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Towards climate-neutral and 
circular foundation of 

infrastructure – Dutch policy 

Foundation Decarbonization and Re-use
Session 1

Dr. Ir. M.S. Sule
Rijkswaterstaat
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Transition strategy

1. Ambition: What do we want to
achieve?

2. Paths: Where can we have impact?

3. Approach: How are we going to realise
the transition? 

2
[1] https://open.overheid.nl/documenten/ronl-9a139fb8-3bbb-4710-91a0-ecd523266bae/pdf
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Ambition: What do we want to achieve?

Ambition Dutch Ministery of Infrastructure and Watermanagement

0 CO2 emissions and working circulair in 2030 

Max 2̊ C
Carbon neutral in 2050

55%
in 2030 i.c.t. 1990

Carbon neutral in 2050

55%
in 2030 i.c.t.. 1990

Climate agreements

NLEUParis
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CO2 emissions
• National authorities

~1 Mtons/year
• Regional auhorities

~2 Mtons/year

Paths: Where can we have impact?

150

430

60

170

225

CO2 emissions national authorities (ktons/year)

Road construction

Construction works

Railways

Coastline maintenance &
inland dredging

Equipment
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PEOPLE

Approach: How are we going to realise the
transition? 

Set the game by 
translating the 
policy ambition to 
execution strategy

Start the game by 
incorporation of 
goals in project 
assignments

Reward the leading group of 
contractors in procurement 
based on environmental costs, 
gradually over time 
demanding an improved 
performance 

Clear the path by 
development of 
knowledge, rules 
and working 
methods

Stimulate the 
leading group of 
contractors by 
acting as launching 
customer

2030 Ambition: 
Procurement of all 
projects is Climate 
Neutral and Circular, 

and projects have a  
visible contribution to a 
sustainable environment
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WaterboardsMunicipalitiesProvincesProRailRWSAmount 
/length

Type

14,67562,5142,882 2,4754,50285,000Bridges & viaducts 
[piece]

321,9146676314293,000Tunnels [piece]

6734362146872,000Locks [piece]

23,2839,29127927933,000Weirs [piece]

85,94282,6425,586301203,000Divers [piece]

2881,785354152,400Quay walls & jetties [km]

56354191181780Sheet pile walls [km]

Tabel 1: Dutch civil engineering structures¹,² 

Scope Civil engineering structures

430 kton/year 
CO2-eq. 

1. CBS (2021), Bloksma & Westenberg (2021), vermeld in
presentatie provincie civiele infrastructuur Noord-Holland.
2. Royal HaskoningDHV (2021), Dominantieanalyse ProRail 2021
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LCA and ECI

LCA is the basis voor ECI (environmental cost
indicator):
• LCA is a method to calcuate impact over 

specific life stages.
• The result of LCA is LCA environmental

profile.
• With a standardized method the LCA 

environmental profile is converted into a 
simple, financial value (€), the ECI

7

[2] Stappenplan: Inkopen met de Milieukostenindicator (pianoo.nl)
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Impact assessment
civil engineering structures]

Top 5 impact categories (~75% of total):

CO2ECI#

Concrete bridges (new 
construction)

Sheet pile wall
(replacement)1

Sheet pile wall
(replacement)

Concrete bridges (new 
construction)2

Tunnels (new construction)Guide rails (replacement)
3

Guide rails  (replacement)Tunnels (new construction)4

Noise barriers (new 
construction)

Noise barriers (new 
construction)5

[4] Zwaartepuntanalyse Transitiepad Kunstwerken, CE Delft, Juli 2021
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• Now: Mainly recycling (R5)

• Target: R4, R3, R2

BRON: PBL (2019) CIRCULAIRE ECONOMIE IN KAART

Building industry & circular economy
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Circulair Model: Value Hill

The linear economy The circular economy

[1] https://www.circle-economy.com/master-circular-business-with-the-value-hill/#.XE...
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Circulair Strategies

[1] https://www.circle-economy.com/master-circular-business-with-the-value-hill/#.XE...

The circular economy

Measures:

• (Repair and maintain)

• Refurbish/Lifespan
prolongation

• “Harvest” for re-use of 
construction parts

• Recycling materials

Measures:

• Re-use of construcion parts

• Circular design 

• Using recycled materials
and carbon neutral
materials

May 28 – 30, 2024 Conference on Foundation Decarbonization and Re-use 12

Circulair Strategies

[1] https://www.circle-economy.com/master-circular-business-with-the-value-hill/#.XE...

The circular economy

Measures:

• Re-use of construcion parts

• Circular design 

• Using recycled materials and
carbon neutral materials

Measures:

• (Repair and maintain)

• Refurbish/Lifespan
prolongation

• “Harvest” for re-use of 
construcion parts

• Recycling materials
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Re-use

An essential part of working circular and contributes to lowering
• Usage of primary material
• Carbon emissions
• Other environmental impacts
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New game, new rules, new roles?

• Who takes which part of the risk? 
• Who is the owner of used elements?
• Who stores used elements before they are re-used?
• Who matches demand and supply?
• How can we stimulate/ask for re-use? 
• How can we settle project costs versus organisation

benefits? 
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Advice on re-use

• State of art of re-use in public works
• Best practices
• Advice which strategy to follow 
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State of art re-use in public works

Different objects were investigated:
• Guide rails
• Sheet piles
• Gantries
• Pre-fab concrete beams
• Steel bridges



2nd Annual Conference on Foundation Decarbonization and Re-use 12-6-2024

5

May 28 – 30, 2024 Conference on Foundation Decarbonization and Re-use 17

IV. Institutionalization
Create new normal, remove leggards

III. Pre-competitive collaboration
Same goals and collaboration within the
sector

II. Competitive advantage
LT Vision of government, develop
sustainable business model,
Reward first movers

I. Inception
Acknowledge, experiment and pilot

transition

0%

50%

100%

Guide rails

Concrete beams

Sheet piles

Steel bridges

Gantries

Stages of market transformation model
How mature is re-use of …?

Bron: Simons & Nijhof (2021)  Changing the Game

M
at

ur
ity

[%
]
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ECI gain until 2030 when re-used

Bron: Witteveen+Bos & Copper8 (2023)

Guide railsConcrete beams Sheet piles Steel bridgesGantries
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Primary material savings until 2030

Bron: Witteveen+Bos & Copper8 (2023)

Guide rails Concrete beamsSheet piles Steel bridgesGantries
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Re-use of concrete beams and sheet pile walls

20

Organizational

Technical

Financial
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Concrete beams: scope until 2030

How many concrete beams will be demounted until 2030?
• Minimum 2.352 (139 concrete bridges/viaducts 56 prefab)
• Maximum 7.000

21
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Re-use concrete beams: technical aspects

• Not designed for re-use
• First experience with demounting positive
• Visual inspection condition of most beams OK
• Quality control: no rules/standaards for re-using concrete beams

22

May 28 – 30, 2024 Conference on Foundation Decarbonization and Re-use 23

Concrete beams: organizational aspects
(for next 1-3 years)

Advice to RWS:
• Organize re-use yourself
• More certainty needed:

- Risks of re-use
- Costs of disassembly and storage
- Business model

• Ask for simply demountable decks in new viaducts and bridges

23
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24

Concrete beams: organizational aspects
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Market organizes:
Taking beams back
Quality controle
Supply 2nd hand concrete beams

Advice to RWS:
Complete data base with relevant information e.g. type of concrete beams.
Provide information on demand and supply on time  

25

Concrete beams: organizational aspects
(3-8 years)
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Concrete beams: financial aspects

• Sawing, adjusting and reparing used concrete beams have relatively large 
environmental impact costs

• Business case is not (yet) positive
- Costs of storage
- Costs adjustmets and reparation
- Extra maintenance during storage (?)

26
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Re-use concrete beams in practice
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Sheet piles: scope until 2030

How many sheet piles will be demounted until 2030?
• Minimum: 0, because they are directly re-used
• Maximum: 42 km (total amount of sheet pile shores: 520 km, estimation: 

75% of 10 km per year)

28



2nd Annual Conference on Foundation Decarbonization and Re-use 12-6-2024

8

May 28 – 30, 2024 Conference on Foundation Decarbonization and Re-use 29

Sheet piles: technical aspects
• Are designed for re-use
• Standardized
• Re-use is quite common
• Issue: Corrosion and remaining length
• Estimaton: 50% -75% of used sheet piles can be

re-used

29
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Sheet piles: organizational aspects
(for next 1-3 years)

• Market organizes
• Re-use of sheet piles is a 

(inter-) national market

30

Advice to RWS:
• Rethink requirements e.g. with regard to lifespan (shorter?), allow placing

upside down
• Ask for used sheet piles mainly to get more insight into re-use market 
• Learn in projects
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Sheet piles: organizational aspects (3 – 8 years)
• Market organizes
• Demand is 4x supply of 

used sheet piles

31

Advice to RWS:
Look for alternatives: nature based solutions and hybride solutions for
shore strengthening, wood, biocomposite, “green” produced steel
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Sheet pile: financial aspect
• Uncertainty remaining lifespan
• Positive business case;

- Costs: shortening, (extra) transport, matching 
demand and supply, storage

- Benefit: saving material (steel) costs

32
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Re-use matching supply and demand
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Relevant external developments
influencing the transition towards re-use

Shortage of workforceDigitilization

New European legislation on 
reporting (CSRD)

Lowering CO2-plafonds (ETS)

Increasing material prices

Lowering material supply

Re-use is the standard
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What is needed to re-use in public works in general?
• Design choices have to be reconsidered
• Depending on the object: standards and regulations have to be adjusted
• In order to increase market maturity re-use has to be stimulated by clients

temporarily
• Sometimes this means client has to take another role (e.g. becomes

supplier of products)
• Costs and benefits have to be calculated and organised across projects

(might not be applicable for foundations)
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…and for re-use of foundations?
Comparing to the other objects:
• Re-using in place has the advantage that they do not have to be stored

But…
• Is quality controle too expensive and does it cost to much time?
• With rising carbon prices, is it responsible to leave unused foundation in 

the ground?
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Conclusion

• Re-use is possible
• Examples of re-use in the civil infrastructure sector
• Certificate “as new” is the way to gain trust of clients
• There are no storage and handling costs for foundations

• Young people want to work on sustainable solutions
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• Towards climate-neutral and circular foundation of infrastructure–
Some technical directions – Peter Dijkhuizen & Arjan 
Grashuis (Rijkswaterstaat)

• Navigating Stakeholder Concerns towards Foundation 
Decarbonization and Reuse: Insights from the Geotechnical
Construction Industry – Natalia Rucinska (Menard)

• How foundation reuse of Amsterdam’s infrastructure contributes to
the city’s sustainability goals – Annemarij Kooistra (Gemeente 
Amsterdam)

• Foundation Reuse in the U.S.: Impediments and Opportunities – Andy 
Boeckmann (Dan Brown and Associates)


