Sustainable Constructions
with Geosynthetics

2024-04-09
Henning Ehrenberg

© 2024 Naue GmbH & Co. KG Henning Ehrenberg | Sustainable Constructions with Geosynthetics | IGS Nordic - 2024-04-09 1
D SSSSSSSSGSSSTTTTTTTTTT————————————————————————————----———————m—mmm—mmmmm————mm——mh»»I=



Sustainability and Construction Products Regulation (CPR)
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Sustainability and Construction Products Regulation (CPR)

Basic requirements (CPR) for sustainability
for Construction Works
«  Without meeting the technical needs there is

Technical Design I no sustainability
_ « Without meeting the functional needs there is

no sustainability
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UN Sustainable Development Goals

The United Nations’ 17 Sustainable Development Goals are designed to be a “blueprint to achieve a better and more sustainable future for all”.
The goals address issues on how to provide a safe and healthy sustainable environment for humankind.

Many relate to resource preservation, access to clean water, emission reduction, climate change and other environmental issues.
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UN Sustainable Development Goals

The UN has defined several “sustainable development goals/SDGs” where some of them, depending on the application, are
clearly supported by geosynthetics with
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UN Sustainable Development Goals

The UN has defined several “sustainable development goals/SDGs” where some of them, depending on the application, are
clearly supported by geosynthetics with
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UN Sustainable Development Goals

The UN has defined several “sustainable development goals/SDGs” where some of them, depending on the application, are
clearly supported by geosynthetics with
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UN Sustainable Development Goals

The UN has defined several “sustainable development goals/SDGs” where some of them, depending on the application, are
clearly supported by geosynthetics with

1. Environmental Aspects
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What is a LCA (of products or constructions)

« LCA looks for product life cycle and compares different product life cycles or life cycle of constructions
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 earlier ones often until use (cradle to gate, 1-4)
* newer ones more up to waste (cradle to cradle, 1-6a) or
» up to recycling (cradle to grave, 1-6b)
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What is a LCA (of products or constructions)

« An EPD for a single construction product ,,alone“ could guide you in a wrong direction

« An EPD of a single product is usefull as part of a LCA of a whole construction, it gives the needed data for
evaluating the LCA of a construction

* Only the life cycle assessment of a complete construction gives you the true picture, as it summarises the entire
construction with all its interdependencies, the installation processes, the service life, the maintenance costs
during the service life, etc.

* The life cycle assessments of different constructions under the same framework conditions (correct
consideration of the service life, consideration of the maintenance costs during the service life, etc. depending
on the construction) then show the decisive result in comparison.
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EAGM LCA Case 1

Geosynthetic filter system below a road

Drainage trench construction
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EAGM LCA Case 1
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EAGM LCA Case 1

The Nine impact category indicators
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EAGM LCA Case 1

The use of geosynthetics leads to:
* 75% (min.) lower environmental impact for all indicators
+ ~ 85% lower non-renewable cumulative energy demand

 ~90% lower cumulative greenhouse gas emissions
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EAGM LCA Case 2

Road Foundation Construction
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EAGM LCA Case 2
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EAGM LCA Case 2

The use of geosynthetics leads to:

* lower environmental impacts concerning all indicators investigated compared to a conventional road

* lower climate change impacts compared to lime or cement stabilization

* ~11% (or 800 tons) saving in CO, per 10km of road = 3,200,000 km in a car (80 trips around the world)

+ vs. lime/cement stabilization save 30% CO, = 12,000,000 km
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EAGM LCA Case 3

Drainage in a Landfill Capping System
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EU-Guidelines Altemative
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EAGM LCA Case 3
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EAGM LCA Case 3

The use of geosynthetics leads to:

* lower environmental impacts in all impact categories considered , except land competition
which is about the same in both cases

+ 220 tons CO,-eq saving on a landfill with an area of 30,000m?
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EAGM LCA Case 4

Retaining concrete wall
reinforced with steel
(strength class B300)

Soil wall reinforced with
geosynthetics (LTDS 14 kN/m)
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EAGM LCA Case 5,
geosynthetics versus conventional construction materials in a river construction

source: Naue
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EAGM LCA Case 5,
Scenarios, average European and maximum European Requirements

Unit Base

Characteristic light
short

Geosynthetic weight 350

(transportation to site =

795 km)

Distance supply of 20

mineral materials

EA(My
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EAGM LCA Case 5,
Scenarios, average European and maximum European Requirements

Characteristic light light
short long

Geosynthetic weight 5
(transportation to site = g/ a0 350 350

795 km)

Distance supply of
mineral materials

Km 20 50

EA(My
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EAGM LCA Case 5,
Scenarios, average European and maximum European Requirements

-
Characteristic light light heavy
short long short

Geosynthetic weight
(transportation to site = 350 350 750

795 km)

Distance supply of
EA(My
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EAGM LCA Case 5,
Scenarios, average European and maximum European Requirements

-
Characteristic light light heavy heavy
short long short long

Geosynthetic weight 350 350 750 750

(transportation to site =
795 km)

Distance supply of
EA(My
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EAGM LCA Case 5,
Construction with Gravel / Sand
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EAGM LCA Case 5,
Construction with Geosynthetic
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EAGM LCA Case 5,
Results Base Scenario; light / short
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EAGM LCA Case 5,
Results of the 4 Scenarios

Base Scenario
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THE EAGM STUDIES SHOWS

« Geosynthetics can significantly contribute to civil engineering constructions with lower
climate change impacts in all cases.

 The use of geosynthetics may also lead to lower environmental impacts such as
acidification, eutrophication, and to lower cumulative energy demands.

 The complete Life Cycle of a construction must be assessed and compared. Merely using
the environmental cost of manufacturing a construction material one might attain incorrect
comparison results.

» Detailed results for all four cases can be found in the proceedings of the latest IGS
conferences, the whole studies are available on: http://www.eagm.eu/

EA(MS
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The International Geosynthetics Society

geosynthetic

I creative
engineering

Technical Committee on Hydraulics (TC-H) Workshop
Prague, 13 November 2019

Carbon Footprint Reduction generated by
the use of geocomposite drains
on the A14 Huntingdon to Cambridge Bypass

David Shercliff

Chief Engineer
ABG Geosynthetics Ltd
david@abgltd.com

reaive
abg |z
engineering
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Starter and Consolidation
Layers—replace stone
blankets

Highways
Geosynthetics
using filters

Structural

Drainage—
replace stone
or concrete

1 Stabilisation—
tone layer
reduction

Geocomposite
- back of wall drain

Green Erosion

Higl:nway Protection and
Drainage— stabilisation—
replace french Counterfort replace stone
stone drains Drainage—replace

stone herringbones Shercliff, 2019
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Transportation to site

60 of these..... =1 of these

Blocks Drainage Geocomposite

Infill stone

Shercliff, 2019
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Installation speed and safe handling
25mx2.2m ©
= 55m?

0.44 x 0.23
= 0.1m?

550 of these.... UEZ4IIR
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Output — comparison for one roll of geocomposite - per 55m?2

Output

Construction Stage Geocomposite Hollow concrete blocks (o)
Drain and gravel No-fines concrete 9 1 /o CO Ze J

Part A - Removal of waste material - - - rEd UCtlon
Part B - ECO,e of imported materials 148 kg 1,220 kg 2,475 kg G EOCO m pOSIte
Part C.- CO,e 1.°rom transporting imported 2 ke 49 ke 524 ke VS. h OI IOW
materials to site
Part D - CO,e emissions during Construction - 520 kg 1,311 kg ConcrEte bIOCkS
Hll"
Total CO,e 150 kg 1,789 kg 4,310 kg
CO2

Shercliff, 2019
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“and Experiences with Sellhorn

INGENIEURGESELLSCHAFT W

Geotextile Sand éontainers

OWF Amrumbank West

IN| Naue
Scour protection for offshore wind park

* Client: e.on Kraftwerke

2 SO|UtIOI‘IS * Location: North Sea
* Project Area: 32 km?
® GSC * Number of Turbines: 80

* Installed Capacity: 288 MW

» Distance to Shore: 33 km

« Start Offshore Activities: April 2012
» Completion: 2015

«  Amrumbank West, GER

« Conventional (rock)

*  Amrumbank West, GER

*  Rampion, UK < gf?g‘P\iA?f; Monopiles zur Verhinderung von Auskolkungen EWE
shore Win

- DPFPV Rollingstone SSDV i

* Riffgat, GER N RIFFGAT kompakt

- Verwendete Logistik
Rollingstone - Filterschicht

(Kapazitat: 11.500 T)

- Filterschicht
Gesamtmenge ca. 30.000 t*
— Steinmaterial @ ca. 4,2 cm
Einbaustarke 50 — 70 cm

~-Deckschicht
Gesamtmenge ca. 40.000 t
Steinmaterial @ ca-24 cm
Einbaustarke 50 — 85 cm

«_.Abmessungen Kolkschutz
Durchmesser-ca. 35 m

« Installationszeitraum
Mai-2012 — September 2612
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Common scour protection on mineral basis

Two essential elements:

Armour layer:
confining stress and protection

= against erosion of granular filter
. : layer

Filter layer: smaller grained
material for bottom stabilisation
(avoiding sediment movement)

Risk of erosion during installation phase!
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Scour protection using Geotextile Sand Container (GSC)

Step 1: Step 2: Step 3:

2 layers GSC as Mono-Pile Adding singular GSC
effective scour driving elements as “collar”
protection
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LCA scour protection

m GSC m rock Amrumbank West ® rock Rampion m rock Riffgat
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LCA CCL vs. GCL IN|
CCL (Compacted Clay Liner
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LCA CCL vs. GCL —
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N
LCA CCL vs. GCL IN| Naue
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LCA CCL vs. GCL

Reduces transport costs and reduces the CO2 emissions

Example:

* 4500m? sealing with GCL

Equals:
1 truck
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LCA CCL vs. GCL

Reduces transport costs and reduces the CO2 emissions

Example:

* 4500m? sealing with
compacted clay
500mm thick

Equals:

« 187 trucks
(each 24 tons)
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LCA CCL vs. GCL

Barrier with GBR-C/GCL Barrier with CCL

[%)]

Bentonite removal,
transport

7 Manufacturing
PP granulate

Manufacturing GCL

Transport to
construction site

Soil extraction

[ Soil transport

Soil compaction

Installation

’—---~~ ‘—----h\
(%0 kg/me 1O Co.0 kg/me 2 @

The installation of a GCL results in 59% less CO, emissions than a CCL!
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LCA CCL vs. GCL

Barrier with GBR-C/GCL Barrier with CCL

[+-]

-J

wm

Bentonite removal,
transport

7 Manufacturing
PP granulate

Manufacturing GCL

Transport to
construction site

Soil extraction
[ Soil transport
Soil compaction

Installation

’———-~~ ‘_————~~
0.8 myym© Ca22.3 My

The installation of a GCL results in 42% less energy demand than a CCL!
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N
LCA CCL vs. GCL INI Naue

Conclusion

« with a GCL/GBR-C in comparison to CCL a major amount of natural resources like water and clay will
be secured / saved

* more waste can be disposed with a GCL/GBR-C with same cubature of a landfill compared with a landfill
build with CCL

* a huge amount of CO, and energy demand
will be saved with a GCL/GBR-C

Primary energy demand

Carbon footprint

0% 20% 40% 60% 80% 100%
geosynthetic clay liner - GCL/GBR-C m compacted clay liner - CCL
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I
Some more examples, WRAP, UK, 2010
Hm«&nl:han!e for
better environment
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Site Dralnage By Others.

Mass concrete levelling strip

cost effective solutions.

Geosystems provide alternatives to some standard materials and designs
used by civil engineers. This guidance document explains what
geosystems are, and how they can be used to provide sustainable and

Rt W s e

600x150mm, By others. /
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150men ek (28 o55.)
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o | U |

Trench 2 — Causeway depth >170mm below existing road level |
Chainage 278 e
Scale 1:20

Project code: MRF116-001
Research date: 2008-2009

Date: February 2010

|- Min Geogrid Length = 3.00m —-—-|

Section C-C

6

Scale 1:50
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IN| Naue

Some more examples, LCA ldstein

- similar case to case 4 of EAGM, but different transportation Cost comparison of a Geogrid- reinforced
distances wall versus a concrete angular retaining wall
(Idstein/Germany):

» tender with concrete, built with reinforcing geosynthetic

266,724€ (more than 50%) savings in
- also with cost comparison comparison to approx. 500,000€ total costs
with concrete

/4
AN

=

A
Supply and placement of cover soil
Secugrid® geogrid
Steel facing
Construction site equipment
Supply of fill material, placed and compacted in layers
Foundation
Insulation and drainage
Concrete cast in-situ
Joint filling

— X & m m o O @
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Some more examples, LCA ldstein

Ct

=

Concrete angular retaining wall

Concrete angular retaining wall - 4549 GJ Concrete angular retaining wall - 542 t
7 7 Cost | —
- 1
Secugrid® Primary energy demand T ——
geogrid - 101 t
Carbon footprint | ———————————

0% 20% 40% 60% 80%  100%

Secugrid®
geogrid - 1350 GJ

o =
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e

CO, Emission and / cumulated Energy Demand (CED) with an exampl
from IVG, stabilised road

Production
“ Setting
Shipment to the job-site
Remaal Lime - 6383 63 Reduction of CED Fhw= 1925 % Reduction of CO,
B Soil placement and Demand Emissions
: Geogrid PP
compaction o8 Gl Geogrid PP — 49 t

Binder distribution
(Distribution machine)

Milling binder
(Rotorator)

B Laying geogrids

£l Soil compaction

Ivg.
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Reinforcement from recycled PET
Why?

»In 2017, the European Commission confirmed it would focus on plastic production and use and work
towards the goal of ensuring that all plastic is recyclable by 2030*

* *
gk

European
Commission

A EUROPEAN STRATEGY

FOR PLASTICS
IN A CIRCULAR ECONOMY

HUESKER 2021

© 2024 Naue GmbH & Co. KG Henning Ehrenberg | Sustainable Constructions with Geosynthetics | IGS Nordic - 2024-04-09 54




CO, comparison - recycled yarn vs. virgin yarn

Each kilogram of PET recycling yarn saves
approx. 4.3 kg CO, emissions compared to

virgin yarn. This corresponds to a car journey

of 33 km.

* Car with emissions of 130 g equiv. CO,/km | Life Cycle Assessment Analysis von RDC Environment

HUESKER 2021
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CO, comparison - recycled yarn vs. virgin yarn

Extrapolated to the production of geotextiles the
size of a football pitch (7,140 m?), about 5,500 kg
of CO, are saved, which corresponds to a

distance of approx. 42,400 km by car.

* Car with emissions of 130 g equiv. CO,/km | Life Cycle Assessment Analysis von RDC Environment | Calculated with HaTelit C 40/17 and approx. 180 g/m? PET yarn

HUESKER 2021
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Some more examples Nonwoven from recycled PET

WELCOME TO BIDIM® GRE

Made from 100% Recycled Australian Plastic Bottles

BIDIM® ECO

100% recycled polyester from discarded drink bottles

GEOFABRICS

arter Infrastructure

Geofabrics 2021
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service life in construction industry

Average time of use of different plastics by industry in years

&
: 06% : X N QQ\Q)
© &2 5 o<\\06 : Q@Qob & & 4
& S P A S S48 & O
Q(b QO(\ &QJ Q> | > < —
05 3 5 8 13 20 35
service life in geotechnical constructions
Infrastructural Engineering
100
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no use of

Primary raw secondary
material | is allowed
Some more examples 9000 today
08080 ensuring
. , CooR sustainable
Circular Economy 0P longterm
performance
Broduction:
« today
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Frimary raw |

Some more examples material

Circular Economy

° tOday %

no use of
secondary
raw material
is allowed
today
ensuring
sustainable
longterm
performance

T

T ©
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no use of
secondary
raw material
is allowed
today
ensuring
sustainable
longterm
performance

Primary raw |

Some more examples

Circular Economy incineration

« today

Disposal

Shredding

98% of all constructions

still in service

= very limited
deconstruction today

al desposit
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Development of
documentation,
identification and
0y 0y analysis processes
for reliable
prediction of

Some more examples / 9000 Propertos

Circular Economy

Long service
and
functional life
will require
the use of
certain raw
materials

 tomorrow
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Development of
documentation,
identification and
analysis processes

for reliable
prediction of
Some more examples Properios
. Fprimarer
Circular Economy Unsuitable goods Rohstoff .
(contamination/low polymer ; Long service
quality/grade purity, ...) = Production and
« tomorrow ' v functional life
92 will require
the use of
certain raw
materials
Transport
Increasing material desposit
63

© 2024 Naue GmbH & Co. KG Henning Ehrenberg | Sustainable Constructions with Geosynthetics | IGS Nordic - 2024-04-09




Development of
Sekundir- documentation,
SRS dentification and
(o))

Upgrading

analysis processes
for reliable
prediction of
properties

Some more examples

Circular Economy Unsuitable goods

(contamination/low polymer
quality/grade purity, ...)

Long service
and
functional life
will require
the use of
certain raw
materials

 tomorrow

imited availability of
secondary raw
materials from
- geotechnical
applications

2

The Industry is working on it

Increasing material desposit

64
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LCA (of a construction) — WHY"?
CLIMATE RISKS: 1.5°C V'S 2°C GLOBAL WARMING &

EXTREME WEATHER SPEOES 5

100% incregse \,ls 170% inqease ©% of insects, 2% of plants |  18% of insects, 16% of
in flood risk. )" in flood risk. and 4% of vertebrates will VS plants and 8% of vertebrates
be affected. | will be affected.
~

WATER AVAILABILITY « .

350 million urban residents 410 million urban residents
exposed to severe drought by vs exposed to severe drought by
2100. | 2100

ARCTIC SEA ICE PEOPLE

Ice-free summers in ‘ Ice-free summers in 9% of the world's population | 28% of the world’s population
the Arctic at least | the Arctic at least (700 million people) will be exposed to (2 billion people) will be exposed to
once every 100 once every 10 extreme heat waves at least once extreme heat waves at least once
years. every 20 years. | every 20 years.

SEA-LEVEL RISE N > .
46 million people | 49 million people B COSTS
impacted by sea-level VS impacted by sea-level rise \ S
rise of 48cm by 2100. | of 56cm by 2100. _ Lower economic growth at 2°C than at 1.5°C
for many countries, particularly low-income
. countries.

OCEANS \' ey

Lower risks to marine
biodiversity, ecosystems
and their ecological
functions and services at |
1.5°C compared to 2°C. FOOD

CORALBLEACHING 3

SEEESS TS 3 Every half degree warming will
. consistently lead to lower yields and
» of world's Virtually | y lower nutritional content in tropical
coral reefs are Vs . coh b b b b b regions.
[ 1 Lol e e S e R o B Sl el Bl Y B

lost by 2100. | by 2100. : e b g s s s e s b e et

4
¥
)
i

Vavatatay LGk Bk ¢
Jakab bl Jafal
AR LR ] fardat
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LCA (of a construction) - WHY?
to reduce CO, emissions and their impact

CLIMATE RISKS: 7.5°( VS 2°C GLOBAL WARMING ;

—
EXTREME WEATHER SPECIES ~
0% increase 1 170% increase 6% of insects, 8% of plants | 18% of insects, 16% of
in flood risk. 7" in flood risk. and 4% of vertebrates will VS plants and 8% of vertebrates
be affected. | will be affected.
N L €
SRS NS S S SN WATER AVAILABILITY A o
b \\\ LA \\ LT S L 250 million urban residents 410 million urban residents ~ o
M R R RN O A R exposed to severe drought by vs exposed to severe drought by ’ -
e LR 2100. | 2100. ”~

——
ARCTIC SEA ICE PEOPLE
Ice-free summers in | Ice-free summers in 9% of the world's population ‘ 28% of the world's population
the Arctic at least the Arctic at least (700 million people) will be exposed to (2 billion people) will be exposed to
once every 100 once every 10 extreme heat waves at least once extreme heat waves at least once
rs. | years. every 20 years. ‘ every 20 years. :

SEA-LEVEL RISE

¥
ion people | 49 million people 1

impacted by sea-level VS impacted by sea-level rise =
rise of 48cm by 2100. | of 56cm by 2100.

46 mil

CosTS

Lower economic growth at 2°C than at 1.5°C
for many countries, particularly low-income

countries.
> _ADIEANS > . ot ‘-

Lower risks to marine
biodiversity, ecosystems
and their ecological
functions and services at

1.5°C compared to 2°C. - FOOD
A Every half degree warming will

CORAL BLEACHING ! d ,‘ consistently lead to lower yields and

TERERT R
f world's Virtually . y lower nutritional content in tropical

- '
. i :
coral reefs are Vs : v bbb ik regions.
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Conclusion 1/2

Examples are shown how constructions using geosynthetics are able to support the European Climate
Law and some of the United Nations’ Sustainable Development Goals:

« save CO, and other emissions

» reduce the energy demand (CED)
« save natural resources

» save fresh water

* reduce construction costs

* reduce the impacts for residents near constructions
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Conclusion 2/2

Geosynthetics combine benefits from economic, ecological and social perspective

Geosynthetics clearly contribute to achieving the goals of the United Nation Sustainable Development
Goals (UNSDGSs), the European Green Deal, the EU Circular Economy Action Plan, and the Strategy for
a Sustainable Built Environment

The main future task is the reduction of CO, Emissions — see wwf Climate Risks — and with using
Geosynthetics we can significantly reduce the CO, Emissions in/from constructions
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Building on sustainable ground.




	Foliennummer 1
	Foliennummer 2
	Foliennummer 3
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	Foliennummer 7
	Foliennummer 8
	Foliennummer 9
	Foliennummer 10
	Foliennummer 11
	Foliennummer 12
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19
	Foliennummer 20
	Foliennummer 21
	Foliennummer 22
	Foliennummer 23
	Foliennummer 24
	Foliennummer 25
	Foliennummer 26
	Foliennummer 27
	Foliennummer 28
	Foliennummer 29
	Foliennummer 30
	Foliennummer 31
	Carbon Footprint Reduction generated by �the use of geocomposite drains� on the A14 Huntingdon to Cambridge Bypass 
	Foliennummer 33
	= 1 of these
	550 of these…..
	Foliennummer 36
	Foliennummer 37
	Foliennummer 38
	Foliennummer 39
	Foliennummer 40
	Foliennummer 41
	Foliennummer 42
	Foliennummer 43
	Foliennummer 44
	Foliennummer 45
	Foliennummer 46
	Foliennummer 47
	Foliennummer 48
	Foliennummer 49
	Foliennummer 50
	Foliennummer 51
	Foliennummer 52
	Foliennummer 53
	Foliennummer 54
	Foliennummer 55
	Foliennummer 56
	Foliennummer 57
	Foliennummer 58
	Foliennummer 59
	Foliennummer 60
	Foliennummer 61
	Foliennummer 62
	Foliennummer 63
	Foliennummer 64
	Foliennummer 65
	Foliennummer 66
	Foliennummer 67
	Foliennummer 68
	Foliennummer 69

