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Project Context

Urban population 
exceeds rural population 
on global scale

Wat/san make up 46% 
of environmental risk and 
5.5% of disease burden
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and hygiene
33% Indoor air pollution from
use of solid fuels
11% Lead exposure

5% Urban air pollution

5% Global climate change 



Project Context

Sanitation coverage is a challenge in water-stressed and water-
scarce regions. 46 million people could become severely water-
stressed if the world achieves 100% sanitation coverage by 2025.



Objectives

measure sustainability of small scale wastewater
derive sanitation development pathway

suggest principles for sustainable water resource 
management



Location & Background

ACDI/VOCA NGO wat/san measures in Bolivia

Wat/san managed by local community organizations

Goal: move communities toward reaching MDG water and sanitation target



Methods

Surveys
WTP
Knowledge
Perception
Demographics

Engineering 
reports
Interviews



Methods

Palos 
Blancos Sapecho San Antonio Sararia Arapata Coripata

Wastewater 
System

Sewer to 
Septic Tank 
& Biofilter

Sewer to 
UASB

Sewer to 
Lagoon

Septic 
Absorption 

Pits

Sewer to 
Septic Tank 
& Biofilter

Sewer to 
Septic 
Tank & 
Biofilter

# Systems 1 1 1 91 6 7
Urban 
Population 2691 1039 420 546 1950 2680

# Connections 700 206 150 91 401 546

Mean Family 
Income 700 Bs 790 Bs 587 Bs 1159 Bs --a 1125 Bs
Construction 
Cost $33,617 $40,896 $21,168 $651 $29,428 $50,813
Consulting 
Cost $0.00 $1,702 $789 $2,782 $1,098 $1,605

Training Cost $0.00 $2,572 $1,732 $5,139 $3,387 $4,318
Supervision 
Cost $0.00 $824 $2,150 $2,017 $1,205 $1,902
Counterpart 
Cost $0.00 $19,196 $8,970 $3,900 $9,913 $13,377

Total Cost $33,617 $46,896 $26,734 $10,622 $35,923 $59,592



Sewer to Lagoon or UASB



Sewer to Septic Tank/Biofilter

www.newcostaricahomes.com



Septic Absorption Pit (aka UHF)



Results

Socio-economic factors
Capital cost
Perception of understanding
Willingness to pay
Cost per beneficiary
Population flux

Infrastructure factors
Design size
Technology water use
Complexity



Socio-Economic—Capital Cost



Socio-Economic—Knowledge



Socio-Economic—Willingness to 
Pay



Socio-Economic—Cost per Beneficiary



Socio-Economic—Population flux

Renters/short-term residents
Difficult to organize provision of basic services
May not be included or represented in service plans
Less likely to be involved in water committee/co-op

Seasonal migration
Field houses typically lack sanitation
Disuse of urban treatment causes malfunction, poor 
treatment
Seasonal habitants do not want to pay fees



Infrastructure—Design size
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Infrastructure—Water use

Challenge of water needs of sewer technology.  
Lack of sufficient water from the existing potable 
water source limited the sewer’s ability to 
transport waste.  
New springbox needed to augment the water 
system in order to improve operation of the 
sewer. 
This water need not considered during the design 
of the sewer system and reactor; placed an 
additional burden on the community.



Infrastructure—Complexity

For the same cost per beneficiary, latrines had a better 
“user interface” in Sararia while sewer misuse and disuse 
and water shortages caused problems in Sapecho.   
Users were more willing to maintain a system that is 
simple and understandable. 



Discussion

Appropriate and sustainable sanitation must be 
designed to operate through a range of hydraulic and 
organic loads as the community develops.  
Systems such as condominial sewers which are more 
modular and less water-dependent than large 
centralized designs may be most effective for meeting 
this requirement.  
Along with a range of operation, phased training will 
be necessary to ensure that operators and managing 
organizations develop their capacity as the sanitation 
systems and communities grow and urbanize.  



Discussion
Societal Water: 
Commons Governance

Industrial Water: 
Principles of Green Engineering

Ecosystem Water:
Low Impact Development

Define physical boundaries of water 
resources and users.

Principle 1: (Water) inputs and 
outputs should be as inherently 
nonhazardous as possible.

Replicate pre-development 
hydrologic conditions as closely as 
possible.

Co-develop water use rules with 
the community that meets 
ecological conditions.

Principle 4: Maximize mass, 
energy, space, time (and water) 
efficiency.

Design facilities to minimize 
environmental disruption, capture 
rainwater, create pervious surfaces, 
and minimize soil compaction.

Involve all water resource users in 
developing rules for resource use 
through collective choice 
arrangements and analytic 
deliberation.

Principle 6: Embodied energy and 
complexity of natural waters, 
wastewaters and materials must be 
viewed as an investment when 
locating treatment facilities and 
making design choices .

Manage facilities and local 
ecosystems to collect, store, 
infiltrate and treat runoff and 
wastewater; vegetate roofs and 
lots, and manage water onsite.

Devise mechanisms for monitoring 
and accountability in water 
(quantity and quality) and 
wastewater treatment.

Principle 10:   Design must include 
integration and interconnectivity 
with available (water) flows.

Design manufacturing facilities to 
reduce, reuse, and treat water 
resources, in conjunction with the 
local community and ecosystem.
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