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Vorwort 

Die Wasserversorgung ist Grundlage für gute und gesunde Lebensbedingungen. 
Leider besteht weltweit ein großes Defizit an Versorgung mit ausreichendem und 
qualitativ den Anforderungen entsprechendem Trinkwasser. Diese nicht 
zufriedenstellende Situation ist besonders ausgeprägt in Schwellen- und 
Entwicklungsländern und dort insbesondere in ländlichen Regionen. Dies liegt zum 
einen an natürlichen Gegebenheiten wie Wassermangel und zum anderen an 
mangelhaften Versorgungseinrichtungen, sowie ungenügendem Gewässer- und 
Grundwasserschutz. Daher müssen erhebliche strukturelle, politische, aber auch 
technische und wirtschaftliche Anstrengungen unternommen werden, um diese 
Situation zu verbessern. 

Im ländlichen Raum kommen aufgrund der geringen Siedlungsdichte daher weniger 
zentrale Systeme in Frage, sondern eher dezentrale, um die 
Versorgungsleitungslängen zu minimieren und damit auch die Kosten. Ziel der 
Dissertation von Herrn Walter war daher, für den ländlichen Raum in Schwellen- 
und Entwicklungsländern Versorgungskonzepte mit technischen Lösungen zu 
entwickeln, die der dortigen Situation angepasst sind. Hierzu wurde einerseits mit 
einem Hersteller solcher Anlagen eine dezentrale, mobile Anlage konzipiert, gebaut 
und vor Ort in Brasilien betrieben und ergänzend dazu die Randbedingungen in 
Schwellen- und Entwicklungsländern analysiert und daraus Vorschläge für die 
Vorgehensweise in diesen Regionen erarbeitet. 

Die außergewöhnlich umfangreiche Dissertationsschrift ist bedingt durch den hohen 
Anspruch von Herrn Walter, alle denkbaren Randbedingungen und Lösungs-
möglichkeiten für die Umsetzung von dezentralen Wasserversorgunganlagen in 
Schwellen- und Entwicklungsländern zu berücksichtigen. Seine praktischen 
Untersuchungen vor Ort in Brasilien in Zusammenarbeit mit den örtlichen und 
deutschen Partnern, sowie die Bewältigung der Sprach- und Kommunikations-
probleme sind hierbei besonders hervorzuheben, ebenso wie die ganzheitliche 
Einbeziehung anderer Fachgebiete, wie Sozialwissenschaften, Wirtschaftswissen-
schaften, aber auch der Wasserpolitik. 

Ich wünsche Herrn Walter, dass seine wertvollen Erkenntnisse, Lösungsvorschläge 
und Hintergründe bei der Planung von weiteren wasserwirtschaftlichen Projekten in 
Schwellen- und Entwicklungsländern berücksichtigt und umgesetzt werden. 

Bei der Firma Grünbeck Wasseraufbereitung GmbH möchte ich mich für die gute 
Zusammenarbeit zwischen Wissenschaft und Praxis sowie die Unterstützung 
bedanken, ebenso wie bei der Deutschen Investitions- und Entwicklungsgesellschaft 
DEG für die Mitfinanzierung des Projektes. 

 

Neubiberg, im September 2013 Univ.-Prof. Dr.-Ing. F. W. Günthert 



    

 

 

 

 



    

Danksagung 

Die vorliegende Arbeit entstand während meiner Tätigkeit als wissenschaftlicher 
Mitarbeiter am Institut für Wasserwesen, Professur für Siedlungswasserwirtschaft 
und Abfalltechnik, Universität der Bundeswehr München. Die empirischen 
Untersuchungen an einer membranbasierten Kleinanlage zur dezentralen Trink-
wasseraufbereitung in Brasilien, Teil dieser Arbeit, fanden im Rahmen eines Dritt-
mittelprojektes über dezentrale Trinkwasseraufbereitung in Brasilien gemeinsam mit 
der Grünbeck Wasseraufbereitung GmbH, Höchstädt an der Donau, statt. 

Meinem Doktorvater, Herrn Professor Dr.-Ing. F.W. Günthert, danke ich für die 
Betreuungszusage, für sein Vertrauen, für die wertvollen fachlichen Anregungen, 
welche diese Arbeit entscheidend geprägt haben und für seinen Rat in methodischer 
Hinsicht. 

Herrn Professor Dr.techn. Dr.h.c. H. Kroiss danke ich für die Übernahme des 
Koreferats und für die konstruktiven Hinweise, die diese Arbeit bereichert und 
erweitert haben. 

Herrn Professor Dr.-Ing. U. Rott danke ich für sein Interesse an dieser Arbeit und 
dafür, sich bereit erklärt zu haben, das zusätzliche Gutachten zu meiner Arbeit zu 
erstellen. 

Die Grünbeck Wasseraufbereitung GmbH, Höchstädt an der Donau, hat mit ihrer 
Innovationsaffinität und ihrem Unternehmergeist, dezentrale Trinkwasser-
aufbereitung in Brasilien zu erproben, die empirischen Untersuchungen an einer 
membranbasierten Kleinanlage zur dezentralen Trinkwasseraufbereitung in 
Brasilien ermöglicht. Für die kollegiale Zusammenarbeit möchte ich stellvertretend 
den Herren Walter Ernst, Dr. Günter Stoll, Peter Lachenmeir, Jürgen Gollmer und 
Jörgen Hößler freundlich danken. 

Für die wertvolle Hilfestellung vor Ort in Minas Gerais, Brasilien, von Seiten des 
brasilianischen Partners COPASA, danke ich stellvertretend den Herren Nelson 
Cunha Guimarães und Neider Filho. 

Für die gute Zusammenarbeit mit dem Projektpartner Phoenix Contact in 
Deutschland danke ich den Herren Joachim Pucker, Thorsten Engelkraut und Darius 
Celej. Für die gute Zusammenarbeit vor Ort in Brasilien danke ich den Phoenix 
Contact Mitarbeitern Sidney Marcondes und André Rios. 

Allen Kollegen des Instituts für Wasserwesen danke ich für die freundliche und 
kameradschaftliche Zusammenarbeit. Bei Herrn Dr.-Ing. habil. Steffen Krause, dem 
Laborleiter der Professur für Siedlungswasserwirtschaft und Abfalltechnik bedanke 
ich mich für die interessanten fachlichen Diskussionen und Hinweise. 



    

Das Projekt wurde durch die DEG, Deutsche Investitions- und Entwicklungs-
gesellschaft mbH, aus öffentlichen Mitteln des Bundesministeriums für 
wirtschaftliche Zusammenarbeit und Entwicklung mitfinanziert. 

Der Druck wurde aus Haushaltsmitteln der Universität der Bundeswehr München 
gefördert. 

 

Wien, im September 2013 Wolfgang K. Walter 

 

 

 

 

 

 



Table of Contents  i 

Table of Contents 

List of Figures ....................................................................................................................... xi 

List of Tables ...................................................................................................................... xix 

List of Tables in Appendix ............................................................................................... xxiii 

Glossary and Symbols ........................................................................................................ xxv 

English abstract ............................................................................................................... xxxiii 

German abstract/Kurzfassung .......................................................................................... xxxv 

1 Introduction ..................................................................................................................... 1 

2 Characterisation of macro-level settings and water supply initiatives ............................ 3 

2.1 Basic macro-level situation in Newly Industrialized Countries ............................ 3 

2.1.1 Definition and selection of Newly Industrialized Countries ..................... 3 

2.1.2 Economic sector competition and water withdrawal unbalance................ 4 

2.1.3 Water quantity aspects ............................................................................... 6 

2.1.4 Population aspects ................................................................................... 10 

2.1.5 Sanitary engineering indicators ............................................................... 11 

2.1.6 Climate aspects and sanitary engineering ................................................ 16 

2.1.7 Stormwater drainage and water supply .................................................... 19 

2.2 Supranational sanitary initiatives and decentralized small water supply ............ 20 

3 Research undertaking .................................................................................................... 23 

3.1 Problem description and research goal ................................................................ 23 

3.2 Basic assumptions and research questions .......................................................... 23 

3.3 Research innovation ............................................................................................ 26 

3.4 Methodology ....................................................................................................... 27 

4 State of the art of small water supply............................................................................ 31 

4.1 Recent developments in small water supply ....................................................... 31 

4.1.1 Research landscape .................................................................................. 31 

4.1.2 General arguments for small water supply .............................................. 32 

4.1.3 Selected small water supply application cases and concepts ................... 36 

4.1.3.1 Connection deprived regions ..................................................... 36 

4.1.3.2 Demographic change ................................................................. 39 

4.1.3.3 Emergencies .............................................................................. 40 



ii  Table of Contents 

4.1.4 Small water supply concepts and technology outlook ............................. 43 

4.2 Small water supply in legislative, normative and regulatory literature ............... 45 

4.2.1 WHO guidelines and small water supply ................................................ 45 

4.2.2 EPA regulations on small water supply ................................................... 50 

4.2.3 German regulations and small water supply ............................................ 53 

4.2.3.1 General aspects .......................................................................... 53 

4.2.3.2 DIN rule for drinking water supply from small units ................ 54 

4.2.3.3 DIN rule for drinking water supply from non 
stationary units ........................................................................... 55 

4.2.3.4 German regulations for emergency drinking water supply ........ 56 
4.3 Small water supply in textbook literature ............................................................ 56 

4.4 Technology for small water treatment and supply ............................................... 64 

4.4.1 Basic small water treatment and supply technology ................................ 65 

4.4.2 Commercial small water treatment and supply technology ..................... 69 

4.4.3 Small water treatment and supply research pilot plants .......................... 77 

4.4.4 Excursus: Bank Filtration for small water supply in 
NICs and Brazil ....................................................................................... 83 

5 Definitions, boundaries and decision attributes for small water supply ....................... 87 

5.1 Definitions for small water supply ...................................................................... 87 

5.2 Open System of Boundaries for Small Water Supply Applications .................... 89 

5.3 Open System of Attributes of Small Water Supply Systems .............................. 96 

6 Small water treatment pilot plant project in Minas Gerais ......................................... 103 

6.1 Project description ............................................................................................. 103 

6.2 Boundaries Profile for small water supply in Minas Gerais .............................. 104 

6.2.1 B1 – Country of application, institutions, governance, 
legislative ............................................................................................... 104 

6.2.1.1 Administrative and political structure ..................................... 104 

6.2.1.2 Institutional stability in Brazil ................................................. 105 

6.2.1.3 The first Growth Acceleration Programme PAC I .................. 106 

6.2.1.4 The second Growth Acceleration Programme PAC II ............ 107 

6.2.1.5 Brazilian sanitary initiatives in the desertification 
zone.......................................................................................... 108 

6.2.1.6 Past sanitary initiatives in Minas Gerais .................................. 108 



Table of Contents  iii 

6.2.1.7 The PRODES programme and new ways of 
contracting ............................................................................... 109 

6.2.1.8 Political goals in Minas Gerais and sanitary 
engineering objectives ............................................................. 109 

6.2.1.9 Legal boundaries regarding sanitary engineering .................... 110 
6.2.2 B2 – Unchangeable geographical factors .............................................. 111 

6.2.2.1 Topographic characteristics – Test sites .................................. 111 

6.2.2.2 Geomorphology ....................................................................... 113 

6.2.2.3 Climatic conditions ................................................................. 113 
6.2.3 B3 – Raw water characteristics ............................................................. 118 

6.2.3.1 General aspects of water characteristics in Minas 
Gerais....................................................................................... 118 

6.2.3.2 Water characteristics at the Rio das Velhas test site ............... 121 

6.2.3.3 Water characteristics at the Vila Pereira test site .................... 125 

6.2.3.4 Water characteristics at the Itira test site ................................. 128 
6.2.4 B4 – Tradition, state and development of local sanitary 

engineering ............................................................................................ 132 

6.2.4.1 Structure of the sector .............................................................. 132 

6.2.4.2 Common types of water supply and treatment ........................ 132 

6.2.4.3 Water supply reality and gradation in Minas Gerais ............... 133 

6.2.4.4 Knowledge of local stakeholders............................................. 140 

6.2.4.5 Water supply coverage ............................................................ 141 

6.2.4.6 Wastewater and waste disposal coverage ................................ 145 

6.2.4.7 Stormwater drainage ................................................................ 151 

6.2.4.8 Utility companies’ characteristics ........................................... 152 

6.2.4.9 Water tariffs ............................................................................. 154 

6.2.4.10 Brazilian research on sanitary engineering .............................. 156 

6.2.4.11 Brazilian research on small water supply ................................ 157 

6.2.4.12 Brazilian research on membrane technology in 
water supply............................................................................. 158 

6.2.4.13 Future water supply, wastewater production and 
local sanitation ......................................................................... 158 

6.2.5 B5 – Geographical factors changeable or in development .................... 159 

6.2.5.1 Development status of the country .......................................... 159 

6.2.5.2 Population and urbanization characteristics ............................ 159 



iv  Table of Contents 

6.2.5.3 Selected infrastructure availability .......................................... 161 
6.2.6 B6 – Social factors ................................................................................. 163 

6.2.6.1 Structure of the society ............................................................ 163 

6.2.6.2 Economic capacity and setting of the population .................... 165 

6.2.6.3 Health aspects .......................................................................... 166 

6.2.6.4 Education and motivation level of personnel .......................... 166 

6.2.6.5 Technology acceptance of the customers ................................ 167 

6.2.6.6 Social tasks and new water treatment systems ........................ 167 
6.2.7 B7 – Cultural factors .............................................................................. 168 

6.2.8 B8 – Macroeconomics ........................................................................... 168 

6.2.9 B9 – Microeconomics ............................................................................ 168 

6.2.10 B10 – Funds available ........................................................................... 169 

6.2.11 B11 – Desired type of use ...................................................................... 169 

6.2.12 B12 – Desired solution .......................................................................... 169 

6.2.13 B13 – Miscellaneous goals and pre-settings of diverse actors .............. 169 

6.2.13.1 Goals and settings of COPASA ............................................... 170 

6.2.13.2 Goals and settings of Grünbeck ............................................... 170 
6.3 Attributes Profile and conception of the small water treatment 

pilot plant Grünbeck .......................................................................................... 171 

6.3.1 A1 – System type and general plant description .................................... 171 

6.3.2 A2 – Tasks covered by the small water treatment pilot plant ................ 174 

6.3.3 A3 – Plant operation strategy ................................................................. 174 

6.3.4 A4 – Process engineering ...................................................................... 175 

6.3.4.1 Raw water prerequisites........................................................... 175 

6.3.4.2 Regulation of water flows through the pilot plant ................... 175 

6.3.4.3 Hydrocyclone ........................................................................... 176 

6.3.4.4 Flocculation/coagulation and pH-value correction –  
First dosing point ..................................................................... 176 

6.3.4.5 Pre-oxidation – First dosing point ........................................... 177 

6.3.4.6 Drum filter ............................................................................... 178 

6.3.4.7 Plate separator ......................................................................... 178 

6.3.4.8 Aerator and intermediate tank ................................................. 178 

6.3.4.9 Flocculation/coagulation and pH-value correction –  
Second dosing point ................................................................ 179 



Table of Contents  v 

6.3.4.10 Pre-oxidation – Second dosing point ...................................... 179 

6.3.4.11 Ultrafiltration unit in standard operation mode and 
filtrate tank .............................................................................. 179 

6.3.4.12 Ultrafiltration unit operated with GSMC regeneration ........... 181 

6.3.4.13 Manual chemical cleaning of the ultrafiltration unit ............... 181 

6.3.4.14 Reverse osmosis unit ............................................................... 181 

6.3.4.15 Chlorination ............................................................................. 182 

6.3.4.16 Adding of fluorine ................................................................... 183 

6.3.4.17 Sludge management ................................................................ 183 

6.3.4.18 Treatment strategy ................................................................... 183 

6.3.4.19 Tolerance to raw water quantity and quality changes.............. 184 

6.3.4.20 Tolerance to treated water quantity and quality 
demand changes ...................................................................... 184 

6.3.5 A5 – Electrical engineering and energy supply ..................................... 185 

6.3.6 A6 – Assembly ...................................................................................... 185 

6.3.7 A7 – Adaptability .................................................................................. 185 

7 Pilot plant tests ............................................................................................................ 187 

7.1 Pilot plant test goals .......................................................................................... 187 

7.2 General project and test plan ............................................................................. 187 

7.3 Pilot plant test programme ................................................................................ 188 

7.4 Plan of analysis and pilot plant sampling points ............................................... 191 

7.5 Operational and quality parameter reading for pilot plant assessment .............. 192 

7.6 Data preparation, statistical analysis and parameter calculations for 
data interpretation .............................................................................................. 193 

8 Pilot plant test results at the Rio das Velhas test site .................................................. 197 

8.1 Test and pilot plant set-up ................................................................................. 197 

8.2 Test run overview .............................................................................................. 198 

8.3 Test results ......................................................................................................... 199 

8.3.1 Transportability – A8 ............................................................................. 200 

8.3.2 Operation set-up – A9 ........................................................................... 200 

8.3.3 Movable character – A10 ...................................................................... 202 

8.3.4 Parameters excluded from the test results presentations ....................... 203 

8.3.5 Basic pilot plant performance of the first test group – A4 .................... 203 



vi  Table of Contents 

8.3.5.1 Test Nr. 2 – Hydrocyclone ....................................................... 204 

8.3.5.2 Test Nr. 4 – Drum filter ........................................................... 206 

8.3.5.3 Test Nr. 3 – Plate separator ..................................................... 206 

8.3.5.4 Test Nr. 7 – Pre-treatment combination .................................. 207 

8.3.5.5 Test Nr. 6 – Pre-treatment combination .................................. 208 

8.3.5.6 Test Nr. 8 – Pre-treatment combination .................................. 210 

8.3.5.7 Test Nr. 9 – Pre-treatment, ultrafiltration, post- 
treatment .................................................................................. 211 

8.3.5.8 Ultrafiltration starting permeability ......................................... 213 
8.3.6 Pilot plant performance of the second test group: Different 

treatment step combinations – A4 ......................................................... 214 

8.3.6.1 General test results of the second test group ........................... 214 

8.3.6.2 Test Nr. 15 – Pre-treatment, ultrafiltration, post- 
treatment .................................................................................. 216 

8.3.6.3 Test Nr. 13 – Pre-treatment, ultrafiltration, post- 
treatment .................................................................................. 223 

8.3.6.4 Test Nr. 18 – Pre-treatment, ultrafiltration, post- 
treatment .................................................................................. 225 

8.3.6.5 Test Nr. 12 – Pre-treatment, ultrafiltration, post- 
treatment .................................................................................. 228 

8.3.6.6 Test Nr. 11.3 – Pre-treatment, ultrafiltration, post- 
treatment .................................................................................. 230 

8.3.6.7 Test Nr. 17.2 – Pre-treatment, ultrafiltration, post- 
treatment .................................................................................. 233 

8.3.6.8 Test Nr. 16 – Pre-treatment, ultrafiltration, post- 
treatment .................................................................................. 236 

8.3.7 Results of the third test group – Reverse Osmosis ................................ 238 

8.3.7.1 Reverse osmosis operation set-up – A9 ................................... 238 

8.3.7.2 Pilot plant operation with reverse osmosis – A4 ..................... 239 
8.3.8 Pilot plant convenience and behaviour under continuing 

operation – A11 ..................................................................................... 241 

8.3.8.1. Operational pilot plant reliability ............................................ 241 

8.3.8.2 Container convection and basic equipment ............................. 243 

8.3.8.3 Raw water intake ..................................................................... 243 

8.3.8.4 Hydrocyclone ........................................................................... 243 

8.3.8.5 Addition of chemical agents .................................................... 244 



Table of Contents  vii 

8.3.8.6 Drum filter ............................................................................... 244 

8.3.8.7 Plate separator ......................................................................... 244 

8.3.8.8 Ultrafiltration with GSMC and influence of UF 
filtrate tank .............................................................................. 244 

8.3.8.9 Reverse osmosis ...................................................................... 245 

8.3.8.10 Drainage system ...................................................................... 245 

8.3.8.11 Digital measurement and control equipment ........................... 246 

8.3.8.12 SCADA system ....................................................................... 247 

8.3.8.13 Operation and maintenance intensity ...................................... 248 

8.3.8.14 Water and wastewater production along the 
treatment line ........................................................................... 249 

8.3.9 Social aspects – A12 .............................................................................. 250 

8.3.9.1 Capacity building..................................................................... 250 

8.3.9.2 Skills required and knowledge transfer strategy ...................... 251 

8.3.9.3 Knowledge transfer ................................................................. 252 
8.3.10 Macroeconomics – A13 ......................................................................... 253 

8.3.11 Microeconomics – A14 ......................................................................... 254 

8.3.12 Pilot plant cost assessment – A15 ......................................................... 254 

9 Discussion of the results and findings ........................................................................ 261 

9.1 The pilot plant’s technical attributes ................................................................. 261 

9.1.1 System type, built-up and assembly ...................................................... 261 

9.1.2 Plant strategy, O&M tactics and related material resilience .................. 261 

9.1.3 Treatment capacity of the pilot plant and of pilot plant 
components ............................................................................................ 263 

9.1.4 Pilot plant behaviour in operation and reliability .................................. 267 

9.1.4.1 General pilot plant reliability and resilience ........................... 267 

9.1.4.2 Hydrocyclone ........................................................................... 268 

9.1.4.3 pH-value correction ................................................................. 268 

9.1.4.4 Drum filter ............................................................................... 269 

9.1.4.5 Ultrafiltration ........................................................................... 269 

9.1.4.6 Ultrafiltration regeneration and pilot plant flow 
regulation ................................................................................. 270 

9.1.4.7 Addition of fluorine ................................................................. 271 

9.1.4.8 Water and wastewater production ........................................... 271 



viii  Table of Contents 

9.2 The pilot plant’s socio-economic attributes ...................................................... 272 

9.2.1 Local operators: User friendliness and pilot plant acceptance ............... 272 

9.2.2 Local executives: Capacity building and pilot plant 
perception .............................................................................................. 273 

9.2.3 Macro- and microeconomics ................................................................. 273 

9.2.4 Economic performance of the pilot plant .............................................. 274 

10 Recommendations and suggestions ............................................................................ 275 

10.1 Recommended pilot plant treatment step combination for local 
application ......................................................................................................... 275 

10.2 Recommendations for the configuration of SCADA equipped, 
containerized, mobile, membrane-based small water treatment 
systems .............................................................................................................. 277 

10.3 Suggestions for alternative configurations of small water 
treatment systems .............................................................................................. 278 

10.3.1 Alternative treatment strategy ................................................................ 278 

10.3.2 Requirements for SCADA ..................................................................... 278 

10.3.3 Alternative solid-liquid separation in the pre-treatment ........................ 278 

10.3.4 Alternative to pre-oxidation with chlorine products .............................. 279 

10.3.5 Direct filtration with a flocculation/coagulation and 
ultrafiltration combination ..................................................................... 279 

10.3.6 Regulation of ultrafiltration regeneration .............................................. 279 

10.3.7 Alternative ultrafiltration membrane ..................................................... 280 

10.3.8 Alternative reverse osmosis membranes ............................................... 280 

10.3.9 Alternative quality control equipment ................................................... 280 

10.4 Recommendations for Sustainable and Resilient Small Water 
Supply Services of Public Interest in NICs ....................................................... 280 

10.5 Procedure for appropriate small water supply system evaluation 
and selection by using Boundaries and Attributes Profiles ............................... 288 

11 Summary ..................................................................................................................... 295 

11.1 Macro-level situation in Newly Industrialized Countries .................................. 295 

11.2 Small water supply application cases and reflection of 
small water supply in the literature and on the market ...................................... 296 

11.3 Boundaries to describe the local decentralized application site 
and Attributes to describe small water supply systems ..................................... 297 



Table of Contents  ix 

11.4 Description of the situation in Minas Gerais for small water supply ................ 298 

11.5 Attributes of the pilot plant and results of pilot plant tests 
in Minas Gerais ................................................................................................. 299 

11.6 Sustainable and Resilient Small Water Supply Services of 
Public Interest in Newly Industrialized Countries ............................................. 301 

12 Outlook and need for continued research ................................................................... 303 

Bibliography....................................................................................................................... 305 

Appendix ............................................................................................................................ 349 

 



x  Table of Contents 

 

 

 



List of Figures  xi 

List of Figures 

Figure 1: Relative sector shares of GDP (above) and water withdrawal 
(below) in BRICS and N-11 countries ...................................................... 5 

Figure 2: Development of relative sector shares of GDP (left) and water 
withdrawal (right) in Brazil ....................................................................... 6 

Figure 3: Macro level water quantity description for BRICS and N-11 
countries by the variables TRWR and total water withdrawal .................. 8 

Figure 4: Accumulated precipitation 30/8/2008-30/8/2009 in mm in 
Brazil ......................................................................................................... 9 

Figure 5: Population density in Brazil in 2000, capita per km2 ................................ 9 

Figure 6: Population variables for BRICS and N-11 countries ............................... 11 

Figure 7: Urban (above) and rural (below) use of drinking water 
sources in BRICS and N-11 countries in 2008 ........................................ 14 

Figure 8: Urban (above) and rural (below) use of sanitation facilities in 
BRICS and N-11 countries in 2008 ......................................................... 15 

Figure 9: IWA Conference on Decentralized Water and Wastewater in 
Kathmandu 2009; percentage distribution of conference 
papers per category (left) and continent (right) ....................................... 31 

Figure 10: Example for decision attributes for water supply system 
choice in DCs and NICs .......................................................................... 37 

Figure 11: Number of natural disasters and thereby total affected people 
from 1900-2009 as reported until September 2011 ................................. 41 

Figure 12: Suggested water treatment process for standardized small 
plants by Degrémont ................................................................................ 63 

Figure 13: Study structure small water treatment and supply technology ................ 65 

Figure 14: Private household rooftop water tank in intermittent water 
supply system, Hermosillo, Mexico 2006 ............................................... 66 

Figure 15: Outskirts of Kathmandu, Nepal 2009: Public fountain (left) 
and nearby “wastewater collection” (right) ............................................. 66 

Figure 16: Maximum possible production of commercial small water 
treatment plants with and without membrane treatment; 
energetically independent (left) and conventionally driven 
(right) plants; min., Q1, Q2, Q3, max. ...................................................... 73 

Figure 17: Hybrid process for small drinking and service water 
production in tropical regions .................................................................. 82 

Figure 18: Sheet erosion deposit on streets after rainfall, Teófilo Otoni, 
Minas Gerais, 2008 .................................................................................. 85 



xii  List of Figures 

Figure 19: Structure and content units of the Open System of Boundaries 
for Small Water Supply Applications ...................................................... 90 

Figure 20: Open System of Boundaries for Small Water Supply 
Applications ............................................................................................. 95 

Figure 21: Structure and content units of the Open System of Attributes 
of Small Water Supply Systems .............................................................. 97 

Figure 22: Open System of Attributes of Small Water Supply Systems ................. 101 

Figure 23: The state of Minas Gerais in Brazil (left) and pilot plant test 
sites 1, 2, 3 in North and North-East Minas Gerais (right) .................... 105 

Figure 24: View on Vila Pereira (left) and on Itira main street (right) ................... 112 

Figure 25: Accumulated precipitation 30/8/2008-30/8/2009 in Minas 
Gerais ..................................................................................................... 115 

Figure 26: Hydrographic regions of Brazil and Minas Gerais ................................ 116 

Figure 27: Water quantity description for Minas Gerais’ hydrographic 
regions by the variables TRWR and total water withdrawal ................. 117 

Figure 28: Total hardness versus river flow rate (left), total solids versus 
turbidity (centre), manganese versus turbidity (right) at river 
monitoring station Rio das Velhas BV139; linear trend line, 
coefficient of determination ................................................................... 122 

Figure 29: Turbidity and river flow rate at Rio das Velhas river 
monitoring station BV139, 1997-2003 .................................................. 122 

Figure 30: Min., Q1, Q2, Q3, max. for temperature (left), total coliforms 
(centre), Escherichia coli (right) at river monitoring stations 
Rio das Velhas BV139 (1997-2009), Mucuri MU009 (1997-
2006), Araçuaí JE017 (1997-2009) ....................................................... 124 

Figure 31: Min., Q1, Q2, Q3, max. for conductivity (left), total alkalinity 
(centre), total hardness (right) at river monitoring stations Rio 
das Velhas BV139 (1997-2009), Mucuri MU009 (1997-
2006), Araçuaí JE017 (1997-2009) ....................................................... 124 

Figure 32: Min., Q1, Q2, Q3, max. for turbidity (left), manganese 
(centre), dissolved iron (right) at river monitoring stations 
Rio das Velhas BV139 (1997-2009), Mucuri MU009 (1997-
2006), Araçuaí JE017 (1997-2009) ....................................................... 125 

Figure 33: Min., Q1, Q2, Q3, max. for total solids (left), total dissolved 
solids (centre), total suspended solids (right) at river 
monitoring stations Rio das Velhas BV139 (1997-2009), 
Mucuri MU009 (1997-2006), Araçuaí JE017 (1997-2009) .................. 125 



List of Figures  xiii 

Figure 34: Total dissolved solids versus total hardness (left), total 
suspended solids versus turbidity (centre), dissolved iron 
versus river flow rate (right) at river monitoring station 
Mucuri MU009; linear trend line, coefficient of determination ............ 127 

Figure 35: Turbidity and river flow rate at Mucuri river monitoring 
station MU009, 1997-2004 .................................................................... 127 

Figure 36: Turbidity and river flow rate at Araçuaí river monitoring 
station JE017, 1997-2004 ...................................................................... 130 

Figure 37: Total solids versus turbidity (left), manganese versus turbidity 
(centre), COD versus river flow rate (right) at river 
monitoring station Araçuaí JE017; linear trend line, 
coefficient of determination................................................................... 130 

Figure 38: Water supply in Minas Gerais – Water treatment plants Rio 
das Velhas (left) and Vila Pereira (right) ............................................... 136 

Figure 39: Water supply in Minas Gerais – House water tank (left), dam 
at the Rio das Pedras (right) .................................................................. 136 

Figure 40: Raw water sources in Minas Gerais – Rio das Velhas (left), 
catchment of a spring for human consumption (right) .......................... 137 

Figure 41: Share of permanent private households connected to a public 
water supply network, Minas Gerais, municipality level, 2010 ............ 142 

Figure 42: Permanent private households with a well or spring on the 
property, Minas Gerais, municipality level, 2010 ................................. 143 

Figure 43: Permanent private households with a well or spring outside 
the property, Minas Gerais, municipality level, 2010............................ 143 

Figure 44: Permanent private households with water provision from 
water tanker trucks, Minas Gerais, municipality level, 2010 ................ 143 

Figure 45: Permanent private households supplied by rainwater stored in 
cisterns, Minas Gerais, municipality level, 2010 ................................... 144 

Figure 46: Permanent private households supplied by rainwater stored in 
a non defined way, Minas Gerais, municipality level, 2010 .................. 144 

Figure 47: Direct use of surface water bodies by permanent private 
households, Minas Gerais, municipality level, 2010 ............................. 144 

Figure 48: Permanent private households with non defined water supply, 
Minas Gerais, municipality level, 2010 ................................................. 145 

Figure 49: Permanent private households with bathroom and toilet 
exclu-sively for the residents, Minas Gerais, municipality 
level, 2010 ............................................................................................. 147 

Figure 50: Permanent private households with access to any toilet and 
shared bathroom, Minas Gerais, municipality level, 2010 .................... 147 



xiv  List of Figures 

Figure 51: Permanent private households without any access to a toilet 
or bathroom, Minas Gerais, municipality level, 2010 ........................... 148 

Figure 52: Permanent private households with bathroom and toilet 
exclu-sively for the residents and public sewer connection, 
Minas Gerais, municipality level, 2010 ................................................. 148 

Figure 53: Permanent private households with bathroom and toilet 
exclu-sively for the residents discharging into a rudimentary 
cesspit, Minas Gerais, municipality level, 2010 .................................... 148 

Figure 54: Permanent private households with access to any public 
sewer connected toilet, Minas Gerais, municipality level, 
2010 ....................................................................................................... 149 

Figure 55: Permanent private households with access to any septic tank 
connected toilet, Minas Gerais, municipality level, 2010 ...................... 149 

Figure 56: Permanent private households with access to any rudimentary 
cesspit connected toilet, Minas Gerais, municipality level, 
2010 ....................................................................................................... 149 

Figure 57: Permanent private households with access to any toilet 
discharging into a ditch, Minas Gerais, municipality level, 
2010 ....................................................................................................... 150 

Figure 58: Permanent private households with access to any toilet 
directly discharging into a surface water body, Minas Gerais, 
municipality level, 2010 ........................................................................ 150 

Figure 59: Permanent private households with access to any toilet of non 
defined discharge method, Minas Gerais, municipality level, 
2010 ....................................................................................................... 150 

Figure 60: Municipalities with urban risk areas due to missing 
stormwater drainage infrastructure 2008, Minas Gerais, 
municipality level .................................................................................. 151 

Figure 61: Watercourse used as an open drainage channel, Recife, 
Pernambuco, 2009 ................................................................................. 152 

Figure 62: Percentage distribution of contributions to the Brazilian 
environmental and sanitary engineering congress in 2007 and 
2009 ....................................................................................................... 156 

Figure 63: Population density in Minas Gerais, municipality level, 2010 .............. 160 

Figure 64: Rural population per total population, Minas Gerais, 
municipality level, 2010 ........................................................................ 160 

Figure 65: Share of permanent private households with energy supply, 
Minas Gerais, municipality level, 2010 ................................................. 162 

Figure 66: Paved federal Brazilian highway BR-418 (left) and road from 
Vila Pereira to BR-418 (right) ............................................................... 162 



List of Figures  xv 

Figure 67: Cars and motorcycles per person, Minas Gerais, municipality 
level, 2010 ............................................................................................. 162 

Figure 68: Persons per bus and small bus, Minas Gerais, municipality 
level, 2010 ............................................................................................. 163 

Figure 69: Persons per lorry, Minas Gerais, municipality level, 2010 .................... 163 

Figure 70: Share of total employed persons per total population, Minas 
Gerais, municipality level, 2010 ............................................................ 164 

Figure 71: Number of resident persons per enterprise of the commercial 
register, Minas Gerais, municipality level, 2010 ................................... 164 

Figure 72: Share of individual farmers per total population, Minas 
Gerais, municipality level, 2010 ............................................................ 164 

Figure 73: GDP per capita at current prizes 2009, Minas Gerais, 
municipality level .................................................................................. 165 

Figure 74: Average monthly wage expressed in multiples of the 
minimum monthly wage, Minas Gerais, municipality level, 
2010 ....................................................................................................... 166 

Figure 75: Degree of alphabetization in % of population, Minas Gerais, 
municipality level, 2010 ........................................................................ 167 

Figure 76: Small water treatment pilot plant Grünbeck, Minas Gerais, 
2010 ....................................................................................................... 172 

Figure 77: Inner view drawing Container I (left) and Container II (right) 
of the small water treatment pilot plant Grünbeck ................................ 172 

Figure 78: Schematic flow diagram small water treatment pilot plant 
Grünbeck ............................................................................................... 173 

Figure 79: Pilot plant sampling points and operated treatment steps at 
the Rio das Velhas test site .................................................................... 192 

Figure 80: Comparison of UF permeability without (left) and with 
(right) data filter and average calculation .............................................. 193 

Figure 81: Test Nr. 2 – Volume split of the hydrocyclone at decreasing 
feed flows .............................................................................................. 204 

Figure 82: Test Nr. 2 – Pressure drop of the hydrocyclone at decreasing 
feed flows .............................................................................................. 205 

Figure 83: Test Nr. 2 – Retention of turbidity by the hydrocyclone ....................... 206 

Figure 84: Test Nr. 7 – Retention of turbidity, Al and total Fe ............................... 208 

Figure 85: Test Nr. 6 – Retention of (left) turbidity and of (right) 
oxidisability, total Mn ........................................................................... 209 

Figure 86: Test Nr. 8 – Retention of (left) turbidity and of (right) Al, 
total Fe, total Mn ................................................................................... 210 



xvi  List of Figures 

Figure 87: Test Nr. 9 – Retention of (left) turbidity and of (right) Al, Ca, 
free residual Cl, total THM .................................................................... 213 

Figure 88: Test Nr. 15 – Retention of (left) turbidity, total THM and of 
(right) Al, total Mn, total Fe .................................................................. 217 

Figure 89: Test Nr. 15 – Raw water temperature and air temperature 
inside Container I and II ........................................................................ 219 

Figure 90: Test Nr. 15 – Raw water turbidity ......................................................... 220 

Figure 91: Detail of test Nr. 15 – UF filtrate flow rate behaviour in 
connection with intermediate tank and UF filtrate tank levels .............. 220 

Figure 92: Detail of test Nr. 15 – UF permeability behaviour in 
connection with intermediate tank and UF filtrate tank levels .............. 221 

Figure 93: Test Nr. 15 – Raw water, UF filtrate and treated water flow 
rates ........................................................................................................ 221 

Figure 94: Test Nr. 15 – UF flux, UF permeability, transmembrane 
pressure .................................................................................................. 222 

Figure 95: Test Nr. 15 – UF permeability, UF filtrate tank level, UF 
filtrate and treated water flow rates ....................................................... 222 

Figure 96: Test Nr. 15 – pH-value after 1st and 2nd mixing zone and 
treated water conductivity ...................................................................... 223 

Figure 97: Test Nr. 13 – Retention of (left) turbidity, total THM and of 
(right) Al, total Mn, total Fe .................................................................. 224 

Figure 98: Test Nr. 18 – Retention of (left) turbidity, total THM and of 
(right) Al, total Mn, total Fe .................................................................. 227 

Figure 99: Test Nr. 12 – Retention of (left) turbidity, total THM and of 
(right) Al, total Mn, total Fe .................................................................. 229 

Figure 100: Test Nr. 11.3 – Retention of (left) turbidity, total THM and of 
(right) Al, total Mn, total Fe .................................................................. 231 

Figure 101: Test Nr. 17.2 – Retention of (left) turbidity, total THM and of 
(right) Al, total Mn, total Fe .................................................................. 234 

Figure 102: Test Nr. 16 – Retention of (left) turbidity, total THM and of 
(right) Al, total Mn, total Fe .................................................................. 237 

Figure 103: RO operation set-up – raw water, UF filtrate, RO permeate 
and RO concentrate flow rates ............................................................... 240 

Figure 104: RO operation set-up – RO recovery, RO permeate 
conductivity, level intermediate tank aerator, level UF filtrate 
tank ........................................................................................................ 240 

Figure 105: Absolute frequency of major pilot plant failure categories 
during tests in the period of 16.3.-8.9.2010 ........................................... 242 



List of Figures  xvii 

Figure 106: Raw water turbidity sensor after four months of operation 
(left) before (right) after cleaning .......................................................... 246 

Figure 107: Cost study Container Versions I to IV: Contribution of 
treatment steps to energy costs .............................................................. 257 

Figure 108: Cost study Container Versions I to IV: Contribution of 
treatment steps to additives costs .......................................................... 258 

Figure 109: Cost study Container Versions I to IV: Percentage 
distribution of total specific costs fractions ........................................... 259 

Figure 110: Supervision, operation and maintenance draft scheme for 
small water treatment plants .................................................................. 262 

Figure 111: UF permeability normalized on 20°C; pilot plant start-up and 
tests of the second test group; min., Q1, Q2, Q3, max. ........................... 270 

Figure 112: Schematic flow diagram small water treatment pilot plant 
Grünbeck – In black recommended treatment steps for 
standard situations ................................................................................. 276 

Figure 113: Schematic flow diagram small water treatment pilot plant 
Grünbeck – In black recommended treatment steps for 
favourable situations .............................................................................. 277 

Figure 114: Recommendations for Sustainable and Resilient Small Water 
Supply Services of Public Interest in Newly Industrialized 
Countries................................................................................................ 288 

Figure 115: Procedure for appropriate small water supply system 
evaluation and selection by using Boundaries and Attributes 
Profiles ................................................................................................... 293 

 

 

 

 



xviii  List of Figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



List of Tables  xix 

List of Tables 

Table 1: Differentiations made by the Falkenmark Water Stress 
Indicator ..................................................................................................... 7 

Table 2: Dependency Ratio DR of BRICS and N-11 countries ............................... 8 

Table 3: WHO definitions of improved and unimproved drinking 
water sources and sanitation facilities ..................................................... 12 

Table 4: Current Köppen macro climates in BRICS and N-11 
countries .................................................................................................. 18 

Table 5: Examples of pros and cons of small water supply concepts in 
the literature ............................................................................................. 32 

Table 6: Hardware costs of conventional water supply systems, Brazil ................ 34 

Table 7: Hardware costs of rural water supply systems, Germany ........................ 35 

Table 8: Service life of selected water supply system hardware, 
Germany .................................................................................................. 35 

Table 9: Emergency water supply well system of Germany .................................. 42 

Table 10: Decentralized water concepts – Trends and upcoming 
innovations .............................................................................................. 44 

Table 11: WHO water service level classification as a function of 
distance to the water supply and of required collection time .................. 47 

Table 12: WHO suggestions for household water treatment options to 
reduce microbiological and chemical contamination .............................. 48 

Table 13: Water supply in emergencies – WHO list of critical points 
and measures to be taken ......................................................................... 49 

Table 14: Basic small water treatment technology: Effectiveness relying 
on pre-treatment ....................................................................................... 68 

Table 15: Energetically independent commercial small water treatment 
technology ............................................................................................... 70 

Table 16: Selected commercial small water treatment technology with 
conventional energy supply and membrane treatment............................. 75 

Table 17: Selected energetically independent small water treatment and 
supply research pilot plants ..................................................................... 78 

Table 18: Energetically independent small water treatment and supply 
research pilot plants: Selected system operation indicators .................... 80 

Table 19: Pros and cons of Bank Filtration in NICs and DCs ................................. 83 

Table 20: Brazilian Growth Programme PAC I: Allocated funds for 
sanitary engineering in communities smaller than 50,000 
inhabitants.............................................................................................. 107 



xx  List of Tables 

Table 21: Water bodies destined for human consumption and 
recommended treatment according to CONAMA resolution 
n.°357/2005............................................................................................ 111 

Table 22: Central Brazilian Tropical Climates in North and North-East 
Minas Gerais .......................................................................................... 114 

Table 23: Use, protection and contamination of raw water sources in 
municipalities of Minas Gerais, 2008 .................................................... 118 

Table 24: Selected raw water challenges for water supply in Minas 
Gerais ..................................................................................................... 120 

Table 25: Water treatment plant Rio das Velhas – Details per March 
2010 ....................................................................................................... 137 

Table 26: Water treatment plant Vila Pereira – Details per March 2010 .............. 139 

Table 27: Production and destination of water treatment sludge in 
municipalities of Minas Gerais, 2008 .................................................... 140 

Table 28: Wastewater collection and treatment in municipalities of 
Minas Gerais, 2008 ................................................................................ 145 

Table 29: Characteristics of COPASA in 2008 ..................................................... 154 

Table 30: Water supply level and related options for excreta and sewage 
disposal .................................................................................................. 159 

Table 31: Selected demographic variables for Brazil and Minas Gerais ............... 161 

Table 32: Hydrocyclone characteristics ................................................................. 176 

Table 33: Characteristics of the UF module Pall Microza WTR-620C ................. 180 

Table 34: Characteristics of UF standard operation mode ..................................... 180 

Table 35: Characteristics of UF GSMC regeneration ............................................ 181 

Table 36: Characteristics of the RO unit and RO operation .................................. 182 

Table 37: Basic pilot plant test programme ........................................................... 190 

Table 38: Test runs with exploitable results, March to September 2010, 
Rio das Velhas test site .......................................................................... 199 

Table 39: Pilot plant process engineering operation set-up at Rio das 
Velhas .................................................................................................... 202 

Table 40: Test Nr. 9 – Parameters exceeding the Brazilian and EU 
drinking water regulations ..................................................................... 212 

Table 41: Test Nr. 15 – Parameters exceeding the Brazilian and EU 
drinking water regulations ..................................................................... 217 

Table 42: Test Nr. 13 – Parameters exceeding the Brazilian and EU 
drinking water regulations ..................................................................... 224 

Table 43: Test Nr. 18 – Parameters exceeding the Brazilian and EU 
drinking water regulations ..................................................................... 226 



List of Tables  xxi 

Table 44: Test Nr. 12 – Parameters exceeding the Brazilian and EU 
drinking water regulations ..................................................................... 229 

Table 45: Test Nr. 11.3 – Parameters exceeding the Brazilian and EU 
drinking water regulations ..................................................................... 231 

Table 46: Test Nr. 17.2 – Parameters exceeding the Brazilian and EU 
drinking water regulations ..................................................................... 234 

Table 47: Test Nr. 16 – Parameters exceeding the Brazilian and EU 
drinking water regulations ..................................................................... 236 

Table 48: Pilot plant failure groups and categories ............................................... 242 

Table 49: Average flow meter detections at Rio das Velhas, August 
2010, optimized pilot plant operation .................................................... 250 

Table 50: Flow meter readings at Rio das Velhas, 16.8.2010, period 
March to August 2010 ........................................................................... 250 

Table 51: Cost study Container Versions I to IV: Cost groups per 
Version expressed as % of respective Version IV cost group ............... 256 

Table 52: Second test group – Parameters exceeding the Brazilian and 
EU drinking water regulations ............................................................... 265 

 

 

 



xxii  List of Tables 

 

 

 



List of Tables in Appendix  xxiii 

List of Tables in Appendix 

Table A-1: Parameters of the Rio das Velhas test site analysis 
programme ............................................................................................. 349 

Table A-2: Selected operational and quality parameters detected by pilot 
plant measurement and control equipment ............................................ 351 

Table A-3: Pilot plant operation characteristics of the first test group .................... 354 

Table A-4: Pilot plant operation characteristics of the second test group ............... 357 

 

 



xxiv  List of Tables in Appendix 

 

 

 

 

 



Glossary and Symbols  xxv 

Glossary and Symbols 

Apart from the abbreviations in the table below the “International System of Units 
SI” has been followed throughout this work. 

Abbreviation �ame Dimension 
a year - 
A annuity monetary unit 
A1 (i.e.: A one) Attribute One (note: of small water supply systems) - 
AUF UF membrane area m2 

ABES Associação Brasileira de Engenharia Sanitária e 
Ambiental - 

ABNT Associação Brasileira de Normas Técnicas - 
AC activated carbon - 

ADERASA Asociación de Entes Reguladores de Água Potable y 
Saneamiento de las Américas - 

AF average flow rate m3 -1 
Al aluminium mg -1 
ANA Agência Nacional de Águas - 
ANFn,i annuity factor - 
APHA American Public Health Association - 

ARSAE-MG 
Agência Reguladora de Serviços de Abastecimento de 
Água e de Esgotamento Sanitário do Estado de Minas 
Gerais 

- 

ATV Abwassertechnische Vereinigung - 
AWWA American Water Works Association - 

B1 (i.e.: B one) Boundary One (note: of the local situation for small 
water supply system choice) - 

BA Basic Assumption - 
BOD biochemical oxygen demand mg -1 
BRIC Brazil, Russia, India, China - 
BRICS Brazil, Russia, India, China, South Africa - 
BV139 river monitoring station at the Rio das Velhas - 
°C degree Celsius - 
C0 net present value monetary unit 
Cp,i inlet concentration e.g. mg -1 
Cp.o outlet concentration e.g. mg -1 
Ca calcium mg -1 
CAD computer-aided design - 
cap capita - 
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Abbreviation �ame Dimension 
CFU colony forming units - 
CIA Central Intelligence Agency - 
CIP Cleaning in Place - 
Cl chlorine mg -1 
CO2 carbon dioxide mg -1 
COD chemical oxygen demand mg -1 
CONAMA Conselho Nacional do Meio Ambiente - 

COPANOR Copasa Serviços de Saneamento Integrado do Norte e 
Nordeste de Minas Gerais - 

COPASA Companhia de Saneamento de Minas Gerais - 
CRED Centre for Research on the Epidemiology of Disasters - 
CWS community water system - 
d day - 
DxWxL depth x width x length m 
Da Dalton - 
DC Development Country - 

DEG Deutsche Investitions- und Entwicklungsgesellschaft 
mbH - 

absHy absolute pressure drop across the hydrocyclone bar 

relHy relative pressure drop across the hydrocyclone % 
DIN German Institute for Standardization - 
DMF-T index Decayed, Missing, Filled Teeth Index - 
DR Dependency Ratio % 
DSF dry season flow rate m3 -1 
DVGW German Association for Gas and Water - 

DVQA Divisão de Pesquisa e Controle da Qualidade de Água 
e Esgoto (note: of COPASA) - 

DWA German Association for Water, Wastewater and Waste - 

EAWAG Swiss Federal Institute of Aquatic Science and 
Technology - 

ED electrodialysis - 
EDCs endocrine disrupter compounds - 
e.g. exempli gratia - 
EPA Environmental Protection Agency - 
ETA Estação de Tratamento de Água - 

g general yield % 
EU European Union - 
FAO Food and Agriculture Organization - 
Fe iron mg -1 
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Abbreviation �ame Dimension 
f.e. for example - 

FITABES Feira Internacional de Tecnologias de Saneamento 
Ambiental - 

FO forward osmosis - 
FRG Federal Republic of Germany - 
ft foot/feet - 
FUNASA Fundação Nacional de Saúde - 

G7 Group of Seven: Canada, France, Germany, Italy, 
Japan, United Kingdom, United States - 

GDP Gross Domestic Product monetary unit 
GIS geographic information system - 
GSMC Grünbeck Short Membrane Cleaning - 
h hour - 
Hz Hertz - 
i interest rate % 

IAWD International Association of Water Supply Companies 
in the Danube River Catchment Area - 

IBGE Instituto Brasileiro de Geografia e Estatística - 
IC Industrialized Country - 
i.e. id est - 
IFH International Scientific Forum on Home Hygiene - 
IGAM Instituto Mineiro de Gestão das Águas - 
INSEAD Institut Européen d'Administration des Affaires - 
ISA Instituto Socioambiental - 
IWA International Water Association - 
IWAO International Water Aid Organization - 
IWRM Integrated Water Resources Management - 
JUF UF flux L -2 -1 
JE017 river monitoring station at the Araçuaí - 
KHy volume split of the hydrocyclone % 
KfW Kreditanstalt für Wiederaufbau - 
km kilometre - 
L litre - 
LAS linear alkylbenzene sulphonate mg -1 
LDC Less Developed Countries - 
m metre - 
m³ cubic metre - 
max. maximum - 
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Abbreviation �ame Dimension 
MDG Millennium Development Goals - 
MF microfiltration - 
MG Minas Gerais - 
min minute - 
min. minimum - 
Mn manganese mg -1 
MU009 river monitoring station at the Mucuri - 
MWCO molecular weight cut-off Da 
n service life a 

N-11 
Next Eleven: Bangladesh, Egypt, Indonesia, Iran, 
Mexico, Nigeria, Pakistan, Philippines, South Korea, 
Turkey, Vietnam 

- 

n.a. no author - 
n.d. not determined - 
n.eds. no editors - 
NF nanofiltration - 
n.i. no issue - 
NIC Newly Industrialized Country - 
n.l. no location - 
Nm3 normal cubic metre - 
n.p. no pages - 
n.pub. no publisher - 
NTNCWS non-transient non-community water system - 
NTU nephelometric turbidity unit - 
n.v. no volume - 
n.y. no year - 
O&M operation and maintenance - 
pfeed flow Hy measured pressure of the hydrocyclone feed flow bar 
poverflow Hy measured pressure of the hydrocyclone overflow bar 
pUF,i measured UF inlet pressure bar 
pUF,o measured UF outlet pressure bar 
PUF UF permeability L -2 -1 -1 
PUF20°C UF permeability normalized on 20°C L -2 -1 -1 
PUF0 UF starting permeability L -2 -1 -1 
PUF0,20°C UF starting permeability normalized on 20°C L -2 -1 -1 

PUF1,20°C UF permeability before regeneration normalized on 
20°C L -2 -1 -1 

PUF2,20°C UF permeability after regeneration normalized on 
20°C L -2 -1 -1 
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Abbreviation �ame Dimension 

P1MC 
Programa de Formação e Mobilização para a 
Convivência com o Semi-árido: Um Milhão de 
Cisternas Rurais 

- 

PAC Programa de Aceleração do Crescimento - 
PLC Programmable Logic Controller - 
POEWS Point-of-Entry Water System - 
pop population - 
POUWS Point-of-Use Water System - 
PPP Public Private Partnership - 
Pr pilot plant sampling point - 
PRODES Programa Despoluição de Bacias Hidrográficas - 

PROSAM/MG Programa de Saneamento Ambiental para a Região 
Metropolitana de Belo Horizonte - 

PV photovoltaic - 
PVC polyvinyl chloride - 
PVDF polyvinylidene fluoride - 
Q1 first quartile - 
Q2 second quartile, median - 
Q3 third quartile - 
Qfeed flow Hy measured feed flow of the hydrocyclone L -1 
Qi inlet flow raw water L -1 
Qo outlet flow product water L -1 
Qoverflow Hy measured overflow of the hydrocyclone L -1 
QUF filtrate measured UF filtrate flow rate L -1 
R retention % 
R2 coefficient of determination - 
RUFP20°C UF permeability-recovery normalized on 20°C % 

R1 (i.e.: R one) Recommendation One (note: for small water supply 
services of public interest in NICs) - 

R$ Real, i.e. the currency of Brazil - 
RE renewable energy - 
res. residual - 
RO reverse osmosis - 
s second - 

SABESP Companhia de Saneamento Básico do Estado de São 
Paulo - 

SCADA Supervisory Control and Data Acquisition - 
SDI Silt Density Index % 
SDWA Safe Drinking Water Act - 
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Abbreviation �ame Dimension 
SS suspended solids mg -1 

STP sewerage treatment plant - 
Surfactants surface active agents - 
SWS Small Water System - 
t ton - 
T temperature °C 
TC temperature correction factor 20°C - 
TDS total dissolved solids mg -1 

THM trihalomethane µg -1 
TMP UF transmembrane pressure bar 
TNCWS transient non-community water system - 
TRWR Total Renewable Water Resources m3 -1 -1 

TS total solids mg -1 

TSS total suspended solids mg -1 

UF ultrafiltration - 
UK United Kingdom - 
UN United Nations - 
UN HABITAT United Nations Human Settlements Programme - 
UNDP United Nations Development Programme - 
UNEP United Nations Environment Programme - 

UNESCO United Nations Educational, Scientific and Cultural 
Organization - 

UNESCO-IHE United Nations Educational, Scientific and Cultural 
Organization Institute for Water Education - 

UNICEF United Nations International Children’s Emergency 
Fund - 

USA United States of America - 
USGS U.S. Geological Survey - 
UV ultraviolet - 
V Volt - 
WxL width x length m 
WEC wind energy conversion - 
WEF Water Environment Federation - 
WHO World Health Organization - 
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Abbreviation �ame Dimension 
WSP Water and Sanitation Program - 
WTP water treatment plant - 
WWAP World Water Assessment Programme - 
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English abstract 

Newly Industrialized Countries, NICs, are characterized by numerous contrasts. 
With respect to water supply a sharp difference between urban and rural areas is 
common. Related WHO reports show that the water supply situation in rural areas is 
often inadequate. An important challenge for NICs is the implementation of 
appropriate water supply technology in rural areas. From a demographic and 
migrational point of view infrastructure availability is one key factor to keep the 
resident population in rural areas. In this work small water supply systems in NICs 
are examined on the example of assessments in the Brazilian state of Minas Gerais.  

The characteristics of water supply triggers in NICs, e.g. climate, demographics, 
etc., are assessed on the macro level for Brazil and for 15 other NICs. The 
representation of small water supply systems in scientific, legislative, normative, 
regulatory and textbook literature is examined. Arguments and application cases for 
small water supply systems are identified. Technology for small water treatment and 
supply is comprehensively structured into energetically independent or 
conventionally driven basic technology, commercial market technology and research 
technology. 90 different systems are discussed. On the basis of this technology 
investigation and literature review definitions for small water supply systems are 
formulated. 

The successful sustainable operation of a small water treatment system involves the 
precise knowledge of the conditions at the local application site and of the water 
treatment system properties. To describe the local situation the “Open System of 
Boundaries for Small Water Supply Applications” is created. It comprises 13 groups 
of boundaries, e.g. geographical factors, state of local sanitary engineering, macro- 
and microeconomics, social and cultural factors, etc., each with numerous sub-
boundaries. To describe the properties of water treatment and supply systems the 
“Open System of Attributes of Small Water Supply Systems” is created. It comprises 
15 groups of attributes, e.g. system type, process engineering, transportability, social 
aspects, macro- and microeconomics, etc., each with numerous sub-attributes. 

For small water supply in Minas Gerais the “Boundaries Profile” is prepared. The 
“Attributes Profile” of a small, SCADA equipped, containerized, mobile, 
membrane water treatment pilot plant is compiled for a decentralized application in 
Minas Gerais. Results of on-site tests for the pilot plant’s local applicability are 
evaluated and discussed. Selected recommendations for small water supply systems 
in NICs are given. General important elements of and suggestions for the 
configuration of small water treatment systems are identified. 
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German abstract/Kurzfassung 

Schwellenländer sind charakterisiert durch unzählige Gegensätze. Im Hinblick auf 
die Wasserversorgung besteht ein großer Unterschied zwischen der urbanen und der 
ländlichen Situation. WHO Studien belegen, dass die Wasserversorgung in 
ländlichen Gebieten vielfach unzureichend ist. Die Implementierung angepasster 
Wasserversorgungsinfrastruktur in ländlichen Zonen stellt für Schwellenländer eine 
große Herausforderung dar. Um die Landflucht einzudämmen ist die allgemeine 
Bereitstellung von Infrastruktur ein wichtiger Aspekt. In dieser Arbeit wird die 
Wasserversorgung aus Kleinanlagen in Schwellenländern am Beispiel von 
Erhebungen und Versuchen im brasilianischen Staat Minas Gerais analysiert. 

Für die Makroebene werden Einflußfaktoren auf die Wasserversorgung, z.B. Klima, 
Demographie, etc., für Brasilien und für 15 weitere Schwellenländer untersucht. Die 
Darstellung von Kleinanlagen zur Wasserversorgung in Forschungs-, Normungs- 
und Fachbuchliteratur sowie in Gesetzestexten wird diskutiert. Anwendungs-
bereiche und Gründe für die Anwendung von Kleinanlagen zur Wasserversorgung 
werden identifiziert. Es erfolgt eine Strukturierung dezentraler Wasserversorgungs-
technologie in energetisch unabhängige oder konventionell betriebene Basis-
technologie, kommerzielle Technologie und Technologie im Erforschungsstadium. 
90 verschiedene Systeme werden diskutiert. Auf Basis dieser Technologieanalyse 
wird eine Definition für kleine Wasserversorgungssysteme formuliert. 

Die genaue Kenntnis der örtlichen Gegebenheiten und der Eigenschaften einer 
Wasseraufbereitungsanlage sind Voraussetzung für deren erfolgreichen 
nachhaltigen Betrieb. Um die lokale Situation strukturiert beschreiben zu können 
wird das „Offene System von Randbedingungen für die Wasserversorgung mit 
Kleinanlagen“ aufgestellt. Es umfasst 13 Gruppen von Randbedingungen, z.B. 
geographische Faktoren, Stand der Siedlungswasserwirtschaft, Makro- und Mikro- 
ökonomie, soziale Faktoren, etc., jeweils mit zahlreichen Unterpunkten. Um die 
Eigenschaften von Kleinanlagen zur Wasseraufbereitung zu erfassen wird ein 
„Offenes System von Eigenschaften kleiner Wasserversorgungsysteme“ erstellt. Es 
umfasst 15 Eigenschaftsgruppen, z.B. Systemtyp, Verfahrenstechnik, 
Transportierbarkeit, soziale Faktoren, etc., jeweils mit zahlreichen Unterpunkten. 

Für die Wasserversorgung mit Kleinanlagen in Minas Gerais wird das 
„Randbedingungenprofil“ aufgestellt. Das „Eigenschaftsprofil“ einer SCADA 
bestückten, auf Membranaufbereitung beruhenden Kleinanlage zur 
Wasseraufbereitung wird für eine Anwendung in Minas Gerais erstellt. Die 
Ergebnisse von on-site Testläufen zur Bestimmung der lokalen Anwendbarkeit 
dieser Anlage werden bewertet und diskutiert. Ausgewählte Empfehlungen für 
Kleinanlagen zur Wasserversorgung in Schwellenländern werden präsentiert. 
Allgemein wichtige Elemente und Varianten für die Konfiguration solcher Anlagen 
werden identifiziert. 




