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I/ General description and characterization of the NBS entity 
I.1 Definition and different variants existing  
Definition This NBS essentially consists of the implementation of constructed wetlands (CWs). 

CWs are engineered wetlands that have been designed and constructed to make the 
most of natural processes for treating wastewater, but do so in a more controlled 
environment than natural wetlands. 
In urban environments, this NBS will provide a sustainable source of irrigation water, a 
new model of green/blue infrastructure or urban park at low cost and a support in the 
water management strategy of the city. 

Different variants existing 
CWs can be categorized taking into account different criteria, but the most common classifying parameter is 
their hydrology. According to this, CWs can be classified into three main variants: 
 
=> Free water surface CWs (FWS-CWs) 
They are open water areas that contain floating, submerged, and emergent plants. Fig. 1 schematically 
explains how they run. In summary, as wastewater flows through the wetland, it undergoes different 
physical, chemical, and biological processes that remove the pollution that it contains. Namely, 
sedimentation, filtration, and microbiological degradation are the key removing processes in FWS-CWs. 
They provide efficient removal of suspended solids, organics, and ammonia; nitrogen removal efficiency is 
usually high too, whereas phosphorus removal efficiency is low. They are used in the tertiary treatment of 
municipal wastewaters and stormwater runoffs. One example of urban integrated FWS-CWs is shown in 
Fig. 2. 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 (© SSWM University) 

 
 
 
 
 
 
 
 
 
 
 

Figure 2 (© domusweb) 
 
=> Horizontal subsurface-flow CWs (HF-CWs) 
In this case, the wastewater is fed at the inlet and slowly flows horizontally through a porous media in which 
emergent vegetation is planted, Fig. 3. This water is consequently filtered and, furthermore, it undergoes 
some aerobic, anoxic, and anaerobic processes that purify it. HF-CWs are more robust systems than FWS-
CWs and also remove suspended solids and organics efficiently; however, their ability to remove nitrogen 
depends on several factors, and their ammonia and phosphorus removal efficiencies are low. Among 
others, they are used in secondary treatments of municipal wastewaters One example of urban integrated 
HF-CWs is shown in Fig. 4. 
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Figure 3 (©cgi.tu-harburg) 

 
 
 
 
 
 
 
 
 
 

Figure 4 (©nawatech) 
 
=> Vertical subsurface-flow CWs (VF-CWs) 
 
It differs from the previous variant in the direction that wastewater follows through the porous media, Fig.5. 
Now, large batches of water are fed on the surface, thus flooding it. Wastewater must then percolate down 
through the bed to leave the system. VF-CWs provide greater O2 transfer into the bed than HF-CWs, thus 
producing NO3

- rich effluents which cannot be obtained by HF-CWs processes. Their technical complexity 
makes them fit small treatment areas better, so that they are suitable for treating one-site domestic or small 
communities wastewaters. One example of VF-CWs is shown in Fig. 6.  
On the other hand, VF-CWs and HF-CWs are combined in the so-called hybrid systems, which improve their 
individual performances, above all when regarding nitrogen removal. 
 
 

 
 

Figure 5 (©ecompendium.sswm) 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 (©nawatech) 
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I.2 Urban challenges and sub-challenges related + impacts 
Main 
challenges and 
sub-challenges 
targeted by the 
NBS 

02I Water management and 
quality 

>02-1 Urban water management 
04| Biodiversity and urban space 
  > 04-1 Biodiversity 
  > 04-2 Urban space development 
and regeneration 
  > 04-3 Urban space 
management 

 

-A sustainable source of irrigation water  
- Use of new vegetated surface waterbodies in urban 
areas as a natural processes for treating wastewater 
- Low cost and sustainable wastewater treatment 
- Creation of new vegetated surface waterbodies 
- Reduce costs related to loads into sewerage 
systems 
- Reduce pollutants contained in waters 
- Increase biodiversity 
- Increase of quality and quantity of green and blue 
existing, restored and new NBS 
 

Co-benefits and 
challenges 
foreseen 

01I Climate 
>01-2 Climate adaptation 

02I Water management 
>02-2 Flood management 

07I Public health and well-being 
>07-2 Quality of life 

09I Urban planning and 
governance 
   >09-1 Urban planning and form 

- Constitute fresh areas 
- Reduce run-off 
- Flood peak reductions 
- Changing images of the urban environment 
- Increase citizen participation in the management of 
NBS, above all in the case of small-sized CWs, 
which can be managed by the neighbours who have 
the CW in their own property. 
- Increase amount of green open space for residents 
 

Possible 
negative effects 

06I Resource efficiency 
>06-3 Waste 

07I Public health and wellbeing 
>07-2 Health 
>07-3 Acoustics 

- Presence of noisy species, mainly aquatic birds 
- Management of soils and death plants which can 
contain hazardous pollutants 
- Presence of undesired insects 
- Increase of ambient humidity (depending on the 
location) 

 

II/ More detailed information on the NBS entity 

II.1 Description and implication at different spatial scales 
Scale at which the 
NBS is implemented 
 

Neighbourhood and city. It must be remarked that city-scaled CWs can only be 
implemented in growing cities, where there is still enough free space for these NBS 
to be installed. This scale is not applicable to highly populated cities since there, it 
is almost impossible to get all the required land. 

Impacted scales 
 
 

The scales at which the NBS can be implemented depend on the chosen CW 
hydrology. FWS-CWs and HF-VWs can be implemented at a city-sized scale, but 
this alternative is limited by the requirement of free lands. 
VF-CWs better fits a neighbourhood-sized scale, what makes the implementation of 
this technology in an urban context easier. 

II.2 Temporal perspective (including management issues) 
Expected time for 
the NBS to become 
fully effective after 
its implementation 

It is directly related to the growth of the plants, no other aspect should delay their 
set-up. Floating and submerged plants grow fast so that their growth should not be 
time limiting. The growth of emergent plants may be the most long-lasting but this 
time should not exceed a few weeks or even a month. 
If seasonal plants are used, it must be considered that some of the purifying 
processes associated to those plants will not occur throughout the whole year.  

Life time Long-term effective treatment performance in CWs remains a challenge. The 
operational problems that the running of HF-VWs and VF-VWs involve limit their 
lifetime to 10 years. FWS-CWs lifetime can be extended up to several decades. 

Sustainability and 
life cycle 

CWs offer a more environmentally sustainable alternative to treat wastewaters than 
traditional treatments. Once exhausted, the dismantlement of the wetland is not 
technically difficult; furthermore, this activity will be easier because of the small size 
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of the CWs in urban locations. The management of the removed plants and soils is 
the main concern about the sustainability of these systems, since these materials 
can contain certain compounds that may turn them into polluting residues. 
However, this risk is not applicable in most cases. 
In the same way, the death of the plants during the lifetime (due to natural or 
external causes like freezing) of the CW must be well controlled since the pollutants 
they contain the pollutants they contain are released into the water again,, thus 
resulting in poor removal performances. 

Management 
aspects (kind of 
interventions + 
intensity) 

The management activities also depend on the hydrology of the CW. 
• FWS-CWs only need punctual activities to run properly. They are able to 

dampen heavy rains and stormwater runoffs, but their plants can be harmed by 
frosts or peaks of pollutants in the wastewaters. In case the plants die because of 
these external phenomena, they must be replaced.  

• Apart from the need of control during/after harmful phenomena, HF-CWs 
and VF-CWs need further interventions because they are quite sensitive to 
clogging. This problem should be avoided as much as possible thanks to an 
efficient design, but a continuous management of the CWs is needed to assure a 
correct flow of the wastewaters.  
 

II.3 Stakeholders involved/ social aspects 
Stakeholders 
involved in the 
decision process 
 
 

For city-sized scale CWs, local authorities or even regional authorities, depending 
on the location. 
For neighbourhood-sized scale CWs, local authorities or, if the CW is going to treat 
or process the wastewaters from a small community and it is settled inside their 
private zones, the own community. 

Technical 
stakeholders & 
networks 

Engineering and agricultural tasks are needed, so the implementation can be made 
by firms which provide both services or networks of enterprises with more specific 
profiles. 
Once the implementation has been completed, the periodic control of the facilities 
does not need a so highly qualified staff. Some kinds of CWs may even be 
managed by the own citizens. 

Social aspects • When appropriate, it is necessary to reach an agreement with all the co-
owner of a community. 

• Necessity to inform the neighbours that the possible drawbacks (humidity, 
smells, insects, noises) are well balanced by an environmentally friendly and 
economical efficient technology. 

II.4 Design / techniques/ strategy 
Knowledge and 
know-how involved 

The design of CWs needs for specific know-how and, if possible, a wide 
background in the field. Two kinds of factors must be considered during this 
process. First, several ambient factors, from the location and the local weather, to 
the pollutants the CW will have to deal with, among others. Second, design 
parameters like plants and substrate selections, and the optimization of the CW 
configuration. 
When the basic morphology is modified or CWs are combined with other 
technologies, as described later in section II.7., the designing process turns even 
more complex. 

Materials involved For classic CWs the following materials are needed: 
• Building materials for the structure and the liner: cement, gravel, piping, 

etc. 
• Plants: more than 150 macrophyte species, like Phragmites spp. Typha 

spp, or Scirpus spp., have been used in CWs globally.  
• Soil: they range from natural materials (sand, gravel), to artificial products 

(activated carbon, compost) or even industrial by-products (ashes, oil palm shell). 
 
Specific materials are required for any modification or combination of those classic 
configurations with other technologies. E.g., the implementation of an 
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electrowetland needs for the building of a complete electrical circuit. That implies 
electrodes, electron collector layers, an external circuit, and an energy harvesting 
and energy system. 

II.5 Legal aspects related 
The installation of wetlands in public zones needs to meet the municipal/regional normative; when the CW 
is going to be settled in a private zone, the agreement of all of the owners of this zone is mandatory. 
II.6 Funding Economical aspects 
Range of cost Low-costing is one of the main advantages of CWs in comparison to other 

alternatives. Any wastewater treatment technology will always be much more 
expensive than CWs to operate.  
CWs building costs can be broken down into the following components: excavation, 
liner, plants, gravel, distribution and control structures, and fencing. 
In its report about processes, performance, design and operation of CWs (Kadlec 
et al., 2000), the IWA Specialist Group in Use of Macrophytes in Water Pollution 
Control reported a thorough analysis of CW economics. They collected data about 
the building capital costs of several tens CWs and reached the following 
conclusions. The average building cost of FWS-CWs was 58.000 $·ha-1 (please 
note that the prize is expressed in US dollars of year 2000), although this value 
ranged from 10.000 to 150.000 $·ha-1. The average building cost of subsurface 
flow-CWs was 388.000 $·ha-1, although this value ranged from 80.000 to 2.000.000 
$·ha-1. 
The operating and maintenance costs of CWs include pumping energy, compliance 
monitoring, dike maintenance, and equipment replacement and repairs. The sum of 
these activities is relatively inexpensive. Annual costs can be estimated to range 
from 2.500 to 5.000 $·ha-1·year-1. 

Origin of the funds 
(public, private, 
public-private, other) 

The origin of the wastewaters treated by a CW establishes the origin of the funds. If 
a CW treats waters from a neighbourhood or even a whole city it must be funded 
by public institutions. If a CW is implemented for private purposes, the community 
or private users must cover its funding. 

 
II.7 Possible combinations with other kinds of solutions (other environmental 
friendly solutions or conventional ones) 
The three configurations described in section I.1. are the most basic variants. They have been used for 
several decades, but new insights and advances keep appearing in this field that focus on promoting the 
purifying ability of FWS-CWs, HF-CWs, and VF-CWs. Providing a suitable thermal conditioning, 
recirculating the effluents, supplying external carbon sources, or harvesting biomass are some of them. 
Other modifications of classic CWs have been also carried out within this chase for higher efficiencies. E.g., 
they have been combined with other technologies (artificial aerated CWs, electrowetlands (Fig. 7)), adapted 
to novel configurations (towery hybrid CWs, circular flow corridor CWs, baffled subsurface flow CW) or 
combined with other wastewater treatment systems (microbial fuel cell CW, biological reactor-combined CW 
(Fig.8)). 
All of these strategies have achieved to improve the efficiency and widen the availability of these systems. 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 (Ju et al. 2014) 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 8 (Bilgin et al. 2014) 
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III/ Key elements and comparison with alternative solutions 

III.1 Success and limiting factors 

Success 
factors 
 

All of the following parameters must be optimized to achieve an efficient CW: 
• Plant selection: constitution of the plants, tolerance to waterlogged-anoxic and hyper-

eutrophic conditions, capacity of pollutant absorption, adaptation to extreme climates. 
• Substrate selection: it must provide a suitable growing medium for the plants, allow a 

successful movement of wastewaters, and efficiently absorb the widest variety of pollutants. 
• Optimization of design and operation: besides the election of the hydrology, other 

parameters like water depth, hydraulic load and retention time, or feeding mode are critical. 

Limiting 
factors 

Land requirements for CWs is the most limiting factor for their broad application, especially in 
those regions where land resources are scarce and population density is high. The design of 
the CWs, their management (namely for HF-CWs and VF-CWs), and the ability of these 
facilities to overcome extreme weather and polluting situations are the other factors limiting the 
efficiency of this NBS. 
From a social point of view, it must be considered that the settlement of CWs, FWS-CWs 
above all, noticeably changes the look of urban locations. Then, if a wide acceptance is 
chased, the advances provided by this technology must be properly introduced to the involved 
population. 

III.2 Comparison with alternative solutions 
Grey or conventional 
solutions counterpart 

Activated sludge process is the most common technology within wastewater 
treatment field. Concurrently to the development of CWs systems, other 
technologies have arisen during the last decades whose aim is improving the 
performance offered by activated sludge. Some of them like ozonation or 
chlorination focus on degradation while others like biological activated carbons 
or membrane bioreactors offer more complete treatments. 
Regarding the previous solutions, CWs are undoubtedly the most sustainable 
and one of the most cost-effective technologies applied for wastewater 
treatments. Furthermore, if they are designed suitably, they are efficient enough 
to compete with the rest of alternatives. 

Close NBS • Swales: not treatment of wastewaters 
• Rain/infiltration gardens: focused on rainwater run off 
• De-sealed areas (and associated systems) 
• Use of terraces (based on cultivation terraces principles) 

None of them focuses on purifying polluted waters. CWs for phytoremediation 
do, but full-scale applications are still limited for this technology. 
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