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The increase in demand for the production of components following global assumptions,
such as Environmental, Social, and Corporate Governance (ESG), reducing Greenhouse
Gas (GHG) emissions in the raw material production process and in the component
production process, should be implemented in accordance with the United Nations Climate
Change Conference held in 2021 and ratified in 2024. The ESG agenda is used to minimize
the environmental impact of businesses in order to build a better world with responsibility
around the management process, investments, and sustainability criteria. With this
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motivation, the present research presents the use of green high-density polyethylene
(Green HDPE) for use in the production of ARLA 32 tanks and fuel, as a replacement
material for fossil-based high-density polyethylene (HDPE). The biomass used as a
biological basis for the production of Green HDPE are the leaves and/or stem of sugarcane.
Polymers, despite having similar characteristics, some properties are different and with that,
some parameters of the equipment need to be modified, so that the component maintains
the same geometry and thickness and appearance characteristic of the original. To try this,
a series of analyses and tests were carried out to adjust the parameters of the extrusion
and blow molding process and ensure the feasibility in the desired application. The
extrusion blow molding machine has electrical resistors used during production, so that the
process maintains the correct temperature throughout the production process. When
comparing the two materials, the main aspects of rheometry such as shear stress and
shear rate result in a distinct flow velocity within the extrusion process of the machine,
especially due to the Melt Flow Index (IF) being totally distinct and having a great influence
on the process and the visual characteristic of the product. The manufacturer carries out its
set-up process four times a week, which is 72 hours per week, and the total set-up time is
3744 hours per year. To validate the Green HDPE tanks, before being assembled into
vehicles, they are required to undergo a battery of mechanical tests/trials, following
international, Brazilian and internal standards of the companies, such as pressure, impact,
sled and flammability. The results need to be approved, in a mandatory way so that the
Green HDPE raw material can be used as raw material. The proposed material can reduce
about 180 thousand tons of CO2/year in the Latin American market, considering only the
tanks of commercial vehicles (fuel and ARLA 32). The proposal also helps to increase the
use of this material for reprocessing, bringing an increase in the circular economy process.
Fuel tanks and ARLA 32 tanks produced with Green HDPE, after approval in the functional
tests described in the standards for development and validation tests, also need to pass the
durability tests, which represent the application of the product from the perspective of the
end user. Green HDPE is an existing material used in applications that do not receive
mechanical stress, such as shampoo bottles and cleaning products. Polymers are usually
are commodities and produced by company that owns the patent. The volume needed to
produce a given raw material is directly linked to its value. In this way, the greater the
production at scale, the better the final cost of the product with Green HDPE. The
replacement of fossil-based material for renewable base material promotes the reduction of
carbon emissions linked to the proposed material, the reduction of electricity consumption in
machine set up and reflects on the increase in productivity, which can bring the offset of the
cost of the part. The configuration of the carbon credit and the relationship for the
commercialization of this credit or tax benefits resulting from the reduction of carbon
emissions into the atmosphere, promoted by the proposed material, need to be evaluated.

Keywords: Green HDPE. ARLA 32 tank. Productivity. Electrical energy. Circular Economy.
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All ARLA 32 and fuel tanks produced by the blow extrusion process can use this raw
material, without the need to change the molds or equipment. Obviously, the process
parameters need to be modified to meet the characteristics of the GPE, in order to maintain
the same conditions of thickness and appearance of the model produced with material from

fossil sources.

The objective of the present work is to address the effects and environmental
implications caused by the use of Green HDPE in ARLA 32 tanks, as well as to show the
gain in the reduction and use of electrical energy during the mechanical extrusion-blow
molding process and also to mention the tests used to validate the use of these tanks as a
high reliability component.

The main effects are:

e Reduction of CO2 emissions using raw material from renewable sources;

e Reduce the cost of electricity in the production set-up, due to the
characteristics of Green HDPE;

e To increase the productivity of ARLA 32 tanks, as a result of the rheometric

and mechanical properties and the IF of Green HDPE.

With studies on the effects caused by greenhouse gases (GHG) on the environment,
new topics are being put on the agenda globally, aiming at the concern with the future of
the planet and how to mitigate GHG emissions and the environmental impacts generated.
Through these premises, new policies and trends fall on the means of production and
consumer goods.

In this context, the automotive sector receives high demand for components
produced in HDPE and the development of biomass-based materials emerges as a
possibility to add value in the development and responsible use of natural resources by
companies, reducing the carbon footprint and increasing the circular economy. In this
context, polymeric materials in general emerge as a great possibility, mainly due to the
opportunity to replace the use of petroleum by new sources of raw materials of renewable
origin for production.

In addition, this development has ample conditions to influence the improvement of

production, in terms of efficiency, and the reduction of energy consumption in the
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production process, since new materials are introduced along with new projects and new

alternatives for production.

The concern with responsible development deals with three different dimensions,
namely: Environmental, social and economic. With this, the highlight is on the ESG agenda
that encompasses these three parts and proposes guidelines for sustainable development.
The acronym ESG comes from the English "environmental, social and governance", and
refers to the three dimensions mentioned above, but focused on providing a path for
organizations and leading to the sustainable development of environmental, social and
governance practices of companies [1].

Recently, it has gained greater visibility and adherence, based on a growing concern
in the financial market with sustainability, being considered one of the main guidelines
today. In 2020, ESG funds raised billionaire investments, causing pressure on the business
sector [1].

In Europe there are already definitions established by the European Commission
(EC) [2] in order to force investment and the development of new sustainable technologies
in industry, through the "European Green Deal" [3] which aims to modernize Europe with
efficient use of resources, competitive economy and reduction of greenhouse gas
emissions to practically "zero" by 2050, without losing economic strength and concern for
the quality of life of its inhabitants [4].

The UN also has definitions, agreements and goals that have been elaborated by
nations from all over the planet at international conferences. - The objective is to generate
global engagement to recognize the emergency of the problem, accelerate actions and
meet the goals established in the Paris agreement [5].

At COP26, one of the most recent UN conferences, these goals were focused on
reducing environmental impacts through the conscious extraction of natural resources,
replacement of fossil-based raw materials with raw materials from renewable sources, and
increasing efficiency in energy matrices. For the automotive industry, this means developing
methods/models for decarbonizing production chains and producing vehicles with residual
or zero impact on emissions by 2040 [6].

These discussions are mainly based on the reduction in gas emissions in order to
follow the warning of the "Intergovernmental Panel on Climate Change" (IPCC) [7]. The

alert advises keeping the planet's temperature limited to 1.5° C, comprising the period of
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the first industrial revolution until 2030. For the goal to be achieved, there are initiatives that
are within the agenda of Environmental, Social and Corporate Governance (ESG)
responsibilities [8] of each company, and for each institution to do its part, goals based on
climate science (SBTi) [9] are being created supported by the Global Compact network in
Brazil [4] [10].

The initiatives directly affect the way companies think and the direction of this survey,
which are the commercial vehicle manufacturers. The focus becomes the reduction in the
environmental impact left by the entire production chain until the production of the final
product, this includes the way energy is produced and used, how the materials of the
components are extracted, how the manufacturing process and conformation of the
components is done, as well as the realization of recycling, reuse or disposal.

In this new environment, the bioeconomy and the circular economy play a
fundamental role in changing the production value chain. Some authors already defend the
existence of the circular bioeconomy, where material of renewable or biodegradable origin
Is treated to generate value throughout its life cycle [11].

Within this context, the number of applicable studies and solutions has been growing
[12]. Among them are the "Drop in" compounds, which is nothing more than the
development of a source of renewable origin in order to replace an existing compound, but
derived from petroleum [13]. As in the case of high-density polyethylene (HDPE), for
example, HDPE is derived from petroleum, but a production process using sugarcane as
raw material has already been identified in the market, and the result is the same HDPE,

but from a renewable source, which earns it the name Green HDPE [14].

Polyethylene is a polymer widely used in industries due to its non-toxicity and
inertness against various chemicals. It is obtained mainly by the polymerization of ethylene
by addition, derived from fossil sources [17], through the cracking of naphtha from
petroleum refining. Ethylene goes through the purification stage, where it is transformed
into polyethylene [18]. Figure 1 represents a polyethylene monomer.
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Fig. 1. Polyethylene Monomer [17].
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Figure 2 below shows the processing flow of fossil-based polyethylene.

Fig. 2. Stages of the Polyethylene manufacturing process.
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According to the boundary conditions defined in polymerization, some types of
polyethylene can be produced, namely: Low-density polyethylene (LDPE or LDPE); High-
density polyethylene (HDPE or HDPE); Linear low-density polyethylene (LLDPE or LLDPE);
Ultra high molecular weight polyethylene (UHMWPE or UHMWPE); Ultra low density
polyethylene (PEUBD or ULDPE) [19].

When referring to Polyethylene and High Density, it can be classified as a
thermoplastic polymer with a highly crystalline structure with values of up to 90% and low
branching content, as seen in figure 3, where the formations of branched chains in different
types of Polyethylene are compared. The linearity of the chains makes packaging more

efficient, generating more intense intermolecular forces [20].

Fig. 3. Different types of Polyethylene and their ramifications [20] [19].
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Green High Density Polyethylene (Green HDPE) can be classified as green plastic,
green polymer, biopolymer and is the first plastic in the world to be certified that it is
obtained from a renewable source. The production of green polyethylene occurs from
ethylene obtained through ethanol dehydration [4]. Green HDPE has a Drop in
characteristic, that is, it is a material equivalent to the fossil, with similar properties,
changing only its source, as shown in figure 4. Therefore, it can be applied for the same
purposes as petrochemical resins [19][21].

The great advantage of this green polymer is that it does not require investments in
machinery or major changes in the forming process, in addition to having a competitive
production cost in the world scenario, which is a very important aspect for industrial use
[22].

Fig. 4. Comparison between the fossil and green matter of Polyethylene.
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It is important to note that in the design of the ARLA 32 tanks, the HDPE originally
used does not have the same grade as the proposed Green HDPE, due to this, it is worth
noting that, despite the similarities in material, there are some differences in properties. This
ended up generating a positive impact on the production process, as will be detailed later in
this work. In order to facilitate understanding, the fossil HDPE used will be referred to as the
original HDPE and the new HDPE as Green HDPE. See Table 1.
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Table 1: Comparison between HDPE blends
PEAD PEAD SGF4950

Teste HS4506A (Verde)

Indice de fluidez (190 °C / 21,6 Kg)

. 5 28
[9/10min]
Densidade [g/m"3] 0,945 0,956
Tensdo de escoamento [MPa] 24 28
Tensdo de ruptura [MPa] 38 31
Modulo de flexdo Secante a 1% [MPa] 930 1060
Dureza (Shore D) 63 63
Resisténcia ao impacto [J/m] 700 145
Temperatura de Amolecimento Vicat [°C] 125 129
Temperatura de Deflexdo Térmica (0,455 62 75
MPa) [°C]
Teor minimo de C14 [%] - 96

The blow molding (extrusion) blow molding process, also known as EBM, occurs with
the use of an extruder machine shown in figure 5, where the most important components of
the equipment are highlighted, as well as the nomenclature of each one, commonly used in
the industry.

First, the granulated polymer, also called pelletized, is inserted into the hopper or
supply hopper, and by gravity reaches the cylinder with the extruder screw. During its
passage through the cylinder, the material undergoes shear, due to the rotation of the
screw, causing it to heat up, which must reach its melting point so that there is greater
fluidity during the process. This step of the process is closely linked to the Melt Flow Index
(IF) of the material. When this shear force generated by the screw is not sufficient to
achieve the melting and homogenization of the material, the electrical resistors are turned
on in order to heat it. With the resistors on, the material goes through three stages of

heating, ensuring its plasticization (melting/homogenization) and allowing its flow [24], [25].

Fig. 5. Process and nomenclature of extrusion-blowing equipment [25].
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The molten material is transported by the extrusion screw or screw to the mold,
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where it is poured. Inside the mold, there is a displacement to the blowing zones, where the
components called calibrators inflate the material so that it gains the geometry of the mold.
After cooling, the product is removed from the mold and the final finishing processes are
carried out. The part of the process related to blowing can, in a simplistic way, be compared
to a balloon, which when inflated and restricted by a certain geometry, a mold, acquires the
shape of that same geometry [25].

Bearing in mind this principle, the process of forming an object by extrusion blowing
begins with the formation of a sleeve, usually called Parison. The sleeve is inserted into the
mould, usually composed of two halves, and blown in such a way that the sleeve, now
stretched, contacts the cold walls of the mould and acquires the desired shape. Once
cooled, the newly formed object is removed from the mold, however, it is necessary to
remove the excess material from the molding process until the final product is obtained [25].
The process can be observed in sequence according to Figure 6.

Fig. 6. Blowing Process [25].
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As it is a synthetically produced plastic, polyethylene goes through a series of

processes before acquiring its final raw material format, as described in the previous
chapters. At this stage of the process, the manufacturer uses petroleum or sugarcane as a
base and obtains granulated or pelletized plastic as a product, which is transported to the

tank processor, so that it can be formed. Regardless of the choice, the equipment used, the
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production process is basically the same, that is, extrusion-blowing. Figure 7 shows a piece

of equipment currently used in the production of ARLA 32 tanks.

In this process, the raw material will be transformed into a usable component, adding
value to the product. High Density Polyethylene arrives in granulated form and is mixed with
carbon black (NF) with percentages that can vary between 1.5 and 2%, before being taken
to the extruder. The use of NF provides the most economically efficient means to achieve
the required level of protection of polyethylene against weathering linked to ultraviolet rays
(UV), necessary without compromising the final performance requirements and helps to
improve the mechanical properties of the final product.

In the processor, some details of the parameterization of the equipment are adjusted
to carry out the Set up of the extrusion-blow molding machine. This type of more detailed
adjustment varies according to the type of HDPE used. It is at this moment that the
differences come to the fore. During the passage through the cylinder, the Green HDPE is
able to reach the ideal temperature and flow through the equipment without the need to
activate the electrical resistances. In this case, electrical resistances are necessary during
the post-Set up production process.

Due to this, the study of the mass flow inside the extruder machine is carried out,
which has a high dependence on the flow rate of the material to avoid cracks of the
screw/crushing thread, and the resistors must be used to obtain the necessary temperature
to process and support the parison, before closing the tooling and blowing, under controlled
pressure, the dough to copy the mold. With this, a new Set up configuration is defined.

Set up is the set of settings applied to the process through the adjustment of the
equipment, modifying the control parameters, such as blowing time, cooling time, extrusion

speed, mold closing time, mold opening time, among other variables that need to be
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changed, using the Green HDPE to remove the first approved part so that production can

be released.

In the development of this Green HDPE applied to ARLA 32 tanks, it was identified
that, during the extrusion-blowing process of the tanks, the ideal operating temperature of
the machine in Set up was reached without the need to turn on the equipment's electrical
resistances, which saves a significant amount of energy required in the process during this
procedure.

The application of this idea in a large-scale production of ARLA 32 and Fuel tanks,
where approximately 130,000 ARLA 32 tanks are produced per year, the result would be a
reduction in energy consumption for the manufacture of this component, therefore, a benefit
in the energy efficiency promoted by the raw material in the manufacturing process.

Taking into account the data of energy consumption, set up time, number of set up
per week and the number of machines, it is possible to find the number of hours used for
set up in the year and later the amount of energy spent in the year. Table 2 below shows

these data for fossil-based HDPE production.

Table 2: Values used in the calculation of electricity

Dados Valores
Gasto energético/maquina (kW/h) 130
Tempo de Set up (h) 3
Quantidade de Setup semana (para 1 maquina) 4
Quantidade de maquinas 6

Applying simple calculations, according to equation 1, with the data in table 2, the
total Set up time per week was first calculated in hours, as: Set up time (h) x Quantity of

Setup per week (for 1 machine) x Number of machines.

E

At Equagao 1

P =>» Electric Power [kW]
E => Energy measured in kilowatt per hour [kWh]
At = Change in time, measured in hours [h]

Taking into account that the year has 52 weeks, the number of hours spent in Set up

per year was calculated. Multiplying this value by the energy expenditure/machine (kW/h),
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the total electricity expenditure per year is obtained, only during the set-up process.

Table 3: Electricity consumed per year

Calculos Valores
Total de set up por semana (h) 72
Semanas trabalhadas no Ano 52
Quantidade de Setup ano (h) 3.744

Energia elétrica consumida/Ano em Set Up (kW)  486.720

In this way, to produce the same product with Green HDPE, electricity consumption
is reduced by about 20%, according to data from the ARLA 32 tank manufacturer itself.
Therefore, if we consider all the production of ARLA 32 tanks and fossil HDPE fuel carried
out by this plant being replaced by Green HDPE, about 97,344 kW of electricity would be
saved per year.

Bringing it to the economic sphere, the annual cost reduction was calculated. Taking
into account an average energy cost of R$ 0.50 per kW/h, there is an annual cost reduction
of R$ 48,672.00. Obviously, this bill will vary depending on the location of the plant, due to
differences in tariffs.

In Brazil there are at least four more large companies producing HDPE tanks, which
have a production volume similar to that described above, if included in the account, the
annual cost reduction would be approximately R$ 243,360.00/company. In terms of volume,
this account is associated with an estimated production of 7000 tons of raw material per
year.

Regarding the blow extrusion process, the parameters were changed to meet the
new configuration, demanded by the raw material. Figure 8 shows the blowing equipment
and the forming of the sleeve before it is inserted and blown into the one mold.

Fig. 8. Formation of the preform or Parison.

Foundations and Frontiers: The Dynamics of Multidisciplinary Sciences
REDUCTION OF CARBON EMISSIONS AND ELECTRICITY CONSUMPTION IN SET-UP, USING DROP-IN PLASTIC IN
COMMERCIAL VEHICLE TANKS



BIOECONOMY

The concept has been widely discussed by the community due to the current
context. The European Commission, for example, has defined the bioeconomy as the use
of renewable biological resources existing on planet earth for the production of food,
materials or energy [26]. Some authors complete the definition by inserting the bioeconomy
as the commitment to development to improve a series of factors, such as chemical
compounds, construction materials, use of biomass replacing fossil sources for energy
generation, manufacture of fuels and polymers [11][23].

Bioeconomy has different visions and in general aims at economic growth, the
creation of new jobs, environmental sustainability, ecological processes that improve
energy use, favor biodiversity and reduce the degradation of the planet as a whole, through
the development of new technologies and methods of using biomass. Biomass is an
extremely rich source of energy and the raw material, if worked consciously, will be
perpetuated as being renewable [23].

The bioeconomy inserted in the supply chain for automotive components shows a
picture where other raw materials, now from renewable sources, are integrated into the
production processes of parts and, depending on the case, it is even possible to use the
same equipment already used for materials from non-renewable sources, as is the case of
the Drop in application [12]. One or both requirements must be met for a material to be
considered a renewable source, which can be renewable and/or biodegradable [27].

Simplified, the concept of Drop in means the production of an equivalent green
material, through the use of a renewable source. In this process, the equivalent material
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reaches the same final compound and acquires the same and/or similar properties to the
original, and may even share part of the production chain. Generally the term is used in
relation to commodity chemicals and polymers with large production volumes. Drop-in
chemicals are easy to implement technically as existing infrastructure can be used.
Examples: Methane (extracted from biomass), ethylene/PE/PET, propylene/PP and
bionaphtha, all of which can be extracted from alternative renewable sources [13]. Figure 9

below exemplifies the concept.

Fig. 9 Drop in material concept [11].
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Dealing with the bioeconomy in Brazil, several competitive advantages can be
highlighted, giving the country a great opportunity to be one of the protagonists in the
segment. Among the positive points, we can mention:

i) Have enormous biodiversity;

i) Low cost in the production of biomass, especially sugarcane;

iii) Possess advanced tropical agriculture, based on the application of science and
technology. In addition, the territory has vast space for the implementation of

agricultural crops [28].

In addition to replacing the use of a finite source of resources that is oil, the use of
Green HDPE reduces the carbon footprint left in the environment. In the case of the ARLA
32 Green HDPE tank, the calculation of the carbon footprint during its manufacturing
process takes into account that during the planting and growth of sugarcane, there is
removal of CO2 from the environment, causing its use to reverse the current scenario of
fossil origin and, in this way, the production chain, as a whole, starts to remove CO2 from

the environment instead of emitting it. As shown in figure 10.

Fig. 10. Reduction of CO2 emissions per ton of green PE produced [14].
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The production process of fossil-based polyethylene emits 2.1 tons of CO2 per ton
produced, while green polyethylene removes 2.5 tons of CO2 per ton from the environment,
thanks to the planting of sugarcane, eliminating a delta of 4.6 tons of CO2 from the
atmosphere per ton produced [14], [23]. With this, the application of green polyethylene can
be evaluated as something possible and with great positive impacts for the sector.

Framing this project in the concept of circular bioeconomy, we see an excellent
contribution to the environment, in addition to the demonstration of how research and tests
can reach a technology capable of using biomass in commercial vehicles with a product
that reduces CO2 emissions in its production chain and at the end of its life cycle is 100%
recyclable, contributing to the environment for the reduction of garbage and waste. Figure
11 shows the image of ARLA 32 tanks produced.

In all, the application of green polyethylene in ARLA 32 tanks and fuel in commercial
vehicles can lead to a reduction of up to 180,000 tons of CO2 per year in the South

American market.

Fig. 11. Newly produced ARLA 32 tanks.
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VALIDATION TESTS
After adjusting the blow extrusion equipment and obtaining tanks with the acceptable
dimension, controlled tests were carried out, according to the standard, to validate its use.
The tank in question is used for extra heavy vehicles and has a capacity of 100L. The
automaker uses three main tests (figure 12) to ensure the application of the tanks, they are:
¢ Sled test, according to internal standards;
¢ Resistance Test under internal pressure, according to NBR 11474;

e Pendulum-type impact resistance test according to NBR-11473;

v/« Teste de Impacto —

v/« Teste de pressio —

v/« Teste trené (Sled) —

In addition, to support the validation in Diesel fuel tanks, the flammability test was

carried out according to the NBR 11478 standard. The figure shows some test images.
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Fig. 13. Additional test required fpr the fuel tank.
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v'  « Teste de flamabilidade I:> ' __‘—7

The rigor of the tests means that the history of field failures for ARLA 32 tanks that
passed the tests is considered zero, since no tank breakage was detected without direct
external action, such as vehicular collision, for example. Therefore, the approval represents
enough confidence to mount the component in a production vehicle.

Despite the differences between HDPE and Green HDPE, it has passed all tests,
showing that it is possible and reliable to use it in vehicles.

Vehicles with full vehicle durability were carried out for the following conditions:

e City Cycle
e Structural Testing

¢ Road Cycle

As the vehicles accumulated mileage, scheduled stops were carried out in which
inspections take place on the ARLA 32 tank, in order to ensure that there is no defect in the

part. Currently, all vehicles and production are being produced with the Green HDPE blend
in tanks with volumes of 100 liters and 60 liters.

Fig. 14. ARLA 32 tank of HDPE Green.

Vehicle tests were carried out to certify the representativeness of the ARLA 32 tank life
in Green HDPE in the most critical conditions. Figure 15 shows the test configurations

performed, as well as the mileages and test cycles performed.

Fig. 15. Schedule of tests carried out for product validation.
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TESTES DE
VALIDAGAO iaN | rev | MAR| ABR | MAI | JUN | JUL | AGO | SET | out | NOV | DEz | JAN | FEv | MAR| ABR | MAI | JUN | JUL | AGO | SET | ouT | NOW

Veiculo 3 I - 000 ciclos Teste estrutural
Veiculo 4 1 200,000 Km Highway test

Veiculo 5 [ pen——

CONCLUSIONS

e Green HDPE brought some interesting results during the production process post Set
up.

e The IF of Green HDPE generated the need for changes in the process parameters of
the extrusion blow molding equipment and consequently brought an increase in
productivity, increasing by 3 more pieces per hour.

e The decision to carry out the flammability test, which was initially unplanned, was made
after the results obtained in the impact and sled tests, which promoted confidence in
verifying how the material would behave as a fuel tank. The result of this test brought
another product configuration that, at first, was not being considered. The mass
volume of fuel tanks with Green HDPE for the automaker with the highest volume in
the market, promotes a reduction in CO2 emissions of around 2300 tons/year, due to
the raw material alone.

e The reduction in electrical power was a big surprise observed during the set up of the
equipment to produce parts for validation testing. From the initial moment until the start
of production, the electrical resistances were not activated and this was repeated in
the following days, where the process was repeated and thus confirming that it did not
need to be activated.

e The productivity per hour has also changed, with an increase of 3 more pieces.

e The configuration of increased productivity and reduction of electricity consumption
during the Set up, lead to assist in the offset of the current price of Green HDPE, which
is still on a pilot scale. As soon as production becomes a large-scale condition, costs
should become more attractive.

e The automaker that supported the tests implemented the ARLA 32 Green tank in its
production at the end of 2023, due to the carbon footprint, the established sustainability
goals, and the circular economy that this material promotes, increasing the percentage

of reuse of process shavings.
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