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EL SECTOR DEL AGUA EN DINAMARCA

Danva 2020
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AGUAS DE ABASTECIMIENTO

 Toda el agua potable en Dinamarca se basa exclusivamente en aguas subterráneas con 
la excepción de una pequeña planta desaladora en Christiansø

 La gestión del agua es descentralizada con ca. 2700 pozos de extracción de aguas 
subterráneas de propiedad de 87 municipios

 Existen aprox 50,000 usuarios privados con pozos de extracción propios

 La extracción de aguas subterráneas al 2018 fue de 377 millones de m3
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NORMATIVA AGUAS DE ABASTECIMIENTO
Organolepticos + de concetraciuon

Inórganicos

Microcontamiantes

Microbiológicos

Pesticidas

Control simplificado
Agua transparente y sin olores
Conductividad eléctrica
Arsénico
Nitratos
pH
Bacterias Coliformes 
Escherichia coli (E. coli)
Kimtal a 22˚C
Clostridium perfringens,



CARLOS ALBERTO ARIAS

5 MAY 2021 SENIOR RESEARCHER
DEPARTMENT OF BIOLOGY

AARHUS
UNIVERSITY

INFORMACIÓN AL CIUDADANO 

Aarhus vand 2021
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INFORMACIÓN DISPONIBLE 

Aarhus vand 2021
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AGUAS RESIDUALES

 Las aguas residuales urbanas se tratan en 110 PTARS de propiedad municipal

 En el 2018 habían 746 PTARS para tratar caudales de mas de 30 hab-equiv

 4.500 estructuras de descarga de excesos de agua (aliviaderos)

 La capacidad instalada es para servir 11,7 millones de habitantes

 El 95% del agua residual generada recibe al menos tratamiento terciario. (614 Millones m3)

 Existen 311,000 asentamientos y casas individuales con tratamientos descentralizados
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BALANCE DE AGUAS

Danva 2019



CARLOS ALBERTO ARIAS

5 MAY 2021 SENIOR RESEARCHER
DEPARTMENT OF BIOLOGY

AARHUS
UNIVERSITY

DESCARGA DE AGUAS TRATADAS Y NUTRIENTES

Danish EPA 2021
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BALANCE DE NITROGENO DESCARGADO

Danish EPA 2021
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BALANCE DE DESCARGAS DE MO, N Y P 

Danish EPA 2021
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ESCORRENTIA URBANA

Aarhus vand 2021
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C. A Arias 2019
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Extended detention basins Wet detention ponds

Infiltration tranches Sand filters Porous pavements
C. A Arias 2013



CARLOS ALBERTO ARIAS

5 MAY 2021 SENIOR RESEARCHER
DEPARTMENT OF BIOLOGY

AARHUS
UNIVERSITY

AARHUS
UNIVERSITET



CARLOS ALBERTO ARIAS

5 MAY 2021 SENIOR RESEARCHER
DEPARTMENT OF BIOLOGY

AARHUS
UNIVERSITY

AARHUS
UNIVERSITET

C. A Arias , et al. 2013
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Parameter Silkeborg

Annual precipitation 719 mm

Catchment area 21.5 ha

Impervious catchment area 8.8 ha

Permanent volume of the pond 2,680 m3

Detention volume 3,230 m3

Catchment area to pond volume ratio 80 m2 m-3

Length to width ratio 5

Max depth of detention volume 1.40 m

Max outflow from the facility 0.033 m3 s-1

Area of horizontal sand filter 180 m2

Number of annual overflows 4

LIFE-Treasure,  2008
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C. A Arias 2010
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C. A Arias 2019
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Silkeborg Inflow 37±33 2.4±3.0b 0.10±0.27 0.22±0.36 -

Basin 5.3±4.5 1.6±1.6b 0.00±0.00 0.03±0.01 45±1.2b

Outlet 1.9±2.1 0.48±0.21a 0.01±0.01 0.02±0.01 8.8±0.58a

TSS TN ortho-P TP COD

Silkeborg

Inflow Basin Outlet

5.4±4.0c 2.4±1.4b 0.84±0.82a

0.07±0.06 0.03±0.00 0.03±0.01

2.6±2.1b 0.70±0.59a 1.0±0.8a

15±6b 8.0±8.1a 4.3±4.5a

10±5 2.1±1.9 60±86

114±27 79±48 21±14

Pb

Cd

Cr

Cu

Ni

Zn

C. A Arias  et al, 2015
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SISTEMAS DESCENTRALIZADOS

Humedales para tratamiento
Sistemas evaporativos
Filtros de arena
Sistemas tecnificados
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C. A Arias 2019
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Task 3.1: N, P and K recovery in
constructed wetlands

5
4

3

Facility number Kg FW/ m2 Kg Dry W/ m2 Wastewater Source

Facility 5 Phragmites 2.0        0.91 Raw wastewater

Facility 4 Arundo 14.4 5.06 HRAP outlet water

Facility 3 Phragmites 0.6 0.25 HRAP outlet water

C. A Arias  et al. 2019
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74

N, P and K recovery Treatment wetlands

Options
1. Water quality improvement and the use of biomass
2. Potential use of the water for fertigation

Arundo Donax, biomass/ha  recovered 51 tons of DW 
23 T Carbon, 
288 kg of N,
1087 kg of K, 
76 kg of P 
91 kg of Ca
53 of Mg. 

Arundo can be recycled as green mass as soil amendment

C. A Arias 2019
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EVAPOTRANSPIRATIVE SYSTEMS WITH WILLOWS

Wastewater

 All wastewater is evaporated to the atmosphere on an 
annual basis, i.e. there is no outflow

 Sizing of beds is determined by the difference between 
precipitation and evapotranspiration

BRIX  2009
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C. A Arias 2019



CARLOS ALBERTO ARIAS

5 MAY 2021 SENIOR RESEARCHER
DEPARTMENT OF BIOLOGY

AARHUS
UNIVERSITY

Biomass DW kg/ha N Kg/ha P Kg/ha

Salix viminalis 20,000 300 60
C. A Arias 2021
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Electro-active

Constructed Wetland

Willow System

Groundwater 

Recharge

Effluent

Electro-conductive char

Biochar

Biomass

Bio-crudeProcess

H2O

Hydrothermal 

Process [HTP]

HTC / HTL Pilot plant 

Foulum

well crystallized multi walled char

A.C. Acosta, C. A. Arias 2021
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LODOS DE 
DEPURADORA

C. A Arias 2015



C. A Arias 2015
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EMPTYING

After 8 to 12 years

Depth of sludge 1.2-1.4 m
Dry matter content:  approx 30%
Mineralization: approx. 25%

C. A Arias 2019



LAND APPLICATION

C A. Arias  2014
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Spring 2011

C A. Arias  2011

ESCORRENTÍA
AGRICOLA
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C. A Arias 2015
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N-loss from 

drainage 

upland

N-load on surface 

flow wetland

N-reduction

In 

surface flow wetland

Root zone effect 

drainage upland

Project kg/ha/yr kg/ha/yr % Kg/ha/yr kg/ha/yr

N1 13,1 856 25-30 244 3,9

N2 14,5 2294 22-24 525 3,4

L1 32,6 3261 25-31 982 10,1

L2 47,2 3245 26-30 947 14,5

L3 12,1 1182 18-20 225 2,4

P-loss from 

drainage 

upland

P-load  

surface flow 

wetland

P-retention in 

surface flow wetland

Root zone effect 

in drainage 

upland 

Project kg/ha/yr kg/ha/yr % Kg/ha/yr Kg/ha/yr

N1 0,20 13 34 5 0,08

N2 0,28 45 41 19 0,12

L1 0,94 94 32 30 0,31

L2 0,57 39 31 12 0,18

L3 0,84 82 56 46 0,48 

Hoffman et al,  2011



CARLOS ALBERTO ARIAS

5 MAY 2021 SENIOR RESEARCHER
DEPARTMENT OF BIOLOGY

AARHUS
UNIVERSITY

AARHUS
UNIVERSITET

SupremeTech biofilters

Grain size:
Mussel shells: 2 – 4 mm
Woodchips:   8 – 32 mm

Hoffman et al,  2011
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C. A Arias 2015
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FOSFATOS

Hoffman et al,  2011
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Hoffman et al,  2011
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C. A Arias 2015
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Dec. 2005:

3844 ha Wetlands

2981 ha Shallow lakes

NATIONAL WATER 
ACTION PLAN

Hoffman et al,  2009
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VORUP ENGE – 119 HA

Hoffman et al,  2011
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AARSLEV ENGSØ – 210 HA (LAKE)

Hoffman et al,  2011
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AARHUS
UNIVERSITETSKJERN RIVER: 2200 HA

Hoffman et al,  2011
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COMENTARIOS FINALES

 En los últimos 20 anos las  descargas contaminantes se han reducido dramáticamente 
gracias a inversiones considerable

 El manejo de descargas difusas exige un manejo diferente con respecto a descargas 
puntuales

 Los objetivos de tratamiento deben ser claros y fáciles de controlar

 Los objetivos de descargas de aguas deben corresponder al medio receptor-

 Las decisiones con respecto a planeación y a infraestructura deben ser basadas en 
conocimiento con datos históricos y pensando al futuro (cambio de normativa?, cambio 
climático? Etc.)

 Es recomendable una conexión entre los tomadores de decisiones y la investigación  
que permitan establecer programas de monitoreo para actualizar y optimizar las 
catividades de manejo

 El trabajo multidiciplinario contribuye al éxito de las iniciativas .



AARHUS
UNIVERSITY
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