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The overarching goals of the Swedish concrete industry

Background

• By 2030 climate neutral concrete should be avalible on the market
• By 2045 all concrete in Sweden should be climate neutral

*Färdplan förklimatneutral betong 
– betongbranschen, 2023 3
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Ongoing projects within CHECK

1. NK-BIO: Förnybara energibärare vid produktion av bränd kalk, Umeå universitet, Nordkalk AB och Energimyndigheten, 2019-2024, 11.2 MSEK.

2. IDS1: Nya bränslen och askreaktioner vid hållbar produktion av cementklinker och bränd kalk, Umeå universitet, Nordkalk AB, SMA Mineral AB, Cementa AB, MinFo och 
Företagsforskarskolan vid Umeå universitet, 2019-2023, 3.0 MSEK.

3. REFRA: Mechanisms of wearing and ageing of rotary lime kiln burn zone refractory, Umeå University and the Government of India, 4.0 MSEK, 2019-2023.

4. TOMO: Karaktärisering av kalksten med synkrotronbaserad mikrotomografi. Umeå Universitet, Nordkalk AB, Vinnova, 0.9 Mkr

5. IDS2: Hållbar produktion av cement och bränd kalk: Termokemiska råvaruegenskaper, Umeå universitet, Nordkalk AB, SMA Mineral AB, Cementa AB och 
Företagsforskarskolan vid Umeå universitet, 2019-2024, 3.0 MSEK.

6. CZ-RP2: CemZero - direktavskiljning av koldioxid från kalcinering av karbonatbaserade råmaterial vid produktion av cementklinker och bränd kalk, Umeå 
universitet, Nordkalk AB, SMA Mineral AB, Cementa AB, MinFo och Energimyndigheten, 2020-2025, 9.0 MSEK. 

7. CZ-RP3: CemZero – Koldioxidfria produkter med elektrifierad tillverkning – reaktivitet hos cementklinker kopplat till tillsatsmaterial, Umeå universitet, Cementa 
AB, SMA Mineral AB, Abetong AB, Betongindustri AB, MinFo och Energimyndigheten, 2021-2025, 16.4 MSEK. 

8. BET-SIM: Increasing the use of renewable energy carriers in Swedish mineral processing industries, Umeå university, Luleå University of Technology, RISE Energy 
Technology Center - Piteå Science Park, and Bio4Energy, 0.7 MSEK, 2021.

9. IDS3: Trace elements and reactivity of cement clinker in conventional and future production processes, Cementa AB, and the Industrial Doctoral School for Research and 
Innovation, Umeå University, 3.2 MSEK, 2022-2025.

10. PRE-TRACE: A pre-study on the fate of trace elements in quicklime and cement clinker production, Umeå university and J. Gust. Richert foundation, 0.4 MSEK, 2021.

11. CZ-RP4: Fundamental properties of stand-alone plasma and plasma in combination with calcium-based bed materials in rotary kilns, Umeå universitet, Chalmers 
tekniska högskola, Nordkalk AB, SMA Mineral AB, Cementa AB, MinFo och Energimyndigheten, 36.5 MSEK, 2021-2025

12. BET-SIM 2: Paving the road for introducing renewable energy carriers in large industries, Umeå universitet, Luleå  tekniska unversitet, RISE Energy Technology Center, 
och Bio4Energy, 1.6 MSEK, 2022-2023.

13. O2/H2: Syrgas och vätgas i schaktugnar. Umeå Universitet, Cimprogetti, MinFo, SMA Mineral AB, KPAB, Volupe AB, Energimyndigheten. 8.6 Mkr. 2022-2025

14. CircSlag: Cirkulär användning av insatsmaterial och restprodukter vid användning av direktreducerad järnråvara i ljusbågsugn. Umeå universitet, Luleå  tekniska
universitet, Cementa AB, SMA Mineral AB, Nordkalk AB, MinFo, Jernkontoret, LKAB, Höganäs AB, SSAB, ReSource. Förstudie. 500 kkr.

O2/H2: Syrgas och vätgas i schaktugnar. Umeå 
Universitet, Cimprogetti, MinFo, SMA Mineral AB, KPAB, 
Volupe AB, Energimyndigheten. 8.6 Mkr. 2022-2025
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Multi-phase modelling of a twin shaft regenerative lime kiln

MAERTZ

Matias Eriksson, 
2018
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Burning shaftRegenerative shaft

feedstone feedstone
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Combustion air
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What is a regenerative shaft kiln?

Continuous phase

-fast chemical reactions

-short residence time (total residence time 
less than a minute)

Discrete phase

-slow chemical reactions

- Long residence time (total residence time 
over 24 hours)

8
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What is a regenerative shaft kiln?

Geometry

-double shafts that alternate operational 
mode (approx. 12-15 min burn time)

-(Almost) radial symmetry for each shaft

Transient or steady?

Simplifications?

9
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What is a regenerative shaft kiln?

Model goals?

Model current operation

Allow for fuel changes

Allow for geometry changes

Allow for operational parameter changes

Allow for more solid chemistry (limestone 
composition and impurities)

10
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SINGLE STONE CALCINATION 
MODEL

Spherical stones calcined
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SINGLE STONE CALCINATION 
MODEL

§ • Starting temp 27 °C

• Heating rate 60 °C/min

• Setpoint 1200 °C for 60 min

• Cooling rate ~7 °C/min 
(natural)

• Gas supply constant 10% 
CO2

14
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Single stone experiments

CFD flame 
mechanismCalcination and 

carbonation mechanism

Flame in transient 
DEM

Steady State flame 
in porous bed

Site Data
Site Data

DEM parameters 
as porous bed 

Steady State flameDEM model

‘Coarse’ steady 
state model

‘Detailed’ transient 
model

1D Industrial 
Bed model

16



Begränsad delning

Single stone chemistry

Two calcination reactions and one carbonization reaction
1. CaCO3(A) -> CaO + CO2

2. CaO + CO2 -> CaCO3(B) – Limited by CO2 partial pressure

3. CaCO3(B) –> CaO + CO2

Calcination – Carbonization - Recalcination
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Single stone chemistry

• 𝑅α= Heat Transfer Resistance
• 𝑅λ= Heat Conduction
• 𝑅𝑘= Chemical Reaction
• 𝑅𝐷𝑃= CO2 Diffusion
• 𝑅β= CO2 Mass Transfer
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Multi-Physics

Parameters influencing the coupled DEM-CFD         
simulation.

Fluid phase (CFD) Solid phase (DEM)
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s Energy Source Energy Sink

Energy Sink Energy Source

Pressure drop Solid/void fraction

Gas composition Mass source (CO2, H2O)

Mass source (CO2) Solid reactions

Particle-particle
Evaluation

Red particle=high residence time
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DEM phase modelling. 
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DEM phase modelling. 

?
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DEM phase modelling. 

Repeating boundaries

Mirrored boundaries

Mirrored boundaries
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• 63 reaction mechanism

• Hybrid of one-step oil mechanism and complex hydrocarbon 
mechanism

• Starts with C19H30

• Models O2, H2, O, H, OH robustly

Complex chemistry is expensive!

Steady state?

28

Flame Chemistry
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‘Coarse’ Steady State Model (Baseline)

An initial DEM bed with ~250 000 
particles used for determining bed 
properties.

Steady State.

Data mappers used to ‘flip’ and move the 
bed downwards with the expected bed 
velocity.
(Star-CCM+ does not allow data 
transform via field vectors, only 
constants.)

Semi-transient?
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‘Coarse’ Steady State Model (Baseline)
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‘Coarse’ Steady State Model (Baseline)
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On site calibration measurements

38
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Preliminary results

Site values Baseline

0% 0%
C
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n

a
l

Temperature (°C) 965 980
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O
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t

Temperature (°C) 140 160

CO (ppm) 23.6 24.6

CO2 (%) 18.6 18.4

H2O (%) 5.7 6.6 39
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‘Detailed’ Transient Model

Star-CCM+ comes with in-built cell clustering for DEM
-Unable to separate time scale

Calculate DEM as transient, CFD as steady?
Mesh can be optimized
Only relevant solvers active for each phenomenon
Challenging,

-Calculating DEM surface temperatures requires UDFs
-Linked simulations are highly unstable

DEM with reactions is highly time-consuming (Coarse Grain, 15 particles per parcel)
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DEM phase modelling. 

DEM CFD

Fine mesh 
Flame chemistry
Turbulence

Coarse mesh
Slow calcination

Granular flow

Flame lance
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DEM phase modelling. 

Data transfer (bed porosity, energy transport, mass transport)

DEM CFD
46
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‘Detailed’ Transient Model

Star-CCM+ comes with in-built cell clustering for DEM
-Unable to separate time scale

Calculate DEM as transient, CFD as steady?
-Mesh can be optimized
-Only relevant solvers used for each phenomenon
-Challenging!

Calculating DEM surface temperatures requires UDFs
Linked simulations are highly unstable

DEM implemented with coarse grain, 15 particles per parcel

Initial runs indicate 4-5 weeks to run one cycle (30 minutes)
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Conclusion 

Star-CCM+ can be used for solving problems of this nature!

O2 and H2 enrichment will increase the flame temperature

Partial enrichment of H2 can lead to CO release problems

Mixing H2 and O2 can lead to excessively high a flame temperatures.

Star-CCM+ issues!

-DEM particles can only be treated as thermally thin (Biot<0.1)

-User Defined Functions not well documented

-Data Mapper transformations limited
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Institutionen för tillämpad fysik och elektronik

CENTRE FOR SUSTAINABLE CEMENT 
AND QUICKLIME PRODUCTION

- A mineral-technical research collaboration between MinFo and Umeå University.

THANK YOU
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