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Abstract

The increasing consumption of cleaning products deteriorates water resources due to harmful components such as phos-
phorus (P) and nitrogen (N) compounds, oils, bleach, and acids, typical compounds in traditional detergents. The use of
biodegradable detergents as an environmentally friendly alternative has been proposed in different regions. In Colombia,
resolution 1770/2018 sets a minimum biodegradability rate of 60% for the surfactants present in liquid detergents, which
would reduce to a similar extent the impacts on water after their use. However, the environmental impacts of the supply
chain of these detergents and their raw materials have not been evaluated so far. This study presents an environmental life
cycle assessment of petroleum-based liquid detergents and a comparison to traditional solid detergents, based on the ISO
14040 standard and the ReCiPe-2016 impacts assessment method. A novel bio-detergent containing anionic plant-based
surfactants was proposed in this analysis. The impacts of packaging and the distribution of the product to consumers were
also considered. Raw materials contributed to 91% of the total of 314 g of CO, eq generated per liter of liquid detergent,
where the production of fatty alcohol sulfate and PET packaging shared 78.8% and 12.2% of the total impact, respectively. It
was also determined that 5.4 L of water are consumed and 0.09 g of P eq and 0.1 g of N eq are emitted per liter of detergent.
This liquid detergent presented better environmental performance than traditional detergents in all the impact categories,
except for the fossil resource scarcity category. The evaluated detergent would significantly mitigate the generation of nega-
tive effects on ecosystems. Moreover, the substitution of PET for HDPE packaging could reduce the impacts on freshwater
eutrophication by 10%, although the carbon footprint can slightly increase, which could be compensated due to its higher
recyclability rate. In contrast, the proposed bio-detergent would not have significant benefits and would negatively affect
water consumption and land use in its supply chain.
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Introduction are composed of mixtures of surfactants, bleaching agents,

enzymes, and other minor additives (Smulders et al. 2012;

Nowadays, there is a great variety of substances used for
washing clothes and cleaning dirt from different surfaces
(Bianchetti et al. 2015). These substances or detergents
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Cheng et al. 2020). The increasing usage of detergents is
concerning since it could negatively affect the environment
and human health (Giagnorio et al. 2017). However, deter-
gents are still part of everyday use in human life for hygienic
and cleaning purposes (Wang et al. 2019).

Solid soaps and traditional detergents harm the environ-
ment due to emissions of polluting compounds, such as the
formation of non-biological chemical particles that mainly
affect water sources and generate greenhouse gas (GHG)
emissions. Raw materials in detergents generate carbon
emissions due to the use of complex chemical compounds
(Golsteijn et al. 2015). Moreover, it has been identified that
the presence of surfactants in solid detergents causes toxicity
in water sources and affects marine life (Rebello et al. 2019;
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Mousavi and Khodadoost 2019). Likewise, the deterioration
of water ecosystems is due to the emissions of anionic sur-
factant, non-anionic, pure anionic components, and chemical
elements such as sodium (Na), which are not environmen-
tally friendly, generating pH alterations and contributing to
the eutrophication of water bodies (Falbe 1987).

As an alternative to the environmental impacts caused by
traditional detergents, which are characterized by containing
in their chemical structure synthetic elements, such as sur-
factants (Solé Cabanes 2014), different sustainability alter-
natives associated with the production of detergent products
from organic sources have been proposed, promoting the
development of green products that involve simpler chemi-
cal structures to increase biodegradability and thereby miti-
gate environmental impacts (Arthur et al. 2012). In Colom-
bia, resolution 1770/2018 (Colombian Government 2018)
defines biodegradability as the susceptibility of a chemical
compound or substance to being decomposed after interac-
tions with microorganisms, specifically in the presence of
oxygen, generating carbon dioxide, water, and mineral salts.

The use of anionic surfactants from natural raw materials
such as plant-based oils to manufacture liquid detergents can
increase their biodegradability rate and reduce the use of
petroleum-based materials. In this sense, these plant-based
cleaning products could be considered bio-detergents.

Regarding the development of this alternative, the use of
plant-based oils to replace a fraction of the petroleum-based
surfactants has been implemented, which come from plants
such as coconut, oil palm, canola, and others, whose clean-
ing properties similar to those of traditional detergents have
been observed (Do et al. 2019). Some studies revealed that
palm oil (Elaeis guineensis) can be considered a potential
natural surfactant, which can offer consumers confidence as
a functional product (Saxena et al. 2017; Slamet et al. 2017).
However, the formulation of a bio-detergent suggests a para-
digm in terms of quantification of environmental impacts,
which might arise in its production process (Javed and Qazi
2016; Singh et al. 2019).

To estimate and evaluate the environmental impact that
can be generated by the manufacturing of a bio-detergent
compared to a traditional detergent, it is necessary to per-
form a life cycle assessment (LCA) of each of the products,
using tools capable of quantifying the impacts in each of
the stages of this process. In the Colombian market, differ-
ent national and international brands offer liquid and solid
detergents free of toxic components, which would not gener-
ate harmful effects on health in case of ingestion. Likewise,
eco-friendly detergents seek to attract different types of con-
sumers and generate in them a sense of conformity toward
the responsible use of natural resources (De Koning et al.
2010). Because of this premise, it is necessary to analyze
whether there is a product that can meet different eco-design
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conditions to reduce the generation of negative environmen-
tal impacts (Balboa et al. 2014).

The objective of this study is to perform a critical analysis
and compare the environmental performance of the life cycle
of liquid detergents in comparison to a traditional detergent
(TD). These detergents are used for washing clothes and dif-
ferent surfaces. The potential environmental impacts of each
of the products were estimated, and improvement strategies
were identified to determine which product and its supply
chain have better environmental performance.

Materials and methods

This research was conducted at the production plant of
Probionar S.A.S., a company located in the municipality
of Buesaco at 2859 m above sea level, in Narifio, Colom-
bia. This plant was created in 2015 with resources from the
Emprender Fund, for the manufacture and marketing of lig-
uid detergents under a sustainable business model. The LCA
methodology described by the ISO 14040 standard (ISO,
2006) was applied. This study includes four phases: goal and
scope of the study, life cycle inventory (LCI) analysis, life
cycle impact assessment (LCIA), and interpretation.

Goal and scope of the study

The goal of the study was to benchmark and identify the
critical inputs in the supply chain of liquid detergents pro-
duced by Probionar against TD, in a system boundary from
cradle-to-site (Osorio-Tejada 2022). This boundary consid-
ers the impacts of obtaining raw materials and the transfor-
mation of the product up to the factory gate (cradle-to-gate),
plus the impacts of the distribution of the product to its site
of use (gate-to-site).

The main product of the company is bio-multipurpose lig-
uid detergent (BLD). BLD can be used for washing clothes,
floors, plastic parts, furniture, rugs, and kitchen equipment.
The prefix “bio” in the name of the product was included
by the company because it was formulated to have high and
fast biodegradability characteristics. BLD contains only
9.7% wlw of sodium lauryl ether sulfonate surfactant (fatty
alcohol sulfate), a lower concentration than other similar
products on the market that can contain up to 20% w/w. This
surfactant stands out due to its higher biodegradation rate
(Co: 0.5 mg/L— 0.4854 day™!, Co: 5 mg/L — 0.4725 day ™",
Co: 10 mg/L — 0.413 day™!), which is in the margin of
15 days (> 90%). It was shown that at low concentrations
of surfactants, the biodegradation kinetics is better because
the microorganism does not become unstable (Herrera Tor-
reblanca 2017). It is mentioned in this same study that,
theoretically, all surfactants are biodegradable with time
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and appropriate conditions, but it will depend on the action
of microorganisms that solve the problem of contamination
caused by substances, which must degrade easily and in a
short time.

From the holistic perspective, the aim is to establish a
more precise contextualization of the phases or processes
that are present in the entire product system, obtaining, as a
result, a direct estimate that is associated with the environ-
mental impacts generated by each of the detergents (Bjgrn
et al. 2017).

The functional unit for this analysis was 1 L of BLD,
the best-selling presentation packaged in a polyethylene
terephthalate (PET) bottle. The performance of the main
product, BLD, is 20 laundry washes per liter of product.
That is, to wash a load of 12 garments (5 kg of clothes) a
total of 49.92 g of product are needed, considering a den-
sity of 1.03 g/mL BLD. The cut-off approach for the LCA
study was selected under the hierarchical perspective. This
is a consensus method and one of the most widely used in
LCA studies concerning the consumption of detergents in
the laundry industry (Giagnorio et al. 2017).

With the aim of reducing dependence on fossil sources,
Probionar S.A.S has introduced a novel bio-detergent con-
taining anionic plant-based surfactants, which has also been
demonstrated to improve the biodegradability period. More-
over, the use of HDPE instead of PET containers to improve
reuse rates due to their higher durability was analyzed.

The study focused on the analysis of midpoint results or
intermediate environmental impact categories, which are
closer to the environmental intervention (Vallejo 2004).
The ReCiPe 2016 method was used to analyze the potential
impacts on climate change, freshwater and marine eutrophi-
cation, freshwater and marine ecotoxicity, land use, scarcity
of fossil resources, and water consumption. These midpoint
results were aggregated into endpoint indicators, which
express the relative severity of the effects on human health,
ecosystems, and resources (Huijbregts et al. 2017).

Life cycle inventory analysis

Data were collected from primary sources for the transfor-
mation processes of BLD and its equivalent TD, as well as
for vehicle types and distances for product distribution. In
addition, primary sources were also used for the identifica-
tion of the distances traveled by the raw materials used in
the transformation processes. The major components of TD
are sodium hydroxide, palm oil, and water.

In this sense, the default datasets for the raw materials of
the Ecoinvent version 3.6 database (ETH, 2022) were used
and managed with SimaPro v9 (PRé Consultants, 2022).
Material flows were adapted to the conditions of the local
territory used for its manufacture and transport, e.g., specific
Colombian electricity mix, natural and drinking water, and

the regulated diesel B10 (10% v/v biodiesel content). The
specific LCI datasets for the BLD and TD, as well as detailed
information about the origin of raw materials, suppliers, dis-
tance, and type of vehicle, are presented in Tables S1 to S4
in Supplementary Material SM1. The technical datasheet for
the biodegradability rate of the plant-based BLD, elaborated
by an accredited laboratory via the OECD 301F standard, is
presented in Supplementary Material SM2.

Results and discussion
Impact assessment: midpoint analysis

The analysis of the life cycle of the product allowed us to
show the network diagram of each of the impacts evaluated
based on the three stages defined by the limits of the sys-
tem. Figure 1 shows the results on climate change, which
considers the results of the integrated phases of procure-
ment, transformation, and distribution of raw materials. The
procurement of raw materials is the main contributor to total
carbon emissions. The greatest environmental impact at this
stage was due to the consumption of surfactants (fatty alco-
hol sulfate), which contributes to 78.8% of the emissions of
the raw materials stage.

To analyze the midpoint impacts generated in the life
cycle of the product, each of the eight environmental impact
categories mentioned above is considered for the three stages
required to produce 1 L of BLD as shown in Fig. 2. The raw
materials stage includes data on fatty alcohol sulfate, sodium
chloride, PET containers, labels, and cardboard boxes. The
transformation stage uses data on energy consumption and
water consumption.

From Fig. 2 for BLD production, we can state that the
greatest contribution in all impact categories is due to raw
materials procurement. It can also be identified that this
stage had the most significant impact on climate change
with 0.287 kg of CO, eq, followed by the scarcity of fos-
sil resources with 0.156 kg oil eq, representing 94.5% and
94.6% of the total life cycle emissions, respectively.

Impact assessment: endpoint analysis

In order to make a comparison between the impacts generated at
a midpoint and endpoint level, the potential impacts on human
health, ecosystems, and resources are presented in Fig. 3.

In Fig. 3, it can be seen that to produce 1 L of BLD, the
stage of raw materials procurement is the most relevant.
Inputs such as fatty alcohol sulfate, PET packaging, and
sodium chloride generate potential negative effects in the
different areas of protection. Fatty alcohol sulfates generate
the highest impacts with contributions of about 73%
(5.34x 1077 DALY), 69% (1.07 x 10~° species.year), and 81%
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Fig. 1 Cradle-to-site assessment for 1 L of BLD—climate change. Note: bio-detergent considering petrochemical surfactant and PET container.
This image was obtained from SimaPro software
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(0.0493 USD2013), on human health, ecosystems, and fossil
resources, respectively.

The analysis of critical points made it possible to
identify that the inputs with the greatest impact on
the raw material production stage are the surfactants.
Although it is currently found in the literature that most
modern surfactants are easily biodegradable and have
low toxicity in the aquatic environment, most of them
are synthesized using petroleum (Kjellin and Johansson
2010). In the particular case of the product under study,
the surfactant called “fatty alcohol sulfate” was used,
which has a wide application in industry, as anionic,
cationic, and nonionic surfactants, used as detergents,
which have between 12 and 18 carbon chains (Rios et al.

Fig.4 Midpoints LCA compari- 0.0
son—TD impacts variation in
relation to the BLD impacts; the Water ™D
latter normalized to 1.0 consumption
Scarcity of fossil ™
resources
D
Land use
Marine 10
ecotoxicity
Fresh water ™D
ecotoxicity BLD
Marine ™
Eutrophication BLD
Fresh water D
eutrophication BLD
; D
Climate Change

= Water consumption

2006). Hence, the consumption of petroleum-derived
surfactants importantly affects the scarcity of fossil
resources category.

Comparison between BLD and TD

BLD and TD can be used for washing clothes or textile gar-
ments. To wash a load of 5 kg of clothes, 49.92 g of BLD
or 99.99 g of TD is required. In other words, to clean the
same amount of laundry washed with a liter of BLD, it is
necessary to use about 2 kg of solid TD. These values were
obtained through performance tests. The inventory dataset
for the TD is presented in Table S4 of the Supplementary
Material file.

1.0 2.0 3.0 40 50 6.0 7.0 8.0 9.0 10.0
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Figure 4 shows that BLD has an advantage as it repre-
sents a reduction in TD-related environmental impacts,
which contributes to mitigating the impacts generated by
emissions on aquatic ecosystems. The categories where the
BLD shows the greatest reduction in impacts are land use
and marine eutrophication. In addition, the impacts of BLD
on climate change and water consumption are 88% and 91%
lower than those generated by solid TD.

In Fig. 4, the impacts of TD can be up to 10 times higher
than the impacts of BLD. This implies that low cleaning
performance is not the only factor generating environmental
impacts. Most of the impacts of TD are due to the oil source
required for the saponification process with sodium hydrox-
ide. Comparatively, 4.5 times more oil source is needed to
produce one kg of TD than is needed to produce 1 L of
BLD. This explains the higher impacts of TD in most of the
categories. The exception of the low impacts of TD in the
category of scarcity of fossil resources was because only
vegetable oils were used for the saponification process, while
petroleum-derived surfactants were used for BLD.

Interpretation

The LCA of BLD showed that 1 L of this product generates
a total of 0.314 kg of CO,. It is worth mentioning that there
are some impacts in the consumption and post-consumption
phase, which were not considered, and they would surely
increase this value.

The life cycle water consumption to produce 1 L of
the product was 5.4 L, of which the surfactant consumed
1.6 L, being the input that most affects the environment.
It should be noted that, although water consumption is not
high in comparison with other products, it is advisable to
propose strategies to reduce this resource used to obtain the
detergent.

Another category that requires careful analysis and should
be considered is the eutrophication of fresh and marine water
because phosphorous and nitrogen are involved in the pro-
duction of detergents. The results obtained were 0.09 g of P
eq and 0.1 g of N eq per liter of BLD, which are relatively
low for a detergent (Madariaga et al. 2007).

According to the findings, it was recommended to Pro-
bionar S.A.S. to evaluate the feasibility of substituting the
surfactant “fatty alcohol sulfate”, which, although it is low
in phosphorus and nitrogen, is a petroleum derivative. Con-
cerning the above, the implementation of a surfactant that
is not derived from petroleum was proposed, which would
mitigate some environmental impacts associated with the
scarcity and thus the dependence on petroleum.

Another recommendation for the company was associ-
ated with the substitution of the PET-type container for an
HDPE-type container, which would allow the container to
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be reused more times. From this action, the company must
comply with a 30% return of this plastic until 2030 accord-
ing to resolution 1407/2018 (Colombian Government, 2018).

Therefore, a sensitivity analysis for the impacts of the
implementation of these recommendations is performed in
sections “Comparison between PET and HDPE container”
and “Discussion”.

Comparison between petrochemical
and plant-based surfactants

According to the data provided by the supplier of the plant-
based surfactant, it contains 30% palm oil and 70% sur-
factant of petrochemical origin. Probionar S.A.S has used
palm oil to produce the plant-based surfactant because it is
the most cost-effective vegetable oil for industrial applica-
tions in Colombia. Using this new surfactant, the impacts on
climate change increase from 0.314 to 0.329 kg CO, eq per
liter of BLD, as shown in Fig. 5. The inventory dataset for
the BLD with plant-based surfactant is presented in Table S3
of the Supplementary Material file.

For this analysis, the dataset of the life cycle of palm
oil in Colombia was used including the distances traveled
from the plantation and refinery to its reception at the plant
(Gomez and Gustavo 2015; Osorio-Tejada et al. 2018; Per-
tuz Martinez and Santamaria Escobar 2014). In the produc-
tion of the surfactant using palm oil, the sulfates of fatty
alcohols are obtained by sulfonation of the alcohols, and a
thin film of alcohol is bound with a mixture of sulfur oxide
(SO3) and dry air inside a vertical tube. After sulfonation,
sodium hydroxide is applied to neutralize the acid that has
been formed.

To identify which surfactant turns out to be more environ-
mentally friendly, the midpoint results between the conven-
tional and the new proposed formula are presented in Fig. 6.

From Fig. 6 it was possible to interpret that the new prod-
uct with a mixture of plant- and fossil-based surfactants does
not contribute to reducing environmental impacts in seven
of the eight categories studied. Only in the category of the
scarcity of fossil resources, impacts were reduced by 8%.

Comparison between PET and HDPE container

A comparison was made between the two types of containers
that the company can use to package a liter of BLD. Based
on the data provided by the company for a yearly production
of 5323 L of BLD, 60.34 kg of PET-type packaging was
used, while for HDPE packaging, 117.2 kg must be used,
i.e., 0.011 kg or 0.022 kg per liter of BLD, respectively.
The inventory dataset for 1 L of BLD using petrochemical
surfactant and HDPE container is presented in Table S2 of
the Supplementary Material file. It should be noted that the
geographical scope of this study focuses on the department
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Fig.5 Cradle-to-site assessment for 1 L of BLD (30% plant-based surfactant)—climate change. Note: bio-detergent considering 70% petrochem-
ical- and 30% plant-based surfactant and PET container. Note: This image was obtained from SimaPro software
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Fig.7 Midpoints LCA compari-
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Fresh water PET
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eutrophication HDPE
. PET
Climate Change

HDPE

packaging corresponds to freshwater eutrophication with a
10% reduction. Likewise, in the categories of ecotoxicity
of fresh and marine water, the use of HDPE reduces the
impacts by 8%. It should also be considered that most
plastic packaging has petroleum-based polymers in its
composition, which can accumulate in ecosystems for long
periods (Zhao et al. 2020). One of the most adverse factors
for the environment is the final disposal of PET containers
because this waste accumulates in ecosystems, reducing the
useful life of sanitary landfills, and when PET containers are
incinerated, it can generate greenhouse gases, affect human
health, and the ashes contaminate groundwater through
leachate infiltration (Colombian Government 2004). The
advantage of HDPE containers lies in the fact that they can
be more easily recycled, as well as they are characterized
by their long useful life as a functional product and by
recovering high concentrations of the HDPE material in
their reuse process (Grigore 2017; Viva 2013). Therefore,
a campaign is proposed to promote recycling because only
26% of the total plastic is recycled in Colombia, which
would significantly contribute to the reincorporation of
these materials in the production cycle, in addition to
mitigating the environmental impact generated by the
accumulation of plastics (Carvajal and Salas 2018).

Discussion
Based on the data found in the product life cycle analysis, it
was possible to identify that the variations in the initial sys-

tem generate representative changes, for which the system
is considered sensitive.
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The traditional detergent is only more environmentally
friendly than the presented BLD in the category scarcity of
fossil resources (see Fig. 4).

According to the data presented in Fig. 7, it can be stated
that PET packaging favors the categories of eutrophication
of fresh and marine water, ecotoxicity of fresh and marine
water, and land use. But at the same time, it increases the
carbon footprint of the product by 7 g of CO, .4, the water
footprint by 0.6 L, and oil consumption by 15 g of CO, .
The substitution of PET for HDPE packaging indicated
that this action benefits five of the eight impact categories;
although the carbon footprint is increased, the negative
effects of this category might be reduced thanks to the plas-
tic packaging recovery campaign.

On the other hand, the only category that benefited from
the substitution of 30% of fossil-based surfactant for a plant
origin (palm oil) was the scarcity of fossil resources. This
strategy reduced the consumption by 12.5 g of oil equivalent
per liter of BLD, which is an annual reduction of 66.5 kg of
oil equivalent.

The new surfactant containing 30% palm oil resulted in
higher negative impacts in most of the categories because
palm oil is mostly produced in locations with low develop-
ment of sustainable crops. These impacts can be associated,
for example, with inadequate land use in palm cultivation,
destructive deforestation, and habitat degradation, as well
as with some environmentally harmful inputs used in the
manufacture of fatty alcohol sulfate, such as solvents, and
sodium hydroxide, and sulfur oxide, among others. Half of
the palm oil in Colombia has been planted in former pastures
or annual crops. However, the fraction planted in rainforest
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areas generates most of the environmental impacts, as
observed worldwide for this type of energy crop, mainly in
Southeast Asia. For example, it is found that Indonesia, the
largest oil palm producer worldwide with more than 700
extraction mills (Nasution et al. 2018), is the third-largest
greenhouse gas emitter in the world (Parlour 2017), mainly
due to the rainforest and peatlands destruction. Other studies
indicate that the environmental impacts generated palm oil
production, in countries such as Thailand, are mainly due to
the burning of fibers in boilers, the use of fertilizers, waste-
water treatment and disposal of empty fruit bunches, the use
of gasoline in motor mowers, and the use of glyphosate for
weed control (Saswattecha et al. 2015). These activities in
turn are related to specific impacts in different categories,
such as climate change, associated with high methane (CH,)
emissions from wastewater in open ponds in the milling
phase, and nitrous oxide (N,0O) emissions from the applica-
tion of nitrogen fertilizers in the cultivation phase. Moreo-
ver, air pollutants are generated in palm oil production dur-
ing fuel combustion, such as particulate matter (PM), sulfur
dioxide (SO,), nitrogen oxides (NOx), non-methane volatile
organic compounds (NMVOC:s), and carbon monoxide (CO)
(Saswattecha et al. 2015). Other categories impacted due to
palm oil production are ozone formation, acidification, and
eutrophication. The latter is associated with the high use of
nitrogen and phosphorus fertilizers used to improve yields in
oil palm crops, which cause eutrophication in surface water
(Saswattecha et al. 2015). Other options to diversify the use
of surfactants in the manufacture of bio-detergents can be
found in LCA studies that seek to generate alternatives to
meet the growing oil demand for industrial use. According
to Schmidt (2010), palm oil is environmentally preferable
to rapeseed oil, in some environmental impact categories
such as ozone depletion, acidification, eutrophication, pho-
tochemical smog, and land use. Meanwhile, rapeseed oil is
preferable over palm oil in categories such as climate change
and biodiversity.

Therefore, plant-derived surfactants can become a substi-
tute for petrochemicals, provided that the methods of obtain-
ing the plant-derived surfactant are ecologically sustainable.

Regarding the completeness and consistency of the study,
for the modeling of the assessed product, real data provided
by suppliers, customers, and the company on the flow of
materials were used, both qualitatively and quantitatively,
to ensure the reliability of the data. The inputs were selected
from Ecoinvent 3.6 database and were adjusted for Colom-
bia concerning local water and energy consumption. Like-
wise, transportation required for the raw materials routes
was adapted for the actual distances between the suppliers
and the company, using tools such as Google Maps to iden-
tify the most accurate and shorter distances, thereby greatly
reducing the levels of uncertainty in the study.

Consumer awareness campaign

An environmental strategy proposed to decrease the impact
of production operations on the natural environment is the
adequate use of resources and optimization of energy waste,
using the ISO 14001 methodology, which focuses on green
sustainability, environmental management systems, and
natural resources (Latan et al. 2018). Therefore, taking into
account the LCA of BLD, a strategy focused on the final dis-
posal of HDPE packaging was proposed, applying concepts
of some sustainable development goals (SDG 12 Respon-
sible Production and Consumption) and thus being able to
comply with various environmental management regulations
in Colombia.

In this context, the commitment of the company is to
reduce the environmental impacts generated in the produc-
tion of the BLD product. A campaign was conducted to
return the HDPE container to the company Probionar S.A.S
to give it adequate handling in terms of disinfection and
conditioning for reuse. This campaign was called “Redimete
con el Medio Ambiente” (Redeem yourself with the Envi-
ronment) and managed to return 36% of the plastic used to
supply the canteens of the official educational institutions of
the municipality of San Juan de Pasto (Colombia).

Figure 8 shows photographs of the implemented cam-
paign, which, in addition to bringing benefits to the environ-
ment, generates a reduction in manufacturing costs for the
company because the recovered packaging is cheaper than
virgin packaging. It also generates an incentive for the food
handlers or cleaners because by returning these containers to
the company, they can obtain points, which can be redeemed
for prizes at the end of an academic school term. This cam-
paign was disseminated through the school restaurants of the
municipal educational institutions through talks and training
for the implementation of the environmental campaign. In
addition, a publicity campaign was carried out with infor-
mation about the alternative proposed by the company to
share with customers interested in learning more about this
campaign and its benefits for the environment and economy.

Conclusions

The study made it possible to calculate specific impacts to
produce 1 L of the bio-multipurpose liquid detergent, obtain-
ing a carbon footprint of 0.314 kg of CO, , a water footprint
of 5.4 L, a phosphorus footprint of 0.09 g of P eq, and a
nitrogen footprint of 0.1 g of N eq. Within the three stages
of the life cycle studied, the raw material procurement stage
contributed to 91% of the impacts on climate change. In this
stage, the inputs with the greatest impact were fatty alcohol
sulfate (78.8%) and PET packaging (12.2%).
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Redimete
con el ambiente

Fig.8 Campaign redeem yourself with the environment

In addition, it was concluded that the use of HDPE pack-
aging would reduce most environmental impacts, but to
maximize its benefits, it is recommended that the contain-
ers must be reused. On the other hand, the use of a plant-
based surfactant does not guarantee that the impacts will be
globally reduced; therefore, it is first necessary to know the
conditions of palm oil production.

Finally, it was determined that the bio-detergent generates
less environmental impact than traditional detergent. The
formulation of this liquid bio-detergent contributes greatly to
reducing the environmental impact caused by these cleaners
on textile garments. In this sense, this analysis also made it
possible to show which strategies would be the most effec-
tive to further reduce the overall impact of the product and
generate competitive advantages for the company.
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