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project

Climate
enhanced
concrete

Concrete 
purchase
guideline
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Lilla Edet dam safety project

• Increase discharge capacity

• Old spillway gates – maintenance costly

• Concrete partly degraded

• New concrete spillway dam – 8000 m3 of concrete 

• Four new gated spillways (3 segment + 1 flap)
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• Reduce CO2-footprint from the concrete mix

• Reduce the need for post-cooling to avoid early age thermal

cracking

• Develop a robust and economically justifiable concept for 
implementation in Lilla Edet-project

The mission
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Requirements on Concrete

• High quality generally dependent on:

- Fresh properties for constructability 

- Hardened properties for strength + load-bearing capacity

- Durability properties

• Specific for hydropower concrete:

- Large dimensions

- Harsh exposure conditions (water, frost, erosion)

- Limited access during operation
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Environmental focus:

• Transition ongoing !

Concrete industry today

Material
GWP

(kg CO2/tonnes)

Cement 820-930

Silica fume 28

Fly ash 4

GGBS 52-67

Lime stone filler 32-75

Potential for replacing cement= f (exposure environment) !!
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• Use of SupplementaryCementitious Materials (SCMs)

• Changes in Mix-design concepts over the decades

• Measures for reductionof early-age thermal cracking

• Experience from constructionand operation

Past and Present knowledge

Hungry Horse

1953
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• Replace parts of cement with fly ash

• Increase maximum aggregate size

• Replace parts of the mixing water with ice

• Optimize mix-design ~ Avoid ”overstrength”

Definition of concept

- Reduced cement content

- Lowered CO2-footprint

- Lowered risk for thermal cracking

Lower

Emissions
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• Small scale trial mixing

- Semi-adiabatic measurements (heat development)

- Numerical modelling of crack risk

- Fresh and hardened properties

• Full scale mixing and pumping + mock-up

• Co-operation with contractor + local ready-mix supplier

- Mix-design optimized with local materials

- Mock-up with reinforcementaccording to design

- 1st pouring of crane foundation on site in Lilla Edet 

Development of concept
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Implementation / Convince managers

• Risk analysis

- Quality
- Cost / Time
- HSE

• Risk mitigation keys

- Continous co-operation betweenparts
- Pre-testing at early stage
- On-site QA / QC 

• ”Fall-back-solution” with traditional concrete
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• CO2-emissions reducedwith ~700 tonnes

• Performance requirements fulfilled & verified in full scale

• Logistics for fly ash assured by ready-mix supplier

• All need for post-cooling eliminated

• H&S for craftsmensubstantially improved

• Lilla Edet-project steering group approved implementation

Results
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Spin-off - Concrete guideline

• Set minimum requirements - use existing low emission products

• Stepwise lower the accepted level of emissions from concrete

• Open up for new ideas to encourage further improvement

• Valid for both ready-mix concrete and prefabricated concrete

• Two possible levels of requirements:

 - Basic level  (minimum)

 - Advanced level  (higher environmental ambition)

All improvements of concrete in terms of environmental aspects must be done under the 

prerequisite to fulfil specified requirements on structural load-bearing capacity and durability in 

relation to the targeted service-life of the final product. General requirements on constituents 

and concrete material properties in relation to relevant specified exposure class is given by the 
European standard EN 206-1 and, if available, national application standards or annexes.

Exposure 

class

according 

to EN-206-1

Type of structures

(example)

Maximum GWP* 

(kg CO2/m3 of concrete)

2021-2024 2025-2029

XO, XC1 - Indoor structures
- Foundations below ground 

water level, no frost action

< 230 < 190

XC3, XC4, 

XF3

- Foundations, frost action
- Hydropower structures

< 240 < 205

XF4, XC4, 

XS3, XD3

- Foundations, bridges, frost, 
exposure to salts 
(thaw or marine)

< 300 < 260
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Thanks for your attention !
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