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Abstract: In this article, activated carbon was produced from Lantana camara and olive trees by
H3PO4 chemical activation. The prepared activated carbons were analyzed by characterizations such
as scanning electron microscopy, energy-dispersive X-ray spectroscopy, Brunauer–Emmett–Teller,
X-ray diffraction, thermogravimetric analysis, and Fourier transform infrared spectroscopy. H3PO4

is used as an activator agent to create an abundant pore structure. According to EDX analysis, the
crystalline structure destroys and increases the carbon content of the olive tree and Lantana camara by
77.51 and 76.16%, respectively. SEM images reveal a porous structure formed as a result of H3PO4

activation. The Brunauer–Emmett–Teller (BET) surface area of the olive tree and Lantana camara
activated carbon was 611.21 m2/g and 167.47 m2/g, respectively. The TGA analysis of both activated
carbons shows their thermal degradation starts at 230 ◦C but fully degrades at temperatures above
450 ◦C. To quantify the potential environmental implications related to the production process of the
activated carbon (AC) from olive trees, the life cycle assessment (LCA) environmental methodology
was employed. For most of the tested indicators, chemical activation using H3PO4 showed the
greatest ecological impacts: the ozone layer depletion potential (42.27%), the acidification potential
(55.31%), human toxicity (57.00%), freshwater aquatic ecotoxicity (85.01%), terrestrial ecotoxicity
(86.17%), and eutrophication (92.20%). The global warming potential (5.210 kg CO2 eq), which was
evenly weighted between the phases, was shown to be one of the most significant impacts. The total
energy demand of the olive tree’s AC producing process was 70.521 MJ per Kg.

Keywords: activated carbon; life cycle assessment; H3PO4; chemical activation

1. Introduction

Activated carbon (AC) with a high surface area is widely used as an industrial adsor-
bent, removing odor, taste, and impurities from drinking water via the absorption from
liquids or gases [1]. Due to their well-developed porosity and large surface area, activated
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carbons have been used for the separation of gases, the removal of organic pollutants
from drinking water, the recovery of solvents, acting as a catalyst support, gas storage,
super-capacitor electrodes, and so on [2]. Activated carbon produced from agricultural
products has the economically low cost and environmental effect of converting low-value
agricultural waste into useful adsorbents, as well as reducing the reliance on coal and
petroleum coke products for activated carbon preparation. Different types of activated
agents such as H3PO4, KOH, FeCl3, ZnCl2, HCL, H2SO4, and many more are used for the
preparation of activated carbon [3]. However, H3PO4 is used mostly as an activated agent
that changes the thermal degradation of biomass. The H3PO4 activator agent increases the
number of defects that serve as anchoring sites for metal particles and also increases the
surface area. H3PO4 acts as a catalyst, promoting the bond cleavage reaction and promoting
the cross-linking through cyclization and condensation [4].

Worldwide olive trees are a common agricultural crop. Spain has the most dedicated
land to this crop at 2.6 Mha and produces over 72% of the world’s olives. Around 11 million
olive trees are planted globally, yielding 3000 kg/ha of annual pruning residue produc-
tion [5]. Lantana camara is a lignocellulosic substance composed of lignin, cellulose, and
hemicellulose [6]. In the middle Himalayan forests, Lantana camara has a different vegetation
composition [7]. Bicyclogermacrene (19.4%), isocaryophyllene (16.7%), valecene (12.9%),
germacrene D (12.3%), and caryophyllene isomers were detected in Lantana camara’s essen-
tial oil composition [8]. Lantana camara has been described as one of the world’s ten worst
weeds and has covered large areas in Africa, Australia, and India. There are over 650 species
in more than 60 countries [9]. In India’s Vindhyan dry deciduous tropical forest, 37 species
of Lantana are found, divided into three categories: low (0–30%), medium (30–60%), and
high (61–100%) [10].

The quality of any solid biomass is totally dependent on the chemical composition of
the specific biomass. For this, various factors are considered in which proximate analysis
(fixed carbon, volatile matters, and moisture content), ultimate analysis (C, H, O, S, and
N), organic and inorganic ingredients, and many more are so important to identify the
properties of the biomass [11]. In addition, the quality of the activated carbon also depends
on the wood analytical approach in which biomass cellulose, hemicellulose, and lignin
structure are important [12].

Some of the most common biomass sources for activated carbon production are palm
shells, almond shells, coconut shells, pomelo peels, carrot peels, pomegranate peels, date
seeds, and many more. Among all these biomass sources, lantana camara and olive trees
are the most abundant sources of biomass for the preparation of activated carbon [13].
Researchers suggested that activated carbon prepared from lantana camara has the ability to
adsorb tartrazine, which is considered to be highly toxic for human health. Tartrazine acts as
hyperactivity and causes thyroid cancer, asthma, and many other behavioral problems [9].
Therefore, in this article, olive trees and Lantana camara are used for the preparation of
activated carbon. Table 1 shows the chemical composition of the biomass on a dry basis
that is most often used to make activated carbon.

AC produced from olive trees and Lantana camara is both cost-effective and environ-
mentally friendly. However, environmental concerns must be taken into account while
deciding on the best strategy to prevent worsening the problem rather than solving it.
Life cycle assessment is a cradle-to-cradle or cradle-to-grave analysis approach to evaluate
the associated environmental impacts with all products’ life stages, from raw material
extraction to processing, production, usage, and disposal [15]. The inputs and outputs
for each activity within a stage are computed and then agglomerated over the life cycle
using energy and material balances drawn over the system boundary [16]. The associated
environmental impact of a particular AC varies since activated carbon can be made from
a variety of carbonaceous materials through chemical or physical activation or by both
processes. Tagne, R.F.T et al. studied an LCA of an AC produced from cocoa pods in
which they used KOH as an activation agent. It was reported that the main contributor to
environmental impacts in the laboratory steps is electricity, with an average contribution of
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almost 70% [17]. K. Hjaila et al. also studied the AC production from olive-waste cake by
using H3PO4 as an activation agent. It was reported that using H3PO4 as an impregnating
agent has the highest environmental impacts of most of the tested indicators [18]. Similarly,
Loya-González, D. et al. also investigated the AC production from corn pericarp by utiliz-
ing KOH as an activation agent. They found that the main contributor to the environmental
impact of AC production is fossil depletion, which is related to the KOH production used
as an activation agent [19].

Table 1. The chemical composition of the biomass sources on a dry basis.

Biomass Source
Proximate Analysis (%) Ultimate Analysis (%)

Reference
VM FC Ash C O H N S

Oak Wood 78.1 21.4 0.5 50.6 42.9 6.1 0.3 0.10

[11]

Christmas tree 74.2 20.7 5.1 54.5 38.7 5.9 0.5 0.42

Corn Straw 73.1 19.2 7.7 48.7 44.1 6.4 0.7 0.08

Almond Shell 74.9 21.8 3.3 50.3 42.5 6.2 1.0 0.05

Coconut Shell 73.8 23.0 3.2 51.1 43.1 5.6 0.1 0.10

Olive Wood 79.6 17.2 3.2 49.0 44.9 5.4 0.7 0.03

Olive husk 79.0 18.7 2.3 50.0 42.1 6.2 1.6 0.05

Olive Pits 77.0 19.9 3.1 52.8 39.4 6.6 1.1 0.07

Olive Residue 67.3 25.5 7.2 58.4 34.2 5.8 1.4 0.23

Lantana (Stem) 74.42 17.71 0.85 48.10 43.66 6.22 1.04 0.13

[14]Lantana (Twig) 73.49 17.36 1.34 45.90 44.65 6.92 1.05 0.14

Lantana (Leaves) 67.45 17.51 7.55 43.00 42.57 5.69 1.05 0.14
VM = Volatile Matter; FC = Fixed Carbon C=Carbon; O=Oxygen; H=Hydrogen; N=Nitrogen; S=Sulphur.

The primary objective of this study is (1) to estimate the possible ecological burdens of
the olive tree-based AC production, (2) to examine the environmental impacts of the AC
production by using H3PO4 activating agent, and (3) to analyze the ecological footprint
of each process involved in the production of the AC from olive tree. To the best of our
knowledge, no study on the life cycle assessment of olive trees and Lantana camara has been
done. Therefore, this article could be beneficial for researchers and industrialists for the
preparation of activated carbon from olive trees and Lantana camara.

2. Materials and Method
2.1. Preparation of Activated Carbon

The leftover leaves of “Lantana camara” and “Olive trees” (6 g) were collected. To
eliminate dust from the leaves’ surfaces, they are rinsed three times with distilled water
(500 mL). To eliminate moisture from the leaves, they were kept in the open air for 3 to
4 days in the presence of sunlight before being crushed. The dried leaves were crushed and
sieved to a depth of 250 µm. After that, the fine biomass powder (4.345 g) was activated in
a H3PO4 (wt 50%) solution. The H3PO4 solution’s initial concentration and density were
85% and 1.685 g/mL, respectively. For a (1:1) impregnation ratio (the impregnation ratio
was determined as the ratio of the weight of H3PO4 to the weight of the dried biomass from
olive trees and Lantana camara) the needed H3PO4 volumes per (4.345-g) dry raw material
were 3.03 mL [20]. The phosphoric acid activating agent took 24 h to absorb. H3PO4 acts
as an activator, causing the number of defects to rise [21]. The slurry-based material was
calcined for 2 h at 550 ◦C in a box resistance furnace. The excess H3PO4 was rinsed out
of the char with distilled water until it reached a neutral pH. After that, it was dried in a
105 ◦C oven for 1 h to get a 4-g activated carbon [22]. Figure 1 shows the steps involved in
the preparation of activated carbon.
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Figure 1. Preparation steps of AC from “Lantana camara and Olive trees” by chemical activation.

2.2. Activated Carbon Characterization

The characteristics of prepared activated carbons were characterized using a variety
of techniques. The X-ray diffraction technique was used to determine the crystal structure
(XRD-D8 advanced by Bruker Germany, Bremen, Germany). The TGA study was revealed
by using TGA 5500 TA Instruments, USA DTG-60 H. The surface functional groups of the
produced AC are determined by using Cary 630 (Agilent Technologies, Santa Clara, CA,
USA). The Brunauer–Emmett–Teller technique was used to examine the surface area (SBET)
(Micromeritics Gemini VII2390t USA). With the use of a scanning electron microscope
(JEOL JSM 6490A Japan) and energy dispersive X-ray analysis (Elemental Analyzer JSX
3202 M (JEOL, Japan), changes in surface morphology and the presence of elements (C, P,
O, Fe, and K) were evaluated.

2.3. Life Cycle Assessment

The environmental impacts associated with the conversion of olive trees into AC are
investigated by means of life cycle assessment to identify the critical stages and areas of
improvement. The experimental data collected during the process were used to implement
the ISO 14040 (2006) LCA approach. In this study, two types of materials are used for AC
production: Lantana camara and olive trees, but only olive tree is considered for the LCA
study as both the processes are relatively the same. An LCA is divided into four phases,
each of which contributes to a comprehensive procedure: (1) goal and scope definition:
this assists in defining the study’s purpose, indicating how the results will be used, and
specifying the intended audience. The LCA functional unit and boundary are defined in the
scope definition. (2) Life Cycle Inventory analysis (LCI): All of the input and output flows
of energy and material within the LCA boundary are collected, quantified, and adapted
based on the functional unit. (3) Life Cycle Impact Assessment (LCIA) aims to comprehend
and evaluate the degree and relevance of a system’s possible environmental impact. It
classifies and identifies the major impact categories into environmental impact indicators
and (4) the interpretation, which assesses the study in order to make recommendations and
draw conclusions. The environmental impact related to this study’s steps was assessed
by utilizing open LCA 1.10.3 software. For background data, the ecoinvent database
v2.2 was used. The CML 2 Baseline 2000 was used for the impact assessment method.
Only the mandatory steps of the impact assessment stipulated by ISO 14040 rules, namely
categorization and characterization, were carried out because they are more objective.
Table 2 lists the LCA impact categories that were investigated in this study. The total energy
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demand, measured in primary energy, that results from the disposal, use, and production
of an economic good is referred to as the cumulative energy demand [23].

Table 2. CML 2 baseline 2000 impact categories.

Impact Category Label Unit

Photo-chemical oxidation PO kg C2H4 eq
Human toxicity HT kg 1,4-DB eq

Global warming potential GWP kg CO2 eq
Terrestrial ecotoxicity TE kg 1,4-DB eq

Terrestrial acidification TA kg SO2 eq
Abiotic depletion AD kg Sb eq

Ozone layer depletion potential ODP kg CFC-11 eq
Freshwater aquatic ecotoxicity FWAE kg 1,4-DB eq

Eutrophication EU kg PO4 eq
Marine aquatic ecotoxicity MAE kg 1,4-DB eq

2.4. Goal and Functional Unit

The goal of this research is to determine the environmental impacts of the olive tree-
based AC production process. Such data will be useful in identifying “environmental flaws”
in the production process. This assists researchers in modifying and optimizing the process,
as well as authorities, scientists, AC industries, and decision makers in deciding between
several material/process alternatives. This study intends to examine the gate-to-gate life
cycle impacts of AC derived from olive trees. Figure 1 shows all the steps involved in the
production of AC systems. The functional unit (FU) chosen is the production of 1 g of AC
from the initial 6 g of olive tree.

2.5. Life Cycle Inventory (LCI)

Using a laboratory-scale experimental approach, the imperative inventory elementary
data were collected, computed, and analyzed. For each production phase, data on input
and output was collected and evaluated. Missing secondary data were acquired from the
ecoinvent database and literature to complete the life cycle inventories. All output water
flows were anticipated to be released to a wastewater treatment plant via a single output
pipe. Due to the high volume of water produced by the system, this step-up was used. The
energy used was supplied from the South Korean grid in the form of electricity. The life
cycle inventory data for the process are given in Table 3. The standard LCIA is performed,
and the final impact is analyzed critically based on the inventory of the laboratory process.

Table 3. Life cycle inventory of Lantana camara and olive tree conversion to AC.

Raw
Material

Collection

Input
Amount Grinding/Sieving Chemical Activation Washing/Drying Output

AC-L-H-24
(Lantana
camara)

6.00 g Electricity
Water

0.333 kWh
900 mL

H3PO4
Electricity

Distilled water

3.03 mL
12 kWh
5.15 mL

Distilled water
Filter paper
Electricity

1923 mL
2 units
6 kWh

1 g of AC

AC-O-H-24
(Olive tree) 6.00 g Electricity

Water
0.333 kWh

900 mL

H3PO4
Electricity

Distilled water

3.03 mL
12 kWh
5.15 mL

Distilled water
Filter paper
Electricity

2027 mL
2 units
6 kWh

1 g of AC

AC = Activated carbon; L = Lantana camara; O = Olive tree; H = H3PO4; 24 = Absorption Time

3. Results and Discussions
3.1. Scanning Electron Microscopy

Figure 2a–c shows scanning electron microscopy (SEM) pictures of activated carbon
prepared from olive tree, which illustrate that due to H3PO4 chemical activation, macrop-
ores are formed, which are responsible for the higher surface area. Figure 2d–f shows the
scanning electron microscopy (SEM) pictures of activated carbon prepared from Lantana
camara, which illustrate that on the external surface, crevices are formed.
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3.2. Energy-Dispersive X-ray Analysis and Brunauer–Emmett–Teller Analysis

Based on a compositional study [12], the high carbon content and low ash content of
activated carbon are regarded as a superior quality for catalytic uses. An EDX dry-based
analysis of both the prepared activated carbons shows the higher carbon content. However,
activated carbons prepared from olive trees show the highest carbon content. The oxygen
content is found to be 17.85% and 22.54% in the activated carbon of olive trees and lantana
camara, respectively. A minor quantity of phosphorus was found in the prepared activated
carbon samples because H3PO4 was utilized as an activating agent during the activated
carbon preparation. As the minimum evaporation of phosphorus derivate into pentoxide
gas from the box resistance furnace was achievable at 350 ◦C, the presence of phosphorus
was nevertheless found. Table 4 shows the EDX elemental composition of the prepared
activated carbon. The BET surface area of the prepared activated carbon is shown in Table 4.

Table 4. EDX elemental composition and BET surface area of activated carbon.

Sample ID EDX Elemental Composition (Weight %) BET Surface Area

Composition C (%) O (%) P (%) (m2/g)

AC-O-H-24 77.51 17.85 4.64 611.21
AC-L-H-24 76.16 22.54 1.30 167.47

The BET surface area of any prepared activated carbon depends on the calcination
temperature, the activation agent, and the absorption ratio of the raw precursor. The
carbonization temperature has a great impact on the pore development and the surface
area [3]. The “Olive tree leaves” activated carbon has the highest surface area. The high
surface area is formed due to the H3PO4 chemical activation.

3.3. X-ray Diffraction

Figure 3 shows an XRD pattern of activated carbon made from “Olive tree and Lantana
camara” with a peak at an angle of 23◦ and 43◦, indicating the presence of a carbonaceous
structure [21]. The small number of stacked layers are present due to the phosphoric acid
used as an activator agent. The sample’s elemental composition and preparation procedures
influence the intensity of the X-ray diffraction line. In this article, the preparation procedures
for both activated carbons are the same, but the existing chemical composition is different
in each tree leaf. Therefore, the intensity peaks are slightly different in both activated
carbons. The chemical activation of H3PO4 is performed in three steps: dehydration,
degradation, and ultimately coagulation, which alters the aliphatic structure. Phosphoric
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acid (H3PO4) enhances the lignocellulose link cleavage, which causes the volatile substance
to expand quickly. The phosphate bonds are formed by cross-linking phosphoric acid
derivatives and the phosphoric acid itself with the organic species (Equations (1)–(3)). The
gases are released from the structure at the end of the process to expand the pore structure
of the activated carbon [24]. The following chemical processes (Equations (4)–(6)) were
found to be the way that phosphoric acid forms pores with the raw precursor during the
carbonization phase [25].

nH3PO4 → Hn + 2PnO3n+1 + (n− 1)H2O (1)

2H3PO4 → P2O5 + 3H2O (2)

2H3PO4 → H2P2O2−
7 + H2O + 2H+ (3)

2H2P2O2−
7 → P4 + 6O2 + 2H2O (4)

2P2O5 + 5C→ P4 + 5CO2 (5)

P2O5(liquid)→ P2O5(gas) (6)
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3.4. Thermogravimetric Analysis

Figure 4 shows the thermal stability of activated carbon at all ranges of temeperature.
At a temperature range of 110–250 ◦C, the presence of free water molecules in the interlayer
region was evaporated, resulting in the removal of physically adsorbed water from the
produced samples. TGA analysis of activated carbon produced initially showed that
phosphoric acid had been transformed into an anhydrous material. At 213 ◦C, the two-step
process begins, phosphoric acid self-polymerizing into pyrophosphate. The dehydration
process was completed at 200–300 ◦C, and the degradation and pyrolysis process as an
oxidant with hemicellulose, cellulose, and lignin structure to produce the pore structure in
the activated carbon was completed at 350–400 ◦C [24]. Finally, full thermal deterioration
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begins due to the coagulation process. In case of olive tree thermal degradation, more
than 50% weight is lost at approximately 450 ◦C and almost fully degrades at 575 ◦C. In
the case of Lantana camara activated carbon, thermal degradation starts at 270 ◦C and full
degradation occurs at above 450 ◦C.
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3.5. Fourier Transform Infrared (FT-IR) Spectroscopy

Figure 5 shows the surface functional groups of the produced AC as determined by
FT-IR. FT-IR analysis reveals that oxidation forms and provides information on chemical
bonding and breakdown. According to the FT-IR results of H3PO4-based AC, the bonds
at wavenumbers of 1000–1100 cm−1 were attributed to C–O vibrations. The elemental
analysis results correspond with the presence of oxygen and phosphorus functionalities
(P–O–C) in the wavenumber range of 1000–1200 cm−1. The bond at 1565 cm−1 was also
linked to C=C vibration [24,26].

3.6. Environmental Assessment Results

By analyzing the production of AC, only the steps of grinding and sieving, chemical
activation, and drying of the AC final product are considered. The results, shown in Table 5,
demonstrate that three processes were responsible for the majority of the impact: chemical
activation of raw material by utilizing H3PO4, followed by drying the washed AC, and
finally the grinding and sieving step. The respective impact contributions of the three
key AC production phases selected in the categories evaluated are shown in Figure 6.
In terms of most of the impacts considered in this study, the chemical activation step
had the biggest ecological impact. The following is the ascending order of the impacts,
the ozone layer depletion potential (42.27%), the acidification potential (55.31%), human
toxicity (57.00%), freshwater aquatic ecotoxicity (85.01%), terrestrial ecotoxicity (86.17%),
and eutrophication (92.20%). The usage of H3PO4 was the largest contributor, particularly
for human toxicity and acidification potential impacts; phosphoric acid contributed 90%
and 90%, respectively, to these impacts. The category of abiotic depletion involves three
steps of grinding/sieving, chemical activation, and drying with percentages of 10.20%,
25.15%, and 25.32%, respectively.
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Table 5. Environmental impact of AC production process from olive tree.

Impact Category Units Grinding/Sieving (%) Chemical
Activation (%)

Drying the
Washed AC (%) Total

Abiotic depletion kg Sb eq. 10.20 25.15 25.32 0.063
Acidification potential kg SO2 eq. 3.02 55.31 12.10 0.100

Eutrophication kg PO4 eq. 1.01 92.20 1.18 0.019
Global warming kg CO2 eq. 5.32 24.85 22.03 5.210

Ozone layer depletion kg CFC−11 eq. 4.21 42.27 17.12 4.1284 × 10−7

Human toxicity kg 1,4-DB eq. 2.21 57.00 12.30 3.262
Fresh water aquatic ecotoxicity kg 1,4-DB eq. 0.80 85.01 2.95 2.621

Terrestrial ecotoxicity kg 1,4-DB eq. 1.00 86.17 2.25 0.011
Photochemical oxidation potential kg C2H4 2.31 32.10 8.80 0.004

Cumulative energy demand MJ 3.52 43.2 21.6 70.521

The global warming potential calculates how much each pollutant contributes to
warming the atmosphere when compared to carbon dioxide (greenhouse effect) [27]. Re-
garding this impact, the results demonstrate that producing 1 g of AC from 6 g of olive
tree emits 5.210 kg of CO2 eq. K. Hjaila et al. (2013) and Bayer et al. (2005) reported
11.096 and 11 kg of CO2 were emitted from the preparation of AC from olive-waste cake
and hard coal [18,28]. The main cause of this effect was the use of electricity. This could be
related to the fuel cycle emissions produced when natural gas is used to generate electricity.
When natural gas is utilized to produce electricity, large volumes of methane are released,
which contributes to global warming. Natural gas was used to produce the majority of the
electricity in this study, which led to the production of this effect. To mitigate this impact,
renewable energy should be employed.

The Cumulative Energy Demand (CED) is a part of the LCA. The CED enables energy
criteria to be used to compare and evaluate products and services. The primary energy
demand, which includes all energy carriers found in nature, will be computed for the
investigated product for the entire lifetime. The CED is the total energy demand for an
economic good’s production (CEDP), usage (CEDU), and disposal (CEDD). The CED
in this study was found to be 70.521 MJ per kg. The contributions to this impact for
grinding/sieving, chemical activation, and drying were 3.52, 43.2, and 21.6%, respectively.
Electricity is widely employed as an energy source to power all of the equipment utilized
in the production process.
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4. Conclusions

The composition analysis of carbon content reveals that a higher carbon content is
formed in both the prepared and activated carbon contents due to H3PO4 chemical reactions
accomplished during the chemical activation process. H3PO4 is used to speed up the
process of breaking down bonds and strengthening cross-linking during the condensation
process of activated carbon preparation. The Brunauer–Emmett–Teller (BET) surface area
of the olive tree- and Lantana camara activated carbon was 611.21 m2/g and 167.47 m2/g,
respectively. The TGA analysis of both activated carbons shows their thermal degradation
starts at 230 ◦C but fully degrades at temperatures above 450 ◦C. The production process
of activated carbon from olive trees was examined using laboratory scale-data in order
to estimate the associated environmental implications. One of the advantages of an LCA
is that it can be used to develop a strategy for enhancing the AC production process
while lowering the associated environmental impacts. The results demonstrated that
chemical activation has the highest environmental impacts, followed by the drying and
grinding/sieving steps. In terms of most of the impact categories addressed in this study,
the chemical activation phase had the greatest environmental impact. The GWP was found
to be 5.210 kg of CO2 eq. The overall CED (70.521 MJ per kg) is split evenly across the
grinding/sieving, chemical activation, and drying of the washed AC steps. The use of
energy and other chemicals in the production of AC has been found to be environmentally
detrimental. However, this laboratory-scale production procedure of AC might be different
from the full industrial-scale process. Therefore, the LCA results should be interpreted
carefully. Moreover, certain system improvements, such as the H3PO4 recovery after
AC washing, could result in extra savings. Further research is required to carry out the
following tasks in order to reduce the environmental impact: first, the recovery of the
generated phosphoric acid with the polluted water; and second, investigating the used
olive tree AC regeneration after treatment for future life cycle assessment studies.
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