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Recent Projects

Reconstruction of Rijnlandroute N 206 GCL  in levee Beesel

Knp Hofvliet Katwijk

A 24 Blankenburg connection

Railroad viaduct Steenwijkerland TenneT  Vierverlaten - Eemshaven
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Reconstruction of Rijnlandroute N 206

Reinforced wall to support the
geomembrane and noice barrier
on top

The fill of the reinforced wall
consists of a layer of mixed
asphalt granulate and a layer of
recycled mixed granulate

Reduction of environmental
costs as result of the recycled fill
from the old road
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Connection Hofvliet Katwijk

Highway connection on soft soils

Reduce settlements  and extend the
service life of the road-embankment

Piled embankment
Extension of service life
No settlements
No repairworks

Considerable reduction of MKI
due to extension of service life
and reduction of fill material
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GCL bentonite mat at levee, Beesel

Watertight layer on levee /
dike

GCL Bentonite mat to replace
1 m clay

Reduction of primary material
clay
Reduction on transport

Major reduction of
environmental costs
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Blankenburg connection – A24 

Steep slopes of embankment

Fill material recycled mixed
granulate
Reinforced steep slope results in
saving of fill material

Low MKI due to type of fill
material and steep slope.
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Steenwijkerland railway crossing

Concrete walls with geogrid
anchorage

Reduction of thickness of
reinforced concrete panel
due to anchorage and
reduction of soilpressure
behind the wall

Reduction of environmental
costs due to less concrete
and less transport 
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Westkolk sluis Born and Julianakanaal

Widening and deepening of a
canal

Canal completely drained

Waterproof layer on the bottom
and slopes with bentonite mats
covered with rubble stones

Major environmental costs savings
by 

reduction primary material
clay
use of electrical equipment 
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Tennet fully recycled temporary road

500.000 sqm Temporary road on soft soil

50 % reduction on road base fill
All geotextiles were after completion
of the works removed
All removed geotextiles were
shredded, washed and recycled
All fill material is re-used

The project proved that it is possible
to built a 100 % circular road structure
with geosynthetics

73

‹nr.›‹nr.›� 2ⁿᵈ International Symposium on Geosynthetics and Sustainability �
 � Technical University (TU) Delft � The Netherlands � 18 March 2026 � 

‹nr.›‹nr.›� 2ⁿᵈ International Symposium on Geosynthetics and Sustainability �
 � Technical University (TU) Delft � The Netherlands � 18 March 2026 � 

Recent large infrastructural projects

Reconstruction of Rijnlandroute N 206 GCL  in levee Beesel

Knp Hofvliet Katwijk

A 24 Blankenburg connection

Railroad viaduct Steenwijkerland TenneT  Vierverlaten - Eemshaven
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Recent large infrastructural projects

Reconstruction of Rijnlandroute N 206 GCL  in levee Beesel

Knp Hofvliet Katwijk

A 24 Blankenburgconnection

Railroad viaduct Steenwijkerland TenneT  Vierverlaten - Eemshaven

What do all these projects have in common?
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They are built with geosynthetics.
The design led to significant reductions in emissions and therefore
in environmental costs.
MKI/ ECI was used to calculate the environmental costs.

Geosynthetics can have a considerable positive influence on the
environmental costs of infrastructure works.

Saving on primary raw materials as sand, gravel, clay.
Reduced use of materials with high emissions, as concrete, steel, bitumen.
Increased service life.
Less transport and installation emissions.

Total CO₂-emission reduction 32 – 89 %
Total Energy consumption reduction 10 – 85 %

What do all these projects have in common?
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Sustainability goals in Paris Agreements:
Increase of global temperature well below 2ᵒC above pre-industrial levels

Targets
EU target: reduction of emissions of 55 % by 2035 (compared with
1990) and climate neutral by 2050
Netherlands: reduction of emissions of 55 % by 2035 and 100 % by 2050
Ministry of infrastructure and water management – Rijkswaterstaat: 

Climate neutral by 2030 (100% reduction of CO₂ by 2030)
Circular use of materials in projects by 2030
50 % reduction of primary raw materials (sand, steel, cement etc.) by 2030

Sustainability requirements
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Steps taken by the Ministry of infrastructure and water management:
1.Roadmaps – transition paths for various applications, such as: 

structures
road - pavement 
coastal works and river works 
sustainable building site organisation and logistics

2.Agreements between Rijkswaterstaat and branch organizations on:
adaption of equipment 
recycling of concrete 
recycling of asphalt from road surface 
use of innovative materials 
Financially supported by Rijkswaterstaat and guaranteed for use in the coming
years

How to achieve this ambitious target?
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3. Reduction of emission of building equipment: trucks, excavators, ships
Electrification of equipment
Loading facilities with renewable energy
Development of cleaner engines with hydrogen power (dredgers, ships etc.)
4. Reduction of volumes of primary raw materials

Directly related emissions will reduce
Emissions as result of transport and installation will reduce
Room for innovative designs:

Geosynthetic reinforced walls
Road base reinforcement

5. Life-extending designs and material
Favour designs with low environmental costs by the use of the MKI/ECI as a
price-quality criterion during BPKV-tendering

How to achieve this ambitious target?
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Tender evaluation according to BPKV (best
price-quality ratio) with MKI/ECI
 

What is BPKV?
In a BPKV tender, the lowest price is not automatically the winner, but
the tender with the best combination of price and quality.
The goal: more value for public money and better project results.

Two main components:
Price
Quality
Both count in the tender evaluation according to pre-determined
weightings.
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Quality criteria in EMVI and BPKV tenders

Quality is assessed based on EMVI (Economically Most Advantageous
Tender) criteria, such as:
• Risk management
• Planning and phasing
• Environmental management
• Sustainability
• Disruption limitation
• Safety
• Innovations
• Project organization and key personnel
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Assessment method in principle

Quality Assessment in principle
• Each criterion is assigned a score (e.g., 1–10)
• The score is multiplied by the weighting factor
• Quality is often translated into a fictitious discount or fictitious value

A commonly used method in tender evaluation:
Tender price – fictitious quality value = fictitious tender price.
The lowest fictitious tender price wins, even if the actual tender price is
not the lowest.
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Use the MKI/ECI score for evaluation and comparison of tenders

What is MKI and how do you calculate it?

MKI = Environmental Cost Indicator

A calculation of the environmental costs of the realization of a civil
engineering project

For the entire life cycle of the work
For 19 environmental effects
According to European norms: EN15804

Sustainability in Quality-assessment
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What is MKI/ECI (in the context of the BPKV)?

MKI/ECI (Environmental Cost Indicator) expresses the environmental
impact of a design in euros (€/project), based on:
• Life Cycle Assessment (LCA)
• National Environmental Database (Nederlandse Milieu Database)
• SBK assessment method (Stichting Bouwkwaliteit)

Dubocalc as standardized calculation software for MKI/ECI

At Rijkswaterstaat (RWS), this usually involves:
• Material-related MKI/ECI
• Supplemented with construction phase emissions
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Life cycle assessment (LCA) method: EN15804

Source :
www.milieudatab
ase.nl

Life cycle assessment (LCA) method: EN15804
Calculation of the environmental costs of each step in the life cycle for the complete structure and service life of the project
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Calculation of MKI/ECI with Dubocalc

Environmental costs are stored in the NMD, National Environmental costs Database.
There are three product information categories in the NMD:

• Category 1: proprietary data, verified by an independent, qualified third party in accordance with
the NMD Verification protocol.
For whom: manufacturers/producers, suppliers.

• Category 2: non-proprietary data, verified by an independent, qualified third party in accordance
with the NMD Verification protocol, including a statement of representativeness, for example, for the
Dutch Market
or a group of producers, and mentioning the participating companies.
For whom: groups of manufacturers, suppliers, sectors, governments, etc.

• Category 3: non-proprietary data, owned and managed by Stichting NMD and not verified according
to the NMD Verification protocol. 

Source : www.milieudatabase.nl
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Environmental impact categories EN 15804+A2

A life cycle analysis (LCA) results in a report that shows:
which raw materials are consumed 
which emissions are released 
during the life cycle of (building) products. 

These emissions are classified into 19 different
environmental impact categories.

The environmental effect of every functional unit, for
example 1 m3 sand, is split in these 19 environmental
impact categories. 
The equivalent unit for each category is multiplied
with a weighting factor leading to an MKI value, each
with a shadow price. 
These shadowprices are added up leading to the MKI
value for the functional unit.
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Example of the weighting matrix

Source:
https://www.pianoo.nl/sit
es/default/files/media/doc
uments/2024-11/inkopen-
met-de-
milieukostenindicator-
november2024.pdf
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The quality aspects of a design are valued:
a.Performance
b.Quality aspects
c.Environmental Cost 

- Each category has a fictitious value of approx. 20% of the standard
price
- A fictitious discount is determined for each category based on an
assessment of the proposed design and the execution. 
- The Environmental Cost Indicator is used to determine the
Environmental Costs and to assess these costs.

The ECI is a method to calculate the costs of emissions that are the result of
construction of projects. Normalised method (EN 15804) resulting in a “shadow
price”.

Tender award based on best price-quality ratio 
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An emission target for a new project is set with
maximum and minimum levels for ECI

Execute a Life Cycle Analysis for all tendered designs
Calculate the ECI / MKI for all designs. Use Dubocalc
software.
The minimum ECI equals the maximum fictitious
discount. The maximum ECI value equals no fictitious
discount
Determine the fictitious discount based on 

interpolation between the limits.
- Deduct the 3 fictitious discounts from the
tender price
Tender with the lowest discounted value is
selected

Assessment method 1
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MKI-W (MKI waardering – ECI- valuation) –
valid since 27-5-2025 Assessment method 2

In this MKI-W method:
• The environmental costs are directly multiplied by a
valuation/weighting factor and added to the tender price.
• The lower the environmental cost of the tender, the more favorable
the tender in the BPKV model.
• The tenderer no longer has to adhere to a lower or upper limit, as in
previous models.

The fictitious prices for the other quality categories are calculated as
done in the past. These prices are deducted from the tender price.
A high weighting factor is chosen when the project owner wants to
reduce the environmental costs considerably – steering mechanism!
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Example MKI-W evaluation

Step 1 – Contractor Tender
The contractor provides:
a. Contract Price (AP): €48,000,000
b. Environmental Cost Indication(ECI) value (according to
protocol)
• Calculated with DuboCalc / NMD
• Including materials + construction phase
ECI = €6,000,000

Step 2 – Valuation by Rijkswaterstaat (MKI-W)

RWS applies a fixed valuation factor, for example:

MKI-W factor = 1.0

Then:

MKI-W = €6,000,000 × 1.0 = €6,000,000

👉 This amount is added to the contract price for

the comparison.

Step 3 – BPKV comparison price

BPKV price = Contract price + MKI-W

BPKV price = €48,000,000 + €6,000,000

= €54,000,000

Step 4 – Comparison with other bidders
Bidder Contract price MKI BPKV price

A €47.0 million €8.0 million €55.0 million

B €48.0 million €6.0 million €54.0 million
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Example MKI-W evaluation

Step 5 – Example of a quality assessment

RWS assesses the plans and assigns fictitious values:

Criterion: Fictitious value

Risk management A: €700,000 B:€600,000

Environmental management  A: €500,000 B:€400,000

Planning A: €300,000 B:€350,000

Safety A: €200,000 B:€200,000

Total quality A:€1,700,000 B:€ 1550,000

Step 6 – Total BPKV comparison price

Now add it all up:

BPKV price

= Contract price + MKI-W – Fictitious quality value

A: €47,000,000 + €8,000,000 – €1,700,000 = €53,300,000

B: €48,000,000 + €6,000,000 – €1,550,000 = €52,450,000

➡️ Bidder B wins, despite the higher actual price.

The MKI/ECI value is directly related to the design and has a major influence on
the choice of the winning design.
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Comparison of tenders, effect of weighting factor

This unique Dutch MKI/ECI
method is now mandatory
for tender evaluations by the
Dutch central government.

The project owner
determines the weighting of
the validation factor. 

The decentralized authorities
will follow in the coming
years.
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Tenders with MKI/ECI selection criterium

Market volume of
tenders with MKI/ECI
selection criterium in
infrastructure projects
https://www.pianoo.nl/sites/default/files/
media/documents/2024-11/inkopen-met-
de-milieukostenindicator-
november2024.pdf
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Why have geosynthetics such an impact on
MKI/ECI

Reduction of primary raw materials
Steep slopes instead of flat slopes, due to stability

Saving can be 25% of fill material
Local available fill can be used
Considerable reduction of transport => saving in energy, saving in MP

Reinforced walls
Replacement of concrete structures, 
Lighter walls as soilpressure is eliminated

Replacement of traditional clay layers in levees, dikes
Saving of clay, reduction of transport

Reinforcement of roadbases
Saving in fill and transport of fill material
Reduction of bitumenlayer thickness
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Extension of service life
Piled embankments

No settlements in soft soil areas
Considerable extension of the service life of the structure
Less repair and therefore less road closures

Vertical drains
Reduced settlements after construction
Limited repair works during service life

Roadbase reinforcement
Crack prevention
Less maintenance

Recycling of geosynthetics
Temporary roads

Removal and recycling of geosynthetics

Why have geosynthetics such an impact on
MKI/ECI
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Next step in sustainability

Question for the Geosynthetics Industry: How do we reduce the
environmental impact of the production of geosynthetics

1. Use geotextiles, made of natural raw materials as
jute, coconut fiber, where technically possible.

2. Use bio-based fibers, such as PLA where technically
possible and as soon as the raw material in fibers is
available.

3. Mix bio-PE and bio-PP with virgin as soon as it
becomes available (competition with bio-kerosene)

4. Recycle light fabrics and use recycled pellets as raw
material instead of virgin polymer

5. Re-use heavy / strong geogrids and geofabrics
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Comparison biobased vs polymer based
geosynthetics
Comparison of properties of bio-based
geotextiles and polymer-based geotextiles

Material Origin & Sustainability: Biobased
options are more sustainable and
environmentally friendly.
Mechanical properties: Polymer geotextiles excel
where structural strength and service lifespan are
critical
Hydraulic & Filtration Behavior: Polymer types
offer more predictable performance; biobased
types may vary with moisture and
biodegradation.
Durability & Environmental Resistance: Polymer
geotextiles are superior for harsh, long-term
installations.

Typical Applications of Bio-based Geosynthetics
 Short-term erosion control (slope blankets,
ditch linings)
 Vegetation establishment support
 Temporary sediment control
 Soil stabilization for (temporary) roads
 Temporary bank protection

Polymer-based Geosynthetics
 Roadway reinforcement
 Retaining walls (separation & reinforcement)
 Permanent drainage filtration
 Large civil works (railways, embankments)
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Required service life determines polymer

The required service life of the geosynthetics is the determining
factor in the choice of the raw material

Temporary or short-term: geotextiles made of natural fibers

Permanent or long-term: polymer-based geosynthetics, aim at
recycling and/or re-use

Light fabrics in soil: design for re-use or recycling; or leave the geotextile
permanently covered
Strong geogrids or fabrics: material still has high strength at end of life =>
easy to remove => re-use it as a normal construction material – high value for
owner
Hydraulic applications: select polymer on abrasion resistance, 
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Micro plastics

Yearly used new plastic in the Netherlands is 2090 kt
Yearly installed geosynthetics in the Netherlands 11,4 kt
(0,5 % of total)

Total waste of plastic in the Netherlands 1650 kt
Share geosynthetics in waste 2.5 kt  /1650 kt = 0.15 % 

Total litter of plastic in the Netherlands 9 kt
Litter of geosynthetics 5,46 t
Share of litter of geosynthetics in total plastic litter: 5,46 /
9000 = 0,06 % ( 92,2% comes from packaging)
Share geosynthetics litter compared to newly installed
geosynthetics 5,46 / 11400 = 0,05 %
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Quantity of Microplastics per sector

Litter of geosynthetics 5,46 t

Source:
https://publications.tno.n
l/publication/34640142/y
twrjH/TNO-2022-
microplastics-eng.pdf
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Actions to reduce MP from Geosynthetics

Make environmental costs for removal of MP by RWZI (Sewage
treatment plant) part of MKI/ECI

Most MP come from transport (tires of trucks): 1,092 gr/km for heavy truck with
10 wheels (B. Baensch-Baltruschat,
2020 https://www.sciencedirect.com/science/article/pii/S0048969720313358)

Add environmental costs of removal by RWZI to transport section in MKI
Add MP removal costs to production of geosynthetics

Based on quantity of litter and removal of it
Prevent the formation of MP during construction, maintenance and
removal of geosynthetics

Select on resistance to abrasion in hydraulic applications (RPG-BAW-1994)
Secure good maintenance and control during use
Most  geosynthetics have a considerable residual strength at end of life, if
required add extra strength during design
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Conclusions

1.Use of Geosynthetics can result in a considerable reduction of environmental
costs.

2.The application of MKI/ECI in the assessment of tenders is an effective method to
reduce environmental costs.

3.Standardization of environmental costs in a general database together with the
development of software was the base of this success.

4.Environmental costs of cleaning up of micro plastics must be included in the MKI
calculation.

Application of Geosynthetics results in reduction of primary raw materials as fill material. This
results in considerable reduction of transport movements, which results in an important
reduction of micro plastics from tires. 

5.With the possibility to use other polymers such as biobased and recycled
polymers, the environmental costs can be reduced even more for specific
applications.
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End presentation by
Wim Voskamp


