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Abstract. The industry developed rapidly since the Industrial Revolution
in the 18th century. The side effect of industrial development was a large
amount of non-hazardous waste and hazardous waste. All of this waste
must be managed properly so that environmental sustainability is
maintained and does not cause harm or problems to the community. A
review will be conducted from various research journals in various
countries and the types of waste also vary, namely plastic, pulp and paper
industry waste, and other solid waste. A comparison of solid waste
management will be carried on to reduce the generation of waste in the
environment.
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1 Introduction

The paper industry has many sectors, namely paper for printing and packaging. Even
though now it is in the digital era where the use of paper for printing documents is very
minimal, different things happen for the paper used for packaging. Packaging of paper
material is currently still very much needed and desirable, especially in the type of
corrugated box, which is currently through an online shop system that becomes a trend
nowadays. This trend brings the result that packaging on delivery in the form of corrugated
boxes is very widely used, especially the use of plastic is criticized in various parts of the
world because it damages the aquatic ecosystem.

Just like other industries, the paper industry also naturally produces waste. There are
two types of waste produced, namely solid waste and liquid waste. In the case study
conducted at PT X, located in Kudus Regency, Indonesia, the waste management carried
out has followed the applicable regulations. But, its utilization has not been carried out
optimally, especially in this paper, which will focus on solid waste. Solid wastes produced
include Waste Water Treatment Plant (WWTP) sludge and domestic wastes such as plastic,
wire, and wood originating from the raw material for paper production itself, which are
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waste paper. The WWTP sludge recycled into a chip/chipboard and resold, while domestic
waste is disposed of in the landfill. Therefore, it will be sought for solid waste management
from several journals in various countries to be input for optimal waste management in the
industry to make better waste management for PT X.

2 Solid waste management

2.1 Pulp and paper waste treatment

Waste paper in paper mills will always be reused because it benefits the environment and
the economy. For the environment, waste paper is not just thrown away and pollutes the
environment. For the economy, waste paper can reduce costs incurred for raw materials,
because the waste paper is reused in the paper machine as raw material. Based on the study
results, the use of pulp as raw materials greatly contributes the impact to the environment
and provides global warming potential (GWP), acidification potential (AP), and
eutrophication potential (EP) in papermaking. Therefore, scenarios with recovered fiber as
raw material are considered suitable alternatives for implementation in the process, when it
compared to scenarios that use virgin fiber. This is indicated by the environmental impact
assessment of those two scenarios considered by expressing positive values that emphasize
negative impacts on the environment. The difference between the environmental impacts of
the proposed scenario lies in the complexity of the manufacturing process, the demand for
resources and additives, the energy demand for the manufacturing process, and the
transportation of materials to the factory. However, paper production using the used raw
materials is adjusted according to the needed specifications, because it is different from the
raw materials using virgin pulp [1, 2, 3, 4].

Waste management must pay attention to the potential of the management and
development of raw materials for the growing paper industry. Waste paper that is used as a
raw material in PT X has various types, so it is important to sort out the chemicals
contained in each type of paper such as fillers, retention aids, adhesives, coatings, biocides,
and synthetic binders. The chemical contained also affects the ability of the paper to be
recycled. Raw materials that contain many chemicals are more difficult to be recycled in
paper machines because the paper is indeed produced with additives according to their
purpose to add strength to the paper. Not only chemicals, but fiber types in the waste paper
also affect their ability to be recycled. Therefore, it requires an analysis of the
characteristics of the types of fiber in the waste paper before used as raw materials in the
paper mill [5, 6,7, 8, 9].

Paper sludge can also be processed and reused as raw material for paper production by
biological and chemical processing. The development of the system is by anaerobic
digestion (AD), the idea of pulp and paper mill waste (P&P) to reduce the burden of
pollution and biogas production, as a renewable energy source. Research on pulp and paper
mill sludge has shown that chemical pre-treatment (e.g., Alkali) is an acceptable and cost-
effective way to increase AD from primary and secondary sludge when compared with
other methods studied [10].

Besides recycling as raw material for paper production, another option for waste paper
management is to change waste paper into other products, namely bio ethanol and bio
plastics (poly-3-hydroxybutyrate), and secondary fuel production. These products have a
better impact on the environment [11, 12, 13].
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One type of waste paper used as raw material for making paper is cardboard. The
remaining used cardboard that not included in the paper machine is stacked and left alone
because it will affect the quality of paper products if mixed with other raw materials.
Therefore, there is a solution to utilize this cardboard waste for electricity generation. The
efficient use of waste cartons can be realized through pyrolysis to obtain carbon and solid
tar [14].

2.2 Plastic wastes

Another waste generated from the paper production process is plastic waste. Plastic waste
originates from the plastic content of the most widely used waste paper raw material at PT
X. The raw materials that have the most plastic containing are supermix and carton box.
Supermix is a mixture of various types of paper with many plastic contaminants. Due to
previous use, the carton box contains plastic tape or duct tape which is still attached,
causing it to become a plastic contaminant. The amount of plastic waste produced at PT X
is not just a little. It can be about 3 tons of plastic waste per day discharged to the landfill.
Landfill should be the last option in processing industrial waste. Preferably, before land
filling, plastic waste can be used first. PT X has been trying to use plastic waste turned into
pellets for reprocessing into kerosene or diesel fuel. However, the utilization has not been
successful because the characteristics of different types of plastic affect the melting point so
that it cannot use simultaneously [15, 16, 17].

2.3 Printing wastes

Paper raw materials originating from the printing industry such as duplex carton and art
paper types have the potential to have high chemical content. The chemicals contained in
paper from the printing industry are inks and solvents, which contain heavy metals in them.
If the raw material containing these chemicals is used for food-grade paper raw materials,
the chemical content can move to that food. Therefore, in the production process at PT X,
this type of raw material is not used for paper production with food-grade certification, but
paper production for packaging paper [18, 19, 20].

3 Waste management of paper industry in Indonesia
3.1 Current status

It could be said that the management of waste management in the paper industry is done
quite well. The paper industry has realized the importance of preserving the environment by
managing waste by implementing an ISO 14001 waste management system (SML). Also,
several industries have implemented a Company Performance Rating Assessment Program
in Environmental Management (PROPER) initiated by the Ministry of Environment of the
Republic of Indonesia. With the implementation of the system, it is expected that the
industry, especially the paper industry in Indonesia, it is better at managing waste from the
inside first before finally being discharged into the environment, of course, with
environmental standards that have been applied. One of the waste management that has
been implemented is by processing rejects or pulp from paper machines that are processed
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at WWTP and produce solid waste and liquid waste. Especially at PT X, there is a step
before the reject is processed at WWTP, which processes the reject in dissolved air flotation
(DAF). DAF is the process for the paper slurry to split the sludge and the water that can be
used in paper machines again.

3.2 Improvement

As industrial technology continues to develop, waste management in the paper industry in
Indonesia is also developing. There is a study to conduct an industry-based sustainable
economic circular approach 4.0. Research is based on case studies of waste management in
several regions in Indonesia, namely Jakarta, Magelang, Semarang, and Yogyakarta. From
these studies, it is known that the management of waste management in the city has
experienced various improvements. In Semarang, namely in the Jatibarang Landfill as the
centre of the Semarang City waste disposal area, the waste is processed into methane gas
and distributed to the community as cooking gas. The waste flow starts from collecting
garbage at the community level, then sent to the TPS using community vehicles, and finally
sent to the landfill by environmental agent trucks. In Magelang, waste treatment technology
is applied by composting, leachate treatment, and landfill gas collection. It's just that the
application is hindered by the limitations of technology, human resources, and financial
support to provide appropriate processing technology. In Yogyakarta, waste is generated
from urban areas, hospitals, hotels, and tourism. There is also a cow farm in the waste area,
which is dangerous to health if consumed. Waste continues to accumulate in the
Yogyakarta landfill, and no treatment has been carried out by the local government. In
another case in Jakarta, the waste treatment here has been carried out well. The landfill area
has been made with a simple water treatment installation (IPAS) technology, composting,
and an integrated treatment site in Bantar Gebang.

The application of industry-based smart waste management is expected to be able to
make the management of equitable distribution in Indonesia better and integrated using
Information and Communication Technology (ICT).

In a study in Pati Regency, precisely in the Sukoharjo landfill, and from the results of
the study obtained the calculation that in 2022 this landfill will be full. Therefore, in the
area, the Reduce, Reuse, Recycle (3R) process was carried out through the process of
composting and recycling inorganic waste to reduce the waste generation in the landfill. Of
course, it can work as expected if there is good cooperation from various walks of life to
implement this system in all Pati District areas.

The progress of good waste management must be accompanied by high commitment at
all levels of society and government on an ongoing basis, as well as being regularly
evaluated so that expectations can be achieved for a healthier environment for sustainable
development [21, 22]

4 Conclusions

Waste management in PT X has been carried out well with the implementation of ISO
14001 environmental management systems and PROPER that is audited annually
(surveillance).

However, there are still several wastes whose management has not yet been maximized,
even though it has the potential to be utilized. The many alternatives waste management
can be input and choice to develop waste management in PT X. Of course, the method to be
chosen is adjusted to the conditions at PT X itself.
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The thing to note is to observe the characteristics of the waste generated at PT X so that
the processing is carried out by these characteristics. The potential that can be done is by
processing plastic waste into a product that can be used for other purposes and developing
treatment in WWTP with composting technology. There are still many development ideas
about processing that can be applied, not limited to this article.
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