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Abstract: The difficulties in the management and use of biosolids in Colombia make it necessary to
evaluate and analyze the factors involved through various methodologies to achieve the effective
management and recycling of this type of waste. The objective of this study was to evaluate the
management of sludge and biosolids from a WWTP in a Colombian municipality through the
application of three methodologies (SWOT/TOWS, surveys, and stakeholder (player) weighing)
for their subsequent use in agriculture. As a result, strategies were proposed at the regulatory,
organizational policy, and entity integration levels, among others. It was identified that about 93.6%
of the people surveyed had a positive attitude towards the use of biosolids in agriculture, despite
recognizing the existence of a risk (27.3%) in this type of practice. On the other hand, regarding the
communication of WWTP management of these wastes, they perceived that it to be absent (65%) and
the lack of knowledge regarding the destination of these wastes was even greater (72.7%). Through
the weighting of actors, 16 players were classified with whom it is necessary to work closely, regularly,
or occasionally. The methodologies proposed will allow similar WWTPs to optimize their processes
through continuous improvement and joint work between the different entities and communities. It
is recommended that other methodologies be used to evaluate player position level in relation to
planned strategies, as well as the level of associations of one player with another, independent of
power and influence.

Keywords: agriculture; biosolids; players or interested parties as stakeholders; solid waste management;
SWOT; TOWS; WWTP

1. Introduction

Worldwide, about 359.4 x 10° m3/year of wastewater is produced, of which 63%
is collected, it is estimated that about 52% of the wastewater is treated in wastewater
treatment plants (WWTPs) while the other 48% is not treated at all [1].

In Colombia, between 2018 and 2019, about 913 and 993 million m® of wastewater
were treated, of which 42.85% and 48.56% corresponded to domestic origin, thus presenting
an increase of 5.71% compared to 2018 [2]; however, in less favored areas, the coverage
rates are lower compared to urban areas [2-5].

As a result of the sedimentation process in wastewater treatment, sludge is obtained,
which concentrates compounds that were present in the wastewater and that were removed
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by the unitary operations that make up a WWTP [6-9]. Thus, this sludge presents a high
risk to the environment and to humans; therefore, it must be stabilized until a product
known as biosolid is obtained, which can be used in different activities [10-13].

Globally, about 2.5 x 107 t0 6.0 x 107 tons of dry biosolids are produced per year [14,15],
mostly destined for agricultural activities, being the most beneficial and economic option
compared to other forms of recycling or disposal, especially for areas with technical, oper-
ational, or economic limitations [16-23]. In some Latin American countries, the issue of
biosolids regulation, production, stabilization, and utilization has not been widely devel-
oped due to substantial differences in economic, technical, infrastructure, and management
development compared to other regions or countries [5,24-30].

In Colombia, in 2018 and 2019, seven cities and four municipalities generated a total of
250,172, and 134,900 tons of biosolids, respectively [31], amounts higher than those reported
in previous years [26,32]. On the other hand, it has been identified that biosolid quality
assessments, under the Decree 1287 of 2014 [33], are carried out partially in some WWTPs;
the microbiological parameters are reported in units different from those established in the
standard [33]; in some cases, detection methods are not appropriate for the type of matrix
used; and, in most cases, the detection of viruses or somatic coliphages, being required by
the Colombian regulations, is not performed.

Regarding the use of biosolids, it has been observed that in Latin America reuse
in agricultural activities predominates, as is the case in some regions of Chile, which,
between 2009 and 2017, increased the use of biosolids in such activities, attaining an ad-
vantage of about 75% of produced biosolids undergoing various challenges involved in
its reuse [34-36]. In Brazil, in the state of Parana, about 285,836 tons were disposed in
15,423 ha of agricultural land in the decade from 2007 to 2017 [37]. In Colombia, the use
of biosolids has been concentrated in some specific activities (soil restoration in quarries,
improvement of degraded soils and preparation of land for livestock entry, slope stabiliza-
tion, planting of ornamental plants and shrubs) [38—41], while their use in agriculture is
almost absent despite the existence of regulations governing this activity [33]; however,
some studies have been conducted to evaluate this type of practice [31].

The Colombian cities that carried out the most utilization activities in 2018 and 2019
were Medellin, Cali, Ibagué, and Piedecuesta (Santander), using about 5% to 65% of the
total biosolids produced [31,40]; however, there are several WTTPs of municipalities or
intermediate cities that treat wastewater of domestic origin and do not perform any type of
recycling of biosolids, they dispose it without carrying out stabilization in accordance with
the regulations.

Recently, Colombia has seen the need to propose sustainable models for different
sectors, such as the circular economy, green business, and green growth, which include
reuse, the use of non-conventional energy sources, efficiency models, among other prac-
tices [42—45], to reduce or change the linear production model that leads to disposal. Such
is the case of wastewater management and the by-products generated from wastewater
treatment, in which the aim is to identify the potential and business opportunities of these
elements within the countryproduction cycle [43,46].

The use of biosolids in agriculture has become one of the most relevant options
in Colombia. It is one of the most sustainable and economical methods, especially for
areas with certain limitations. The benefits that they bring to the site, as well as the
producers, transformers, and farmers, are important; it highlights the agricultural capacity
of Colombia [47]. These issues are the most studied in Colombia in recent years. Without
underestimating their importance in their evaluation, it is necessary for research to look
beyond traditional management and not solely focus on describing and evaluating biosolids
from a technical point of view. This was the case in the studies carried out on the application
of these to the soil, on a small scale or in specific places (21.7%), pathogen stabilization and
reduction processes (34.8%), evaluation of reuse alternatives (26.1%), update of guidelines
or regulations (6.5%), among other studies (Figure 1). It is necessary to strengthen the
traditional management of biosolids in Colombia and recognize other aspects that may
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influence its use. Agriculture is a specific activity that has not been evaluated and is an
issue that generates diverse positions.

6.5% 2.2%
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b y0g 21.7%
N
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Evaluation for soil application

Evaluation of stabilization processes (indicators, pathogens and metals)
Updating of sludge or biosolids guidelines  Evaluation of other alternative uses
@ Market analysis of fertilizers or organic fertilizers @ Areas for biosolid disposal
@ others

Figure 1. Research on sludge and biosolids in Colombia from 2002 to 2021.

The analysis of new ways to carry out the application of biosolids in agriculture from
another perspective is required. It is necessary to achieve the objectives proposed within the
Colombian government policy through document CONPES 4004 [43]. The contemplation
and study of new variables that can be analyzed and represented through tools used for
environmental management are crucial for the application and use of these compounds.
Research can help to establish a new method to make, evaluate, and carry out the use of
organic waste.

Biosolids management and their use in agriculture represents a challenge for devel-
oping countries due to the complexity of generating an efficient, effective and sustainable
management and reuse process [48-52]. At the municipal level, these challenges are even
greater due to the difficulties in developing their own management, mainly because of
economic, technical, and infrastructure limitations. Therefore, it is necessary to analyze
other complementary aspects at the municipal level, such as evaluation of the management
of the present WWTPs for subsequent formulation of strategies based on the current treat-
ment plant possibilities, and the challenges that arise from the management and use of
these wastes. This will allow for management changes and strengthening because, in most
cases, WWTP management studies and reports focus only on water resource management
and stabilization mechanisms for biosolids.

The strengths, weaknesses, opportunities, and threats (SWOT) analysis is one of
the most widely used tools in different types of organizations, because it allows the
identification and analysis of quantitative and qualitative aspects based on the identification
of internal and external factors of the organization, which allows for the generation of
management and planning strategies [53-58]. However, it is suggested to complement
the evaluation with the combination of other tools to strengthen it and counteract SWOT
limitations [59,60].

The players or stakeholders are fundamental in the development and sustainability of
a waste utilization system due to the interests, powers, and influence they represent [61-63],
even more so considering the different positions that can be generated by the use of
a product obtained from the treatment of domestic wastewater [21,64—66]. Therefore,
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its analysis becomes relevant because the development of some type of strategy would
imply the participation and integration of various sectors or entities, both directly and
indirectly [21,48-50]. Likewise, their inclusion provides new criteria, information, and
supply of variables that will allow strengthening waste reuse, even if they are considered
as isolated agents with discontinuous interaction [67].

The characterization and study of the players can be carried out in several ways.
Among the most used methods are qualitative, quantitative, and participative analyses [68-72].
These are carried out by diagramming or mapping players according to the level of associ-
ation between the following aspects: power/influence [73], power/interests [67,71,74-76],
knowledge/attitude [74], attitude/interest [75], and influence/dependence [77]. With
these analyses, in addition to the characterization and identification of players positioned
within a system, it is also possible to recognize problems, challenges, and limits that the
interaction between each of these players may present [73,78,79].

As aforementioned, the three objectives of this study were: (I) to evaluate the current
management of sludge and biosolids from a WWTP in a municipality in Colombia, with
the intention of using biosolids in agriculture; (II) to determine the main players that can
influence the management of the WWTP and the process of inclusion of biosolids in the
agricultural sector; (IIT) to propose a series of strategies to improve the management and
use of biosolids in agriculture, at the regulatory level, in the WWTPs and in the connection
and work between players.

2. Materials and Methods
2.1. Location and Characteristics of the WWTP

The WWTP evaluated is located in the department of Boyaca, Colombia, and receives
water collected by the sewage system of the municipal seat, which is a combined sewer
system, whose wastewater inputs are mainly from domestic, institutional, and commer-
cial sources, with the respective stormwater input. This water receives aerobic biological
treatment, carried out through the activated sludge process in a sequencing batch reac-
tor (SBR), which consists of a sequence of filling and emptying cycles of the reactors.
Reactor-generated biosolids go through a process of centrifugation, addition of polymer,
and stabilization through the addition of lime. Finally, they are transferred to chambers
located directly on the ground next to the WWTP infrastructure (Table 1). From previous
analyses, it was possible to determine microbiological indicator concentrations, pathogenic
microorganisms, and heavy metals [80]. It was evident that the performed stabilization
process did not comply with class B biosolids characteristics and parameters, according to
Decree 1287 of 2014 of the Department of Environment of Colombia [33], thus hindering
its use.

Table 1. Description of the WWTP treatment evaluated.

. Time of Quantity of
Treatment/Flow  Population Water Line Sludge Type Of Slt{dge Treatment or Treated Sludge
Treatment Served Treatment Stabilization T
Stabilization Generated
Pretreatment, Thickeners
SBR, AS/ ~72.770 primary, secondary, (polymers) . ~480
240 to 252 Ips people tertiary (UV light) and Lime-treated 1 month tons/year
treatment dewatering

~: Approximately, SBR: sequencing batch reactor, AS: activated sludge.

2.2. SWOT Analysis

The SWOT analysis was carried out based on the identification and collection of informa-
tion from Colombian regulations, institutional documents, and reports from public and private
entities related to the generation, control, and use of sludge and biosolids [2,3,33,43,81-84]. The
selected and analyzed documents corresponded to the period 2014 to 2020. On the other
hand, management and operation reports of the WWTP and the environmental authority in
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charge of its control corresponding to the period 2019 to 2021 were reviewed [31,80,85-87].
A total of 14 documents were reviewed and each of them was analyzed in terms of the
favorable and unfavorable aspects regarding the regulations, management, and reuse
of biosolids in agriculture, as this is a projected use activity for the coming years in the
municipality where the WWTP is located.

From this analysis and the criticality status of each of the identified variables, two
SWOT matrices were obtained, which corresponded to (I) biosolids management according
to Colombian regulations and (II) biosolids management of the WWTP evaluated. For
each of the scenarios, two strategy matrices (TOWS) were proposed based on the rela-
tionships between threats, opportunities, weaknesses, and strengths, resulting in four
groups of strategies: Strength—opportunity (SO)—strategies that use strengths to maximize
opportunities; weaknesses—opportunities (WO)—strategies that minimize weaknesses by
taking advantage of opportunities; strength-threats (ST)—strategies that use strengths
to minimize threats; weaknesses—threats (WT)—strategies that minimize weakness and
avoid threats [55].

2.3. Stakeholder Analysis

Stakeholders were identified at the national, departmental, and municipal levels as
those who were or could be related to the management and utilization practices of this type
of waste, who were then contacted. Subsequently, each stakeholder was characterized ac-
cording to their functions and roles (Appendix A—Table A1). Next, the survey was sent us-
ing the Google forms® software. The stakeholders were divided into two groups—(I) public
and private entities and (II) community.

Public, Private, and Community Entities

Within the group of public and private entities, 28 actors participated, including: WWTPs
of cities and municipalities, control or surveillance agencies (e.g., Regional Autonomous
Corporation of Cundinamarca (Corporacion Auténoma Regional de Cundinamarca—CAR)), the
Colombian Agricultural Institute (Instituto Colombiano Agropecuario—ICA), farmers or associa-
tions, agro-industry representatives, academia representatives, waste managers, national entities
(e.g., National Planning Department (Departamento Nacional de Planeaciocn—DNP)), and the Eco-
nomic and Agricultural Development Area (Area de Desarrollo Econdmico y Agropecuario—DEyA)
of the municipality under study (Appendix A—Table A1). For the second group, labelled
as community, 178 people participated, of which 86% corresponded to people residing in
cities and 14% in municipalities in Colombia (Appendix A—Table A1). Due to mobility
restrictions generated by the pandemic, no face-to-face interviews were conducted with
farmers or inhabitants within the area of influence of the study area.

2.4. Surveys

Two types of surveys were designed and applied to public, private, and community
entities during the first quarter of 2021. The objectives of the surveys were: (I) assess the
perception of the management performed by the WWTPs, (II) evaluate the power and
interest of the different stakeholders involved in the management and use of biosolids,
(IIT) determine the challenges in the management and use of biosolids, and (IV) determine
the level of knowledge and satisfaction of the management and use system. These objectives
were applied to the different stakeholders described in Appendix A—Table A1. Each of the
surveys allowed for feedback from the participants themselves, allowing others to make
weightings of new variables.

2.5. Data Analysis

Collected data from the two surveys were consolidated in Microsoft Excel® software
and the qualitative assessments were categorized by establishing numerical scales to
perform the descriptive analysis and graphic representation of each of the results. The
identification and evaluation of the 16 players or stakeholders was carried out by obtaining
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the average of the total of the ratings given by the respondents in the following two systems
or scenarios: (I) biosolids management at the treatment plant level and (II) use of biosolids
in agriculture.

Power/influence ratings were given on a scale of 1 to 5, with 1 being low power or
influence and 5 being the highest value given. The design of a power/influence matrix
or map made it possible to classify the players according to their distribution or location,
taking into account the level of authority granted (power) and the capacity to influence
the system (influence) (Table 2). For the visualization of the results, the Flourish Studio
(Kiln Enterprises Ltd., London, United Kingdom, https://flourish.studio/, accessed on
30 September 2021) was used.

Table 2. Power/Influence Grid.

Hich Subjects/Maintain satisfied Players/Maintain close
'8 (HP/LI) (HP/HI)
% Low Crowd/ Monitor Context Setters/Maintain
% ° (LP/LI) informed (LP/HI)
= Low High
INFLUENCE

HP/LI: high power, less interested people; HP/HI: high power, highly interested people; LP/LI: low power, less
interested people; LP/HI: low power, highly interested people [68,73,88].

3. Results
3.1. SWOT and TOWS Strategies

Tables 3 and 4 show the strengths, weaknesses, opportunities, and threats identified
for each of the Colombian standards evaluated and for the management carried out by
the WWTP evaluated. In the analysis of regulations, six strengths and three weaknesses
were identified, and in relation to external aspects, nine threats and five opportunities
were recognized (Table 3). On the other hand, four strengths, seven weaknesses, six
opportunities, and four threats were observed for the management of the WWTP under
study (Table 4). Based on the grouping of the total threats, opportunities, weaknesses, and
strengths identified in the regulations and in the management carried out by the WWTP, a
series of strategies were defined (Tables 5 and 6), which would allow achieving compliance
in the short and medium term; these should be undertaken by the different stakeholders to
carry out the management improvement process, as well as recommendations for the use
of biosolids in agriculture.

Table 3. SWOT analysis of biosolids management in terms of Colombian regulations.

N STRENGTHS (S) N WEAKNESSES (W)
s1 Decree 1287 of 2014 [33] is based on technical
aspects of EPA 503 [89]. The biosolids regulation does not
W1 . .
. ) . contemplate the detection of organic and

Establishes the evaluation and determination .
52 L . . emerging compounds.

of alternative indicators (somatic coliphages.)
s3 Contemplates environmental indicators for

biosolids management by WWTPs.

It establishes that biosolids generators must MOSt' r}atione'ﬂ r(?gulations do pot.include

report to or inform the Unified Information w2 eff1c1ency.mdl(.jators.f.or sgmtatlon or
S4 System (UIS) of the SSPD about the amounts biosolids utilization.

generated and the

corresponding characteristics.
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Table 3. Cont.

N STRENGTHS (S) N WEAKNESSES (W)
S5 Analysis of biosolids must be performed by
certified laboratories. W3 The information requested from WWTPs by
Inclusion of by-products generated from public control' entifies .regarfiing sludge and
S6 wastewater treatment within the circular biosolids is limited.
economy model.
N OPPORTUNITIES (O) N THREATS (T)
There is no certified laboratory in the country
It is proposed to analyze the costs of sludge that performs the detection of enteric viruses
o1 co - T1 . . .
and biosolids generation and treatment. or somatic coliphages in sludge
and biosolids.
Lack of greater coordination and
T2 communication between the different entities
for management and control
o2 The national government plans to strengthen In most’cases, WWTPs are unaware or only
the existing WWTP infrastructure by 2022. 13 partially aware of the type of sludge
they generate.
Lack of incentives for WWTPs to produce
T4 S . .
biosolids that comply with regulations.
Updating o.f guidelines (techmcal, financial, There is no technical guide for the
o3 and environmental requirements) for T5 S
. . management, treatment, and use of biosolids.
biosolids use.
Proposals to strengthen the institutional T6 Li.tltle lor no in{)cl)}"r?ation or'lkaJios;)li?s is
04 framework, information management, and available on publicly accessible platforms.
governance of water and sewerage services. - Presence of organic contaminants and
emergent substances
Failure or delay in the adoption of new
There is a proposal [90] to strengthen Decree T8 technologies for the treatment and use
05 1287 of 2014. of biosolids.
T9 Neglect or inadequate operation of WWTPs
Table 4. SWOT analysis of biosolids management at the evaluated WWTP.
N STRENGTHS (S) N WEAKNESSES (W)
The WWTP under study is working on the
S1 improvement of stabilization processes for W1 The type of biosolids generated is unknown.
dehydrated sludge.
Little information on current sludge
Preventive and corrective maintenance is w2 management, hmltmg control, monitoring,
S2 performed on the equipment and and improvement.
infrastructure of the WWTP. W3 The WWTP has some equipment that has
been out of service for several months.
No document and variables for sludge
W4 L .
s3 Periodic training is provided to the WWTP stabilization have been established.
operating personnel. W5 No information is reported to the Unified

Information System (UIS).
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Table 4. Cont.
N STRENGTHS (S) N WEAKNESSES (W)
Lime-stabilized sludge does not generate a
Wé S
Between 2016 and 2019, awareness-raising product close to a Class B biosolid.
54 SESSiOH.S were helid for the commun.ity in No biosolids management and utilization
relation to environmental education. W7 policy was identified by the company
operating the WWTP.
N OPPORTUNITIES (O) N THREATS (T)
To have the techm.cgl support and experience Costs or increments related to improved
of control entities (e.g., CAR) in the "
O1 T1 sludge treatment, addition of methods, or
management and treatment of sludge . ! e
N operations to improve stabilization.
and biosolids.
o2 The institutions or academic institutions T2 Inadequate process execution and sludge
have personnel trained in sludge treatment. stabilization time
Complaints and disagreements from the
Increased dissemination and publication of community due to possible odors, risks and
03 . . o T3 . . :
information for biosolids management. environmental impacts derived from sludge
treatment.
Generate interest and community
O4 involvement in the management of
the WWTP.
o5 It is proposed to analyze the economic T4 Costs and low supply of labgratgry analyses
impacts of sludge/biosolids treatment. for waste characterization
Promote the interest of organic fertilizer
06 manufacturers to produce and market

organic fertilizers.

Table 5. TOWS strategic matrix in accordance with Colombian standards.

SO WO
Define and apply the additional costs of sludge treatment 1.  Updating of service tariffs to improve aspects of
through the compliance and execution of the biosolids management, characterization, and stabilization processes
management indicators by the WWTPs (O1, S1, and S3). and the use of biosolids (01, 02, W3).
. . 2. Promote scientific research to develop methods for the
Strengthen and invest in sludge treatment and . - .
A . . detection and characterization of recurrent emerging

stabilization processes to achieve environmental . . :

t indicat 02 51 S2 S3 and S4 elements and establish the risk generated by their
management indicators (02, 51, 52, 53 an )- presence in sludge (O3, W1, W2, and W3).
Strengthen the technical capacity and expertise of public 3. Strengthen internet pages, platforms, and information
institutions, control, and public water and sewerage systems of control entities in relation to sludge
services (O4 and S3). management, quality and use (O4, W2, and W3).
Adopt new proposals of guidelines for biosolids standards

4. Strengthening of indicators and goals that allow the

in relation to indicators for the use, handling,
management, and control of biosolids. (O5, 51, S3).

Align the policies and actions of public and private
entities in terms of the fulfillment or achievement of
biosolids utilization objectives related to the circular
economy (O5, S1, S6).

evaluation of WWTP management to achieve the use of
biosolids and reduction of unused waste, favoring the
transition to the circular economy model, which is
projected and coordinated with the policies of the national
government (O1, 02, W3).
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Table 5. Cont.

ST

WT

Initiate knowledge transfer programs from public and
private institutions to environmental laboratories (T1, S1,
S3, and Sb).

Unify biosolids characterization parameters based on
international models, which will make it possible to
obtain complete information on physical and chemical
parameters and microbial loads. (W1, T1, T6).

Implement and strengthen strategies for the
communication and follow-up of the proposed indicators
for the evaluation of biosolids management

(T2, T3, T5, S3).

Encourage WWTP operators to implement a management
system and develop efficiency indicators for the use of
biosolids (W2, T3, T4, T8, T9).

Establish guidelines for the management and utilization of
biosolids based on international experiences and
guidelines (T5, S1, and S3).

Encourage scientific research for the development of
methods for the detection, characterization, and
monitoring of emerging compounds, as well as the
development and design of complementary processes and
treatments for their removal, with their corresponding
publication and dissemination to the community

(T7,S2, and S4).

Unify, channel, and strengthen information on sludge line
management, stabilization, recovery, or final disposal in a
platform for dissemination to all stakeholders

(D3, A2, A5).

SO: strength-opportunity, WO: weaknesses—opportunities, ST: strength—threats, WT: weaknesses—threat.

Table 6. TOWS —strategic matrix for the management of the evaluated WWTP.

SO

WO

Generate links with public or private research groups to
improve sludge control and stabilization processes in
order to obtain an optimal and marketable product (O1,
02, 05, 06, 51, S2, and S3).

Promote integration between control entities and
academic institutions to strengthen the management and
process improvements of the water and sludge line (O1,
02, W1, W2, W3, and W4).

Encourage, strengthen, and expand the publication of
open data on sludge line management (O3, O4, O6, W2,
and W5).

Approach community groups to disseminate information
on the management achieved and plans of the WWTPs
(03, 04, and S4).

Adoption of an institutional policy based on the treatment
of sludge and use of biosolids that will allow receiving
benefits from the reuse of biosolids as a finished product
(05,06, W3, W4, W6, and W7).

Strengthen associations between different stakeholders
and involvement of the economic and agricultural
development sector for joint work to adopt biosolids use
(01, 02, W1, W2, W3, and W4).

Develop campaigns to strengthen relations with the
agroindustry sector to achieve adoption of biosolids and
biosolids use (02, O4, and S1, S4).

Establish a corporate policy or vision to focus and work
on the use and reduction of organic waste (biosolids) that
is not reused (O1, O5, 06, W1, W2, W7).

Work on strengthening the policy of accountability of
entities and the consolidation of institutional and
community support networks (01, 02, W1, W2,

W3, and W4).

SO: strength—opportunity, WO: weaknesses—opportunities, ST: strength—threats, WT: weaknesses—threats.
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Table 6. Cont.

ST WT
1. Use cooperation strategies with university laboratories Make the company that operates the WWTP aware of the
(S1, T4) need to allocate the necessary resources for equipment
! maintenance or upgrades (W3, W4, T3, T4, T1).
2. Allocate the necessary resources for the treatment of

sludge and for the application of methods that allow the

improvement of biosolids, standardize the method of ) ) )
adding lime (S1, S3 T1, T2, T3). 2. Define and implement procedures for domestic sludge

handling and stabilization processes (T1, T2, T4, W4, W5,

3. Strengthen the means of dissemination and We, W7).
communication favoring the visibility of WWTP
management in terms of biosolids utilization

(S1,S3, T3, T4).

SO: strength—opportunity, WO: weaknesses—opportunities, ST: strength-threats, WT: weaknesses—threats.

3.2. Stakeholder Surveys
3.2.1. Community

Table 7 describes each of the percentages obtained from the series of questions asked.
It is important to note that of the 179 surveyed, 44.1% knew what a sewage sludge is and
43% knew what a biosolid is, whereas between 34.7% and 38.6% did not know these types
of matrices. Regarding the perception of the people surveyed in reference to the level
of communication of wastewater management by the WWTPs, it was found that about
38.2% of those surveyed mentioned that there is no type of communication from these
entities. For the question concerning communication of sludge and biosolids management
by the WWTPs, 65% of the respondents mentioned that they were unaware of this activity.
Regarding cultivation with biosolids or application of biosolids on crops, 62.7% had a
very positive attitude and 30.9% had a positive attitude. However, the people surveyed
recognized that there is a certain level of risk that could be presented by the application of
biosolids on the soil.

3.2.2. Public and Private Entities

Of the different players interviewed belonging to the group of public and private
companies, such as wastewater treatment plants, control entities, waste managers, farmers
or associations, academia, some companies belonging to the agro-industry sector, the DNP,
and, at the level of the municipality studied (area in charge of economic and agricultural
development), environmental manager of the WWTP, some mentioned that sludge and
biosolids management at the general level is between poor (26%) and fair (37%) (Figure 2A);
while others suggested that sludge and biosolids management at a general level is between
poor (26%) and fair (37%) (Figure 2A). In the specific case of the WWTPs of the cities, they
considered their management to be good (40%); however, of the WWTPs of municipalities,
they perceived their management to be between poor (20%) and fair (40%).

The interest of the different stakeholders in improving the management and quality
of biosolids was high (42.9%) and very high (35.7%) interest; however, only 7.1% of the
respondents expressed a low interest (Figure 2B). On the other hand, the position of the
different sectors on the use of biosolids in agriculture was between neutral (29%) and
favorable (64%) (Figure 2C). In the particular case of farmers, 67% expressed a neutral
position about carrying out this practice, while 33% had a favorable perception, and for the
agro-industry sector, 100% of the respondents expressed favorability towards this activity.
The level of relation the different public and private institutions had with the community
to work on perception and dissemination was characterized as low (60%) (Figure 2D).
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Table 7. Results of the surveys conducted with stakeholders belonging to the general public (community group) related to

the management of WWTPs and the perception of the use of biosolids in agriculture.

Recognize or know what sewage sludge (from or resulting 5

from) wastewater is

Recognize or know what a biosolid is

Yes 44.1%

Yes 43.0%

No 34.7%

No 38.6%

More or less 21.2%

More or less 18.4%

Perception of the level of communication that WWTPs 4 PerceP tion O.f the level of commun1cat10n that WWTPs
! . have in relation to sludge or bio-sludge treatment
have in relation to wastewater treatment management.
management.
High 11.8% High 0.0%
Medium 24.5% Medium 10.0%
Low 25.5% Low 25.0%
None 38.2% None 65.0%
Knowledge of the type of use or destination that is . R . . .
currently given to the sludge or bio-sludge generated in 6. lljecogrcllltlon of the activities in which biosolids can
your city or municipality. € used.
Yes 14.5% Yes 11.8%
No 72.7% No 55.5%
More or less 12.8% More or less 27.3%
No opinion 0.0% No opinion 5.4%
7. Perception level when information on biosolids use in 8. Perception of the existence or non-existence of any risk
agriculture was exposed when growing food using biosolids.
Very positive 62.7% Yes, there is some risk 27.3%
Positive 30.9% There is no risk whatsoever 13.6%
Neutral 5.5% I do not know if there is a risk 27.3%
Negative 0.9% Need more information 31.8%
Strongly negative 0.0%
9. Associations of activities in which they consider that biosolids can be used.
As a product for use in
As a fertilizer or compost 79.1% gardens, ornamental plants, 39.1%
arborization, etc.
Direct use in a.grlculture 78.2% In energy recovery processes 32.7%
or soil
As an input in the
In forest plantations 47.3% manufacture of 21.8%
construction materials
Vegetation (green roof)
recovery, revegetation, landfill o
. 41.8%
landscaping, and quarry
restoration activities. In none of 0%
In green areas of graveyards,
road dividers, golf courses, 40.9%

and vacant lots
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Figure 2. Results of the surveys conducted with the group of public and private entities. (A): Assessment of the current

management of sludge and biosolids from WWTPs according to public and private actors, (B): level of interest in helping to

improve sludge and biosolids management, (C): position of the organizations in relation to the use of biosolids in agriculture,

(D): level of approach or work carried out by the institutions (or actors) to improve the perception of biosolids.

The different institutions or entities involved in the management and reuse of biosolids
for agricultural purposes recognized that the four main challenges to achieve improved
management and utilization are: (I) compliance with Decree 1287/2014 [33], (II) integration
of the different actors (public/private) for the management and distribution of biosolids,
(III) obtaining a Class A biosolid, and (IV) acceptance of biosolids use by farmers (Figure 3).

3.3. Stakeholder Power and Influence

Figures 4 and 5 show the distribution of each of the actors according to their level
of authority (power) and their capacity to influence (influence) according to the systems
in which they develop or operate. Through weighting, the actors were classified into the
following four groups: (I) maintain satisfied, (II) maintain in proximity, (III) monitor, and
(IV) maintain informed. In general, the distribution of the total number of stakeholders
evaluated was heterogeneous since public, private, and non-affiliated entities are found in
different quadrants. The location of the parties or players was also due to the characteristics
and functions of each of the entities or groups evaluated (Appendix A—Table AT).
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Academia

Agro-Industry

1%o

Figure 3. Challenges identified and valuation by each of the public and private sectors for the management and use of
biosolids in agriculture. CAR: Regional Autonomous Corporation of Cundinamarca (Corporaciéon Auténoma Regional de
Cundinamarca), DEyA: economic and agricultural development area (Area de Desarrollo Econémico y Agropecuario), DNP:
National Planning Department (Departamento Nacional de Planeacién), F/A: farmers or associations, ICA: Colombian
Agricultural Institute (Instituto Colombiano Agropecuario), Waste-Manag: waste managers, WWTPs: wastewater treatment
plants, and WWTP-EM: environmental manager of the WWTP. Challenge: 1: Compliance with Decree 1287 /2014 [33].
2: Obtaining a Class A biosolid. 3: Acceptance of the use of biosolids by farmers. 4: Acceptance of the use of biosolids
in agriculture by the population. 5: The distribution and commercialization of biosolids. 6: Obtaining profits from the
commercialization of biosolids. 7: Achieving the integration of different actors (public and private) for the management and
distribution of biosolids.

As shown in Figure 4, the 17 stakeholders identified within the management system of
the WWTP under study were distributed as follows: The “maintain close” group included
the WWTP, a control entity of the Regional Autonomous Corporation of Cundinamarca (Cor-
poracion Autonoma Regional de Cundinamarca—CAR), Departmental Public Utility Company
(Empresa Departamental de Servicios Piiblicos—ESPB), academia representatives, the environ-
mental manager of the WWTD, and waste managers. Within the category of stakeholders to
be “maintain satisfied” were two state entities, the Department of Housing (MinVivienda)
and the Department of Environment and Sustainable Development (MinAmb), and the
community. On the other hand, within the “monitoring” category was the agency in charge
of economic development and agro-livestock (Economic and Agricultural Development
Area (Area de Desarrollo Econdmico y Agropecuario—DEyA)) of the municipality in the study
area, agro-industry, farmers and industry, and, finally, the control and surveillance entity of
the Colombian Agricultural Institute (Instituto Colombiano Agropecuario—ICA). Lastly, the
group including the public and two institutional entities—Superintendency of Domiciliary
Public Utilities (Superintendencia de Servicios Piiblicos Domiciliarios—SSPD) and the National
Planning Department (Departamento Nacional de Planeacion—DNP)—were grouped under
the category “maintain informed”.
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Within the 17 stakeholders observed that would be involved in the system of biosolids
utilization in agriculture, it was observed that 15 actors were concentrated in two groupings
that corresponded to: “maintain close” and “maintain informed”. In the case of the “main-
tain satisfied” category, only two groups of stakeholders were found—community and indi-
viduals. Lastly, for the “monitoring” group, no type of stakeholder was identified (Figure 5).

Subjects/Maintain satisfied [l Players/Maintain close [l}

WWTP-EM
ESPB B

MinAmb* : CAR+

WWTPs @
Commu_*

MinVivienda*

Power

wn
2]

e RCE < AEETETEE
O

O
icAdh :
Crowd/Monitor [} : Context Setters/Maintain informed [}
Influence
@D Public sector Private sector @® Public/Private sector

@ \\/ithout affiliation @D Type of actor

Figure 4. Power versus influence planes as attributes for stakeholders involved in the sludge and biosolids management
system in Colombia. CAR: Regional Autonomous Corporation of Cundinamarca (Corporacion Auténoma Regional de
Cundinamarca); Commu_: community; DEyA: economic and agricultural development area (Area de Desarrollo Econémico
y Agropecuario); DNP: National Planning Department (Departamento Nacional de Planeacién); ESPB: Departmental
Public Utility Company (Empresa Departamental de Servicios Publicos); F/A: farmers or associations; ICA: Colombian
Agricultural Institute (Instituto Colombiano Agropecuario); MinAmb: Department of Environment and Sustainable
Development (Ministerio de Ambiente y Desarrollo Sostenible); MinVivienda: Department of Housing, City, and Territory
(Ministerio de Vivienda, Ciudad y Territorio); SSPD: Superintendency of Domiciliary Public Utilities (Superintendencia de
Servicios Publicos Domiciliarios); Waste-Manag: waste managers; WWTPs: wastewater treatment plants; and WWTP-EM:
environmental manager of the WWTP.
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Figure 5. Power versus influence diagram as an attribute for the parties that would be projected to participate in the
use of biosolids in agriculture in Colombia. CAR: Regional Autonomous Corporation of Cundinamarca (Corporacion
Auténoma Regional de Cundinamarca); Commu_: community; DEyA: economic and agricultural development area (Area
de Desarrollo Econémico y Agropecuario); DNP: National Planning Department (Departamento Nacional de Planeacion);
ESPB: Departmental Public Utility Company (Empresa Departamental de Servicios Publicos); F/A: farmers or associations;
ICA: Colombian Agricultural Institute (Instituto Colombiano Agropecuario); MinAmb: Department of Environment
and Sustainable Development (Ministerio de Ambiente y Desarrollo Sostenible); MinVivienda: Department of Housing,
City, and Territory (Ministerio de Vivienda, Ciudad y Territorio); SSPD: Superintendency of Domiciliary Public Utilities
(Superintendencia de Servicios Publicos Domiciliarios); Waste-Manag: waste managers; WWTPs: wastewater treatment
plants; and WWTP-EM: environmental manager of the WWTP.

4. Discussion
4.1. SWOT and TOWS Strategies

Adopting public policies for the reuse of by-products generated from wastewater
treatment brings benefits to producers, to the people who use them, and to the area that
allows their use, as well as allowing WWTPs to be projected as sustainable entities in the fu-
ture. However, according to the results obtained from the SWOT analysis applied to sludge
and biosolids regulations in Colombia (Table 3), the aspects identified for strengthening
are: monitoring of emerging contaminants, application of efficiency indicators for biosolids
stabilization processes, guidelines for monitoring and use of biosolids, reporting of up-
dated information in unified platforms (UIS), and access to these as an input for continuous
improvement and decision making, as has been considered in other Latin American [91-95]
and European countries [5,12,96] that favor their use in the agricultural sector. These factors
influence and limit the adequate management and use of biosolids in agriculture; therefore,
they are essential variables to take into account in the Colombian regulations.

Regarding the management performed by the WWTP evaluated (Table 4), the fol-
lowing was evidenced: (I) the lack of knowledge of the type of sludge generated, (II) the
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low efficiency of the stabilization process carried out at the plant, (III) equipment out of
service since 2019 or currently operated manually, (IV) the non-inclusion of current sludge
management in internal reports, (V) the absence of a sludge stabilization procedure that
includes monitoring of control variables (pH, temperature), and (VI) failure to report the
amount of sludge or biosolids generated to the open information system (UIS) intended for
this purpose. All these factors hinder proper management and the possible use of biosolids
in agriculture and coincide with the low interest reported in some developing countries
or in areas where sludge or biosolids management is low due to technical, operational,
economic, and infrastructure limitations [5,29,30].

Considering that solid waste management presents various barriers and risks that
weaken the implementation process and utilization practices, the application of the SWOT
analysis becomes a factor to be considered for the improvement of the different pro-
cesses [53,97]. The weaknesses and threats identified in this study from the SWOT analysis
are similar to those obtained in other related studies, such as low cooperation and a lack of
information, training, communication, and an approach towards an integrated system for
waste management, as well as weaknesses in the operation or stabilization systems, lack
of public awareness of the importance and usefulness of the biosolids generated, lack of
support from the local government, and lack of partnerships between public and private
entities [98-103].

The strategies proposed in this study for strengthening sludge and biosolids regula-
tions (Table 5), and in the particular case of the WWTP evaluated (Table 6), will make it
possible to strengthen the use of organic waste in the agricultural sector, as has been done
in other countries [53,97,104,105]; develop organizational improvement [106-109] through
the creation of value chains; increase the government response capacity and promote the
democratic process in decision making related to the area; and encourage the adoption or
expansion of an institutional policy that will allow the definition of objectives for the treat-
ment and use of biosolids, thus strengthening the efforts towards the same end [53,108,110],
since, in most cases, the objectives are focused mainly on water management.

4.2. Public Surveys and Surveys of Public and Private Entities

The results obtained from the surveys (n = 178), in which people were asked about
their knowledge of the concept of sludge and biosolids, showed that there is some degree
of lack of knowledge regarding these two types of waste (34.7-38.6%), this may be due
to the fact that people perceive that there is no or little information about the internal
management currently carried out by the WWTPs for the treatment of wastewater (63.7%)
and sludge and biosolids (90%) (Table 7). According to Beecher et al. [64], only 42% of their
respondents recognized they have heard the term biosolids and of these, only 11% defined
it accurately, while 48% had an incorrect definition or did not know and 1% associated it
with the same sludge term.

Of the total number of people surveyed in this study, 61.4% claimed to know, in some
way, what a biosolid was, and most people recognized and most frequently associated
reusing biosolids as fertilizers and their direct application in agriculture (Table 7), which
coincides with the forms of reuse described in Decree 1287 of 2014 [33]. In total, 93.6%
of people and 64% of public and private entities or organizations had a positive attitude
towards the use of these wastes in agriculture, while 0.9% of people and 7% of organizations
disagreed (Table 7 and Figure 2C). Of those surveyed, 13.6% of the people considered that
carrying out this practice does not suppose any type of risk, while 27.3% stated that they
did consider there to be a risk and 31.8% recognized they needed more information on the
subject or did not know (27.3%) if there is any type of risk (Table 7).

According to Beecher et al. [64], Robinson et al. [111], and Novanda et al. [112], people
have a positive attitude towards the reuse of biosolids through direct application to the soil
or as fertilizers, however, this acceptance decreases as the application site is closer to their
place of residence [111], as is the case of farmers who have a negative perception towards
the use and application of biosolids in the soil [64,66,113], but in some cases there may be
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some degree of acceptance with certain limitations [21]. However, this type of situation or
the level of risk perception may decrease as communication and education increase [64].

4.3. Stakeholder Analysis, Weighting

Figures 4 and 5 show a heterogeneous distribution of the 16 actors in each of the
evaluated systems. This distribution could allow the intervention and work of different
parties or institutions directly and indirectly, both in the management and in the use of
biosolids in agriculture. The achievement of a management system with the presence
and action of various actors would diversify the decision-making process, favoring its
approach [76], compared to a system with a low presence and distribution of players. On
the other hand, in addition to having players with a high level of power and influence
located in the “maintain close and satisfied” groups, the importance of establishing effective
information mechanisms for the other two groups should be emphasized, with special
attention to the parties with low power but high influence characteristics, since they could
become opponents of system development and change, as they can be considered players
with potential characteristics for change, action, and conversion to key players [68,114].

The players with technical and academic knowledge (waste managers, agro-industry,
farmers, control entities, and universities) located and characterized with high power and
influence can transmit in both systems (Figures 4 and 5) the knowledge and experiences to
the other parties that may present a lower degree of information and technical skills. In
addition, the presence of these agents prevents a system from having weaknesses or gaps,
thus facilitating the decision-making process that allows the improvement and utilization
of waste [75,76].

The positions in the “maintain informed” and “monitor” groups held by some of the
players in this study will require a high level of work, communication, training, and an
approach to the system to strengthen the level of power and influence, allowing them to
become key players in the future. The active participation of various parties will improve
understanding and changes in the system, taking into account the challenges and barriers
presented by both waste management and utilization. Therefore, it is necessary to work
on the development of these groups, although it is sometimes described that the high
level of effort made by these groups is not comparable with the achievements or benefits
obtained [114] or that they may behave intermittently, discontinuously, or in isolation [67].

Achieving the implementation of the strategies described in Tables 5 and 6 and the
evolution of both systems is not only achieved through the identification and weighting of
players and the formulation of various strategies, but also requires that all players carry out
their implementation in coordination with other entities and communities. For example,
for the WWTPs of the main cities with greater experience in the management and use of
biosolids, public and private entities should accompany the municipal actors to strengthen
the prioritization of actions, formulation and fulfillment of objectives, and approval and
mobilization of necessary resources in an efficient manner [53,76].

In biosolids management, it has been possible to identify opportunities for change and
achievements related to the participation or association of individual and group players
and communities resistant to the use and application of this type of waste [13,64]. It
is important to highlight the opportunity that exists to improve the management and
quality of biosolids at the national level through the participation and support of different
organizations (Figure 2B), in spite of the scarce relation these entities have had to improve
the perception of biosolids (Figure 2D).

4.4. Analysis of the Evaluation Methods Used and Identified Stakeholders

The use of the SWOT tool in the analysis of the current management of the WWTP stud-
ied, as well as of the regulations, made it possible to identify and establish the challenges
that should be met to improve its condition; however, its use has a series of limitations and
it was necessary to use and combine other methodologies, as has been identified in other
studies [59,60]. The SWOT did not allow us to evaluate the approach and effectiveness of
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each of the strategies proposed, nor did it allowed us to contrast the positions of favorability,
disagreement, or neutrality of the different actors and institutions identified in this study.

On the other hand, among the limitations identified in the SWOT methodology;, it
was found that the analysis was carried out through a current or general context, which
makes it difficult to evaluate and analyze future scenarios, taking into account that waste
management and utilization can be considered as a system with constant changes and
challenges, and even more so in Colombia, where there is no agricultural utilization of any
kind. Nevertheless, the aspects identified from the weaknesses, opportunities, strengths,
and threats become a valuable input within the analysis carried out, which can provide
sufficient information for other types of complementary methodologies and strategies for
other areas that may present similar conditions [53,104,115-117].

With regard to the evaluation of the power and influence of each actor, it is important
to mention that this methodology does not take into account the level or capacity of an
agent to create networks or work associations, which can become key players and dissemi-
nators of information regardless of their categorization of power/influence. Likewise, this
methodology does not take into account the power relations of one player over another,
either directly or through a third party.

On the other hand, it is important to mention that the work, organization, and level of
communication between the interested parties identified in this study are aspects to be con-
sidered, and potentially recognized as limitations. Policies, regulations, and administrative
or bureaucratic processes negatively affect transformation, management, and organization
processes between actors. This results in exhausted inclusion mechanisms and formulation
of policy that strengthen the conversion to “ecologically sustainable” entities.

At the municipal level, the limitations of the WWTP studied were mainly economic.
This was the case in the allocation of economic resources to the management of sludge
and biosolids; improvement, updating, and maintenance of the equipment of the sludge
line; as well as the absence of involvement or integration with the community. On the
other hand, the rotation of the operating personnel, as well as of the administration of
the wastewater treatment plant (WWTP), resulted in trained personnel being unable to
continue with the operation or the transfer of information being affected. The perception of
rivers and effluents being of low quality, in addition to poor communication and rapport
with the community, resulted in the WWTP being deemed nonessential within the process
of treating wastewater and generated by-products. The sum of these factors become
elements to consider for the decision-making parties.

5. Conclusions

According to the results of the SWOT analysis, we recommend the development
of strategies that would allow the strengthening of regulations and the improvement of
sludge and biosolids management at the WWTP across five strategic lines: (I) integration
and partnership between different public—private institutions; (II) greater dissemination of
sludge and biosolids management through documentation and provision of information;
(IIT) allocation of economic and technical resources for the improvement, control, and
monitoring of the stabilization process currently carried out at the WWTP; (IV) actualization
of the public sewage service tariff, including the costs of treatment and stabilization; and
(V) creation of guidelines for the management and use of biosolids.

Although the people surveyed perceived low communication from the WWTPs regard-
ing the management of sludge and biosolids (72.7%), 61.4% and 65.3% of the respondents
were clear about the concept of biosolids and sludge, respectively. Likewise, 93.6% of those
surveyed expressed acceptance for biosolids to be used in agriculture; however, 27.3% of
the population perceived a risk in carrying out this type of practice or form of use, and
31.8% considered that they needed more information on the subject.

It is important to highlight the high interest (78.6%) of public and private entities in par-
ticipating in the improvement of biosolids management, as well as the perception between
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Appendix A

fair (37%) and poor (26%) that public and private entities have about the management
carried out by WWTPs in Colombia.

The identification and weighting of stakeholders made it possible to determine the
series of entities that should be worked with on a permanent, regular, or occasional basis,
as well as the recognition of groups that had not been taken into account and that could
play a key role directly and indirectly (Economic and Agricultural Development Area—
DEyA, neighboring communities, individuals, waste managers, farmers, and industry
representatives), thus favoring positive change.

It is important to continue evaluating the biosolids management and utilization system
under complementary methodologies that allow, through future scenarios, the identifica-
tion and evaluation of determinants that influence management and reuse systems, as well
as the evaluation and analysis of the positions of the actors and their ability to generate
networks among the different actors.

It is necessary to evaluate biosolids as a potential element in the production cycle and
their role within the business model, in future studies, to evaluate them as an element in
the circular economy of the agricultural sector.
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Table A1. Roles of institutions and stakeholders involved in the management and use of biosolids for agriculture.

Stakeholders (n = 28)

Operating Level Associated Functions

“To design, guide and evaluate Colombian public policies, the management and
allocation of public investment and the implementation of these in plans,

DNP (n = 1) [118] N programs and projects of the government in the social, economic and
environmental fields.”
“To design and regulate public policies and general conditions for environmental
MinAmb [119] N sanitation..... to prevent, repress, eliminate or mitigate the impact of polluting,

deteriorating or destructive activities on the environment or natural heritage, in
all economic and productive sectors.”

MinVivienda [120]

“Define feasibility and eligibility criteria for water, sewerage and sanitation
N projects and approve them, and provide technical assistance to territorial entities,
environmental authorities and public utility service providers.”

CAR (n=1)[121]

“Maximum environmental authority in accordance with the criteria and
guidelines established by the Ministry of Environment and
sustainable development.”

“Promote and develop community participation in activities and programs for
environmental protection, sustainable development and adequate management of
renewable natural resources.”
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Table A1. Cont.

Stakeholders (n = 28) Operating Level Associated Functions

“ Exercise technical control over the production, importation and
ICA (n=1)[122] N commercialization of agricultural inputs to prevent risks that may affect
agricultural health.”

“Guarantee to the community the treatment of wastewater in the coverage area
WWTPs (n = 12) CM to reduce the environmental impact, through the correct operation of the WWTP
and maintenance of its components.”

Waste-Manag (n = 2) N Collect organic waste to be treated or disposed of correctly.

To provide economic income and support to the farmers.
Agro-Industry (n = 2) N Reduce post-harvest losses in agricultural production.
Develop new forms of production.

F/A (n=4) N Maintain agricultural activities and the development of the national and
local economy.

Integrate research, academia, and social projection from teaching,

Academia (n = 2) ™ education, and service.

“Establish and implement actions aimed at directing the environmental
WWTP-EM (n = 2) [123] M management of the company operating the WWTP; ensure compliance w'zth
environmental standards; promote cleaner production practices and the rational
use of natural resources.”

“Define programs for entrepreneurship and agricultural development, providing
technical assistance to all the agents involved, adopting and directing the plans
that the municipality needs to advance for the development of this sector,
DEyA (n=1) [124] M especially the farming sector.”
“Promote community participation and the social improvement of the
agricultural activity of the residents of the municipality, taking into account the
mechanisms of citizen participation and the needs of the community.”

“ Manage the provision and strengthening of public services in the department
ESPB [125] D of Boyacd, providing support, advice and technical assistance at the municipal
and regional levels. ”

“To monitor, inspect and control compliance by the supervised parties with the
SSPD [126] N provisions that regulate the proper rendering of residential public utilities and
the protection of users.”

CAR: Regional Autonomous Corporation of Cundinamarca (Corporacién Auténoma Regional de Cundinamarca); CM.: cities and municipalities;
D: departmental; DEyA: economic and agricultural development area (Area de Desarrollo Econdmico y Agropecuario); DNP: National Planning
Department (Departamento Nacional de Planeacién); ESPB: Departmental Public Utility Company (Empresa Departamental de Servicios Piiblicos);
F/A: farmers or associations; ICA: Colombian Agricultural Institute (Instituto Colombiano Agropecuario); M: municipal; MinAmb: Department
of Environment and Sustainable Development (Ministerio de Ambiente y Desarrollo Sostenible); MinVivienda: Department of Housing,
City, and Territory (Ministerio de Vivienda, Ciudad y Territorio); SSPD: Superintendency of Domiciliary Public Utilities (Superintendencia de
Servicios Piiblicos Domiciliarios); Waste-Manag: waste managers; WWTPs: wastewater treatment plants; and WWTP-EM: environmental
manager of the WWTP.
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