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As cities expand and become densely populated, there is a respectively growing demand for
improved sanitary and ecological conditions and a more intelligent way to exploit urban

space.

By Dr. Alexandros Stefanakis

GREEN
UCTURE (G]) is today a mod-
ern approach to the urban
environment and an attractive

INFRASTR-

alternative to traditional
infrastructure made of con-
crete (often called grey infra-
structure). GI  initially
referred to open urban green
areas, usually connected to
each other to provide various
services and/or to create a
new ecosystem. Typical appli-
cations of GI solutions are the
urban runoff and stormwater
management, reducing the
effects of urban heat islands,
improving air quality etc.
However, the content of that
term has been expanded to
include, e.g., provision of
ecosystem services, the cre-
ation of new wildlife habitat
and reduction of greenhouse

gas emissions. GI represents
today a wide set of solutions
aimed at increasing the
resilience of urban environ-
ments to deal with the
increasing risks that modern
cities face due to the frequent
appearance and intensity of
extreme events. Today, it is
realized that ecosystem serv-
ices, i.e., all services and goods
that nature provides to
humans, represent a tremen-
dous value, which should not
be neglected. Thus, GI is
strongly related to sustain-
ability.

Rapid urbanization and
continuous expansion of mod-
ern cities are only a few of the
challenges that local authori-
ties and governments face
related to urban runoff and
stormwater =~ management.

Current problems have to do
with the aging of existing
infrastructure, shifts in pre-
cipitation patterns with more
frequent and intense storm
events, watershed deforesta-
tion, degradation of natural
wetlands, extensive use of
impervious surfaces (e.g.,
roadways, parking lots) that
result in urban floods and pol-
lution of water sources. As cli-
mate change is expected to
further enhance these phe-
nomena, adoption of GI could
make a more beneficial use of
the multiple ecosystems serv-
ices and could help in impact
mitigation. As cities expand
and become densely populat-
ed, there is a respectively
growing demand for improved
sanitary and ecological condi-
tions and a more intelligent

way to exploit urban space.
One of the main fields
where GI can play an impor-
tant role is water manage-
ment, mainly stormwater
management and wastewater
treatment services.
Stormwater runoff manage-
ment is a major issue in mod-
ern cities. Often, stormwater
contributes to combined
sewer overflow in cities,
where domestic/ municipal
wastewater, urban runoff, and
stormwater are collected in
the same pipe network that
routes the collected volume to
an end-of-the-pipe centralized
wastewater treatment plant.
The occurring overflow vol-
ume can be higher than the
capacity of the treatment
plants, which means that the
excess wastewater volume is
discharged into surface water
bodies (streams, rivers, lakes
or see) to avoid overloading of
the existing treatment plants
and creates flood incidents in
urban areas. Another conse-
quence is further contamina-
tion of surface waters and
damage of the receiving
ecosystem, considering that
during flood events water
from the first flush of roads
and concrete surfaces, sewer
washout and sanitary waste-
water carries high loads of
organics, nutrients, and sus-

pended solids. Management of
this water volume is impor-
tant to prevent any damages
to public infrastructure and
private properties and to pro-
tect human health and the
health status of the ecosys-
tems.

Another example where GI
can be beneficial is waste-
water treatment within the
urban and peri-urban environ-
ment. The established solu-
tion today is the centralized
approach, i.e., the implemen-
tation of large end-of-the-pipe
centralized treatment plants
using conventional waste-
water treatment technologies.
However, these facilities are
not environmentally friendly
since they are heavy installa-
tions made of non-renewable
materials (e.g, concrete,
steel), consume large amounts
of energy and have high oper-
ational and maintenance
costs. In the urban environ-
ment, installing a convention-
al wastewater treatment plant
usually downgrades the sur-
rounding area as it is not a
place where people want to
live. Hence, an alternative eco-
friendly solution, what would
combine effective treatment
with added ecological values,
is desirable.

It is clear that there is the
necessity for new infrastruc-
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ture that will meet the
requirements for -effective
treatment and sanitation of
the generated water streams
and, at the same time, create
green spaces in the urban
environment, which could also
partially compensate the lack
of sufficient green areas. The
eco-friendly technology of
Constructed Wetlands (CWs)
is an attractive solution with
added values to ecosystem
services. It is known that wet-
lands are able to remove
and/or transform various pol-
lutants (organics, nutrients,
trace elements, etc.) through a
series of natural, biological,
and chemical processes, and
therefore improving water
quality. Human-made wetland
ecosystems exploit these puri-
fying functions of natural wet-
lands, which have been used
for the disposal and treatment
of secondary and tertiary
wastewater effluents for many
years. Nowadays, the use of
natural wetlands for treat-
ment purposes is not allowed,
since this could cause irre-
versible damage. The basic
concept of CWs is to replicate
the various wetland processes
under controlled conditions
for a beneficial outcome. This
means that CWs are designed
in such a way to mimic and
enhance the functions of natu-
ral wetlands. Although CWs
offer in general the same val-
ues and functions with natural
wetlands, they appear as a
more ecologically endowed
system. It has been shown
that CWs possess a higher
value in terms of flood and
stormwater control, water
quality improvement and bio-
diversity restoration. Their
nature makes them more eas-
ily adopted and integrated
into the built environment by
urban planners, engineers,

and landscape architects. The
main functions of CWs are
flood protection, water stor-
age, and water quality
improvement.

In the urban context, wet-
land technology applications
are rare, mainly due to space
limitations. However, continu-
ous research and state-of-the-
art designs developed over the
last 10-15 years gradually close
this gap between land avail-
ability and area demand. The
wider use of decentralized
systems offers a better man-
agement option for the gener-
ated volumes and minimizes
the required quantity and size
of centralized facilities. Use of
constructed wetlands in
urban suburbs, for example, is
today feasible. In suburban
areas, the land is usually
cheaper, the population densi-
ty is smaller and the building
volumes are not that massive
as in the main urban areas.
The technical developments
and improvements in con-
structed wetland design make
it easier to adopt this treat-
ment solution, even in areas
with relatively limited avail-
able space. Intensified CW
systems, e.g.,, aerated wet-
lands where artificial aeration
is applied to further improve
the oxygen availability in the
bed, are an example. The
increased treatment capacity
of these systems is translated
to reduced area demands,
while the amount of energy
required for the air blowers is
minimum and can be covered
by renewable energy sources,
e.g., solar or wind energy.
Hence, there is the strong
potential of using of wetland
technology in suburban and
urban areas.

Innovative ideas can also
be applied for the successful
integration of CWs in the

urban environment, e.g, the
use of wetlands as green roofs.
The concept deals with the
construction of roofs with a
vegetated surface. Studies
have shown that this practice
can regulate the temperature
inside the building, reduce the
urban heat-island effects, and
act as a carbon sink while pro-
viding a range of ecological
services.

In urban and suburban
areas, the lower infiltration
rate, the limited evapotranspi-
ration due to the extended
land coverage with building
infrastructure, roads etc. and
the limited green spaces
result in significantly higher
runoff volumes, up to 50%
higher compared to natural
land. For example, it has been
estimated that 1 acre of park-
ing lot generates 16 times
higher stormwater volume
than 1 acre of meadow. The
modern approach of building
GI takes into consideration
multiple issues such as water
quality improvement,
resources protection, flow vol-
ume control and cost-effective
long-term  operation and
maintenance. CWs  are
increasingly viewed as an eco-
logical solution to the manage-
ment of stormwater and CSO
providing a series of advan-
tages, such as reduction in
runoff volumes, peak flows
and duration, protection of
downstream water resources,
reducing the risk of flooding,
water quality improvement,
increase of runoff infiltration,
creation of wildlife habitat and
options for recreation activi-
ties.

Overall, the wuse of
Constructed Wetlands in
urban and peri-urban areas
can offer multiple benefits and
services to the residents. As a
multi-purpose green technolo-

gy, they provide a new habitat
for animals and plants, while
treating water, improving
water quality and reducing
pollution. Given that these
systems are dominated by
dense clusters of reeds, they
act as a cooling island, regu-
late the microclimate of the
surrounding areas and mod-
erate the strong winds. In this
way, they act as aesthetically
pleasant urban green spaces,
which contribute to the well-
being of the community and
provide options for recre-
ational activities. It is also
known that the contact with
green spaces in the urban con-
text, supports the physical
and psychological health. In
this frame, Wetland technolo-
gy represents a key solution
for the increased resilience of
modern cities to existing
stressors regarding water and
wastewater management.

Distribution of several
CWs throughout a green infra-
structure network allows the
usage of treated effluents to
create wetlands for habitat
enhancement, irrigation, and
open space uses. The main
advantage of large construct-
ed wetland systems for waste-
water treatment is the signifi-
cantly lower operating costs
and external energy use. The
economic value of the ecosys-
tem services provided by CWs
justifies their construction to
realize the wide range of pro-
visioning, regulating, and cul-
tural benefits.

When connected to urban
ecological corridors, the
ecosystem services provided
by CWs promote the creation
of large-scale multifunctional
landscapes, altering this way
the characteristics of urban-
ized development. Being one
of the most productive habi-
tats on the planet,
Constructed Wetlands built
for wastewater treatment or
stormwater control offer a
series of environmental and
social benefits, enhance biodi-
versity and habitat, create
corridors for wildlife and
become part of the regional
recreational network. Their
integration in the urban envi-
ronment supports a healthier
ecological balance of existing

water streams by providing
clean water while protecting
downstream areas of the city
from flooding. The provision
of additional green space with
aesthetic values is a way for
the community to feel con-
nected with nature and to
increase psychological well-
being. In summary, the multi-
ple benefits of Constructed
wetlands should be further
exploited and realized in
order to include these green
systems in current and future
urban plans.
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