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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.



A-19

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 
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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    



A-37

 
 

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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No. Dimension Category Code (ID) Variable Unit Threshold 
found? 

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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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 
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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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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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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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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) 
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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)

CONAGUA

Presidencia Municipal

Delegado de Tlaxinacalpan

Secretario de obras publicas

CAAMTROH

FIAVHI

Sanidad y Salud Municipal
SEDESOL

Patronato de futbol

Ejidatario

Instituto de Geologia  UNAM

Operador PTAR Tlaxinacalpan

Ecologia

Comunidad

Social network on indegrees (Tepeji)

CONAGUA

Presidencia Municipal

Delegado de Tlaxinacalpan

Secretario de obras publicas

CAAMTROH

FIAVHI

Sanidad y Salud Municipal

SEDESOL

Patronato de futbol

Ejidatario

Instituto de Geologia  UNAM

Operador PTAR Tlaxinacalpan

Ecologia

Comunidad

Social network on outdegrees (Tepeji)



A-77

Presidencia Municipal

CONAGUA

Delegado de Tlaxinacalpan

Secretario de obras publicas

CAAMTROH

FIAVHI

Sanidad y Salud Municipal

SEDESOL

Patronato de futbol

Ejidatario

Instituto de Geologia  UNAM

Operador PTAR Tlaxinacalpan

Ecologia

Comunidad

Social network on information sharing (Tepeji)

CONAGUA

Presidencia Municipal

Delegado de Tlaxinacalpan

Secretario de obras publicas
CAAMTROH

FIAVHI

Sanidad y Salud Municipal

SEDESOL

Patronato de futbol

Ejidatario

Instituto de Geologia  UNAM

Operador PTAR Tlaxinacalpan

Ecologia

Comunidad

Social network on decision-making (Tepeji)



A-78

CONAGUA

Presidencia Municipal

Delegado de Tlaxinacalpan

Secretario de obras publicas

CAAMTROH

FIAVHI

Sanidad y Salud Municipal

SEDESOL
Patronato de futbol

Ejidatario

Instituto de Geologia  UNAM

Operador PTAR Tlaxinacalpan

Ecologia

Comunidad

Social network on solution (Tepeji)

CONAGUA

Presidencia Municipal

Delegado de Tlaxinacalpan

Secretario de obras publicas

CAAMTROH

FIAVHI

Sanidad y Salud Municipal

SEDESOL

Patronato de futbol

Ejidatario

Instituto de Geologia  UNAM

Operador PTAR Tlaxinacalpan

Ecologia

Comunidad

Social network on trust (Tepeji)



A-79

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.




