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Abstract

There is a relation between the environmental impacts to
the high emissions in the environment and the natural
resources depletion, which can be measured with the
useful life of the products, affected by the manufacturing
technologies and the sustainable development. In this
background, the present article aims to evaluate the
environmental impact generated by the manufacturing
technology in an agricultural machinery industry, in the
grain trailer production, regarding the lifecycle from the
cradle to the gate. The study consists in a practical adoption
in the industry, where the product and the production flow
were identified, the inventory analysis was performed and
later the environmental impact was evaluated, considering
three categories of ending damage (endpoint): human
health, ecosystem and the scarcity of resources, in addition
to twenty-two environmental impact categories
(midpoint). There is a strong correlation among the use of
carbon steel and stainless, the laser machining process and
the environmental impact, where the human health
damage category is the most impacted in the carbon
dioxide element, gas associated to the greenhouse effect.
The consumerism of the natural resources for the energy
generation is the category which most affected in the
scarcity of the fossil resources.

Keywords: Sustainability, human health, lifecycle, agri-
business, linear correlation.

1. Introduction

The environmental impacts that cover the lifecycle of the
products are connected to the high emissions of elements
and the natural resources depletion, which can vary in its

environmental magnitude (RIVM, 2017). Numerous
publications in the field mention the human health
concerning, the global warming and the natural resources
scarcity (Shanbag and Manjare, 2020). Plenty of this is
resulting of the development of manufacturing
technologies which provided a revolution in different areas
of modern society and the sustainable development,
where there is the manufacturing, the infrastructure and
the technological advances (Akinaga, 2019; Filho et al.,
2019). From the manufacturing point of view, the
competition is increasing and there is the constant search
for improving the efficiency and keeping the products
production with a high-level quality (Fatrias et al., 2018).
The estimation is that the agricultural machinery industry
increases on average 5.8% vyear in Brazil, being the
agribusiness representation around 22.54% of the GDP
(Arias et al., 2017; Butov, 2016).

Another aspect that covers the use of manufacturing
technologies goes to the sustainable development, where
it aims to significantly increase the participation of the
industry in the employment and in the gross domestic
product, update and refresh the industry (United Nations,
2015). There are also other concerns, regarding keeping
the activity in the workplaces, due to the seasonality
period, because 20.1% of the workforce in the country
works in the many agribusiness segments (Castro et al.,
2020). To avoid the impact in the sales, there is the
manufacturing of many products models, aiming to soften
the assembly line production. Thus, with a bigger market
and more varieties of products, little is known about the
impact of the use of manufacturing technology in the
environment.

As examples of the studies aimed to the environmental
impacts are the analysis of the refrigerant liquid lifecycle
used in the cryogenic and conventional machining, where
the factors of the environmental impact were defined as
greenhouse effect gas emission, the residue flows and the
water consumption. It was attained a broad advantage in
most sustainable aspects analyzed in relation to the
cryogenic machining (Lu et al., 2018). In the pulp and paper
industry, the sustainability in the manufacturing of paper
towels was compared, considering two different
manufacturing lines, and it was concluded that the paper
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towels that are manufactured in the most advanced line,
are more sustainable compared to the oldest one
(Ingwersen et al., 2016).

Another study identified the sustainability changing when
there was a process alteration of a set of pieces, using a
part consolidation with use of the additive manufacturing.
It was noticed the reduction of the energy consumption,
reduction in the environmental impact during the
manufacturing time, but it was seen a bigger toxicity for the
human health (Yang et al., 2017). Yet, the products
manufactured by additive manufacturing may be more
sustainable than the ones manufactured by conventional
manufacturing, since the components have a complex
geometry (Hapuwatte et al., 2016).

In the industry of this study, the Production Planning and
Control department (PPC), along with the Manufacturing
Engineering act in the improving and management of the
production. Studies show the lead-time for the
manufacturing of the products is one of the most important
parameters used by the PPC (Gyulai et al., 2017). There is
also  manufacturing capacity operation, inventory
reduction and delivery time (Reschke and Schuh, 2017).The
authors do not know the environmental impact parameters
generated by the manufacturing technology, material or
processes. Such factor might be important for the
sustainable development, update and refresh the industry.

This article has as a goal to evaluate what is the
environmental impact generated by the manufacturing
technology in an agricultural machinery industry, in the
production line of grain trailers, considering the lifecycle
analyses from the cradle at the gate. The article is in the
following way: first, the studies about the sustainability and
sustainable development. Secondly, the methodo-logical
procedure of the study. Thirdly, the results and then the
results discussion. Finally, the final considerations with the
suggestions for upcoming paper works.

2. Materials and methods

The methodology is the Life Cycle Analyses (LCA): define
scope and goal, overall inventory analysis, impact
assessment, and interpretation (ABNT NBR ISO 14040,
2014). To reach the goal of the paperwork, it was necessary
to identify the problem, the product settings, and the
production flow, analyze the inventory using SimaPro
software, and later assess the environmental impact. The
linear correlation between materials, processes and
environmental impact was assessed by Pearson's linear
correlation coefficient (Larson and Faber, 2015).

2.1. Identification of the problem

The studied industry is one of the biggest farming
machinery manufacturer; it is in the South of Brazil, in Rio
Grande do Sul State. Its foundation was in 1960 and it
covers a manufacturing area of 100,000 meters square,
employing 1,200 employees. They manufacture products
for fertilizer distribution, soil preparation and cleaning,
spraying, supplying and transportation of grains, planting
and harvest. The grain trailer is manufactured during all

over the year is, with 10,500, 12,000 and 15,000 liters
capacity. This agricultural implement is used to transport
grains or fertilizer. The company does not evaluate the
environmental impacts resulted from the products
manufacturing.

2.2. Scope definition

Altogether, there are 5 implements settings for the grains
transportation, which are manufactured and sold along the
year. The PPC informed the current demand is 3 machines
per day, 2 with multi-purpose tube and 1 mach-ine with
mechanical tube. The implement settings are:

— 10.5DcTmul represents the agricultural machine with
10,500 liters transport capacity of grains and fertilizers.
There is a carbon steel storage and multipurpose
discharge pipe.

— 10.5DiTmul represents the agricultural machine with
10,500 liters transport capacity of grains and fertilizers.
There is a stainless steel storage and multipurpose
discharge pipe.

— 12.0DiTmeci represents the agricultural machine with
12,000 liters transport capacity of grains and fertilizers.
There is a stainless steel storage and multipurpose
discharge pipe.

— 15.0DcTmec represents the agricultural machine with
15,000 liters transport capacity of grains and fertilizers.
There is the carbon steel storage and multipurpose
discharge pipe.

— 15.0DiTmul represents the agricultural machine with
15,000 liters capacity of grains and fertilizers. There is
stainless steel storage and multipurpose discharge
pipe.

The study is from the raw material used
manufacturing, to the end in the assembly line.

in the

2.3. Inventory analyses

This step represents the primary data collection, along with
the manufacturing process of the grain trailers. The
lifecycle inventory has the goal to identify and quantify the
environmental interventions related to the systems,
putting the results in an environmental inlet and outlet list
(Roy et al., 2019). The data was collected through a product
structure list, operation time, manufacturing process flow
observation and non-structured interview with the
industrial manager, and PPC, welding and painting
supervisors.

The SimaPro database version 9.0.0.49 was another data
source, where the library (database) was used: Ecoinvent
3, USLCI (the United States life cycle data inventory), and
Industry data 2.0. These SimaPro libraries provided the
data referred to the raw products and production
processes, used in the manufacturing processes. The data
updating covers from April 2015 to November 2018.

The raw products values to manufacture 1 square meter of
the product (grain trailer) are in Table 1. The processes are
in Table 2, where:
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Table 1. Material used by square meter of the product
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Materials jun. 10.5DcTmul 10.5DiTmul 12.0DiTmeci 15.0DcTmec 15.0DiTmul
Steel, engineering steel kg 103,2165 69,7484 55,8541 106,2000 72,9938
Steel, stainless 304 kg 0,0586 25,1762 37,8624 0,0508 34,2421
PVC pipe kg 2,7527 2,7527 0,0000 0,0000 2,7527
Epoxy resin, liquid kg 0,0089 0,1503 0,1503 0,0089 0,1527
Table 2. Manufacturing processes used by square meter of the product
Manufacturing processes un. 10.5DcTmul 10.5DiTmul 12.0DiTmeci 15.0DcTmec 15.0DiTmul
Painting, electrocoating m?2 0,7064 0,3102 0,1880 0,7539 0,3212
Laser machining, metal, with CO2 hr 0,0905 0,1100 0,1106 0,1073 0,1175
Welding, gas, steel m 8,2091 7,6495 5,2768 8,6174 7,5135
Welding, gas, stainless m 0,0000 1,0963 1,4728 0,0000 1,1454
Zinc coat, pieces m? 0,1821 0,1821 0,0281 0,1342 0,1821
Table 3. Alternatives analyzed according to the product mix demand
Quantity of products
Product mix alternatives 10.5DcTmul 10.5DiTmul 12.0DiTmeci 15.0DcTmec 15.0DiTmul Total
Al 2 1 3
A2 1 3
A3 1 1 3
A4 2 1 3
A5 2 1 3
A6 1 2 3
A7 1 2 3
2.4. Scenario  analysis and environmental impact Initially, there is a scenario analysis with the average of the
assessment four raw products used in square meters in the grain trailer
The scenario analysis and environmental impact manufacturing. The materials were identified in SimaPro.

assessment presentation is in 4 levels:

1) Raw product/product square meter scenario;
2)Process/ product square meter scenario;

3) Product scenario;

4) Product mix scenario.

The analysis of these scenarios was performed using the
SimaPro software. The impact analysis was performed
using the ReCiPe 2016 Endpoint (H) V1.03/World (2010)
H/H methodology. The choice of such a methodology is
justified by SimaPro as being the most commonly used to
measure the environmental impact from a moderate point
of view.

The scenario analysis corresponds to each assessment level
of the life cycle impacts, aiming to obtain adding
information to support the results evaluation of the
product system life cycle, aiming to a better understanding
to its environmental significance (ABNT NBR I1SO 14040,
2014).

The impact category indicators may describe an
environmental problem (midpoint) or evaluate a damage
caused on the protection area or domain (endpoint)
covering human health, ecosystem quality and resource
scarcity. Both categories are complementary, since
midpoint has a stronger relation to the environmental
flows and endpoint provides better information about the
environmental relevance (RIVM, 2017).

2.4.1. Raw product scenario analysis

Considering all the materials used: the carbon steel (Steel,
engineering steel) represents 74.8%, the stainless steel
(Steel, stainless 304) represents 18.3%, the polyvinyl
chloride (PVC pipe) 1.5%, and the finishing liquid paint
(Epoxy resin liquid) 0.1%.

2.4.2. Manufacturing process scenario analysis

The scenario analysis with the square meter processes for
the grain trailers manufacturing is the cutting with the laser
cutting machines of 6,000 Watts of power, which represent
56.2% of the material cutting. The welding preparation, the
MIG welding and stainless MIG corresponding to 36.1% and
3.9% respectively. The painting process with polyester
powder (Painting, electrocoating) represents on average
14.6% and liquid paint 4.9% of the painting processes and
surface preparation. It still has the processor for coating
the parts with zinc (zinc coat, pieces).

2.4.3. Product mix scenario analysis

The product mix scenario analysis was performed
considering an amount of seven alternatives (Table 3). For
a better exploitation of the manufacturing capacity, the
PPC aims to perform the plant programming on a basis of
the product mix, being these seven alternatives used
nowadays.

The product mix is at SimaPro software, considering each
one of the seven alternatives. After assessing the
environmental impact, the linear correlation coefficient
between materials, processes, and the environmental
impact was determined. This approach is commonly used
in the analysis of the correlation between air pollutants
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(Jiang et al., 2016). Linear correlation was also used to
correct the difference between the theoretical optical
thickness (in m) and the apparent optical thickness (in m).
The destruction of the ozone layer and an increased risk of
incidence of skin cancer were observed (Hayashi et al.,
2000).

3. Results and discussion

3.1. Environmental impact evaluation by raw product

The results generated by the SimaPro software,
considering the material average to manufacture 1 square
meter of each product, carbon steel, stainless steel, PVC
and finishing liquid paint, are demonstrated on Figure 1. It
presents the environmental impact with a single score,
with a breakup in 3 impact categories: human health,
ecosystem quality and natural resources. The
environmental impact is performed in eco-indicators units,
the standard values of the ecological indicator. Thus, the
unit mPt (milli-point), where 1000 mPt = 1 Pt. The
demonstration of the values is in a single score (weighting
factor), where the main goal is to compare the relative
differences between products or components. The scale in
the 1Pt value is representative of one millionth of
environmental burden year of one European inhabitant
(E99, 2000).

Considering the material quantity used in 1 square meter
of products, the stainless steel brings a higher global
impact, followed by the carbon steel (Figure 1). The
stainless steel environmental impact (4.93Pt) is 26.4%
higher than the carbon steel (3.9Pt). Regarding to human
health and ecosystem, the carbon steel has a higher
impact, however, regarding to resource scarcity, the
carbon steel has a higher impact compared to stainless
steel, it is 10.3% above to stainless steel, which is the
second material with the biggest impact in this category.

a5

Steel, engineering steel  Steel, stainless 304 PVC pipe Epoxy resin, liquid

® Human health @ Ecosystems @ Resources

Figure 1. Environmental impact of the materials by single score
generated by square meter of the product

The 3 categories (human health, ecosystems and
resources) can be divided into 22 categories of impact
midpoint, where it is observed that the PVC does not cause
impact on ionizing radiation; however, this one is higher in
human carcinogenic toxicity, prevailing the biggest
quantity substance, the organochloride pollutant, 2,3,7,8-
tetraclorodibenzo-p-dioxina. The stainless steel has a
higher impact on water consumption, relating to the water
used from rivers, wells and for the use in turbines.

All other impacts on human health, in higher quantity are
related to carbon steel in 6 categories: global warming,
stratospheric ozone depletion, ionizing radiation, ozone
formation, fine particulate matter formation and human

non-carcinogenic toxicity. The elements carbon dioxide,
methane, dinitrogen monoxide, carbon-14, cesium-137,
radon-222, nitrogen oxide, substances released into the
air, sulfur dioxide particles < 2.5 pum and zinc are in larger
quantities on these 6 categories.

The ecosystem impact, considering the total amount of
material. The stainless steel presents higher impacts on
water consumption of the aquatical and terrestrial
ecosystem and in the marine eutrophication. The river
water use in turbines and the ammonium are the elements
that include in higher quantity.

The liquid paint presents a better impact on the
eutrophication in fresh water, where phosphate is in higher
quantity. The zinc and bisphenol A are in higher quantity in
fresh water ecotoxicity. Zinc in marine ecotoxicity.

Relating to the carbon steel use, 6 categories perform the
highest impacts on the ecosystem in 6 categories. The
higher quantity elements are carbon dioxide, nitrogen
oxide, sulfur dioxide, zinc, arable land occupation and
forest occupation.

In terms of mineral resource scarcity, the stainless steel
generates the highest impact. The major quantities are the
magnesium, nickel and silicon. Moreover, the carbon steel
is on second place on this impact, and the substance with
the highest quantity is molybdenum.

In terms of fossil resource scarcity, the carbon steel and
stainless steel perform the highest impacts on the use of
the same resources. The use of these resources are for the
energy generation. There are the following quantities, for
the carbon steel and stainless steel, respectively: coal, oil
and natural gas. The steel industry is responsible for almost
9% of the anthropic energy of the world, becoming urgent
to reduce the total use of the energy, due to the enormous
pressure on the energy consumption and carbon dioxide
emission. As a solution, there is the consideration that the
adjustment of the capacity of the steel industry devices, to
reduce the overage gas may improve the energetic
efficiency of the steel production process, indirectly
reducing the energy consumption (Wang et al., 2013).

3.2. Environmental impact evaluation by process

Figure 2 represents the comparison among square meter
manufacturing processes. The laser machining (233mPt)
generates the highest environmental impact. In the
industry, the stainless steel demands more hours in the
laser machine cutting process, presenting a more superior
environmental impact, compared to the other processes,
considering the single measures.

The cutting using the laser machining is 146.8% higher than
the second process with a bigger impact, the welding MIG
(94.4mPt). To enhance the environmental impact coverage
visualization, the 22-midpoint impact categories were
listed, broke up in 3 categories: human health, ecosystems
and resources.
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Figure 2. Process environmental impact on manufacturing by
single score, generated by product square meter

Regarding to the human health impact, the laser-machining
cutting affects in 6 categories. Carbon dioxide, dinitrogen
monoxide, radon-222, nitrogen oxide, sulfur dioxide and
water consumption in turbines is the element which
determines in bigger quantity relating to the impact
categories.

The pieces galvanizing process causes a higher impact in
the non-carcinogenic toxicity, with a bigger quantity in
barium element. The MIG welding process causes more
impact in carcinogenic toxicity, with a bigger quantity in
chrome element.

The 12 impact categories regarding the ecosystems. In 11
categories, the laser machining process has a bigger impact
and in 1 category the pieces galvanizing presents a higher
impact.

Laser machining has a higher impact in 11 categories,
where the carbon dioxide, nitrogen oxide, sulfur dioxide,
phosphate, nitrate, copper, zinc, intensive forest use and
turbine use consist of bigger quantities in the impact
categories. The pieces galvanizing process causes more
influence on the terrestrial ecotoxicity, where the zinc is
the most used element.

Regarding the resources scarcity influence, the pieces
galvanizing causes a bigger impact on mineral resources
scarcity, with a bigger quantity of lead. On this category,
the laser equipment is the one that causes a bigger impact
on iron element. The laser machining impacts more on
fossil resources scarcity, on the elements: natural gas, coal
and oil.

3.3. Environmental impact evaluation by product

The comparison result, regarding the used materials on the
five products (see Figure 3).

15.0DiTmul

10.5DcTmul 10.5DiTmul 12.0DiTmeci 15.0DcTmec

® Human health @ Ecosystems @ Resources
Figure 3. Environmental impacts generated by square meter of
the product, regarding materials

The comparison result, regarding the used processes on
the products, is on Figure 4.
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15.0DiTmul

10.5DcTmul 10.5DiTmul 12.0DiTmeci 15.0DcTmec

® Human health @ Ecosystems @ Resources

Figure 4. Environmental impacts caused by product square
meter, regarding the processes

Regarding the material, the stainless steel warehouse
products cause a higher environmental impact compared
with the carbon steel warehouse (10.5DiTmul — 10,1Pt,
12.0DiTmeci—12,3Pt e 15.0DiTmul — 12,6Pt) (see Figure 3).
Comparing the manufacturing processes, the highest
environmental impact is generated by the stainless steel
warehouse products, and that use the multipurpose pipe
(10.5DiTmul — 454mPt, and 15.0DiTmul — 469mPt). These
products perform more elevated laser machining time,
more welding MIG quantity and pieces galvanizing (see
Figure 4). The environmental impact of the material is
superior to the processes. For instance, the environmental
impact of 10.5DcTmul product is 5.35Pt and of the process
is 0.406Pt (406mPt).

Figure 5 presents the environmental impact result with
single score, adding the material and processes.

15.0DiTmul

10.5DcTmul 10.5DiTmul 12.0DiTmeci 15.0DcTmec

® Human health @ Ecosystems @ Resources

Figure 5. Environmental impacts caused by product, considering
material and processes

3.4. Environmental impact evaluation by product mix

Based on the mix product demand, Figure 6 performs the
global environmental impact, based on mix demand. The
product mix is composed by a current demand of 3
machines per day, being 2 machines with multipurpose
pipe and 1 machine with mechanical pipe.

4 Al 5 Alternative 6 Altemative 7
2 un. 10.5DiTmnl 2 un. 10.5DiTmul 1un 12.0DiTmeci 1 un. 15.0DcTmec
1un. 12.0DiTmeci 1 un. 15.0DcTmec 2 un. 15.0DiTmul 2 un. 15.0DITmul

Altemnative 1~ Al 2 Al 3
20 10.5DcTml  2un. 105DcTmul 1 un. 10.5DcTm
lun 150DcTmec  1un. 120DiTmesi  1un.

lun.

B Human healt]

© Ecosystems @ Resources

Figure 6. Environmental impacts caused by product mix,
considering material and processes

Alternative 1 represents the product mix where the lowest
environmental impact was obtained (17Pt — 2 units
10.5DcTmul and 1 unit 15.0DcTmec). These products have
the carbon steel product warehouse in common. Whereas
alternative 6 represents the product mix where both the
implement models have the stainless steel warehouse,



CORRELATIONAL INVESTIGATION OF MANUFACTURING TECHNOLOGY AND ENVIRONMENTAL IMPACT 191

presenting a higher environmental impact (38,7Pt — 1 unit
12.0DiTmeci and 2 units 15.0DiTmul).

The 22 impact categories (midpoints) associated to the
material used in the products and the production process
to manufacture the products are on Table 4. Each impact
category has the material and the process that causes the
highest environmental impact marked. At the bottom,
there is the amount of times the material or process caused
the highest impact on the category, and finally the position
ranking related to the biggest score in the eco-indicators.

Note that the carbon steel material is superior in the
environmental impact in 13 categories, and the stainless

steel in 5 categories. However, the stainless steel is the 1
place in environmental impact generation, and the carbon
steel is the 2", The importance of these two materials, as
much in the products using (a 93.1% average), as in the
environmental impact, taking the 1%t and 2" place and
together are the ones that most affect the 18 categories.

Regarding the manufacturing processes, the laser
machining is the one that most impacts in the environ-
ment in the 18 categories, being the first place in
generating the highest environmental impact.

Relating to the elements and substances identified more
frequently, there is:

Table 4. View of the highest material and processes impacts on the manufacturing

Materials used in products

Production process to manufacture the products

Impact
Categories
(Midpoints)

Steel, Steel, PVC
engineer- stainless pipe
ing steel 304

Epoxy
resin,
liquid

Painting, Laser Welding, Welding, Zinc

electro- machining, gas, steel gas, coat,

coating metal, with stainless pieces
CO;

Human health

Global warming,
Human health

Stratospheric
ozone depletion

lonizing radiation X

Ozone
formation, X
Human health

Fine particulate
matter formation

Human
carcinogenic X
toxicity

Human non-
carcinogenic X
toxicity

Water
consumption, X
Human health

Ecosystems

Global warming,
Terrestrial X
ecosystems

Global warming,
Freshwater X
ecosystems

Ozone
formation,
Terrestrial

ecosystems

Terrestrial
acidification

Freshwater
eutrophication

Marine
eutrophication

Terrestrial
ecotoxicity
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Freshwater
ecotoxicity

Marine
ecotoxicity

Land use X

Water
consumption,
Terrestrial
ecosystem

Water
consumption,
Aquatic
ecosystems

Resources

Mineral resource
scarcity

Fossil resource
scarcity

Total 13 5 1 3

0 18 1 0 3

Highest total
impact (ranking)

a) Carbon dioxide: it was found 6 times in more quantity,
contributing to the global warming (human health),
terrestrial and freshwater global warming ecosystems.
This element is repeatedly on the same categories as
much in the material, as in the processes. The steel
production and the material cutting (carbon steel and
laser machining) contribute to the global warming,
need electric power in its productive process. The
carbon dioxide is released during the electrical power
production, affecting the global warming (Shanbag and
Manjare, 2020);

b) Turbines water use: it was found 6 times in more
quantity, contributing to the water consumption
(human health) and the terrestrial and freshwater
water consumption. This element repeated in the
same categories as much in the processes as in
material. The turbine water use is due to the energy
generation for the material production and for the
cutting process (found in more quantity for the
stainless steel and laser machining). A study identified
that for the tire production, the energy generation is
what increases the pollution problems, in a superior
way to the processes used in production (Shanbag and
Manjare, 2020);

c) Zinc was the element found 5 times in more quantity,
contributing to the non-carcinogenic toxicity (human
health), in the terrestrial eco toxicity, in sea and fresh
water (ecosystems);

d) The oil, natural gas and coal: they are in the fossil
resources scarcity, not only for the material, but also
for the processes. The coal is used for the electricity
production, leading to energy sources depletion
(Shanbag and Manjare, 2020);

e) Particles < 2.5 um and sulfur dioxide: they are in the
fine particles formation category (human health).
There are many published studies on the human health
effects due to fine particles, among them the

respiratory effects (Shanbag and Manjare, 2020). The
sulfur dioxide also affects the terrestrial acidification,
along with the nitrogen oxides that affect the ozone
formation. The rainwater acidity increase occurs
mainly due to the sulfur and nitrogen oxide
concentration in the atmosphere, being the sulfur
dioxide the main responsible (Personal and Archive,
2019).

Regarding the product mix, the alternative 1 product mix
generates the lowest environmental impact, while the
alternative 6-product mix generates the highest
environmental impact. To justify the obtained values from
the 7 alternatives, Figure 7 follows, and demonstrates the
correlation among the material use in each of the
alternatives, considering the carbon plate (kg) and stainless
plate (kg), the laser machining hours and the single score
environmental impact indicator (Pt). The variation
coefficient may vary from -1 to 1, it means a strong positive
linear correlation, r is close to 1, while in a strong negative
linear correlation, ris close to -1 (Larson and Faber, 2015).
For each one of the alternatives, the PVC material has the
same quantity (in each product mix there are 2
multipurpose discharge pipes). Thus, the environmental
impact for all the alternatives regarding this material is the
same.

There is a Strong linear correlation negative between the
use of the materials: carbon steel and stainless steel (r =
-0,95). The greater is the carbon steel quantity in the
products, smaller is the environmental impact (r = - 0,92),
also, smaller is the stainless steel quantity. There is a Strong
linear correlation between the stainless steel to the
environmental impact (r =0,99). The greater is the stainless
steel quantity, bigger is the environmental impact, it
happens a smaller use of the carbon steel material.

Regarding the laser machining, there is also a strong
correlation with the stainless steel use (r = 0,85). The laser
machining time is bigger for the product mix that uses more
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stainless steel material, incurring a higher environmental
impact. The inverse may also be considered, the bigger is
the carbon steel use, smaller is the laser machining time
needed, resulting a smaller environmental impact.

a)

Steel, engineering stell (kg
Environmental impact (Pt)

100 150 200 250 300

Steel. engineering stell (kg)

20 40 60 80 100 120
Steel, stainless (kg)

0 60 50

Steel, stainless (kg)

Steel, stainless (kg)

Al, A2, A3, A4, A5, A6, A7 = Production mix alternatives

Figure 7. Coefficient of Pearson’s linear correlation (r): a) linear
correlation between stainless steel and engineering steel, b)
linear correlation between engineering steel and environmental
impact, c) linear correlation between stainless steel and
environmental impact, d) linear correlation between stainless
steel and laser machine hours

Figure 8 illustrates the environmental impact behavior
related to the material used and the laser machining time.

As far as the carbon steel usage increases, the laser
machining time decreases, and there is a higher
environmental impact. The values indicated on Figure 8,
correspond to the product mix used and evaluated in the
study. It will be necessary 0.288 hours of laser machining,
using a product mix composed by 99.9% of carbon steel
and 0.1% of stainless steel, resulting in an environmental
impact of 17.033 Pt. For the maximum using of the stainless
steel in the product mix, 34.5%, 0.346 laser-machining
hours is needed, and results in an environmental impact of
38.696 Pt.
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Figure 8. Relation among environmental impact x material x
process

4. Conclusions

The motivation for the study accomplishment is due to the
advances in the manufacturing processes and industry
materials, where the most used materials are identified to
the products manufacturing, being the carbon steel and the
stainless steel, including the manufacturing processes,
among them, the laser machining. It is possible to evaluate
the environmental impact generated by the manufacturing
technology, with a strong correlation among the carbon
steel, stainless steel materials the laser machining process
and the environmental impact.

The raw products and the manufacturing processes
analyses were performed, where there was the finding that
the raw product in stainless steel promotes a higher
environmental impact compared to the carbon steel, PVC
and liquid paint. The laser machining process generates
higher environmental impacts compared to the processes
of polyester powder painting, MIG welding, MIG stainless
welding and pieces galvanizing. The human health final
damage is the most impacted in carbon dioxide element,
gas associated to the greenhouse effect. The natural
resources consumption for the energy generation is the
element that most affected the fossil resources scarcity.

As a recommendation for the forthcoming paperwork,
continuing the study is a suggestion, also considering from
the cradle to the grave lifecycle, mainly the materials used
in the products recycling, such as the stainless steel and
carbon steel elements. Despite the study involves a specific
place, there is the understanding that the methodology
used may be extended to the industries located in other
areas and from other countries.
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