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Executive Summary

The SludgeTec project aimed for international experts and local stakeholders to co-
design sustainable wastewater treatment and management options for two pilot areas 
in the Americas: Los Cebollales wastewater treatment plant (WWTP) in Panajachel, Lake 
Atitlan, Guatemala and Tlaxinacalpan WWTP in Tepeji, State of Hidalgo, Mexico. The 
project applied a Nexus Approach to look at the problem of wastewater management 
and respective solution options from three methodological angles (1) a sustainability 
assessment, (2) a stakeholder analysis, and (3) a wickedness analysis by continuously 
applying inter- and trans-disciplinarity.

In both cases stakeholders identified the wastewater treatment situation in general 
as a major cause for larger environmental impacts, in particular on the nearby lakes. 
Stakeholders further determined that enhancing the local wastewater treatment and 
environmental awareness in the population could lead to an improved environmental 
situation and safe-guard or improve the sources of income from the lakes through 
fishing and tourism. We used systems thinking to further determine the scope of the 
problem and used a multi-scalar approach to assess the multiple boundaries of the 
interconnected systems.

Both cases exhibit unsustainable wastewater treatment systems, a fragmented stakeholder 
landscape and a high degree of wickedness. The sustainability for Los Cebollales WWTP, 
Panajachel, Guatemala indicates a medium-low level of sustainability. All dimensions 
show a medium performance (yellow), except the economic dimension, where the 
assessment is low (red). The sustainability level for Tlaxinacalpan WWTP, Tepeji, Mexico 
shows a moderate to good performance in the available dimensions. However, no 
economic variables could be evaluated in this case as data for the identified variables 
with thresholds was missing.

For Los Cebollales WWTP of Panajachel 31 stakeholders were identified, which can 
affect or can be affected by it. By applying snowball sampling in the field, the final 
stakeholder list consists of 62 stakeholders. For Tepeji 12 stakeholders were identified; 
the final list consists of 17 stakeholders. Both in Guatemala and Mexico, the information 
availability is poor. Existing information in form of documents and data, focuses on just 
a few key stakeholders, and in most cases, those who have a lot of information seldom 
share the information with other stakeholders. The knowledge of the status-quo of 
the wastewater treatment system is highly fragmented and the stakeholders with the 
most information are not necessarily the ones who make the decisions. Stakeholders 
who might have an impact on decision-making often lack information, as most of the 
information is inaccessible to them.

From the output of the workshops, the problem ‘Safe use of wastewater in the Mezquital 
Valley’ and ‘Wastewater management in Guatemala’ seem to be highly wicked. This is 
based on rather high degrees of goal conflicts, system complexities, and informational 
uncertainties. Moreover, our analyses reveal that the planning processes in both pilot 
sites address the wickedness of the problem only to a very limited extent.
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To come from the currently unsustainable to more sustainable wastewater treatment 
plants and systems, the key and primary stakeholders identified under (1) information 
sharing, (2) decision making and (3) sustainable solution should gather to a) assess their 
goal conflicts and seek ways to mediate or overcome these, and b) reduce the level of 
information uncertainty by sharing available information amongst themselves but also 
with the secondary and tertiary stakeholders. Subsequently these same stakeholders 
should consider enhancing their level of good planning for the wicked problem of 
wastewater treatment by starting to invest in the areas identified as poorly performing 
of the sustainability assessment. 

  We suggest considering the following orientations for action to:

a. enhance environmental performance of treatment plants;
b. improve data collection, storage and sharing;
c. strengthen social networks;
d. further management and governance strategies.



3

1. The SludgeTec Project and Its Approach

The treatment of wastewater and its further discharge (or use) involves various 
processes and management strategies that aim at reducing the pollutant content that is 
discharged into the environment. By doing so, wastewater treatment systems (WWTS) 
can contribute to various aspects other than sanitation and health. WWTS can also be 
providers of resources such as biogas, water for irrigation, and soil fertilisers (stabilised 
sludge). Therefore, these types of processes require a multidimensional understanding 
that goes beyond the technical aspects and considers the joint interactions and impacts 
at social, economic and environmental levels, supporting a management that leads to 
a sustainable development. 

Currently, what is urgently needed are sustainable wastewater treatment options for 
small- to medium-sized cities. These should not only be cost-effective but shall be 
integrated into the local economic reality to generate income. Participatory approaches 
and co-design1 may support the implementation of sustainable solutions in the framework 
of the UNU-FLORES Nexus Approach to the integrated management of Water, Soil and 
Waste2 (WSW Nexus) (Figure 1.1). Providing clean water and access to safe sanitation 
for all is one of the targets decided by the global community within the Sustainable 
Development Goals (SDG 6.2) (UN 2015).

Determine the
nexus problem

De�ne scope
of work

Identify nexus
options through

research

Implement 
selected nexus 

options

Evaluate the
impact

a. Comparative results to baseline
b. Cost-bene�t ratio
c. Medium to long-term impacts on 
    the society and the ecosystem 
    (including secondary impacts or 
    domino effects)

a. Social acceptance 
b. Sustainability
c. Options are implementable
d. Replicability/upscaling

a. More than one resource impacted 
b. Wide involvement of stakeholders 
    (Transdisciplinarity)
c. Policy relevance
d. Include dimensions of development problems

a. Relevance to government
b. Impact on (other) resources 
c. Impact of the problem on the region 
d. Impact of solution options 
    on stakeholders

a. Use of both natural and socio-
    economic science approaches in an 
    interrelated manner (Interdisciplinary)
b. Involvement of practitioners 
    (Transdisciplinary)

Assess if a new nexus 
problem is apparent

Steps Criteria

UNU-FLORES Nexus Approach 
Criteria

Figure 1.1: The UNU-FLORES Nexus Approach – based on a traditional project management cycle that adheres 
to a set of nexus-relevant criteria at each step (Avellán et al. 2018)

1 Defined as ‘a development process in which the customer and provider collectively ideate, elaborate and create a 
design specification for a product’

2 The Water-Soil-Waste Nexus is defined as ‘environmental resources’ management [that] examines the inter-relatedness 
and interdependencies of environmental resources and their transitions and fluxes across spatial scales and between 
compartments’.
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Understanding current conditions is key to successful planning, management and 
project design. Baseline information is also key in evaluating project success or the 
change in time of given variables, as without a baseline, it is impossible to carry out 
“before and after” comparisons (Ghodeif 2013). Furthermore, collectively determining 
and defining a problem can be very useful in informing and engaging stakeholders, and 
a powerful way to centrally gather otherwise dispersed data, assess data availability 
for a given topic, and eventually, socialise knowledge. The lack of a comprehensive 
description of an issue, or data and information for it, can lead to an incomplete picture 
of the situation at hand and thus the development of incomplete solution options that 
omit to consider all aspects of sustainability.

However, simply knowing the status of a system does not provide evident solutions. 
Methodologies to dissect and analyse the problem need to be implemented as well 
as methods that indicate change processes. The SludgeTec project, a multinational 
partnership3  (Figure 1.2), aimed for international experts and local stakeholders to 
co-design a sustainable wastewater treatment and management options for two pilot 
areas in the Americas: Los Cebollales wastewater treatment plant (WWTP) in Panajachel, 
Lake Atitlan, Guatemala and Tlaxinacalpan WWTP in Tepeji, State of Hidalgo, Mexico. 
Research was thus carried out in a transdisciplinary manner between November 2017 
and February 2019. For this project we defined transdisciplinarity as the intensive 
inclusion of practitioners in the research process (Zscheischler and Rogga 2015; Head 
and Xiang 2016). 

3 Between the United Nations University’s Institute for Integrated Management of Material Fluxes and of Resources (UNU-
FLORES), the Universidad de San Carlos de Guatemala (USAC), the Mexican Trust Fideicomiso de Infraestructura Ambiental 
de los Valles de Hidalgo (FIAVHI) in Tepeji, Mexico, and the Technische Universität Dresden (TUD)
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1.1 Background on Case Studies

In the Lake Atitlan basin, fifty-five per cent of the community is connected to a sewage 
system and the remaining 45% use latrines, septic tanks, or soak latrines (Ferráns et al. 
2018). In the area of sewage production, 45.500 m3 of wastewater is generated every day in 
the basin, and only approximately 20% receives treatment (Ferráns et al. 2018). Moreover, 
in the existing WWTPs, one of the most crucial challenges is their poor performance with 
regard to removal of pathogens and nutrients. WWTPs face, among others, operation and 
maintenance problems (Ferráns et al. 2018). The most common bottlenecks are the lack of 
laboratory facilities, constant technical training, handling plan for by-products, personnel 
and supplies, operation and maintenance manuals, and willingness to pay for users (Ferráns 
et al. 2018). Figure 1.3 gives an overview of the overall situation of the case study Los 
Cebollales wastewater treatment plant (WWTP) in Panajachel, Lake Atitlan, Guatemala.

REGION

Location:

Basin:

Subcatchment:

Elevation:

Climate:

Average
Temperature:

Average rainfall:

14.736323° N
91.156068° W

1570 m.a.s.l.

Temperate with a 
humid winter

18.5 °C

900-1,600 mm

MUNICIPALITY

Total population:

Rural population:

Indigenous population:

Land use:

Unemployment rate: 

Population below 
poverty line:

Regional HDI:

Lake Atitlan 
(endorheic)

San Francisco River

21,011 (projection 2018)

72%

8%

42%

urban 30%, 32% forest, 19% coffee 
plantations, 9% other agriculture

0.62

55.5%

TECHNICAL SYSTEM

Type:

Construction year:

Design flow:

Current average flow:

P.e. served:

Sludge production:  

Discharges to:

Effluent BOD:

Effluent T:

Wastewater production: 

Wastewater type:

Treatment plants:

Percentage of wastewater
treated:

Staff:  

31.82 lps = 
~1 million m3/year

Activated sludge, extended aeration

CASE STUDY: Los Cebollales WWTP. Panajachel, Guatemala.

WWTP studied

Sololá province

Municipalities

WWTPs in 
the province

A view of the Aera�on tanks at the Cebollales treatment plant. August, 2018. Image: L. Benavides/UNU-FLORES 

For data sources please see reference section. 

Mainly domestic &
hotels. Occasional coloring of WW 
suggest textile and tannery discharge.

One

MUNICIPAL WASTEWATER 

~40% receives (partially 
effective) treatment. 

9 people, 43 wastewater 
related employees per 
1,000 inhabitants. 

2013

37 lps

~25 lps

14,200

~1,000 m3/year

San Francisco River

287.5 mg/L

22.7 °C
* as measured in August, 2018.

Figure 1.3: Summary of the overall situation in Panajachel with respect to wastewater
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Mexico’s Mezquital Valley is a place often cited in the literature as an excellent case 
study on wastewater use in agriculture due to its extent (over 90.000 hectares (ha)) 
and long history (for over 100 years). Wastewater irrigation has given the farmers in 
this semi-arid region not only a solution for the problem of water scarcity but also a 
method to increase their crop yield. However, it has also caused many environmental, 
sanitary, and social issues at the same time. The State of Hidalgo, together with the 
Fideicomiso Infraestructura Ambiental de los Valles de Hidalgo Mexico (FIAVHI), is 
determined to find sustainable and long-lasting solutions to these issues (Caucci and 
Hettiarachchi 2017). Figure 1.4 gives an overview of the overall situation of the case 
study Tlaxinacalpan WWTP in Tepeji, State of Hidalgo, Mexico.

TECHNICAL SYSTEM

Type :

Construction year:

Design flow:

Current average flow:

P.e. served:

Sludge production:  

Discharges to:

Effluent BOD:

Effluent T:

REGION

Location:

Basin:

Subcatchment:

Elevation:

Climate:

Average
Temperature:

Average rainfall:

19° 55' 33.27" N
99° 20' 53.66" W

2182 m.a.s.l.

Temperate sub-humid

17.0 °C

53.5 mm

MUNICIPALITY

Total population:

Rural population:

Indigenous population:

Land use:

Unemployment rate: 

Population below 
poverty line:

State HDI:

Requena Dam

Tepeji River

87,442

7.9%

40%

Textile and other industries, 
agriculture.

0.74

6.8%

Wastewater 
production:

Wastewater type:

Treatment plants:

% of wastewater
treated:

Staff:  

Anaerobic digestion tanks + constructed 
wetland. Designed for reuse in irrigation

WWTP studied

CASE STUDY: Tlaxinacalpan WWTP. Tepeji del Río, Mexico.

For data sources please see reference section. 

Domestic

MUNICIPAL WASTEWATER 

~49% (the industrial fraction)

2017

1.2 lps

~ 0.4 lps

113

m3/year

Football field via sprinkler

287.5 mg/L

22.7 °C
* as measured in August, 2018.

A view of the Anaerobic digestors at Tlaxinacalpan. August, 2018. Image: L. Benavides/UNU-FLORES

No public plants,
11 private plants within industrial areas. 
The WWTP studied here is one of 14 small 
scale plants built by a private trust. 

58 %
~ 5.4 million m3/year

4

Figure 1.4: Summary of the overall situation in Tepeji with respect to wastewater
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1.2 Overarching Methodology

The SludgeTec project undertook the first three steps in the Nexus Approach (Figure 
1.5): (1) determine the nexus problem; (2) define scope of work, and (3) identify nexus 
options through research. The project assessed the status of the wastewater treatment 
systems at the pilot sites ((1) nexus problem, (2) scope of work) and determined pathways 
to overcome respective bottlenecks ((3) nexus options). For the latter, the project used 
three set of methodologies in a transdisciplinary manner, namely: (A) sustainability 
assessment, (B) stakeholder analysis, and (C) wickedness analysis. This sequence was 
tested in the two cases.

This report describes the first three steps of the Nexus Approach for the two case 
studies. In Section 2 we give an overview of the nexus problem as assessed in both 
case study sites. In Section 3 we further define the scope of the work. In Section 4 we 
discuss the methodologies and in Section 5 the results of the three ways in which the 
project intended to identify nexus options. Section 6 brings the results together in 
the discussion and provides a set of solution options or orientations for a way forward 
in each case. Finally, in Section 7 we provide an outlook of how these orientations 
can be applied for the specific cases but also a critical perspective about the applied 
Approach. A comprehensive Annex provides detailed information on the data.
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2. Define scope

Define 
working 

boundaries & 
scales

Construct 
system model

Gather, 
clean and 
systematize 

data

3. Identify Nexus options

Identify  
bottlenecks 

and 
intervention 

points

Baseline 
values of Site-
specific data 

set

Sustainability 
Assessment

Distance to 
target

Stakeholder 
Analysis

Wickedness 
Analysis

Degree of 
wickedness

Planning 
process 
analysis

Stakeholder 
identification 

& 
categorization

Social 
Network 
Analysis

1. Determine the Nexus 
Problem

Collectively 
assess the 
problem(s) 

from different 
view-points

4. Implement Nexus options

Evaluate 
options, 

choose, and 
plan 

5. Evaluate the impact

Figure 1.5: All steps were undertaken within the SludgeTec project that follow the initial steps of the Nexus 
Approach (shaded in grey); (Note: All steps undertaken in an inter- and/or transdisciplinary manner)
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2. Determining the Nexus Problem 

In order to assess the problem we undertook two assessment workshops: “Wastewater 
irrigation in the Mezquital Valley, Mexico: Solving a century-old problem with the 
Nexus Approach” in Tepeji, Mexico, from 15–17 March 2017 (Caucci and Hettiarachchi 
2017) and “Sustainability of wastewater systems: current and future perspectives – an 
assessment workshop” in Panajachel, Guatemala, from 20–23 March 2018 (UNU-FLORES 
2018). At these workshops we included sessions dedicated purely to the description 
and understanding of the several layers of the problem(s) induced by un-sustainable 
wastewater treatment and management systems. The emphasis here was laid on providing 
a common understanding across all participants including the ‘experts’ and to delineate 
the problem to be assessed.

 In Mexico, the following was determined (see Caucci and Hettiarachchi (2017)):

"The participants were then requested to draw an image of their vision of a solution to 
the nexus problem regarding “SUWA for sustainable development”. All images had in 
common a people-centric approach. Hence any technical solution has to take the local 
community, and most often the children, into account. In most drawings wastewater 
treatment systems (in general, and in some cases constructed wetlands in particular) 
were the key technical ingredient. In some cases, the sludge reuse was explicitly 
highlighted. In some cases the drawings were specific to the Requena Lagoon and 
Tepeji del Rio; in most cases the drawings represented a generic farm area.
One participant noted the following vision statement: “Tepeji del Rio – Example 
for sustainable water.””

Figure 2.1: Drawings of solution visions as a means to expressing the issues on the ground (reproduced from 
Caucci and Hettiarachchi (2017))
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 For the case in Guatemala, the following can be noted (see UNU-FLORES (2018)):

“The images had in common the very broad perspective on the problem, 
including economic, environmental, technical, and social aspects of the wastewater 
management situation at Lake Atitlan. Many of the drawings show how the untreated 
sewage flows into the lake or how people throw garbage into it. In terms of the 
social aspects, corruption and a lack of financial resources were often highlighted.”

In addition, two Master Theses of the Technische Universität Dresden undertook their 
thesis work in one of the two case studies4 and provided the project with technical 
background information. Results of the thesis field work of Ms Ferrans also resulted in 
a working paper describing the overall wastewater situation of Lake Atitlan (Ferrans 
2017). The descriptions of both WWTPs in the two subsequent sections are summaries 
of these works.

4 Laura Ferrans (2017) Evaluation of sustainable options for sewage sludge management in the region of Lake Atitlán, 
Guatemala; Leon Zimmermann (2018) Quantifying potentials of constructed wetland effluent reuse for agricultural 
irrigation

Figure 2.2: Drawings of participants in Panajachel describing the impacts of wastewater on their environment 
(reproduced from UNU-FLORES (2018))
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2.1 Description of the WWTP in Panajachel

The city of Panajachel has a centralised WWTP system which treats 
70% of the wastewater produced in the city; it comes from households, 
restaurants, schools, commercial buildings such as tourism agencies and 
groceries stores. The city lacks industries, just small textile industries 
which contributes with dyes to the wastewater. The WWTP in Panajachel, 
Los Cebollales, comprises an activated sludge process where the 
phosphorus is additionally removed by chemical precipitation. Its 
maximum capacity is 37 l/s. It was installed in 2012 and commenced 
operation in April 2013.

The process chain is divided into a pre-treatment and primary, 
secondary and tertiary treatment. The pre-treatment process removes 
first big solid particles and sand; and then oil and greases. After this, 
the wastewater is conducted to a sedimentation tank where the flow 

speed is reduced, and particles settle over time. Then, two activated sludge tanks remove 
organic matter and a secondary sedimentation tank removes any suspended solid particles 
at the outflow of the activated sludge process. Finally, the treated wastewater passes 
through a vertical flocculation unit where phosphorus is removed and lastly the water goes 
to a clarification tank before being discharged to the San Francisco River (Ferrans 2017). 
Find below a scheme of the different processes mentioned above (Figure 2.3).

Figure 2.3: Layout of WWTP in Panajachel, Guatemala (from Ferrans (2017), modified from AMSCLAE (n.d.))
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The type of WWTP technology of Los Cebollales produces large amounts of sludge which is 
sent to a bioreactor. Input comes from primary, secondary and tertiary sedimentation tanks; 
thus, the sludge contains organic and inorganic matter. Currently there is no device for 
measuring the amount of sludge produced by the WWTP, but the operator of the plant 
estimates an average of 8 m3 per month (Ferrans 2017). The sludge stabilisation process 
considers an anaerobic digestion in a bioreactor and dehydration in drying beds. The 
retention time in the bioreactor is 28 days; and after these days the sludge is sent to drying 
beds (Figure 2.4) where biosolids are dehydrated, finalising the stabilisation process.

To this day there are no solutions for the disposal of the sludge; it is stored in an un-
roofed area inside the WWTP site. Previously, some bio solid material was given to local 
farmers for enriching the soil, but this practice stopped because the material was never 
characterised and there was high risk of it being contaminated. Moreover, there is not 
an agreement with the solid waste disposal site of the city of Panajachel, thus it cannot 
be disposed there (Ferrans 2017). Suggestions on the sustainable use of sludge can be 
found in (Ferrans et al. in review).

Figure 2.4: Drying sludge beds in Los Cebollales, Panajachel, Guatemala (Photo: Laura Ferrans/UNU-FLORES)
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2.2 Description of the WWTP in Tepeji

Several WWTPs installed by FIAVHI have primary and secondary 
treatment only (see also Figure 2.5). But the one installed at 
Tlaxinacalpan in Tepeji also contains a tertiary treatment. It was 
installed in 2017 and commenced operation in February 2018. While 
the treatment plant was designed for a flow rate of 1.2 l/s it is currently 
operating between 0.1 and 0.3 l/s.

Primary treatment

The aim of the primary treatment is to eliminate sand and large 
particles from the wastewater. To achieve this purpose, first the 
wastewater flows through a rack into a decanter where the inflow is 
higher than the outflow so that the wastewater speed decreases and 
the particles can settle over time. Then the wastewater goes to a 

sedimentation tank through a pipe that comes from the outlet of the sand decanter to 
the bottom of the sedimentation tank with a continuous flow. Inside the sedimentation 
tank two physical processes occur, first a filtration process as some racks are installed to 
keep particles from the water up-flow, and also as the outlet of the reactor is located on 
top of it, there is a slow sedimentation process (Zimmermann 2018).  

Secondary treatment

The secondary treatment is made up of three anaerobic up-flow reactors and an 
equalisation tank. The inlet pipe to the reactors conducts the water to the bottom of 
the reactor and then the water goes through a retaining unit system where bacteria 
grow and degrade the organic compound of the wastewater. The outlet of the reactors 
is located at the top. After the water passes through the three anaerobic up-flow 
reactors, it goes to an equalisation tank where it is stored before being transported to 
the constructed wetlands (the tertiary treatment).

Figure 2.5: Scheme of the primary and secondary treatments of case study in Tepeji, Mexico (from 
Zimmermann (2018), courtesy of FIAVHI)



15

Tertiary treatment

The final step of the chain of processes of this WWTP is a system of two lines of 
constructed wetlands, each line is made up of three constructed wetlands connected 
in series. Currently only one line is operating. The wetlands were constructed under 
the UN Habitat guideline (Zimmermann 2018). The tertiary treatment fulfils the role of 
polishing the wastewater treatment process.

The six constructed wetlands have the same characteristics. They are rectangular and 
have the following dimensions: 12 m (length) x 2.84 m (width) x 0.6 m (depth) (Figure 2.6). 
The foundation is made of concrete and the walls using concrete bricks; both covered 
with a geo-textile to avoid infiltration to the ground. The basin is sloped so that the 
horizontal flow of the water is insured by gravity, the slope is 9.5 %. The influent of 
each wetland is by a pipe of 5 cm inner diameter, and from there the water goes to 6 
inlet pipes of 2.5 cm diameter each which are located equidistant across the width. The 
outflow is collected by a set of 6 equidistant pipes across the width and then it goes to 
a 6.3 cm diameter pipe.

The substrate of the wetland is made up of gravel of 2.5 cm average diameter and the 
first and the last 0.5 m of the length are made up of stones with 20-30 cm diameter 
to prevent clogging and give stability. Each wetland contains 44 plants, leading to an 
average planting density of 1.3 plants/m. The plants are harvested when productivity 
diminishes and are replaced for another one in the same place. 

Figure 2.6: Constructed wetlands in WWTP in Tepeji, Mexico (Photo: Lucia Benavides/UNU-FLORES)
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3. Defining the Scope of Work 

A project scope statement is generally defined as “the description of the project scope, 
major deliverables, assumptions, and constraints”(The Project Management Institute 2017).

 Based on the aim of the project, the project scope is defined as:

‘The co-design of sustainable wastewater treatment and management options 
for two pilot areas in the Americas by international experts and local stakeholders 
within the project timeframe’

With the previous section ‘Determine the Nexus Problem’ the project team intended 
to clarify project constraints (i.e. limitation to WWTP) and project exclusion (e.g. no 
lake restoration) with all available stakeholders through interactive workshops and the 
development, printing and sharing of preliminary publications that gather the existing 
knowledge base. The system boundaries and the system model are further developed 
on in Section 3.1 and assumptions can be found under Section 3.2.

3.1 System Boundaries and System Model

Defining relevant scales of analysis determines the accuracy of diagnosis, and the 
effectiveness of projects (Alcamo and World Resources Institute 2003; Kissinger and 
Rees 2010). Spatial resolution determines the visibility of objects and relations. If a 
model’s boundaries are too small, important factors influencing the model will be 
missed, whereas if they are too large, detail on specific process may be lost. By mixing 
in and contrasting different spatial perspectives, a multi-scalar approach provides for 
more comprehensive analyses, which can lead to reduce biases caused by the use of 
a single “viewing-point” (Alcamo and World Resources Institute 2003; Loiseau et al. 
2012). For the WSW Nexus (Avellán et al. 2017) argue that system boundaries should 
be “clear, wide and flexible”.

Wastewater treatment systems are bound to human settlements but may have 
consequences well beyond them. To determine the system boundaries in our study 
cases, we assessed the boundaries of the systems from which immediate resources 
(energy, land) are drawn and the systems that the effluent directly impacts on. This 
resulted in a variety of boundaries such as diverse administrative boundaries (municipality, 
department, state, etc.), biophysical boundaries (catchments, geological, soil, etc.), 
and functional boundaries (treatment system, canal network, etc.).

Based on the concept of assessing an issue at multiple scales, we propose a 4-layered 
multi-scalar system model (Figure 3.1). The first level includes the treatment system that 
goes beyond the household level scale and requires technical equipment (boundary 
level 1). It is therefore embedded in a municipality (boundary level 2). Often the effluent 
is discharged into surface- or groundwater of a sub-catchment (boundary level 3). These 
lay within a bigger watershed (boundary level 4). We argue that these levels exhibit 
enough granularity of the actual problem of wastewater treatment on the one hand but 
also enough scope to determine the impact that the system has on its surroundings.
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3.2 Project Assumptions

Throughout the course of the project, the project team tried to abide to a set of project 
assumptions, which include:

a. The reduction of pollution load in the effluent of the WWTP reduces environmental 
degradation, 

b. Recovery and reuse of resources, including wastewater, supports more sustainable 
pathways,

c. Transdisciplinary work enhances the chance of project delivery and success, 
d. Inter- and transdisciplinary views are necessary to determine the Nexus problem 

and Nexus solutions, 
e. A Nexus view of the problem assesses interlinkages between resources and helps 

identify trade-offs and synergies to better determine solution options or (socially 
robust) orientations,

f. A Nexus view of the problem and the solution can help achieve higher levels of 
sustainability.

Hence, to better understand potential solutions and pathways on how to achieve 
sustainable wastewater treatment and management options, we identified Nexus options 
from three different methodological angles: (1) sustainability assessment, (2) stakeholder 
analysis, and (3) wickedness analysis. This follows the logic of (Scholz and Steiner 2015) 
that “transdisciplinary is […] a facilitated process of mutual learning between science and 
society that relates a targeted multidisciplinary or interdisciplinary5  research process and 
a multi-stakeholder discourse for developing socially robust orientations about a specific 
real-world issue”. Figure 3.2 shows a representation of how this current work combines 
these concepts.

5 “Interdisciplinarity may be defined as the merging of concepts and knowledge from different disciplines” (Scholz and 
Steiner 2015)
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Figure 3.1: Multi-scalar system model
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4. Methods for Identifying Nexus Options 

The section below describes the methods used for each of the approaches applied within 
the project.

4.1 Sustainability Assessment6 

The sustainability assessment is composed of two parts: (1) the construction of a dataset 
framework for the collection of the data, and (2) the determination of the distance to 
target for each of the values.

4.1.1 Constructing a Dataset Framework for the Sustainability Assessment

There is little systematic guidance on variables selection for the multi-scalar study of 
sustainability in wastewater systems. Current literature has been revised to determine 
possible variables for sustainability assessments of wastewater treatment and management 
systems. The result is a large dataset framework with around 500 variables, which can be 
seen in Annex 1.

This “extended dataset framework” is a variable repertoire, from which specific variables 
can be chosen to create a smaller dataset framework that suits the needs of specific 
research projects on wastewater management. The extended framework can be edited 
to create site-specific data frameworks (Figure 4.1) by using the following criteria (Table 1): 

6 A detailed description of the sustainability assessment can be found in: Lucía Benavides, Tamara Avellán, Serena Caucci, 
Angela Hahn, Sabrina Kirschke, Andrea Müller (2019) Assessing sustainability of wastewater management systems in a 
multi-scalar, transdisciplinary manner in Latin America, Water, 11 (249), 1-44.
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Figure 3.2: Components of the transdisciplinary research process of the nexus problem of unsustainable 
wastewater treatment and management (adapted from Scholz and Steiner (2015))
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Table 1: Criteria for selecting/prioritising of variables

Criteria Priority

 
1

Literature on wastewater management also mentions the variable

P1

AND

2

Stakeholders mentioned the variable during the Assessment Workshop in 
March (see Chapter 3 of (UNU-FLORES 2018))
OR
It is considered priority by the project team, according to prior knowledge 
on the case

3 The variable is required by locally applicable regulation P2

4 Thresholds for the variable are readily available P3

Extended Dataset Framework
(Annex 1)

Site-specific dataset framework 
(Annex 2)

Parameters 
listed in 

literature

Parameters 
priority for 

stakeholders/ 
team

Parameters 
required by 
legisla�on

Thresholds 
available

Parameter selec�on criteria

kro
we

marF tesataD

Figure 4.1: Creation of the extended and site-specific dataset frameworks
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The resulting detailed, entire site-specific datasets for both Panajachel and Tepeji can be 
found in Annex 2. The dataset framework for Panajachel holds 218 variables and that for 
Tepeji site 195. Each of the sets contain variables useful to understand different scales 
of the wastewater management system as defined in the multi-scalar system model 
(WWTP, municipality, sub-catchment, watershed) as well as across the four dimensions 
of sustainability (technical, environmental, social, and economic). The datasets include 
three subsets for each site:

• Dataset 0 Context data
• Dataset I Technical and environmental data
• Dataset II Economic (a) and Social (b) data

We propose that dataset I and II together bring the necessary information to perform a 
comprehensive sustainability assessment, while dataset 0 (context), provides fundamental 
supporting information to gain basic understanding of local conditions (refer also to 
determine the Nexus Problem). Due to the limited time scope of the SludgeTec project, 
it was only possible to perform a sustainability assessment on one scale: the wastewater 
treatment plant and to include a social assessment (dataset IIb) across all scales that 
provide an understanding of social acceptance and participation in the region where the 
WWTP operates.

4.1.2 Sustainability Assessment

To determine the level of sustainability we assumed a distance to target approach, 
identifying a threshold or desirable state for the variables in the dataset, and comparing 
it to the current status quo value (Figure 4.2).

tne
mssessA ytilibaniatsuS

Sources of informa�on

Threshold value
(Annex 8 and 9)Variable value

Determine distance to 
target

Data holders
(Annex 6)

Expert Interviews 
(Annex 5)

Literature 

Laboratory analyses
(Annex 4)

Annex 12

Data mee�ngs 
(Annex 3)

Own calcula�ons

Figure 4.2: Workflow of the sustainability assessment
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Sources of information

Figure 4.3 shows the distribution of data obtained across different sources for both cases. 
Possible data sources for the chosen variables were assessed through the identification of 
data holders and the collection of the data they hold through data meetings and expert 
interviews during the project’s field visit in July and August 2018 (see an overview of the 
data meetings in Annex 3), from literature, and directly through sampling and analysing 
samples, in particular for wastewater quality (Annex 4). The questionnaire (Annex 5) for the 
expert interview is structured in three different parts: 1) information related to the social 
dimension of the problems on waste water management, 2) information about stakeholder 
who are affected or who affect the problem and the relation among the stakeholders, and 
3) indicators for a planning processes to address wicked nexus problems. Note that only the 
first part was relevant to the sustainability assessment, whereas the second part was used in 
the stakeholder analysis (section 4.2), and the third for the wickedness analysis (section 4.3).

Data holder identification activities were carried out during the assessment workshop in 
Guatemala, where stakeholders from the Mexican case were also present (see Annex 6 for 
the list of data holders and see list of participants of the workshop in (UNU-FLORES 2018)). 

2%4%

34%

48%

6%
6%

Data sources types - Panajachel

Literature
Field literature
Data mee�ngs
Sampling
Expert interviews
Own calcula�on

60%

32%

6% 2%

Data sources types - Tepeji 

Data mee�ngs
Sampling
Expert interviews
Own Calcula�on

Figure 4.3: Information sources for variables at Panajachel and Tepeji
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Variable and threshold values 

Some data items of the site-specific dataset can be directly used as variables for the 
sustainability assessment. Other data items are not variables themselves but are necessary 
to compute variables. Such is the case of “total m3 treated water”, which does not per se 
indicate much, but is needed to compute variables such as, "energy expenditure per m3 

treated water”, which can then be contrasted with a threshold value.

The dataset was screened to select those data items that are or can become variables for 
evaluation (see Annex 7). Then, thresholds for these variables are sought, looking (1) in 
locally applicable regulation, and when not available, in (2) standards set by international 
organisations (the WHO, for instance). Apart from identifying thresholds in international 
and national regulations, in some other cases a variable is a “yes or no” question, and a 
threshold can be established with relative ease; for example, the existence of an operation 
manual for the plant, for which the threshold would be the existence itself. 

The availability of a threshold defines whether a variable could be used in the sustainability 
assessment or not. Even though data for a variable is available, it was sometimes not 
possible to find an appropriate threshold to compare it with, making it impossible to 
profit from this already existing data. Annex 8 displays the variables for which thresholds 
could be identified.

Determined distance to target

The current value of the variable was contrasted with the identified threshold and the 
distance to target evaluated in by adapting the “traffic light” method described by 
Bertanza et al. (2016). The thresholds for each variable can be seen in Annex 9. The 
result is the indication of the status quo of the sustainability of the system based on the 
distance to target in each variable, each dimension and the overall system.

4.2 Stakeholder Analysis 

The stakeholder analysis within the SludgeTec project aims to describe: ‘Who is related 
to the problem and how?’ Stakeholders in this project are defined as: ‘Social actors, 
organisation, institutions, community, individuals, groups, who can be affected by or 
can affect a phenomenon’. This objective is based on the assumption that “Only by 
understanding who has a stake in an initiative, and through understanding the nature of 
their claims and inter-relationships with each other, can the appropriate stakeholders be 
effectively involved in environmental decision-making” (Reed et al. 2009, 1934).

Reed et al. (2009) developed a typology with respective methods for the use in 
environmental projects. Each of this research method can be applied either with or 
without the active participation of stakeholders. The stakeholder analysis within the 
scope of the SludgeTec project will follow this typology, including the three steps of 1) 
Identifying stakeholders, by using the snowball sampling; 2) Differentiating between 
and categorising stakeholders, by using the analytical categorisation (top-down); 
3) Investigating relationships between stakeholders, by using the social network 
analysis (Figure 4.4).
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Although a comprehensive social data set has been collected through interviews with 
experts (Annex 5), it is necessary to look at the different analysis steps separately.

4.2.1 Identifying Stakeholders

The process of identifying stakeholder is an iterative process, during which additional 
stakeholders are added as the analysis continues. The first step of the stakeholder 
analysis can be conducted without the active participation of stakeholders, by so 
called desk work. Within the SludgeTec project the first step was carried out by creating 
stakeholder lists for both pilot sites. Based on the assessment workshops and other work 
(Caucci and Hettiarachchi 2017; Ferrans 2017), and further investigation and consultation 
with the project partners, an initial stakeholder list was created. Then the process of the 
stakeholder analysis changed from passive consultation to active engagement. In part 2 
of the expert interviews with key stakeholders the snowball sampling method was used, 
and stakeholders were asked to add missing stakeholders to the list (see Annex 10).

4.2.2 Differentiating between and Categorising Stakeholders

After having identified the stakeholders, these were differentiated and categorised in 
various stakeholder groups, by applying an analytical categorisation (top-down). The 
interviewed stakeholders were asked to select the stakeholder category that represents 
them the best. However, this question was quite challenging for most stakeholders. On 
the one hand, the term stakeholder category had to be explained in detail in almost all 
cases in both pilot sites. On the other hand, for stakeholders from Panajachel it seemed 
quite challenging to choose one of the categories, as they felt represented by multiple 
stakeholder groups. In three cases stakeholder were asked to prioritise, whereas the 
first prioritisation was then considered in the evaluation of the data.

Typology Step 1
Iden�fying 
stakeholders

Methods used: 
•Snowball 
sampling

•Expert 
interviews

Typology Step 2
Differen�a�ng between 
and categorising 
stakeholders

Methods used: 
•Analy�cal 
categorisa�on 
(top-down)

Typology Step 3
Inves�ga�ng 
rela�onships between 
stakeholders

Methods used: 
•Social 
Network 
Analysis

•Expert 
interviews

Figure 4.4: Typology and methods for stakeholder analysis applied in SludgeTec (based on Reed et al. (2009: 1936))
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4.2.3 Investigating Relationships between Stakeholders

To investigate the relationship between the stakeholders, a social network analysis 
(SNA) was conducted in both pilot sites.  A SNA helps to identify key stakeholders and to 
understand the relation among them. This knowledge is critical, as key stakeholders are 
social actors who should be actively groomed, due to their high interest in and influence 
over a phenomenon. Following the typology stated by Reed et al. (2009), the SNA is the 
last step out of the three. Therefore, the stakeholder analysis should be completed before 
the relationship among the involved stakeholders can be investigated. Due to the lack of 
time, all three steps were applied at the same time during the field work in both pilot sites. 
For these reasons, no detailed SNA could be performed. Rather, relevant information could 
be collected that provides information about the relation among involved stakeholders.

The leading research questions for conducting the SNA, are based on the overarching 
objective of the SludgeTec project ‘to bring together international experts and local 
stakeholder to co-design sustainable wastewater management solution options, to then 
collectively decide on the ‘best’ context specific option for each pilot site’. On the basis of this 
overall objective, categories were created to investigate the relationship among the involved 
stakeholder. Hence, the data was gathered through structured interview questions, based on 
closed numerical scale questions, in which 0 represents the absence, 1 low degree and 2 high 
degree of relation. Stakeholders were asked to indicate the degree of:

1. Outdegree;  the relation they have with other stakeholders, 
2. Indegree;  the relation what they think other stakeholders might have with them, 
3. Information sharing; other stakeholders from whom they receive information, 
4. Decision-making; other stakeholders who are important for the decision-making process, 
5. Sustainable solution; stakeholders who are important for implementing a sustainable 

solution for the waste water management system; 
6. Trust; stakeholders they trust. 

A social network analysis matrix was used to systematise the data. The matrix was filled 
in by the stakeholders themselves during the interview. The gathered data was then 
analysed with the software Gephi.

According to the different types of degrees as just described, six social network graphs for 
each pilot site were created with Gephi (see Annex 11). The visualisation of these graphics 
follows the same ranking, the darker and bigger the node, the more in- or outdegree the 
stakeholder has. Based on the color- and size ranking, the stakeholders were then clustered 
into: key stakeholders, those with significant influence or importance; primary stakeholders: 
those ultimately most affected; Secondary stakeholders: the intermediaries, who are indirectly 
affected or affect indirectly; and, tertiary stakeholders: those who will be impacted the least.

4.3 Wickedness Analysis

To analyse the degree of wickedness, three aspects were considered: i) goal conflicts 
related to the problem area; ii) system complexity, referring to the number of dynamic 
and interconnected factors; and iii) informational uncertainty regarding these factors 
(Kirschke, Zhang, and Meyer 2018) see Figure 4.5. To gather information on the degree 
of wickedness, we conducted three roundtable discussions with workshop participants 
at each pilot site, here in the course of an assessment workshop in Tepeji in March 
2017 (Caucci and Hettiarachchi 2017) and in Panajachel in March 2018 (UNU-FLORES 
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2018). Each roundtable addressed one of the dimensions of wickedness (goal conflicts, 
system complexity, and uncertainty). The roundtable discussions were moderated, 
and guided by a wickedness questionnaire, comprising three questions per dimension 
of wickedness (see an in-depth questionnaire in Kirschke et al. 2018 supplementary 
materiel Annex 1). Results were reported at the workshop and further summarised 
and evaluated based on contrasting workshop results with methodologies to identify 
degrees of wickedness based on this questionnaire (Kirschke, Zhang, and Meyer 2018, 
pt. Supplementary material Annex 2).

To analyse how the planning process addresses this wickedness of the problem, 
we considered 12 indicators for good planning that systematically consider the 
various requirements of different dimensions of wicked problems (e.g. goal diversity, 
system complexity) at different stages of the planning process (from investing resources 
into planning up to agreeing on new policies).

To gather information on the planning process, 12 face-to-face interviews were conducted 
with different types of stakeholders from the two pilot sites in August 2018 (4 interviews 
in the Mezquital Valley, 8 interviews in Panajachel). Data generation is based on a 
questionnaire, representing the 12 indicators, and comprising a mix of closed (numerical 
1-4 scale) and open questions (free response category) (see Annex 5). The numerical 
data were analysed by building averages of the total number of answers per question, as 
well as across categories of management and dimensions of wickedness. The qualitative 
data were transcribed and will be analysed based on a multi-step qualitative research 
process, using MAXQDA software.

Goals

Uncertainty Complexity

1

0.5

0

Figure 4.5: General representation of overall wickedness of a problem (reproduced from Caucci and 
Hettiarachchi (2017))
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5. Results for Identifying Nexus Options 
5.1 Sustainability Assessment

After deciding to work exclusively on the scale of the WWTP, the site-specific dataset 
framework was reduced as shown in Annex 7. This resulted in 117 variables and 74 
thresholds for the Panajachel pilot site, and 124 variables and 84 thresholds for Tepeji. 
For details on which thresholds were found, please see Annex 8.

About 77% of all data for the sustainability assessment could be gathered for the 
Panajachel site, and ~ 76% for Tepeji (Table 2).

Table 2: Data gathered and computed for Panajachel and Tepeji (reproduced from Benavides et al. (2019))

All scales: data found Scale 01: data found
Scale 01: data 

found and useful

total 
items

items 
found

% 
found

total 
items

items 
found

% 

Number 
of items 

found and 
useful

% 

Panajachel

Dataset I 186 88 47.31 98 73 74.49 52 71.23

Dataset II 31 23 74.19 18 16 88.89 10 62.50

TOTAL 218 112 51.38 117 90 76.92 62 68.89

Tepeji

Dataset I 155 93 60.00 107 81 75.70 48 59.26

Dataset II 25 18 72.00 17 12 70.59 7 58.33

TOTAL 195 121 62.05 127 96 75.59 55 57.29

However, out of the data that was gathered, only a fraction could be used for the variable 
evaluation, as can be seen in the last column of the table above. The reasons why some 
of the data had to be discarded were:

1. Data quality: Stakeholders sometimes provided no supporting facts or documentation 
for the data they provided, or there was too large of a difference between different data 
found for one same item and no straight forward way to choose among them.   

2. No threshold existing: In other cases, the data could be obtained but no threshold 
was found and therefore the data cannot be contrasted with a reference value. 

3. Threshold existing but not applicable: In other cases, a data it was thought to be relevant 
and a threshold was found, but once on the field we verified that the variable was not of 
relevance in that particular plant. A good example of this case is the variables included I data 
framework for sludge quality variables, for which threshold exist, but because the plant 
in Tepeji has until now not produced any sludge, the variable is empty is not applicable.

This filtering process removed ~32% of the data for Panajachel and ~43% of the data gathered 
for Tepeji. With the remaining data, we proceeded to evaluate the variables (62 variables for 
Panajachel, 55 variables for Tepeji, see Annex 12 for details) for the sustainability assessment.
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Panajachel, Guatemala

In the case of the WWTP Los Cebollales in Panajachel, the evaluation of 
the sustainability is based on 62 variables (53% of the total), mainly 
due to data availability and threshold applicability. For the technical-
environmental, economic and social dimensions 52 (53%), 3 (38%), 
and 7 (70%) variables were used, respectively. All dimensions show 
a medium performance (yellow), except for the economic dimension, 
categorised as low (red). Thus, an overall score corresponding to the 
yellow category is achieved, indicating a medium level of sustainability. 
However, this score is roughly over the lowest limit (red category), thus 
implying an overall medium-to-low sustainability.

In the technical-environmental dimension the situation is rather 
polarised: with 23 variables categorised as green and 27 as red; 
whereas only 2 variables fit in the yellow category (see Annex 12a for 

details on the results for each variable). On the one hand, among the variables with good 
performance it is important to highlight the compliance of (1) the metal content in the 
outflow (except for the presence of arsenic in the sludge), and (2) the sampling quota per 
year. On the other hand, most of the critical variables (in red) are related to two areas: 
(1) nutrients and organics and (2) management variables. In the first case, it involves 
variables such as total nitrogen, total phosphorus, BOD, COD, coliforms, which do not 
comply both in the inflow and in the outflow. In the latter case, the low performance is 
mainly related to low maintenance and operation activities (e.g. no regular maintenance 
and no access to an operation manual), and poor working conditions (e.g. no proper 
training and work equipment, and irregularly paid salaries).

In the economic dimension, the variables that could be evaluated did not perform well. 
The yearly per capita cost of the wastewater treatment in Panajachel is 1.7 USD higher 
than the standard value for activated sludge plants provided by the WHO (World Health 
Organization 2006, vol. 2). In addition to the high per capita cost, there is a budget 
deficit that affects the mentioned management aspects in the technical-environmental 
dimension. Another aspect that enhances this situation, is the non-valorisation of 
generated by- products (e.g. biogas and stabilised sludge).

About the social dimension, there is a more homogenous distribution among the 
three categories: 43% green, 29% yellow and 29% red. In general, the stakeholders 
are aware and interested in the wastewater management situation, but do not accept 
the solution(s) that are currently in place. It is important to keep in mind that the pool 
of interviewees is not completely representative in terms of quantity (Section 4.2.2.1 
Identifying stakeholders); and that the social analysis still requires the qualitative analysis 
of the conducted expert interviews to better understand the obtained results.
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Tepeji, Mexico

The sustainability level for the WWTP in Tlaxinacalpan shows a medium 
to good performance in the available dimensions. In this case, the 
sustainability was assessed based on 55 variables, representing only 
a 44% of the total variables for this pilot site. The distribution is as 
follows: 48 variables for the technical-environmental dimension, and 
7 for the social dimension (see Annex 12b for details on the results 
for each variable). The economic dimension could not be evaluated 
as the data for the variables was not available. Thus, the sustainability 
assessment is incomplete for this site.

In the technical-environmental dimension, out of the 48 variables 
evaluated in this dimension 33 were categorised as green, and 15 as 
red. With this distribution the score value for this dimension reaches 
near the lower limit of the green category. Among the variables 
categorised as green there is a good compliance of the variables related to (1) metals 
(NOM 001) (except for cadmium -with 0.02mg/l-) and (2) physical variables (TSS, 
conductivity, colour, floating matter, grease and oils). Whereas in the red category the 
critical variables are mainly related to (1) total nitrogen and faecal coliforms; and (2) 
management. In the first case it is important to mention that the outflowing water quality 
variables did not fully comply with the Mexican norm (Secretaría de Medio Ambiente 
y Recursos Naturales and Comisión Nacional del Agua 1997, sec. 001) for discharge 
and further use of treated wastewater in agriculture, nor with WHO guidelines for use 
of wastewater in agriculture (World Health Organization 2006, vol. 2). Regarding the 
variables related to management, issues are present with respect to: the availability of an 
operation manual for key stakeholders; proper training of workers in term of operation; 
regular sampling activities and analyses; and the existence of health risk assessments.

As already mentioned, the economic dimension could not be evaluated due to the 
lack of information, which itself is not a good indicator. However, this dimension was left 
blank, without further classification.

In terms of the social dimension, the distribution among the categories is the same as 
in Panajachel: 43% categorised as green, and 29% categorised for the yellow and red 
categories. In this case, the stakeholders indicated that they are aware and interested in 
the wastewater management situation, but there is not enough information or access to 
it, and no opportunities to participate in decision making or recommendation activities. 
Also, there is a generalised issue of acceptance and perception regarding the current 
wastewater management systems. As in the case of Panajachel, it is important to mention 
the additional qualitative analysis that needs to be considered. 
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5.2 Stakeholder Analysis 

5.2.1 Identifying Stakeholders 

Within the first step of the stakeholder analysis, 31 stakeholders were identified, 
which can affect or can be affected by the waste water treatment system Los Cebollales 
of Panajachel. By applying the snow-ball sampling in the field, 33 stakeholders were added 
to the growing stakeholder list. The final stakeholder list consists of 62 stakeholders 
(see Annex 10a).

For Tepeji 12 stakeholders were identified. By applying the snow-ball sampling in the 
field, 5 stakeholders were added to the growing stakeholder list. The final stakeholder 
list consists of 17 stakeholders (see Annex 10b).

5.2.2 Differentiating between and Categorising Stakeholders

For Panajachel, out of the 64 stakeholders, overall 13 stakeholder groups were identified, 
by using the analytical categorisation (top-town) method (Figure 5.1): 1) Municipality, 
2) WWTP Operators, 3) WWTP Managers, 4) International decision makers, 5) National 
decision makers, 6) State decision makers, 7) Community representative, 8) National 
academia, 9) Private sector, 10) Local Community, 11) NGO, 12) Community association 
13) Others. Out of the 13 stakeholder groups, 10 key stakeholders from 8 different 
stakeholder groups were selected to conduct expert interviews. 

Municipality
16%

WWTP Operators
3%

WWTP Managers
5%

State decision 
makers

5%

Na�onal decision 
makers

14%

Community 
representa�ve 

6%
Na�onal academia

5%

Private sector
3%

Local Community
2%

Others
15%

NGO
13%

Community 
associa�ons

11%

Interna�onal 
decision makers

2%

Stakeholder Categories in Percent - Panajachel

Figure 5.1: Overview of stakeholders identified by category for Panajachel, Guatemala
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For Tepeji, out of the 17 stakeholders, overall 10 stakeholder groups were identified 
(Figure 5.2): 1) Municipality, 2) WWTP Operators, 3) WWTP Managers, 4) State decision 
makers, 5) National decision makers, 6) Community representative, 7) National academia, 
8) Private sector, 9) Local Community, 10) Others. Out of the 10 stakeholder groups, 7 
key stakeholders from 7 different stakeholder groups were selected to conduct expert 
interviews.

Municipality
29%

WWTP Operators
6%

WWTP Managers
12%

State decision 
makers

6%

Na�onal decision 
makers

6%

Community 
representa�ve

6%

Na�onal academia
6%

Privat sector
6%

Local community
12%

Others
11%

Stakeholder Categories in Percent - Tepeji

Figure 5.2: Overview of stakeholders identified by category for Tepeji, Mexico
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5.2.3 Investigating Relationships between Stakeholders 

In terms of the network characteristics, similarities were found in both cases in the 
different categories:

Outdegree/Indegree

A social network is defined as a strong tie network if the actual connections are in line 
with the potential connections (Granovetter 1973). The better the connection among 
all stakeholders the higher the scope for action. In both pilot cases the social network 
structure shows a high focus on one view, with quiet strong key stakeholders (see full list 
in Table 4).

Information sharing

Both in Guatemala and Mexico, the information availability is poor. Existing information 
in form of documents and data, focuses on just a few key stakeholders, and in most 
cases, those who have a lot of information seldom share the information with other 
stakeholders. Furthermore, the knowledge of the status-quo of the wastewater treatment 
system is highly fragmented.

Decision-making

The stakeholders with the most information are not necessarily the ones who make 
the decisions. Stakeholders who might have an impact on decision-making often lack 
information, as most of the information is non-existing or inaccessible.

Sustainable solution

The key stakeholders who are needed to implement a sustainable solution are not 
necessarily the ones who are involved in the decision-making process. In fact, these 
stakeholders often only have a weak tie network with the other involved stakeholder. 

Trust

One of the key characteristics of a strong tie network is trust (Granovetter 1973). 
Cooperation, and collaboration based on trust is usually more effective and more 
efficient. Building a trusting relationship usually requires a lot of time and continuity.  
However, both pilot sites are in a social context characterised by distrust and corruption 
(Transparency International e.V. n.d.).

In addition to these common characteristics, however, both cases must be considered 
separately from one another, since the social context of the two pilot sites differ from 
each other. To capture the different levels of influence of the stakeholders in both cases, 
the stakeholders were clustered depending on the degree of influence they have 
in the different categories. The following section shows the results of clustering the 
stakeholders into: key stakeholders, those with significant influence or importance; 
Primary stakeholders: those ultimately most affected; Secondary stakeholders: the 
intermediaries, who are indirectly affected or affect indirectly; Tertiary stakeholders: 
those who will be impacted the least.
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Table 4: Stakeholder clusters in Panajachel and Tepeji (translations into English can be found in Annex 10 c)

Panajachel
 

Tepeji

Outdegree

Key 
stakeholders

AMSCLAE, Comunidad, Amigos del 
Lago, Atitlab

FIAVHI, CAAMTROH, Comunidad

Primary 
stakeholders

Mankatitlan, MARN CONAGUA

Secondary 
stakeholders

Operador de la planta Panajachel, 
Gerente de la planta Panajachel, 
Cocode nuevo, Biblioteca, Munici-
palidad

Operador Tlaxinacalpan

Tertiary 
stakeholders

Alcalde Panajachel, Alcalde Sololá, 
AMSA, ANACAFE, Asociación de 
Areneros, Asociación de comerciales, 
Asociación de Hospedaje, Asociación 
de Tuc Tuc, Asociación Hoteleros, 
Asociación Lancheros, CAMTUR, 
Cementos Progreso, Centros de 
Estudios Atitlán- Universidad del 
Valle, CMI Energía, Cocode anterior, 
Codede Alcaldes Auxuilares, CONAP, 
Consejo de ancíanos y ancestrales, 
Consejo Municipal, DIGAM, Di-
putados, Directora de Mujeres 
Mayas, Eris USAC, FAO, Gerente de 
la planta Santa Cruz, Gerente de la 
planta Sololá, Gobernación, Gober-
nador, Gobierno Central, Hotel Casa 
del Mundo, Jefatura de area, Juan 
Skiner (academic), Marvin Romero, 
Mayan Families, Mesa técnica de 
agua, MFDeS, Ministerio de Cultura, 
Ministerio de Salud, Mujeres Mayas, 
Muni Concepción, Muni San Andres 
Semetabaj, Operador de la planta 
Sololá, PAMI, Proyecto ProAtitlán, 
Puravida, Secretaria Técnica Cambio 
Climático (SGCC), SEGEPLAN, Su-
pervisión Educativa, The Friendship 
Bridge, Viviamos mejor   

Instituto de Geología UNAM, 
Patronato de futbol, SEDESOL, 
Ejiditario, Delgado de Tlaxinacalpan, 
Secretario de obras públicas, 
Ecología, Sanidad y Salud Municipal, 
Presidencia Municipal

Indegree

Key 
stakeholders

Comunidad, Atitlab CAAMTROH, Comunidad

Primary 
stakeholders

AMSCLAE, Amigos del Lago, 
Mankatitlan

FIAVHI

Secondary 
stakeholders

Operador de la planta Panajachel, 
Gerente de la planta Panajachel, 
Cocode nuevo, MARN, Biblioteca, 
Municipalidad

Operador Tlaxinacalpan, CONAGUA



34

Panajachel
 

Tepeji

Tertiary 
stakeholders

Alcalde Panajachel, Alcalde Sololá, 
AMSA, ANACAFE, Asociación de 
Areneros, Asociación de comerciales, 
Asociación de Hospedaje, Asociación 
de Tuc Tuc, Asociación Hoteleros, 
Asociación Lancheros, CAMTUR, 
Cementos Progreso, Centros de 
Estudios Atitlán- Universidad del 
Valle, CMI Energía, Cocode anterior, 
Codede Alcaldes Auxuilares, CONAP, 
Consejo de ancíanos y ancestrales, 
Consejo Municipal, DIGAM, Di-
putados, Directora de Mujeres 
Mayas, Eris USAC, FAO, Gerente de 
la planta Santa Cruz, Gerente de la 
planta Sololá, Gobernación, Gober-
nador, Gobierno Central, Hotel Casa 
del Mundo, Jefatura de area, Juan 
Skiner (academic), Marvin Romero, 
Mayan Families, Mesa técnica de 
agua, MFDeS, Ministerio de Cultura, 
Ministerio de Salud, Mujeres Mayas, 
Muni Concepción, Muni San Andres 
Semetabaj, Operador de la planta 
Sololá, PAMI, Proyecto ProAtitlán, 
Puravida, Secretaria Técnica Cambio 
Climático (SGCC), SEGEPLAN, Su-
pervisión Educativa, The Friendship 
Bridge, Viviamos mejor   

Instituto de Geologia UNAM, 
Patronato de futbol, SEDESOL, 
Ejiditario, Delgado de Tlaxinacalpan, 
Secretario de obras publicas, 
Ecologia, Sanidad y Salud Municipal, 
Presidencia Municipal

Information sharing

Key 
stakeholders

Comunidad FIAVHI, CAMTROH

Primary 
stakeholders

AMSCLAE, Amigos del Lago, 
Mankatitlan, Atitlab, Cocode nuevo

Comunidad

Secondary 
stakeholders

Operador de la planta Panajachel, 
Gerente de la planta Panajachel, 
MARN

CONAGUA, Operador Tlaxinacalpan

Tertiary 
stakeholders

Alcalde Panajachel, Alcalde Sololá, 
AMSA, ANACAFE, Asociación de 
Areneros, Asociación de comerciales, 
Asociación de Hospedaje, Asociación 
de Tuc Tuc, Asociación Hoteleros, 
Asociación Lancheros, CAMTUR, 
Cementos Progreso, Centros de 
Estudios Atitlán- Universidad del 
Valle, CMI Energía, Cocode anterior, 
Codede Alcaldes Auxuilares, CONAP, 
Consejo de ancíanos y ancestrales, 
Consejo Municipal, DIGAM, Di-
putados, Directora de Mujeres 
Mayas, Eris USAC, FAO, Gerente de 
la planta Santa Cruz, Gerente de la 
planta Sololá, Gobernación, Gober-
nador, Gobierno Central, Hotel Casa

Instituto de Geologia UNAM, 
Patronato de futbol, SEDESOL, 
Ejiditario, Delgado de Tlaxinacalpan, 
Secretario de obras publicas, 
Ecologia, Sanidad y Salud Municipal, 
Presidencia Municipal
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Panajachel
 

Tepeji

del Mundo, Jefatura de area, Juan 
Skiner (academic), Marvin Romero, 
Mayan Families, Mesa técnica de 
agua, MFDeS, Ministerio de Cultura, 
Ministerio de Salud, Mujeres Mayas, 
Muni Concepción, Muni San Andres 
Semetabaj, Municipalidad Pana-
jachel, Operador de la planta Sololá, 
PAMI, Proyecto ProAtitlán, Puravida, 
Secretaria Técnica Cambio Climático 
(SGCC), SEGEPLAN, Supervisión 
Educativa, The Friendship Bridge, 
Viviamos mejor

Decision making

Key 
stakeholders

Alcalde Panajachel, Municipalidad, 
Ministerio de Salud, Consejo 
municipal, Gobierno central, CONAP

Sanidad y Salud, Ecologia, 
Presidencia Municipal

Primary 
stakeholders

AMSCLAE, Gerente de la planta 
Panajachel, Gobernador, Mankatitlan  

FIAVHI, CAAMTROH, Secretario de 
obras publicas

Secondary 
stakeholders

Consejo de ancianos y ancestrales, 
Diputados, Centros de Estudios 
Atitlan, Amigos del Lago

WWTP Operator, Delgado, Instituto 
de Geologia UNAM, Comunidad

Tertiary 
stakeholders

Alcalde Sololá, AMSA, ANACAFE, 
Asociación de Areneros, Asoci-
ación de comerciales, Asociación 
de Hospedaje, Asociación de Tuc 
Tuc, Asociación Hoteleros, Asoci-
ación Lancheros, Atitlab, CAMTUR, 
Cementos Progreso, CMI Energía, 
Cocode anterior, Cocode nuevo, 
Codede Alcaldes Auxuilares, Comu-
nidad, DIGAM, Directora de Mujeres 
Mayas, Eris USAC, FAO, Gerente 
de la planta Santa Cruz, Gerente 
de la planta Sololá, Gobernación, 
Hotel Casa del Mundo, Jefatura de 
area, Juan Skiner (academic, Marvin 
Romero, Mayan Families, Mesa 
técnica de agua, MFDeS, Ministerio 
de Cultura, MARN, Mujeres Mayas, 
Muni Concepción, Muni San Andres 
Semetabaj, Operador de la planta 
Panajachel, Operador de la planta 
Sololá, PAMI, Proyecto ProAtitlán, 
Puravida, Secretaria Técnica Cambio 
Climático (SGCC), SEGEPLAN, Su-
pervisión Educativa, The Friendship 
Bridge, Viviamos mejor   

Patronato de futbol, SEDESOL, 
Ejidatario, Delegado de 
Tlaxinacalpan
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Panajachel
 

Tepeji

Sustainable solution

Key 
stakeholders

Alcalde de Panajachel, 
Municipalidad, Ministerio de Salud, 
Consejo municipal, Gobierno 
Central, MARN

Sanidad y Salud, Ecologia, 
Presidencia Municipal, Secretario de 
obras publicas

Primary 
stakeholders

Gobernador, AMSCLAE, CONAP, 
Consejo de ancianos y ancestrales, 
Cocode anterior, Gerente de la 
planta Panajachel

FIAVHI, CONAGUA, Delegado de 
Tlaxinacalpan, Instituto de Geologia 
UNAM, 

Secondary 
stakeholders

Operador de la planta Panajachel, 
Comunidad, Cocode nuevo, Amigos 
del Lago

CAAMTROH, Comunidad, Ejidatario, 
SEDESOL

Tertiary 
stakeholders

Alcalde Sololá, AMSA, ANACAFE, 
Asociación de Areneros, Asoci-
ación de comerciales, Asociación 
de Hospedaje, Asociación de Tuc 
Tuc, Asociación Hoteleros, Asoci-
ación Lancheros, Atitlab, CAMTUR, 
Cementos Progreso, Centros de 
Estudios Atitlán- Universidad del 
Valle, CMI Energía, Codede Alcaldes 
Auxuilares, DIGAM, Diputados, 
Directora de Mujeres Mayas, Eris 
USAC, FAO, Gerente de la planta 
Santa Cruz, Gerente de la planta 
Sololá, Gobernación, Hotel Casa del 
Mundo, Jefatura de area, Juan Skiner 
(academic), Mankatitlan, Marvin 
Romero, Mayan Families, Mesa 
técnica de agua, MFDeS, Ministerio 
de Cultura, Mujeres Mayas, Muni 
Concepción, Muni San Andres Seme-
tabaj, Operador de la planta Sololá, 
PAMI, Proyecto ProAtitlán, Puravida, 
Secretaria Técnica Cambio Climático 
(SGCC), SEGEPLAN, Supervisión 
Educativa, The Friendship Bridge, 
Viviamos mejor   

Operador Tlaxinacalpan, Patronato 
de futbol

Trust

Key 
stakeholders

Operador de la planta Panajachel, 
Viviamos mejor, Centros de Estudios 
Atitlan, CONAP, Amigos del Lago, 
AMSCLAE, ERIS USAC, Alcalde 
Panajachel

FIAVHI, Presidencia Municipal, 
Delegado de Tlaxinacalpan

Primary 
stakeholders

Gerente de la planta Panajachel, 
Mankatitlan, Projecto pro Atitlan, 
Consejo de ancianos y ancestrales, 
Gobernador, Gobierno Central, 
Municipalidad Panajachel, Consejo 
Municipal, Ministerio de Salud

Operador Tlaxinacalpan, 
Sanidad y Salud Municipal, Ecologia, 
SEDESOL, Secretario de obras pub-
licas, Instituto de Geologia UNAM, 
CONAGUA, Comunidad
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Panajachel
 

Tepeji

Secondary 
stakeholders

Reserva Natural Atitlan, Cocode 
anterior, ANACAFE

CAAMTROH, Patronato de futbol

Tertiary 
stakeholders

Alcalde Sololá, AMSA, Asociación 
de Areneros, Asociación de com-
erciales, Asociación de Hospedaje, 
Asociación de Tuc Tuc, Asociación 
Hoteleros, Asociación Lancheros, 
Atitlab, CAMTUR, Cementos Pro-
greso, CMI Energía, Cocode nuevo, 
Codede Alcaldes Auxuilares, Comu-
nidad, DIGAM, Diputados, Directora 
de Mujeres Mayas, FAO, Gerente 
de la planta Santa Cruz, Gerente 
de la planta Sololá, Gobernación, 
Hotel Casa del Mundo, Jefatura de 
area, Juan Skiner (academic), Marvin 
Romero, Mayan Families, Mesa 
técnica de agua, MFDeS, Ministerio 
de Cultura, MARN, Mujeres Mayas, 
Muni Concepción, Muni San Andres 
Semetabaj, Operador de la planta 
Sololá, PAMI, Puravida, Secretaria 
Técnica Cambio Climático (SGCC), 
SEGEPLAN, Supervisión Educativa, 
The Friendship Bridge   

Ejidatario
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5.3 Wickedness Analysis

From the output of the workshop, the problem ‘Safe use of wastewater in the Mezquital 
Valley’ and ‘Wastewater management in Guatemala’ seem to be highly wicked (Caucci 
and Hettiarachchi 2017; UNU-FLORES 2018). This is based on rather high degrees of 
goal conflicts, system complexities, and informational uncertainties. Moreover, our 
analyses reveal that the planning processes in both pilot sites address the wickedness 
of the problem only to a very limited extent. This regards both different management 
categories (investment in resources, the implementation of activities, relevant outputs 
and outcomes (see Figure 5.3), and different categories of wicked problems alike (Figure 
5.4). The following sections develop further on these results.
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Figure 5.3: Degree of problem solving in Panajachel and Tepeji along management categories (0 = low 
degree, 3 = high degree) 
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Figure 5.4: Degree of problem solving in Panajachel and Tepeji along categories of wickedness (0 = low 
degree, 3 = high degree)
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Panajachel, Guatemala

Based on our analysis, the problem ‘Wastewater management in 
Guatemala’ seems to be highly wicked (UNU-FLORES 2018).

Goal conflicts (wickedness level: high): Participants at the workshop 
highlighted that there is joint interest in achieving good freshwater 
quality. However, there are conflicts on a social, economic, technical, 
and institutional level that impede the achievement of good water quality. 
In terms of the social conflict, the population does not necessarily 
agree on solution options such as the use of treated wastewater. In terms 
of economic aspects, the capacity to pay for treatment technologies 
is limited in the local population, partly living in absolute poverty. In 
terms of the technical conflicts, there is a lack, for instance, of skilled 
personnel. And with regards to the institutions, a lack of coordination 
leads to a duplication of functions of individual institutions, which again 
results in potential conflicts between those institutions.

System complexity (wickedness level: high): The problem is influenced by many factors, 
amongst them natural factors (e.g. the specific topography, climate) and social factors 
(e.g., responsibilities of governments, the level of education, interests of indigenous 
communities, associations, tourist organisations, and three governmental levels). Factors 
influencing the solution to the problem are also subject to dynamic processes. There 
are, for instance, exponential dynamics associated with regards to climate change (e.g. 
changing temperatures). Moreover, participants highlighted linear dynamics with regards 
to social dimensions (e.g. demographic development and related social and political 
conditions, an increasing number of tourists in the region). These factors are also highly 
interconnected, especially at the social level in terms of the actors.

Informational uncertainty (wickedness level: high): Whereas there are data and information 
at hand, these ones are sometimes dispersed across different institutions. Moreover, 
there is also an important lack of information with regards to natural and social factors. 
In terms of natural factors, data and information lacks regard, for instance, the quantity 
and quality of water, precipitation, temperature, soil types and topography, existing 
forests, and others. In terms of social data and information, there is a lack with regards to 
the actual directory of inhabitants and future demographic developments, the floating 
populations due to tourism, evaluations of economic, social and environmental benefits, 
a characterisation of typical uses of water, as well as operating instructions. Obtaining 
data and information is hindered by lacking planning capacities, methodologies, and 
the willingness to gather and share information, among others.

In terms of the planning processes to address wicked problems, our analysis reveals 
rather low degrees of problem solving (see Annex 13). This regards all three dimensions 
of wickedness, here with lowest values for uncertainty (0.96), a bit higher values for 
system complexity (1.14), and highest values for goal conflicts (1.37). This also regards all 
four stages of planning, with particularly low values at the stage of activities (0.91), and a 
bit higher values for the stages of outcomes (1.17), resources (1.20), and outputs (1.35). 
The overall low values indicate that management process address all three dimensions 
of wicked problems only to a limited extent, starting with limited resources onwards. The 
qualitative analysis will show which arguments account for these results.
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Tepeji, Mexico

Based on our analysis, the problem of ‘Safe use of wastewater in the 
Mezquital Valley’ can be considered to be highly wicked (Caucci and 
Hettiarachchi 2017).

Goal conflicts (wickedness level: high): The common interests of 
actors, especially regarding the prioritisation of economic aspects, 
were highlighted in the workshop. However, there is also a relevant 
conflict of interest between stakeholders. On the one hand, some actors 
are interested in the reuse of wastewater. On the other hand, different 
actor groups, such as farmers, consumers, and the health sector, have 
concerns about reusing wastewater. Farmers, for instance, refrain from 
changing their water use practices due to a lack of trust (officers and 
operations and maintenance (O&M) operators) and knowledge. By the 
same token, consumers feel uncertain about the irrigation of crops 

with wastewater. The health sector has particular concerns about epidemics, such 
as cholera, in the Mezquital Valley. To address these conflicting interests there need to 
be negotiations between all actors involved. However, politicians seem to face legal 
limitations in such matters and tend to prioritise other aspects.

System complexity (wickedness level: high): SUWA in the Mezquital Valley is influenced 
by a large number of factors: the actors involved, the management of wastewater reuse 
practices, the geographical location, the lack of alternative options to the untreated 
use of wastewater, and framework conditions. In terms of actors, the participants in the 
workshop highlighted interactions between groups of actors (government, farmers, and 
the society) that have different educational backgrounds and different interests in relation 
to wastewater reuse. This fact complicates the development of a common solution.

Factors influencing the application of safe wastewater reuse in agriculture in the 
Mezquital area are also subject to dynamic processes. In terms of actors, for instance, 
the continuous population growth and turnover of politicians every five years complicate 
planning processes. Moreover, the interconnections between factors do not make 
changes in agricultural practices or in policies possible. An example of an interconnection 
is that between crop type, irrigation techniques, and ownership of land. To understand 
and address the system complexity, governments and public authorities need to apply 
models and decision support tools. However, schools and the broad audience also 
need support. SUWA stewardship, and awareness on the risks connected to untreated 
wastewater practices should be implemented.

Informational uncertainty (wickedness level: medium): There is a lack of information on 
the safe reuse of wastewater in agriculture on the part of both government and local 
communities. Despite the fact that certain stakeholders have knowledge of the risks 
connected to untreated wastewater practices and safe reuse of treated wastewater 
in agriculture, such information has not been shared with the relevant actors. At the 
same time, the available information is not used by the relevant actors because either 
the language used in sharing the information is too difficult to be understood by the 
local population or information is not specific enough to the local situation. Lack of information 
typically relates to information about social benefits, wastewater outflow quality, the 
benefits of wastewater treatment, and costs.
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Nevertheless, from the workshop breakout session it appears that the diffusion of 
relevant information among stakeholders seems to be feasible. Information seems to be 
available in relevant governmental offices, among local experts and in official documents 
(for example, the Mezquital Valley agricultural and health census). Studies on the use of 
treated and untreated wastewater, as well as on wastewater technologies available for 
SUWA, are available but the reporting on, and diffusion of, such studies needs to be 
improved. Social barriers are also impeding the availability of best practice examples 
for implementation studies. However, in spite of awareness, other issues, such as goal 
conflicts and system complexity, appear to be greatly responsible for slowing down the 
transformation of agricultural practices in the Mezquital Valley.

In terms of the planning processes to address wicked problems, our analysis reveals 
rather low degrees of problem solving (see Annex 13). This regards all three dimensions 
of wickedness, here with lowest values for system complexity (1.00), a bit higher values 
for uncertainty (1.06), and highest values for goal conflicts (1.13). This also regards all four 
stages of planning, with particularly low values at the stage of activities and outcomes 
(both 0.67), and a bit higher values for the stages of outputs (1.33) and resources 
(1.58). The overall low values indicate that the management process adresses all three 
dimensions of wicked problems only to a limited extent, starting with limited resources 
onwards. Particularly interesting is the fact that resources are invested, but only used to a 
more limited extent to implement activities, probably affecting limited outcomes as well. 
The qualitative analysis will show which arguments account for these results. 
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6. Discussion on Solution Options and Orientations for Action

We applied a Nexus Approach to assess the current wastewater situation in two case 
studies in the Americas and determined bottlenecks and respective solution pathways 
to improve the situation. Both cases have unsustainable wastewater treatment system, 
a fragmented stakeholder landscape and high degree of wickedness. In both cases 
stakeholders identified the wastewater treatment situation in general as a major cause 
for larger environmental impacts, in particular on the nearby lakes. Stakeholders further 
determined that enhancing the local wastewater treatment and environmental awareness 
in the population could lead to an improved environmental situation and safe-guard or 
improve the sources of income from the lakes through fishing and tourism.

We used systems thinking to further determine the scope of the problem and used a 
multi-scalar approach to assess the multiple boundaries of the interconnected systems. 
Although in principle this proved to be useful as it helped grasp the issues, it was 
practically challenging to gather the needed data beyond the smallest scale – the WWTP 
– in the given limited project time (15 months, plus 6 months of previous thesis work) and 
to actually perform the sustainability analysis on multiple scales. However, we believe 
that the development of the extended dataset framework as well as the methodology 
of selecting variables to arrive at site-specific datasets is extremely useful to assess the 
baseline situation of WWTS and to perform sustainability assessments.

All three research methods for identifying solution options or orientations clearly 
showed that information is unevenly distributed across stakeholders. The sustainability 
assessment exhibited a lack of readily available data beyond the WWTP scale and showed 
a strong bias towards more variables in the technical-environmental dimension. The 
amount of data holders identified for the WWTP scale was also larger than that for the 
other 3 scales. The stakeholder network analysis clearly demonstrated a strong distinction 
between stakeholders that hold information versus the ones that make decisions versus 
the ones that may lead to a sustainable solution. The wickedness analysis showed a high 
to medium degree in information uncertainty for the cases, but a high level of system 
complexity and goal conflicts for both.

As the stakeholders that might potentially support the implementation of a sustainable 
solution are seen to have conflicting economic, social or political interests (high goal 
conflicts) reaching a sustainable solution is seen to be challenging. For the case of 
Panajachel the Mayor of Panajachel, the Municipality of Panajachel, the Ministry of Health, 
the Municipal Council, the Central Government and the Ministry of Environment and 
Natural Resources (MARN) were identified as key stakeholders for the implementation 
of sustainable solutions. The wickedness analysis for Panajachel identified a lack of 
coordination between institutions and a general lack of willingness to pay for wastewater 
treatment of the population. The sustainability assessment in turn identified a lack in 
compliance with environmental-technical variables such as basic water quality in terms 
of nutrient, pathogen and organic loading in the effluent. It also identified an overly 
large per capita cost of the treatment plant which matches with the wickedness analysis.
 
For Tepeji the stakeholders Municipal Health and Sanitation, Ecology, Municipal Presidency, 
Secretary of Public Works are seen as key stakeholders for the implementation of a 
sustainable solution. The wickedness analysis identified an overall lack of trust in the 
reuse practices, the cornerstone of the FIAVHI systems, and a political challenge for the 
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key decision-making stakeholders (Municipal Health and Sanitation, Ecology, Municipal 
Presidency) to address these issues from a legal perspective. The sustainability assessment 
lacked all economic variables and confirms the lack of information of the stakeholders 
about the (performance and functioning) of the treatment plant. One recommendation 
from the findings is that the current reuse practice in this case should not be implemented 
as the plant was designed for agricultural reuse but actually disposes on publicly accessible 
land (a football field) and health risks cannot be excluded.

To come from the currently unsustainable to more sustainable wastewater treatment 
plants and systems, the key and primary stakeholders identified under (1) information 
sharing, (2) decision-making and (3) sustainable solution should gather to a) assess their 
goal conflicts and seek ways to mediate or overcome these, and b) reduce the level of 
information uncertainty by sharing available information amongst themselves but also 
with the secondary and tertiary stakeholders. Subsequently these same stakeholders 
should consider enhancing their level of good planning for the wicked problem of 
wastewater treatment by starting to invest in the areas identified as poorly performing 
in the sustainability assessment.

  We suggest considering the following orientations for action to:
a. enhance performance of treatment plants;
b. improve data collection, storage and sharing;
c. strengthen social networks;
d. further management and governance strategies.

6.1 Enhancing Performance of Treatment Plants to Safeguard the Environment

Both systems need to significantly improve their compliance with effluent norms with 
respect to total nitrogen and faecal coliform removal. Below, a series of technical 
orientations are given on how to get closer to this goal in each of the two cases. In 
addition, capacities of WWTP personnel may be increased by providing them with 
basic information such as operating manuals and regular data on system performance. 
Basic safety measures such as handwashing facilities or clothes changing areas can 
also reduce the risk of health issues to the workers and their families. Risk assessments 
of the WWTP and its impact on the surrounding can help in mitigating some further 
risks that have not been explicitly considered here (e.g. if the plant is in a flood-
prone area). The project team strongly recommends considering investing in the 
proper functioning of the current systems before investing in new projects. This is 
particularly true for the case of Panajachel where an identical technological system is 
being planned for.
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In the case of Los Cebollales in Panajachel the plant’s overall technical 
environmental performance is yellow. The two major clusters of variables 
which could change it to green are:

• Improved management and economic planning, and
• Enhanced nutrient removal, and compliance with the removal of 

pathogens (i.e. disinfection)

These measures could lead to enhanced capacity building of officials 
at all levels, resulting in improved environmental and health risk 
management and working conditions. It seems that the chosen 
technical solution of an activated sludge system may not fit to 
the local economic realities nor to the current capacities of the 
technical staff. A less complex system that does not rely on 

continuous electricity and that supports the use of treatment outputs (e.g. sludge 
use, wastewater effluent use, biogas use) may lead to more stable compliance 
with wastewater effluent standards.

  Further specific recommendations include7:

7 See also: Laura Ferrans (2017) Evaluation of sustainable options for sewage sludge management in the region of Lake 
Atitlán, Guatemala (MSc thesis of the Technische Universität Dresden Hydro-Science and Engineering)

  

• Replacement of the aeration system of the activated sludge system. Funding 
for continuous replacement of broken parts should be ensured and staff 
trained to be able to flag mal-functioning systems early on.

• Practices of burying garbage should be stopped and replaced by appropriate 
landfilling disposal.

• Sewage sludge should be characterised to analyse organic micro-pollutants. 
If international standards are exceeded, an application on land should be 
avoided. Other disposal methods such as landfilling or industrial incineration 
can be adopted. For the accumulated treated sludge, sludge must be transfer 
to a roofed area where precipitation and moisture are avoided. Also, it is 
urgent to find a safe disposal. If sludge will be used for agriculture, disinfection 
process such as lime addition must be carried out.

• The pathogen content of the dewatered sludge is excessively high. This 
suggests that the anaerobic digester is not properly working. To improve 
the quality of the treated sludge, more studies should be developed to identify 
potential improvements of the digester. In addition, in the WWTP, the biogas 
produced is simply burnt. More efficient anaerobic processes can be achieved 
by providing temperatures between 30-38 °C for mesophilic conditions and 
between 49-57 °C for thermophilic conditions. Currently, the unit keeps the 
environmental temperature which ranges from 13-25 °C. This study suggests 
implanting new technologies to use the produced biogas to heat up the 
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For the sludge recovery system:

• The treatment of sewage sludge in the WWTP from Panajachel should preserve 
the same scheme. Sludge must be stabilised in the anaerobic digester and 
in the drying beds. The moisture content of treated sludge should be between 
60 to 40% (to accomplish composting requirements). Hence, when the moisture 
content reaches the values, sludge should be removed from the drying beds 
and stored in sacks. Transportation must be arranged from Los Cebollales to 
the municipal composting facilities. 

• For the composting processes, sludge should be mixed with the rest of residues. 
The normal procedures of piles and turning should be carried out. To eliminate 
helminth eggs, the compost must be exposed to a temperature of 55 °C for at 
least three days. Compost containing pathogens should not be marketed. 

• If sludge cannot be taken to the municipal composting, the direct land application 
of no-disinfected sludge should be avoided. It is recommended that the WWTP 
implements its own composting process. Other residues, with a high content 
of carbon, should be added to increase the quality of the produced fertilisers. 
It is suggested to use gardening remains such as grass, wood shavings and 
leaf litter. Finally, steps to implement composting processes can be founded in 
Román, Martínez, and Pantoja (2015). 

• Application rates of compost to crops or soils should be further researched to 
avoid pollution of groundwater by nutrients leaching to Lake Atitlan by runoff inputs. 
The compost application rates should be calculated verifying that the supplied 
amount of nutrients is exactly the required to meet the needs of vegetation. Excess 
of nutrients must be avoided to prevent contamination of water resources. 

• Finally, other options to use sewage sludge seem promising to not only increase 
the recovery system but also to contribute solving other problems in the study 
area. For example, using sewage sludge as a soil amendment in eroded 
lands represents an opportunity to use the residue and contribute improving 
the quality of soils. Erosion is one of the main sources of nutrient load to Lake 
Atitlan. Since there is a lack of plant coverage, soil particles easily finish into the 
lake by runoff inputs. Sewage sludge can improve the nutrient content of soils 
and new vegetation can be planted. In another case, the use of sewage sludge 

digester. Biogas can also be employed to generate electricity and reduce the 
energy consumption from the WWTP. The Mechanical Engineering department 
from USAC in Guatemala City offered to start a study about how to implement 
the system. Further contacts with the university should be considered. 

• The nutrient content in sewage sludge from Panajachel is not as high as in 
sludge which has been processed by anaerobic digesters. The low content of 
nitrogen is explained by the fact that the WWTP is not designed to remove 
nitrogen. Therefore, the nutrient remains in the water. However, for phosphorus, 
the WWTP should remove this nutrient. The level of phosphorus in the sludge 
suggests that the removal process is not optimised. Hence, efforts must be 
taken in order to identify failures in the tertiary flocculation unit.
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In the case of Tlaxinacalpan in Tepeji the plant’s overall technical 
environmental performance is green. Because Tepeji is a small city 
(87.442 inhabitants), the overall approach of the rather simple 
technology that is implemented in a decentralised manner with 
reuse options for the end-products points in the right direction of 
sustainability. However, compliance with some key environmental 
variables such as faecal coliform removal and total nitrogen retention 
still needs to be improved (by either national or international standard).

In addition, for the particular case of the constructed wetlands, care 
must be taken when applying common design guidelines since there 
are great differences between constructed wetland design guidelines 
and wastewater use guidelines. While design guidelines focus most often 
on organic pollutants, nutrients and solids, wastewater use guidelines 
pay much attention to microbiological water quality. Therefore, more 
careful design of constructed wetlands is critical when wanting to use 
the effluent for agricultural and recreational purposes.

Based on the available single measurement information a minimum area of at least 2000 
m2 is recommended for the loading it was designed for (~200 mg/L of BOD; 1.2 l/s) or 
for what it receives (~350 mg/L of BOD and 0.2 l/s). To be able to better design these 
wetland systems, in particular when the effluent is destined for agricultural or recreational 
use, better inflow and outflow values (for parameters such as BOD, COD, TN, flow rate) 
are very needed. A recommendation is therefore to assess at a minimum the variations 
of inflow during the different seasons, and during day and night cycles.

It should therefore be the goal to further improve the performance of the treatment 
system so that it complies with national and international standards and to forcefully 
and openly demonstrate this compliance once achieved. Allocating resources to 
regularly monitor the inflow and the treatment performance through independent 
third parties to ensure trust in the results should therefore be the prime target. This, 
as well as regular and open neighborhood discussion forums, may ultimately enhance 
the acceptance of the chosen approaches by key decision-making stakeholders but 
also by the end-users and neighbors of the decentralised systems.

  

as non-carbonised briquettes will contribute reducing the wood consumption 
in artisanal furnaces. Currently, a big portion of the forests is logged to 
obtain firewood for cooking in rural households. If non-carbonised briquettes 
are marketed, deforestation could potentially decrease. In conclusion, it is 
necessary to implant more awareness about the benefits of sewage sludge as a 
soil conditioner and combustion material.
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  Further recommendations include:

• Revise the current operation and design of the process. The process should 
be characterised in order to count with specific values and ranges that allow a 
better operation. The conditions of the process and to which phase to take the 
anaerobic digestion (which consists of four phases: hydrolysis, acidogenesis, 
acetogenesis and methanogenesis) depends on the complete wastewater 
treatment process design. In this case, as it considers a constructed wetland 
after the anaerobic digestion, there is the need of defining to which extent the 
anaerobic digestion should occur, in order to provide organic compounds to 
the wetland and also ending with a proper quality of the treated wastewater. 
Key variables to check in the anaerobic process are: pH (should range between 
6.8 – 7.5); temperature (depending on the type between 20 to 60 °C and 
ensure no great variations of this variable), organic load, hydraulic and sludge 
retention times, flow velocity, and biogas production.

• Biogas management. A complete anaerobic process generates biogas that 
needs to be characterised, stored (it should not be discharged into the 
atmosphere directly) and burned or preferably provided with a further use, e.g. 
energy for the same process. Low to no amount of biogas generation indicates 
that the final phase of the anaerobic process (methanogenesis) is not being 
fulfilled. It is only in this phase where the main amount of methane and carbon 
dioxide is produced, and it is also a phase considering the slowest growing 
bacteria, thus the time and the environmental conditions (pH, temperature, 
stirring and anaerobic conditions) have to be optimal in order to allow the 
proper degradation of the organic compounds. According to the obtained 
results and the current operation practices, especially regarding the timing, 
it is highly possible that a complete anerobic process is not happening. This 
can lead to an overload of the constructed wetland system and an overall 
underperformance of the whole wastewater treatment system.

• Inoculation of reactors. It is important to consider a proper inoculation of 
the reactor. This can be done with biomass from an already working anaerobic 
digestor (preferably treating a similar inflow water quality under similar 
operational conditions).  

• Process operation. It is key to keep the process operating meeting the 
specific characterised values. This means, maintaining within proper pH and 
temperature ranges and following the designated loads, flows and times. 
It is of special concern to remove the sludge when needed or defined by 
design (in anaerobic processes sludge generation is slower than in aerobic 
processes); and maintain wastewater in circulation as long as needed avoiding 
an undesired outflow water quality and dewatering of the reactor (between 
2 – 24 hours hydraulic retention time depending on the process design -this 
needs to be defined for this process-). Additionally, if the decision is to perform 
an anaerobic process, the operation must ensure fully anaerobic conditions.  

• Equalisation tank. It is recommended to have a final equalisation tank(s) that 
allows containing the required amount of water for irrigation. This, in order to 
avoid dewatering the whole process line to comply with the irrigation quota. 
This also means, considering the start-up time so that the equalisation gets 
filled and the refilling times in the design of the process.
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6.2 Improving Data Collection, Storage, and Sharing

In the thresholds-seeking process we found that, while thresholds for technical and 
environmental variables (such as pH or BOD) are usually readily available, thresholds 
for social variables (such as participation or awareness) are not straight forward to find. 
This could indicate that, although social indicators are gaining attention in sustainability 
(Balkema et al. 2002; Popovic et al. 2014) and that the social dimension is increasingly 
widely regarded as crucial to sustainability (Moldan, Janoušková, and Hák 2012),  the point 
has not been reached where we have unified criteria as to how to measure these variables, 
and what acceptable thresholds are to measure data against. There is therefore, a need 
for scientists to further work on the aspects of social variables and indicators to 
determine the degree of sustainability of wastewater treatment systems.

In both cases we found that municipal facilities do not systematically record and safeguard 
data for technical or environmental variables of our dataset. Neither municipality could 
provide exact numbers or reliable estimates (i.e. supported by documentation) of basic 
information, such as the total volume of wastewater produced in their territory. Most of 
the answers to technical questions were verbally given to us during the field interviews 
without any supporting documentation, which makes it difficult to assure reliability. 
There is therefore the need for data holders and key information holders to better 
document the data gathering process and to apply recognised standards and norms 
when doing so. Resources for doing so need to be allocated as a priority.

For the case of Guatemala, general statistical data was available, but georeferenced 
data was not publicly available or even available by directly asking the municipalities. 
(e.g. maps, online geographic information systems where one can see and download 
rivers, wells, sewage systems). After directly asking AMSCLAE we could obtain better 
geographical data. 72% of the data could be gathered, out of which 68% was useful in 
the end, as stakeholders provided high quality data, in particular the federal government 
level (AMSCLAE). There is therefore a need for the government of Guatemala 
to improve the publicly available georeferenced general data and information. 
There is also a need for AMSCLAE and the municipality to better coordinate the 
data gathering, storage, access and sharing of data that pertains to Panajachel. 
Dedicated communication channels can help in doing so.

For the case of Mexico, general statistical information (population, health, climate) are 
readily available in high quality from INEGI for Mexico. However, locally-specific data was 
harder to come by. Most of the stakeholders provided little supporting documentation 
so that around 75% of the data could be gathered, but with very low quality. Finally 
of 57% of the data gathered was of use. There is therefore the need for the local 
and municipal key stakeholders and data holders to better coordinate the data 
gathering, storage, access and sharing of data that pertains to Tepeji. Dedicated 
communication channels can help in doing so.

For effective planning a reliable and accessible data base is crucial. A key 
orientation for action from this work is for the data holders and key stakeholders 
for information sharing to work together to construct, maintain and manage a 
common database for the wastewater treatment systems and to share with and 
provide access to that information to the decision makers. The sustainability 
assessment framework can be used to guide the relevant entities in selecting 
for the variables that need to be monitored on a regular basis, to check on the 
progress towards sustainability, and to effectively direct resources at this.
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6.3 Strengthening Social Networks 

The social network analysis is considered as a tool to unite levels micro and macro 
within the sociological theory. The procedure is illustrated by the elaboration of 
the macro consequences of a small-scale interaction aspect: the strength of the dual 
bonds. It is stated that the degree of coincidence between two individual systems varies 
directly according to the force that unites them or links them together. The impact of this 
principle on the dissemination of influence and information, the opportunity for mobility 
and community organisation has been examined (Granovetter 1973). Based on these 
results, options or orientations are formulated that can help strengthening the network 
and change its structure to a decentralised network rather than a centralised network.

Outdegree/Indegree

For the case of Guatemala, local stakeholders in Panajachel should 
try to strengthen their relation among each other, but mainly the 
key stakeholder with the tertiary stakeholder. Many important  
stakeholders involved in the decision-making process, such as the  
cocodes or the consejo ancianos y ancenstrales, are poorly interconnected 
and thus are clustered as tertiary stakeholders.

For the case of Mexico, the social network of affected stakeholders 
is quite small, compared to Panajachel. There is a lack of awareness 
that the WWTPs actually exists, in the local community, at the 
institutional and political level. However, a relatively small network 
has the advantage of enabling stakeholders to more easily organise 
their own network. Even though FIAVHI, CAAMTROH and the local 
community are identified as key stakeholders, the relation among 
these three stakeholders is not always free of conflicts.  For FIAVHI 
and CAAMTROH it is recommended to organise a meeting with a 
third, neutral party. For FIAVHI, and CAAMTROH it is recommended to strengthen the 
relationship with the community; on the one hand to raise awareness of the problem in 
the region and on the other hand to gain more institutional publicity.

In terms of overcoming the bottleneck of a weak tie network, local stakeholder both 
in Panajachel and in Tepeji should try to establish a relationship with each other, and 
especially with the tertiary stakeholders (which are now seen as a small and very light 
green node in the graphic). If all potential connections are present, the probability of a 
well-functioning communication and information structure increases.

Information sharing

In both cases the information availability and accessibility are poor. If information or 
data are available, then they are rarely shared with other stakeholders. To determine 
pathways to overcome the bottleneck of the information lack, a shared knowledge 
and a common understanding of the problem should be created, in order to 
facilitate social interaction among the stakeholders. Accordingly, the flow of 
information should be balanced, and an independent, easily accessible platform 
should be created. Organising regular meetings could be used to share information 
and to keep each other updated. Furthermore, these meetings could be helpful to 
identify interfaces for further collaboration.

  



50

Decision-making

Stakeholders who might have an impact on decision-making often lack information, as 
most of the information is inaccessible.

The decision-making process in Guatemala is highly participatory. Hence, it is a very 
complex system as many different committees and stakeholders are involved. Most of 
the key stakeholders in the decision-making process are elected as representatives of the 
community, but do not have the expertise or sufficient information to make decisions. 
Information on the wastewater issues in Panajachel should be specifically targeted to 
those stakeholders who take decisions, e.g. Cocodes or the Consejo de Ancianos y 
Ancestrales. Furthermore, the stakeholders who are involved in the decision-making 
process are not well connected and are therefore classified as tertiary stakeholders, hence 
the relation from the key decision-making stakeholders to them should be strengthened.

The decision-making process in Tepeji, on the one hand, seems to be clearly defined 
(top-down), however it is perceived as non-transparent by the local community. It is 
recommended to make the decision-making process more transparent or comprehensible. 
In Tepeji, the stakeholders involved in the decision-making process are not necessarily those 
who have the needed information to decide on the ‘best’ solution. For key stakeholders 
who have the access to the information, as FIAVHI, CAAMTROH and CONAGUA, it is 
recommended to collect data and disseminate information with stakeholders involved in 
the decision-making process, as Presidencia Municipal, Ecologia, Sanidad y Salud.

Accordingly, it should be ensured that the stakeholders involved in the decision-
making process are always well informed.

Sustainable solution 

In both cases, the key stakeholders who are needed to implement a sustainable solution 
are not necessarily the ones who are involved in the decision-making process or those 
which are well-informed. Therefore, the stakeholders identified for implementing a 
sustainable solution should connect to stakeholders which are involved in the 
decisions-making process, and the closest possible relationships should be established.

Trust

Both pilot sites are in a social context characterised by distrust and corruption. To 
overcome the bottleneck of the lack of trust, decision-making processes should be as 
transparent as possible, and technical, environmental, economic, and social information 
should be shared with all involved stakeholders. Mediation or the use of a neutral, non-
influenceable third party can help in overcoming trust issues.

The overarching recommendation is to facilitate stakeholders the access to the 
information about their own social network. There is a lack of common understanding 
of the problem itself. Who should be contacted with which need, or as formulated 
by Reed el al. (2009) “who is in and why?” is a key question with a high degree of 
influence on the social development in both pilot sites. A common understanding 
of the problem is the basis for facilitating social interaction among the involved 
stakeholders. Economic and human resources should be provided to conduct an 
in-depth stakeholder- and social network analysis in both pilot sites.
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6.4 Further Management and Governance Strategies

In terms of the wickedness analysis, we found out that i) the problem is quite wicked in 
terms of goal conflicts, system complexity, and uncertainty and that ii) the wickedness 
is rather poorly addressed in current management processes including the investment 
of resources, activities, as well as outputs and outcomes. Wickedness as well as its 
poor management are likely to severely hinder the definition and implementation of 
a sustainable solution. To overcome this bottleneck for problem solving,  we suggest 
management and governance strategies as described in the following.

6.4.1 Management Strategies

The high wickedness of the problem at hand requires a double tracked management 
strategy: On the one hand, problem solvers should implement strategies to better 
understand and address wickedness (especially gathering relevant information). 
On the other hand, there will always be uncertainty, calling for decisions under 
uncertainty, and thus also the need for being adaptive and flexible.

Within this general management approach, problem solvers are advised to define 
management strategies adapted to the different dimensions of wickedness 
(Kirschke and Newig 2017):

• To address a diversity of conflicting goals, conflict solving strategies are of relevance, 
and therefore also attempts to gather and share relevant data and information on 
the issue at hand.

• To address system complexity, there is, on the one hand, a need for gathering 
information on variables, their dynamics, and interconnections as well as for modelling 
and using decision support tools to address dynamics and interconnections. On the 
other hand, there is a need for prioritisation of measures (e.g. which information to 
gather, now given through the data framework developed in this project) and problem 
solvers should be adaptive and flexible to address dynamics and interconnections.

• To address uncertainty, relevant data and information should be gathered. However, 
measures must be prioritised (e.g. which information to gather), decisions have 
to be taken under uncertainty and consequently, there is also a need for being 
adaptive and flexible.

To implement the strategies above, consider investing more human and financial 
resources to address:

• goal conflicts, here in conflict solving and information gathering (e.g. resources for 
mapping stakeholders, their interests and power relationships)

• system complexity, here in gathering information (e.g. related to the current state of 
the involved resources), modelling, and decision support (e.g. different natural and 
social factors, their dynamics, and interconnections)

• and uncertainty, here in gathering and sharing data and information related to the 
problem.

To implement the strategies above, consider implementing activities to address:

• goal conflicts, here related to conflict solving and information gathering (e.g. mapping 
stakeholders, their interests and power relationships to understand goal conflicts; 
implementing facilitated stakeholder workshops / mediation and developing guidelines 
to address goal conflicts) 
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• system complexity, here related to gathering information (e.g. related to the current 
state of the involved resources), modelling, and decision support (e.g. different 
natural and social factors, their dynamics, and interconnections)

• and uncertainty, here related to gathering and sharing data and information related to the 
problem (e.g. natural scientific, technical and social scientific related, gathered through 
monitoring, or shared through building joint data bases, capacity development)

Check back if the management strategies as outlined above and implemented 
through resource allocation and activities result in better outputs to address the 
wicked problem. 

  Check back if:

a. there are sufficient new capacities, products or services to address:
 –  goal conflicts (e.g. new capacity to facilitate stakeholder discussions, decision 

support tools, guidelines on how to address conflicts)
 – system complexity (e.g. new modelling skills, decision support tools)
 – uncertainty (e.g. new monitoring skills, new equipment for monitoring or 

laboratories and software for analysing data)
b. the outputs result in better outcomes to address the wicked problem
c. resulting new or adapted policies sufficiently address

 – goal conflicts (e.g. by not negatively affecting conflicting goals and that can 
be flexibly adapted due to upcoming goal conflicts (e.g. standard adaption 
mechanisms, low requirements for law adaptations such as simple majority)

 – system complexity (e.g. policies that are based on an understanding of system 
complexity and that can be flexibly adapted due to new knowledge on system 
complexity)

 – uncertainty (e.g. policies that consider the current state of knowledge and that 
can be flexibly adapted due to new information)

Analyse, if the new outcomes result in better impacts, i.e. a higher degree of 
sustainability of the solution at hand.

6.4.2 Governance Strategies 

To implement these management strategies, specific governance strategies are of 
relevance, namely the involvement of different types of actors, the deliberative 
interaction amongst these actors and a high degree of institutionalisation.

• In terms of actors, the involvement of different types of actors such as scientists, 
politicians, technicians, etc. is of relevance to address goal conflicts, understand 
system complexity, and to gather relevant information. 

• Such actors should have the chance to deliberate in order to find solutions to 
conflicts and exchange their knowledge and understanding of the system. 

• The deliberative processes can be supported with precise and obligatory rules, e.g. 
on sharing information amongst stakeholders.

However, since addressing wicked problems also requires adapting decisions in a 
flexible manner, such governance strategies should also be seen with caution. In 
some instances, the reduction of stakeholder involvement, their deliberation as well 
as obligatory and precise rules may reduce required flexibility in decision-making.  
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7. Concluding Remarks

The SludgeTec project applied the first three steps of a Nexus Approach to look at 
the problem of wastewater management and respective solution options from three 
methodological angles (1) a sustainability assessment, (2) a stakeholder analysis, and (3) 
a wickedness analysis by continuously applying an inter- and transdisciplinary approach. 
This manner intended to remove potential disciplinary biases of problem analysis and 
was meant to ensure a high level of transparency with the ultimate goal of achieving 
buy-in and ownership of local stakeholders. At all stages of the project, from project 
planning, through project implementation and future evaluation a co-design process 
was striven for. It is important to note that the options, orientations for actions or 
recommendations include a mix of technological improvements, environmental education 
and awareness, stakeholder communication and management issues.

The project itself did not go into the details of the last two steps of 
the Nexus Approach, i.e. 4) Implement Nexus Options and 5) Evaluate 
impact. However, when the findings of the project were presented 
and discussed at the closing workshop of the SludgeTec project: 
‘SludgeTec Closing Workshop: Sustainability of Wastewater Systems’ 
in Tepeji, Mexico, from 12-16 November 2018 (UNU-FLORES 2019) the 
present stakeholders put out a collective call for action to the municipal 
president (i.e. Mayor) of Tepeji. They called for the following actions:

1. Organise events to raise awareness and socialise information about 
the problem of water and its solutions;

2. Improve the interaction between different actors (in particular the 
ones related to WWTS); and

3. Improve the availability of data related to the water problem, 
through possibly, the construction of a public database.

In order to conclude the Nexus Approach the local stakeholders can now implement their 
suggested activities, which come close to the concept of ‘socially robust orientations’ 
of Scholz et al. (2015). The actors can further decide to re-assess the situation of the 
wastewater at a later point in time (i.e. 5-10 years) using the same methodologies developed 
under step 3) Identify nexus options (Figure 7.1). As such, FIAVHI has for instance 
already implemented part of the socially robust orientations by setting up a Facebook 
page where they post information, videos and stories of their treatment systems as well 
as general information about environmental issues.
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Subject to further funding the project team plans to:

• Discuss the findings and options, orientations for action and recommendations with 
the stakeholders in Panajachel to allow them to also evaluate their options, decide 
on ‘socially robust orientations’ and choose a plan to move forward;

• Entice the local stakeholders to take further ownership over the solution process;
• Collate all information and produce scientific outputs from them (peer-reviewed 

journal articles);
• Provide further documentation in Spanish for local use.

Overall, the project team believes that this inter- and transdisciplinary approach to assess 
the sustainability of wastewater treatment systems is worthwhile pursuing further as it 
allows for the needed stakeholder buy-in. It further shows that the implementation of a 
Nexus Approach that is closely linked to concepts and methodological frameworks of 
trans-disciplinary sciences and sustainability sciences is possible, albeit time consuming 
and not hassle-free. The inter- and transdisciplinary manner also shows that solutions 
beyond technology are needed to achieve sustainable wastewater treatment.
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Annex 1: Extended Dataset
       

SludgeTec Framework - EXTENDED DATASET 0 - CONTEXT DATA 
       

DATASET 0.1 - CONTEXT DATA - WWTP Boundary  
 

Category ID UN
U SI LI Data item  Item description  

(when needed) 

GEOGRAPHY 
A 

A0.001 x     Lat Location of the WWTP - Latitude 
A0.002 x     Long Location of the WWTP - Long 

A0.003 x     Map 

Insert in Annex - cartography at the 
adequate scale to understand the location 
of the plant in relation to nearest 
population settlement, water resources 
and other relevant features. 

A0.004 x     Elevation above sea level   
A0.005 x     Is the plant inside or outside the city? 
A0.006     x Land uses in 1 km radius   
A0.007     x Distance to nearest house   

TOTAL 7 5 0 2     
 

DATASET 0.2 - CONTEXT DATA - Municipal Boundary  

Category ID UN
U SI LI Data item  Item description  

(when needed) 

GEOGRAPHY 
A 

A0.001 x     Spatial definition (maps) 

Insert in Annex - cartography at the 
adequate scale to understand the location 
of the plant in relation to nearest 
population settlement, water resources 
and other relevant features. 

A0.002 x     Surface Total surface of municipality 
A0.003 x     Weather type   
A0.004 x     Dry season months During which months is it the dry season? 
A0.005 x     Rainy season months During which months is it the rainy season? 
A0.006 x     Average yearly precipitation 
A0.007 x     Average precipitation during dry season 
A0.008 x     Average precipitation during rainy season 
A0.009 x     Average highest temperature 
A0.010 x     Average lowest temperature 

POPULATION 
B 

B0.001 x     Total population 
Total population in the municipality. When 
possible, include floating population and 
their temporal behaviour when relevant 
(e.g. tourism, yearly massive events, etc.) 

B0.002 x     Percentage rural 
population How urban / rural is this municipality 

B0.003 x     Unemployment rate   

B0.004 x     
Percentage of people 
living on or below the 
poverty line 

Specify poverty measurement method 

B0.005 x     Percentage of people with a different mother tongue than the 
country´s official 

B0.006 x     Percentage indigenous population 
LAND USE 

AND 
ECONOMY  

C 

C0.001 x     Predominant Land uses  

Major land uses in the municipality, 
describe to the best degree of detail 
possible. E.G. when data is available, state 
the type of crop and farming methods 
instead of simply stating "Agriculture". 
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Category ID UN
U SI LI Data item  Item description  

(when needed) 

C0.002 x     
GDP percentage of 
different economic 
activities 

Specify contribution to municipal GDP of 
Activity one.  

TOTAL 18 18 0 0     
       

DATASET 0.3 - CONTEXT DATA - Sub-catchment Boundary  

Category ID UN
U SI LI Data item  Item description  

(when needed) 

GEOGRAPHY 
A 

A0.001 x     Spatial definition (maps) 

Insert in Annex - cartography at the 
adequate scale to understand the location 
of the plant in relation to nearest 
population settlement, water resources 
and other relevant features. 

A0.002 x     Total sub-catchment surface  

A0.003 x     Altitude at main source Altitude above sea level at the source or 
spring of the main river course 

A0.004 x     Altitude at discharge point Altitude above sea level at river mouth 
A0.005 x     Length of main river course 

A0.006 x     Discharges to River or sub-catchment water body 
discharges to 

A0.007 x     Main soil types   
A0.008 x     Main substrate type   

A0.009 x     Conservation status, 
general ecological status 

If literature or reports are available to 
provide reference, state the s the overall 
ecological status of the area (conserved, 
endangered, etc).  

POPULATION 
B 

B0.001 x     Total population 

Total population in the sub catchment 
area. When possible and relevant, include 
floating population and their temporal 
behaviour (e.g. tourism, yearly massive 
events, etc.) 

B0.002 x     Percentage rural population 
LAND USE 

AND 
ECONOMY  

C 

C0.001 x     Predominant Land uses upstream from WWTP 

C0.002 x     Predominant Land uses downstream from WWTP 

TOTAL 13 13 0 0     
       

DATASET 0.4 - CONTEXT DATA - Watershed Boundary  
 

Category ID UN
U SI LI Data item  Item description  

(when needed) 

GEOGRAPHY 
A 

A0.001 x     Spatial definition (maps) 

Insert in Annex - cartography at the 
adequate scale to understand the location 
of the plant in relation to nearest 
population settlement, water resources 
and other relevant features. 

A0.002 x     Total watershed surface Total catchment area in watershed 
A0.003 x     Endo/exoreic Open or closed basin 

A0.004 x     Discharges to If exoreic, body of water and/or basin 
where the watershed discharges into 

A0.005 x     Yearly discharge regime Yearly discharge into main water body 
A0.006 x     Main soil types   
A0.007 x     Main substrate type   
A0.008 x     Level of exploitation of water resources  
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Category ID UN
U SI LI Data item  Item description  

(when needed) 

A0.009 x     Conservation status, 
general ecological status 

If literature or reports are available to 
provide reference, state the of the overall 
ecological status of the area (conserved, 
endangered, etc).  

POPULATION 
B 

B0.001 x     Total population   

B0.002 x     Percentage rural 
population How urban / rural is this watershed? 

LAND USE 
AND 

ECONOMY  
C 

B0.003 x     Predominant Land uses    

TOTAL 12 12 0 0     
 

SludgeTec Framework - EXTENDED DATASET I - TECHNICAL ENVIRONMENTAL DATA  

              

DATASET I.01 - TECHNICAL-ENVIRONMENTAL BASELINE - WWTP Scale 
 

Category ID UN
U SI LI Data item  Item description  

(when needed) 

GENERAL  
A 

A0.001   x x Technology used 
Technical procedure with which the plan treats 
waste water. Note any relevant particularities. If 
needed, include a diagram of the process in an 
annex. 

A0.002     x Construction year Year of construction. When construction lasted 
more than one year, state ending year. 

A0.003     x Surface occupied Land surface occupied by the plant. 

A0.004     x Land reserves If existing, amount of land that the plant has 
already acquired to grow or expand 

A0.005 x x x Number of people served 

INPUTS 
B 

B0.001 x x x Design inflow  Flow capacity that the plant was originally 
designed for. 

B0.002 x x x Volume waste water 
input 

Total volume of water entering the plant in the 
reporting year 

Inflow B0 B0.003 x     Average inflow (AF)  Average flow (in a year) of wastewater into WWTP. 

 B0.004 x     Average inflow (AFr) 
rainy season 

Average flow (during the rainy season) of 
wastewater coming into WWTP. At, best choose a 
reporting year that describe average seasonal 
conditions, i.e. not extraordinarily dry or wet years. 
Specify the duration of the season (in between 
what months?).   

 B0.005   x x Average plant capacity 
utilization 

Percent of design capacity being used, on average, 
during the reporting year 

 B0.006 x x x Volumetric Efficiency  Total TTW/TW (100) 

 B0.007 x     Average inflow (AFd) 
dry season 

Average flow (during the dry season) of 
wastewater coming into WWTP. The best data will 
describe average season conditions, i.e. not 
extraordinarily dry or wet years. Specify the 
duration of the season (between what months). 

 B0.008 x     Peak inflow 
Maximum flow of wastewater coming into WWTP 
at peak times. Specify hour of day and duration of 
peak period.   

 B0.009 x     Rain Proportion of AF 
during rainy season 

Proportion of rain water entering the WWTP 
during the rainy season. If calculations are 
performed, include in an annex. 
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Category ID UN
U SI LI Data item  Item description  

(when needed) 

 B0.010 x     Wastewater fractions 
Identify the different proportions of different types 
of waste water entering the plant (agricultural 
runoff, industry, domestic, etc.) 

Inflow quality 
parameters B1 

B1.001   x x Temperature   
B1.002 x x x BOD   
B1.003 x x x COD   

Inflow nutrients B1.004 x x x Total Nitrogen   
 B1.005 x   x Ammonium   
 B1.006 x   x Nitrates   
 B1.007     x Nitrites   
 B1.008 x x x Total Phosphorus   
Salts inflow B1.009     x K   
 B1.010     x Ca    
 B1.011     x Mg   
 B1.012     x Na   
 B1.013     x SAR   
 B1.014     x Electric conductivity   
 B1.015 x   x Faecal coliforms   
Pathogens 
inflow B1.016 x   x E. coli   

 B1.017     x Helminths   
 B1.018 x     Dissolved organic 

Carbon (DOC) 
  

 B1.019 x     Organic Matter   
 B1.020 x     Organic acids   
 B1.021 x   x TSS   
 B1.022 x   x Turbidity   
 B1.023 x   x pH    
Metals, 
metalloids and 
trace elements 
in inflow 

B1.024 x   x Al   
B1.025 x   x As   
B1.026 x   x Cd   
B1.027 x   x Co   
B1.028 x   x Cr   
B1.029 x   x Cu   
B1.030 x   x Fe   
B1.031 x   x Mn   
B1.032 x   x Ni   
B1.033 x   x Ti   
B1.034 x   x Zn   
B1.035 x   x Hg   
B1.036 x   x Pb   
B1.037 x   x Se   
B1.038 x   x B   
B1.039 x   x Mo    

Others B1.040 x   x Residual chlorine   
 B1.041       Grease and oils   
 B1.042       Floating matter   
 B1.043       Colour   
 B1.044 x   x Microplastics   
Organic 
pollutants in 
inflow 

B1.045 x   x AOX   
B1.046 x   x B(a)P   
B1.047 x   x PCB    
B1.048 x   x PCDD   
B1.049 x   x PCDF   
B1.050 x   x PFC   
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Category ID UN
U SI LI Data item  Item description  

(when needed) 
B1.051 x   x dl-PCB   

B1.052 x     Possible main 
compounds in AF 

This is a backup data item, used to register data on 
inflow quality that is vague or qualitative, in case 
no quantitative data is available for physic-
chemical parameters. For instance, if it is known 
that a textile industry  is connected to the sewage 
system, but no precise wastewater quality 
information is available, this data item can register 
the likely existence of compounds in the waste 
water (in textile dye industries e.g.: benzynes, 
copper, lead, amines), giving thus a general 
guidance as to what can be expected in terms of 
treatment needs.  

Other inputs B2 

B2.001 x x x Raw materials used  

Raw materials are all inputs necessary for the plant 
to function (e.g. machine oils, fuel, chemicals for 
the flocculation phase or other stages of the 
process, etc.).  office supplies.  Should be given in 
tonnes per year when possible. When data 
available is in other units, make sure to note so in 
the ‘Units’ column. This data will be used for 
material flow analysis and will eventually have to 
be converted into the same unit. Tonnes per year 
is a recommended unit. When data available is in 
other units, make sure to note so in the ‘Units’ 
column. 

 B2.002 x     Raw materials sources Useful for foot printing 

 B2.003 x x x Total energy 
consumed 

Energy consumed in the reporting year, all energy 
carriers together and all energy uses considered.  

 B2.004       Energy/m3 treated water 
Energy matrix 
and uses B2.005 x     Energy matrix Total J consumed per type of energy source 

(carrier) Natural gas, solar, etc. 

Energy uses B2.006 x   x Energy uses per 
activity  

Specify consumption of different activities (e.g. 
pumping, lighting) in J. Add as many categories as 
identifiable. 

OUTPUTS C C0.001 x x x Total volume Treated 
Water produced 

Total Outflow of waste water from the plant, in 
yearly total average. 

 C0.002 x x   Average yearly 
outflow  

Average outflow of wastewater out of WWTP. The 
best data will describe average season conditions, 
i.e. not extraordinarily dry or wet years. 

WW Outflow C0 C0.003 x     Average outflow (AF) 
rainy season 

Average outflow (during the rainy season) of 
wastewater out of WWTP. Specify the duration of 
the season in the context dataset 

Quality 
parameters - 
outflow C1 

C0.004 x     Average outflow (AF) 
dry season 

Average flow (during the dry season) of 
wastewater coming into WWTP. Dry season 
duration should be specified in the context dataset 

C0.005 x     Discharge point Where does the WWTP discharge to? Sewage, 
water body, etc). 

C0.006 x     Bypass discharge point 
C1.001   x x Temperature   
C1.002 x x x BOD   
C1.003 x x x COD   
C1.004 x x x Total Nitrogen   
C1.005 x   x Ammonium   

Nutrients in 
outflow 

C1.006     x Nitrates   
C1.007       Nitrites   
C1.008 x x x Total Phosphorus   

Salts in outflow C1.009 x   x K   
C1.010     x Ca    
C1.011     x Mg   
C1.012     x Na   
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Category ID UN
U SI LI Data item  Item description  

(when needed) 
C1.013     x SAR   

C1.014 x   x Electric conductivity 
Can be used when measurements for salinity/SAR 
(Na, Ca Mg) are not available, as general indicator 
for salinity.  

Pathogens in 
outflow 

C1.015 x x x Faecal coliforms   
C1.016 x x x E. coli   
C1.017   x x Helminths   

Organics in 
outflow C1.018 x     Dissolved organic 

Carbon (DOC)   

  C1.019 x x x Organic Matter   
 C1.020 x   x Organic acids   
 C1.021       Sedimentable solids   
 C1.022 x x x TSS   
 C1.023   x x Turbidity   
 C1.024   x x pH    
 Metals, 
metalloids and 
trace elements 
in outflow 

C1.025 x x x Al   
C1.026 x x x As   
C1.027 x x x Cd   
C1.028       Cyanide (CN)   
C1.029 x x x Co   
C1.030 x x x Cr   
C1.031 x x x Cu   
C1.032 x x x Fe   
C1.033 x x x Mn   
C1.034 x x x Ni   
C1.035 x x x Ti   
C1.036 x x x Zn   
C1.037 x x x Hg   
C1.038 x x x Pb   
C1.039 x x x Se   
C1.040 x x x B   
C1.041 x x x Mo    

Others in 
outflow C1.042     x Residual chlorine   

 C1.043   x   Grease and oils   
 C1.044   x   Floating matter   
 C1.045       Colour   

 C1.046 x   x Microplastics 
Visible microplastics. Microplastics are defined as 
no greater than 5 mm and/or synthetic fibre 
strands. 

Organic 
pollutants in 
outflow 

C1.047 x   x AOX   
C1.048 x   x B(a)P   
C1.049 x   x PCB    
C1.050 x   x PCDD   
C1.051 x   x PCDF   
C1.052 x   x PFC   

 C1.053 x   x dl-PCB   
Wastewater 
Reuse C2 C2.001 x x x Percentage of wastewater output being recycled or reused 

Sludge C3 C3.001 x x x Total Sludge produced 
yearly 

Total amount of sludge produced in the reporting 
year. 

Sludge Quality 
parameters  
 

C3.002 x x x Al   
C3.003 x x x As   

C3.004 x x x Cd   

C3.005 x x x Co   
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Category ID UN
U SI LI Data item  Item description  

(when needed) 
Metals, 
metalloids and 
trace elements 
in sludge 

C3.006 x x x Cr   

C3.007 x x x Cu   

C3.008 x x x Fe   
C3.009 x x x Mn   
C3.010 x x x Ni   
C3.011 x x x Ti   
C3.012 x x x Zn   
C3.013 x x x Hg   
C3.014 x x x Pb   
C3.015 x x x Se   
C3.016 x x x B   
C3.017 x x x Mo    

Nutrients in 
sludge 

C3.018 x   x Total Nitrogen   
C3.019 x   x Ammonium   
C3.020     x Nitrates   
C3.021       Nitrites   
C3.022 x   x Phosphorus   
C3.023       Electric conductivity   
C3.024 x   x K   
C3.025 x   x Ca    

Salts in sludge C3.026 x   x Mg   
 C3.027 x   x Na   
 C3.028     x SAR   
 C3.029     x Moisture content   
 C3.030 x x x Calorific value   
Pathogens in 
sludge 

C3.031   x x Helminths   
C3.032   x x Total coliforms   
C3.033   x x E. coli   
C3.034       Salmonella   

Organics C3.035 x x x Organic Matter   
 C3.036 x   x Organic acids   
 C3.037 x   x pH    
 C3.038 x     Microplastics   

 C3.039 x     AOX 
Visible microplastics. Microplastics are defined as 
no greater than 5 mm and/or synthetic fibre 
strands. 

Organic 
pollutants 

C3.040     x B(a)P   
C3.041     x PCB    
C3.042       PCDD   
C3.043       PCDF   
C3.044     x PFC   
C3.045       dl-PCB   

Sludge use C4 
C4.001 x x x Scope of sludge 

management 

% of sludge that is managed, including treatment in 
different ways, such as use in agriculture, thermal 
disposal, landfills, etc. As proposed by Popovic & 
Kraslawski (2018) 

 C4.002 x x x 
Current 
use/management of 
sludge 

What is done with sludge once it is dried at the 
plant? 

 C4.003 x     Which sludge management improvement options have been 
identified in the past and by whom? 

 C4.004   x x Potential sludge users Who? 
Emissions C5 
Biogas C5.001 x x x Total Biogas 

production 
How much biogas was produced in the reporting 
year? 
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Category ID UN
U SI LI Data item  Item description  

(when needed) 

C5.002 x x   
Current 
use/management of 
biogas 

How is biogas currently managed? 

C5.003 x     

Which improved 
biogas management 
options been 
identified and by 
whom? 

Yes/No. What options have been proposed in the 
past? 

C5.004 x x   Potential biogas 
users? Who? 

C5.005 x x x GHG emissions 

Can be divided into GHG emissions linked to plant 
operation and maintenance, and emissions 
produced by the wastewater itself. Specify and 
disclose method for Calculations performed in an 
annex. The online tool ECAM (wacclim.org/ecam) is 
an option for estimation.   

GHG Emissions C5.006     x Are there complaints 
regarding odours? E.g. neighbours 

 C5.007     x 
Strength of odour in 
the treated waste 
water 

high, medium, low 

 C6.001 x   x Solid Waste produced  Solid waste types produced by operation at the 
plant. 

Solid Waste C6.002     x 
Solid waste 
sustainable 
management plan 

Is there a waste management programme in place 
that takes into consideration reuse and/or 
recycling of solid waste, and/or plans to reduce 
waste or eliminate it, e.g. by changing inputs? 

MANAGEMENT 
D2 

D0.001 x x x Number of operators   
D0.002 x     Shift length How many hours do the operators work? 

Staff D0 D0.003   x x Employee/inhabitant 
ratio 

Number of employees per 1,000 inhabitants served 
by the plant. 

Management 
D1 D1.001   x x Existence Operation 

manual 

Does a clear, up to date operations manual exist on 
site, and available to all people operating the 
plant? 

D1.002   x x Regularity of maintenance 
Capacities D2 D2.001   x x Capacity sufficiency Does all the personnel involved have the 

knowledge and skills they need to have? 

D2.002       Capacity needs 
identified 

What skills or knowledge are needed by plant 
operators and other personnel directly in contact 
with the facility? Make a precise list relating 
stakeholders with capacity needs. 

D2.003   x x 
Accessible Sampling 
and processing 
equipment 

Does the plant have its own equipment or easy and 
hassle-free access to sampling and analysis to 
monitor wastewater, treated water and by-
products quality? 

Compliance and 
certification D3 D3.001 x   x Discharge standards 

compliance  

Percent of time that the plant's outflow complies 
with applicable regulations. State which 
regulations are being considered 

 D3.002     x Analysis frequency 
compliance 

Ratio between the number of effluent samplings 
per month and number of effluent sampling per 
month required by law of wastewater treatment 
policy (as proposed by Popovic & Kraslawski 
(2018)) 

  D3.003   x   Certification Does the plant have some quality certification (ISO, 
or other national/international standards) 

RISK E1 
 
Health E0 

E0.001     x Has a health risk assessment related to waste water been performed 
at the site? 

E0.002   x x Are health risks being managed? 
E0.003   x x Do the operators have the necessary health and safety equipment? 
E1.001       Has a natural hazard risk assessment been performed at the facility? 
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Category ID UN
U SI LI Data item  Item description  

(when needed) 
E1.002       Are natural hazard risks being managed? 

E1.003       Has an environmental impact study relating wastewater with 
ecosystem health been performed at the site? 

Other hazards 
E1 
  

E1.004   x x What efforts are being made to reduce or manage environmental 
impacts? 

E1.005       Presence or risk of groundwater pollution 
E1.006       Presence or risk of surface water pollution 

TOTAL 211 141 85 163     

 

DATASET I.02 - TECHNICAL-ENVIRONMENTAL BASELINE - MUNICIPAL Scale 
 

Category ID UN
U SI LI Data item  Item description  

(when needed) 
GENERAL  
A A0.001   x x Total number of connections to sewerage system 

  A0.002     x Total population connected to sewage system 
INPUTS  
B B0.001 x x x 

Total Estimated 
Municipal Water 
Demand  

Calculation of the theoretical water demand, 
according to the total population x an average 
endowment. Specify what endowment what 
used to estimate (WHO, local regulation, etc). 

 B.002 x x   Total Municipal Water 
Supply  

Volume "produced” by the municipal water 
facility, i.e. volume pumped into the water 
system. 

Water supply 
and demand B0 B.003 x     Supply per source Where does the municipality get its water from? 

State proportions if data is available 

 B.004 x     Estimated yearly water 
availability per capita Water balance calculations 

  B.005 x     Water consumption per 
sector 

When possible, identify water demand 
proportions by different user groups within the 
municipality. Modify or add other user groups if 
necessary. 

OUTPUTS C 
 
Wastewater 
production C0 

C0.001 x x x Total Waste Water 
Production (TWW) 

Total Waste water produced in the municipality 
in the reporting year 

C0.002 x     Wastewater types 
 The answer to this data item is a list identifying 
different types of waste water. (domestic, 
agricultural runoff, industrial, etc). 

C0.003 x x   Wastewater 
composition (fractions) 

Identify the different proportions that each 
consumer type contributes to the total waste 
water produced (TWWF) in the municipality: 
domestic, rain, urban runoff, agricultural runoff, 
etc.   

Wastewater 
treatment C1 
  C1.001 x   x 

Proportion of 
wastewater safely 
treated 

WHO proposes this indicator and a methodology 
to measure it. Its indicator 6.3.1 of the SDG 6. 
http://www.who.int/water_sanitation_health/m
onitoring/coverage/stepbystep-631-
20161021.pdf 

C1.002 x     Proportion of TWW going to treatment at studied plant 
C1.003 x     Proportion of TWW going to treatment at other plant(s) 
C1.004       Name, location and process of other plants within the municipality 

C1.005 x   x Proportion of TWW going to unsafe or inefficient disposal within the 
municipality 

C1.006 x   x Proportion of TWW going to untreated release within the 
municipality 

C1.007 x     Proportion of TWW being exported to other regions (municipalities, 
micro watersheds or watersheds) 

C1.008     x Proportion of population using open defecation 
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Category ID UN
U SI LI Data item  Item description  

(when needed) 
MANAGEMENT 
D D0.001 x   x Number of employees in the wastewater management sector 

 D0.002   x x Employee/inhabitant 
ratio 

Number of employees per 1,000 inhabitants 
served by the plant. 

Staff D0 D1.001     x Regularity of maintenance 

Management 
D1 D2.001 x x x Capacity sufficiency 

Does the personnel involved in wastewater 
management have the knowledge and skills they 
need to have? 

Capacities D2 D2.002       Capacity needs 
identified 

What skills or knowledge are needed by plant 
operators and other personnel directly in contact 
with the facility? Make a precise list relating 
stakeholders with capacity needs. 

Compliance and 
certification D3 D2.003   x x Accessible Sampling and 

processing equipment 

Does the municipality have its own equipment or 
easy and hassle-free access to sampling and 
analysis to monitor wastewater, treated water 
and by-products quality? 

  D3.001       Certification 
Does the municipal wastewater management 
system have some quality certification (ISO, or 
others)? 

RISK E E0.001       Has a health risk assessment related to wastewater been performed 
at the municipal scale? 

 E0.002   x x Are health risks related to the wastewater system being managed at 
the municipal scale?  

Health E0 E1.001       Has a natural disasters risk assessment been performed for the 
wastewater management system at the municipal scale? 

Natural hazards 
E1 E1.002       Are natural hazard risks to the municipal wastewater management 

system being managed? 
Environmental 
impact E2 E2.001       Has an environmental impact study relating wastewater with 

ecosystem health been performed at the municipal scale? 

  E2.002       Are efforts being made to reduce or manage environmental 
impacts? 

TOTAL 31 16 10 14     
       

DATASET I.03 - TECHNICAL-ENVIRONMENTAL BASELINE – Sub-catchment Scale 

Category ID UN
U SI LI Data item  Item description  

(when needed) 
ECOLOGICAL 
DYNAMICS  
A 

A0.001   x x Average Yearly 
Discharge regime 

Water volume discharged by the river into 
receiving water body 

A0.002 x x   Mean yearly Water 
resources availability  

Water resources available to humans under 
current infrastructural conditions (wells, dams, 
etc) 

Hydrology  
A0 A0.003 x     Mean annual water 

volume from springs 
How much of the river's mean volume comes 
from these source(s)? 

 A0.004 x     Mean annual water 
volume from run off 

How much of the river's mean volume come 
from rain run off 

 A0.005 x     Mean annual flow from 
raw waste water 

How much of the river's mean volume come 
from raw wastewater? 

 A0.006 x     Mean annual flow from 
treated waste water 

How much of the river's mean volume come 
from rain run off 

Resources 
health  
A1 
  

A1.001     x Level of deforestation upstream 
A1.002     x Level of soil erosion upstream 

A1.003 x     
Identified factors 
affecting river water 
quality upstream 

Other than the WWTP. From literature and/or 
visual surveillance and interviews on field. 

WATER 
QUALITY B 

B0.001   x x Temperature Quality of stream/river before contact with 
discharge from the treatment plant 

B0.002 x x x BOD   
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Category ID UN
U SI LI Data item  Item description  

(when needed) 
B0.003 x x x COD   
B0.004 x x x Total Nitrogen   
B0.005 x x x Ammonium   
B0.006 x x x Nitrates   
B0.007 x x x Total Phosphorus   
B0.008   x x K   
B0.009   x x Ca    
B0.010   x x Mg   
B0.011   x x Na   
B0.012   x x SAR   
B0.013 x x x Electric conductivity   
B0.014 x x x Faecal coliforms   
B0.015   x x E. coli   
B0.016   x x Helminths   
B0.017   x x Dissolved organic Carbon (DOC) 
B0.018   x x Organic Matter   
B0.019   x x Organic acids   
B0.020 x x x TSS   
B0.021 x x x Turbidity   
B0.022 x x x pH    
B0.023   x x Al   
B0.024   x x As   
B0.025   x x Cd   
B0.026   x x Co   
B0.027   x x Cr   
B0.028   x x Cu   
B0.029   x x Fe   
B0.030   x x Mn   
B0.031   x x Ni   
B0.032   x x Ti   
B0.033   x x Zn   
B0.034   x x Hg   
B0.035   x x Pb   
B0.036   x x Se   
B0.037   x x B   
B0.038   x x Mo    
B0.039   x x Residual chlorine   
B0.040   x x Microplastics   
B0.041   x x AOX   
B0.042   x x B(a)P   
B0.043   x x PCB    
B0.044   x x PCDD   
B0.045   x x PCDF   
B0.046   x x PFC   
B0.047   x x dl-PCB   

WASTEWATER 
C 
  

C0.001       Number of waste water 
treatment plants  

How many WWTP are there within the sub-
catchment area 

C0.002       Total waste water produced 
C0.003 x   x Proportion of wastewater safely treated 

MANAGEMENT 
D 

D0.001       

Number of non-
municipal staff 
employed in water 
resources management 
at the sub-catchment 
scale 

Number of staff hired by public institutions other 
than the municipality, appointed especially for 
the sub-catchment scale. 
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Category ID UN
U SI LI Data item  Item description  

(when needed) 
Staff D0 

D0.002     x Employee ratio 
Number of employees in wast3ewater 
management sector per 10,000 inhabitants in 
the sub-catchment. 

Management 
D1 D1.001     x River water quality monitoring frequency 

Capacities D2 
D2.001 x   x Capacity sufficiency 

Does the personnel involved in wastewater 
management at this scale have the knowledge 
and skills they need to have? 

D2.002 x     Capacity needs 
identified 

What skills or knowledge are needed by plant 
operators and other personnel directly in contact 
with the facility? Make a precise list relating 
stakeholders with capacity needs. 

D2.003 x   x Accessible Sampling and 
processing equipment 

Does the authority in charge of sub-catchment 
management have its own equipment or easy 
and hassle-free access to sampling and analysis 
to monitor water quality? 

Compliance and 
certification D3 D3.001       Certification 

Has the administration facility received 
certification (of procedures, quality standards, 
etc)? 

RISK E 
 
Health E0 

E0.001 x     Has a health risk assessment related to wastewater been performed 
at the sub-catchment scale? 

E0.002 x x x Are health risks related to the wastewater system being managed at 
the sub-catchment scale?  

E2.001 x     Has an environmental impact study relating wastewater with 
ecosystem health been performed at the municipal scale? 

Environmental 
impact E2 E2.001 x     Are efforts being made to reduce or manage environmental impacts 

of the wastewater management system on the sub-catchment? 
TOTAL 70 25 50 56     

       

DATASET I.04 - TECHNICAL-ENVIRONMENTAL BASELINE - Watershed Scale 
 

Category ID UN
U SI LI Data item  Item description  
(when needed) 

ECOLOGICAL 
DYNAMICS A A0.001 x     Average Yearly 

Discharge regime 
Water volume discharged into the main 
water body receiving water body 

Hydrology A0 
A0.002 x     Mean yearly Water 

resources availability  

Water resources available to humans 
under current infrastructural conditions 
(wells, dams, etc) 

Resources  
 
Health A1 
  

A1.001     x Degree of deforestation    
A1.002     x Degree of soil erosion upstream 
A1.003 x     Identified factors affecting water quality  

A1.004     x Main waterbody 
eutrophication low, medium, high 

WATER 
QUALITY B 
  

B0.001     x Temperature Quality of main receiving body at the 
watershed scale 

B0.002 x   x BOD   
B0.003 x   x COD   
B0.004 x   x Total Nitrogen   
B0.005 x   x Ammonium   
B0.006 x   x Nitrates   
B0.007 x   x Total Phosphorus   
B0.008     x K   
B0.009     x Ca    
B0.010     x Mg   
B0.011     x Na   
B0.012     x SAR   
B0.013 x   x Electric conductivity   
B0.014 x   x Faecal coliforms   
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Category ID UN
U SI LI Data item  Item description  

(when needed) 
B0.015     x E. coli   
B0.016     x Helminths   

B0.017     x Dissolved organic 
Carbon (DOC)   

B0.018     x Organic Matter   
B0.019     x Organic acids   
B0.020 x   x TSS   
B0.021 x   x Turbidity   
B0.022 x   x pH    
B0.023     x Al   
B0.024     x As   
B0.025     x Cd   
B0.026     x Co   
B0.027     x Cr   
B0.028     x Cu   
B0.029     x Fe   
B0.030     x Mn   
B0.031     x Ni   
B0.032     x Ti   
B0.033     x Zn   
B0.034     x Hg   
B0.035     x Pb   
B0.036     x Se   
B0.037     x B   
B0.038     x Mo    
B0.039     x Residual chlorine   
B0.040     x Microplastics   
B0.041     x AOX   
B0.042     x B(a)P   
B0.043     x PCB    
B0.044     x PCDD   
B0.045     x PCDF   
B0.046     x PFC   
B0.047     x dl-PCB   

WASTE WATER 
C C0.001       Number of waste water 

treatment plants  
How many WWTP are there within the 
watershed area 

 C0.002     x Total waste water produced 
  C0.003 x   x Proportion of wastewater safely treated 
MANAGEMENT 
D 

D0.001       

Number of non-
municipal staff 
employed in water 
resources management 
at the watershed scale 

Number of staff hired by public 
institutions other than the municipality, 
appointed especially for the watershed 
scale. 

Staff D0 D0.002     x Employee ratio Number of employees per 10,000 
inhabitants in the watershed 

Management 
D1 

D1.001       Uses of lake water What uses do different population groups 
give to lake water? 

        Main water body water quality monitoring frequency 
Capacities D2 

D2.001 x   x Capacity sufficiency 

Does the personnel involved in 
wastewater management at the 
watershed scale have the knowledge and 
skills they need to have? 

D2.002       Capacity needs 
identified 

What skills or knowledge are needed by 
personnel involved in wastewater 
management? Make a precise list relating 
stakeholders with capacity needs. 
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Category ID UN
U SI LI Data item  Item description  

(when needed) 

D2.003     x Accessible Sampling and 
processing equipment 

Does the authority in charge of monitoring 
the watershed have its own equipment or 
easy and hassle-free access to sampling 
and analysis to monitor water quality? 

Compliance and 
certification D3 
  

D3.001     x Water quality monitoring frequency compliance 

D3.002       Certification 
Has the watershed authority received 
certification (of procedures, quality 
standards, etc)? 

RISK E 
 
Health E0 

E0.001 x     Has a health risk assessment related to wastewater been 
performed at the watershed scale? 

E0.002 x x x Are health risks related to the wastewater system being 
managed at the watershed scale?  

E2.001 x     Has an environmental impact study relating wastewater with 
ecosystem health been performed at the watershed scale?  

Environmental 
impact E2 E2.001 x     

Are efforts being made to reduce or manage environmental 
impacts of the wastewater management system on the 
watershed´s resources? 

TOTAL 68 20 1 57     

 

SludgeTec Framework - EXTENDED DATASET IIA - SOCIAL ECONOMIC DATA  

 .      

DATASET II.01 - SOCIO-ECONOMIC BASELINE - WWTP Scale 
 

Category ID UN
U SI LI Data item  Item description  

(when needed) 
ECONOMICAL 
A A0.001 x   x Total Running costs Costs of yearly operation. Clearly 

state currency  

Costs A0 A0.002     x Cost per m3 of water treated Cost of producing one cubic meter 
of water 

 A0.003     x Cost per inhabitant served   
 A0.004 x   x Proportion of costs: energy   What proportion of the total 

expenses corresponds to energy? 

 A0.005 x     Proportion of costs: raw 
materials 

What proportion of the total 
expenses corresponds to energy? 

 A0.006 x x x Proportion of costs: 
maintenance and repairs 

What proportion of the total 
expenses corresponds to energy? 

 A0.007 x     Proportion of costs:  quality 
testing and lab work 

What proportion of the total 
expenses corresponds to energy? 

 A0.008 x     Proportion of costs: salaries 
and other labour costs 

What proportion of the total 
expenses corresponds to energy? 

 A0.009 x     Proportion of costs: training, 
capacity building 

What proportion of the total 
expenses corresponds to energy? 

 A0.010 x     Proportion of costs: solid 
waste management 

What proportion of the total 
expenses corresponds to energy? 

Income A1 A1.001 x   x Total plant income Total income of the plant yearly. 
Specify currency used under 'units' 

 A1.002     x Real financial availability per inhabitant served 
 A1.003 x     Budget deficit   
 A1.004 x x   Current financing sources    
 A1.005 x     Alternative financing sources identified 

  A1.006     x Valorisation of by products Are products of the plant being 
valorised (sold, recycled, etc) 

TOTAL 16 12 2 8     
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DATASET II.02 - SOCIO-ECONOMIC BASELINE - Municipal Scale 
 

Category ID UN
U SI LI Data item  Item description  

(when needed) 
ECONOMIC A 
 
Costs A0 A0.001 x x x 

Financial requirements of 
wastewater sector at the 
municipal scale 

Total calculated budgetary 
requirements for the totality of the 
wastewater sector in the 
municipality. Data sources can be 
the municipality itself, or federal-
level planning institutions. 

A0.002   x x Cost per m3 of water treated To user  
A0.003   x x Cost per inhabitant served To user  

Income A1 A1.001 x x x Total real budget 

Total budget available to the 
municipality to deal with sanitation 
and wastewater management 
issues. Similar to "Running costs 
ration" in Quadros et al., 2010.  

 A1.002 x     Ratio Investment per 
inhabitant served 

Ratio investment/ inhabitant. How 
much does the municipality invest 
in the WW management system 
per inhabitant? 

 A1.003     x 
Percentage of municipal 
budget destined to 
wastewater management 

Percentage of the municipal budget 
destined to all waste water 
treatment activities. 

 A1.004 x     Budgetary deficit   

 A1.005   x x Cost of connection to water 
system To users 

 A1.006   x x Costs of connection to 
sewerage system To users 

Finance 
management 
A2 
  

A2.001   x x Financial plan existing 
Does a financial plan exist for the 
wastewater sector in the 
municipality? 

A2.002 x x   Current financing sources    
A2.003 x     Alternative financing sources identified 

SOCIAL  
B 
 
Governance 
and 
Management 
B0  

B0.001   x x 

Institutional Planning: 
Existence of an institutional 
plan for wastewater 
management at the municipal 
scale 

Stakeholders mentioned in 
economic indicators that feasibility 
studies including things such as 
population growth projections and 
technical preliminary studies were 
important to take into account 
when planning new projects 

B0.002     x Clear governance and 
management structures 

Is the governance and management 
structure clear to all stakeholders 
involved? Are responsibilities clear? 

B0.003     x Cross sectoral integration 

is wastewater management 
integrated with other sectors at the 
operative or planning scale? i.e. 
coordination with waste sector, 
with water sector, with agriculture. 

B0.004     x Policy concurrence 

Are policies overlapping (e.g. two 
different policies regulate one 
same resource or process, so as to 
create confusion or double-
regulating) 

B0.005     x Managerial communication 

Is there a direct or uncomplicated 
communication channel for 
operators and actors on the ground 
to inform and influence decision 
makers? 

TOTAL 17 6 9 13     
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DATASET II.03 - SOCIO-ECONOMIC BASELINE - Sub-catchment Scale 
 

Category ID UN
U SI LI Data item  Item description  

(when needed) 
SOCIAL B 
 
Governance 
and 
Management 
B0 

B0.001 x     Is there a governance administrative body for the 
watershed/ecoregion? 

B0.002 x     Institutional planning: Existence of an integrated water resources 
management plan for the watershed? 

B0.003 x     Institutional Planning: Existence of an institutional plan for 
wastewater management at the watershed scale? 

 B0.004     x Clear management structures 
 B0.005     x Cross sectoral integration 
 B0.006     x Policy concurrence   
 B0.007     x Managerial communication 

TOTAL 7 3 0 4     

 
DATASET II.04 - SOCIO-ECONOMIC BASELINE - Watershed Scale 

 

Category ID UN
U SI LI Data item  Item description  

(when needed) 
ECONOMIC A 

A0.001 x     

Total costs for 
operating 
water/wastewater 
facilities/management 
system at the 
watershed scale 

For running the watershed 
governance/administration facility, if 
existing. 

 A0.002 x     
Budget destined to 
the watershed 
administration facility 

If a watershed management facility is 
existing. See data item B0.001 

 A0.003 x     Budget deficit?   
 A0.004 x     Current financing sources 
  A0.005 x     Alternative financing sources identified 
SOCIAL B 
 
Governance 
and 
Management 
B0 

B0.001 x     Is there a governance administrative body for the 
watershed/ecoregion? 

B0.002 x     Institutional planning: Existence of an integrated water resources 
management plan for the watershed? 

B0.003 x     Institutional Planning: Existence of an institutional plan for 
wastewater management at the watershed scale 

B0.004     x Clear management structures 

B0.005     x Cross sectoral 
integration 

is wastewater management integrated with 
other sectors at the operative or planning 
scale? i.e. coordination with waste sector, 
with water sector, with agriculture. 

B0.006     x Policy concurrence Are policies overlapping in a way as to create 
unclearness in response 

B0.007     x Managerial 
communication 

Is there a direct or uncomplicated 
communication channel for operators and 
actors on the ground to inform and influence 
decision makers? 

TOTAL 12 8 0 4     
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SludgeTec Framework - EXTENDED DATASET IIB - MULTISCALE SOCIAL   DATA  
 

Category ID UN
U SI LI Data item  Item description  

(when needed) 
SOCIAL 
ACCEPTANCE 
A 

A0.001 x x   Personal interest in wastewater management problems 
A0.002 x x   Personal awareness of wastewater management problems 

A0.003 x     Willingness to be informed about the wastewater management 
problems 

A0.004 x     Accessibility to information 
A0.005 x     Possibilities for providing a recommendation 
A0.006 x     Recommendations are taken into account? 
A0.007 x x   Willingness to participate in decision-making 
A0.008 x x   Participative decision-making 
A0.009 x     Personal acceptance of the current wastewater management 

A0.010 x     Perception of social acceptance of the current wastewater 
management 

TOTAL 10 10 4 0     
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Annex 2: Overview of the Results of Editing the Extended 
Set into Site-Specific Datasets

Overview of the results of editing the extended set into the site-specific datasets. Scale 01 (WWTP, shaded in grey) is the only 
scale to which sustainability assessment was applied to within this phase of the project. 

Panajachel Dataset Framework Tepeji Dataset Framework 

                                          Scale Number 
of items                                             Scale Number 

of items 

Dataset 0 1 1 Dataset 0 1 3 
Context 2 0 Context 2 3 

 3 0  3 4 
 4 0  4 5 
  Total 1   Total 15 

Dataset I  1 98 Dataset I  1 107 
Technical 

Environmental  2 15 Technical 
Environmental  2 15 

 3 55  3 15 
 4 18  4 18 
  Total 186   Total 155 

Dataset IIa 1 8 Dataset IIa 1 7 
Social-Economic  2 8 Social-Economic  2 5 

 3 0  3 0 
 4 5  4 3 
  Total 20   Total 15 

Data IIb 
Total  10 

Data IIb 
Total  10 

Multi-scalar Social  Multi-scalar Social  

Total items in framework 218 Total items in framework 195 

Grey shaded areas indicate the data used in the sustainability assessment  

Dataset 0 includes geographic, and other context data, such as coordinates, altitude, climate, population, 
poverty levels, etc. It serves the purpose of concentrating basic information that is needed to fully 
understand the site’s condition and concentrating it in one single database so that it can quickly referred 
to during a project.  

Dataset I holds technical and environmental information on the WWTP (scale 01), the wastewater 
management system in the municipality (scale 02), the impacts of these of the hydrological boundaries 
(sub-catchment and watershed, scales 03 and 04).  

Datasets IIa and IIb hold information on governance issues, economic feasibility of the WWTP and the 
management system, social acceptance and participation.
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a. Site-Specific Dataset (Panajachel)

Site-specific Dataset - Panajachel  
Total data items: 218. The numbers in the ID column refer to those of the extended set. 
PS: Prioritised by stakeholders; LI: Data Item comes from the literature; RG: Included in Guatemalan regulation; 
RM: Included in Mexican regulation  
 

DATASET 0 - Context data - WWTP Scale  
 

Category ID PS LI RG RM Data item Item description  
(when needed) 

GEOGRAPHY A 

A0.003   1  Map 

Cartography at the adequate scale to 
understand the location of the plant 
in relation to nearest population 
settlement, water resources and 
other relevant features. 

        
DATASET I.01 - Technical Environmental data - WWTP Scale  

Category ID PS LI RG RM Data item Item description  
(when needed) 

GENERAL A 

A0.001 x x 1   Technology used 

Technical procedure with which the 
plan treats waste water. Note any 
relevant particularities. If needed, 
include a diagram of the process in an 
annex. 

  A0.005 x x     Number of people served 

INPUTS B B0.001 x x     Design inflow  Flow capacity that the plant was 
originally designed for. 

 B0.002 x x     Volume waste water 
input 

Total volume of water entering the 
plant in the reporting year 

 B0.005 x x     Average plant 
capacity utilization 

Percent of design capacity being 
used, on average, during the 
reporting year 

 B0.006 x x     Volumetric Efficiency  Total wastewater entering the plant 
/Treated Wastewater (100) 

Inflow quality 
parameters B1 

B1.001 x x     Temperature   
B1.002 x x     BOD Biological Oxygen demand 
B1.003 x x     COD Chemical oxygen demand 

Inflow Nutrients B1.004 x x     Total Nitrogen   
 B1.008 x x     Total Phosphorus   
 B1.015   x     Faecal coliforms   
Pathogens 
inflow 

B1.016   x     E. coli   
B1.021   x     TSS Total suspended solids 
B1.023   x     pH    

Other inputs B2 

B2.001 x x     Raw materials used  

Raw materials as inputs necessary for 
the plant to function (e.g. machine 
oils, fuel, chemicals for the 
flocculation phase or other stages of 
the process, etc.), as well as office 
supplies and such.  When data 
available is in other units, make sure 
to note so in the ‘Units’ column. 
Tonnes per year is a recommended 
unit.  

  B2.003 x x     Total energy 
consumed 

Energy consumed in the reporting 
year, all energy carriers together and 
all energy uses considered.  

OUTPUTS C C0.001 x x     Total volume Treated 
Water produced 

Total Outflow of waste water from 
the plant, in yearly total average. 

C1.001 x x 1 1 Temperature   
C1.002 x x 1 1 BOD Biological Oxygen demand 
C1.003 x x 1   COD Chemical oxygen demand 
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Category ID PS LI RG RM Data item Item description  
(when needed) 

C1.004 x x 1 1 Total Nitrogen   
C1.008 x x 1 1 Total Phosphorus   

Pathogens in 
outflow 

C1.015 x x 1   Faecal coliforms   
C1.016 x x     E. coli   
C1.017 x x     Helminths   
C1.019 x x     Organic Matter   
C1.021       1 Sedimentable solids   
C1.022 x x 1 1 TSS   
C1.023 x x     Turbidity   
C1.024 x x 1 1 pH    

Metals, 
metalloids and 
trace elements 
in outflow 

C1.025 x x     Al   
C1.026 x x 1 1 As   
C1.027 x x     Cd   
C1.028     1 1 Cyanide (CN)   
C1.029 x x     Co   
C1.030 x x 1 1 Cr   
C1.031 x x 1 1 Cu   
C1.032 x x     Fe   
C1.033 x x     Mn   
C1.034 x x 1 1 Ni   
C1.035 x x     Ti   
C1.036 x x 1 1 Zn   
C1.037 x x 1 1 Hg   
C1.038 x x 1 1 Pb   
C1.039 x x     Se   
C1.040 x x     B   
C1.041 x x     Mo    
C1.043 x   1 1 Grease and oils   
C1.044 x   1 1 Floating matter   
C1.045     1   Colour   

Wastewater 
Reuse C2 C2.001 x x     Percentage of wastewater output being recycled or reused 

Sludge C3 C3.001 x x     Total Sludge produced 
yearly 

Total amount of sludge produced in 
the reporting year. 

Sludge Quality 
parameters  C3.002 x x     Al   

Metals, 
metalloids and 
trace elements 
in sludge 

C3.003 x x 1 1 As   
C3.004 x x 1 1 Cd   
C3.005 x x     Co   
C3.006 x x 1 1 Cr   
C3.007 x x 1 1 Cu   
C3.008 x x     Fe   
C3.009 x x     Mn   
C3.010 x x 1 1 Ni   
C3.011 x x     Ti   
C3.012 x x 1 1 Zn   
C3.013 x x 1 1 Hg   
C3.014 x x 1 1 Pb   
C3.015 x x     Se   
C3.016 x x     B   
C3.017 x x     Mo    
C3.030 x x     Calorific value   

Pathogens in 
sludge 

C3.031 x x 1 1 Helminths   
C3.032 x x 1 1 Total coliforms   
C3.033 x x     E. coli   
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Category ID PS LI RG RM Data item Item description  
(when needed) 

C3.034       1 Salmonella   
Organics C3.035 x x     Organic Matter   
Sludge use C4 

C4.001 x x     Scope of sludge 
management 

% of sludge that is managed, 
including treatment in different ways, 
such as use in agriculture, thermal 
disposal, landfills, etc. As proposed by 
Popovic & Kraslawski (2018) 

 C4.002 x x     
Current 
use/management of 
sludge 

What is done with sludge once it is 
dried at the plant? 

 C4.004 x x     Potential sludge users   
Emissions C5 C5.001 x x     Total Biogas 

production 
How much biogas was produced in 
the reporting year? 

  C5.005 x x     GHG emissions 

Can be divided into GHG emissions 
linked to plant operation and 
maintenance, and emissions 
produced by the wastewater itself. 
Specify and disclose method for 
Calculations performed in an annex. 
The online tool ECAM 
(wacclim.org/ecam) is an option for 
estimation.   

MANAGEMENT 
D2 D0.001 x x     Number of operators   

Staff D0 D0.003 x x     Employee/inhabitant 
ratio 

Number of employees per 1,000 
inhabitants served by the plant. 

Management 
D1 D1.001 x x     Existence Operation 

manual 

Does a clear, up to date operations 
manual exist on site, and available to 
all people operating the plant?  

D1.002 x x     Regularity of 
maintenance   

Capacities D2 
D2.001 x x     Capacity sufficiency 

Does all the personnel involved have 
the knowledge and skills they need to 
have?  

D2.003 x x     
Accessible Sampling 
and processing 
equipment 

Does the plant have its own 
equipment or easy and hassle-free 
access to sample and analyse 
incoming wastewater, treated water 
and by-products quality? 

Compliance and 
certification D3 D3.001   x     Discharge standards 

compliance  

Percent of time that the plant's 
outflow complies with applicable 
regulations. State the regulations are 
being considered.  

D3.002   x   1 Analysis frequency 
compliance 

Ratio between the number of effluent 
samplings per month and number of 
effluent sampling per month required 
by law of wastewater treatment 
policy (as proposed by Popovic & 
Kraslawski (2018)) 

  
D3.003 x       Certification 

Does the plant have some quality 
certification (ISO, or other 
national/international standards) 

RISK E1 
 
Health E0 

E0.001   x     Has a health risk assessment related to waste water been 
performed at the site? 

E0.002 x x     Are health risks being managed? 

E0.003 x x     Do the operators have the necessary health and safety 
equipment? 

Other hazards 
E1 E1.001         Has a natural hazard risk assessment been performed at 

the facility? 
E1.002         Are natural hazard risks being managed? 
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Category ID PS LI RG RM Data item Item description  
(when needed) 

E1.003         Has an environmental impact study relating wastewater 
with ecosystem health been performed at the site?  

E1.004 x x     What efforts are being made to reduce or manage 
environmental impacts?  

E1.005         Presence or risk of groundwater pollution 
  E1.006         Presence or risk of surface water pollution 
        

DATASET I.02 - Technical Environmental data - Municipal Scale  

Category ID PS LI RG RM Data item  Item description  
(when needed) 

GENERAL A A0.001 x x     Total number of connections to sewerage system 
INPUTS B 

B0.001 x x     
Total Estimated 
Municipal Water 
Demand  

Calculation of the theoretical water 
demand, according to the total 
population x an average endowment. 
Specify what endowment what used 
to estimate (WHO, local regulation, 
etc). 

OUTPUTS C C0.001 x x     Total Waste Water 
Production (TWW) 

Total Waste water produced in the 
municipality in the reporting year 

Wastewater 
production C0 

C1.001   x     
Proportion of 
wastewater safely 
treated 

WHO proposes this indicator and a 
methodology to estimate this 
(indicator 6.3.1 of the SDG 6) 
http://www.who.int/water_sanitatio
n_health/monitoring/coverage/stepb
ystep-631-20161021.pdf  

C1.008   x     Proportion of population using open defecation 

  D0.002 x x     Employee/inhabitant 
ratio 

Number of employees per 1,000 
inhabitants served by the plant. 

Management 
D1 D2.001 x x     Capacity sufficiency 

Does the personnel involved in 
wastewater management have the 
knowledge and skills they need to 
have? 

Compliance and 
certification D3 

D2.003 x x     
Accessible Sampling 
and processing 
equipment 

Does the municipality have its own 
equipment or easy and hassle-free 
access to sample and analyse 
incoming wastewater, treated water 
and by-products quality? 

  D3.001         Certification Does the facility have some quality 
certification (ISO, or others)? 

RISK E 
 
Health E0 

E0.001         Has a health risk assessment related to wastewater been 
performed at the municipal scale? 

E0.002 x x     Are health risks related to the wastewater system being 
managed at the municipal scale?  

Natural hazards 
E1 E1.001         

Has a natural disasters risk assessment been performed for 
the wastewater management system at the municipal 
scale? 

E1.002         Are natural hazard risks to the municipal wastewater 
management system being managed? 

Environmental 
impact E2 E2.001         

Has an environmental impact study relating wastewater 
with ecosystem health been performed at the municipal 
scale? 

  E2.002         Are efforts being made to reduce or manage 
environmental impacts? 
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DATASET I.03 - Technical Environmental data – Sub-catchment Scale  
 

Category ID PS LI RG RM Data item  Item description  
(when needed) 

ECOLOGICAL 
DYNAMICS A A0.001         Average Yearly 

Discharge regime 
Water volume discharged by the river 
into receiving water body 

WATER 
QUALITY B B0.001 

    
    Temperature 

Quality of stream/river before 
contact with discharge from the 
treatment plant 

 B0.002       1 BOD   
 B0.003       1 COD   
 B0.004         Total Nitrogen   
 B0.005         Ammonium   
 B0.006         Nitrates   
 B0.007         Total Phosphorus   
 B0.008         K   
 B0.009         Ca    
 B0.010         Mg   
 B0.011         Na   
 B0.012         SAR   
 B0.013         Electric conductivity   
 B0.014         Faecal coliforms   
 B0.015         E. coli   
 B0.016         Helminths   
 B0.017         Dissolved organic Carbon (DOC) 
 B0.018         Organic Matter   
 B0.019         Organic acids   
 B0.020       1 TSS   
 B0.021         Turbidity   
 B0.022         pH    
 B0.023         Al   
 B0.024         As   
 B0.025         Cd   
 B0.026         Co   
 B0.027         Cr   
 B0.028         Cu   
 B0.029         Fe   
 B0.030         Mn   
 B0.031         Ni   
 B0.032         Ti   
 B0.033         Zn   
 B0.034         Hg   
 B0.035         Pb   
 B0.036         Se   
 B0.037         B   
 B0.038         Mo    

 B0.039         Residual chlorine   
 B0.040         Microplastics   

 B0.041         AOX   
 B0.042         B(a)P   

 B0.043         PCB    
 B0.044         PCDD   

 B0.045         PCDF   
 B0.046         PFC   
  B0.047         dl-PCB   
OUTPUTS C C0.003         Proportion of wastewater safely treated 
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Category ID PS LI RG RM Data item  Item description  
(when needed) 

MANAGEMENT 
D Capacities D2 D2.001 

    
    Capacity sufficiency 

Does the personnel involved in 
wastewater management at this scale 
have the knowledge and skills they 
need to have? 

  D2.003 

    

    
Accessible Sampling 
and processing 
equipment 

Does the authority in charge of sub-
catchment management have its own 
equipment or easy and hassle-free 
access to sampling and analysis to 
monitor water quality? 

RISK E E0.001         Has a health risk assessment related to wastewater been 
performed at the sub-catchment scale?  

E0.002         Are health risks related to the wastewater system being 
managed at the sub-catchment scale?  

Environmental 
impact E2 E2.001 

    
    

Has an environmental impact study relating wastewater 
with ecosystem health been performed at the municipal 
scale? 

  
E2.001 

    
    

Are efforts being made to reduce or manage 
environmental impacts of the wastewater management 
system on the sub-catchment? 

        
DATASET I.04 - Technical Environmental data - Watershed Scale  

Category ID PS LI  RG RM Data item Item description  
(when needed) 

INPUTS B B0.002   x     BOD   
 B0.003   x     COD   
 B0.004   x     Total Nitrogen   
 B0.007   x     Total Phosphorus   
 B0.008   x     K   
 B0.014   x     Faecal coliforms   
 B0.020   x     TSS   
 B0.021   x     Turbidity   
  B0.023   x     Al   
OUTPUTS C C0.003   x     Proportion of wastewater safely treated 
Staff D0 D0.002   x     Employee ratio Number of employees per 10,000 

inhabitants in the watershed 
Capacities D2 

D2.001   x     Capacity sufficiency 

Does the personnel involved in 
wastewater management at the 
watershed scale have the knowledge 
and skills they need to have?  

D2.003   x     
Accessible Sampling 
and processing 
equipment 

Does the authority in charge of 
monitoring the watershed have its 
own equipment or easy and hassle-
free access to sampling and analysis 
to monitor water quality? 

Compliance and 
certification D3 D3.001   x     Water quality monitoring frequency compliance 

RISK E E0.001         Has a health risk assessment related to wastewater been 
performed at the watershed scale? 

 E0.002 x x     Are health risks related to the wastewater system being 
managed at the watershed scale?  

Environmental 
Impact E2 E2.001         

Has an environmental impact study relating wastewater 
with ecosystem health been performed at the watershed 
scale? 

  E2.001         
Are efforts being made to reduce or manage 
environmental impacts of the wastewater management 
system on the watershed´s resources? 
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DATASET II.01 - Social Economic data - WWTP Scale  
 

Category ID PS LI RG RM Data item Item description  
(when needed) 

Costs A0 A0.002   x     Cost per m3 of water 
treated 

Cost of producing one cubic meter of 
water 

 A0.003   x     Cost per inhabitant served  

 A0.006 x x     
Proportion of costs: 
maintenance and 
repairs 

What proportion of the total 
expenses corresponds to energy? 

  A0.009         
Proportion of costs: 
training, capacity 
building 

What proportion of the total 
expenses corresponds to energy? 

Income A1 A1.001   x     Total plant income Total income of the plant yearly. 
Specify currency used under 'units' 

 A1.002   x     Real financial availability per inhabitant served 
 A1.003         Budget deficit   

  A1.006   x     Valorisation of by 
products 

Are products of the plant being 
valorised (sold, recycled, etc) 

        
DATASET II.02 - Social Economic data - Municipal Scale  

 

Category ID PS LI RG RM Data item Item description  
(when needed) 

ECONOMICAL A 

A0.001 x x     

Financial 
requirements of 
wastewater sector at 
the municipal scale 

Total calculated budgetary 
requirements for the totality of the 
wastewater sector in the 
municipality. Data sources can be the 
municipality itself, or federal-level 
planning institutions. 

Income A1 

A1.001 x x     Total real budget 

Total budget available to the 
municipality to deal with sanitation 
and wastewater management issues. 
Similar to "Running costs ration" in 
Quadros et al., 2010.   

A1.002         Ratio Investment per 
inhabitant served 

Ratio investment/ inhabitant. How 
much does the municipality invest in 
the WW management system per 
inhabitant?  

A1.004         Budgetary deficit    
A1.005 x x     Cost of connection to 

water system To users 
 

A1.006 x x     Costs of connection to 
sewerage system To users 

Finance 
management 
A2 

A2.001 x x     Financial plan existing 
Does a financial plan exist for the 
wastewater sector in the 
municipality? 

Governance 
and 
Management 
B0 B0.001 x x     

Institutional Planning: 
Existence of an 
institutional plan for 
wastewater 
management at the 
municipal scale 

Stakeholders mentioned in economic 
indicators that feasibility studies 
including things such as population 
growth projections and technical 
preliminary studies were important to 
take into account when planning new 
projects 
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DATASET II.04 - Social Economic data - Watershed Scale  

Category ID PS LI RG RM Data item Item description  
(when needed) 

ECONOMICAL A 

A0.001 

    

    

Total costs for 
operating 
water/wastewater 
facilities/management 
system at the 
watershed scale 

For running the watershed 
governance/administration facility, if 
existing. 

 

A0.002 
    

    
Budget destined to 
the watershed 
administration facility 

If a watershed management facility is 
existing 

  A0.003         Budget deficit?   
SOCIAL B B0.001         Is there a governance administrative body for the 

watershed/ecoregion? 
Governance 
and 
Management 
B0 

B0.002 

    

    Institutional planning: Existence of an integrated water 
resources management plan for the watershed? 

        

DATASET IIB - Social Acceptance - Multiscalar   

Category ID PS IL RG RM Data item Item description  
(when needed) 

SOCIAL B B0.001         Personal interest in wastewater management problems 
Inclusion/Partic
ipation B0.002         Personal awareness of wastewater management problems 
 

B0.003         Willingness to be informed about the wastewater 
management problems  

B0.004         Accessibility to information  
B0.005         Possibilities for providing a recommendation  
B0.006         Recommendations are taken into account?  
B0.007         Willingness to participate in decision-making  
B0.008         Participative decision-making  
B0.009         Personal acceptance of the current wastewater 

management 
  B0.010         Perception of social acceptance of the current wastewater 

management 
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b. Site-Specific Dataset (Tepeji)

Site-specific Dataset - Tepeji  
Total data items: 195; The numbers in the ID column refer to those of the extended set. 
PS: Prioritised by stakeholders; LI: Data Item comes from the literature; RG: Included in Guatemalan regulation; 
RM: Included in Mexican regulation  

       

DATASET 0.1 - Context data - WWTP Scale  
 

Category ID PS LI RG RM Data item  Item description  
(when needed) 

GEOGRAPHY 
A 

A0.003   1  Map 

Insert in Annex - cartography at the 
adequate scale to understand the location 
of the plant in relation to nearest 
population settlement, water resources and 
other relevant features.  

A0.006  x   Land uses in 1 km radius 
  A0.007   x     Distance to nearest house 
        

DATASET 0.2 - Context data - Municipal Scale  

Category ID PS LI RG RM Data item  Item description  
(when needed) 

GEOGRAPHY 
A 

A0.001         Spatial definition 
(maps) 

Insert in Annex - cartography at the 
adequate scale to understand the location 
of the plant in relation to nearest 
population settlement, water resources and 
other relevant features. 

POPULATION 
B  B0.001         Total population 

Total population in the municipality. When 
possible, include floating population and 
their temporal behaviour when relevant 
(e.g. tourism, yearly massive events, etc.) 

LAND USE 
AND 

ECONOMY C C0.001         Predominant 
Land uses  

Major land uses in the municipality, 
describe to the best degree of detail 
possible. E.G. when data is available, state 
the type of crop and farming methods 
instead of simply stating "Agriculture". 

        
DATASET 0.3 - Context data – Sub-catchment Scale  

Category ID PS LI RG RM Data item  Item description  
(when needed) 

GEOGRAPHY 
A 

A0.001         Spatial definition 
(maps) 

Insert in Annex - cartography at the 
adequate scale to understand the location 
of the plant in relation to nearest 
population settlement, water resources and 
other relevant features. 

A0.006         Discharges to River or sub-catchment water body 
discharges to 

A0.009         
Conservation 
status, general 
ecological status 

If literature or reports are available to 
provide reference, state the s the overall 
ecological status of the area (conserved, 
endangered, etc).  

C0.002         Predominant Land uses downstream from WWTP 
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DATASET 0.4 - Context data - Watershed Scale  
 

Category ID PS LI RG RM Data item  Item description  
(when needed) 

GEOGRAPHY A 

A0.001         Spatial definition (maps) 

Insert in Annex - cartography 
at the adequate scale to 
understand the location of the 
plant in relation to nearest 
population settlement, water 
resources and other relevant 
features.  

A0.004         Discharges to 
If exoreic, body of water 
and/or basin where the 
watershed discharges into  

A0.008         Level of exploitation of water resources  

A0.009         Conservation status, 
general ecological status 

If literature or reports are 
available to provide reference, 
state the s the overall 
ecological status of the area 
(conserved, endangered, etc).   

B0.003         Predominant land uses    
        
DATASET I.01 - Technical Environmental data - WWTP Scale  

Category ID PS LI RG RM Data item  Item description 
GENERAL A 

A0.001   x     Technology used 

Technical procedure with 
which the plan treats waste 
water. Note any relevant 
particularities. If needed, 
include a diagram of the 
process in an annex.  

A0.002   x     Construction year 
Year of construction. When 
construction lasted more than 
one year, state ending year. 

  A0.005   x     Number of people served   
INPUTS B B0.001   x     Design inflow  Flow capacity that the plant 

was originally designed for.  
B0.002   x     Volume waste water input Total volume of water entering 

the plant in the reporting year 
Inflow B0 B0.003         Average inflow (AF)  Average flow (in a year) of 

wastewater into WWTP.  

B0.005   x     Average plant capacity 
utilization 

Percent of design capacity 
being used, on average, during 
the reporting year  

B0.006   x     Volumetric Efficiency  Total TTW/TW(100) 
Inflow quality 
parameters B1 

B1.001   x     Temperature   
B1.002   x     BOD   
B1.003   x     COD   

Inflow nutrients B1.004   x     Total Nitrogen    
B1.008   x     Total Phosphorus   

Salts inflow B1.009   x     K    
B1.010   x     Ca     
B1.011   x     Mg    
B1.012   x     Na    
B1.014   x     Electric conductivity    
B1.015   x     Faecal coliforms   

Pathogens 
inflow B1.016   x     E. coli   
 

B1.021   x     TSS    
B1.023   x     pH    

 B1.025   x     As    
B1.026   x     Cd    
B1.028   x     Cr   
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Category ID PS LI RG RM Data item  Item description  
(when needed)  

B1.029   x     Cu    
B1.030   x     Fe    
B1.031   x     Mn    
B1.032   x     Ni    
B1.033   x     Ti    
B1.034   x     Zn    
B1.035   x     Hg    
B1.036   x     Pb    
B1.037   x     Se    
B1.038   x     B    
B1.039   x     Mo    

Others B1.040   x     Residual chlorine    
B1.041         Grease and oils    
B1.042         Floating matter    
B1.043         Colour    

B2.003   x     Total energy consumed 

Energy consumed in the 
reporting year, all energy 
carriers together and all energy 
uses considered.  

  B2.004   x     Energy/m3 treated water   
OUTPUTS C 

C0.001   x     Total volume Treated 
Water produced 

Total Outflow of waste water 
from the plant, in yearly total 
average. 

C1.001   x     Temperature   
C1.002   x     BOD   
C1.003   x     COD   
C1.004   x     Total Nitrogen   

Nutrients in 
outflow 

C1.006   x     Nitrates   
C1.007   x     Nitrites   
C1.008   x     Total Phosphorus   

Salts in outflow C1.009   x     K   
C1.010   x     Ca    
C1.011   x     Mg   
C1.012   x     Na   

C1.014   x     Electric conductivity 
Can be used when 
measurements for salinity/SAR 
(Na, Ca Mg) are not available, 
as general indicator for salinity.  

Pathogens in 
outflow 

C1.015   x     Faecal coliforms   
C1.016   x     E. coli   
C1.017   x     Helminths   
C1.021         Sedimentable solids   
C1.022   x     TSS   
C1.024   x     pH    
C1.026   x     As   
C1.027   x     Cd   
C1.028         Cyanide (CN)   
C1.030   x     Cr   
C1.031   x     Cu   
C1.034   x     Ni   
C1.036   x     Zn   
C1.037   x     Hg   
C1.038   x     Pb   
C1.043         Grease and oils   
C1.044         Floating matter   
C1.045         Colour   
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Category ID PS LI RG RM Data item  Item description  
(when needed) 

Wastewater 
Reuse C2 C2.001   x     Percentage of wastewater output being recycled or 

reused 
Sludge C3 C3.001   x     Total Sludge produced 

yearly 
Total amount of sludge 
produced in the reporting year. 

Metals, 
metalloids and 
trace elements 
in sludge 

C3.003   x     As   
C3.004   x     Cd   
C3.006   x     Cr   
C3.007   x     Cu   
C3.010   x     Ni   
C3.012   x     Zn   
C3.013   x     Hg   
C3.014   x     Pb   

Pathogens in 
sludge 
  

C3.031   x     Helminths   
C3.032   x     Total coliforms   
C3.034         Salmonella   

Sludge use C4 

C4.001   x     Scope of sludge 
management 

% of sludge that is managed, 
including treatment in 
different ways, such as use in 
agriculture, thermal disposal, 
landfills, etc. As proposed by 
Popovic & Kraslawski (2018) 

GHG Emissions C5.006   x     Are there complaints 
regarding odours? E.g. neighbours 

 
C5.007   x     Strength of odour in the 

treated waste water High, medium, low 

Solid Waste 

C6.002   x     Solid waste sustainable 
management plan 

Is there a waste management 
programme in place that takes 
into consideration reuse 
and/or recycling of solid waste, 
and/or plans to reduce waste 
or eliminate it, e.g. by changing 
inputs? 

Staff D0 
D0.003   x     Employee/inhabitant ratio 

Number of employees per 
1,000 inhabitants served by the 
plant. 

Management 
D1 D1.001   x     Existence Operation 

manual 

Does a clear, up to date 
operations manual exist on 
site, and available to all people 
operating the plant?  

D1.002   x     Regularity of maintenance   
Capacities D2 

D2.001   x     Capacity sufficiency 
Does all the personnel involved 
have the knowledge and skills 
they need to have?  

D2.003   x     Accessible Sampling and 
processing equipment 

Does the plant have its own 
equipment or easy and hassle-
free access to sampling and 
analysis to monitor 
wastewater, treated water and 
by-products quality? 

Compliance and 
certification D3 
  D3.001   x     Discharge standards 

compliance  

Percent of time that the plant's 
outflow complies with 
applicable regulations. State 
which regulations are being 
considered 

D3.002   x     Analysis frequency 
compliance 

Ratio between the number of 
effluent samplings per month 
and number of effluent 
sampling per month required 
by law of wastewater 
treatment policy (Popovic & 
Kraslawski 2018) 
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Category ID PS LI RG RM Data item  Item description  
(when needed) 

D3.003         Certification 

Does the plant have some 
quality certification (ISO, or 
other national/international 
standards) 

RISK E1 
 
Health E0 

E0.001   x     Has a health risk assessment related to waste water been 
performed at the site? 

E0.002   x     Are health risks being managed? 

E0.003   x     Do the operators have the necessary health and safety 
equipment? 

Other hazards 
E1 
  

E1.001         Has a natural hazard risk assessment been performed at 
the facility? 

E1.002         Are natural hazard risks being managed? 

E1.003         Has an environmental impact study relating wastewater 
with ecosystem health been performed at the site? 

E1.004   x     What efforts are being made to reduce or manage 
environmental impacts? 

E1.005         Presence or risk of groundwater pollution 
E1.006         Presence or risk of surface water pollution 

        
DATASET I.02 - Technical Environmental data - Municipal Scale  

Category ID PS LI RG RM Data item  Item description  
(when needed) 

GENERAL A A0.002   x     Total population connected to sewage system 
INPUTS B 

B0.001   x     Total Estimated Municipal 
Water Demand  

Calculation of the theoretical 
water demand, according to 
the total population x an 
average endowment. Specify 
what endowment what used to 
estimate (WHO, local 
regulation, etc). 

OUTPUTS C 
Wastewater 
production C0 
  

C0.001   x     Total Waste Water 
Production (TWW) 

Total Waste water produced in 
the municipality in the 
reporting year 

C1.001   x     Proportion of wastewater 
safely treated 

WHO proposes this indicator 
and a methodology to measure 
it. It indicator 6.3.1 of the SDG 
6. 
http://www.who.int/water_sa
nitation_health/monitoring/co
verage/stepbystep-631-
20161021.pdf 

C1.008   x     Proportion of population using open defecation  
MANAGEMENT 
D D0.002   x     Employee/inhabitant ratio 

Number of employees per 
1,000 inhabitants served by the 
plant.  

D2.001   x     Capacity sufficiency 
Does the personnel involved in 
wastewater management have 
the knowledge and skills they 
need to have?  

D2.003   x     Accessible Sampling and 
processing equipment 

Does the municipality have its 
own equipment or easy and 
hassle-free access to sampling 
and analysis to monitor 
wastewater, treated water and 
by-products quality? 

Compliance and 
certification D3 D3.001         Certification 

Does the municipal 
wastewater management 
system have some quality 
certification (ISO, or others)? 
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Category ID PS LI RG RM Data item  Item description  
(when needed) 

RISK E Health 
E0 E0.001         Has a health risk assessment related to wastewater been 

performed at the municipal scale?  
E0.002   x     Are health risks related to the wastewater system being 

managed at the municipal scale?  
Natural hazards 
E1 E1.001         

Has a natural disasters risk assessment been performed 
for the wastewater management system at the municipal 
scale?  

E1.002         Are natural hazard risks to the municipal wastewater 
management system being managed? 

Environmental 
Impact E2 E2.001         

Has an environmental impact study relating wastewater 
with ecosystem health been performed at the municipal 
scale? 

  E2.002         Are efforts being made to reduce or manage 
environmental impacts? 

        
DATASET I.03 - Technical Environmental data – Sub-catchment Scale  

Category ID PS LI RG RM Data item  Item description 
WATER 
QUALITY B B0.001   x     Temperature 

Quality of stream/river before 
contact with discharge from 
the treatment plant  

B0.002   x   1 BOD    
B0.003   x   1 COD    
B0.006   x     Nitrates    
B0.007   x     Total Phosphorus    
B0.013   x     Electric conductivity    
B0.020   x   1 TSS   

  B0.022   x     pH    
OUTPUTS C C0.003   x     Proportion of wastewater safely treated 
MANAGEMENT 
D  
Capacities D2 

D2.001   x     Capacity sufficiency 

Does the personnel involved in 
wastewater management at 
this scale have the knowledge 
and skills they need to have? 

  

D2.003   x     Accessible Sampling and 
processing equipment 

Does the authority in charge of 
sub-catchment management 
have its own equipment or 
easy and hassle-free access to 
sampling and analysis to 
monitor water quality? 

RISK E Health 
E0 E0.001         Has a health risk assessment related to wastewater been 

performed at the sub-catchment scale?  
E0.002   x     Are health risks related to the wastewater system being 

managed at the sub-catchment scale?  
Environmental 
Impact E2 E2.001         

Has an environmental impact study relating wastewater 
with ecosystem health been performed at the municipal 
scale?  

  
E2.001         

Are efforts being made to reduce or manage 
environmental impacts of the wastewater management 
system on the sub-catchment? 

        
DATASET I.04 - Technical Environmental data - Watershed Scale  

Category ID PS LI RG RM Data item  Item description 
WATER 
QUALITY B 
  

B0.002   x 1   BOD   
B0.003   x 1   COD   
B0.004   x     Total Nitrogen   
B0.007   x     Total Phosphorus   
B0.008   x     K   
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Category ID PS LI RG RM Data item  Item description  
(when needed) 

B0.014   x     Faecal coliforms   
B0.020   x 1   TSS   
B0.021   x     Turbidity   
B0.023   x     Al   

MANAGEMENT 
D  
Staff D0 

C0.003   x     Proportion of wastewater safely treated 

D0.002   x     Employee ratio 
Number of employees per 
10,000 inhabitants in the 
watershed 

Capacities D2 

D2.001   x     Capacity sufficiency 

Does the personnel involved in 
wastewater management at 
the watershed scale have the 
knowledge and skills they need 
to have?  

D2.003   x     Accessible Sampling and 
processing equipment 

Does the authority in charge of 
monitoring the watershed have 
its own equipment or easy and 
hassle-free access to sampling 
and analysis to monitor water 
quality? 

Compliance and 
certification D3 D3.001   x     Water quality monitoring frequency compliance 

RISK E  
Health E0 E0.001         Has a health risk assessment related to wastewater been 

performed at the watershed scale?  
E0.002   x     Are health risks related to the wastewater system being 

managed at the watershed scale?  
Environmental 
Impact E2 E2.001         

Has an environmental impact study relating wastewater 
with ecosystem health been performed at the watershed 
scale? 

  
E2.001         

Are efforts being made to reduce or manage 
environmental impacts of the wastewater management 
system on the watershed´s resources? 

 
        

DATASET II.01 - Social Economic data - WWTP Scale  
Category ID PS LI RG RM Data item  Item description 

Costs A0 A0.002   x     Cost per m3 of water 
treated 

Cost of producing one cubic 
meter of water  

A0.003   x     Cost per inhabitant served    

A0.009         Proportion of costs: 
training, capacity building 

What proportion of the total 
expenses corresponds to 
energy? 

Income A1 
A1.001   x     Total plant income 

Total income of the plant 
yearly. Specify currency used 
under 'units'  

A1.002   x     Real financial availability per inhabitant served  
A1.003         Budget deficit   

  A1.006   x     Valorisation of by products Are products of the plant being 
valorised (sold, recycled, etc) 

 
        

DATASET II.02 - Social Economic data - Municipal 
Scale      

Category ID PS LI RG RM Data item  Item description  
(when needed) 

Costs A0 A0.002   x     Cost per m3 of water 
treated To user  

 
A0.003   x     Cost per inhabitant served To user  
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Category ID PS LI RG RM Data item  Item description  
(when needed)  

A1.002   x     Ratio Investment per 
inhabitant served 

Ratio investment/ inhabitant. 
How much does the 
municipality invest in the WW 
management system per 
inhabitant?  

A1.004         Budgetary deficit   
Finance 

management 
A2 

A2.001   x     Financial plan existing 
Does a financial plan exist for 
the wastewater sector in the 
municipality? 

   
      

DATASET II.04 - Social Economic data - Watershed Scale  
 

Category ID PS LI RG RM Data item  Item description  
(when needed) 

Costs A0 A0.003         Budget deficit?   
SOCIAL B B0.001         Is there a governance administrative body for the 

watershed/ecoregion? 
  B0.003         Institutional Planning: Existence of an institutional plan for 

wastewater management at the watershed scale 
    

     

DATASET IIB - Social Acceptance - Multiscalar   
Category ID PS LI RG RM Data item  Item description  

(when needed) 
SOCIAL B 
Inclusion/Partic
ipation 
  

B0.001         Personal interest in wastewater management problems 
B0.002         Personal awareness of wastewater management problems 

B0.003         Willingness to be informed about the wastewater 
management problems 

B0.004         Accessibility to information 
B0.005         Possibilities for providing a recommendation 
B0.006         Recommendations are taken into account? 
B0.007         Willingness to participate in decision-making 
B0.008         Participative decision-making 

B0.009         Personal acceptance of the current wastewater 
management 

B0.010         Perception of social acceptance of the current wastewater 
management 
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Annex 3: Overview of Data Meetings 

 

 

 

Data meetings in Panajachel 
  Type of data obtained 

No. Charge Date Scales 
 asked 

 Data obtained 
at meeting Documents 

1 Director de Planeación municipal 07.08.18 02,03,04 X  
2 Encargada temporal de DGAM 07.08.18 02,03,04   

3 Encargado de la Unidad de Medio Ambiente de la 
municipalidad de Panajachel 08.08.18 01,02,03 X X 

4 Plant operator at los Cebollales WWTP 08.08.18 01,02 X  

5 Jefe temporal de Saneamiento Ambiental 
AMSCLAE 09.08.18 01,03,04 X  

6 Jefe del Departamento Agrícola y Forestal 
AMSCLAE 09.08.18 03,04 X  

7 Gerente de la Mancomunidad de municipios 09.08.18 02,03,04 X X 

8 Delegado del Ministerio de Ambiente y Recursos 
Naturales (MARN) en la provincia de Sololá 09.08.18 03,04 X  

Data meetings in Tepeji 
  Type of data obtained 

No. Charge Date Scales 
 asked 

Data obtained 
at meeting Documents 

1 Director of CAAMTROH 28.08.18 02,03 X 
 

 CAAMTROH  02,03 Informal 
meeting  

2 DGAM 28.08.18 01,02, 
03,04 X X 

3 WWTP Manager, FIAVHI 29.08.18 01,02,03 X  

4 WWTP Manager Tlaxinacalpan 07.08.18 01 X  

5 CONAGUA  30.08.18 03,04 X  

6 Ecología 31.08.18 01,02 X X 

7 Urban development and territorial planning of the 
municipality of Tepeji 31.08.18   X 



A-36

Annex 4: Sampled Parameters
Annex 6  

 
Parameters analysed in Panajachel - Field work August 2018 

     
Raw and treated wastewater Sludge 

1 Temperature  1 Faecal coliforms 
2 pH  2 Helminth eggs 
3 Grease and oils  3 Al 
4 Floating matter  4 As 
5 BOD  5 Ca 
6 COD  6 Cd 
7 TSS  7 Co 
8 Total Nitrogen  8 Cr 
9 Total Phosphorus  9 Cu 
10 Fecal coliforms  10 Fe 
11 Apparent Color  11 Hg 
12 Al  12 K 
13 As  13 Mn 
14 Ca  14 Na 
15 Cd  15 Ni 
16 Co  16 P 
17 Cr  17 Pb 
18 Cu  18 Se 
19 Fe  19 Zn 
20 Hg    
21 K    
22 Mn    
23 Na    
24 Ni    
25 P    
26 Pb    
27 Se    
28 Zn    
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Parameters analysed in Tepeji - Field work August 2018 
 
Raw and treated wastewater 
1 Grease and oils 
2 Floating matter 
3 BOD 
4 COD 
5 Suspended solids 
6 TN 
7 TP 
8 pH 
9 Fecal coliforms 
10 Apparent color 
11 Al 
12 As 
13 Ca 
14 Cd 
15 Co 
16 Cr 
17 Cu 
18 Fe 
19 Hg 
20 K 
21 Mn 
22 Na 
23 Ni 
24 P 
25 Pb 
26 Se 
27 Zn 
27 Cn 
28 Sedimentable solids 
29 Nitrites 
30 Nitrates 
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Annex 5: Questionnaire

General information 

Name of the interviewee: Click here to enter text. 

Name of the institution: Click here to enter text. 

Address: Click here to enter text. 

Email: Click here to enter text. 

Phone number: Click here to enter text. 

 

Sex of the interviewee: Click here to enter text. 

What language(s) do you speak? Click here to enter text. 

Level of education: Click here to enter text. 

 

From the stakeholder category below, please select the one that represents you the best 

☐ Mayors   ☐ WWTP Operators  ☐ WWTP Managers  

☐ State decision makers  ☐ National decision makers  ☐ National academia  

☐ Private sector   ☐ Local Community  ☐ NGO   

☐ Other. Please specify Click here to enter text. 
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I Social level of problems related to the waste water management in the region 

of Panajachel/Tepeji 

1. Awareness of the problem 

1.1. How interested are you in the problems related to waste water management in the region of 

Panajachel/Tepeji? 

(Not interested) 1 ☐ 2☐ 3 ☐ 4☐ (very interested)  

1.2. How aware are you of the problems related to waste water management in the region of 

Panajachel/Tepeji? 

(Not aware) 1 ☐ 2☐ 3 ☐ 4☐ (fully aware) ☐ Don’t know 

1.3. Please briefly describe the problems related to waste water management in the region of 

Panajachel/Tepeji 

 

2. Participation 

2.1. Information sharing  

2.1.1. How often have you tried to access certain information regarding problems related to 

waste water management in the region of Panajachel/Tepeji? E.g. documents, regulations, 

books 

(Never) 1 ☐ 2 ☐ 3 ☐ 4☐ (many times)  ☐  Don’t know 

2.1.2. How much information is publicly available on waste water management problems in 

the region of Panajachel/Tepeji? E.g. in the Municipality, Library, online  

(No information) 1 ☐ 2 ☐ 3 ☐ 4 ☐ (all information)  ☐ Don’t know   

2.1.3. Please specify what kind of information you have been trying to access. If you have 

received the needed information, please briefly describe from whom/where you 

received it. And if not, from whom you did not get the needed information. 

 

2.2. Recommendation 

2.2.1. How many possibilities are there to give recommendations regarding waste water 

management problems in the region of Panajachel/Tepeji? E.g. events, activities or online  

(No possibility) 1 ☐ 2 ☐ 3 ☐ 4☐  (Many possibilities)  ☐Don’t know 
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2.2.2. Have your recommendations been taking into consideration? E.g. the recommendation 

was accepted, or the recommendations were unfounded rejected  

(Not considered) 1 ☐ 2 ☐ 3 ☐ 4☐  (Fully considered)  ☐  Don’t know  

2.2.3. Please specify what kind of possibilities exist. If you have given recommendations, what 

kind of recommendations, where and when?  

2.3. Decision-making  

2.3.1. How interested have you been in being part of the decision-making process? E.g., round 

tables, committees  

(not interested) 1 ☐  2 ☐ 3 ☐ 4☐  (very interested)  ☐  Don’t know   

2.3.2. To what extent have decisions been taken in a co-decision-making process regarding 

waste water management problems in the region of Panajachel/Tepeji? E.g. on the local 

or national level 

(Not involved) 1 ☐ 2 ☐ 3 ☐ 4☐  (Fully involved)  ☐  Don’t know 

2.3.3. Please briefly describe in which kind of decision-making process have you been 

involved. And specify the process of how decisions are taken.  

3. Social Acceptance 

3.1. How satisfied are you with the current waste water management in the region of 

Panajachel/Tepeji? E.g. waste water service, costs 

(Not satisfied) 1 ☐ 2 ☐ 3 ☐ 4☐  (Very satisfied) ☐  Don’t know    

3.2. How satisfied are the citizens of Panajachel/Tepeji with the waste water management in the 

region of Panajachel/Tepeji? E.g. smell, other effects of WWTP 

(Not satisfied) 1 ☐ 2 ☐ 3 ☐ 4☐  (very satisfied) ☐  Don’t know 

3.3. Please briefly describe why are you (not) satisfied. Why you think the current situation is (not) 

accepted. How do you think can the acceptance of the waste water management be 

improved? 
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II Stakeholder information  

Please go through the list of Stakeholders and: 

1. add missing actors, who are affected or can affect waste water management in the region of Panajachel/Tepeji. 
2. indicate the relation you/ your organisation have with the other Stakeholders. 

 1 = no relation    2 = weak relation   3 = strong relation 

3. indicate the relation other Stakeholder may have with you/ your organisation. 

 1 = no relation    2 = weak relation   3 = strong relation 

4. indicate how much information you receive concerning waste water management in the region of Panajachel/Tepeji. 

1 = no information   2 = a bit information   3 = a lot information 

5. indicate how influential these are for waste water management decisions in the region of Panajachel/Tepeji. 
1 = no influence    2 = weak influence   3 = strong influence   

6. indicate how important these are for a sustainable solution to the wastewater problem in the region of Panajachel/Tepeji. 

1 = not important   2 = a bit important   3 = very important 

7. indicate how much you trust them. 

1 = no trust    2 = weak level of trust   3 = strong level of trust 

 

 

 

1 2 3 4 5 6 7
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III Planning in the face of ‘wicked’ nexus problems  

1. Inputs to address a problem 

Inputs generally refer to what people invest in. They specifically refer to resources for activities to address 
problems in planning. They can include human resources (e.g. number of staff in public authorities as well as 
their skills) and financial resources (funding) invested in the planning process. 

1.1. Are there sufficient resources to address goal conflicts? E.g. human and financial resources for mapping 
stakeholders, their interests, and power relationships 

Yes     ☐     ☐     ☐     ☐     No   ☐ Don’t know    

Please specify Click here to enter text. 

1.2. Are there sufficient resources for activities to address system complexity? E.g. human and financial 
resources to analyse the current state of the involved resources (quantitative and qualitative aspects), to model 
system complexity (different factors, their dynamics and interconnections), and to build scenarios on future 
states of the system 

Yes     ☐     ☐     ☐     ☐     No   ☐ Don’t know    

Please specify Click here to enter text. 

1.3. Are there sufficient resources to address uncertainty? E.g. human and financial resources to gather and 
share data and information related to the problem in general 

Yes     ☐     ☐     ☐     ☐     No   ☐ Don’t know    

Please specify Click here to enter text. 
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2. Activities to address a problem 

Activities generally refer to what people do to address problems in planning. One example are workshops to 
understand goal conflicts, system complexity and to gather data. 

2.1 Have there been sufficient activities to address goal conflicts? E.g. activities to understand goal conflicts 
(e.g. maps of stakeholders, their interests and power relationships) and to resolve goal conflicts (e.g. 
implementation of facilitated stakeholder workshops / mediation; development of guidelines to address goal 
conflicts) 

Yes     ☐     ☐     ☐     ☐     No   ☐ Don’t know    

Please specify Click here to enter text. 

2.2 Have there been sufficient activities to address system complexity? E.g. analysis the current state of the 
involved resources (quantitative and qualitative aspects), model of system complexity (different factors, their 
dynamics and interconnections), and scenarios on future states of the system 

Yes     ☐     ☐     ☐     ☐     No   ☐ Don’t know    

Please specify Click here to enter text. 

2.3 Have there been sufficient activities to address uncertainty? Data and information needed related to the 
problem (natural scientific, technical and social scientific related) gathered (new data) and shared (made 
available in public or to relevant institutions) by e.g. related public authorities, e.g. through monitoring, 
building joint data bases, capacity development 

Yes     ☐     ☐     ☐     ☐     No   ☐ Don’t know    

Please specify Click here to enter text. 
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3. Outputs to address a problem 

Outputs refer to what people produce in the planning process. Examples are news capacities (skills/abilities 
such as learning: improved knowledge, new perspectives), products (e.g. new concepts, methods, approaches), 
and services (e.g. putting data online for farmers). Outputs can be tangible and non-tangible.  

3.1 Are there sufficient new capacities, products or services to address goal conflicts? E.g. new capacity to 
facilitate stakeholder discussions, decision support tools, guidelines on how to address conflicts 

Yes     ☐     ☐     ☐     ☐     No   ☐ Don’t know    

Please specify Click here to enter text. 

3.2 Are there sufficient new capacities, products or services to address system complexity? E.g. new 
modelling skills, decision support tools 

Yes     ☐     ☐     ☐     ☐     No   ☐ Don’t know    

Please specify Click here to enter text. 

3.3 Are there sufficient new capacities, products or services to address uncertainty? E.g. new monitoring 
skills, new equipment for monitoring or laboratories and software for analysing data 

Yes     ☐     ☐     ☐     ☐     No   ☐ Don’t know    

Please specify Click here to enter text.  
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4. Outcomes to address a problem 

Outputs refer to changes in performance. These are particularly new policies. Policies can differ from hard to 
soft law (e.g. new law or non-binding guideline); new means that these policies are built from scratch or 
adapted. 

4.1 Are there new policies that sufficiently address goal conflicts? E.g. by not negatively affecting conflicting 
goals and that can be flexibly adapted due to upcoming goal conflicts (e.g. standard adaption mechanisms, low 
requirements for law adaptations such as simple majority) 

Yes     ☐     ☐     ☐     ☐     No   ☐ Don’t know    

Please specify Click here to enter text. 

4.2 Are there new policies that sufficiently consider system complexity? E.g. policies that are based on an 
understanding of system complexity and that can be flexibly adapted due to new knowledge on system 
complexity 

Yes     ☐     ☐     ☐     ☐     No   ☐ Don’t know    

Please specify Click here to enter text. 

4.3 Are there new policies that sufficiently consider uncertainty? E.g. policies that consider the current state 
of knowledge and that can be flexibly adapted due to new information 

Yes     ☐     ☐     ☐     ☐     No   ☐ Don’t know    

Please specify Click here to enter text. 
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Annex 6: List of Data Holders

Dataholders for the Panajachel study site - Final list 
1 - SK 
Local/Municipal 

2 - SK provincial 
or national 

3 - Own 
calculations 

 4 - Scientist 
interview or 
scientific 
literature  

5 - NGO interview 
or report 

1 Plant operator  1 AMSCLAE 
interviews 

1 Sampling 
and analysis 

1 UVG - CEA 1 Amigos del Lago 

2 Plant manager  2 AMSCLAE 
reports 

2 Calculations 2 Consultant 
UNU-FLORES 

2 Mancomunidad 
(Mankatitlan). 
Delvin Ralón, 
gerente 

3 DIGAM 
Environmental 
office (oficina 
municipal del 
medio 
ambiente)  

3 INE      3 ERIS 
Regional 
School of 
Sanitary 
Engineering 
(Escuela 
Regional de 
Ingeniería 
Sanitaria y 
Recursos 
Hidráulicos) 

3 Proyecto 
ProAtitlan 

4 Reports, 
monographs, 
other 
documentation 
published by 
municipality 

4 MARN - 
Ministry of 
Environment 
and Natural 
Resources 
(Ministerio de 
Medio 
Ambiente y 
Recursos 
Naturales) 

    4 USAC 
University San 
Carlos of 
Guatemala 
(Universidad 
de San Carlos 
de 
Guatemala) 

4 ANACAFE 

National Coffee 
Association of 
Guatemala 
(Asociación 
Nacional del 
Café 
Guatemala) 

5 DGP - Planning 
authority at 
the 
municipality 

5 Ministry of 
Health 

        5 Puravida 

6 Municipal 
Water Office 
(Oficina 
Municipal de 
Agua) 

6 MAGA - 
Ministry of 
Agriculture 
and Livestock 
(Ministerio de 
agricultura y 
ganadería) 

        6 Vivamos mejor 

                    
    7 National 

Institute for 
Statistics) 
Instituto 
Nacional de 
Estadistica 

            

    8 Energuate             
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Dataholders for the Tepeji study site - Final list 
1 - SK 
Local/Municipal 

2 - SK provincial or 
national 

3 - Own 
calculations 

 4 - Scientist 
interview or 
scientific 
literature  

5 - NGO interview 
or report 

1 CAAMTROH 
director 

1 CONAGUA at state 
capital Pachuca 

1 Sampling and 
analysis 

1 
 

1   

2 CAAMTROH/ 
Field 
personnel 

2 CONAGUA central 
office Mexico City 

2 Calculations     2   

3 Ecología  
Directorate 
of 
municipality 

3 INEGI 
National Institute of 
Statistic and 
Geography (Instituto 
Nacional de 
Estadística y 
Geografía) 

        3   

4 FIAVHI 
director 

4           4   

5 FIAVHI 
technical 
staff 

5           5   

6 Plant 
operator 

6           6   

7 Urban 
development 
office at the 
municipality 

                

8 Owner of 
agricultural 
field who will 
receive 
treated 

7               
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Annex 7: Lists of Data Items and Variables
a. Data Items and Variables for Sustainability Assessment (Panajachel)

This table discloses the data items and latter variables defined to perform sustainability assessment 
in Panajachel 

 

  

TE: Technical-Environmental; E: Economic; S: Social;  
WW: Wastewater; TWW: Treated wastewater  

 

Dimension 
Data Items Variables 

No. Code (ID) Name Code (ID) Name No. 
TE 1 A0.001 Technology used TE1A Technology used 1 

TE 2 A0.005 Number of people served TE2A Number of people served 2 

TE 3 B0.001 Design inflow  TE3B Design inflow  3 

TE 4 B0.002 Volume waste water input TE4B Volume waste water input 4 

TE 5 B0.005 Average plant capacity 
utilization TE5B Average plant capacity 

utilization 5 

TE 6 B0.006 Volumetric Efficiency  TE6B Volumetric Efficiency  6 

TE 7 B1.001 Temperature - WW TE7B Temperature - WW 7 

TE 8 B1.002 Biological Oxygen Demand 
(BOD) - WW TE8B Biological Oxygen Demand 

(BOD) - WW 8 

TE 9 B1.003 Chemical Oxygen Demand 
(COD) - WW TE9B Chemical Oxygen Demand 

(COD) - WW 9 

TE 10 B1.004 Total Nitrogen - WW TE10B Total Nitrogen - WW 10 

TE 11 B1.008 Total Phosphorus - WW TE11B Total Phosphorus - WW 11 

TE 12 B1.015 Faecal coliforms - WW TE12B Faecal coliforms - WW 12 

TE 13 B1.016 E. coli - WW TE13B E. coli - WW 13 

TE 14 B1.021 Total Suspended Solids (TSS) - 
WW TE14B Total Suspended Solids (TSS) - 

WW 14 

TE 15 B1.023 pH - WW TE15B pH - WW 15 

TE 16 B2.001 Raw materials used TE16B Raw materials used 16 

TE 17 B2.003 Total energy consumed TE17B Total energy consumed 17 

TE 18 C0.001 Total volume Treated Water 
produced TE18C Total volume Treated Water 

produced 18 

TE 19 C1.001 Temperature - TWW TE19C Temperature - TWW 19 

TE 20 C1.002 Biological Oxygen Demand 
(BOD) - TWW TE20C Biological Oxygen Demand 

(BOD) - TWW 20 

TE 21 C1.003 Chemical Oxygen Demand 
(COD) - TWW TE21C Chemical Oxygen Demand 

(COD) - TWW 21 

TE 22 C1.004 Total Nitrogen - TWW TE22C Total Nitrogen - TWW 22 

TE 23 C1.008 Total Phosphorus - TWW TE23C Total Phosphorus - TWW 23 

TE 24 C1.015 Faecal coliforms - TWW TE24C Faecal coliforms - TWW 24 

TE 25 C1.016 E. coli - TWW TE25C E. coli - TWW 25 

TE 26 C1.017 Helminths - TWW TE26C Helminths - TWW 26 

TE 27 C1.019 Organic Matter - TWW TE27C Organic Matter - TWW 27 

TE 28 C1.021 Sedimentable solids - TWW TE28C Sedimentable solids - TWW 28 

TE 29 C1.022 Total Suspended Solids (TSS) - 
TWW TE29C Total Suspended Solids (TSS) - 

TWW 29 

TE 30 C1.023 Turbidity - TWW  TE30C Turbidity - TWW  30 

TE 31 C1.024 pH - TWW TE31C pH - TWW 31 

TE 32 C1.025 Aluminium (Al) - TWW TE32C Aluminium (Al) - TWW 32 

TE 33 C1.026 Arsenic (As) - TWW TE33C Arsenic (As) - TWW 33 
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Dimension 
Data Items Variables 

No. Code (ID) Name Code (ID) Name No. 
TE 34 C1.027 Cadmium (Cd) - TWW TE34C Cadmium (Cd) - TWW 34 

TE 35 C1.028 Cyanide (CN) - TWW TE35C Cyanide (CN) - TWW 35 

TE 36 C1.029 Cobalt (Co) - TWW TE36C Cobalt (Co) - TWW 36 

TE 37 C1.030 Chromium (Cr) - TWW TE37C Chromium (Cr) - TWW 37 

TE 38 C1.031 Copper (Cu) - TWW TE38C Copper (Cu) - TWW 38 

TE 39 C1.032 Iron (Fe) - TWW TE39C Iron (Fe) - TWW 39 

TE 40 C1.033 Manganese (Mn) - TWW TE40C Manganese (Mn) - TWW 40 

TE 41 C1.034 Nickel (Ni) - TWW TE41C Nickel (Ni) - TWW 41 

TE 42 C1.035 Titanium (Ti) - TWW TE42C Titanium (Ti) - TWW 42 

TE 43 C1.036 Zinc (Zn) - TWW TE43C Zinc (Zn) - TWW 43 

TE 44 C1.037 Mercury (Hg) - TWW TE44C Mercury (Hg) - TWW 44 

TE 45 C1.038 Lead (Pb) - TWW TE45C Lead (Pb) - TWW 45 

TE 46 C1.039 Selenium (Se) - TWW TE46C Selenium (Se) - TWW 46 

TE 47 C1.040 Boron (B) - TWW TE47C Boron (B) - TWW 47 

TE 48 C1.041 Molybdenum (Mo) - TWW TE48C Molybdenum (Mo) - TWW 48 

TE 49 C1.043 Grease and oils - TWW TE49C Grease and oils - TWW 49 

TE 50 C1.044 Floating matter - TWW TE50C Floating matter - TWW 50 

TE 51 C1.045 Colour - TWW TE51C Colour - TWW 51 

TE 52 C2.001 Percentage of wastewater 
output being recycled or reused TE52C Water reuse 52 

TE 53 C3.001 Total Sludge produced yearly TE53C Total Sludge produced yearly 53 

TE 54 C3.002 Aluminium (Al) - Sludge TE54C Aluminium (Al) - Sludge 54 

TE 55 C3.003 Arsenic (As) - Sludge TE55C Arsenic (As) - Sludge 55 

TE 56 C3.004 Cadmium (Cd) - Sludge TE56C Cadmium (Cd) - Sludge 56 

TE 57 C3.005 Cobalt (Co) - Sludge TE57C Cobalt (Co) - Sludge 57 

TE 58 C3.006 Chromium (Cr) - Sludge TE58C Chromium (Cr) - Sludge 58 

TE 59 C3.007 Copper (Cu) - Sludge TE59C Copper (Cu) - Sludge 59 

TE 60 C3.008 Iron (Fe) - Sludge TE60C Iron (Fe) - Sludge 60 

TE 61 C3.009 Manganese (Mn) - Sludge TE61C Manganese (Mn) - Sludge 61 

TE 62 C3.010 Nickel (Ni) - Sludge TE62C Nickel (Ni) - Sludge 62 

TE 63 C3.011 Titanium (Ti) - Sludge TE63C Titanium (Ti) - Sludge 63 

TE 64 C3.012 Zinc (Zn) - Sludge TE64C Zinc (Zn) - Sludge 64 

TE 65 C3.013 Mercury (Hg) - Sludge TE65C Mercury (Hg) - Sludge 65 

TE 66 C3.014 Lead (Pb) - Sludge TE66C Lead (Pb) - Sludge 66 

TE 67 C3.015 Selenium (Se) - Sludge TE67C Selenium (Se) - Sludge 67 

TE 68 C3.016 Boron (B) - Sludge TE68C Boron (B) - Sludge 68 

TE 69 C3.017 Molybdenum (Mo) - Sludge TE69C Molybdenum (Mo) - Sludge 69 

TE 70 C3.030 Calorific value - Sludge TE70C Calorific value - Sludge 70 

TE 71 C3.031 Helminths - Sludge TE71C Helminths - Sludge 71 

TE 72 C3.032 Total coliforms - Sludge TE72C Total coliforms - Sludge 72 

TE 73 C3.033 E. coli - Sludge TE73C E. coli - Sludge 73 

TE 74 C3.034 Salmonella - Sludge TE74C Salmonella - Sludge 74 
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Dimension 
Data Items Variables 

No. Code (ID) Name Code (ID) Name No. 
TE 75 C3.035 Organic Matter - Sludge TE75C Organic Matter - Sludge 75 

TE 76 C4.001 Scope of sludge management TE76C Scope of sludge management 76 

TE 77 C4.002 Current use/management of 
sludge TE77C Current use/management of 

sludge 77 

TE 78 C4.004 Potential sludge users TE78C Identification of potential 
sludge consumers/users 78 

TE 79 C5.001 Total Biogas production TE79C Total Biogas production 79 

TE 80 C5.005 GHG emissions TE80C Quantification of GHG 
emissions 80 

TE 81 D0.001 Number of operators TE81D Number of operators 81 

TE 82 D0.003 Employee/inhabitant ratio TE82D Employee/inhabitant ratio 82 

TE 83 D1.001 Existence Operation manual TE83D Operation Manual 83 

TE 84 D1.002 Regularity of maintenance TE84D Regular maintenance 84 

TE 85 D2.001 Capacity sufficiency TE85D Capacity sufficiency 85 

TE 86 D2.003 Accessible Sampling and 
processing equipment TE86D Accessible Sampling and 

processing equipment 86 

TE 87 D3.001 Discharge standards compliance  TE87D Discharge standards compliance  87 

TE  88  D3.002 Analysis frequency compliance  

TE88D Analysis frequency compliance - 
water 88 

TE89D Analysis frequency compliance - 
sludge 89 

TE 89 D3.003 Certification TE90D Certification 90 

TE 90 E0.001 
Has a health risk assessment 
related to waste water been 
performed at the site? 

TE91D Health risk assessment 91 

TE 91 E0.002 Are health risks being 
managed? TE92E Current management of health 

risks 92 

TE 92 E0.003 
Do the operators have the 
necessary health and safety 
equipment? 

TE93E Health and safety equipment 93 

TE 93 E1.001 Has a risk assessment been 
performed at the facility? TE94E Performance of risk assessment 94 

TE 94 E1.002 Are risks being managed? TE95E Current management of risks 95 

TE 95 E1.003 

Has an environmental impact 
study relating wastewater with 
ecosystem health been 
performed at the site? 

TE96E Environmental impact 
assessment (EIA) 96 

TE 96 E1.004 
What efforts are being made to 
reduce or manage 
environmental impacts? 

TE97E Efforts to reduce or manage 
environmental impacts 97 

TE 97 E1.005 Presence or risk of groundwater 
pollution TE98E Presence or risk of groundwater 

pollution 98 

TE 98 E1.006 Presence or risk of surface 
water pollution TE99E Presence or risk of surface 

water pollution 99 

E 99 A0.002 Cost per m3 of water treated Ec1A Specific WWT cost 100 

E 100 A0.003 Cost per inhabitant served Ec2A Per capita cost of WWT 101 
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Dimension 
Data Items Variables 

No. Code (ID) Name Code (ID) Name No. 

E 101 A0.006 Proportion of costs: 
maintenance and repairs Ec3A Proportion of costs: 

maintenance and repairs 102 

E 102 A0.009 Proportion of costs: training, 
capacity building Ec4A Proportion of costs: training, 

capacity building 103 

E 103 A1.001 Total plant income Ec5A Total plant income 104 

E 104 A1.002 Real financial availability per 
inhabitant served Ec6A Real financial availability per 

inhabitant served 105 

E 105 A1.003 Budget deficit Ec7A Budget deficit 106 

E 106 A1.006 Valorisation of by products Ec8A Valorisation of by-products 107 

S 107 B0.001 Personal interest in wastewater 
management problems S1B Personal interest in wastewater 

management problems 108 

S 108 B0.002 
Personal awareness of 
wastewater management 
problems 

S2B 
Personal awareness of 
wastewater management 
problems 

109 

S 109 B0.003 
Willingness to be informed 
about the wastewater 
management problems 

S3B 
Willingness to be informed 
about the wastewater 
management problems 

110 

S 110 B0.004 Accessibility to information S4B Accessibility to information 111 

S 111 B0.005 Possibilities for providing a 
recommendation S5B Possibilities for providing a 

recommendation 112 

S 112 B0.006 Recommendations are taken 
into account? S6B Recommendations are taken 

into account? 113 

S 113 B0.007 Willingness to participate in 
decision-making S7B Willingness to participate in 

decision-making 114 

S 114 B0.008 Participative decision-making S8B Participative decision-making 115 

S 115 B0.009 
Personal acceptance of the 
current wastewater 
management 

S9B 
Personal acceptance of the 
current wastewater 
management 

116 

S 116 B0.010 
Perception of social acceptance 
of the current wastewater 
management 

S10B 
Perception of social acceptance 
of the current wastewater 
management 

117 
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b. Data Items and Variables for Sustainability Assessment (Tepeji)

This table discloses the data items and latter variables defined to perform sustainability assessment in 
Tepeji 

 

  

TE: Technical-Environmental; E: Economic; S: Social 
WW: Wastewater; TWW: Treated wastewater    

 

Dimension 
Data Items Variables 

No. Code (ID) Name Code (ID) Name No. 
TE 1 A0.001 Technology used TE1A Technology used 1 

TE 2 A0.002 Construction year TE2A Construction year 2 

TE 3 A0.005 Number of people served TE3A No. of people served 3 

TE 4 B0.001 Design inflow  TE4B Design inflow 4 

TE 5 B0.002 Volume waste water input TE5B Volume waste water input 5 

TE 6 B0.003 Average inflow (AF)  TE6B Average inflow (AF)  6 

TE 7 B0.005 Average plant capacity 
utilization TE7B Average plant capacity 

utilization 7 

TE 8 B0.006 Volumetric Efficiency  TE8B Volumetric Efficiency  8 

TE 9 B1.001 Temperature - WW TE9B Temperature - WW 9 

TE 10 B1.002 Biological Oxygen Demand 
(BOD) - WW TE10B Biological Oxygen Demand 

(BOD) - WW 10 

TE 11 B1.003 Chemical Oxygen Demand 
(COD) - WW TE11B Chemical Oxygen Demand 

(COD) - WW 11 

TE 12 B1.004 Total Nitrogen - WW TE12B Total Nitrogen - WW 12 

TE 13 B1.008 Total Phosphorus - WW TE13B Total Phosphorus - WW 13 

TE 14 B1.009 Potassium (K) - WW TE14B Potassium (K) WW 14 

TE 15 B1.010 Calcium (Ca) - WW TE15B Calcium (Ca) WW 15 

TE 16 B1.011 Magnesium (Mg) - WW TE16B Magnesium (Mg) WW 16 

TE 17 B1.012 Sodium (Na) - WW TE17B Sodium (Na) WW 17 

TE 18 B1.014 Electric conductivity - WW TE18B Electric conductivity - WW 18 

TE 19 B1.015 Faecal coliforms - WW TE19B Faecal coliforms - WW 19 

TE 20 B1.016 E. coli - WW TE20B E. coli - WW 20 

TE 21 B1.021 Total Suspended Solids (TSS) - 
WW TE21B Total Suspended Solids (TSS) - 

WW 21 

TE 22 B1.023 pH - WW TE22B pH - WW 22 

TE 23 B1.025 Arsenic (As) - WW TE23B Arsenic (As) - WW 23 

TE 24 B1.026 Cadmium (Cd) - WW TE24B Cadmium (Cd) - WW 24 

TE 25 B1.028 Chromium (Cr) - WW TE25B Chromium (Cr) - WW 25 

TE 26 B1.029 Cupper (Cu) - WW TE26B Cupper (Cu) - WW 26 

TE 27 B1.030 Iron (Fe) - WW TE27B Iron (Fe) - WW 27 

TE 28 B1.031 Manganese (Mn) - WW TE28B Manganese (Mn) - WW 28 

TE 29 B1.032 Nickel (Ni) - WW TE29B Nickel (Ni) - WW 29 

TE 30 B1.033 Titanium (Ti) - WW TE30B Titanium (Ti) - WW 30 

TE 31 B1.034 Zinc (Zn) - WW TE31B Zinc (Zn) - WW 31 

TE 32 B1.035 Mercury (Hg) - WW TE32B Mercury (Hg) - WW 32 

TE 33 B1.036 Lead (Pb) - WW TE33B Lead (Pb) - WW 33 

TE 34 B1.037 Selenium (Se) - WW TE34B Selenium (Se) - WW 34 

TE 35 B1.038 Boron (B) - WW TE35B Boron (B) - WW 35 
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Dimension 
Data Items Variables 

No. Code (ID) Name Code (ID) Name No. 
TE 36 B1.039 Molybdenum (Mo) - WW TE36B Molybdenum (Mo) - WW 36 

TE 37 B1.040 Residual chlorine - WW TE37B Residual chlorine - WW 37 

TE 38 B1.041 Grease and oils - WW TE38B Grease and oils - WW 38 

TE 39 B1.042 Floating matter - WW TE39B Floating matter - WW 39 

TE 40 B1.043 Colour - WW TE40B Colour - WW 40 

TE 41 B2.003 Total energy consumed TE41B Total energy consumed 41 

TE 42 B2.004 Energy/m3 treated water TE42B Energy/m3 treated water 42 

TE 43 C0.001 Total volume Treated Water 
produced TE43C Total volume Treated Water 

produced 43 

TE 44 C1.001 Temperature - TWW TE44C Temperature - TWW 44 

TE 45 C1.002 Biological Oxygen Demand 
(BOD) - TWW TE45C Biological Oxygen Demand 

(BOD) - TWW 45 

TE 46 C1.003 Chemical Oxygen Demand 
(COD) - TWW TE46C Chemical Oxygen Demand 

(COD) - TWW 46 

TE 47 C1.004 Total Nitrogen - TWW TE47C Total Nitrogen - TWW 47 

TE 48 C1.006 Nitrates - TWW TE48C Nitrates - TWW 48 

TE 49 C1.007 Nitrites - TWW TE49C Nitrites - TWW 49 

TE 50 C1.008 Total Phosphorus - TWW TE50C Total Phosphorus - TWW 50 

TE 51 C1.009 Potassium (K) - TWW TE51C Potassium (K) - TWW 51 

TE 52 C1.010 Calcium (Ca) - TWW TE52C Calcium (Ca) - TWW 52 

TE 53 C1.011 Magnesium (Mg) - TWW TE53C Magnesium (Mg) - TWW 53 

TE 54 C1.012 Sodium (Na) - TWW TE54C Sodium (Na) - TWW 54 

TE 55 C1.014 Electric conductivity - TWW TE55C Electric conductivity - TWW 55 

TE 56 C1.015 Faecal coliforms - TWW TE56C Faecal coliforms - TWW 56 

TE 57 C1.016 E. coli - TWW TE57C E. coli - TWW 57 

TE 58 C1.017 Helminths - TWW TE58C Helminths - TWW 58 

TE 59 C1.021 Sedimentable solids - TWW TE59C Sedimentable solids - TWW 59 

TE 60 C1.022 Total Suspended Solids (TSS) - 
TWW TE60C Total Suspended Solids (TSS) - 

TWW 60 

TE 61 C1.024 pH - TWW TE61C pH - TWW 61 

TE 62 C1.026 Arsenic (As) - TWW TE62C Arsenic (As) - TWW 62 

TE 63 C1.027 Cadmium (Cd) - TWW TE63C Cadmium (Cd) - TWW 63 

TE 64 C1.028 Cyanide (CN) - TWW TE64C Cyanide (CN) - TWW 64 

TE 65 C1.030 Chromium (Cr) - TWW TE65C Chromium (Cr) - TWW 65 

TE 66 C1.031 Cupper (Cu) - TWW TE66C Cupper (Cu) - TWW 66 

TE 67 C1.034 Nickel (Ni) - TWW TE67C Nickel (Ni) - TWW 67 

TE 68 C1.036 Zinc (Zn) - TWW TE68C Zinc (Zn) - TWW 68 

TE 69 C1.037 Mercury (Hg) - TWW TE69C Mercury (Hg) - TWW 69 

TE 70 C1.038 Lead (Pb) - TWW TE70C Lead (Pb) - TWW 70 

TE 71 C1.043 Grease and oils - TWW TE71C Grease and oils - TWW 71 

TE 72 C1.044 Floating matter - TWW TE72C Floating matter - TWW 72 

TE 73 C1.045 Colour - TWW TE73C Colour - TWW 73 

TE 74 C2.001 Percentage of wastewater 
output being recycled or reused TE74C Water reuse 74 
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Dimension 
Data Items Variables 

No. Code (ID) Name Code (ID) Name No. 
TE 75 C3.001 Total Sludge produced yearly TE75C Total sludge produced yearly 75 

TE 76 C3.003 Arsenic (As) - Sludge TE76C Arsenic (As) - Sludge 76 

TE 77 C3.004 Cadmium (Cd) - Sludge TE77C Cadmium (Cd) - Sludge 77 

TE 78 C3.006 Chromium (Cr) - Sludge TE78C Chromium (Cr) - Sludge 78 

TE 79 C3.007 Cupper (Cu) - Sludge TE79C Cupper (Cu) - Sludge 79 

TE 80 C3.010 Nickel (Ni) - Sludge TE80C Nickel (Ni) - Sludge 80 

TE 81 C3.012 Zinc (Zn) - Sludge TE81C Zinc (Zn) - Sludge 81 

TE 82 C3.013 Mercury (Hg) - Sludge TE82C Mercury (Hg) - Sludge 82 

TE 83 C3.014 Lead (Pb) - Sludge TE83C Lead (Pb) - Sludge 83 

TE 84 C3.031 Helminths - Sludge TE84C Helminths - Sludge 84 

TE 85 C3.032 Total coliforms - Sludge TE85C Total coliforms - Sludge 85 

TE 86 C3.034 Salmonella - Sludge TE86C Salmonella - Sludge 86 

TE 87 C4.001 Scope of sludge management TE87C Scope of sludge management 87 

TE 88 C5.006 Are there complaints regarding 
odours? TE88C Odours 88 

TE 89 C5.007 Strength of odour in the treated 
waste water TE89C Solid waste management 89 

TE 90 C6.002 Solid waste sustainable 
management plan TE90C Employee/inhabitant ratio 90 

TE 91 D0.003 Employee/inhabitant ratio TE91C Operation Manual 91 

TE 92 D1.001 Existence Operation manual TE92C Regular Maintenance 92 

TE 93 D1.002 Regularity of maintenance TE93C Capacity sufficiency 93 

TE 94 D2.001 Capacity sufficiency TE94C Accessible Sampling and 
processing equipment 94 

TE 95 D2.003 Accessible Sampling and 
processing equipment TE95C Discharge standards 

compliance  95 

TE 96 D3.001 Discharge standards 
compliance  TE96C Analysis frequency 

compliance - water 96 

TE 97 D3.002 Analysis frequency compliance TE97C Analysis frequency 
compliance - sludge 97 

TE 98 D3.003 Certification TE98C Certification 98 

TE 99 E0.001 
Has a health risk assessment 
related to waste water been 
performed at the site? 

TE99C Health risk assessment 99 

TE 100 E0.002 Are health risks being 
managed? TE100C Current management of 

health risks 100 

TE 101 E0.003 
Do the operators have the 
necessary health and safety 
equipment? 

TE101C Health and safety equipment 101 

TE 102 E1.001 Has a risk assessment been 
performed at the facility? TE102C Performance of risk 

assessment 102 

TE 103 E1.002 Are risks being managed? TE103C Current management of risks 103 

TE 104 E1.003 

Has an environmental impact 
study relating wastewater with 
ecosystem health been 
performed at the site? 

TE104C Environmental impact 
assessment (EIA) 104 
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Dimension 
Data Items Variables 

No. Code (ID) Name Code (ID) Name No. 

TE 105 E1.004 
What efforts are being made to 
reduce or manage 
environmental impacts? 

TE105C Efforts to reduce or manage 
environmental impacts 105 

TE 106 E1.005 Presence or risk of groundwater 
pollution TE106C Presence or risk of 

groundwater pollution 106 

TE 107 E1.006 Presence or risk of surface 
water pollution TE107C Presence or risk of surface 

water pollution 107 

Ec 108 A0.002 Cost per m3 of water treated Ec1A Specific WWT cost 108 

Ec 109 A0.003 Cost per inhabitant served Ec2A Per capita cost of WWT 109 

Ec 110 A0.009 Proportion of costs: training, 
capacity building Ec3A Proportion of costs: training, 

capacity building 110 

Ec 111 A1.001 Total plant income Ec4A Total plant income 111 

Ec 112 A1.002 Real financial availability per 
inhabitant served Ec5A Real financial availability per 

inhabitant served 112 

Ec 113 A1.003 Budget deficit Ec6A Budget deficit 113 

Ec 114 A1.006 Valorisation of by products Ec7A Valorisation of by-products 114 

S 115 B0.001 Personal interest in wastewater 
management problems S1B 

Personal interest in 
wastewater management 
problems 

115 

S 116 B0.002 
Personal awareness of 
wastewater management 
problems 

S2B 
Personal awareness of 
wastewater management 
problems 

116 

S 117 B0.003 
Willingness to be informed 
about the wastewater 
management problems 

S3B 
Willingness to be informed 
about the wastewater 
management problems 

117 

S 118 B0.004 Accessibility to information S4B Accessibility to information 118 

S 119 B0.005 Possibilities for providing a 
recommendation S5B Possibilities for providing a 

recommendation 119 

S 120 B0.006 Recommendations are taken 
into account? S6B Recommendations are taken 

into account? 120 

S 121 B0.007 Willingness to participate in 
decision-making S7B Willingness to participate in 

decision-making 121 

S 122 B0.008 Participative decision-making S8B Participative decision-making 122 

S 123 B0.009 
Personal acceptance of the 
current wastewater 
management 

S9B 
Personal acceptance of the 
current wastewater 
management 

123 

S 124 B0.010 
Perception of social acceptance 
of the current wastewater 
management 

S10B 
Perception of social 
acceptance of the current 
wastewater management 

124 
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Annex 8: Lists of Variables and Thresholds
a. Variables and Thresholds (Panajachel)

This table discloses the variables identified to perform sustainability assessment in Panajachel (column 
"variable"). The column "threshold found" indicates whether a threshold is existing for each of those 
variables. Only variables with identified thresholds were finally used for the sustainability assessment at 
the site.  

  No threshold found TE: Technical-Environmental WW: Wastewater 
  Not applicable E: Economic TWW: Treated wastewater 
  Threshold found S: Social       

 

No. Dimension Category Code (ID) Variable Unit Threshold 
found? 

1 TE General TE1A Technology used - TH-NA 
2 TE General TE2A Number of people served - TH-NA 
3 TE Inputs WW TE3B Design inflow  - TH-NA 
4 TE Inputs WW TE4B Volume waste water input - TH-NA 
5 TE Inputs WW TE5B Average plant capacity utilization - TH-NA 
6 TE Inputs WW TE6B Volumetric Efficiency  % TH-NA 
7 TE Inputs WW TE7B Temperature - WW oC TH 

8 TE Inputs WW TE8B Biological Oxygen Demand (BOD) - 
WW mg/l TH 

9 TE Inputs WW TE9B Chemical Oxygen Demand (COD) - 
WW mg/l TH 

10 TE Inputs WW TE10B Total Nitrogen - WW mg/l TH 
11 TE Inputs WW TE11B Total Phosphorus - WW mg/l TH 
12 TE Inputs WW TE12B Faecal coliforms - WW MPN/100 ml TH 
13 TE Inputs WW TE13B E. coli - WW MPN/100 ml NTH 
14 TE Inputs WW TE14B Total Suspended Solids (TSS) - WW mg/l TH 
15 TE Inputs WW TE15B pH - WW pH unit TH 
16 TE Inputs TE16B Raw materials used - TH-NA 
17 TE Inputs TE17B Total energy consumed - TH-NA 

18 TE Outputs TWW TE18C Total volume Treated Water 
produced - TH-NA 

19 TE Outputs TWW TE19C Temperature - TWW oC TH 

20 TE Outputs TWW TE20C Biological Oxygen Demand (BOD) - 
TWW mg/l TH 

21 TE Outputs TWW TE21C Chemical Oxygen Demand (COD) - 
TWW mg/l TH 

22 TE Outputs TWW TE22C Total Nitrogen - TWW mg/l TH 
23 TE Outputs TWW TE23C Total Phosphorus - TWW mg/l TH 
24 TE Outputs TWW TE24C Faecal coliforms - TWW MPN/100ml TH 
25 TE Outputs TWW TE25C E. coli - TWW - NTH 
26 TE Outputs TWW TE26C Helminths - TWW - TH 
27 TE Outputs TWW TE27C Organic Matter - TWW - NTH 
28 TE Outputs TWW TE28C Sedimentable solids - TWW - NTH 
29 TE Outputs TWW TE29C Total Suspended Solids (TSS) - TWW mg/l TH 
30 TE Outputs TWW TE30C Turbidity - TWW  - NTH 
31 TE Outputs TWW TE31C pH - TWW pH units TH 
32 TE Outputs TWW TE32C Aluminium (Al) - TWW mg/l TH-NA 
33 TE Outputs TWW TE33C Arsenic (As) - TWW mg/l TH 
34 TE Outputs TWW TE34C Cadmium (Cd) - TWW mg/l TH 
35 TE Outputs TWW TE35C Cyanide (CN) - TWW - TH-NA 
36 TE Outputs TWW TE36C Cobalt (Co) - TWW - TH-NA 
37 TE Outputs TWW TE37C Chromium (Cr) - TWW mg/l TH 
38 TE Outputs TWW TE38C Copper (Cu) - TWW mg/l TH 
39 TE Outputs TWW TE39C Iron (Fe) - TWW - TH-NA 
40 TE Outputs TWW TE40C Manganese (Mn) - TWW - TH-NA 
41 TE Outputs TWW TE41C Nickel (Ni) - TWW mg/l TH 
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No. Dimension Category Code (ID) Variable Unit Threshold 
found? 

42 TE Outputs TWW TE42C Titanium (Ti) - TWW - TH-NA 
43 TE Outputs TWW TE43C Zinc (Zn) - TWW mg/l TH 
44 TE Outputs TWW TE44C Mercury (Hg) - TWW mg/l TH 
45 TE Outputs TWW TE45C Lead (Pb) - TWW mg/l TH 
46 TE Outputs TWW TE46C Selenium (Se) - TWW - TH-NA 
47 TE Outputs TWW TE47C Boron (B) - TWW - TH-NA 
48 TE Outputs TWW TE48C Molybdenum (Mo) - TWW - TH-NA 
49 TE Outputs TWW TE49C Grease and oils - TWW mg/l TH 
50 TE Outputs TWW TE50C Floating matter - TWW Present - Absent TH 
51 TE Outputs TWW TE51C Colour - TWW PCU TH 
52 TE Outputs TWW TE52C Water reuse YES - NO TH 
53 TE Outputs Sludge TE53C Total Sludge produced yearly m3 NTH 
54 TE Outputs Sludge TE54C Aluminium (Al) - Sludge - TH-NA 

55 TE Outputs Sludge TE55C Arsenic (As) - Sludge mg/kg dry matter 
(104 oC) TH 

56 TE Outputs Sludge TE56C Cadmium (Cd) - Sludge mg/kg dry matter 
(104 oC) TH 

57 TE Outputs Sludge TE57C Cobalt (Co) - Sludge mg/kg dry matter 
(104 oC) TH-NA 

58 TE Outputs Sludge TE58C Chromium (Cr) - Sludge mg/kg dry matter 
(104 oC) TH 

59 TE Outputs Sludge TE59C Copper (Cu) - Sludge mg/kg (dry 
weight) TH 

60 TE Outputs Sludge TE60C Iron (Fe) - Sludge mg/kg dry matter 
(104 oC) TH-NA 

61 TE Outputs Sludge TE61C Manganese (Mn) - Sludge mg/kg dry matter 
(104 oC) TH-NA 

62 TE Outputs Sludge TE62C Nickel (Ni) - Sludge mg/kg (dry 
weight) TH 

63 TE Outputs Sludge TE63C Titanium (Ti) - Sludge - TH-NA 

64 TE Outputs Sludge TE64C Zinc (Zn) - Sludge mg/kg (dry 
weight) TH 

65 TE Outputs Sludge TE65C Mercury (Hg) - Sludge mg/kg dry matter 
(104 oC) TH 

66 TE Outputs Sludge TE66C Lead (Pb) - Sludge mg/kg dry matter 
(104 oC) TH 

67 TE Outputs Sludge TE67C Selenium (Se) - Sludge - TH-NA 

68 TE Outputs Sludge TE68C Boron (B) - Sludge mg/kg dry matter 
(104 oC) TH-NA 

69 TE Outputs Sludge TE69C Molybdenum (Mo) - Sludge - TH-NA 
70 TE Outputs Sludge TE70C Calorific value - Sludge - NTH 

71 TE Outputs Sludge TE71C Helminths - Sludge egg/g (dry 
weight) TH 

72 TE Outputs Sludge TE72C Total coliforms - Sludge MPN/g (dry 
weight) TH 

73 TE Outputs Sludge TE73C E. coli - Sludge - NTH 
74 TE Outputs Sludge TE74C Salmonella - Sludge - TH 
75 TE Outputs Sludge TE75C Organic Matter - Sludge - NTH 
76 TE Outputs Sludge TE76C Scope of sludge management % TH 
77 TE Outputs Sludge TE77C Current use/management of sludge - TH-NA 

78 TE Outputs Sludge TE78C Identification of potential sludge 
consumers/users YES - NO TH 

79 TE Outputs TE79C Total Biogas production - TH-NA 
80 TE Outputs TE80C Quantification of GHG emissions YES - NO TH 
81 TE Management TE81D Number of operators - TH-NA 
82 TE Management TE82D Employee/inhabitant ratio - NTH 
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83 TE Management TE83D Operation Manual YES - NO TH 
84 TE Management TE84D Regular maintenance YES - NO TH 
85 TE Management TE85D Capacity sufficiency YES - NO TH 

86 TE Management TE86D Accessible Sampling and processing 
equipment YES - NO TH 

87 TE Management TE87D Discharge standards compliance  YES - NO TH 

88 TE Management TE88D Analysis frequency compliance - 
water samples/year TH 

89 TE Management TE89D Analysis frequency compliance - 
sludge samples/year TH 

90 TE Management TE90D Certification YES - NO TH 
91 TE Risk TE91D Health risk assessment YES - NO TH 
92 TE Risk TE92E Current management of health risks YES - NO TH 
93 TE Risk TE93E Health and safety equipment YES - NO TH 
94 TE Risk TE94E Performance of risk assessment YES - NO TH 
95 TE Risk TE95E Current management of risks YES - NO TH 

96 TE Risk TE96E Environmental impact assessment 
(EIA) YES - NO TH 

97 TE Risk TE97E Efforts to reduce or manage 
environmental impacts YES - NO TH 

98 TE Risk TE98E Presence or risk of groundwater 
pollution YES - NO TH 

99 TE Risk TE99E Presence or risk of surface water 
pollution YES - NO TH 

100 E   Ec1A Specific WWT cost EUR/m3 of TWW TH-NA 
101 E   Ec2A Per capita cost of WWT USD/hab/year TH 

102 E   Ec3A Proportion of costs: maintenance and 
repairs % NTH 

103 E   Ec4A Proportion of costs: training, capacity 
building % NTH 

104 E   Ec5A Total plant income USD NTH 

105 E   Ec6A Real financial availability per 
inhabitant served USD/hab NTH 

106 E   Ec7A Budget deficit YES - NO TH 
107 E   Ec8A Valorisation of by-products YES - NO TH 

108 S   S1B Personal interest in wastewater 
management problems scale 1 - 4 TH 

109 S   S2B Personal awareness of wastewater 
management problems scale 1 - 4 TH 

110 S   S3B Willingness to be informed about the 
wastewater management problems scale 1 - 4 TH 

111 S   S4B Accessibility to information scale 1 - 4 TH 

112 S   S5B Possibilities for providing a 
recommendation scale 1 - 4 TH 

113 S   S6B Recommendations are taken into 
account? scale 1 - 4 TH-NA 

114 S   S7B Willingness to participate in decision-
making scale 1 - 4 TH-NA 

115 S   S8B Participative decision-making scale 1 - 4 TH-NA 

116 S   S9B Personal acceptance of the current 
wastewater management scale 1 - 4 TH 

117 S   S10B Perception of social acceptance of 
the current wastewater management scale 1 - 4 TH 
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b. Variables and Thresholds (Tepeji)

This table discloses the variables identified to perform sustainability assessment in Tepeji (column 
"variable"). The column "threshold found" indicates whether a threshold is existing for each of those 
variables. Only variables with identified thresholds were finally used for the sustainability assessment at 
the site.  

  No threshold found TE: Technical-Environmental WW: Wastewater 
  Not applicable E: Economic TWW: Treated wastewater 
  Threshold found S: Social       

 
 

No. Dimension Category Code (ID) Variable Unit Threshold 
found? 

1 TE General TE1A Technology used - TH-NA 
2 TE General TE2A Construction year - TH-NA 
3 TE General TE3A No. of people served - TH-NA 
4 TE Inputs WW TE4B Design inflow l/s TH-NA 
5 TE Inputs WW TE5B Volume waste water input m3/year TH-NA 
6 TE Inputs WW TE6B Average inflow (AF)  l/s TH-NA 
7 TE Inputs WW TE7B Average plant capacity utilization % TH-NA 
8 TE Inputs WW TE8B Volumetric Efficiency  % TH-NA 
9 TE Inputs WW TE9B Temperature - WW oC TH 

10 TE Inputs WW TE10B Biological Oxygen Demand (BOD) - WW mg/l NTH 
11 TE Inputs WW TE11B Chemical Oxygen Demand (COD) - WW mg/l NTH 
12 TE Inputs WW TE12B Total Nitrogen - WW mg/l TH 
13 TE Inputs WW TE13B Total Phosphorus - WW mg/l TH 
14 TE Inputs WW TE14B Potassium (K) WW meq/l NTH 
15 TE Inputs WW TE15B Calcium (Ca) WW meq/l NTH 
16 TE Inputs WW TE16B Magnesium (Mg) WW meq/l NTH 
17 TE Inputs WW TE17B Sodium (Na) WW meq/l NTH 
18 TE Inputs WW TE18B Electric conductivity - WW dS/m NTH 
19 TE Inputs WW TE19B Faecal coliforms - WW MPN/100ml TH 

20 TE Inputs WW TE20B E. coli - WW MPN/100ml or 
CFU NTH 

21 TE Inputs WW TE21B Total Suspended Solids (TSS) - WW mg/l NTH 
22 TE Inputs WW TE22B pH - WW pH unit TH 
23 TE Inputs WW TE23B Arsenic (As) - WW mg/l TH 
24 TE Inputs WW TE24B Cadmium (Cd) - WW mg/l TH 
25 TE Inputs WW TE25B Chromium (Cr) - WW mg/l TH 
26 TE Inputs WW TE26B Cupper (Cu) - WW mg/l TH 
27 TE Inputs WW TE27B Iron (Fe) - WW mg/l NTH 
28 TE Inputs WW TE28B Manganese (Mn) - WW mg/l NTH 
29 TE Inputs WW TE29B Nickel (Ni) - WW mg/l TH 
30 TE Inputs WW TE30B Titanium (Ti) - WW mg/l NTH 
31 TE Inputs WW TE31B Zinc (Zn) - WW mg/l TH 
32 TE Inputs WW TE32B Mercury (Hg) - WW mg/l TH 
33 TE Inputs WW TE33B Lead (Pb) - WW mg/l TH 
34 TE Inputs WW TE34B Selenium (Se) - WW mg/l NTH 
35 TE Inputs WW TE35B Boron (B) - WW mg/l NTH 
36 TE Inputs WW TE36B Molybdenum (Mo) - WW mg/l NTH 
37 TE Inputs WW TE37B Residual chlorine - WW mg/l NTH 
38 TE Inputs WW TE38B Grease and oils - WW mg/l TH 
39 TE Inputs WW TE39B Floating matter - WW Absent - Present TH 
40 TE Inputs WW TE40B Colour - WW PCU TH 
41 TE Inputs TE41B Total energy consumed kWh NTH 
42 TE Inputs TE42B Energy/m3 treated water kWh/m3 NTH 
43 TE Outputs TWW TE43C Total volume Treated Water produced m3/year NTH 
44 TE Outputs TWW TE44C Temperature - TWW - TH-NA 
45 TE Outputs TWW TE45C Biological Oxygen Demand (BOD) - TWW mg/l TH-NA 
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46 TE Outputs TWW TE46C Chemical Oxygen Demand (COD) - TWW mg/l NTH 
47 TE Outputs TWW TE47C Total Nitrogen - TWW mg/l TH 
48 TE Outputs TWW TE48C Nitrates - TWW mg/l NTH 
49 TE Outputs TWW TE49C Nitrites - TWW mg/l NTH 
50 TE Outputs TWW TE50C Total Phosphorus - TWW mg/l TH-NA 
51 TE Outputs TWW TE51C Potassium (K) - TWW meq/l NTH 
52 TE Outputs TWW TE52C Calcium (Ca) - TWW meq/l NTH 
53 TE Outputs TWW TE53C Magnesium (Mg) - TWW meq/l NTH 
54 TE Outputs TWW TE54C Sodium (Na) - TWW meq/l TH 
55 TE Outputs TWW TE55C Electric conductivity - TWW µS/cm TH 
56 TE Outputs TWW TE56C Faecal coliforms - TWW MPN/100ml TH 
57 TE Outputs TWW TE57C E. coli - TWW - NTH 
58 TE Outputs TWW TE58C Helminths - TWW egg/l TH 
59 TE Outputs TWW TE59C Sedimentable solids - TWW - NTH 
60 TE Outputs TWW TE60C Total Suspended Solids (TSS) - TWW mg/l TH 
61 TE Outputs TWW TE61C pH - TWW pH units TH 
62 TE Outputs TWW TE62C Arsenic (As) - TWW mg/l TH 
63 TE Outputs TWW TE63C Cadmium (Cd) - TWW mg/l TH 
64 TE Outputs TWW TE64C Cyanide (CN) - TWW mg/l TH 
65 TE Outputs TWW TE65C Chromium (Cr) - TWW mg/l TH 
66 TE Outputs TWW TE66C Cupper (Cu) - TWW mg/l TH 
67 TE Outputs TWW TE67C Nickel (Ni) - TWW mg/l TH 
68 TE Outputs TWW TE68C Zinc (Zn) - TWW mg/l TH 
69 TE Outputs TWW TE69C Mercury (Hg) - TWW mg/l TH 
70 TE Outputs TWW TE70C Lead (Pb) - TWW mg/l TH 
71 TE Outputs TWW TE71C Grease and oils - TWW mg/l TH 
72 TE Outputs TWW TE72C Floating matter - TWW Absent - Present TH 
73 TE Outputs TWW TE73C Colour - TWW PCU TH 
74 TE Outputs TWW TE74C Water reuse % TH 
75 TE Outputs Sludge TE75C Total sludge produced yearly kg NTH 
76 TE Outputs Sludge TE76C Arsenic (As) - Sludge mg/l TH-NA 
77 TE Outputs Sludge TE77C Cadmium (Cd) - Sludge mg/l TH-NA 
78 TE Outputs Sludge TE78C Chromium (Cr) - Sludge mg/l TH-NA 
79 TE Outputs Sludge TE79C Cupper (Cu) - Sludge mg/l TH-NA 
80 TE Outputs Sludge TE80C Nickel (Ni) - Sludge mg/l TH-NA 
81 TE Outputs Sludge TE81C Zinc (Zn) - Sludge mg/l TH-NA 
82 TE Outputs Sludge TE82C Mercury (Hg) - Sludge mg/l TH-NA 
83 TE Outputs Sludge TE83C Lead (Pb) - Sludge mg/l TH-NA 
84 TE Outputs Sludge TE84C Helminths - Sludge egg/l TH-NA 
85 TE Outputs Sludge TE85C Total coliforms - Sludge MPN/100ml TH-NA 
86 TE Outputs Sludge TE86C Salmonella - Sludge MPN/100ml TH-NA 
87 TE Outputs TE87C Scope of sludge management % TH-NA 
88 TE Outputs TE88C Odours YES - NO TH 
89 TE Outputs TE89C Solid waste management - TH 
90 TE Management TE90C Employee/inhabitant ratio - NTH 
91 TE Management TE91C Operation Manual YES - NO TH 
92 TE Management TE92C Regular Maintenance YES - NO TH 
93 TE Management TE93C Capacity sufficiency YES - NO TH 

94 TE Management TE94C Accessible Sampling and processing 
equipment YES - NO TH 

95 TE Management TE95C Discharge standards compliance  YES - NO TH 
96 TE Management TE96C Analysis frequency compliance - water YES - NO TH 
97 TE Management TE97C Analysis frequency compliance - sludge NA TH-NA 
98 TE Management TE98C Certification YES - NO TH 
99 TE Risk TE99C Health risk assessment YES - NO TH 
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No. Dimension Category Code (ID) Variable Unit Threshold 
found? 

100 TE Risk TE100C Current management of health risks YES - NO TH 
101 TE Risk TE101C Health and safety equipment YES - NO TH 
102 TE Risk TE102C Performance of risk assessment YES - NO TH 
103 TE Risk TE103C Current management of risks YES - NO TH 
104 TE Risk TE104C Environmental impact assessment (EIA) YES - NO TH 

105 TE Risk TE105C Efforts to reduce or manage 
environmental impacts YES - NO TH 

106 TE Risk TE106C Presence or risk of groundwater 
pollution YES - NO TH 

107 TE Risk TE107C Presence or risk of surface water 
pollution YES - NO TH 

108 E   Ec1A Specific WWT cost EUR/m3 of 
TWW TH-NA 

109 E   Ec2A Per capita cost of WWT USD/hab/year TH 

110 E   Ec3A Proportion of costs: training, capacity 
building % NTH 

111 E   Ec4A Total plant income USD NTH 

112 E   Ec5A Real financial availability per inhabitant 
served USD/hab NTH 

113 E   Ec6A Budget deficit YES - NO TH 
114 E   Ec7A Valorisation of by-products YES - NO TH 

115 S   S1B Personal interest in wastewater 
management problems scale 1 - 4 TH 

116 S   S2B Personal awareness of wastewater 
management problems scale 1 - 4 TH 

117 S   S3B Willingness to be informed about the 
wastewater management problems scale 1 - 4 TH 

118 S   S4B Accessibility to information scale 1 - 4 TH 

119 S   S5B Possibilities for providing a 
recommendation scale 1 - 4 TH 

120 S   S6B Recommendations are taken into 
account? scale 1 - 4 TH-NA 

121 S   S7B Willingness to participate in decision-
making scale 1 - 4 TH-NA 

122 S   S8B Participative decision-making scale 1 - 4 TH-NA 

123 S   S9B Personal acceptance of the current 
wastewater management scale 1 - 4 TH 

124 S   S10B Perception of social acceptance of the 
current wastewater management scale 1 - 4 TH 

 



A-62

Annex 9: Threshold Values
a. Threshold Values (Panajachel)

This table indicates the values and sources of the thresholds used in the sustainability assessment. 

Gt: Guatemala; Mx: Mexico; ST-team: SludgeTec team 
WHO (2006): Guidelines for SUWA - Vol 2 

 

No. Code (ID) Variable Unit Threshold 
value Source Red Yellow Green 

1 TE7B Temperature - WW oC 40 AG 12-2011 Art. 
14 (p.10) Gt >44 >40 and ≤44 ≤40 

2 TE8B Biological Oxygen 
Demand (BOD) - WW mg/l 100 AG 12-2011 Art. 

14 (p.10) Gt >110 >100 and ≤110 ≤100 

3 TE9B Chemical Oxygen 
Demand (COD) - WW mg/l 200 AG 12-2011 Art. 

14 (p.10) Gt >220 >200 and ≤220 ≤200 

4 TE10B Total Nitrogen - WW mg/l 20 AG 12-2011 Art. 
14 (p.10) Gt >22 >20 and ≤22 ≤20 

5 TE11B Total Phosphorus - 
WW mg/l 10 AG 12-2011 Art. 

14 (p.10) Gt >11 >10 and ≤11 ≤10 

6 TE12B Faecal coliforms - 
WW MPN/100 ml 100,000 AG 12-2011 Art. 

14 (p.10) Gt >110000 >100000 and 
≤110000 ≤100000 

7 TE14B Total Suspended 
Solids (TSS) - WW mg/l 125 AG 12-2011 Art. 

14 (p.10) Gt >137.5 >125 and 
≤137.5 ≤125 

8 TE15B pH - WW pH unit between 6-9 AG 12-2011 Art. 
14 (p.10) Gt <6 and >9 - ≥6 and ≤9 

9 TE19C Temperature - TWW oC TRWB ±3 AG 12-2011 Art. 
11 (p.7) Gt <20 and >26 - ≥20 and ≤26 

10 TE20C 
Biological Oxygen 
Demand (BOD) - 
TWW 

mg/l 30 AG 12-2011 Art. 
11 (p.7) Gt >33 >30 and ≤33 ≤30 

11 TE21C 
Chemical Oxygen 
Demand (COD) - 
TWW 

mg/l 60 AG 12-2011 Art. 
11 (p.7) Gt >66 >60 and ≤66 ≤60 

12 TE22C Total Nitrogen - 
TWW mg/l 5 AG 12-2011 Art. 

11 (p.7) Gt >5.5 >5 and ≤5.5 ≤5 

13 TE23C Total Phosphorus - 
TWW mg/l 3 AG 12-2011 Art. 

11 (p.7) Gt >3.3 >3 and ≤3.3 ≤3 

14 TE24C Faecal coliforms - 
TWW MPN/100ml 500 AG 12-2011 Art. 

11 (p.7) Gt >550 >500 and ≤550 ≤500 

15 TE26C Helminths - TWW - 5 
NOM-003-

SEMARNAT-1997 
Mx 

>5.5 >5 and ≤5.5 ≤5 

16 TE29C Total Suspended 
Solids (TSS) - TWW mg/l 40 AG 12-2011 Art. 

11 (p.7) Gt >44 >40 and ≤44 ≤40 

17 TE31C pH - TWW pH units between 6-9 AG 12-2011 Art. 
11 (p.7) Gt <6 and >9 - ≥6 and ≤9 

18 TE33C Arsenic (As) - TWW mg/l 0.1 AG 12-2011 Art. 
11 (p.10) Gt >0.11 >0.1 and ≤0.11 ≤0.1 

19 TE34C Cadmium (Cd) - 
TWW mg/l 0.1 AG 12-2011 Art. 

11 (p.10) Gt >0.11 >0.1 and ≤0.11 ≤0.1 

20 TE37C Chromium (Cr) - 
TWW mg/l 0.1 AG 12-2011 Art. 

11 (p.10) Gt >0.11 >0.1 and ≤0.11 ≤0.1 

21 TE38C Copper (Cu) - TWW mg/l 0.5 AG 12-2011 Art. 
11 (p.10) Gt >0.55 >0.5 and ≤0.55 ≤0.5 

22 TE41C Nickel (Ni) - TWW mg/l 0.5 AG 12-2011 Art. 
11 (p.10) Gt >0.55 >0.5 and ≤0.55 ≤0.5 

23 TE43C Zinc (Zn) - TWW mg/l 1 AG 12-2011 Art. 
11 (p.10) Gt >1.1 >1 and ≤1.1 ≤1 

24 TE44C Mercury (Hg) - TWW mg/l 0.01 AG 12-2011 Art. 
11 (p.10) Gt >0.011 >0.01 and 

≤0.01 ≤0.01 

25 TE45C Lead (Pb) - TWW mg/l 0.1 AG 12-2011 Art. 
11 (p.10) Gt >0.11 >0.1 and ≤0.11 ≤0.1 

26 TE49C Grease and oils - 
TWW mg/l 15 

NOM-001-
SEMARNAT-1996 

(p.15) Mx 
>16.5 >15 and ≤16.5 ≤15 

27 TE50C Floating matter - 
TWW 

Present - 
Absent 

Present-
Absent 

AG 12-2011 Art. 
11 (p.10) Gt Present - Absent 

28 TE51C Colour - TWW PCU 400 AG 12-2011 Art. 
11 (p.10) Gt >440 >400 and ≤440 ≤400 

29 TE52C Water reuse YES - NO YES-NO ST team NO - YES 
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No. Code (ID) Variable Unit Threshold 
value Source Red Yellow Green 

30 TE55C Arsenic (As) - Sludge mg/kg dry 
matter (104 oC) 50 

AG 236-2006 para 
lodos - 

Application in soil 
Gt 

>55 >50 and ≤55 ≤50 

31 TE56C Cadmium (Cd) - 
Sludge 

mg/kg dry 
matter (104 oC) 50 AG 236-2006 para 

lodos Gt >55 >50 and ≤55 ≤50 

32 TE58C Chromium (Cr) - 
Sludge 

mg/kg dry 
matter (104 oC) 1500 AG 236-2006 para 

lodos Gt >1650 >1500 and 
≤1650 ≤1500 

33 TE59C Copper (Cu) - Sludge mg/kg (dry 
weight) 1500 

NOM-004-
SEMARNAT-2002 
(p.6) - Excellent 

Biosolid Mx 

>1650 >1500 and 
≤1650 ≤1500 

34 TE62C Nickel (Ni) - Sludge mg/kg (dry 
weight) 420 

NOM-004-
SEMARNAT-2002 
(p.6) - Excellent 

Biosolid Mx 

>462 >420 and ≤462 ≤420 

35 TE64C Zinc (Zn) - Sludge mg/kg (dry 
weight) 2800 

NOM-004-
SEMARNAT-2002 
(p.6) - Excellent 

Biosolid Mx 

>3080 >2800 and 
≤3080 ≤2800 

36 TE65C Mercury (Hg) - 
Sludge 

mg/kg dry 
matter (104 oC) 25 

AG 236-2006 para 
lodos - 

Application in soil 
Gt 

>27.5 >25 and ≤27.5 ≤25 

37 TE66C Lead (Pb) - Sludge mg/kg dry 
matter (104 oC) 500 

AG 236-2006 para 
lodos - 

Application in soil 
Gt 

>550 >500 and ≤550 ≤500 

38 TE71C Helminths - Sludge egg/g (dry 
weight) 10 

NOM-004-
SEMARNAT-2002 

(p.6) Mx 
>11 >10 and ≤11 ≤10 

39 TE72C Total coliforms - 
Sludge 

MPN/g (dry 
weight) 1000 

NOM-004-
SEMARNAT-2002 

(p.6) Mx 
>1100 >1000 and 

≤1100 ≤1000 

40 TE74C Salmonella - Sludge - 300 
NOM-004-

SEMARNAT-2002 
(p.6) Mx 

>330 >300 and ≤330 ≤300 

41 TE76C Scope of sludge 
management % 100 ST team <33.33 ≥33.33 and 

<66.67 
≥66.67 and 

≤100 

42 TE78C 
Identification of 
potential sludge 
consumers/users 

YES - NO YES-NO ST team NO - YES 

43 TE80C Quantification of 
GHG emissions YES - NO YES-NO ST team NO - YES 

44 TE83D Operation Manual YES - NO YES-NO ST team NO - YES 
45 TE84D Regular maintenance YES - NO YES-NO ST team NO - YES 
46 TE85D Capacity sufficiency YES - NO YES-NO ST team NO - YES 

47 TE86D 
Accessible Sampling 
and processing 
equipment 

YES - NO YES-NO ST team NO - YES 

48 TE87D Discharge standards 
compliance  YES - NO YES-NO ST team NO - YES 

49 TE88D Analysis frequency 
compliance - water samples/year 2 AG 236-2006 para 

lodos Gt <2 - ≥2 

50 TE89D Analysis frequency 
compliance - sludge samples/year 2 AG 236-2006 para 

lodos Gt <2 - ≥2 

51 TE90D Certification YES - NO YES-NO ST team NO - YES 

52 TE91D Health risk 
assessment YES - NO YES-NO ST team NO - YES 

53 TE92E 
Current 
management of 
health risks 

YES - NO YES-NO ST team NO - YES 

54 TE93E Health and safety 
equipment YES - NO YES-NO ST team NO - YES 

55 TE94E Performance of risk 
assessment YES - NO YES-NO ST team NO - YES 

56 TE95E Current 
management of risks YES - NO YES-NO ST team NO - YES 
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No. Code (ID) Variable Unit Threshold 
value Source Red Yellow Green 

57 TE96E 
Environmental 
impact assessment 
(EIA) 

YES - NO YES-NO ST team NO - YES 

58 TE97E 

Efforts to reduce or 
manage 
environmental 
impacts 

YES - NO YES-NO ST team NO - YES 

59 TE98E 
Presence or risk of 
groundwater 
pollution 

YES - NO YES-NO ST team YES - NO 

60 TE99E 
Presence or risk of 
surface water 
pollution 

YES - NO YES-NO ST team YES - NO 

61 Ec2A Per capita cost of 
WWT USD/hab/year 4-8 WHO >8.8 >8 and ≤8.8 ≤8 

62 Ec7A Budget deficit YES - NO YES-NO ST team YES - NO 

63 Ec8A Valorisation of by-
products YES - NO YES-NO ST team NO - YES 

64 S1B 

Personal interest in 
wastewater 
management 
problems 

scale 1 - 4 between 1-4 ST team ≥1 and <2 ≥2 and <3 ≥3 and ≤4 

65 S2B 

Personal awareness 
of wastewater 
management 
problems 

scale 1 - 4 between 1-4 ST team ≥1 and <2 ≥2 and <3 ≥3 and ≤4 

66 S3B 

Willingness to be 
informed about the 
wastewater 
management 
problems 

scale 1 - 4 between 1-4 ST team ≥1 and <2 ≥2 and <3 ≥3 and ≤4 

67 S4B Accessibility to 
information scale 1 - 4 between 1-4 ST team ≥1 and <2 ≥2 and <3 ≥3 and ≤4 

68 S5B 
Possibilities for 
providing a 
recommendation 

scale 1 - 4 between 1-4 ST team ≥1 and <2 ≥2 and <3 ≥3 and ≤4 

69 S9B 

Personal acceptance 
of the current 
wastewater 
management 

scale 1 - 4 between 1-4 ST team ≥1 and <2 ≥2 and <3 ≥3 and ≤4 

70 S10B 

Perception of social 
acceptance of the 
current wastewater 
management 

scale 1 - 4 between 1-4 ST team ≥1 and <2 ≥2 and <3 ≥3 and ≤4 
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b. Threshold Values (Tepeji)

This table indicates the values and sources of the thresholds used in the sustainability assessment. 

Gt: Guatemala; Mx: Mexico; ST-team: SludgeTec team 
WHO (2006): Guidelines for SUWA - Vol 2 

 

No. Code 
(ID) Variable Unit Threshold 

value Source Red Yellow Green 

1 TE9B Temperature - WW oC 40 AG 236-2006 Art. 28 Gt >44 >40 and 
≤44 ≤40 

2 TE12B Total Nitrogen - WW mg/l 80 AG 236-2006 Art. 28 Gt >88 >80 and 
≤88 ≤80 

3 TE13B Total Phosphorus - WW mg/l 20 AG 236-2006 Art. 28 Gt >22 >20 and 
≤22 ≤20 

4 TE19B Faecal coliforms - WW MPN/100ml 10000 AG 236-2006 Art. 28 Gt >1100 >1000 and 
≤1100 ≤1000 

5 TE22B pH - WW pH unit between 6-
9 AG 236-2006 Art. 28 Gt <6 and >9 - ≥6 and ≤9 

6 TE23B Arsenic (As) - WW mg/l 0.5 NOM-002-SEMARNAT-
1996 (p.41) Mx >0.55 >0.5 and 

≤0.55 ≤0.5 

7 TE24B Cadmium (Cd) - WW mg/l 0.5 NOM-002-SEMARNAT-
1996 (p.41) Mx >0.55 >0.5 and 

≤0.55 ≤0.5 

8 TE25B Chromium (Cr) - WW mg/l 0.5 NOM-002-SEMARNAT-
1996 (p.41) Mx >0.55 >0.5 and 

≤0.55 ≤0.5 

9 TE26B Cupper (Cu) - WW mg/l 10 NOM-002-SEMARNAT-
1996 (p.41) Mx >11 >10 and 

≤11 ≤10 

10 TE29B Nickel (Ni) - WW mg/l 4 NOM-002-SEMARNAT-
1996 (p.41) Mx >4.4 >4 and ≤4.4 ≤4 

11 TE31B Zinc (Zn) - WW mg/l 6 NOM-002-SEMARNAT-
1996 (p.41) Mx >6.6 >6 and ≤6.6 ≤6 

12 TE32B Mercury (Hg) - WW mg/l 0.01 NOM-002-SEMARNAT-
1996 (p.41) Mx >0.011 >0.01 and 

≤0.01 ≤0.01 

13 TE33B Lead (Pb) - WW mg/l 1 NOM-002-SEMARNAT-
1996 (p.41) Mx >1.1 >1 and ≤1.1 ≤1 

14 TE38B Grease and oils - WW mg/l 50 NOM-002-SEMARNAT-
1996 (p.41) Mx >55 >50 and 

≤55 ≤50 

15 TE39B Floating matter - WW Absent - 
Present Absent AG 236-2006 Art. 28 Gt Present - Absent 

16 TE40B Colour - WW PCU 500 AG 236-2006 Art. 28 Gt >550 >500 and 
≤550 ≤500 

17 TE47C Total Nitrogen - TWW mg/l 30 WHO >33 >30 and 
≤33 ≤30 

18 TE54C Sodium (Na) - TWW meq/l 9 WHO >9.9 >9 and ≤9.9 ≤9 

19 TE55C Electric conductivity - 
TWW µS/cm 30 WHO >33 >30 and 

≤33 ≤30 

20 TE56C Faecal coliforms - TWW MPN/100ml 2000 NOM-001-SEMARNAT-
1996 (p.14) Mx >2200 >2000 and 

≤2200 ≤2000 

21 TE58C Helminths - TWW egg/l 5 NOM-003-SEMARNAT-
1997 Mx >5.5 >5 and ≤5.5 ≤5 

22 TE60C Total Suspended Solids 
(TSS) - TWW mg/l 100 WHO >110 >100 and 

≤110 ≤100 

23 TE61C pH - TWW pH units between 
6.5-8 WHO <6.5 and >8 - ≥6.5 and 

≤8 

24 TE62C Arsenic (As) - TWW mg/l 0.1 WHO >0.11 >0.1 and 
≤0.11 ≤0.1 

25 TE63C Cadmium (Cd) - TWW mg/l 0.01 WHO >0.011 >0.01 and 
≤0.01 ≤0.01 

26 TE64C Cyanide (CN) - TWW mg/l 2 NOM-001-SEMARNAT-
1996 (p.14) Mx >2.2 >2 and ≤2.2 ≤2 

27 TE65C Chromium (Cr) - TWW mg/l 0.1 WHO >0.11 >0.1 and 
≤0.11 ≤0.1 

28 TE66C Cupper (Cu) - TWW mg/l 0.2 WHO >0.11 >0.1 and 
≤0.11 ≤0.1 

29 TE67C Nickel (Ni) - TWW mg/l 0.2 WHO >0.11 >0.1 and 
≤0.11 ≤0.1 

30 TE68C Zinc (Zn) - TWW mg/l 2 WHO >2.2 >2 and ≤2.2 ≤2 

31 TE69C Mercury (Hg) - TWW mg/l 0.005 NOM-001-SEMARNAT-
1996 (p.14) Mx >0.0055 >0.01 and 

≤0.01 ≤0.01 
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No. Code 
(ID) Variable Unit 

Threshold 
value Source Red Yellow Green 

32 TE70C Lead (Pb) - TWW mg/l 5 WHO >5.5 >5 and ≤5.5 ≤5 

33 TE71C Grease and oils - TWW mg/l 15 NOM-001-SEMARNAT-
1996 (p.14) Mx >16.5 >15 and 

≤16.5 ≤15 

34 TE72C Floating matter - TWW Absent - 
Present Absent NOM-001-SEMARNAT-

1996 (p.14) Mx Present - Absent 

35 TE73C Colour - TWW PCU 400 AG 12-2011 Art. 11 
(p.10) Gt >440 >400 and 

≤440 ≤400 

36 TE74C Water reuse % between 0-
100 ST team <33.33 ≥33.33 and 

<66.67 
≥66.67 

and ≤100 
37 TE88C Odours YES - NO YES-NO ST team YES - NO 
38 TE89C Solid waste management - YES-NO ST team NO - YES 
39 TE91C Operation Manual YES - NO YES-NO ST team NO - YES 
40 TE92C Regular Maintenance YES - NO YES-NO ST team NO - YES 
41 TE93C Capacity sufficiency YES - NO YES-NO ST team NO - YES 

42 TE94C Accessible Sampling and 
processing equipment YES - NO YES-NO ST team NO - YES 

43 TE95C Discharge standards 
compliance  YES - NO YES-NO ST team NO - YES 

44 TE96C Analysis frequency 
compliance - water YES - NO YES-NO ST team NO - YES 

45 TE98C Certification YES - NO YES-NO ST team NO - YES 
46 TE99C Health risk assessment YES - NO YES-NO ST team 0 - - 

47 TE100C Current management of 
health risks YES - NO YES-NO ST team NO - YES 

48 TE101C Health and safety 
equipment YES - NO YES-NO ST team NO - YES 

49 TE102C Performance of risk 
assessment YES - NO YES-NO ST team NO - YES 

50 TE103C Current management of 
risks YES - NO YES-NO ST team 0 - - 

51 TE104C Environmental impact 
assessment (EIA) YES - NO YES-NO ST team NO - YES 

52 TE105C 
Efforts to reduce or 
manage environmental 
impacts 

YES - NO YES-NO ST team 0 - - 

53 TE106C Presence or risk of 
groundwater pollution YES - NO YES-NO ST team 0 - - 

54 TE107C Presence or risk of surface 
water pollution YES - NO YES-NO ST team YES - NO 

55 Ec2A Per capita cost of WWT USD/hab/year 1-1.5 WHO >8.8 >8 and ≤8.8 ≤1.5 
56 Ec6A Budget deficit YES - NO YES-NO ST team YES - NO 
57 Ec7A Valorisation of by-products YES - NO YES-NO ST team NO - YES 

58 S1B 
Personal interest in 
wastewater management 
problems 

scale 1 - 4 between 1-
4 ST team ≥1 and <2 ≥2 and <3 ≥3 and ≤4 

59 S2B 
Personal awareness of 
wastewater management 
problems 

scale 1 - 4 between 1-
4 ST team ≥1 and <2 ≥2 and <3 ≥3 and ≤4 

60 S3B 
Willingness to be informed 
about the wastewater 
management problems 

scale 1 - 4 between 1-
4 ST team ≥1 and <2 ≥2 and <3 ≥3 and ≤4 

61 S4B Accessibility to information scale 1 - 4 between 1-
4 ST team ≥1 and <2 ≥2 and <3 ≥3 and ≤4 

62 S5B Possibilities for providing a 
recommendation scale 1 - 4 between 1-

4 ST team ≥1 and <2 ≥2 and <3 ≥3 and ≤4 

63 S9B 
Personal acceptance of the 
current wastewater 
management 

scale 1 - 4 between 1-
4 ST team ≥1 and <2 ≥2 and <3 ≥3 and ≤4 

64 S10B 
Perception of social 
acceptance of the current 
wastewater management 

scale 1 - 4 between 1-
4 ST team ≥1 and <2 ≥2 and <3 ≥3 and ≤4 
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Annex 10: List of Stakeholders
a. List of Stakeholders (Panajachel)

No. Institution Stakeholder category 
1 Municipalidad Panajachel 

Municipality 

2 Consejo Municipal 
3 Alcalde Panajachel 
4 Alcalde Sololá 
5 Muni San Andres Semetabaj 
6 Muni Concepción  
7 Jefatura de area  
8 DIGAM 
9 Codede Alcaldes Auxuilares 

10 Mesa técnica de agua 
11 Operador de la planta Panajachel WWTP Operators 
12 Operador de la planta Sololá 
13 Gerente de la planta Panajachel 

WWTP Managers 14 Gerente de la planta Sololá 
15 Gerente de la planta Santa Cruz 

16 Food and Agiculture Organization of the United 
Nations (FAO) International decision maker 

17 Secretaria Técnica Cambio Climático (SGCC) 

National decision makers 

18 CONAP 
19 Diputado 
20 SEGEPLAN 
21 AMSCLAE 

22 Ministerio de Medio Ambiente y Recursos 
Naturales (MARN) 

23 Ministerio de Salud 

24 Autoridad para el Manejo Sustentable de la Cuenca 
de Lago de Amatitlán (AMSA) 

25 Ministerio de Cultura 
26 Gobierno central 

State decision makers 27 Gobernador 
28 Mankatitlan 
29 Cocodes 

Community representative  
30 Cocode anterior (hasta 4 años hasta Feb.18) 
31 Cocode nuevo (desde Feb.18) 
32 Consejo de ancíanos y ancestrales  
33 ERIS USAC 

National academia 34 Centros de Estudios Atitlán- Universidad del Valle 
35 Atitlab 
36 Cementos Progreso Private sector 
37 CMI Energía 
38 Comunidad  Local Community 
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No. Institution Stakeholder category 
39 ANACAFE 

NGO 

40 Amigos del Lago 
41 Puravida 
42 Proyecto ProAtitlán 
43 Mayan Families 
44 Mujeres Mayas 
45 The Friendship Bridge 
46 Viviamos mejor 
47 Asociación Lancheros 

Community associations 

48 Asociación Hoteleros 
49 Asociación de Hospedaje 
50 Asociación de comerciales 
51 Asociación de Hoteleros 
52 Asociación de Tuc Tuc 
53 Asociación de Areneros 
54 Hotel Casa del Mundo 

Others 

55 Marvin Romero 
56 Directora de Mujeres Mayas 
57 Supervisión Educativa 
58 CAMTUR 
59 PAMI 
60 MFDeS 
61 Gobernación  
62 Juan Skiner (academic) 

 



A-69

b. List of Stakeholders (Tepeji)

No. Institution Stakeholder category 
1 Presidencia Municipal 

Municipality 
2 Ecología 
3 Sanidad y Salud Municipal 
4 Secretario de obras publicas 
5 CAAMTROH 
6 Operator Tlaxi WWTP Operators 
7 Manager 1 WWTP Managers 
8 Manager 2 
9 Comisión Estatal del Agua State decision makers 

10 CONAGUA National decision makers 
11 Delegado de Tlaxinacalpan Community representative 
12 Instituto de Geología, UNAM National academia 
13 Private companies Privat sector 
14 Ex- Delegado de Tlaxinacalpan Local community 
15 Patronato de fútbol 
16 Agropecuario 

Others 
17 FIAVHI 
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c. Translation of Stakeholder List

Stakeholders List Panajachel 
 

No. Stakeholders (Spanish) Stakeholders (English) 
1 Alcalde Panajachel Mayor of Panajachel 
2 Alcalde Sololá Mayor of Sololá 
3 Amigos del Lago   

4 
Autoridad para el Manejo Sustentable 
de la Cuenca del Lago de Atitlán y su 
Entorno 

Authority for the Sustainable 
Management of the Atitlán Lake Basin 
and its Surroundings 

5 Asociación Nacional del Café Guatemala National Coffee Association of Guatemala 
6 Asociación de Areneros Association of Sandmen 
7 Asociación de comerciantes Association of Merchants 
8 Asociación de Hospedaje Association of Hosting 
9 Asociación de Hoteleros Association of Hoteliers 

10 Asociación de Tuc-Tuc Association of Tuc-Tuc 
11 Asociación Lancheros Association of Boatmen 
12 Atitlab Laboratorio Atitlab Laboratory 

13 Autoridad para el Manejo Sustentable 
de la Cuenca de Lago de Amatitlán 

Authority for the Sustainable 
Management of Amatitlán Lake Basin 

14 Cámara del Turismo de Guatemala Chamber of Tourism of Guatemala 
15 Cementos Progreso Progreso cement 

16 Centros de Estudios Atitlán - 
Universidad del Valle Study Centers Atitlán - Valley University 

17 Corporación Multi Inversiones Energía Multi Investment Energy Partnership 

18 
Consejos Comunitarios de Desarrollo 
Urbano y Rural, anterior (hasta 4 años 
hasta Feb.18) 

Community Councils for Urban and Rural 
Development, previous (up to 4 years 
until Feb.18) 

19 Consejos Comunitarios de Desarrollo 
Urbano y Rural, nuevo (desde Feb.18) 

Community Councils for Urban and Rural 
Development, new (since Feb.18) 

20 Consejos Comunitarios de Desarrollo 
Urbano y Rural Alcaldes Auxuilares 

Community Councils for Urban and Rural 
Development Auxuilar Mayors 

21 Comunidad Community 
22 Consejo Nacional de Áreas Protegidas National Council of Protected Areas 
23 Consejo de ancíanos y ancestrales Council of old men and ancestors 
24 Consejo Municipal Municipal Council 
25 DIGAM   
26 Diputados Deputies 
27 Directora de Mujeres Mayas Director of Mayan Women 

28 ERIS Universidad de San Carlos de 
Guatemala Eris University of San Carlos of Guatemala 

29 Food and Agriculture Organization of 
the United Nations   

30 Gerente de la planta Panajachel Manager of Panajachel wastewater 
treatment plant 
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No. Stakeholders (Spanish) Stakeholders (English) 

31 Gerente de la planta Santa Cruz Manager of Santa Cruz wastewater 
treatment plant 

32 Gerente de la planta Sololá Manager of Sololá wastewater treatment 
plant 

33 Gobernación Government 
34 Gobernador Governor 
35 Gobierno central Central Government 
36 Hotel Casa del Mundo Casa del Mundo hotel 
37 Jefatura de area Area headquarters 
38 Juan Skiner (académico) Juan Skiner (academic) 
39 Mankatitlan   
40 Marvin Romero   
41 Mayan Families   
42 Mesa técnica de agua Technical Table on Water 
43 MFDeS   
44 Ministerio de Cultura Ministry of Culture 

45 Ministerio de Medio Ambiente y 
Recursos Naturales 

Ministry of Environment and Natural 
Resources 

46 Ministerio de Salud Ministry of Health 
47 Mujeres Mayas Mayan Women 
48 Municipalidad de Concepción Municipality of Concepcion 

49 Municipalidad de San Andrés 
Semetabaj Municipality of San Andres Semetabaj 

50 Municipalidad de Panajachel Municipality of Panajachel 
51 Operador de la planta Panajachel Operator of the Panajachel plant 
52 Operador de la planta Sololá Operator of the Solola plant 

53 Programa de Atención, Movilización e 
Incidencia por la Niñez y Adolescencia 

Program for Attention, Mobilization and 
Advocacy for Children and Adolescents 

54 Proyecto PROATITLÁN PROATITLÁN project 
55 Puravida   

56 
Secretaria Técnica del Sistema 
Guatemalteco de Ciencias del Cambio 
Climático 

Technical Secretary of the Guatemalan 
System of Climate Change Sciences 

57 Secretaría de Planificación y 
Programación de la Presidencia 

Secretariat of Planning and Programming 
of the Presidency 

58 Supervisión Educativa Educational Supervision 
59 The Friendship Bridge   
60 Viviamos mejor   
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Stakeholders List Tepeji 
 

No. Stakeholders (Spanish) Stakeholders (English) 
1 Agropecuario Farming 
2 Comisión de Agua y Alcantarillado del 

Municipio de Tepeji del Río de Ocampo, 
Hidalgo 

Water and Sewage Commission of the 
Municipality of Tepeji del Río de Ocampo, 
Hidalgo 

3 Comisión Estatal del Agua State Water Commission 
4 Comisión Nacional del Agua National Water Commission 
5 Delegado de Tlaxinacalpan Delegate of Tlaxinacalpan 
6 Ecología Ecology 
7 Ex-Delegado de Tlaxinacalpan Former Delegate of Tlaxinacalpan 
8 Fideicomiso de Infraestructura 

Ambiental de los Valles de Hidalgo 
Environmental Infrastructure Trust of the 
Valleys of Hidalgo 

9 Instituto de Geología, Universidad 
Nacional Autónoma de México 

Institute of geology, National Autonomous 
University of Mexico 

10 Gerente 1 Manager 1 
11 Gerente 2 Manager 2 
12 Operador Tlaxinacalpan Operator Tlaxinacalpan 
13 Patronato de futbol   
14 Presidencia Municipal Municipal Presidency 
15 Compañías privadas Private companies 
16 Sanidad y Salud Municipal Municipal Health and Sanitation 
17 Secretario de Obras Públicas Secretary of Public Works 
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Annex 11: Network Graphs
a. Network Graphs (Panajachel)
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b. Network Graphs (Tepeji)
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Annex 12: Sustainability Assessment Results
a. Sustainability Assessment Results (Panajachel)

This table indicates the measured values and gathered data that were considered for the sustainability 
assessment. 

R: Red; Y: Yellow; G: Green 
 

No. Code 
(ID) Variable Unit Red Yellow Green Data Category 

1 TE7B Temperature - WW oC >44 >40 and ≤44 ≤40 23.50 G 

2 TE8B Biological Oxygen Demand 
(BOD) - WW mg/l >110 >100 and ≤110 ≤100 1,060.00 R 

3 TE9B Chemical Oxygen Demand 
(COD) - WW mg/l >220 >200 and ≤220 ≤200 1,150.00 R 

4 TE10B Total Nitrogen - WW mg/l >22 >20 and ≤22 ≤20 33.05 R 
5 TE11B Total Phosphorus - WW mg/l >11 >10 and ≤11 ≤10 26.65 R 

6 TE12B Faecal coliforms - WW MPN/100 ml >110000 >100000 and 
≤110000 ≤100000 2.75E+15 R 

7 TE14B Total Suspended Solids 
(TSS) - WW mg/l >137.5 >125 and 

≤137.5 ≤125 610.00 R 

8 TE15B pH - WW pH unit <6 and >9 - ≥6 and ≤9 7.27 G 

9 TE19C Temperature - TWW oC <20 and 
>26 - ≥20 and ≤26 22.68 G 

10 TE20C Biological Oxygen Demand 
(BOD) - TWW mg/l >33 >30 and ≤33 ≤30 287.50 R 

11 TE21C Chemical Oxygen Demand 
(COD) - TWW mg/l >66 >60 and ≤66 ≤60 224.00 R 

12 TE22C Total Nitrogen - TWW mg/l >5.5 >5 and ≤5.5 ≤5 33.50 R 
13 TE23C Total Phosphorus - TWW mg/l >3.3 >3 and ≤3.3 ≤3 16.19 R 
14 TE24C Faecal coliforms - TWW MPN/100ml >550 >500 and ≤550 ≤500 1.32E+11 R 

15 TE29C Total Suspended Solids 
(TSS) - TWW mg/l >44 >40 and ≤44 ≤40 565.00 R 

16 TE31C pH - TWW pH units <6 and >9 - ≥6 and ≤9 6.80 G 
17 TE33C Arsenic (As) - TWW mg/l >0.11 >0.1 and ≤0.11 ≤0.1 Not detectable G 
18 TE34C Cadmium (Cd) - TWW mg/l >0.11 >0.1 and ≤0.11 ≤0.1 Not detectable G 
19 TE37C Chromium (Cr) - TWW mg/l >0.11 >0.1 and ≤0.11 ≤0.1 0.10 G 
20 TE38C Copper (Cu) - TWW mg/l >0.55 >0.5 and ≤0.55 ≤0.5 0.01 G 
21 TE41C Nickel (Ni) - TWW mg/l >0.55 >0.5 and ≤0.55 ≤0.5 Not detectable G 
22 TE43C Zinc (Zn) - TWW mg/l >1.1 >1 and ≤1.1 ≤1 0.12 G 

23 TE44C Mercury (Hg) - TWW mg/l >0.011 >0.01 and 
≤0.01 ≤0.01 Not detectable G 

24 TE45C Lead (Pb) - TWW mg/l >0.11 >0.1 and ≤0.11 ≤0.1 Not detectable G 
25 TE49C Grease and oils - TWW mg/l >16.5 >15 and ≤16.5 ≤15 367.50 R 
26 TE50C Floating matter - TWW Present - Absent Present - Absent Present R 
27 TE51C Colour - TWW PCU >440 >400 and ≤440 ≤400 648.00 R 
28 TE52C Water reuse YES - NO NO - YES NO R 

29 TE55C Arsenic (As) - Sludge mg/kg dry 
matter (104 oC) >55 >50 and ≤55 ≤50 53.00 Y 

30 TE56C Cadmium (Cd) - Sludge mg/kg dry 
matter (104 oC) >55 >50 and ≤55 ≤50 1.00 G 

31 TE58C Chromium (Cr) - Sludge mg/kg dry 
matter (104 oC) >1650 >1500 and 

≤1650 ≤1500 60.00 G 

32 TE59C Copper (Cu) - Sludge mg/kg (dry 
weight) >1650 >1500 and 

≤1650 ≤1500 100.00 G 

33 TE62C Nickel (Ni) - Sludge mg/kg (dry 
weight) >462 >420 and ≤462 ≤420 21.00 G 

34 TE64C Zinc (Zn) - Sludge mg/kg (dry 
weight) >3080 >2800 and 

≤3080 ≤2800 0.15 G 

35 TE65C Mercury (Hg) - Sludge mg/kg dry 
matter (104 oC) >27.5 >25 and ≤27.5 ≤25 Not detectable G 

36 TE66C Lead (Pb) - Sludge mg/kg dry 
matter (104 oC) >550 >500 and ≤550 ≤500 61.00 G 

37 TE71C Helminths - Sludge egg/g (dry 
weight) >11 >10 and ≤11 ≤10 9.00 G 

38 TE72C Total coliforms - Sludge MPN/g (dry 
weight) >1100 >1000 and 

≤1100 ≤1000 9.00E+13 R 
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No. Code 
(ID) Variable Unit Red Yellow Green Data Category 

39 TE76C Scope of sludge 
management % <33.33 ≥33.33 and 

<66.67 
≥66.67 and 

≤100 Negligible R 

40 TE78C Identification of potential 
sludge consumers/users YES - NO NO - YES 0.00 G 

41 TE83D Operation Manual YES - NO NO - YES NO Y 
42 TE84D Regular maintenance YES - NO NO - YES NO R 
43 TE85D Capacity sufficiency YES - NO NO - YES NO R 

44 TE86D Accessible Sampling and 
processing equipment YES - NO NO - YES NO R 

45 TE88D Analysis frequency 
compliance - water samples/year <2 - ≥2 2.00 G 

46 TE89D Analysis frequency 
compliance - sludge samples/year <2 - ≥2 2.00 G 

47 TE90D Certification YES - NO NO - YES NO R 
48 TE91D Health risk assessment YES - NO NO - YES NO R 

49 TE93E Health and safety 
equipment YES - NO NO - YES NO R 

50 TE94E Performance of risk 
assessment YES - NO NO - YES NO R 

51 TE96E Environmental impact 
assessment (EIA) YES - NO NO - YES NO R 

52 TE99E Presence or risk of surface 
water pollution YES - NO YES - NO YES R 

53 Ec2A Per capita cost of WWT USD/hab/year >8.8 >8 and ≤8.8 ≤8 1.00 R 
54 Ec7A Budget deficit YES - NO YES - NO Yes R 
55 Ec8A Valorisation of by-products YES - NO NO - YES No R 

56 S1B 
Personal interest in 
wastewater management 
problems 

scale 1 - 4 ≥1 and <2 ≥2 and <3 ≥3 and ≤4 4.00 G 

57 S2B 
Personal awareness of 
wastewater management 
problems 

scale 1 - 4 ≥1 and <2 ≥2 and <3 ≥3 and ≤4 4.00 G 

58 S3B 
Willingness to be informed 
about the wastewater 
management problems 

scale 1 - 4 ≥1 and <2 ≥2 and <3 ≥3 and ≤4 3.60 G 

59 S4B Accessibility to information scale 1 - 4 ≥1 and <2 ≥2 and <3 ≥3 and ≤4 2.40 Y 

60 S5B Possibilities for providing a 
recommendation scale 1 - 4 ≥1 and <2 ≥2 and <3 ≥3 and ≤4 3.40 G 

61 S9B 
Personal acceptance of the 
current wastewater 
management 

scale 1 - 4 ≥1 and <2 ≥2 and <3 ≥3 and ≤4 1.20 R 

62 S10B 
Perception of social 
acceptance of the current 
wastewater management 

scale 1 - 4 ≥1 and <2 ≥2 and <3 ≥3 and ≤4 1.30 R 
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b. Sustainability Assessment Results (Tepeji)

This table indicates the measured values and gathered data that were considered for the sustainability 
assessment. 

 
 

R: Red; Y: Yellow; G: Green 
 

No. Code 
(ID) Variable Unit Red Yellow Green Data Category 

1 TE9B Temperature - WW oC >44 >40 and ≤44 ≤40 21.00 G 
2 TE12B Total Nitrogen - WW mg/l >88 >80 and ≤88 ≤80 115.38 R 
3 TE13B Total Phosphorus - WW mg/l >22 >20 and ≤22 ≤20 4.71 G 
4 TE19B Faecal coliforms - WW MPN/100ml >1100 >1000 and ≤1100 ≤1000 2400.00 R 
5 TE22B pH - WW pH unit <6 and >9 - ≥6 and ≤9 8.85 G 
6 TE23B Arsenic (As) - WW mg/l >0.55 >0.5 and ≤0.55 ≤0.5 0.00 G 
7 TE24B Cadmium (Cd) - WW mg/l >0.55 >0.5 and ≤0.55 ≤0.5 0.02 G 
8 TE25B Chromium (Cr) - WW mg/l >0.55 >0.5 and ≤0.55 ≤0.5 0.05 G 
9 TE26B Cupper (Cu) - WW mg/l >11 >10 and ≤11 ≤10 0.02 G 

10 TE29B Nickel (Ni) - WW mg/l >4.4 >4 and ≤4.4 ≤4 0.05 G 
11 TE31B Zinc (Zn) - WW mg/l >6.6 >6 and ≤6.6 ≤6 0.02 G 
12 TE32B Mercury (Hg) - WW mg/l >0.011 >0.01 and ≤0.01 ≤0.01 0.00 G 
13 TE33B Lead (Pb) - WW mg/l >1.1 >1 and ≤1.1 ≤1 0.00 G 
14 TE38B Grease and oils - WW mg/l >55 >50 and ≤55 ≤50 5.41 G 

15 TE39B Floating matter - WW Absent - 
Present Present - Absent Absent G 

16 TE40B Colour - WW PCU >550 >500 and ≤550 ≤500 100.00 G 
17 TE47C Total Nitrogen - TWW mg/l >33 >30 and ≤33 ≤30 120.62 R 
18 TE55C Electric conductivity - TWW µS/cm >33 >30 and ≤33 ≤30 1.84 G 
19 TE56C Faecal coliforms - TWW MPN/100ml >2200 >2000 and ≤2200 ≤2000 2400.00 R 

20 TE60C Total Suspended Solids (TSS) 
- TWW mg/l >110 >100 and ≤110 ≤100 46.00 G 

21 TE61C pH - TWW pH units <6.5 and 
>8 - ≥6.5 and ≤8 8.32 R 

22 TE62C Arsenic (As) - TWW mg/l >0.11 >0.1 and ≤0.11 ≤0.1 0.00 G 
23 TE63C Cadmium (Cd) - TWW mg/l >0.011 >0.01 and ≤0.01 ≤0.01 0.02 R 
24 TE64C Cyanide (CN) - TWW mg/l >2.2 >2 and ≤2.2 ≤2 0.64 G 
25 TE65C Chromium (Cr) - TWW mg/l >0.11 >0.1 and ≤0.11 ≤0.1 0.05 G 
26 TE66C Cupper (Cu) - TWW mg/l >0.11 >0.1 and ≤0.11 ≤0.1 0.02 G 
27 TE67C Nickel (Ni) - TWW mg/l >0.11 >0.1 and ≤0.11 ≤0.1 0.05 G 
28 TE68C Zinc (Zn) - TWW mg/l >2.2 >2 and ≤2.2 ≤2 0.02 G 
29 TE69C Mercury (Hg) - TWW mg/l >0.0055 >0.01 and ≤0.01 ≤0.01 0.00 G 
30 TE70C Lead (Pb) - TWW mg/l >5.5 >5 and ≤5.5 ≤5 0.10 G 
31 TE71C Grease and oils - TWW mg/l >16.5 >15 and ≤16.5 ≤15 5.00 G 

32 TE72C Floating matter - TWW Absent - 
Present Present - Absent Absent G 

33 TE73C Colour - TWW PCU >440 >400 and ≤440 ≤400 100.00 G 

34 TE74C Water reuse % <33.33 ≥33.33 and <66.67 ≥66.67 and 
≤100 100.00 G 

35 TE88C Odours YES - NO YES - NO YES R 
36 TE89C Solid waste management - NO - YES NO R 
37 TE91C Operation Manual YES - NO NO - YES NO R 
38 TE92C Regular Maintenance YES - NO NO - YES Daily G 
39 TE93C Capacity sufficiency YES - NO NO - YES NO R 

40 TE94C Accessible Sampling and 
processing equipment YES - NO NO - YES NO R 

41 TE95C Discharge standards 
compliance  YES - NO NO - YES NO R 

42 TE96C Analysis frequency 
compliance - water YES - NO NO - YES NO R 

43 TE98C Certification YES - NO NO - YES YES G 

44 TE100C Current management of 
health risks YES - NO NO - YES YES G 

45 TE101C Health and safety equipment YES - NO NO - YES YES G 

46 TE102C Performance of risk 
assessment YES - NO NO - YES NO R 

47 TE104C Environmental impact 
assessment (EIA) YES - NO NO - YES NO R 
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No. Code 
(ID) Variable Unit Red Yellow Green Data Category 

48 TE107C Presence or risk of surface 
water pollution YES - NO YES - NO NO G 

49 S1B 
Personal interest in 
wastewater management 
problems 

scale 1 - 4 ≥1 and <2 ≥2 and <3 ≥3 and ≤4 3.71 G 

50 S2B 
Personal awareness of 
wastewater management 
problems 

scale 1 - 4 ≥1 and <2 ≥2 and <3 ≥3 and ≤4 3.57 G 

51 S3B 
Willingness to be informed 
about the wastewater 
management problems 

scale 1 - 4 ≥1 and <2 ≥2 and <3 ≥3 and ≤4 3.29 G 

52 S4B Accessibility to information scale 1 - 4 ≥1 and <2 ≥2 and <3 ≥3 and ≤4 1.86 R 

53 S5B Possibilities for providing a 
recommendation scale 1 - 4 ≥1 and <2 ≥2 and <3 ≥3 and ≤4 2.71 Y 

54 S9B 
Personal acceptance of the 
current wastewater 
management 

scale 1 - 4 ≥1 and <2 ≥2 and <3 ≥3 and ≤4 2.64 Y 

55 S10B 
Perception of social 
acceptance of the current 
wastewater management 

scale 1 - 4 ≥1 and <2 ≥2 and <3 ≥3 and ≤4 1.64 R 
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Annex 13: Wickedness
a. Degree of Problem Solving (Panajachel)

b. Degree of Problem Solving (Tepeji)

 

Degree of problem solving for the case of Panajachel (0 = low degree, 3 = high degree) 

 

 

 

 

 

 

 

 

  

 

  Goals Complexity Uncertainty Averages 
Resources 1.71 1.13 0.75 1.20 
Ac�vi�es 1.00 0.88 0.86 0.91 
Outputs 1.75 1.43 0.88 1.35 
Outcomes 1.00 1.14 1.38 1.17 
Averages 1.37 1.14 0.96 1.16 

 

 

Degree of problem solving for the case of Tepeji (0 = low degree, 3 = high degree) 

  Goals Complexity Uncertainty Averages 

Resources 1.75 1.25 1.75 1.58 

Ac�vi�es 0.5 1 0.5 0.67 

Outputs 1.5 1.25 1.25 1.33 

Outcomes 0.75 0.5 0.75 0.67 

Averages 1.13 1.00 1.06 1.06 
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Annex 14: Expert Profiles

 

Tamara Avellán 

United Nations University (UNU-FLORES) 

Dresden, Germany 

 

As   Academic   Officer  of    the Water     Resource 
Management Unit at UNU-FLORES, Ms Avellán 
focuses on the linkages of water, soil, and waste for 
reducing resource losses. A biologist by profession, 
she has conducted research on the ecological 
impacts of water quality in aquatic life and on the 
effects of excess nutrient loads on plant morphology. 
She worked with farmers in Uruguay to find 
sustainable solutions to the increasing sewage loads 
in the watershed, which led to the installation of the 
first local constructed wetland that uses endogenous 
plants species in 2008. She is the Principal Investiga-
tor of the SludgeTec project together with Ms Caucci.

 

Lucía Benavides 

United Nations University (UNU-FLORES)
  

Dresden, Germany
 

 
Ms Benavides has a background in community-led 
environmental work, as well as in sustainable 
architecture and urban planning. She holds a Master 
degree on Natural Resources Management from the 
TH-Köln. She researches on the relations between 
human and natural systems, human-driven natural 
resource flows towards other human settlements, 
and the ways to improve sustainability of these flows. 
Her work has focused on Latin American cities, where 
she has studied, for example, the possibilities for 
recovery of water-related urban ecosystem services 
in Mexico City, and the natural resource metabolism 
of mid-sized cities in the region. She supported the 
SludgeTec project as a consultant and was in charge 
of developing the sustainability assessment.  
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Serena Caucci 
United Nations University (UNU-FLORES) 
Dresden, Germany

  
As a researcher at UNU-FLORES, Ms Caucci con-
tributes to the realisation of capacity development 
work related to multistakeholder projects such as the 
Safe Use of Wastewater in Agriculture (SUWA) Initia-
tive and sludge management options. Ms Caucci has 
worked closely with transdisciplinary partners and 
developed wide international collaborations in the 
field of microbial risks assessment related to sanita-
tion processes and environmental pollution manage-
ment. Before joining UNU-FLORES, she worked at 
the Institute of Hydrobiology at the Technische Uni-
versität Dresden (TU Dresden) and at the Helmholtz 
Centre for Environmental Research (UFZ) on water 
sanitation and antibiotic resistance in anthropogenic-
driven environments. She is the Principal Investigator 
of SludgeTec together with Ms Avellán.

 

Angela Hahn 
United Nations University (UNU-FLORES) 
Dresden, Germany 

 

Angela Hahn is a Research Associate with the Water 
Resources  Management Unit at UNU-FLORES, and 
was  the  Project  Manager of the SludgeTec project.
She  holds  a  Bachelor of  Arts  in Social Work  and
Master of Arts in Intercultural Conflict  Management 
from Alice  Salomon University Berlin, Germany.  She 
worked at the Alice Salomon University as Research 
Assistant and in the coordination of international pro-
jects.  Her study focus is on community development 
and resilience, social vulnerability, conflict resolution, 
peacekeeping  as  well  as cultural aspects of deve-
lopment. During her studies, she had several oppor-
tunities to carry-out various  participatory  research 
projects in the field, deepening her special interest 
in community-based work in Latin America. She sup-
ported  the SludgeTec project by developing the sec-
tion  on  the  stakeholder analysis, and  the  social di-
mension  of  the  sustainability  assessment. Further-
more  she  was  conducting  the  interviews  with  the 
stakeholders in the field.
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Sabrina Kirschke 

United Nations University (UNU-FLORES) 

Dresden, Germany 

 

Sabrina Kirschke is a Senior Research Associate with 
the  Water  Resources  Management  Unit at  UNU-
FLORES. As a political scientist and PhD student, 
she is particularly interested in the governance of 
complex water quality problems. Before joining UNU-
FLORES, she worked in several water governance-
related projects at the Helmholtz-Centre for 
Environmental Research (UFZ) and at the Deutsche 
Gesellschaft für Technische Zusammenarbeit und 

 

 

Andrea Müller 

United Nations University (UNU-FLORES) and 
Technische Universität Dresden (TU Dresden) 

Dresden, Germany 

 

Andrea Müller is a biochemical engineer from the 
Pontificia Universidad Católica de Valparaíso 
(PUCV), Chile. With a strong background on 
bioprocesses Ms Müller is currently student of the 
joint PhD programme of UNU-FLORES and TU 
Dresden, being part of the Water Resources 
Management Unit at UNU-FLORES and of the Chair 
of Environmental Development and Risk 
Management at TU Dresden. Andrea focuses her 
research in the development of a decision support 
framework for the assessment of water reuse 

 

Entwicklung  GmbH  in  Germany  and Uganda. She 
supported  the  SludgeTec project by developing the 
section on wickedness.

measures in water scarce areas.  She supported the 
SludgeTec  project  by  executing  the  sustainability 
assessments.
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United Nations University (UNU), the Institute helps 
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countries around the world. UNU as a whole aims 

to develop sustainable solutions for pressing global 

problems of human survival and development.

UNU-FLORES develops strategies to resolve pressing  

challenges in the area of sustainable use and  integra-

ted  management of environmental resources such as 

water, soil, and waste. Focusing on the needs of the 

UN and its Member States, particularly developing 

countries and emerging economies, the Institute 

engages in research, capacity development, advan-

ced teaching and training as well as dissemination 
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Find more information at: flores.unu.edu

ADVANCING A NEXUS APPROACH TO THE SUSTAINABLE
MANAGEMENT OF ENVIRONMENTAL RESOURCES


