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Emphasizing sustainable elements such as
carbon reduction, durability, energy saving, and
ecology has become a new trend in global civil
engineering to address severe problems caused
by climate change. This paper illustrates the
characteristics of sustainable/green applications of
geosynthetics, especially in vegetated
geosynthetic walls with wrapped-around facings
and sponge cities. The author presents various
examples, including geogrids for reinforced walls
and geo-frames for pervious pavements.

The geosynthetic-reinforced soil wall with a
wrap-around facing on which vegetation can grow
is a vital technology in green/sustainable civil
engineering. It is highly adaptable to humid areas
worldwide.

Ten Sustainable Civil Engineering Indicators
were developed: Risk Mitigation, Ecology, Carbon
Emissions Reduction, Energy Saving, Waste
Reduction, Durability, Function, Landscape,
Culture Preservation, and Creativity. Using these
ten indicators, geosynthetic applications in
civillenvironmental engineering are ranked as
preferable to traditional techniques, such as RC
structures.

The RC wall and the vegetated geosynthetic
wall are also compared. It is obvious that the
geosynthetic wall is favorable to the RC wall,
especially from carbon emission, earthquake
resistance, and ecological points of view.
Comparison of CO2 emissions for various walls
indicates that the geosynthetic wall with

wrapped-around facing is 1/5 or less than
traditional RC walls.
Currently, geogrid is the most popular

reinforcement material for MSE or GRS structures.
Although geogrid is a plastic material and not
inherently green, its high tensile strength, durability,
and unique characteristics, such as allowing grass
to grow within the grids when using a wrap-around
facing, enable the formation of green and

sustainable structures. The voids between the
geogrids and the sandbags behind them create
ideal habitats for vegetation and small animals,
enhancing  biodiversity.  Additionally,  using
geosynthetics to reinforce structures instead of
traditional RC structures can significantly reduce
carbon emissions, achieving zero or even negative
emissions. Reinforcing soil walls with vegetation is
thus a sustainable and green engineering
approach.

Several innovative GRS wall applications are
discussed, including uses for hill slopes, mudstone,
bridge abutments, check dams, debris flows, and
detention ponds.

Case 1: Sustainable Renovation for Slope at
National Chi Nan University in Taiwan
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Case 2: A bridge abutment using the GRS wall
as protection

Case 3: A GRS wall with cohesive backfill as a
waterfront retaining system around the detention
pond within the ramp of an interchange of Freeway
#3. (probably the first application in a detention
pond in the world)

Case 4: A GRS dike for mudflow control to
protect the highway (probably the first application
in mudflow control in the world)

Case 5: A GRS check dam near Mt. Ali



(probably the first application of a check dam in the
world)

Case 6: A GRS wall for mudstone slope
application in

restoration (probably the first
mudstone restoration in the world)

Fig. 2: The muddy water from the upstream river is
temporarily deposited in the detention pond, which is
protected by GRS walls

The second part of the sustainable
geosynthetic applications is in the area of sponge
cities (or low-impact development, LID). They
include the geo-frame for a rainwater harvesting
system and pervious pavement.

Fig.3 A geo-frame structure for rainwater harvesting

An innovative pervious pavement system using
recycled waste plastic material (PP) as aqueduct
tubes and a frame structure is also introduced.
This system, known as the JW method, has
several advantages over traditional rigid
pavements. With preset tubes, a geosynthetic
frame, and water storage capabilities, the road can
act as detention ponds to reduce flooding and
store rainwater during dry seasons. It also allows
for large-scale air circulation, mitigating the
heat-island effect and greenhouse gases.

Field tests show that at least 50% of vehicle
exhaust enters the JW pavement within 20 minutes,
with at least 70% of CO2 becoming nutrients for
the underground ecological system.

Fig.4 A geo-frame structure for JW pervious pavement

In  conclusion, geosynthetic engineering
contributes significantly more to sustainable
development in civil, hydraulic, and environmental
applications  than  traditional engineering
techniques. Cement is the source of about 10% of
the world's carbon dioxide (CO2) emissions. We
need to use less cement and more geosynthetics!
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