others not, while the PMDUs were
produced in different years. Regarding the frequency of MSW collection, 50% of the
municipalities do not report this information, 31.3% do so between five and seven times per
week, and 18.7% between one and four times a week. In terms of coverage, only a few
Municipalities reach 100% collection. The number of collection vehicles varies.
significantly, with Toluca having 134 units and other municipalities between 1 and 30.

In addition, six municipalities reported the number of workers dedicated to the collection of

MSW, with Ocoyoacac leading the way with 52 employees. Daily MSW production showed that
Toluca generates 48% of the total in the ZMT. Per capita generation varies, with Calimaya and
Metepec, generating 0.8 kg to 1.5 kg per inhabitant per day. Some municipalities lack sites.

their own final disposal facilities, depositing their waste in neighboring municipalities. The investigation
also revealed weaknesses in the data, including a lack of updated information on

some municipalities and the variability in the dates of the available data. Therefore,

They supplemented it with information from INEGI to reinforce the diagnosis.

Conclusions: A series of guidelines guided by actions were concluded.
to improve the current management of MSW in the ZMT, in addition to describing that the diagnosis

The management of MSW was used to prepare the evaluation using the traffic light technique,
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and reach the objective of the thesis, in addition to describing recommendations of the work and thereby influencing
in sustainable urban development and improving the quality of life of people and their environment.

Case study of the waste management model in the European port

Citation: Deja, A., Weichbtoth, P., & ylyczka, W. (2023). Sustainable Waste Management for
Implementation of a Circular Economy Model in a Port. Procedia Computer Science, 225, 2654-

2663.

Objective: To analyze and evaluate the existing waste management model in the port of
Szczecin in the context of the circular economy.

Relevant definition: The circular economy is a concept that has been debated
academically and financially for several years due to the need to offer solutions
practices that materialize it. This concept, present in the literature since the 1960s, is
focuses on minimizing the use of resources and promoting clean production through
reuse or recycling of products, maintaining the added value of the products during the
as long as possible and minimizing waste throughout its life cycle.
Unlike the linear economy, where a product becomes waste after use, the
Circular economy seeks to close the materials cycle and improve productivity through a
sustainable materials management. In the port sector, the circular economy involves the management
comprehensive management of waste flows from reception to final processing, contributing
to the transition towards a more sustainable model.

"Green ports" refers to those ports that implement strategies and
practices aligned with the principles of the circular economy to minimize the impact
environmental impact of its operations. This includes efficient and sustainable waste management,

reducing emissions and promoting clean technologies. "Green ports" seek
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maintain the added value of the products for as long as possible and reduce
minimizing the generation of waste throughout the life cycle of products, thus contributing
to a better quality of life and the preservation of the environment.
Methodology: The main objective of the research was to analyze and evaluate the model
existing waste management in a European port, using the port of Szczecin as
example, it was especially important to evaluate current solutions and propose changes to the
context of the circular economy. The expert method was used in the study. First,
The background of the research was analyzed, including economic considerations.
circular in the port sector. The second part of the study analyzed the main groups of
waste and evaluated management activities. The research was based on information obtained
directly from the Port Authority and port companies. It is noted that the
Accurate identification of waste types is essential to developing the best solutions
possible system. Subsequently, the existing waste management model was presented in the
port, followed by an expert assessment of current technical and organizational solutions in
the context of the circular economy. Finally, they include proposals for measures that would allow
the implementation of a sustainable model for the management of vessel waste,
aligned with the principles of the circular economy.
Results: The results of the study on the waste management model in the
Port of Szczecin highlights the need to implement circular economy solutions
improve the efficiency and sustainability of waste management. It was identified that waste
should be processed directly in port areas using facilities
specialized, thus reducing the need to transport untreated waste and minimizing

transport routes. In addition, it was recommended to improve waste logistics with
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information that allows planning and organizing waste recovery throughout the entire

chain. These measures would not only help to reduce the movement of untreated waste in

urban and maritime areas, but would also be aligned with the concepts of "ports

"green" and circular economy, reducing the risk of adverse events due to inadequate practices
waste management in ships and port companies.

Conclusions: To support the sustainable management of maritime waste, it is appropriate
implement solutions based on the circular economy. It is crucial to develop models in which the
Most waste processing activities are carried out directly in the areas
port. From an environmental and economic perspective, measures such as improving
waste logistics with computer systems, processing waste directly in the
port with specialized facilities, shortening transport routes to deliver waste
separated directly to recyclers, eliminating additional logistics processes by sending the
waste directly to thermal recycling within the port and develop a system of
information to track waste streams. These solutions would contribute to reducing the
movement of untreated waste within urban and maritime areas, aligning with the
concepts of "green ports" and circular economy, and prevent risks associated with practices

deficient in the management of waste from vessels and port companies.
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Methodology

The methodology consists of an initial diagnosis of the recognition of Palermo society
port and port waste management, with periodic visits and documentation with which
comprehensive waste management is handled, with this information provided a must be carried out
process analysis with which the source of generation of each of the can be identified
waste and management. This will allow for the evaluation of the impact of the measures taken and the making of adjustments
or implement circular economy strategies to achieve comprehensive and efficient management of

the waste generated in port operations.

Type of study

The research includes two types of study: descriptive and exploratory with the
descriptive seeks to acquire scientific knowledge about waste management through
circular economy models, this includes the definition of strategies for the valorization of
waste generated in port activity and the description and detailed analysis of the processes
involved in the generation, management and disposal of these wastes.

The exploratory approach focuses on identifying areas for improvement and on
Proposal of strategies to optimize processes and waste management, this approach seeks

discover opportunities for innovation and efficiency in waste management.

Study area

The multipurpose port of Palermo Sociedad Portuaria (10°58'41.42"N; 74°45' 9.03"W)
It is located 18 km upstream, on the eastern bank of the Magdalena River, opposite Barranquilla,
on the northwest coast of Colombia. Its infrastructure allows customers to reduce their carbon footprint.

carbon by facilitating multimodal operations within the Atlantic and to other departments,
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using the Magdalena River for the transport of goods (Centanaro Acufia & Rua Diaz Juan
Roberto de Jesu, 2023).

Figure 10. Study area - Palermo port company SA
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The Port Zone strategically takes advantage of the Magdalena River as a waterway for the

transport of cargo by barges, which allows the movement of large volumes with

lower COy emissions. It has been proven that river transport not only reduces the footprint

environmental, but also offers advantages in terms of security, optimization of procedures
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documentaries, increased productivity in operations and efficient supply of
raw materials (Centanaro Acufia & Rua Diaz Juan Roberto de Jesu, 2023).

The port handles various types of cargo, including steel and pipe, general cargo and
containers, coke, construction materials, chemicals and fertilizers, as well
as clean, liquid bulk.

Services offered include dockage, use of port facilities (UIP) for the
cargo and maritime and land operators, as well as tugboat and river operations.
Port activities include the loading and unloading of motor vessels, with storage in
patios, covered warehouses or silos, depending on the type of load and the client's needs.
Additionally, complementary services are provided such as hourly equipment rental,
Bagging, cargo repair, container filling and emptying, inspections, and services

surge and sink, among others (Palermo Port Society, 2023).

Initial diagnosis of waste management

Considering the port activities managed from PSP it is necessary
carry out an initial diagnosis of waste management, for which it is essential: the identification of
the sources of waste generation that are associated with both port operations
As with administrative activities, know how the management system is established
waste according to its classification (organic, inorganic, hazardous, among others), subsequently
evaluate the quantities generated and analyze the current collection system,
storage, utilization and final disposal; therefore, the initial diagnosis has
as a purpose the recognition of waste management and that this information of the state
current and/or base is a starting point for identifying possible improvements in areas and/or

processes to design strategies that optimize port waste management.
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Process analysis for waste

In line with the challenge of transforming management and preparing the company for
face in exchange for processes that are motivated to take advantage, reuse and recycling of
the materials in stakeholder satisfaction to achieve recognition and generation of
shared value (Safety Culture, 2024).

A record will be kept of each process of waste generated by the port, including
the type of waste and the treatment methods applied, based on this record, will be generated
new strategies that allow for continuous improvement and adapt to changing needs
of the environment, thus ensuring more efficient and sustainable waste management. In addition,
will seek the implementation of innovative strategies, circular economy practices and the 3Rs
that maximize the use of waste and minimize its generation.

For a better understanding of good practices in waste management,
will use the vocabulary defined in the international Zero Waste standard, following the
guidelines established in the corresponding regulations. This will allow for an interpretation
clear and precise guidelines and strategies proposed in the research. The following are
present the key definitions according to the standard:

- “Must”: indicates a requirement.

- “Should”: indicates a recommendation.

- “May”: indicates a permission, a possibility or capacity.

Mass balance

As shown in Figure 11, mass balance will be implemented in this study.
to generate an input-output diagram for the residual wood, given its constant and

large volume of generation compared to other wastes. Through this analysis,
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Each stage of the process will be evaluated, from generation to final disposal, with the aim

to identify opportunities for improvement, optimize processes and reduce environmental impact.
The mass balance will be used to account for flows and mass changes in a

particular system, which provide valuable information to analyze the processes of

transformation that are found in almost any industrial process (UnADM, 2023).

Figure 11. Basic principle of inputs and outputs.

Entradas Salidas

- Almacenamiento

Aprovechamiento

Source: Prepared by the authors.
To evaluate the waste flow in Palermo Port Society, a balance was made of
masses, focused exclusively on wood, since it is the waste that is generated in greater
quantity in a shorter time and represents the greatest impact within the port.
For mass balance in wood storage, the loading history is analyzed.
stored in PSP, shown in Table 3 and Table 19, since the wood destined for
final disposal is used for the storage of the terminal's steel loads.
For a better understanding, detailed images of the components are included in the annexes.

different types of stored cargo. This allows the characteristics of the stored cargo to be clearly displayed.
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Each material, its arrangement during storage and the specific use of wood as

support and separator.

Types of cargo and storage conditions according to the HSE standard.

Table 3. Quantity of wood used according to HSE standards for

cargo storage.

Type of Wood

Main Function
Burden Used

Amount of Wood

Used

Placed at the ends to
Wire Rods Wood

ensure stability.

1 piece of wood for every 5 wire rods

Secures the coils, avoiding

3 wedges per coil in the

Coils Wedges ends + 1 wedge for each
that they slide.
lateral side
Provides support and
Sheets Tables 3 pieces of wood per plank
stability for the sheets.
Placed between the boards 5 pieces of wood between each
Billet Wood
to ensure stability. iron
Provides stability in the 3 pieces of wood between each
Profiles Lumber
profile storage. iron
Used between the irons and
Lumber and 4 pieces of wood between each
Pipes fixed wedges to secure the
Wedges iron

pipes.

Source: Prepared by the authors.
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To facilitate analysis and calculate the quantities of wood used for
storage, estimation functions were defined, the origin of the function of
estimate used to calculate the volume of wood used in the operation. The function is
based on key factors such as the dimensions of the supports, the number of units used and
the frequency of use, allowing a structured approximation of wood consumption
in the storage process.
The use of wood for wire rod loading is described below and

coils which need to be expressed in a function.

Storage conditions for wire rods

According to the HSE standard, 4x4 timbers must be placed at the ends of the
first level wire rods, which guarantee that they cover 100% of the wire rod body to
security and stability. A maximum of one timber can be placed every 5 wire rods to
insurance.

For better understanding and to have a clear amount of how much wood is used
depending on the amount of wire rods that are stored, it was expressed in a function that
determines:

Function conditions:

*If and only if the wire rod load storage is 5 wire rods or more and

non-zero*

Equation |

()=( 5+1)
Being:

X = Quantity of wire rods stored
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Storage conditions for coils

According to HSE standard, coils must be stored from the first end.
level, 3 wedges must be placed on both sides. The rest of the line will be secured with at least
a wedge on each side of the coil. The coils at the ends and have a line in two
levels must have additional chains as security.

For better understanding and to have a clear amount of wedges used depending on
The number of coils stored was expressed in a function that determines it:

()=(y2)+8 Equation II

Being:

X = Quantity of coils stored

Volume and Mass of Wood

The formulas used for quantifying the mass of
wood according to the specifications of timbers and wedges used in reception and

storage of steel cargo.

Cradle
To calculate the volume and mass of the wedge-shaped wood, the following were used:

following equations:

Wedge Volume: The wedge volume is calculated using the formula:

= yy Equation il

=

Being:

=Area of the base of the wedge.

h = Height of the wedge

To determine the area of the base of the wedge, the following formula is used:
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— . Equation IV

Being:
B = Major base of the wedge
b = Minor base of the wedge

h = Height of the wedge

Mass of the wedge: The mass of the wedge is calculated by multiplying its volume by the
wood density, the density used for the wood will be:
=0.65y3
(Wood Mechanics & Berger, 2009), mentions that the density of wood varies
widely depending on the species, moisture content, and other structural characteristics. In
The text indicates typical values ranging from 0.15 to 1.4 g/cm3, and uses examples
of species with densities close to 0.65 g/cm3, which places it as a wood of density
average.
The following formula is then used to find the mass of the wedge:
=y Equation V
Being:
v = Volume of wood
= Density of the wood
Board
Table volume: The volume of the table is calculated using the formula:
=y Equation VI
Being:

Ab = Area of the base of the table
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Hc = Height of the table

Mass of the board: As in the case of the wedge, the mass of the board is obtained
multiplying its volume by the density of the wood, using Equation V.
Log
Volume of the log: The volume of the log is calculated using the formula for the

Equation VI.

Mass of the wood: As in the case of the wedge, the mass of the board is obtained
multiplying its volume by the density of the wood, using Equation V.
The equations used to find the estimated value of are presented below.
wood used in cargo storage:
Calculation of units of each load
To calculate the units of each of the loads and determine the total amount that
enters the terminal on a monthly basis, the following formula was applied for each load according to the

storage standard based on their weight shown in table 16.

Equation VII

This equation will be used for each of the loads per month.

Wood used in storage

The calculation is performed to determine how many kilograms of wood correspond to each

unit load, according to the storage standards established by HSE.

0= y Equation VIII

Find total wood in kg year 2024 cut month 11, the following will be used
equation:

Equation IX

13
1
<
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To convert the amount of wood from kilograms (kg) to tons (Ton), the following will be used:
standard conversion factor, where 1 metric ton equals 1,000 kg. Therefore,

Divide the amount of wood in kilograms by 1,000 to obtain the weight in tons.

metrics:

) 1 Equation X
Y(To00 )~

After obtaining the theoretical values, an initial flow diagram will be drawn up.
with the aim of identifying missing values in the stages of input, storage and
wood output. Based on this preliminary analysis, actual data will be collected,
including wood purchase records and the exact weight per “burrito”, in order to
determine the amount required for storage of cargo entering the port.

This process will allow comparing theoretical values with data obtained in the field,
validating its accuracy and adjusting the mass balance for a more realistic representation of the
flow of materials. In addition, the information collected will be used to identify potential
inefficiencies in wood handling and storage, facilitating decision-making

aimed at their optimization.

Plan, Do, Check, Act (PDCA) model

The PDCA model helps in the continuous improvement of processes by optimizing resources, reducing
costs and increase productivity. Its application facilitates data-driven decision-making,
fosters innovation and ensures regulatory compliance. In addition, it contributes to the
sustainability by minimizing environmental impacts and improving waste management (Moyano-

Hernandez & Villamil Sandoval, 2021).
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Figure 12. PHVA model.
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Source: (ISO 14001:2015, 2015).

As shown in Figure 12, the PDCA (Plan, Do,
Check, Act) will be implemented in the present study with the aim of optimizing the
comprehensive management of processes associated with the handling of wood waste. Through this
methodological approach, it seeks to identify opportunities for improvement, standardize
procedures, minimize waste and maximize efficiency in the use of
resources. Furthermore, the implementation of this model will allow for the establishment of an improvement cycle
continues within the organization, promoting sustainability and ensuring the adoption of

more efficient operating practices, aligned with the principles of circular economy and management



Machine Translated by Google

WASTE MANAGEMENT IN PORTS

responsible environmental management. To this end, specific phases will be established, which will allow

Efficiently structure the actions to be developed. These phases will include:

Table 4. Implementation proposal - Phases of the PHVA model.

63

Phase 1 Planning Organization for Improvement - Process Knowledge
Phase 2 Do Modernization of the process
Phase 3 Verify Measurements and control
Phase 4 Act Continuous improvement

Source: Prepared by the authors.

Based on Table 4 below, the methodology to be carried out by the model is established.

PHVA in PSP:
Phase 1- Plan: Evaluation of the current wood process.
An evaluation of the wood flow will be carried out using a cause and effect diagram.
effect, in order to identify the factors that affect its handling and storage.
Phase 2 - Do: Action Plan
1. Data collection through the "burritos" technical sheet (see Annex 15),
allowing to determine its weight and the quantity needed for storage.
incoming load.
2. A log sheet will be implemented to document entries, actual stock and

wood outputs, which will facilitate the monitoring and control of the material.

3. The issue should be discussed in the Environmental Committee to socialize wood management.

with those responsible for stock and reception at the terminal.
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4. The storage area should be improved by delimiting areas,
implementation of protected areas such as enclosures or tents, and the adaptation of the
floor to ensure stability and facilitate handling of the material.
a. Phase 3 - Verify: Monitoring and evaluation
5. The stock of "burritos" will be periodically verified using the technical sheet
corresponding, ensuring adequate control of the stored wood.
6. The management of the material will be monitored through the Environmental Committee,
ensuring that the historical database and stock are kept up to date.
7. The conditions of the yard for storage should be checked and the planning of the
logistics for the disposal of wood, improving its conditions with enclosure,
tent and a suitable floor.
8. Environmental education activities should be carried out in association with the activities of the
wood flow.
Phase 4: - Act: Consolidation and continuous improvement
1. A traceability system for the flow of wood will be established, allowing its
monitoring from entry to disposal or use.
2. Integration and coordination between the areas involved in its management will be encouraged,
ensuring a more efficient operation.
3. Continuous improvements in storage will be implemented to reduce the generation of
waste and ensure optimal conditions, aligning with economic principles

circular and sustainability.
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Checklist for strategy evaluation

To comply with the requirements of the zero waste management system, it is considered
reference the international standard for the zero waste management system version 5, where
establish the requirements for adequate waste management, the instrument is used
Research: Checklist as a tool for
evaluate compliance with requirements and will also provide registration support for the
proposed guidelines, in this way it is guaranteed that its implementation facilitates decision-making
of decisions and continuous improvements in the strategies proposed for PSP in the present
investigation.

In order to evaluate the efficiency of these strategies, the system of
the 3Rs and the 9Rs, which have a hierarchy of utmost importance, since they must start with
reduce or minimize waste and then proceed with the other two: reuse/reuse and finally
recycle (Uribe Valenzuela, 2021). This is how the 3R rule helps reduce the volume of

the waste and verify its efficiency with a graph, shown in Figure 13.
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Figure 13. Scope of the zero waste management system.
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Analysis and results

In this section an initial diagnosis will be presented on the management of each type of
waste within the study area, identifying current processes, practices
implemented and their alignment with the principles of circular economy and sustainability.
They will analyze existing good practices, as well as those strategies and improvements generated throughout
throughout the research. In addition, the impact of these practices on optimization will be evaluated
of waste management, considering aspects such as reduction, reuse,
utilization and valorization of materials, in this analysis will allow to establish a base

comparison for future improvements and recommendations within the waste management system.
Initial diagnosis

Table 5. Waste classification in PSP.

Waste classification Type of waste
Not usable Ordinary waste
Slings
Dangerous Contaminated solids
Used oil
Sludge

Paint containers

Care and health

Contaminated hoses

Post-consumer Bags of cement

Lead-acid batteries
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WEEE

Tires

Insecticide containers

Usable Organic sludge

Cardboard

Paper

Plastic

Scrap

PET

Specials Big bags

Wood

Sweep

Source: Adapted from (Coremar, 2021).

As a support for the PSP diagnosis in reference to the waste segregation carried out
In the port terminal, Table 5 is shown , which contains the registration model of the
waste generated in the activities on a monthly time scale and has a
classification by: non-recyclable waste, hazardous waste, post-consumer,
usable and special (Large size). In addition, PSP has a Comprehensive Management Plan for
Waste (PGIR) published in 2021, being a key tool for the operation,
optimization and continuous improvement of waste management strategies.

Based on the information provided in the PGIR, the treatment could be identified and

final disposal of waste generated in PSP for each type of waste, evidenced in the

Table 6.
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Table 6. Treatment and final disposal of waste generated at PSP.

69

MANAGEMENT
CLASSIFICATION TYPE OF WASTE TREATMENT
COMPLETED
Biodegradable Compost Reuse
NO RESIDUE
Not usable N/A Sanitary landfill
DANGEROUS
Usable Recycling Transformation
Contaminated solids Security cell
Incineration
with fats and oils (Ashes)
Used oll Recovery Reuse
Filters Incineration Security cell
Sludge N/A Security cell
WASTE
Expired medications Post-consumption N/A
DANGEROUS
Lead acid batteries Post-consumption N/A
Alkaline batteries Post-consumption N/A
Cans of pesticides
Post-consumption N/A
domestic
Luminaires Post-consumption N/A

Source: Adapted from (Coremar, 2021).

As shown in Table 6, it was possible to identify that some waste did not have the

proper disposal or treatment, for which reason a request is sent for the amounts generated in

2024 for the identification of critical points and higher volume waste, see Table 7.
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Table 7. Monthly segregation record of waste generated in 2024 at PSP.

Month Jan Feb Mar Apr May Jun Jul Aug Sep Otc Nov Dec Total

Residue Unit kg
s
No Ordina
ke advaniage  TIVErs 3,205 3,330 3,250 4,295 4,810 3,779 4,774 3,990 4,510 4,440 4,677 4,120 49.18
you speak 0
Sling
S 57 57 57 57 57 57 57 57 57 57 57 57 690
Danger Solids
you are count 36 158 142 600 200 436 378 350 247 100 285 106 3.038
inados
Oils
used 275 1,720 1,170 - - - 1,230 - 1,690 - - - 6.085
Sludge
- 800 - 1,090 - 1,330 1,044 1,044 - 820 1,180 - 7.308
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Toner

Battery

Lead-

Acid

131

18

26

175
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21

32

55
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Container
s of - - - - - - - 5 - - 5 - 10
insectic
gone
Take advantage Cardboard
children 80 108 95 107 - - 310 147 - 198 80 291,154
Paper
89 58 19 55 - - - 133 - 59 70 10 494
Plastic
90 58 31 213 - - - 717 - 60 34 13 1.216
Scrap
ra 1,470 780 2,676 1,460 - 5.310 - 1,680 1,520 1,210 2,930 - 19.03
6
Paste 32 176 120 20

: 348
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PET 7 3 500 20 33 27
- - - - - - 590
Pass
organic . . . . . . . . . . ) ) )
Spice Wood
them 0 123.7 2,740 2,950 2,750 89.41 12.17 4112 5268 2845 3208 37.81 11.69 4375
40 0 0 0 0 0 0 0 0 90
Big
Bags - - - 2,648 3,805 2,567 2,170 1,840 2,170 1,960 3,270 - 20.43
0
Barred
ura 1354 6343 6217 61.75 3713 3325  121.7 - 9569  83.13  79.57 - 773.3
80 0 0 0 0 0 10 0 0 0 10

Source: (Coremar, 2021).
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After learning about the documentary management of waste in PSP, it is advisable to
programming of one of this recognition, a field visit was made to demonstrate
where the segregation, storage and disposal processes were demonstrated in practice
of waste handled by the port. The knowledge gained in this phase was key
to identify areas of opportunity in management, to propose optimization strategies,
waste segregation and minimization.
At PSP, waste is stored in a collection center shown in Figure 14,
where they are classified and stored in three areas, one for each type of waste; non-waste
recyclable, recyclable waste and hazardous waste.

Figure 14. Collection centers by type of waste.

Source: (Coremar, 2021).

Non-recoverable waste and part of the recoverable waste are generated
mainly from the operations and offices of Palermo Sociedad Portaria; this generation is
It is provided by means of ecological points around the entire port, as shown in the

following storymaps:


https://storymaps.arcgis.com/stories/712d3d31e6124d8995add610bdd14810
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Link 1:

https:// storymaps.arcgis.com/stories/712d3d31e6124d8995add610bdd14810

As for the transfer of waste, the collection system is designed to
ensure a regular and controlled flow, adapted to the operational needs of the facility.
Non-recyclable waste is managed by a service provider company.
specialized, which is responsible for its collection directly at the collection point, as well as
of its transportation and proper final disposal in the authorized sanitary landfill.
Currently, the agreed schedules for the collection of these wastes are carried out on
Monday, Wednesday, and Friday mornings. This frequency is due to the nature of
continuous port operations, which take place 24 hours a day,
in accordance with the provisions of the environmental license. This uninterrupted operation generates
a constant production of waste, which makes it essential to have a system of

efficient and periodic collection (Coremar, 2021).


https://storymaps.arcgis.com/stories/712d3d31e6124d8995add610bdd14810
https://storymaps.arcgis.com/stories/712d3d31e6124d8995add610bdd14810
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Characterization of the waste generated:

Map 1. Generation of non-recyclable waste.
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Empresa prestadora de servicio

During the field work, it was evident that, although there are ecological points for

facilitate segregation at the source, there are deficiencies in its proper use. It was observed

inadequate waste segregation by some employees, mainly in relation to

related to the incorrect disposal of polystyrene containers, face masks and other waste

that do not correspond to the established color code. This situation highlights the need

to strengthen awareness-raising and training actions regarding the correct classification of

waste, in order to optimize management and promote a more organizational culture

committed to good environmental practices.

Recyclable waste generated at the port is managed sustainably.

through its sale to a non-profit foundation, specialized in its collection,

Classification and recovery. This organization is responsible for giving materials a second use.
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such as plastics, cardboard, paper, among others, thus contributing to the circular economy and the
reduction of environmental impact. As shown in Map 2, the collection of these
waste is carried out once a month by the company providing the service, ensuring
that the segregated material is appropriately transported for subsequent use.

Map 2. Generation of recyclable waste.
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Venta con empresa sin animo de lucro

Regarding the strategies that are carried out to maximize the use of the

Recyclable waste generated in Palermo Port Society, strategies are implemented

internal management aimed at reducing its generation, optimizing its management and ensuring a

proper final disposal. These actions are part of a comprehensive approach that strengthens the

environmental culture within the organization, actively involving collaborators and

promoting sustainable practices. One of the notable initiatives is the "Guardians" strategy

of waste", developed in collaboration with third-party SISOS, who play a role

key to consolidating the port's environmental management. This alliance seeks not only to meet

with environmental standards, but also to promote individual and collective responsibility

in the proper management of waste.
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Additionally, five-minute talks are held for staff, in which
that knowledge about the environmental management of the port is reinforced, with emphasis on the
correct segregation of waste and the proper use of ecological points, as well as in the
color-coded identification to facilitate classification. It also promotes the
“Botellitas con Amor” initiative, which encourages the collection of plastic waste such as
bottles, food packaging and water bags, keeping operational areas clean.
These residues are then sent to a foundation that is responsible for recycling them or
transform them, extending their useful life and reducing their environmental impact.
Post-consumer waste generated in the port is disposed of by service provider companies.
This service is endorsed by ANDI (National Association of Entrepreneurs of Colombia) in its
The National Government's national circular economy strategy plan aims for a
new model of economic development that includes the continuous valuation of resources, the
closing of material, water and energy cycles, the creation of new business models,
promotion of industrial symbiosis and the consolidation of sustainable cities, with the aim, among others
others, to optimize efficiency in the production and consumption of materials, and reduce the footprint
water and carbon. This introduction to the National Circular Economy Strategy describes its
context, target audience and development and implementation methodology (Minister of Environment

and Sustainable Development, 2019).
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Map 3. Generation of post-consumer waste.
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Source: Prepared by the authors.
Proper waste management in ports is essential to minimize the
environmental impact of maritime and port activities. In Colombia, various initiatives
They have promoted the implementation of circular economy and source separation strategies.
to optimize waste management. In this context, the waste shown in Table 14,
They are managed through programs such as “The Return Group, made up of the
programs: Close the Cycle, Ecocomputing, Batteries with the Environment, Green Network, RecoEnergy and
Green Wheel, as well as ANDI's Vision 30/30 program, are articulated by combining actions.
to increase its impact, and contribute to changing consumer habits and protecting
“natural resources” (ANDI, 2023).
The collection of hazardous waste generated in the port, as seen in the
Map 4, is carried out through companies duly authorized for its transportation,
treatment and final disposal, in compliance with current environmental regulations.
Currently, this management is carried out by a leading company in environmental services, which

guarantees not only a safe and controlled disposal, but also the valorization of those
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waste that allows it. In addition, this company offers comprehensive solutions in the treatment of

water, industrial waste management and sustainable energy, which contributes

significantly to the reduction of environmental impacts associated with operations

port and strengthening the organization's environmental performance.(Coremar, 2021).

Map 4. Generation of hazardous waste.
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Source: Prepared by the authors.

As for the special waste generated in the port, such as big bags, the

sweeping and residual wood, its management is carried out in accordance with the provisions of the Resolution

472 of 2017, being classified as large waste and with potential for

utilization. This classification is based not only on its size, but also on its value

as reusable material and the frequency with which they are generated in large volumes during

operational activities. In particular, big bags are used for storage and

transport of clean bulk and fertilizers; its versatile and robust design allows for easy handling and

preserve these materials in optimal conditions, facilitating their logistical handling within the

port.
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For the correct management of this waste, a delimited area is available
specifically for temporary storage, which allows you to maintain order and facilitate
their subsequent treatment. The collection, classification and recovery of these materials is
by companies specialized in the management of non-hazardous waste, which ensure that
special waste is treated appropriately and, where possible, reincorporated into
production processes. In this way, responsible environmental management is promoted,
minimizes final disposal and reinforces the port's commitment to the principles of
sustainability and circular economy.

Map 5. Generation of special waste.
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Source: Prepared by the authors.

While in the big bags it was evident that they have a storage area in
specific and its collection is carried out depending on the quantity generated, these are stored
inside big bags, which makes them easier to handle and transport. As shown in Figure
15, this area does not have protection measures against weather conditions, which

may affect the integrity of stored materials, generate leachates or deteriorate them.

contained waste.
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Figure 15. Storage of big bags.

Source: Prepared by the authors.

On the other hand, sweeping, specifically sweeping of clean bulk, also
known as bulk waste, corresponds to the material discarded or damaged during the
different stages of operational management of this type of cargo. Its generation occurs from the
moment the bulk arrives at the terminal until its storage and final disposal. Between
The factors that contribute to its formation include losses during discharge of the
vessel due to the effects of wind, failure in the closure of the bucket, or falling of material to the ground.
Likewise, during internal transport of bulk, spills may occur if the equipment
exceeds the permitted weight, and in storage areas, the constant traffic of machinery
on the accumulated material increases this generation, as shown in Figure 16.

Map 6 shows the types of bulk handled in storage in the

port:
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Map 6. Types of clean bulk.
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Source: Prepared by the authors.

This waste is stored in a delimited area inside big bags, which facilitates its disposal.

collection and transportation. Collection is done 2 to 3 times a month, depending on the

volume generated by a company specializing in composting processes. There is a

agreement established with said company, which stipulates that this sweeping must be

used exclusively for composting purposes, under certain technical specifications. No

However, as seen in Figure 15 and Figure 16, the current storage is not the most

suitable, since there is no protection against weather conditions, which can

compromise the quality of the material destined for compost and affect compliance with the

guidelines established in the agreement.
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Figure 16. Sweeping storage.

Source: Prepared by the authors.

The wood is collected and stored in a yard at the port. That which is destined for
Storage is organized in a "burrito" for easy handling and identification, while the
Wood destined for disposal is stacked and delivered to a non-profit foundation in the
surrounding community for its use, as shown in Figure 17. However,
This patio does not have a tent or protective measures against the conditions
climatic conditions, which exposes the wood to moisture, deterioration and other environmental factors that

can affect their quality and limit their reuse.
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Figure 17. Wood storage.

Source: Prepared by the authors.

This waste is generated constantly and in large volumes, so it is necessary
inconvenient in its management, for this reason, in this study the mass balance will be applied to
quantify the material flows and opportunities for improvement in each process, additionally,
will implement the PDCA cycle (Plan, Do, Check and Act) in order to establish a
continuous improvement approach that allows you to optimize your management, ensuring more efficient handling

and contribute to the sustainability of the process.
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Waste Management and Optimization: Current Strategies and New Practices

The design of the strategies developed from the research is focused on

Improve traceability, optimize storage and promote strategic alliances with

certified companies.

Non-recyclable waste

Table 8. Generation of non-recyclable waste 2024 in PSP.

Not usable

Month Not usable Slings
Unit Kg Kg
Jan 3.205 57
Feb 3.330 57
Sea 3.250 57
Apr 4.295 57
May 4.810 57
Jun 3.779 57
Jul 4.774 57
Aug 3.990 57
Sep 4.510 o7
Oct 4.440 57
Nov 4.677 57
Dec 4.120 57
Total 49.180 690

87
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Source: 2024 Historical Waste Generation at PSP.

Graph 1. Generation of non-recyclable waste in 2024 in PSP.
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Source: Prepared by the authors.

As can be seen in Graph 1 taken from Table 8, there is evidence of a greater
generation of waste in the months of May, July and November, being 4810 kg, 4774 kg and
4677 kg, respectively, in addition, the months of September and October present values of 4510
kg and 4440 kg respectively; this generation is presented by special conditions of the
operation, such as: regular order days and some “special” order days, i.e.
when it is necessary to intervene in areas where unusable waste accumulates despite the

weekly cleaning schedule.
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Another condition was evident in field work that at the entry of vehicles there was no
has adequate control over the entry of polystyrene, therefore, a control should be addressed
rigorous in admission.

Based on compliance with Law 2232 of 2022, good practices should be addressed.

shown in Table 9.

Table 9. Good practices established for non-recyclable waste.

Good practices

It is carried out based on one of the v .

—_—
PALERMO SOCIEDAD PORTUARIA
ES UN LUGAR LIBRE DE ICOPOR

environmental standards established -

S| deseas transportar tus alimentos debes
hacerlo en recipientes reutilizables.

restriction on the use of polystyrene in

facilities. As determined in the

Environmental Management System of the terminal and ~  FEEEEETENTETE L @R o s it

In compliance with the Management Plan, it is not

accepts the entry of this material into the terminal.

Awareness should be raised

staff in good segregation and code

of colors established through talks and

environmental campaigns.
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Order days should be held
and continuous cleaning special for

avoid accumulation and contamination

waste crusade.

Source: Prepared by the authors.
Slings
Slings are used in load lifting activities as an essential input for the
lifting of goods at the terminal. Due to normal operating conditions,
These may suffer damage that compromises their functionality. Their manufacture, use, inspection,
Testing and maintenance are regulated by ASME B30, which establishes guidelines
specific to ensure their safety and effectiveness in handling loads, together with other
equipment described in different volumes of the standard.
There are several types of materials for slings, some are steel material and others
textiles, steel slings when their useful life is over, these are taken for disposal
With scrap and recyclable materials, textile slings are taken to your disposal as non-recyclable waste.
usable materials destined for landfills, since they are composed of synthetic materials
non-recyclable, are considered non-recyclable waste. These are properly disposed of in
authorized sanitary landfills, by a service provider company who provides its

certification to the company of this provision.
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Figure 18. Types of Slings.

91

Source: Prepared by the authors.

Good practices:

Strategy — Leveraging slings

Given the significant volume of slings generated as waste and the monthly amount
reported in Table 7, it is recommended to establish efficient management with a company
specialized in the valorization of these materials. In this sense, we should work with
Fibretex, a company that offers sustainable solutions in conjunction with the textile sector,
promoting the circularity of materials and reducing environmental impact. Through
With this approach, the slings could be recycled and transformed into new textile products,

extending their life cycle and avoiding their final disposal in landfills.
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Hazardous waste

A summary is presented by type of hazardous waste indicated in Table 10.

Table 10. Generation of hazardous waste 2024 in PSP.

92

HAZARDOUS WASTE
Month Solids Oils Packaging Attention Hoses
contaminated used sludge of in Health contaminated
paintings
Unit kg
Jan 36 275 - 69 : -
Feb 158 1,720 800 154 - N
Sea 142 1,170 - 124 60 -
Apr 600 - 1,090 40 - -
May 200 - - - - -
Jun 436 - 1,330 36 - -
Jul 378 1,230 2.130 - - -
Aug 350 - 3,000 - - 200
Sep 247 1,690 - 57 - -
Oct 100 - 820 - - -
Nov 285 - 3.335 - - -
Dec 106 - - } } }
Total 3.038 6.085 12.505 480 60 200

Source: Adapted from the historical 2024 waste generation in PSP.
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Contaminated solids

Contaminated solids are generated by infrastructure, system
machining, mechanics and maintenance activities of equipment used in operations
port, these wastes have a Y9 waste stream, since they are found
contaminated with oils, fuels, flammable waste.

Chart 2. Generation of hazardous waste, Contaminated solids in 2024 in PSP.

Contaminated solids
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As can be seen in Graph 2 taken from Table 10, the highest peaks in the
generation of contaminated solid waste is recorded in the month of April with 600 kg, followed
of an upward trend during the months of June (436 kg), July (378 kg) and August (350

kg). This behavior may be related to mechanical maintenance activities and

Nov

........

Dec

93
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Corrective interventions in port equipment, which tend to generate higher volumes
of contaminated waste compared to routine operations.
However, this increase is also influenced by inadequate management of
waste by the technical staff, who have on several occasions made use of materials
recyclables such as cardboard and plastics (usually recyclable) to contain spills
oil and fuels. Excessive use of these inputs in tasks has also been identified
cleaning, which increases the volume of contaminated waste and prevents its recovery,
limiting the potential for improvement in the port's circular economy indicators.
However, there is no detailed record specifying the exact areas of
where these wastes come from, the ones that generate these wastes being the personnel of
infrastructure, machining system and mechanics the main authors of this generation, which
which limits the ability to analyze and trace its origin.

Table 11. Good practices established for contaminated solids.

Good practices Procedure

Prevention of Warehouse should suspend delivery of usable materials that

pollution They come in packaging, preventing them from becoming contaminated in the areas
of where there are oil and/or fuel supplies.

usable.
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You should have the tools

used in oil handling
and fuels during
Supply mechanical activities, since
tools your current deficiency generates
spills that pollute

recyclable waste. As

solution, it is proposed to manufacture

internally tools

specialized through

welding, using resources
own. This will allow reducing
spills, protect

usable materials and

strengthen efficiency

operational.

Source: Prepared by the authors.
Used oil
Used oil in the port environment is mainly generated from

maintenance of equipment and machinery, such as cranes, forklifts, tractor trucks, among others,

where lubricants mix with other fluids and must be replaced.
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Good practices:

Strategy - Used Qil Treatment

These wastes are marketed by service provider companies, helping to reduce and
offset their impacts through proper management of water and waste that provide services
comprehensive for valorization such as Veolia which is responsible for collection, transportation,
treatment and final disposal of hazardous waste, including used oil, ensuring its
traceability and environmental compliance. In addition, it promotes its recovery through recycling and
Energy recovery, aligning with circular economy principles — Attica specializes
in the collection and refining of used motor oil, transforming it into substitutes for
industrial fuels. This company also offers financial incentives for the delivery of
used oil and guarantees traceability through management certificates.

Industrial sludge

As a result of the activity of washing port equipment, sludge is generated with
dangerous characteristics since they come into contact with traces of fuel, oil
port equipment.

Below, shown in table 12, is the generation of sludge that occurred.
for the years 2023 and 2024:

Table 12. Sludge generation 2023 and 2024.

Month Sludge 2023 Sludge 2024
January 0

February 980 800




Machine Translated by Google

WASTE MANAGEMENT IN PORTS

97

March 1090
April 2630 1,090
May 920
June 860 1,330
July 880 1,044
August 920 1,044
September 1100
October 350 820
November 800 1,180
December 2080
Total 12610 7308

Source: 2024 Historical Waste Generation at PSP.
As observed in Table 12, the implementation of the reduction strategy
sludge, shown in good practices: Washing of port equipment - sludge reduction,

resulted in a 27% decrease in its generation compared to the previous year. This

The result shows the effectiveness of good practices applied in corporate management.

water and in the development of washing activities, optimizing processes and reducing the

amount of sludge generated.

It should be noted that the generation of these sludges is subject to operating conditions.

atypical tasks in the washing hangar, such as the maintenance and cleaning of grease traps,

that this process increases the generation of sludge due to the accumulation of fatty residues and

sediments.
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Good practices:

Strategy - Washing of port equipment - sludge reduction

A project called "Sustainability Analysis of Port Equipment Washing" is being carried out.
where variables are analyzed based on water consumption in the activity, after 7 months of
monitoring of variables a manual of good practices is defined that is based on the monitoring and
maintenance of equipment cleaning, as well as a manual of good practices around it
washing practice. These practices managed to reduce approximately 20% of water consumption
water and with it 60% of the sludge waste generated compared to the year
previous in the activity of washing port equipment because today the waste or the
Excess product was removed or is being removed on site. Waste such as coke dust and bulk
Today they are removed in the areas through blowing mechanisms or activities and are not
become mud today for the activity.

Strategy - Preventive cleaning:

A preventive cleaning program should be implemented in grease traps.
PTARI to reduce accumulation peaks associated with atypical operating conditions,
periodically.

Strategy - Vibrating Screen

A drying area could be established at the PTARI that would allow for a process
efficient sludge drying, facilitating the drainage of wastewater generated during the
Washing of equipment, this sludge drying strategy helps prevent water accumulation
residual, minimizing their volume and giving a real value to the sludge generated.

To carry out this strategy, an area could be delimited for drying these

sludge by means of a GI-0.6 vibrating screen (4 floors), shown in Figure 19, being
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an essential piece of equipment in various industrial processes, especially those that require the
efficient removal of solids and sludge present in wastewater, this will help to separate the
solids from wastewater, thus reducing the volume (SynerTech SAS, nd).

Figure 19. Vibrating screen GI-0.6 (4 floors).

Source: (Itomak Latin America, 2017).

Paint containers

The paint containers generated in Palermo Port Society (PSP) are used
Mainly in infrastructure activities, in this case the paints stored in the container
They are applied in various areas of the port, such as metal structures, walls, pavements and

other facilities to preserve its durability and improve the visual appearance of the terminal.
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Chart 3. Generation of hazardous waste, paint containers in 2024 in PSP.
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Source: Prepared by the authors.

As shown in Figure 3, the generation of paint containers does not occur in a random manner.
continuously. The month of February records the highest amount of this waste with 154 kg, which
suggesting an intensification of activities related to the aesthetic improvement of the
terminal during that period. In addition, the trend line shows a decrease
progressive, indicating a reduction in the generation of this type of waste in the months
later.

Good practices:

Strategy - Circular management of paint containers

You could contact a company specialized in waste management.
to explore options for the use and/or proper final disposal of packaging

painting, with the aim of ensuring environmentally responsible management and complying with the
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current regulations, some of the companies that provide these services could be Pintuco, with
its collection and reuse strategy in agreement with RECATAM. where these residues

They are used in fuel generation or reintroduced into the chain

productive in the industry. RECATAM is a company committed to quality and the environment
environment, day by day is dedicated to the recovery and reconstruction of packaging material,

necessary for the industry (Recatam SAS, 2024).

Health care

Health care waste is generated at the CAEM (Health Care Center).
Medical Emergency) as a result of the diagnosis, treatment and care activities of
emergencies. This waste includes biological materials, sharps, and other
hospital waste.

Good practices:

As shown in Table 10, these are not generated continuously, but
However, its correct disposal is guaranteed through the services of a company

specialized provider, which is responsible for its collection, transportation and treatment in accordance with

environmental regulations.

Contaminated hoses

Contaminated hoses are generated as a result of the end of the useful life of
Hydraulic hoses used in port equipment. Due to their use, they break down and are
removed and properly disposed of by a specialized contracting company, which

guarantees its final disposal in an authorized landfill.


https://www.pintuco.com.co/blog/construccion/analisis-de-ciclo-de-vida/
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Although the generation of these residues shown in Table 10 is not significant in
In terms of volume, proper management remains crucial to compliance with regulations
environmental and minimize possible impacts.

Good practices:

Strategy - Circular Rubber

This residue presents contamination mainly due to its oil content;
However, its base material is rubber, and once the oil is removed, it loses its characteristic
dangerous, becoming a non-recyclable material. Metal couplings, due to their
part, can be removed and managed separately, since they are metallic materials, which
which allows its use. In this way, the waste can be managed through a
hydrocarbon decontamination process, reducing its level of danger.
Subsequently, the usable parts, such as metal couplings, and the
unusable components, such as rubber, according to their nature.

As for the methodology for the management of contaminated rubber, it begins with a
inspection to determine the level of hydrocarbon impregnation in the hoses.
The waste is classified into two categories: hoses with a high level of contamination,
that require intensive treatment or cleaning before disposal, such as
usable, and hoses with surface contamination, which are suitable for a process of
cleaning and possible reuse. Rubber decontamination begins with cleaning
initial, using biodegradable products as biocatalysts, as done by the
Industrial Chemical Treatments - TQI company . Subsequently, the controlled drainage is
is performed by removing any liquid residue retained in the hoses in an area with

secondary containment (PTARI), ensuring safe management.



Machine Translated by Google

WASTE MANAGEMENT IN PORTS 103

Once decontaminated, the waste must be managed in accordance with the
regulations for non-recoverable waste. This involves proper classification,
secure storage in designated areas and transport to authorized managers, such as
Companies such as Atica — Veolia, which are responsible for its final disposal in accordance with the requirements
environmental.
Currently, management prices for the disposal of non-recyclable waste are available.
usable and hazardous waste, which are presented in Table 13. This information
It allows to evaluate the costs associated with its management and facilitates decision making to optimize
waste management within the company.

Table 13. Disposal fees for non-recyclable and hazardous waste.

MATERIAL FEE
Not usable $700
Sun. Contaminated with HC $1,065

Source: Rates established by the company providing service to PSP.

Managing this waste as non-recoverable waste allows for cost reduction.
associates at your disposal, there is an authorized and certified company for its management,
ensuring a safe, environmentally responsible process in compliance with the

applicable regulations.
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Post-consumer waste

In accordance with the above, a summary is presented by type of post-consumer waste

indicated in Table 14.

Table 14. Generation of post-consumer waste 2024 in PSP.

POST-CONSUMER

Bags of Lead Batteries - Packaging of
Month WEEE Tires
cement Acid insecticides

Unit Unitary

Jan h h h - h

Feb 64 N N 20 N

Sea 163 131 94 N N

Apr h h - h

May

Jun 9 - - 56 -

Jul 8 - - - -

Aug - 18 3 - 5

Sep

Oct B - - N -

Nov N 26 76 N 5

Dec - - - - -

Total 244 175 223 76 10

Source: 2024 Historical Waste Generation at PSP.
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Furthermore, it is proposed to consider cement bags as post-consumer waste due to
due to its widespread use in the construction industry and its environmental impact after its
disposal. Its proper management would mitigate pollution, promote recycling and
promote circular economy strategies, reducing the generation of these wastes and
optimizing the use of materials.

Bags of cement

Cement sacks are used in various civil works activities carried out in

the port, such as the construction, repair and maintenance of port infrastructure and/or in
projects carried out internally. These activities may include stabilizing
land, construction of retaining walls, paving and reinforcement of areas
operational.

Good practices:

In this sense, this waste could be managed by the company Ultracem,
Committed to sustainability, it has developed strategies for the responsible management of
post-consumer cement bags. Through collection and recycling programs, it seeks
minimize their environmental impact and contribute to the circular economy, promoting the

reuse of materials and the development of innovative solutions in the industry

construction.


https://ultracem.co/presentan-saco-biodegradable-que-reduce-impacto-ambiental-en-las-construcciones/




