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Presion creciente sobre los recursos
naturales y el bienestar humano:

 La demanda mundial de agua
aumentara un 55%, entre 2000 y 2050.

» El logro de la seguridad alimentaria en
Africa subsahariana para 2025 requerira
un crecimiento agricola superior al 3%.
Sin embargo, el 85% de las tierras de
cultivo tuvieron pérdidas netas de mas
de 30 kg de nutrientes / ha / afio

» Los fertilizantes quimicos disponibles
econdmicamente se enfrentan a la
escasez

» Se preve que la demanda de energia
primaria en Africa aumentara en un
400% entre 2010 y 2040

» Efectos del cambio climatico, p. sequias
e inundaciones

Share of population with access to improved sanitation, 2015
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Water scarcity: Areas of physical and economic water scarcity, 2007
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Malnutrition: Percentage of children under 5 with stunting, 2015
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Mineria de roca fosfatica

Foto: Reuters / Zoubeir / Souissi

El 75% de las limitadas reservas comerciales se
encuentran en Marruecos / Sahara Occidental.

STOCKHOLM
ENVIRONMENT
INSTITUTE




Scarcities affecting mineral plant nutrient
production chains

Nitrogen Phosphorus Potassium Sulphur

Economic Natural gasY 372 yrs @
reserve, yrs NO4 yrs

at present use

Reference BP, 2012 USGS, 2012 USGS, 2012 USGS, 2012

Sweden: Sales of nitrogen are 17 times as large as those of phosphorus
Globally: Sales of nitrogen are 6 times as large as those of phosphorus

Kdlla: Jonsson (SLU),World Water Week 2012
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Saneamiento y agricultura: Vinculos actuales

Imported
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| os valores de residuos

WASTE FLOW RECOVERABLE RESOURCE REUSE

HUMAN
EXCRETA PLANT

FERTILIZER

cleaning & hygiene
DETERGENTS

NUTRIENTS

Food & other N R

ORGANIC CES e

. SOIL CONDITIONER
RESIDUES bioefuel

production

ORGANIC
MATTER

ANIMAL MANURE

- OTHER OUTPUTS
e.g protein feed, building

OTHER RESIDUES ENERGY materials, trace elements

e.g. oils, soll, litter = — heat
recover

household & ~
commercial ECOSYSTEM
USED WATER SERVICES
— e.g. constructed wetland
INDUSTRIAL WATER REUSE
PROCESS WATER OTHER & RECYCLING

RAINWATER ETC.

e.g. valuable
minerals

e.g. irrigation, industrial,
potable & non-potable,
groundwater recharge,
replenishing water bodies

Source: Andersson et al. 2016
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ENFOQUE DE GESTION DE RECURSOS

Planeacion basada en manejo de recursos naturales

RESOURCES
FROM EXCRETA
AND WASTEWATER

Water
Nutrients

Energy
content

Organic

W

RESOURCE MANAGEMENT OPTIONS

¢ Water Re-use And Recycling

46 Combined Water And Nutrient Re-use

Agricultural irrigation / Forestry irrigation / Aquaculture

¢ Energy Generation

Biogas generation / Incineration / Biomass production

¢ Ecosystem Services

Potable And Non-potable Water / Industrial Use / Recharge Of Water Bodies

¢ Nutrient reuse or combined organic matter/nutrient reuse

Solid and liquid fertilizer and soil conditioner for agriculture and forestry

TECHNICAL SYSTEM OPTIONS

® Centralized vs decentralized

® Waterborne vs non-waterborne
excreta management

© Separate greywater management

® Sludge management

© Off-site vs on-site treatment

® Wastewater treatment

© Excreta and sludge treatment

matter Constructed wetland \ J
¢ Other Outputs
e.g. Protein feed for livestock / Building material
\ J
v Health Protection v* Environmental Protection v Livelihoods v Gender Equity
( MULTIPLE POTENTIAL BENEFITS V" Water security v" Food security v Energy security v Climate mitigation and adaptation ]
Source: Andersson et al. 2016
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¢, Excreta humana - desecho o recurso?

SE]

per person/
year
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N =3,7 kg
P=0,5kg
K~1,6kg
per person/
year

400-
500L




La doble naturaleza de las excretas humanas

Yearly

production/person
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NPK

Trace elements

Organic matter

RISKS =
Mostly in faeces

RESOURCES =
Mostly in urine

- Optimizar el impacto en la salud: jElimine los riesgos con las heces!

- Optimizar la reutilizacion: jAdministre bien la orina!
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Nutrientes (gr/pers/afio) Y FIujos (kg/pers/afio)

100% [ a7 -
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60% 183
86500
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40% 4015
876 256
20% 329
0% ol o ‘ 5B
Nitrogen avéﬁ;br:fa pho?ost;s Potassium  Sulphur Wet weight

O Orina 0 Heces O Aguas grises

P-free detergent -> 1/3 of P in greywater

SOURCE: Jonsson et al. SLU (Sweden)
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Based on data from:

Fertilizer consumption taken from FAO-STAT (2012).

Fertilizantes vs. Excreta humana (2012)

95%

Africa

Consumed in fertilizer:
Available in excreta:

i Nitrogen (N) I Phosphorus (P205)

88%
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Thousand tons
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1000

9%

South America

N and P in human excreta derived from protein supply (FaoSTAT, 2011) using the method proposed by Jénsson et al. (2004).
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Separacion de orina

- Separacion de orina de urinario

- Casas nuevas o remodeladas: instale el taza separadora de orina, para acuclillarse o sentarse

Public waterless urinal Urine Diverting Flush Toilet Urine Diverting Flush Toilet
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Recoleccion y
tratamiento de orina

e P T

Multi-household tank (2m’) Closed storage during 30-45 days

Emptied 2-3 times/year

Produccion de Struvite

4 )
v "v &
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Single-household tank ( 1m3) Source: www.eawag.ch Src: M. Winker,00
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Recoleccion y tratamiento de materia fecal

Composting

Collection and composting/dehydration

2005 5 18
’:‘I,

PHOTO: Jonsson, H. - SLU
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Orina tratada y heces un fertilizante potencial y valioso

“Liquid fertilizer” ) ..
quid f “Soil conditioner”

Application of treated faeces

Application of treated urine in in banana plantation

corn cultivation
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Impacto en la produccion de alimentos

Vran'iC’Merw*k-ﬁ organic:mattengs Organic
> urine . matter

o
.

« 1L de orina puede aprox. fertilizar 1 m? => 1 afio prod. puede fertilizar alrededor
de 400-500m?

La produccion anual de excretas por persona contiene N, P, K equivalente a lo que
se encuentra en 150-200 kg de granos
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Gestion descentralizada de aguas residuales en el municipio de Sddertalje, Suecia

« 500 hogares con recoleccion de aguas negras en el sitio, tratados con
compostaje humedo en una planta descentralizada, operada por agricultor local

» El proposito principal es la reduccion de la eutrofizacion de los lagos y aguas
costeras, mas rentable que la expansion del sistema centralizado de
alcantarillado

» Se produce fertilizante liquido certificado que se puede diseminar utilizando
equipo agricola convencional.

| S-S R —
i : ‘

« Sanitarios con poca descarga
» Gestion local de aguas grises

« Compostaje humedo y
tratamiento con urea

* Reso en cultivo (40 ha.)
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Reuso de aguas residuales - parte de los ciclos naturales del agua

Atmospheric water vapour

t 1o
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Precipitation .~
1t 1t 11k | /\ Industrial
Water
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X 1 R ) Wastewater
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use
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treatment
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v Potable reuse
V Groundwater Groundwater
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Groundwater recharg®
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Surface w ishment .
ater repleni Figura: Basedo en Asano 2002
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Retos reportados por iniciativas de recuperacion de recursos

Health/environment:

* Potential problems with toxic chemicals (eg industrial sources), pathogens, excess salts

* End product focus — risks along sanitation chain sometimes neglected

Social

* Lack of environmental awareness/motivation for acceptance of alternative solutions
and lack of training to ensure adequate use + O/M

* Dry sanitation can challenge perceptions — break with "flush and forget” paradigm

e Culturally rooted unease sometimes less than expected — more an issue on how to
maintain risk-management

Institutional

* RR require strong governance and active public sector working across sectors

* Time and resources for adequate testing and follow up when implementing — need
institutional instruments to promote change

Technical

* End products need to have high quality over time — require composition on incoming
material. Also maintain supply.

* Innovation might require high skills among builders

* Pilots -> scale — demanding on quality control and logistics

Financial

* Cost benefit analysis can be crucial to provide support for higher initial investment
that may be needed

Source: Andersson et al (2016)



Retos reportados por iniciativas de recuperacion de recursos

Salud y medio ambiente:

* Problemas potenciales con productos quimicos téxicos (por ejemplo, fuentes industriales),
patdgenos, sales en exceso

* Enfoque final del producto - riesgos a lo largo de la cadena de saneamiento a veces descuidados

Social

* Falta de conciencia ambiental / motivacidn para la aceptacion de soluciones alternativas y falta de
entrenamiento para asegurar un uso adecuado+ O / M

* El saneamiento en seco puede desafiar las percepciones - romper con el paradigma “descarga y
olvida"

* El malestar culturalmente arraigado a veces menos de lo esperado - mas un problema sobre
como mantener la gestion de riesgos

Institucional

* RRrequieren una sélida gobernanza y un sector publico activo que trabaje en todos los sectores

 Tiempo y recursos para la realizacion de pruebas y seguimiento adecuados en la implementacion
- Necesidad de instrumentos institucionales para promover el cambio

Técnico

* Los productos finales necesitan tener alta calidad en el tiempo - requieren composicién en el
material entrante. También mantener la oferta.

e Lainnovacion podria requerir altas habilidades entre los constructores

* Pilotos -> escala - exigentes en control de calidad y logistica

Financiero
* El analisis costo-beneficio puede ser crucial para proporcionar apoyo a una mayor inversion inicial
qgue pueda ser necesaria

Source: Andersson et al (2016)



¢Como lograr el cambio de paradigma?
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(&%) SUSTAINABLE (™ o
@ tiomens GIALS

ODM a ODS

(Objetivos de Desarrollo de Milenio a Objetivos de Desarrollo Sostenible)

)
SUSTAINABLE
DEVELOPMENT

GOALS

6. Agua limpiay saneamiento

6.3 De aqui a 2030, mejorar la calidad del agua reduciendo la contaminacion, eliminando el vertimiento
y minimizando la emision de productos quimicos y materiales peligrosos, reduciendo a la mitad el
porcentaje de aguas residuales sin tratar y aumentando considerablemente el reciclado v |la
reutilizacion sin riesgos a nivel mundial

6.a De aqui a 2030, ampliar la cooperacion internacional y el apoyo prestado a los paises en desarrollo
para la creacion de capacidad en actividades y programas relativos al agua y el saneamiento, como los
de captacion de agua, desalinizacién, uso eficiente de los recursos hidricos, tratamiento de
aguas residuales, reciclado y tecnologias de reutilizacién

i
)
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- SAFE ACCESS TO + TREATMENT

Contribuir a multiples objetivos y objetivos de la Agenda 2030 | SANITATION | AND REUSE
. [SDG6.2] [SDG 6.3]

1. NO POVERTY 1.2 — poverty in all its dimensions

1.4 — access to basic services

1.5 — resilience, reduce vulnerability, extreme events

end malnutrition

2.3 — double smallholders’ productivity & incomes

i
i
2. ZERO HUNGER g; —end hunger | food sufficiency ]'
|
|
|

3. GOOD HEALTH & WELL-BEING gg — end preventable infant and under-5 deaths

- end epidemics | combat water-related diseases
3.9 — reduce deaths & illnesses from pollution and contamination ——

4. QUALITY EDUCATION jf — eliminate gender disparities in education

- build & upgrade safe education facilities

5.1 - end discrimination against women & girls
5.2 — eliminate violence against women & girls in public space

5. GENDER EQUALITY

i

|
|
|
|
|
|
|
|
|
|
|
|
|
| |
| |
t |
. |
| |
| |
| |
| |
| |
6. CLEAN WATER & SANITATION 6.2 — sanitation & hygiene for all t - I |
: 6.3 — reduce water pollution, increase recycling - — I |
6.4 — substantially reduce water scarcity 'l I ——
6.5 — water resources management, transboundary cooperation T : N
6.6 — protect & restore water-related ecosystems + — . |
6a — international cooperation, support developing countries : — :
|
| | |
| |
: l |
. . |
8.4 — improve resource efficiency, decouple - — . |
8. DECENT WORK & ECONOMIC GROWTH et growth from environmental degradation : : :
. . | | |
9.4 — upgrade industrial resource : I
9. INDUSTRY, INNOVATION & INFRASTRUCTURE |[Reoisitidtpimtiotis i i :
|
) | |
11.5 — reduce deaths & econ. losses from disasters ————— | I
11. SUSTAINABLE CITIES & COMMUNITIES 11.6 — reduce adverse environmental impact of cities ——— —:—_ I
11.7 — safe public spaces : —— :
|
12.2 — management & efficient use of resources : S
12. SUSTAINABLE CONSUMPTION & PRODUCTION 12.4 - chemicals and waste management - : . :
12.5 - reduce waste generation JI — :
|
13.1 = strengthen resilience to climate-related hazards & natural disasters | — I |
13. CLIMATE ACTION 9 : : :
| |
IR S YA/ N 141 - reduce marine pollution from land-based activities JI i | :
| |
|
. i | |
15.1 - conserve, restore & sustainably use terrestrial ecosystems T —
15. LIFE ON LAND 15.3 — restore degraded land and soils t I I :
| |
|
] |




Mapeo de los potenciales beneficios de la produccion (Vientiane 760 000inh.)
— Pre-estudio

Fertiliza 40 000 Ha de Gestion de Servicios Ecosistémicos

arroz (5% del arroz total en

el area de Laos) Uso del fertilizantes
( después de
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Resource Value Mapping (REVAMP) Tool

Objetivos:

Herramienta para apoyar la gestion y recuperacion integrada de los recursos de desecho,
avanzar en servicios sostenibles de agua y saneamiento y abordar multiples desafios
intersectoriales de desarrollo urbano

Usuarios de destino:

Responsables de la formulacion de politicas y planificadores, administradores de agua,
saneamiento y residuos, energia, agricola, empresarios e inversores; profesionales del
desarrollo, estudiantes e investigadores

Avoided health cost:

Agricultural reuse: USD 14.8 million/year [ iHore. | Water saving:
40,000 ha rice cultivation 13 700 m3/day )
" A
AN AN\ FOOD
l /\‘- r'-::n IRANT | FOOD PROCESSING
Y 7N o = P
noRdan’ kb [ e i
N D |
DEWATS and
Septic Tanks Desludging of
septic tanks
and DEWATS

aquatic plants
I Y e e g L] HH
Populdatio 60 000
Soil and
Fertiliser

NUTRIENTS RECOVERY BIOGAS PI.ANT

a I Residual Sludge m
I #

PUBLIC TRANSPORT

Reduced CO; emissions: Bio-energy produéfion:

Bi
‘ e 44 000 tons CO,/year m e 10 000 km/day of bus travel
@ S E I i

Originalimage: Ciyblues++
INSTITUTE



REVAMP
Diagrama de flujo de excreta de Senegal — estado actual

TRANSPORT/ REATMENT DISPOSAL/
CONVEYANCE REUSE

CONTAINMENT EMPTYING

5%

to drainage system

n an L.
WCto effectively 1E:S79 to receiving waters
sewer treated

3%

safely legally

legally not ..
) dumped effectively X8 to receiving waters
treated

safely
emptied
Q'Lenﬁgﬂﬁ INF/3l to drainage system

safely
emptied

on-site
safely

system abandoned
hen full

unsafely
emptied

open . . .
defectation to residential environment
2%

Based on WSP 2014

33% to residential environment

Source: Andersson et al. 2016
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REVAMP

water
saving of
35,000 m?
per day

Potencial de recuperacion de recursos en los flujos de desechos
Dakar, Senegal

CONTAINMENT EMPTYING TRANSPORT/ TREATMENT DISPOSAL/REUSE
CONVEYANCE

59 other

to drainage system organic
waste

ch Io f Ve 7% I I W0|eIS
effecti ely / vin

3% .
Energy equivalent
to 3000 m3
diesel* or

biogas 16,200 km/day

safely . bus travel
digester

on-site
system

latrines Carbon emissions
reduction of
69,000 tons/year
(substitution of diesel
o + chemical fertilizers)
waterless
urinals Reuse in agriculture:

fertilizing 50,000 ha.rice

W to residential environment (approx. yield 200,000 tons)

* Adjusted to compensate for increased diesel use in transportation.

Source: Andersson et al.2016
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REVAMP Testing in Kampala

An early version of the tool was trialed in the Ugandan capital, Kampala, in 2016.

1.5 million people; around 90% of households use on-site sanitation systems (mainly pit
latrines and septic tanks); the rest 10% are connected to the sewer system.

Waste stream amounts in Kampala

Scenario1 Scenario 2
Current daily Potential daily
collection collection
Faecal sludge (m?3/day) 390 900
Sewage sludge
(tonnes/day) 66 262
Organic solid waste 200 2199
(tonnes/day)

Photo: inda StrandeEAWAG
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REVAMP Testing in Kampala

Revenue (USS)

300 000

250 000

200 000

150 000

100 000

50 000

0

Potential revenues

H Typical value with bars indicating the minimum and maximum values possible

1 0.

Solid Fuel BSF Prepupae + Compost Fertilizer

Biogas + residues

residues

Resource Recovery Options

6.000
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»
o
=]
S
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N
o
o
o

1.000
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Potential nutrient recovery

m Nitrogerf\J” PhosphdPus m PotKssium

I e
Biogas digestion
residues

R I =z I ol
Solid Fuel BSF bioreactor Compost Fertilizer
residues

Resource Recovery Options

N\

.

Black Soldier Fly Larvae Photo: Dunstan Adongo
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REVAMP Testing in Kampala

Potential energy content
18 000

16 000
14 000
12 000
10 000
8000
6 000
4000
2000

0 I

Biogas Solid Fuel BSF Prepupae Fat Compost Fertilizer
Resource Recovery Options

H Typical value with bars indicating the minimum and maximum values possible

Thousand MJ

Photo: Imanol Zabaleta/EAWAG

The potential production of solid combustion could meet the daily needs of 1,108,700
people currently met by firewood, alleviating some of the rapid forest loss.

STOCKHOLM
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Escalera de propuesta de valor creciente a las aguas residuales -
aumentando las inversiones y el potencial de recuperacion de costos

Potable water

recovery
Water recovery
for industry 'f'“_h
Energy recovery — drinking
and carbon | ; water
Internal credits
production of
fish feed, fish D_°“°°:I°d
Treatment , or biofuel ol
| Nutrients and external
spts? organic matter - : energy
proposition B i
Water recovery  Yield increase Carbon
Safe disposal  for irrigation emissions offset
for =
; R Avoided
environmental  Yield increase ey
health eutrophication

Source: Andersson et al 2016, based on Wicheln et al. 2015
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Transformar a productos con mayor valor

Struvite (P)

Produccion de biomasa de algas
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| - Chlorella Spirulina Algae cells at 400x magnification. (Photo taken from: http://www.nudisa.com)
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La biomasa de algas podria utilizarse para:
1. Producciéon de metano
2. El compostaje

3. Produccién de combustibles liquidos (por
ejemplo, biodiesel)

4. Como alimento para animales o en acuicultura

Boto: Imang| Zabaleta/ EAWAG 5. Produccion de productos quimicos finos
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Produccion de proteinas de larvas a partir de desechos

SE]

Fly larvae

compost

STOCKHOLM
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Black Soldier Fly
m Dry Mass Reduction 60-80%
m 1 kg DM prepupae per 10 kg waste
m [nactivation of bact pathogens
(Sa/monella Spp.) G %;wfgmalelays1'900eggs
' Rapid reproduction
m Pre-pupae /
— 400/0 pl’OteIn _)?‘o::me'f‘: b @ ‘.i Fe:;’e:r:?:tz?;:sjm:\an
. 300/0 fat Giasases * § - Waste treatement
o s
@ - ' ater e R S gt e
Self haNeStlng ft . ‘ ;.::i;?::‘:::sﬁng,prolein
m High protein production
m Greatly reduced waste amount
m Inactivation of some critical
bacterial pathogens
m Reduced need for land
application of fertiliser n

Projects in Uganda, South Africa, USA, Sweden..



Creando aceptacion y confianza entre los diversos actores en la cadena de

valor de reudso

Public sphere__ =
~ -~ i

. 'Re-user’
'User private , */
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Municipal
system

rs N
department consumers,
house owners
Municipal tech.
departments

III

Rural system

Farmer, [l _REQUIAON 0Ny Users,
crop producer consumers,

house owners
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Identificar las prioridades y destacar los beneficios para los actores intersectoriales
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Reduccion de patdogenos - multiples barreras

L 1 Gre ywater J

f

| Z\ Source-separated faeces
. J

BARRIER I: Source separation

@ I @ \{
.) \, Post-harvest measures

BARRIER VIlI: Food handling & cooking

BARRIER IX: Health & hygiene promotion

STOCKHOLM
ENVIRONMENT
INSTITUTE

Seguro uso de orina

Pre-application measures

BARRIER lI: Storage & treatment

Measures at production site r{- . HI‘ ”: “
BARRIER lll: Application techniques
BARRIER IV: Crop restriction
BARRIER V: Withholding period

BARRIER VI: Protective equipment

BARRIER VII: Hand washing

Source: Richert et al. 2010




Reuso

seguro! Reduccion de patogenos - multiples barreras

Uso de heces, orinay aguas grises
Heces: 8-9 log reduccidon necesaria

Orina y agua gris (si esta contaminada con heces): 4-5 log reduction

Sanitary barrier Log reduction

Treatment/storage of excreta (urine / faeces) according to

guidelinesles directives

Grey water treatment 1-4
Incorporating urine or faeces into the soil at application 1
One month retention time between last application and harvest 4-6
Wash produce with water 1
Wash produce with disinfectant 2
Peel produce 2
Cook the produce 6-7




Marco legal en Suecia — el enfoque de reuso estd aumentando

Codigo ambiental — e.g. principio de precaucidn, los principios relativos a la gestion de
los recursos y reuso, y uso BAT

Objetivos ambientales nacionales - 40% P recuperacion para la agricultura para 2018

Funcion y enfoque de rendimiento - Las directrices de la EPA para el saneamiento in situ
se centran en la funcidn y el rendimiento para lograr la salud y la proteccién del medio
ambiente y no la tecnologia per se

Guias de reuso de la EPA Sueca (2008) para sistemas in situ

Normas de certificacion

- Norma para lodos de depuradora REVAQ introdujo 2008

- Estandar para productos de saneamiento separados de origen introducidos en 2013 (SP
178)

Llegando: Uso del principio de "quien contamina paga" para imponer a los hogares con
sistemas in situ menos eficientes para inducir el desarrollo hacia tecnologias de circuito
cerrado
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Generando servicios y hegocios
en el manejo de saneamiento y
aguas residuales
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Proyecto periurbano en El Alto, Bolivia

Principales caracteristicas del
proyecto:

1200 hogares
Recogida centralizada y tratamiento
Ensayos de campo a gran escala

Refinamiento de productos
fertilizantes
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El Alto - Bolivia
2011
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Se duplico la cosecha de papas
con la aplicacion de excrementos
humanos tratados, en comparacion
con la aplicacion regular de estiércol
(de 23 a 46 kg / 4m?)

NODO DE CONOOMENTO EN
SANEAMIENTO SOSTENTLE
DESCENTRALIZADO




EJEMPLOS DE RECUPERACION DE RECURSOS GLOBALES

s, SANITATION,
‘tﬁ! WASTEWATER MANAGEMENT
UNIP AND SUSTAINABILITY

FROMWASTE DISPOSAL TO RESOURCE RECOVER
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Sanitation (SISS)

Vaw, SANITATION,
49¥,/ WASTEWATER MANAGEMENT
UNEP AND SUSTAINABILITY

FROM WASTE DISPOSAL TO RESOURCE RECOVERY

SUSTAINABLE
SANITATION

A CATALYST
FOR DEVELOPMENT

For download:

www.sei-international.org/publications ?pid=2997
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