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Motivation

• Cement production → Calcination 
• Carbon Capture and 

Sequestration (CCS)
• Microbially Indued Calcite 

Precipitation (MICP)
• Industrial waste→ Ca(NO₃)₂ or 

CaO

(Nunes, 2023)
(Kinney, 2024)
(Isaac et al., 2024)
(Cappa et al., 2025)
(Qian et al., 2022)

Figure 2. Projected Global Concrete Production (2021-2050)

Figure 1. Global carbon dioxide emissions by category.



(Qian et al., 2022)
(Hussain et al., 2025)

Process of MICP

Ca(NO₃)₂ →
3  



Methods • Bacterial culture (primary media)
• Media preparation (secondary media)
• Precipitation filtration
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Bacterial culture (primary media)

Figure 4. Bacterial cultures in test tubes placed in the incubator shaker.



Flask # 1-3 4-6

Calcium nitrate (g) 2.1g 2.1g

LB broth (g) 3.8 g 3.8g

Distilled water (mL) 150 mL 150 mL

Urea (g) 3.0 g 0 g

Table 1. Components in Flasks 1 to 6. 

Flask # A-C D-F

Calcium nitrate (g) 2.1 g 2.1 g

LB broth (g) 3.8 g 3.8 g

Distilled water (mL) 150 mL 150 mL

Urea (g) 3.0 g 3.0 g

HEPES buffer (g) 1.8 g 3.6 g

Table 2. Components in Flasks A to F. 

Secondary media preparation



Precipitation filtration

Figure 5. The set up for water vacuum filtration. Figure 6. Filter papers being dried in the 
incubator oven.



Table 3. Total values.
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Figure 9. The effect of the presence of urea and 
different HEPES buffer concentrations on MICP 
efficiency. 

Figure 7. Flasks 1 to 6. Figure 8. Flasks A to F. 

Results and discussion



Conclusions

• The presence of urea by itself decreases the MICP efficiency, but with 
the presence of 50 mM and 100 mM HEPES buffer, the MICP 
efficiency rises significantly.

• Ureolytic pathway is critical for MICP .



Applications & Future works

• Anywhere concrete 
infrastructure is widespread 

• chemical condition management 
-> increases the scalability and 
regulatory feasibility of 
industrial adoption

• Different CO₂ concentrations 
• More replicates
• A wider range of urea/ HEPES 

buffer concentrations
• Different types of buffers
• Genetically modified B. subtilis
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• Pictures were taken by Seoyoon Lee.
• Flow chart was made by Seoyoon Lee using PowerPoint.
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