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…. in/by 2035

…. in/by 2050

Already increases in:

• Extreme high temperatures

• Torrential rain

• Droughts

• Weather conditions conducive 

to wildfires

Efforts to adapt to a changing 

climate are imperative but…

Beware of maladaptation –when 

efforts to deal with the impacts 

of climate change do more harm 

than good

Impacts, Adaptation & Vulnerability
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Erftstadt, Germany

15 July 2021

196 dead ( in all 
Germany)

Zhengzhou, 
China

20 July 2021 

12 dead

Lytton, Canada

30 June 2021

49°C  (120°F) previous day

California January 2023 (Source: Deseret News)  

Australia 2020   (Source: REDUX Pictures) Brisbane Australia 28 February 2022  
(Source: ABC News)

Australia 2021   (Source: Univ. of Melbourne)

Impacts
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Water Management

Keep it out

Or take it away

4/39



Water Management

Or store and use it
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Water Management

LOTS OF CONCRETE

• The construction industry is responsible for 
11% of the world’s man-made CO2 emissions

• The industry’s carbon footprint is not 
shrinking

• The solution makes the problem worse

• This is the opposite of sustainable
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Water Management

OR LOTS OF STONE

• Depletion of natural resource

• Large number of truck journeys

• May travel long distance from source

• Very large carbon footprint

• Again not sustainable
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Water Management with Geosynthetics

Keep it out        Geocontainers
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Water Management with Geosynthetics

Take it away

Geomats, GCCM & turf 
reinforcement mats
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Take it away - Geomats, GCCM & 
turf reinforcement mats

But - limits to what we can do 
with geosynthetics

Source – ISO/TR18228-8 (in draft) adapted from Theisen (1992)

Water Management with Geosynthetics

GCCMs – hybrid solution for hard armor locations?
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Water Management with Geosynthetics

Store and use it -

Geomembranes

Irrigation & Aquaculture
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Water Management with Geosynthetics

Geomats & geotextiles 

Soft solutions & 
stormwater storage
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Measuring the Environmental Benefits

LCA considers several aspects:

• Greenhouse gas 
emissions/global warming 
potential

• Particulate matter formation

• Ozone Depletion

• Eutrophication

• Abiotic resource depletion

• Acidification

• Land use related impacts

• Cumulative energy demand

• non-renewable

• & renewable

LCA is a central part of a larger 
sustainability analysis

Life Cycle Analysis (LCA)

13/39



Measuring the Environmental Benefits

• Greenhouse gas emissions/global warming potential (GWP)
• CO2 , Methane, etc.

• Photochemical ozone creation potential (POCP)

• Ozone Depletion Potential (ODP)

• Eutrophication Potential (EP):
• the process by which a body of water becomes enriched in dissolved nutrients (such 

as phosphates) that stimulate the growth of aquatic plant life (algae) usually resulting 
in the depletion of dissolved oxygen

• Abiotic resource depletion potential (ADP):
• depletion of non-living resources – fossil fuels, minerals, etc.

• 2 categories: fossil fuels (ADP(f)) & non-fossil resources (ADP(e))

• Acidification potential (AP)

• Land use related impacts

• Cumulative energy demand

• non-renewable (PERNT)

• Renewable (PERT)
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Environmental Product Declaration (EPD)

Establishes the principles and specifies the

procedures for developing Type III environmental

declaration programmes and Type III environmental

declarations. It specifically establishes the use of

the ISO 14040 series of standards in the

development of Type III environmental declaration

programmes and Type III environmental

declarations.
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Measuring the Environmental Benefits
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Measuring the Environmental Benefits

1 2 3 4 5 6Unit  Product Grade Scaling Function

Influence of different life stages. For this product A1 & A3 are dominant
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Environmental Product Declaration (EPD)
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Measuring the Environmental Benefits

• Contains 4 detailed LCAs comparing 
geosynthetics with conventional 
solutions

• Reductions across all categories are 
significant in all cases

• Commissioned by:
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Case Study 1 – Filter Layer
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Case Study 2 – Foundation Stabilisation
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Case Study3 – Landfill Capping 
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Case Study 4 – Retaining Wall
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Case Study 4 – Retaining Wall
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But it costs more! Doesn’t it?
25/39



Cost Comparisons

Retzlaff (2022) undertook a cost comparison of Case Studies 3 & 4, 
comparing the costs of the conventional and geosynthetic solutions.

Case Study 3 – Landfill Capping
• Area 106,000 m2

• Conventional Solution:   $2,234,456
• Geosynthetics Solution: $   969,055
• Cost Reduction: 57%

Case Study 4 – Retaining Wall
• Per linear metre of wall
• Conventional Solution:  $83,375/m
• Geosynthetics Solution: $29,113/m
• Cost Reduction: 65%

Source: Retzlaff, J. (2012) Cost Comparison of geosynthetics versus conventional construction 

materials, a study on behalf oof EAGM. Case 3: landfill construction drainage layer & Case 4: soil 

retaining wall. EUROGEO 7, Warsaw, Poland.  

Note: costs converted from Euros to Dollars at January 2023 exchange rate
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Measuring the Environmental Benefits

2 Additional Case Studies

• £1.5 billion ($1.8 billion) road project – UK

• Offshore wind farm project – Germany
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A14 Huntingdon to Cambridge   UK

Carbon reduction target for site from specification – 20%

3 main contractor JV all 

represented on each section

£1.5bn project

67 new bridges

750m long viaduct
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A14 Huntingdon to Cambridge   UK

Structural Drainage to Buried Structures 

Comparison between three alternatives based on 55m2

wall coverage (typical size of roll)
1. Geocomposite

2. Hollow concrete blocks filled with gravel

3. No-fines concrete

92% CO2e reduction 

Geocomposite v hollow 

concrete blocks

And it was lower cost $$$!

29/39



North Sea  Offshore Wind

Current capacity ≈ 30GW

2050 target ≈180GW

Dogger Bank – 227 turbines

Capacity 3.6GW

1 turn of a turbine generates 

enough electricity to power 

a UK household for 2 days
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Offshore Wind Farm   Germany

Amrumbank West Scour Protection
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Offshore Wind Farm   Germany

GSC = Geosynthetic Sand Containers

Reduction in every environmental 

impact category is >80%

In addition using geosynthetics 

resulted in significant 

construction cost savings 

compared with the conventional 

approach of rock armour
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Conclusions

Examples have shown how construction with geosynthetics is able to: 

– reduce CO2 and other emissions

– reduce natural resource depletion

– reduce energy demand (CED)

– reduce construction costs

– reduce the impacts for residents near construction

while protecting people’s lives from the effects of climate change
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Conclusions

Geosynthetics contribute significantly to reducing the climate change impact of 

civil engineering works  

The reductions in emissions and other environment impacts are huge – mainly 

greater than 80% and up to 95%

This does not entail higher costs – indeed quite the opposite, both cost AND 

environmental impact are reduced significantly

Geosynthetics are a key part of the solution – they enable the infrastructure 

needed to adapt to climate change to be created sustainably 

But we must be realistic – geosynthetics cannot be used in ALL situations

To realise these benefits there needs to be a change in mindset at regulators, 

owners and designers, and in Standards – include environmental impact as a 

criterion and favour solutions with minimum impact in all categories of LCA
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We acknowledge the resources and 

images provided by courtesy of:

NAUE GmbH & Co KG

ABG Geosynthetics Ltd

Concrete Canvas Ltd

HUESKER Synthetic GmbH

Tensar International

Thank you for your 

attention!
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Questions?

Thank You For Attending!

Tom Sangster

Downley Consultants Ltd

tom.sangster@downley.com

Mobile: +41 79 643 9395
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Contact Information

Timothy D. Stark, Ph.D., P.E.

Professor of Civil & Environmental Engineering 

University of Illinois at Urbana-Champaign

Technical Director

Fabricated Geomembrane Institute

tstark@Illinois.edu

Jennifer Miller, M.S.

Coordinator

Fabricated Geomembrane Institute

University of Illinois at Urbana-Champaign

fabricatedgeomembrane@gmail.com 

Tom Sangster, B. Sc., C.Eng. 

Downley Consultants

tom.sangster@downley.com
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Next FGI Webinar

Geomembrane Damage During Oil and 

Gas Operations Part 1

Tuesday, March 14, 2023 at Noon CDT

Free to Industry Professionals

1.0 PDH 

Presenter:

Timothy Stark, Ph.D., P.E.
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Check out the FGI’s Website

▪ Online PDH Program

▪ Audio and Video Podcasts

▪ Latest Specifications and 
Guidelines

▪ Installation Detail Drawings 
(PDF and DWG)

▪ Technical Papers and 
Journal Articles

▪ Webinar Library (available 
to view and download)

▪ ASTM Field and Laboratory 
Test Method Videos

www.fabricatedgeomembrane.com

▪ Pond Leakage Calculator

▪ Panel Weight Calculator

▪ Photo Gallery

▪ Member Directory

▪ Material and Equipment 
Guides

▪ Industry Events Calendar

▪ Women in Geosynthetics

▪ Spanish Webinars and 
Podcasts

▪ Geo-Engineering Pop 
Quizzes
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