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Acceso a agua potable y saneamiento
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2.2 billones de personas carecen de agua potable segura.

3.4 billones de personas carecen de servicios sanitarios basicos
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Desafio global:

Crecimiento poblacional

9 billones en 2050 y 10-
11 billones en 2100
Incremento en la
demanda de agua entre
el 50%-80% en las
proximas tres décadas.
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Seguridad en el abastecimiento urbano de agua

Cambio Climatico

733 millones de personas
viven en paises con estrés
hidrico

e 2050: 2 billones de
personas afectadas por la
sequia

* Intensificacion de eventos
extremos: inundaciones
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Contexto Actual Servicios Sanitarios

Legend

Surface water abstraction
Groundwater abstraction
Drinking water treatment plant
Drinking water storage
Drinking water network
Sewerage network

0000000

Wastewater tratment plant

Fuente: CEDEUS
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Contexto Actual Servicios Sanitarios

éSon los sistemas centralizados ambiental y

econdmicamente sustentable en el largo plazo?

PROVISION DE AGUA POTABLE

e Altas emisiones de GEl: 0.5 - 2.5 kg COZEq/m3

* 17% del agua potable es utilizada para fines que
requieren esa calidad.

 Dependencia de fuentes convencionales de agua
(desalinizacion)

* Alto coste de actualizacion infraestructura envejecida
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Contexto Actual Servicios Sanitarios

éSon los sistemas centralizados ambiental y

econdmicamente sustentable en el largo plazo?

RECOGIDA Y TRATAMIENTO DE AGUA RESIDUAL

e Sistemas muy costosos para paises en vias de
desarrollo.
e Alto coste de actualizacion infraestructura envejecida:
USS 271 billiones USA
* Procesos lineales
* 11% agua residual es reciclada
* 90% de Ny P queda retenido en los biosdlidos

* 80-90% de bioplasticos queda retenido en los
( biosélidos
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Contexto Actual Servicios Sanitarios

éSon los sistemas centralizados ambiental y

econdmicamente sustentable en el largo plazo?

RECOGIDA Y TRATAMIENTO DE AGUA RESIDUAL

* Intensidad energética
* 1% - 3% consumo energético global
 Emisiones de GEI: 0.18 —0.98 kg CO

4

UE Directiva: Neutralidad climatica en 2050 en EDARs

2eq/ m3
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Necesidad de un cambio radical en los

sistemas sanitarios

Water Recycle

& alternatives Nutrients

recovery

Energy
Recovery

Descentralizacion
extrema
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EVIDENCIAS DE SUSTENTABILIDAD
ECONOMICA Y TECNICA

‘Water Research 218 (2022) 118408

Contents lists available at ScienceDirect CWATER
RESEARCH

Water Research

ELSEVIER journal homepage: www elsevier.com/locate/watres

The third route: A techno-economic evaluation of extreme water and e
wastewater decentralization
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¢ Qué escalas son viables?

Most common buildings types

The six most commeon buildings types were evaluated according to rain harvesting potential,

capacity fo recycle grey and black/brown water, space available for treatment units, and costs.

Single
dwellings

2.3
1-2 storeys in height (1)
Single detached dwelling

PW Demand: 3m®/menth

Roof area: 90m’

Low rise
housing

12
2-4 storeys in height (2)
Townhouse fterrace housing

PW Demand: 10m*/month

Rain harvesting: 400m*
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Low/medium rise
housing

12
3-5 storeys in height (4)

Residential apartment building

PW Demand: 10m’/month

Rain harvesting: 270m’

I
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200 m” available
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400 m® available

270 m’ available

Medium rise
housing

High rise housing

300
From 9 to 25 storeys in height (15)

Potable Water
Demand: 240m’/month

Medium/high rise
housing

120

8 storeys in height (8) Rain harvesting (arec): 650m®

60 PW Demand: 25m°/month

5-7 storeys in height (6)

PW Demand: 50m°/menth

TR E
Rain harvesting: 500m? t|—=H- E
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Table 1

¢Qué tecnologias son viables?

Summary of the proposed scenarios.

Scenario Toilet Stream types Treatment train
type
V1 Vacuum Black Grey (4 UASB + OLAND reactor + struvite
treated black) reactor MBR + RO + UV
V2 Vacuum Black Grey (4 OLAND reactor + struvite reactor
treated black) anMEBE + RO + UV
C1 Conventional Black Grey (4 OLAND reactor + struvite reactor
treated black) MBE. + RO + UV
Cc2 Conventional Black Grey (4 OLAND reactor + struvite reactor
treated black) anMEER + RO + UV
UD Urine- Yellow Grey electrochemical cell + MABR
diverting Brown anMBR + RO + UV
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¢Qué tecnologias son viables?

m——————
q) _m o x Harvesting

Potable Water

Centralized
Supply
Recycled Water
p—
Centralized
Sewer
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b)

m UV Rain
Harvesting

Potable Water

¢Qué tecnologias son viables?

Centralized
Supply

Recycled Water
—p

Centralized
Sewer

0 Yellow Water

MABR

Institute of Sustainable Processes .
UNIVERSITY OF VALLADOLI

€ Europa impulsa ‘ NOS 1
\g j huestro crecimiento IMpILS c,,;";‘[aeg:

FONDO EUROPEO DE
DESARROLLO
REGIONAL

UNION EUROPEA



¢En qué climatologia es viable?

World Map of Kippen—Geiger Climate Classification  Main cimates  Precipitation
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Miami (Ecuatorial)

Santiago de Chile (Semi-arido)
Barcelona (Mediterraneo)
Hong Kong (Clima templado
con inviernos secos)

5. Toronto (Continental)

Resarhae 05 deg e

B wnN e

e Consumo total: 108 L/p/d
* Agua potable: 26.5 L/p/d—-15 L/p/d
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¢Es posible satisfacer la demanda de agua
potable con agua lluvia?

— 83%
Percentage reduction in water consumption (%) ey | Best Scanario

Amount of potable water satisfied
by rain water harvesting (worst scenario)

Minimum req. Potable Water

— Recycled Water by the
BW and GW loop i i
(minimum recycle of 74%) orst Scenarnc f 84%

»

Wasted/purged Water——— ./ 4

Best Scenario

Best Scenario
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é¢Cuanto cuesta la descentralizacion?

40,000
24 — North America (Average water tariff)* 4.3 $/m> ——» 4 $/m3
i Western Europe* 3.9 $/m?
— 30,000
20 — VA V1 [UASB+MBR]
2.7 $/m3
16 — V2
UD [MEC+anMBR]
- — — 20,000
12 e Latin America, Central Asia and C2 [anMBR] 1.2 $/m>
Eastern Europe* 1.7 -0.7 $/m® ———» 1 $/m?
8§ —
— 10,000
4 = p—
*GWI Global Water Tariff Survey, 2018 I
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¢Es econOmicamente viable la
descentralizacion?

1,000,000
— = OPEX Potable Water cost (avoided)
f P cAPEX I sewer connection cost (avoided) — 3,000
800,000 — Savings Savings T
1029 1359 - ©
- Water & Sewer (102%) (135%) ) E
Savings 53"1“95 ©
=] Sewer Cost (101%) (95%) c
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. 600,000 — (57%) l 2 — 2,000 &
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V1 V2 C1 Cc2 ub
Vacuum Toilet Vacuum Toilet Conv. Toilet Conv. Toilet NoMix Toilet
UASB + MBR anMBR MBR anMBR MEC + anMBR

Fig. 10. Savings (avoided cost) in front of CapEx and OpEx of the plants, where sewer connection biogas and water savings are quantified (struvite and biogas
benefits are considered negligible).




¢Cuanto cuesta la descentralizacion en
relacién al hogar?

CAPEX Cost: $441,000
Percentage of CAPEX and OPEX

. - - OPEX Cost: $630,000
with respect to the total building cost*

* According to EME DOS and CONSTRUC and adapted to EU-27 CAPEX Cost: $222,000
construction cost indexes of new residential building (European Commission 2021).
OPEX Cost: $420,000 8.1% \

CAPEX Cost: $144,000 |

OPEX Cost: $340,000
6.7% \_//
CARER Cofe yE2,000 N5k .\ Total Cost: $7,400,000

OPEX Cost: $270,000
8.3%

5.6%

CAPEX Cost: $77,000 ‘ | r i::l_:_'l |:
8.9% ‘ J o |
OPEX Cost: $248,000 " ‘ 19.6% .| PP |
R ‘ ‘/ Total Cost: $3,200,000 " WL]|
24.5% ) . o nea N lr
11.6%‘ 19.8% ‘ .; J Total Cost: $1,600,000 S o S E. _E_; I
| . 4 Total Cost: $900,000 £ I ETOT W AR T |
46.5% o 2 - :' YL PR B _I_:_'_ ! I: . | ]|
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Space Req. Nl RPN TN | PO T R T T
(reduced)

Percentage of occupied space with respect to one entire floor plant or basement (%)

Calculation details in supplementary information



EVIDENCIAS DE SUSTENTABILIDAD
AMBIENTAL




1.2 - 1.2 kg CO:
N,O (ww discharge)

£
@ . Chemicals
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£
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g - N, O Energy
oﬂ discharge from the grid
Q
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-4 Energy
from the |
grid [Egrni-d-igr
0 .

Energy harvest

Fertilizer offset ——|

AS MBR Decentralised Hybrid

Fig. 4. Carbon emission intensity (kg CO, eq. m—* effluent) for the four alternatives.

Fuente: Sun et al. (2020)
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7.9g PO, 7.8g PO,
"g e EP
= CcoD
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L
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AS MBR Decentralised Hybrid

Fig. 5. Eutrophication Potential (g PO~ eq. m— effluent) for the four alternatives.

Fuente: Sun et al. (2020)
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A

[able 1

Main characteristics distinguishing between the four alternatives, adapted from
Opher and Friedler (2016).

Scenario  Greywater treatment Urban reuse

Fuente: Opher & Friedler (2016)

o Central WWTP None

1 Central WWTP Toilet flushing, private and cluster gardening
2 Cluster RBC Toilet flushing, private and cluster gardening
3 On-site RBC Toilet flushing, private and cluster gardening

W 5cenaric0 M S5cenaricl MWScenariol 1 Scenario 3
N v - \&J nuestro crecimiento | MpUL3s s Junta de

Institute of Sustainable Processes
UNIVERSITY OF VALLADOLIT

Castillay Leén

UNION EUROPEA



DESAFIOS CIENTIFICOS PARA AVANZAR
EN LA DESCENTRALIZACION EXTREMA




Modelacion econdmica, ambiental y técnica de sistemas
integrados (agua potable y saneamiento)

Edificios como factorias de agua, energia y nutrientes:
Integracion de otros elementos: vertical farming y produccion de
energia renovable in-situ.

Proyecciones de cambio climatico y envejecimiento de la
infraestructura actual (Coste de la inercia tecnoldgica)
Valorizacion monetaria de externalidades positivas y negativas:
resiliencia, reduccion huella de carbono, recuperacion de
nutrientes, etc...

Escala barrio / ciudad

Diversidad climatica y capacidad tecnoldgica

Impacto en la tarifa
Aceptacion social de

I(l

modelo”
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