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Solid waste management presents a significant challenge in large cities worldwide, driven by factors such as
population growth, urbanization, industrial development, and changing consumption patterns. Key stages in
solid waste management include generation, storage, collection, transportation, treatment, and disposal. In Latin
America and the Caribbean, management often focuses on “collection and disposal” schemes, neglecting
recycling, waste treatment, and environmentally sound final disposal (Sdenz & Urdaneta, 2020). In Peru, mining
and hydrocarbon activities dominate the economy, with the country ranking as the third-largest global copper
producer and sixth-largest gold producer. Over 70% of the Peruvian Amazon overlaps with oil and gas deposits,
areas inhabited by indigenous communities or designated as nature reserves. One-third of Peru's electricity is
derived from natural gas, notably from Camisea (del Castillo, 2015).

Improper waste management poses environmental risks and contributes to economic losses. In Lot 57's camp
in Camisea, most workers from nearby indigenous communities lack environmental awareness, often failing to
segregate waste properly. This results in reduced marketability of reusable materials, forcing waste to be sent
to landfills instead. Furthermore, existing national legislation remains insufficient, offering only broad guidelines
for worker safety and environmental protection. This study aimed to evaluate occupational safety in the
management of PET plastic waste at Lot 57, analyze the economic losses due to poor segregation, and propose
improvements to optimize waste management, thereby reducing costs and minimizing environmental impact.

1. Introduction

As the population grows, the amount of plastic waste generated is increasing at an alarming rate. More than 1.3
billion tons of plastic are produced every year to meet the needs of today's world (Jatan et al., 2020). It is
estimated that global waste will increase by 70% by 2050. Solid waste management remains a challenge,
especially in underdeveloped areas (Le Dinh et al., 2023). Plastic is a cheap, light, versatile and durable material
that fulfils a variety of functions in various industries. However, the viability of plastics has made them a major
source of waste, improper waste disposal further increases the negative impact on the environment (Tee & Sy,
2023). The use of PET began to develop in the 2010s, in addition to being more economical than HDPE, the
use of PET reduces the weight of the container by 25%, it also reduces water consumption by 20% and
consumption of energy from the manufacturing process by 13% (Ledn et al., 2022). In the world, in almost all
the activities we carry out daily, we generate waste that may or may not be reusable. It is almost inevitable to
generate waste, therefore, it is very important to take responsibility for this pollution of the environment, which
can cause damage to our health. Create regulations to protect the safety and health of workers. One of the most
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important regulations is the Working Environment Act. Although the management of waste for recycling
purposes can have a negative impact on the environment, this impact is very small compared to the impact
associated with unregulated solid waste generation and management. Recycling of materials consumes
relatively little energy and helps save natural resources. Research has successfully shown that effectively
implementing recycling programs in any region reduces the amount of waste generated, ultimately reducing
disposal and processing costs. In developing and developed countries, plastic recycling can provide various
economic benefits (Hashmi et al., 2023). This situation has generated some degree of regulatory attention
through the General Directorate of Environmental Health, whose General Law No. 27314 on Solid Waste and
its Regulations, through Legislative Decree No. 1278, approves the Law on Comprehensive Solid Waste
Management Supreme Decree No. 014-2017-MINAM that establishes the institutional framework for the
management and handling of solid waste (Jiménez-De-aliaga et al., 2020).

The purpose of health and safety management is to identify, assess and reduce health and safety risks in
working conditions involving materials, parts, machinery and equipment. Activities and activities related to waste
collection and disposal have inherent risks due to the hazards of substances and materials that can have a
negative impact on the environment and work environment. In addition, when dealing with waste, special
attention should be paid not only to routine procedures, but mainly to possible dangerous situations that may
arise in special or emergency situations (Mazzi, 2023). Peru's Camisea gas field contains almost 90% of the
country's natural gas reserves. In the 1990s, the government introduced a policy aimed at harnessing Kamisi
gas for domestic consumption. This policy was lifted in the 2000s, allowing private developers to export 40% of
Camisea's proven reserves, equivalent to a third of Peru's total reserves (Leung & Jenkins, 2014). Taking into
account the consequences of pollution, the Lot 57 camp in Camisea, Cusco, Peru has implemented containers
of different colours in specific places and at the same time with the commitment of the companies that provide
services, there is also a warehouse of waste which is in charge of Megapack Trading S.A.C., where both
hazardous and non-hazardous waste is received, this waste is generated in the camp, exploration sites and
plants, for this same commitment to improve the quality and preservation of the environment, the companies
they are aware of carrying their waste in the colour of the corresponding container and properly labelled to make
disposal or marketing easier. But due to new companies that have won tenders and their change of personnel,
we have begun to see the harmful segregation and lack of labeling of the waste that enters the warehouse,
which has consequences, such as the increase in waste that goes to landfill of dangerous and non-hazardous,
and the marketing of waste that can be reused such as cardboard, paper, plastic bottles, these come combined
or stained with various waste which are no longer suitable for our customers who buy these, due to this problem
arises the economic analysis of how much is being lost by taking the waste to a landfill and how much could be
saved by carrying out good segregation and recovering a percentage of what was spent, being an opportunity
cost for the company.

2. Proposed model

2.1 Occupational safety

Create regulations to protect the safety and health of workers. One of the most important regulations is the
Working Environment Act. In August 2011, the Working Environment Law No. 29783. The law establishes
several requirements, the purpose of which is to create a culture of prevention of occupational risks in the
country. All companies operating in Peru must comply with this law (Cruz & Huerta-Mercado, 2015).
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Figure 1: Weighing of waste by solid waste warehouse staff
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2.2 Estimation of solid waste generation

The solid waste from the Nuevo Mundo Lot 57 operational base camp is generated by the different locations
(Kinteroni Asset, U400 Compression Project, Mashira Gx, Sagari Ax, Sagari Bx) including the camp itself. Waste
is classified, according to the handling it receives, into hazardous and non-hazardous, which must be
segregated in its respective coloured bag and labelled. The different companies that generate their waste deliver
them to the temporary Megapack warehouse where a staff receives them, which proceeds with the weighing
and recording in a daily form, this form has one original and two carbonless copies, one carbonless copy is
delivered to the person who leaves the waste and another remains archived in the Megapack warehouse, and
finally the original is delivered to the Repsol supervisor.

2.3 Estimation of solid waste sold
In this analysis, we will focus clearly on marketable solid waste such as paper and cardboard, PET plastic and

metals, which have an established price in the market, as shown in Table 1.

Table 1: Costs of materials established in the market per Kg

Material Cost in the market (S/)
paper and paperboard 0.40
metal (scrap) 0.40
plastic PETs 0.60

2.4 Estimation of solid waste taken to final disposal

The different waste from the new world operational base camp, lot 57, whether hazardous or non-hazardous,
that arrives at the temporary waste warehouse when its transfer begins, is taken from the warehouse to Bahia
3 (it belongs to the new world operational base) and is then transferred to a boat by river which takes
approximately 7 to 10 days to reach Pucallpa to the temporary Megapack waste warehouse that is established
there so that it can later be transported by land in trucks which lasts 2 to 3 more days until it arrives. As a final
point to a filling. All this transfer generates expenses in transportation and security filling, which are shown in
Table 2.

Table 2: Transportation costs and final disposal of hazardous and non-hazardous solid waste

No dangerous (Petramas) Dangerous (Taris)
costs (S/) costs (S/)
Land transportation cost via Pucallpa - final 498.00 498.00
disposal per ton
Waste disposal cost per ton 35.00 350.00

2.5 Estimation of economic loss

The economic loss has become more noticeable, because the existing buyers no longer accepted the
marketable waste. In 2017 and in mid-2018, this inconvenience was not much noticed, which is why this
reduction began to occur. Of waste has been put into the evaluation, which identified that the waste that is
marketed especially with PET plastic was being segregated inadequate, since it arrived after 20 days, it arrived
with an unpleasant odour and that in turn was stained with different liquids. Which is why it began to hurt their
sales.

3. Results
3.1 Occupational safety

The prevention of occupational risks must be understood as a permanent activity that must be integrated into
all of the company's actions and at all its hierarchical levels. Employers shall develop and implement
occupational health and safety plans in accordance with applicable regulations to include the necessary
technical measures to control risks where they occur, assess imminent risks, minimize risks by using safe work
methods, processes and equipment and adopt collective protection. Prioritize measures for personal protection,
incorporate preventive and/or protective measures based on the best principles recommended by available
technical means, provide equipment and personal protective equipment according to the risks, provide the
necessary human, material and financial resources to ensure full compliance with health and safety plans.
Figure 2 shows the training status of all Nuevo Mundo Base Camp personnel.
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Figure 2: Training for personnel at the Nuevo Mundo operational base camp

3.2. Estimation of economic losses in PET plastic

Polyethylene terephthalate (PET) is a recyclable material that is increasing, causing adverse environmental
effects due to the current ways of disposing of PET products, once they are used by the end consumer
(Valderrama et al., 2017). A large amount of PET consumed becomes waste and requires a large area for
storage. Many of these tons of material cannot be completely recycled (Saucedo et al., 2021).

Table 3: Expenses made in moving PET plastic to final disposal 2017, 2018 and 2019

Amount in ton Transport  Final disposition Total cost (S/)
Plastic PET 2017 36.960 (62 %) 18,406.08 1,293.60 19,699.680 (62 %)
Plastic PET 2018 17.542 (30 %) 8,735.916 613.97 9,349.886 (30 %)
Plastic PET 2019 4.780 (08 %) 2,380.44 167.30 2,547.740 (8 %)
Total 59.28 (100 %) 31,597.30 (100 %)

Table 4: Opportunity cost of PET plastic in marketing and transportation during 2017, 2018 and 2019

Amountinton Costper Kg Marketing cost Transport cost

Opportunity cost (S/)

Plastic PET 2017 36.960 0.6 22,176 18,406.08 40,582.08 (62 %)
Plastic PET 2018 17.542 0.6 10,525.2 8,735.916 19,261.116 (30 %)
Plastic PET 2019 4.780 0.6 2,868 2,380.44 5,248.440 (8 %)
Total 35,569.2 29,522.436  65,091.636(100 %)
Table 5: Summary of expenses and opportunity costs during 2017, 2018 and 2019

Transportation and final disposal expenses Opportunity cost
Plastic PET 2017 19,699.68 (62%) 40,582.08 (62%)
Plastic PET 2018 9,349.89 (30%) 19,261.12 (30%)
Plastic PET 2019 2,547.74 (8%) 5,248.44 (8%)

Total 31,597.30 (100 %) 65,091.636 (100%)
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Figure 3: Comparison of Expenses and Opportunity Cost of PET plastic during 2017, 2018 and 2019 (in
Peruvian Soles S/)

In 2017, 2018 and 2019, expenses were incurred to transport the residual PET plastic to the landfill. This was a
total of 59.28 tons that could not be marketed. These expenses included transportation from Pucallpa to Lima
and the cost of the landfill. Sanitary where it amounts to a total of S/31, 597.3, this amount can be seen in Table
3, if this same amount in tons had been marketed in Pucallpa during those 3 years, an amount would have been
recovered and there would even be a profit, which would be called opportunity cost identified in table 4, in which
it can be seen that the PET plastic marketed with good segregation could have cost a total of S/65, 091.64.
Table 5 shows a summary of expenses and opportunity costs during 2017, 2018 and 2019; In a differentiated
manner, it is observed for all the values of the opportunity cost to be greater than the final disposal expenses.
Likewise, Figure 3 shows the notable differences graphically with the best value for the opportunity cost.

4. Conclusions

The prevention of occupational risks must be understood as a permanent activity that must be integrated into
all of the company's actions and at all its hierarchical levels. The economic losses in the commercialization of
solid PET plastic waste from the new world operational base camp lot 57 from 2017, 2018 and until March 2019
were S/40, 582.08, S/19, 261.12 and S/5, 248.44 respectively. The total amount of non-hazardous recyclable
waste generated by the new world operational base camp lot 57 during 2017, 2018 and until March 2019 of
PET plastic waste 60 tons. The total amount of non-hazardous waste that was disposed of during 2017, 2018
until March 2019 of PET plastic was 59.3 tons. The amount of waste that was not marketed and was put into
the final disposal during 2017 to 2019, generated by the Nuevo Mundo Lot 57 operational base camp, was 59.3
tons of PET plastic waste. In conclusion, the proper management of PET plastic waste in the Lot 57 camp in
Camisea is crucial for both occupational safety and economic efficiency. The evaluation of current practices
also revealed the reduction of substantial economic losses associated with poor management. Implementing
training programs for staff is a fundamental step to achieve more effective and safe management of PET plastic
waste. These changes would not only benefit the work environment, but would also contribute to the
environmental sustainability and operational efficiency of the camp.
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