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1 INTRODUCTION 

1.1 Background 
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1.2 Aim and objectives 
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1.3 Scope 
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RESEARCH QUESTIONS OUTCOMES PAPER 

 
Why do small WWTPs remain a challenge 
in low and lower-middle income countries?  

 
Performance assessment of five small 
WWTPs and findings relating to 
management limitations.  
 

I 

 
What is the perception of users in relation 
to the service of wastewater management, 
i.e. sewer network and the treatment at the 
WWTP?   

 
Understanding on how the users perceive 
both collection and treatment services, 
identification of issues, benefits, level of 
awareness and public acceptance.  

* 

 
What is the impact of the management of 
small WWTPs on human health and the 
ecological risks from wastewater irrigation 
in low and lower-middle income countries?  

 
Determination of how the management 
and technology employed at five small 
WWTPs impact on human health and 
ecological risks arising from wastewater 
irrigation practices.  
 

II 

 
Which are the most common sustainability 
indicators in the literature for assessing the 
sustainability of small WWTPs, and which 
indicators are suitable in the specific 
context of low and lower-middle income 
countries? 

 
Systematization of 40 sustainability 
indicators from a literature review and 
screened to:  
i) a list of 12 standard sustainability 

indicators (mentioned in 33% or more 
of the studies reviewed) 

ii) a list of 27 contextualized sustainability 
indicators using input from local 
stakeholders and experts: 26 indicators 
matched with the initial list of 40 
indicators and one new indicator 
formulated using local input. 
 

III 
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How can the current operational status of 
small-scale WWTPs in (Bolivia/low and 
lower-middle income countries) be 
assessed in practice by local stakeholders, 
including all relevant sustainability factors 
and supporting management actions 
aimed at sustainability?  
 

 
EVAS tool to assess the sustainability of 
small wastewater treatment systems, 
including generic and local context factors, 
and tested in two case studies. 

IV 

The main results from the study are presented in the Results section 4.2.
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2 THEORETICAL BACKGROUND 

2.1 Wastewater treatment systems 
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Parameter Units 
Low - medium - high 

strength1 
Typical values for 

Latin America2 
TSS mg/L 130 - 195 - 389 264 

BOD5 mg/L 133 - 200 - 400 244 

COD mg/L 339 - 508 - 1,016 557 

FC CFU/100 ml 103-105 ; 104-106; 105-108 - 
1Metcalf et al., 2014; 2Noyola et al., 2012 

Parameters 
Latin America and 

the Caribbean1 Bolivia2 

BOD 30 mg/L 80 mg/L 
TSS 30 mg/L 60 mg/L 
FC 1000 MPN/100 ml 1000 MPN/100 ml 

1Noyola et al. 2012; 2MMAyA, 1995 
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2.2 Sustainability of wastewater treatment plants 
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3 METHODS 

3.1 Research design  

,
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P 
A 
P 
E 
R 
IV 

P 
A 
P 
E 
R 
III 

Small WWTPs 

Stakeholders, experts & users 

P 
A 
P 
E 
R 
I 

Wastewater analysis  
TSS, BOD, COD, FC 

P 
A 
P 
E 
R 
II 

Literature review 

Performance assessment 

Traffic light method 

Traffic light method 

ASSESSMENT METHODS DATA COLLECTION METHODS 

Generic data 

Wastewater analysis 
Coliphages, FC, HH, N-NH4, 
NO3, TN, TP, P-PO4, COD, 

BOD, TSS   

QMRA 

Focus groups with managers 

Workshops with local experts 

Testing 

Semi-
structured 
interviews 

with 
managers 

Case studies 1-5 

Case studies 3-4 and 6-8 

Case studies 1-5 

Case studies 6-7 

FIELD DATA 

Semi-structured 
interviews with 

users 

Validation 
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3.2 Case study areas 
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Drinking water supply system

Domestic wastewater

Farmland 
 or soil disposal

Collection System  

Sludge

Irrigation or waterbody recipient

Treated wastewater

       Rain inflow

Water 

Wastewater Treatment 
Plant 
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Stakeholders Role Data collection 
Use of the data 
in the thesis* 

Managers of the WWTPs 
(board members and staff) 

Management of the WWTP Semi-structured interview 
with the manager 

Papers I, II and IV 

Focus groups made up of 
the managers and board 
members 

Papers III and IV 

Users Customers who pay for and use 
the service 

Semi-structured interview Paper IV 

Farmers Reuse of the treated wastewater Semi-structured interview Papers II and IV 
Staff from the municipal 
authority 

Investment and assistance (e.g. 
equipment or technical advice) 

Informal interview Paper IV 

Staff from the regional 
authority 

Monitoring Informal interview Paper IV 

Representatives from the 
Ministry of Water and 
Environment: SENASBA 
(National Service for the 
Sustainability of Basic 
Sanitation Services) 

Technical assistance and 
strengthening for institutions that 
provide basic services (e.g. 
water and sanitation) 

Workshop Paper IV 

Local experts from the 
technical and social fields 

Provide input in the formulation 
of local sustainability indicators 

Workshop Papers III and IV 

Paper IV builds on all the information collected during the course of this thesis work. 
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Code for 
case study 

Code in the 
papers 

Location and 
municipality 

Population 
equivalent 

Process units at WWTP 

CS1 
P I: STP1 
P III: WWTP1 

Tiraque (L) 
Tiraque (M) 

4,660 
- Pre-treatment 
- 1 Imhoff tank (PT)  
- 2 biofilters (ST) 

CS2 
P I: STP2  
P III: WWTP3 

Colomi (L) 
Colomi (M) 

6,155 - 2 Imhoff tanks (PT) 

CS3 
P I: STP3 
P II: Case 3-P 

Tarata (L) 
Tarata (M) 

7,000 

- Pre-treatment 
- 2 anaerobic ponds (PT)  
- 2 facultative ponds (ST) 
- 4 maturation ponds (TT) 

CS4 
P I: VSTP1 
P II: Case 5-I 
P III: WWTP2  

Virvini (L) 
Tiraque (M) 

670 - 1 Imhoff tank (PT) 

CS5 
P I: VSTP2   
P III: WWTP4 

Chamoco (L) 
Colomi (M) 

825 
- Pre-treatment 
- 2 Imhoff tanks (PT) 

CS6 * 
Millu Mayu (L) 
Tiraque (M) 

40 
- Septic tank 
- Biofilter 

CS7 
P II: Case 1-UFP 
P IV: Case study 1 

El Paso (L) 
El Paso (M) 

3,344 

- Pre-treatment 
- 1 UASB reactor (PT) 
- 2 Biofilters (ST) 
- 1 Maturation pond (TT) 

CS8 
P II: Case 2-UF  
P IV: Case study 2 

Cliza (L) 
Cliza (M) 

7,980 
- Pre-treatment  
- 5 UASB reactors (PT) 
- 10 Biofilters (ST) 

CS9 P II: Case 4-I 
Ucureña (L) 
Cliza (M) 

3,500 
- Pre-treatment 
- Imhoff tank (PT) 

p.e. = population equivalent, i.e. the ratio between the sum of the pollution load produced during a 24-hour period 
by institutions (i.e. schools or health centres) and the individual load produced by one person in a household. 
* Investigation carried out  in this case study is included in the Results section 4.2. 
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3.3 Methods for data collection 

 

Parameter Standard Method1

TSS 2540 B, C & calculation1 
BOD 5210 B1 
COD 5220 B1 
TN 4500-Norg B1 

N-NH4 4500-NH4 D1  
N-NO3 4500 NO3-D1

Total P 2500-P-C1 
P-PO4 4500 P-D1

Faecal coliforms 9222 D1 
Coliphages 9230 C1 

Helminth eggs NMX-AA-113-SCFI2 
1 Standard methods (APHA, 2005) 
2 Mexican Secretary of Commerce and Industrial Development, 2012. 
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Case 
studies 

Managers/Board 
members 

No. of  
families 

No. of 
farmers 

No. of  
schools 

No. of  
health 

centres 
Total 

CS1 1 23 - 3 - 27 

CS2 1 21 6 3 1 32 

CS3 1 22 4 5  1 33 

CS4 1 12 5 1  1 20 

CS5 1 10 3 - - 14 

CS6  1 11 - - - 12 

CS7 1 - -  - - 1 

CS8 1 - 7 - - 8 

CS9 1 - 3 - - 4 

     TOTAL 151 
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3.4 Assessment methods 
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Colour Score Description 
Grey 0 No information available/Not applicable 
Red 1 Requirement/Optimal level not fulfilled 
Yellow 2 Requirement/Optimal level partly fulfilled 
Light green 3 Requirement/Optimal level fulfilled relatively well 
Dark green 4 Requirement/Optimal level fulfilled 
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4 RESULTS 

4.1 Paper I  Performance assessment 
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Low-130

High-389
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A

Low-133

High-400

0

100
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C
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Case study Level of treatment 
TSS 
% 

BOD5 

% 
FC 

Log units 
CS1 

 
Pre-treatment + Primary treatment (1 Imhoff tank) + 
Secondary treatment (1 Anaerobic filter) 

31 17 0 

CS2 Primary treatment (2 Imhoff tanks) 14 3 0 
CS3 Pre-treatment + Primary treatment (2 Anaerobic 

ponds) 
86 70 0.9 

Secondary treatment (2 Facultative ponds) 12 13 0.8 
Tertiary treatment (4 Maturation ponds) 40 14 0 

CS4 Primary treatment (Imhoff tank) 66 19 0 
CS5 Pre-treatment + Primary treatment (2 Imhoff tanks) 27 12 0.4 

Expected 
removal 
efficiency 
levels1 

 

Imhoff tank 40 - 50 25 - 35 NA 
Anaerobic filter 50 - 80 50 - 80 1-2  
Anaerobic pond NA 50 - 80 NA 
Facultative pond 90 75 - 95 2-3  
Maturation pond 20 - 30 20 - 50 3-4  

1 Massoud et al., 2009 
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4.2 User perception of the WWTS   

C S 1 C S 2 C S 3 C S 4 C S 5 C S 6

50% 54% 52%
79%

100% 100%

50% 46% 48%
21%

I s  t h e  s e w e r  n e t w o r k  c o n n e c t e d  t o  a  W W T P ?

YES NO

C S 1 C S 2 C S 3 C S 4 C S 5 C S 6

88% 79% 81%

46%

100% 100%

12%
13% 19%

46%

8% 8%

I s  t h e  s e w e r  n e t w o r k  w o r k i n g  e f f i c i e n t l y ?

YES NO DOES NOT KNOW

C S 1 C S 2 C S 3 C S 4 C S 5 C S 6

16% 9%
27%

57%
80% 91%

84% 91%
73%

43%
20% 9%

H a v e  y o u  e v e r  b e e n  c l o s e  t o  t h e  a r e a  w h e r e  
t h e  W W T P  i s  l o c a t e d ?  

YES NO

C S 1 C S 2 C S 3 C S 4 C S 5 C S 6

42% 44%

4%

64%
80%

64%

58% 56%

96%

36%
20%

36%

D o  y o u  k n o w  w h e r e  t h e  e f f l u e n t  o f  t h e  W W T P  
i s  d i s c h a r g e d ?  

YES NO
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How is the WWTP working now? 

Smell
62%

Noise
0%

Affects 
landscape

38%

Smell
59%

Noise
5%

Affects 
landscape

36%

Well
15%

Badly
39%

Does not 
know
46%

users)

Well
58%

Badly
27%

Does not 
know
15%

users)

Does the WWTP produce smells, or noise or affect the landscape? 
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4.3 Paper II  Human health and ecological risks 
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No. Indicators CS3 CS4 CS7 CS8 CS9 

           Criterion 1 - Current performance 

1 Meets national BOD discharge requirements 1 0 0 0 0 

2 Meets national TSS discharge requirements 1 0 1 2 0 

Normalized score for Criterion 1 0.50 0.00 0.25 0.50 0.00 
            Criterion 2 - Technological potential 

3 
Potential to reach the health-based target of 6 log10 
pathogen reduction for unrestricted irrigation. 

1 0 0 0 0 

4 
Potential to reach the health-
egg per litre in the effluent used for unrestricted irrigation. 

2 0 1 1 0 

Normalized score for Criterion 2 0.75 0.00 0.25 0.25 0.00 

             Criterion 3 - Operation and maintenance 

5 
Meets the required level and availability of technical 
expertise needed for optimal O&M (technology-specific). 

0 0 1 2 0 

6 
Performs the required O&M activities and provides the 
required pre-treatment frequency (technology-specific). 

0 0 1 2 0 

7 
Performs the required O&M activities at the main process 
units (technology-specific). 

0 0 1 2 0 

8 
Performs the required long-term maintenance activities in 
the main process units (technology-specific). 

0 0 2 2 0 

9 
Has the required monitoring system in place to ensure 
optimal O&M (technology-specific). 

0 0 0 1 0 

 Normalized score for Criterion 3 0.00 0.00 0.50 0.90 0.00 

 Mean normalized score 0.42 0.00 0.33 0.55 0.00 
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Annual disease burden from lettuce consumption 

Enterovirus                                 Salmonella spp.                          A. lumbricoides 

1e-01 

1e-02 

1e-03 

1e-04 

1e-05 

1e-06 

  CS7    CS8     CS3     CS9     CS4         CS7     CS8     CS3     CS9     CS4        CS7     CS8     CS3     CS9     CS4 



37

    CS7          CS8          CS3          CS9         CS4                             CS7          CS8         CS3           CS9          CS4 
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4.4 Paper III  Sustainability indicators 

      CS7          CS8         CS3          CS9         CS4                               CS7           CS8         CS3          CS9         CS4 
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Dim. Indicator Description 

Energy use Energy used per volume unit of treated wastewater or 
inhabitant. 

Global warming potential Emissions of greenhouse gases (GHG) into the atmosphere. 

Removal of BOD, TSS, TN, TP, 
and FC 

Contaminant removal efficiency to mitigate health and 
environmental risks.    

Land area Land area required for the wastewater treatment facility. 

Quality of effluent and sludge Pollutants discharged into water and toxic compounds 
discharged into soil. 

Potential recycling Reuse of treated wastewater: nutrients (N, P) and energy. 

Public acceptance  Opinion of the local population affected by the plant. 

Aesthetics  Measured level of nuisance deriving from e.g. smell, noise, 
visual impact, insects, and other pests. 

Investment costs Cost of construction and installation of the WWTP. 
 

Operating and maintenance costs Operating costs per volume unit of wastewater treated. 
 

Reliability Infrastructure or mechanical reliability; resilience; security; 
ability to endure shock loads and/or seasonal effects; potential 
for overflow. 

Complexity of construction and 
O&M 

Ease of construction, complexity of plant construction and 
system installation; complexity of operation and maintenance; 
professional skills required for operation and maintenance. 

p.e. = population equivalent which expresses the ratio between the sum of the pollution load produced during a 24-hour period 
by institutions (i.e. schools or health centres) and the individual load produced by one person in a household. 
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S      
 Participation of users 
 Good leadership and commitment 
 Regulations and statutes in place for 

management of the WWTP 
 Board members train the users 
 Timely payment of tariffs

 

W 
 Issues with the sewer network  
 Lack of awareness of adequate use of the 

sewer network  
 Lack of information from managers 

regarding the sewer network 
 Tariffs collected are insufficient 
 Lack of technical capability 
 Lack of monitoring at the WWTPs.  
 Unclear regulations for connection to the 

sewer network 
 Lack of institutional capacity to manage 

the WWTPs  
 Unclear roles at higher institutional levels 

with regard to the management of the 
WWTPs 

O 
 Support from the local university 
 Support from the municipality 
 Public communication through local 

social media 
 Support from users 
 Support from international NGOs  

T 
 Public health issues 
 Environmental risks  
 Rain causes overflows in the sewer 

network and at the WWTP 
 Irrational use of water due to a lack of 

water meters  
 Wastewater from health centres without 

pre-treatment 
 Lack of communication among local 

stakeholders 
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Dim. Indicator Suggested units 
Local relevance 

Managers Experts 

Energy use kW/p.e. 
kWh/m3 

  

Global warming potential kg CO2 eq./p.e.-year 
kg CO2 eq./m3 

  

Removal of BOD, TSS, TN, TP, and FC %   

Land area m2/p.e.   

Quality of effluent and sludge mg/L 
kg/p.e.-year 

  

Potential recycling g/p.e.-year 
% 

  

Eutrophication potential kg of N, P/p.e.-year 
kg PO4 eq./m3 

  

Public acceptance  Scoring system*   

Aesthetics  Scoring system*   

Public health risk No. of outbreaks/unit 
population 

  

Participation Scoring system*   

Staff requirements No./flow rate   

Employee satisfaction Scoring system*   

Awareness Scoring system*   

Expertise No. of experts/skilled staff    

Investment costs $/p.e.-year 
$/m3 

  

Operating and maintenance costs $/m3   

Tariff $/month   

Cost effectiveness Scoring system*   

Affordability $/m3 
% of income/m3 

  

Reliability Scoring system*   

Complexity of construction and O&M Scoring system*   

Sewer network functionality No. of failures/month   

Interactions No. of events/year   

Institutional capacity (water association) Scoring system*   

Institutional capacity (higher level) Scoring system*   

Information Scoring system*   
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Field of expertise Dimensions and ranking 

Technical field  Institutional (1)  Social (2)  Technical (3)  Economic (4)  Environmental (5) 

Social field  Institutional (1)  Economic (2)  Social (3)  Technical (4)  Environmental (5) 
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4.5 Paper IV  Sustainability assessment tool EVAS 

 

ENVIRONMENTAL 

ECONOMIC

TECHNICAL

SOCIAL

INSTITUTIONAL
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TECHNICAL DIMENSION DIM. W.: 1 

Technical indicators Ind. w. Sub-indicators S-ind. w. Factors Factor w. 

T1. Removal efficiency (RE) 1 

T1a. BOD 
T1b. TSS 
T1c. TN 
T1d. TP 
T1e. FC 

1 
1 
1 
1 
1 

T1-I. Monitoring RE 
T1-II. Removal efficiency 
T1-III. Long-term plan RE 

1 
2 
1 

T2. Operation and maintenance 
(O&M) 

1 

T2a. Pre-treatment 
T2b. Primary treatment 
T2c. Secondary 
treatment 
T2d. Tertiary treatment 
T2e. Disinfection 

1 
1 
1 
1 
1 

T2-I. Manuals 
T2-II. Short-term O&M 
T2-III. Long-term maintenance 

1 
1 
1 

T3. Sewer network functionality 
(SEW) 

1 - - 

T3-I. Coverage 
T3-II. Design 
T3-III. Breakdown 
T3-IV. Hydraulic loading 
T3-V. Clogging  
T3-VI. Long-term plan SEW 

2 
2 
1 
2 
1 
1 

T4. Reliability of the WWTP 1 - - 

T4-I. Design of the WWTP 
T4-II. Breakdown 
T4-III. Hydraulic loading 
T4-IV. Organic loading 
T4-V. Long-term plan WWTP 

2 
1 
2 
1 
1 

ENVIRONMENTAL DIMENSION DIM. W.: 1 

Environmental indicators Ind. w. Sub-indicators S-ind. w. Factors Factor w. 

E1. Potential safe reuse (SR) 1 
E1a.Water 
E1b. Sludge 

1 
1 

E1-I. Reuse practice 
E1-II. Monitoring SR 
E1-III. Safe reuse limits 
E1-IV. Long-term plan SR 

1 
1 
2 
1 

E2. Eutrophication potential 
(EP) 

1 
E2a. TN 
E2b. TP 

1 
1 

E2-I. Monitoring EP 
E2-II. Eutrophication potential 
E2-III. Long-term plan EP 

1 
2 
1 

E3. Effluent quality (EQ) 1 
E3a. BOD 
E3b. TSS 

1 
1 

E3-I. Monitoring EQ 
E3-II. Discharge limits 
E3-III. Long-term plan EQ 

1 
2 
1 

E4. Energy 1 - - 
E4-I. Energy-saving programme                            
E4-II. Renewable energy 

1 
1 

E5. Global warming potential 1 - - E5-III. Emissions reduction - 
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SOCIAL DIMENSION    DIM. W.: 1 

Social indicators Ind. w. Sub-indicators S-ind. w. Factors Factor w. 

S1. Public health risk (PH) 1 - - 
S1-I. Exposure 
S1-II. Claims 
S1-III. Long-term plan PH 

2 
1 
1 

S2. Public awareness (PA) 1 - - 

S2-I. Ecological concerns 
S2-II: Public health concerns 
S2-III. Use of services 
S2-IV. Long-term plan PA 

1 
1 
1 
1 

S3. Aesthetics (AES) 1 
S3a. Smell 
S3b. Noise 
S3c. Visual impact 

1 
1 
1 

S3-I. Perception 
S3-II. Nuisance level 
S3-III. Action plan AES 

1 
2 
1 

S4. Public acceptance (PACC) 1 - - 
S4-I. Location of WWTP  
S4-II. Reuse practice 
S4-III. Long-term plan PACC 

1 
1 
1 

ECONOMIC DIMENSION    DIM. W.: 1 

Economic indicators Ind. w. Sub-indicators S-ind. w. Factors Factor w. 

EC1. Tariffs 1 - - 
EC1-I. Tariff structure 
EC1-II. Documentation 
EC1-III. Follow-up 

1 
1 
1 

EC2. Operation and 
maintenance costs 

1 - - 
EC2-I. Economic requirements 
EC2-II. Long-term investment 
EC2-III. Long-term plan O&M 

1 
1 
1 

EC3. Affordability (AF) 1 - - 
EC3-I. Payment of tariffs 
EC3-II. Payment capacity 
EC3-III. Strategy AF 

1 
1 
1 

INSTITUTIONAL DIMENSION DIM. W.: 1 

Institutional indicators Ind. w. Sub-indicators S-ind. w. Factors Factor w. 

I1. Institutional capacity (utility) 1 - - 

I1-I. Roles and responsibility 
I1-II. Procedures 
I1-III. Goals of the organization 
I1-IV. Long-term goals 

1 
1 
1 
1 

I2. Institutional capacity (higher 
level) 

1 
I2a. Municipal 
I2b. Regional  
I2c. National 

1 
1 
1 

I2-I. Clear roles 
I2-II. External support 

1 
1 

I3. Staff requirements (SR) 1 

I3a. Operator 
I3b. Engineer 
I3c. Communicator 
I3d. Accountant 
I3e. Manager 

1 
1 
1 
1 
1 

I3-I. Availability 
I3-II. Level of expertise 
I3-III. Long-term plan SR 

1 
1 

I4. Employee satisfaction 1 - - 
I4-I. Working conditions 
I4-II. Salary level 

1 
1 

I5. Communication 1 - - 

I5-I. Use of services 
I5-II. Wastewater utility 
I5-III. Warnings regarding 
exposure risks 

1 
1 
1 
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Overall sustainability score 1.6  

Technical 
dimension 1.8 

Environmental 
dimension 1.1 

Social 
dimension 1.7 

Economic 
dimension 1.7 

Institutional 
dimension 1.7 

T1. Removal 
efficiency 

1 
E1. Potential safe 
reuse 

1 
S1. Public health 
risk 

1 EC1. Tariffs 2 
I1. Institutional 
capacity (utility) 

2 

T2. Operation & 
maintenance 

2 
E2. Eutrophication 
potential 

1 
S2. Public 
awareness 

2 
EC2. Operation & 
maintenance 
costs 

2 
I2. Institutional 
capacity (higher 
level) 

2 

T3. Sewer 
network 
functionality 

2 E3. Effluent 
quality  

2 S3. Aesthetics 3 EC3. Affordability 1 I3. Staff 
requirements 

2 

T4. Reliability 3 E4. Energy 1 S4. Public 
acceptance 

1    I4. Employee 
satisfaction 

2 

   E5. Global 
warming potential 

1       I5. Communication 1 

 

 

0% 4% 0%

22%

0%

54%

74%

53%
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50%

32%

17%
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30%
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Overall sustainability score 2.9 

Technical 
dimension 

2.9 
Environmental 

dimension 
2.4 

Social 
dimension 

3.4 
Economic 
dimension 

2.8 
Institutional 
dimension 

3.1 

T1. Removal 
efficiency 

3 E1. Potential safe 
reuse 

4 S1. Public health 
risk 

3 EC1. Tariffs 3 I1. Institutional 
capacity (utility) 

4 

T2. Operation & 
maintenance 

3 E2. Eutrophication 
potential 

3 S2. Public 
awareness 

3 
EC2. Operation & 
maintenance 
costs 

3 
I2. Institutional 
capacity (higher 
level) 

2 

T3. Sewer 
network 
functionality 

2 E3. Effluent quality  3 S3. Aesthetics 3 EC3. Affordability 2 
I3. Staff 
requirements 

3 

T4. Reliability 4 E4. Energy 1 S4. Public 
acceptance 

4    I4. Employee 
satisfaction 

4 

   E5. Global warming 
potential 

1       I5. Communication 3 

  

11%
0% 0% 0% 0%

14%
24%

0%
13% 11%

14%

0%

7%

25%
18%

23%
47%

57%

38%

39%

37%
29%

36%
25%

32%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

TECHNICAL ENVIRONMENTAL SOCIAL ECONOMIC INSTITUTIONAL

Proportion of factor scores in each dimension for WWTS-1

0 1 2 3 4



50

0

1

2

3

4

D I M E N S I O N S  S C O R E  - C S 8

0

1

2

3

4

D I M E N S I O N S  S C O R E  - C S 7

  Environmental                        

Economic 

Technical 

Social 

Institutional

Technical 

  Environmental                        

Social Economic 

Institutional 



51

 

 

 

 



52

Identification of 
assessor(s)

Environmental 
sustainability

Social 
sustainability

Institutional 
sustainability

Current sustainability 
status of the WWTS

Managerial review and 
documentation

Update tool if 
further

information is 
required

Report and 
communicate
to public and 

decision-
makers

Decision support: Identification of prioritized actions

EVAS a sustainability assessment tool for small WWTSs

Possibility of weighting dimensions, indicators, sub-indicators, and factors

Decision: Which 
actions should be

implemented?

Technical 
sustainability

Economic 
sustainability

Update assessment



 

53

5 DISCUSSION 

5.1 Performance of small WWTPs and their impact 



54



55

5.2 Sustainability of small WWTPs in the context of Bolivia 



56



57



58

5.3 Sustainability assessment of small WWTSs in practice  



59

 



60



 

61

6 CONCLUSIONS AND FUTURE WORK 

 

 

 

 

 

 



62

 

 

 

 

 

 

 

 



63

 

 



64



 

65

7 REFERENCES 



66



67



68



69



70



71

 
 



72

 

 



 

73

APPENDICES 

APPENDIX A. 

 

 

 
 

 



74

 

 

 
 
 
 
 
 

 

 

 

 

 

 



75

 

 

 

 
 

 

 

 
 

 
 

 



76

 

 

 

 

 

 

 



77

 
 
 
 
 
 

 

 

 

d.  

 



78

 



79

APPENDIX B.  

MONITORED DATA FOR CASE STUDY 1 - WWTP 

Sampling date  Spot sampling 
TSS 
mg/L 

BOD 
mgO2/L 

COD 
mgO2/L 

Faecal 
coliforms 

UFC/100 ml 

19-02-2014 

Influent  143 87 89 1.50E+07 
Effluent-Imhoff tank 146 68 89 3.00E+07 

Effluent-Biofilter 32 21 98 2.20E+07 
Effluent 137 80 80 1.40E+07 

09-05-2014 

Influent  248 178 271 3.60E+07 
Effluent-Imhoff tank 190 263 440 1.20E+07 

Effluent-Biofilter 178 301 431 1.90E+07 
Effluent 186 307 409 1.00E+07 

19-08-2015 
Influent 232 435 528 3.00E+07 
Effluent 281 440 548 1.90E+07 

04-11-2015 
Influent 553 994 1,054 2.10E+07 
Effluent 18 389 434 2.70E+07 

 
MONITORED DATA FOR CASE STUDY 2 - WWTP 

Sampling date  Spot sampling TSS 
mg/L 

BOD 
mgO2/L 

COD 
mgO2/L 

Faecal 
coliforms 

UFC/100 ml 

11-08-2015 
Influent 103 402 842 1.00E+07 
Effluent 165 604 790 1.10E+07 

04-11-2015 
Influent 221 186 273 1.00E+07 
Effluent 236 345 470 5.00E+06 

21-04-2016 
Influent 96 177 606 4.00E+07 
Effluent 129 158 405 4.90E+07 

03-08-2016 
Influent 212 221 376 4.00E+06 
Effluent 94 259 368 1.40E+07 

 
MONITORED DATA FOR CASE STUDY 3 - WWTP 

Sampling date  Spot sampling 
TSS 
mg/L 

BOD 
mgO2/L 

COD 
mgO2/L 

Faecal 
coliforms 

UFC/100 ml 

13-08-2015 

Influent 652 540 923 3.80E+07 
Effluent-Anaerobic pond 1 90 236 413 5.50E+06 
Effluent-Anaerobic pond 2 84 133 347 4.00E+06 
Effluent-Facultative pond 1 90 164 250 4.00E+05 
Effluent-Facultative pond 2 262 162 203 2.90E+06 
Effluent-Maturation ponds 78 206 236 1.10E+06 

18-11-2015 

Influent 636 846 904 9.00E+07 
Effluent-Anaerobic pond 1 92 266 296 4.00E+06 
Effluent-Anaerobic pond 2 88 282 313 9.70E+06 
Effluent-Facultative pond 1 178 222 297 8.00E+05 
Effluent-Facultative pond 2 116 228 246 3.80E+06 
Effluent-Maturation ponds 122 165 234 1.10E+06 
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- MONITORED DATA FOR CASE STUDY 3 - WWTP 

Sampling date  Spot sampling 
TSS 
mg/L 

BOD 
mgO2/L 

COD 
mgO2/L 

Faecal 
coliforms 

UFC/100 ml 

03-03-2016 

Influent 600 512 578 4.90E+07 
Effluent-Anaerobic pond 1 134 161 182 2.90E+06 
Effluent-Anaerobic pond 2 116 131 176 6.50E+06 
Effluent-Facultative pond 1 186 219 229 2.90E+06 
Effluent-Facultative pond 2 1,127 194 237 3.70E+06 
Effluent-Maturation ponds 148 150 175 1.10E+06 

04-08-2016 

Influent 940 559 874 2.20E+07 
Effluent-Anaerobic pond 1 88 110 287 7.80E+07 
Effluent-Anaerobic pond 2 88 177 268 2.00E+06 
Effluent-Facultative pond 1 28 143 193 3.00E+06 
Effluent-Facultative pond 2 62 112 182 2.00E+06 
Effluent-Maturation ponds 40 147 195 1.00E+06 

 
MONITORED DATA FOR CASE STUDY 4 - WWTP 

Sampling date  Spot sampling 
TSS 
mg/L 

BOD 
mgO2/L 

COD 
mgO2/L 

Faecal 
coliforms 

UFC/100 ml 

19-02-2014 
Influent 284 98 137 3.90E+06 
Effluent 31 23 86 4.70E+06 

09-05-2014 
Influent 148 95 183 2.90E+06 
Effluent 14 118 441 4.00E+06 

19-08-2015 
Influent 184 274 320 4.00E+06 
Effluent 26 308 399 8.00E+06 

04-11-2015 
Influent 120 421 457 3.30E+06 
Effluent 532 422 474 7.10E+06 

 
MONITORED DATA FOR CASE STUDY 5 - WWTP 

Sampling date  Spot sampling 
TSS 
mg/L 

BOD 
mgO2/L 

COD 
mgO2/L 

Faecal coliforms 
UFC/100 ml 

11-08-2015 
Influent 169 258 612 4.20E+06 

Effluent-Imhoff 1 130 200 348 8.00E+05 
Effluent-Imhoff 2 24 273 386 1.00E+06 

04-11-2015 
Influent 11 88 142 3.50E+06 

Effluent-Imhoff 1 271 72 146 7.80E+06 
Effluent-Imhoff 2 31 69 79 9.80E+06 

20-04-2016 

Influent 103 84 129 1.50E+07 
Effluent-Imhoff 1 166 128 215 2.30E+07 
Effluent-Imhoff 2 78 102 128 1.60E+07 

Effluent 92 92 122 9.90E+06 

03-08-2016 

Influent 148 147 268 3.20E+07 
Effluent-Imhoff 1 36 128 139 4.00E+06 
Effluent-Imhoff 2 266 113 117 4.00E+06 

Influent 168 84 115 5.00E+06 
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