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Comparison of indicators for the circular economy in the context of colombian
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Research problem:

The lack of consensus and clear metrics on how organizations reported
their actions related to the circular economy, which hinders sector-wide

evaluation and comparison.

Theoretical Framework:

The circular economy (CE) aims to replace the traditional linear model by
promoting waste reduction and material reuse to close the
production-and-consumption loop[17]. On a global scale, especially in the
European Union, CE is a strategic priority — but it faces significant
challenges in measuring and reporting its practices due to the lack of
standardized criteria[18].

In Latin America and Colombia, there are reqgulatory and technological
barriers that hinder the adoption of CE and the implementation of
Indicators adapted to the local context, which limits evaluation and the
design of effective public policies. Scientific output on CE and
sustainability has grown steadily in recent years, reflecting a growing
Interest In consolidating Iindicators that enable comparability and
transparency in business management [20].

Objectives:

General

Comparison of indicators for the circular economy in the context of
Colombian companies.

Specific

« Determine the circular economy indicators reported in the scientific
iterature.

« ldentify the circular economy indicators in the sustainability reports of

Colombian companies.
« Consolidate circular economy indicators
companies.

reported by Colombian

Methodology:

ldentification of studies through Scopus

c

-8 Documents identified through a

S| |database that mention circular . .

= - - Duplicate articles were removed.
.= | |economy indicators (n =164) {(n = 47)

| | (n=200) B

o
— }

o _ Reason No. 1: Documents
g Documents reviewed removed because circular
% (n =117) s economy indicators are not
o mentioned as a main topic (n =
N 50)
——— ¢
Documents excluded due to:

- Reason No. 2: Lack of availability
= | | Documents assessed for 4 OF access (n = 95)

2 | eligibilit (n = 67) Reason No. 3: Not systematic

= reviews or scientific articles (n =
L 30)
- Other reasons: (n = 7)

D

© | | Documents included in this by associated practice

% systematic review (n =25) .| development of a matrix to

= organise the indicators

|

| Matrix of indicators for
companies operating in Colombia

Sustainabllity reports

Database, tables, and graphs for visualizing circular economy

Indicators.

Partial results:

Count of Practices Associated with the Indicator

Supplier Selection with Sustainability Criteria [l

Hazardous Waste Management (RESPEL) [l

Community Action [INEGINGSE

Environmental Sustainability Education [N
Carbon Footprint |G

Incentives (INC) [IIINEGGE

Circularity Assessmen t

Packaging Recyclability NG
Water Consumption [INIENEGGEEE

Working Capital Lines for Sustainable Companies |[IIINIEGTEE
Energy Efficienc y I
Stakeholder Engagement [IIIIEGEGEEEEE
Sustainability Reporting [ INEGTNINENGGEEEN
Level of Circular Traceability of the Life Cycle [IIINININGN
Resource Efficienc y
R&D Indicator (Research and Development) [IIIINNEGEGEGEGEEEENEES
Circular Economy | I
Waste R y / Waste Valorization | IR

0 5 10 15 20 25 30 35 40 45

Fig 1. Integrated circular economy indicators associated with the
different practices identified in the literature review.
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Fig 2. Distribution of the integrated indicators by practice per analyzed
article.

Analysis:

A total of 143 circular economy indicators were identified, with waste
recovery standing out as the most frequent practice. The
systematization through a matrix allowed for grouping and clarifying
these indicators, facilitating their application. A growing academic and

business interest In measuring the circular economy was evident
between 2021 and 2025.

Partial conclusions:

The review of 25 articles from 2021 to 2025 identified 143 original
circular economy indicators, which were classified by practice and
consolidated into 18 categories to facilitate their use. The methodology
highlighted the importance of grouping indicators according to practice
In order to eliminate redundancies. Furthermore, a growing scientific
Interest in the topic Is observed, underscoring the need to consolidate
common indicators. Most studies focus on technical and operational
aspects, while governance, traceability and social actions receive less
attention, indicating the opportunity to integrate these dimensions for a
more comprehensive measurement.
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Life Cycle Analysis of the production of conventional and recycled drywall

Diana Carolina Marulanda Zabala-Estefania Palacio Arango
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Thematic advisor: Juan David Correa Estrada

Methodological Advisor: Andrea Tamayo- Carlos Fidel Granda

1. Problem definition

Drywall is a widely used construction material for interior walls and ceilings,
manufactured with natural or recycled gypsum. Its conventional production
has a significant environmental impact due to intensive resource consumption
and greenhouse gas emissions. Furthermore, the waste generated poses a
serious environmental problem, especially in Colombia, where only 5% of this
waste is recycled.[1] The decomposition of drywall in landfills releases
polluting gases that damage the environment. Therefore, it is essential to
evaluate and compare the environmental impact of conventional and recycled
drywall during its production stage using a Life Cycle Assessment (LCA)
based on the ISO 14040 standard, in order to promote more sustainable
alternatives in construction.[2]

2. Theoretical framework

Life cycle
analysis

Dryv(lall pénels

It is a gypsum panel -
between layers of paper. -
It installs quickly,
reduces labor, and is
used to build interior

walls and ceilings as an
alternative to brick. [3] The ISO 14040:1997

.............

Sbftwa fe

A free and versatile tool
for conducting LCA. It
allows the use of
different types of
databases, including
free options. One of the
most commonly used is

Co

eCoinvent.
Definition of Goals
Life Cycle Inventory oPenLca
Loy’ "~

3 Impact Assessment

% Interpretation of
Results [4].

4. Methodology

Drywall Production Process

~
Crushing
and Grinding
>y
-~
Drying and Elt_:lard |
Finishing Forming with
Paper
L
l Functional Unit
~
Cutting and
Packaging
J
Impact Assessment

Method

Calcination
Kiln

[

Software Preparation

LA ~non

File Database

BB Q

= Navigation

v = ecoinvent 37 cutoff unit 20201005 (1)

™ Projects

B Product systems

B Processes

 Flows

= EPDs

Results

Mixing with
Additives

<

FLLLLLLL R L LR LR L L -
™ u

% DRYWALL CONVENCIONAL vs1

= Product system
= Allocation method

= Target amount

E Impact assessment method

As defined in processes

1.0 m2 DRYWALL CONVENCIONAL E

® ReCiPe Mid point (H)

M Export to Excel 8. Save result asE

Impact category

Impact category

:= climate change -

GWP100

#® Indicators and parameters

i Background data

£ Metodos_Impacto
= worldsteel 2020

Life Cycle Inventory (LCI)

5 Inputs/Outputs - DRYWALL CONVENCIONAL - CO

* Inputs

Flow Category Amount Unit
@ cellulose fibre C:Manufacturing/17:... 0.05000 ™ kg
2 citric acid C:Manufacturing/20:... 0.02000 ™ kg
@ electricity, medium ... D:Electricity, gas, stea... 0.38000 ™ kWh
2 foaming agent C:Manufacturing/20:... 0.00500 = kg
% gypsum, mineral B:Mining and quarryi... 8.00000 = kg
@ kraft paper C:Manufacturing/17-... 0.50000 = kg
# natural gas, liquefied B:Mining and quarryi... 0.46000 ™ m3
@ paraffin C:Manufacturing/19.... 0.01000 ™ kg
& potassium sulfate C:Manufacturing/20:... 0.01000 = kg

@ Sulfur dioxide

../Emission to air/hig...

@ tap water E:Water supply; sewer...  10.00000 =™ kg
* Outputs

Flow Category Amount Unit

“ DRYWALL CONVE... 1.00000 ™ m2
[ 'waste gypsum plast... E:Water supply; sewer... 0.20000 = kg
[l waste paperboard E:Water supply; sewer... 0.50000 = kg
U wastewater, average E:Water supply; sewer... 0.00600 ™ m3
@ BODS5, Biological Ox... ../Emission to water/... 0.00015 = kg
@ Carbon dioxide, in air ../Resource/in air 0.30000 = kg
@ COD, Chemical Oxy... ../Emission to water/... 0.00045 = kg
@ Nitrogen oxides ../Emission to air/hig... 0.00010 = kg

0.00100 ™ kg

To comparatively evaluate the environmental
impact of conventional drywall and recycled
drywall in the production stage, through the
application of Life Cycle Analysis (LCA)

3. Objetives
J

To compare the
variability in the
environmental impact
associated with the
production stage
between conventional
drywall and recycleq

drywall.

To determine the
fenvironmental impact
of recycled drywall
during the production
stage, applying LCA.

To determine the
environmental impact
of conventional
drywall during the

production stage,
applying LCA.

6. Partial Conclusions

According to the ReCiPe impact assessment method, the climate
change category (GWP100) shows the highest impact, with a
value of 1.84799 kg CO,-Eq. This result is mainly attributed to
paper/cardboard waste management and energy consumption
during production. Therefore, improving energy efficiency and
optimizing waste management are the most effective strategies
to reduce the environmental impact of drywall.

VIGILADA por el Ministerio de Educacién Nacional

5. Partial Results

Impact category

6.0E-1

™ o ™
0.0EQ -
LLUEU

:= climate change - GWP100

= 0.602 kg CO2-Eq: treatment of waste paperboard, sanitary landfill | waste paperboard | Cutoff, U - RoW

= 0.329 kg CO2-Eq: electricity production, medium voltage, petroleum refinery operation | electricity, medium voltage | Cutoff, U - (

0.096 kg CO2-Eq: natural gas, burned in gas motor, for storage | natural gas, burned in gas motor, for storage | Cutoff, U - RoW

= 0.084 kg CO2-Eq: citric acid production | citric acid | Cutoff, S - CN

= 0.071 kg CO2-Eq: kraft paper production | kraft paper | Cutoff, U - RoW

Name

=== (0.667 kg CO2-Eq: Other

Figure No. 1 Climate change results

References

(=]} n =]
i
b

i= agricultural land occupation - ALOP
i~ climate change - GWP100

:- fossil depletion - FDP

i= freshwater ecotoxicity - FETPinf

i~ freshwater eutrophication - FEP

:= human toxicity - HTPinf

:= ionising radiation - IRP_HE
:= marine ecotoxicity - METPinf

:= marine eutrophication - MEP

= metal depletion - MDP

Impact assessment result

0.00529 m2a

1.84799 kg CO2-Eq
0.81420 kg oil-Eq
0.02788 kg 1,4-DCB-Eq
0.00069 kg P-Eq
0.49936 kg 1,4-DCB-Eq
0.06743 kg U235-Eq
0.02059 kg 1,4-DCB-Eq
0.00343 kg N-Eq
0.00012 kg Fe-Eq

:= natural land transformation - NLTP

:= ozone depletion - ODPinf

i= particulate matter formation - PMFP

-0.00010 m2

1.33043E-7 kg CFC-11-Eq

i~ photochemical oxidant formation - POFP
i= terrestrial acidification - TAP100
i= terrestrial ecotoxicity - TETPinf

:= urban land occupation - ULOP

= water depletion - WDP

0.00678 kg PM10-Eq
0.00659 kg NMVOC
0.00848 kg SO2-Eq

0.00411 kg 1,4-DCB-Eq

0.01330 m2a
0.02173 m3

Figure No. 2 Results
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Use of biobased materials and microalgae in the immobilization of cadmium

in agricultural soils and its effect on plant mineral nutrition
Authors: Yefferson Torres, Susana Canola, Ana Maria Guzman

Thematic advisor: Andrea Tamayo, Julian Lopéz
Methodological advisors: Andrea Tamayo, Fidel Granda

Research problem

Theoretical framework

In Colombia, soils tend to accumulate cadmium (Cd) due to their parental
origin and anthropogenic activities, posing risks to agriculture, human
health, and food security. Although strategies such as phytoremediation and
biochar application have been used to reduce Cd bioavailability [6], the
combined use of biobased amendments such as digestate, biochar-

Natural cadmium
contamination

Assessment of sustainable
amendments

Traditional remediation
strategies

digestate, and microalgae for Cd immobi
yet been assessed. What is the effect of a
digestate, biochar - digestate, and microa

ization in agricultural soils has not
oplying biobased materials such as

gae on cadmium immobilization in

agronomic soils?

[41.[9]

General: Evaluate the effect of different biomaterials used as amendments _ _ Incorporation of Experimental _ harvest
: : : : : : Soil preparation biomaterials setup SOWIng (30 days)
in cadmium (Cd) - contaminated soils, as well as their simultaneous
influence on plant mineral nutrition. So
40:.' —_—
-~y . T 2
Al S ¢
e Characterize the biomaterials selected for use as amendments in
cadmium (Cd)-contaminated soils, considering their physicochemical ARIUSIMENE S040% Lk 8 treatments + control 7 days Soil and plant
. . ] . field capacity (x3 replicates = 27 units) collection
properties and potential to provide nutrients.
e Evaluate the effect of biomaterials on the immobilization of cadmium . .
. . . o . o . ] After soil collection,
present in agricultural soils, determining their remediation capacity. Glochar the samples are sent ﬂﬂ[l.
e Analyze the impact of biomaterials on the nutrition of plants grown in Biochar - based fertilizer to an external C

treated soils, observing possible improvements in the absorption of

laboratory for

ANOVA Tests in Tukey

Microalgae analysis, where the
tial nutrient corresponding y Dunnett
eSsEntial NULHEMNTS. Digestate results are obtained

Partial results and analysis

8 12 A
= 25
7 10 E s
6 = = B
g:: 5 E 08 ~ 0,2
g, s 06 :
= 3 : =
o = 04 0
2 Pic =
| 0 00 — =
/ B BC  BCM  BL BLB  BLIM  BM CK M B BC BCM BL BB BLIM  BM CK M ! L
1 Treatment Treatment Treatment
iochar characteristics CS Loaded Biochar characteristics CS - BF Digestate characteristics BL
EC (uS cm’) 519+ 9.0 EC (US cm-1) 1750 + 11.4 EC (uS cm-1) 1575+ 8.0
pH 10.3+ 1.0 pH 8.9+ 0.9 pH 8.25+ 0.12
Ash content (%) 26.9+0.7 Ash content (%) 28.5+2.8 NPK (mg/L) 23,000 £5/18,000 £ 13,0/ 18,000 = 10,1

Partial conclusions |

e The use of bio-based amendments proved to be an effective alternative for reducing cadmium (Cd) mobility in agricultural soils, with the combination of
biochar and microalgae (BM) standing out as the most efficient treatment, achieving a significant reduction in the metal’s bioavailability in both soil and
plants.

e The application of biochar, digestate, and microalgae promotes sustainability by transforming waste into amendments that restore soils and strengthen
agriculture.

e Bio-based amendments represent a sustainable solutlon for the remedlatlon of contamlnated soils, contributing to food security and the achievement

of the Sustainable Development Goals (SDGSs). ﬂ INSTITUCION UNIVERSITARIA

i COLEGIO MAYOR
v DE ANTIOQUIAG

References

VIGILADA por el Ministerio de Educacion Nacional




XXVI SEMANA DE LA FACULTAD

ARQUITECTURA
E INGENIERIA

Valorization of end-of-life tires as a source of carbonaceous materials for carbocatalytic degradation of

emerging concern pollutants in wastewater
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Problem - Emerging Concern i Increase in CSD Theoretical Framework
1.5 billion tires are produced every § Pollutants Increase N BOD .
year ' > Increase in TOC Natural T Synthetic rubber
> Decrease in dissolved rubber
‘ ; oxygen |
4 million tons of end-of-life tires AR ”’—‘“’“-L;J_u“ — Released into ecosystems Inorganic
(ELTs) Acetaminophen compounds
‘ TN e o | H ‘ Additi Peroxymonosulfate
: Accumulation in Release of toxnc E N _ HVes (PMS)
landfills gases ? /©/ \[( Conventional water treatment Carbon content: 88% . z
i % fi N ‘ > ey
- systems are not capable of (25% fixed carbon) s“—q SMATERIALS .
removmg ) : | ‘ér. i > & ?ﬂs .
, Production of high value- o = ;‘&% .i “
added carbon materials - .}*“i e
» ~ & - H A =& “CJ%/“ Carbocatalysis A
In Colombia, apprOX|mater 950000 Disease-carrying vectors An advanced oxidation process that harnesses the adsorptive and, more importantly, catalytic
tons of ELTs are generated — properties of carbon-based materials
ObJECtIVES Methodology Adsorption Monltermg by UHPLC
General Acetaminonhen (Ultra-High Performance
Newan Otudy the application of carbon-based materials derived from end-of-life tires in ELTs rubber Obtaining and W tM - ) LT Liquid Chromatography)
‘& :-':3‘:}55?‘ i i i i . . ° -1 mg-L o ' ‘
SN :::ff? carbocatalytic processes for the degradation of emerging concern pollutants in characterization i E' Iﬂﬁl'i ‘ 75 mg-L oo g;: .
wastewater. N JE— . - . 150 mg-L Ju
Specifics i —_ Pyrolysis conditions i
' : 2 PMS (P
Analyze the physicochemical properties of the carbon-based materials obtained ; MaX|.mum te.mge)ratu.re_.1650 < . 1 ml\(/l )
) from pyrolysis of end-of-life tires. Hea.tlng rate. 10 "C-min
» Residence time: 1 h e 2mM - .
Determine the best conditions for degradation of acetaminophen — used as a » Atmosphere: N; (99.999%) — -
) model pharmaceutical compound — in synthetic waters via carbocatalytic | > Gas flow: 90-95 mL-min~" Oxidation | 'Reaction conditions I:emot:on ;
processes. Carbonaceus o »Reaction volume: 25 mL R =1 — ?xlOO
. _ Material Obtaining and W ‘ > Total reaction time: 60 min Synergy l
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compoun in real wastewater using carbocatalytic processes. M Carbocatalysis (%Ro + %Ra)
Partial Results Carbonaceus Material Acetaminophen degradation
ELTs rubber Physicochemical and structural properties
. Treatment Removal (%) Synergy
Particle size analysis . Material BET Surface Area Functional groups (umolg) Pl Individual treatment (controls)
Elemental analysis (m2g1) Carboxylic Lactonic Phenolic  (pH) CM75 5.8 —
= 180 pm (ASTM No. 80) Obtaining Yield: ~ 71 0.0 0.0 366.6  7.51
=128 um (ASTM No.120) o S 0.6t - ' ' ' CM150 6.5 -
o .6 wt % P1 34.4 —
16% 1% Raman spectrum SEM micrographs
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1
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Problem Objectives and Methodology

General objective: Identify the challenges and opportunities of the circular economy

Extract Take Discard in the leather industry.

®

Tannery waste generation is 8.5 million
tons/year [1]. A large amount of waste

Specific objectives and development of the methodology:

1. Determine systems and subsystems within the framework of the circular economy
in the case study company.

ends up in a landfill. The circular economy

promotes efficient wuse of
Leather production may also pose resources and boosts 1. Compan i
consumers, and ecosystems [2]. 1AgNO0SIS. case stu y and subsystems

A transformation from the

linear model to a circular one 2. Analyze the flow of materials in systems and subsystems, particularly in the

Larele @ e e U s T et 0 Fuoesie: is required. ordinary waste stream, for incorporation into a circular economy scheme.
Figure 1. Research problem. o
3. Material flow analysis > > e 4.l De.ﬁliltll(;ll of )
. echnological alternatives
Theoretical framework :

CIRCULAR ECONOMY

/’ @ The leather industry plays a key role in 3. Establish a roadmap for a circular economy for ordinary waste in the leather

<OShy the global economy through its 1ndu.stry. that allows for visualizing the relationship between uses and potential

RESToRE i oyl applications.

ECOSYSTEM MATERIALS contribution to local economies and job
@ / b o ° ° CONTEXT
creation [1]. S. Multi-criteria

ANALYSIS o/’ \ CRITERIA

cCoLOMEBIA approach for evaluating

7357 TANNERIES

In Colombia, an additional 640 kg of ETETIES é
: : . . L EVALUATION SCALES
ik i il solid waste 1s produced [4]. * Definition of criteria and subcriteria. - R e-
e Choosing the weighting of criteria ewe
Innovative  methods  like  MCDM with relevant company stakeholders.
improve decisions to reduce pollution +  Building the roadmap for the circular
] produced by this industry [5]. economy
737 200 KG 40 KG )
TANNERIES FINISHED SOLVENTS
LEATHER EMITTED

Partial results and analysis

g “J 5
s
¢
~ »

* According to PMIRS,

Table 1. Characteristics of prioritized waste in the company

Wet blue leather scrap

approximately 439,25 tons of E |
ordinary waste are generated Waste Waste . Valorization
| Reduced Characteristics :
i per month. Production: [ l type type alternatlves
i 14,625 Kg/month
t r Crust :
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Figure 4. Systems and subsystems defined for waste identification

Conclusions
References

e The conducted assessment made 1t possible to identify and define systems and subsystems
related to the generation and management of the waste produced by the company.

e C(ritical points were 1dentified in the company’s production processes, which facilitated the
recognition of the five ordinary wastes that were prioritized. Each was assigned its generated
quantity, frequency, classification, and current recovery method. This allowed a real
understanding of the company’s situation.
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PROBLEM

PARTIAL RESULTS

Agricultural soils present a high bacterial load due to the use of contaminated waters and
decomposing organic matter. [1]. Traditional chemical methods leave residues and
deteriorate soil quality [2]. Therefore, a sustainable alternative is required, such as the
use of ozone, which reduces microbial contamination without altering soil properties [3].

o

https://www.bestoneco.com/tratamiento-de-la-contaminacion-del-
suelo-causada-por-la-explotacion-de-yacimientos-petroliferos/am

THEORETICAL FRAMEWORK

Ozone (0Os3) is a highly reactive oxidant capable of eliminating microorganisms by
destroying membranes and cellular components [4]. Its strong oxidative potential allows it
to react with lipids, proteins, and nucleic acids, leading to the disruption of essential
biological functions in bacteria, fungi, and viruses. In agricultural soils, the application of
ozone acts as a disinfectant without generating toxic residues or significantly modifying
the physicochemical properties of the soil [5]. Moreover, ozone decomposes rapidly into
oxygen (O;), which prevents long-term environmental contamination and promotes a
more sustainable soil microbiome balance. This technology is therefore considered a clean
and environmentally friendly alternative to conventional chemical disinfectants [6]. Its use

Khas shown promising results in reducing pathogenic loads, improving soil hygiene, and
m. "

inimizing the need for synthetic agrochemicals.

OBJECTIVES

~

@eneral: Evaluate the effect of ozone on the bacterial content of an agricultural soil.

Specific:
1. Implement a system that incorporates ozone to reduce the total number of bacteria
in the soil.

2. ldentify the effect of ozone on the presence of total bacteria in the soil.

\3. Define the effects of ozone on the agricultural capacity of the soil.
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The system has not yet reached the point where
ozone input exceeds or balances consumption
by organic and inorganic matter in the soil.
Therefore, very little ozone is available to
remove microorganisms.
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%R/D INTERPRETATION

High %R/D values — Ozone is
more efficient, achieving greater
removal with low doses.

Low %R/D values — Ozone is less
efficient, requiring more ozone
consumption to achieve a low

increase in removal.

PARTIAL CONCLUSIONS

ﬁAt low ozone doses, the microbial removal rate is considerably lower thanh

intermediate doses,

slightly increase.

similar disinfection levels.

indicating that increasing ozone concentration increases
removal efficiency up to a point, after which the efficiency tends to stabilize or

2. Ozone demand is influenced by both organic and inorganic matter in the sail,
implying that different types of soil may require higher amounts of ozone to reach

3. Increasing the dose does not always lead to a proportional improvement in
microbial removal, suggesting the process can be optimized by adjusting the dose
\and avoiding excessive ozone use to achieve efficient results.

/

METHODOLOGY

o Soil

acquisition

9 Ozone generator configuration

e Application of ozone to soil samples

o ()
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One gram of ozone-treated
soil was weighed for the
dilutions
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PROBLEMATIC

Biosolids from wastewater treatment plants (WWTPs) pose
environmental and economic challenges due to the linear nature of
conventional management practices such as incineration, landfilling, or
direct land application[1],[2]. Pyrolysis offers a circular and sustainable
alternative, converting biosolids into biochar, syngas, and bio-oil.

Among these, biochar stands out for its potential to enhance anaerobic
digestion, improving process stability and increasing biogas production.
This approach can transform WWTPs into centers of renewable energy
generation, contributing to a circular economy and more sustainable
resource recovery [3], [4].

THEORETICAL FRAMEWORK

The valorization of biosolids through pyrolysis to produce biochar
drives the circular economy and enhances anaerobic digestion by
increasing biogas production, stabilizing pH, and adsorbing inhibitors
[5]. Recent studies support its effectiveness, and its application aligns
with national regulations that promote sustainable management and

renewable energy in wastewater treatment plants (WWTPs) [6].

Anaerobic

Biochar
Aspect Digestion

Converts organic Produced by

ol T - w:tr—miz.‘
T T 7 TR L

Process matter into biogas pyrolysis of
biosolids
Enhances AD,
Stabilizes sludge and -
Function S G, adsorbs inhibitors,
and stabilizes pH
Increases methane
Renewable ener
Advantages ¥ yield and supports

source.

circular economy

CONCLUSIONS

e It is possible to obtain biochar from biosolids, an innovative and
eco-friendly strategy for managing waste at wastewater treatment plants.
This process reduces the environmental impact of biosolids and supports
renewable energy generation by increasing methane production during
anaerobic digestion. This solution aligns with national regulations that
promote sustainable management and resource recovery.

Volatile solids in the substrate (23,652 mg/L) and the inoculum (22,522
mg/L) are similar, indicating a suitable organic load and supporting
stability. The higher level in the substrate suggests greater biodegradable
potential.
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OBJECTIVES

GENERAL

Evaluate the effect of biochar produced from biosolids on methane yield
during the anaerobic digestion of primary effluent, as a circular economy
strategy in wastewater treatment plants.

SSeECFC

@ Obtain biochar from the pyrolysis of WWTP biosolids for its
potential use as an additive in anaerobic digestion.

@ Determine the physicochemical and structural characteristics of
the biochar obtained from WWTP biosolids.

@ Evaluate the effects of biochar on the efficiency of anaerobic
digestion of primary effluent, particularly on methane production.

METHODOLOGY

Pyrolysis
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, (O, H, CHa) 0.4L 0.2L haracterization
BIOSOLID L N characterizatio
Y N e Yy -~
‘PRODUCT) ¥ - ’ ' Inéculo Substrato
- - ';j 5 * SV/ST » SV/ST
=1 Substratum * Alealinity * “Afealinity
. . - * pH * pH
WWTP . B|°char i oy 4 .
Rotary Kilin ) A
S

18 R c05( LICATED BY CONDIT 0) Reactor

o _' ru_l

e

a % ,. \ (T of 18)
@ r\ /"\ /\
% WHITOUT _
NEGATIVE CUNTRUL POSITIVE CONTROL ™ OXYGEN

UUUUUUUUUUUUUUUUUUUUUUUU Eﬁ NaOH SOLUTION

NEGATIVE ; %
ananananan j — E E @*‘*@E «%ﬁ
B ‘ @ - : APS CARBON DIOXIDE
M W INOCULUM + SUBSTRATE  BIOCHAR 0.5 g/L CH& differences between each. If the

LLLLLLLLL BIOCHAR (WHITOUT BIOCHAR)  (INOCULUM + SUBSTRATE) ULUI"IE oF Gas BIOCHAR dosage improved biogas
(POSITIVE CONTROL ) ! production, it should be noted.

TR J ==

BIOCHAR1.0g/L  BIOCHAR 2.0 g/L VOLUME OF

(INOCULUM+ SUBSTRATUM)  (INOCULUM+ SUBSTRATUM) METHAN E

(mL)

NaOH SOLUTION STATISTICAL ANALYSIS

4, ; One-way ANOVA was conducted to
determine which treatment was the
most effective and to analyze the
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Anaerobic enviroment

CHARACTERIZATION RESULTS

High biodegradable organic matter in both samples.

Inoculum/Substrate Ratio (ISR) = 2:1 favorable for

% digestion.

SUBSTRATE INOCULUM » Balanced biomass/organic load.
ST =32,667 mg/L ST = 29,795 mg/L
g:g:nzi:'giiai/ '; g:’ :nZiilgizctf;S:‘/ E « High alkalinity (buffer capacity): prevents
70.48% 9 iy B acidification and maintains stable pH.
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