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Biochar is considered a method of carbon sequestration as long as it can be used in applications that can maintain its stability while avoiding the re-emission of CO2 into the atmosphere. 

Typically, the main application of biochar is as a soil amendment, but there are other interesting non-agricultural applications for biochar as an additive to inert mixes such as cement. [1]

The construction industry is a difficult sector to mitigate; global cement production contributes more than 8% of global CO2eq. Replacing some of the cement with biochar could be one way of 

reducing the CO2 emissions of the cement mix or other materials, for both structural and non-structural applications. To date, there is no clear regulation for this application, the addition of 

biochar can change the properties of the samples, so it is necessary to characterise the biochar-cement product. [2-4] 

In this study, low value/waste biochar from different feedstocks, chestnut and pinewood, were characterised, added as a replacement to cement at several percentages, and then the biochar-

cement samples were subjected to mechanical characterisation.

In the substitution of cement type 1, chestnut and pinewood biochar were used to carry out the first test of substitution of cement mixtures: three formulations were prepared for each type of 

biochar, the biochar was substituted to the total cement, with percentages by weight equal to 0.5, 1, 4% by weight. 

The mechanical properties of biochar-based cementitious materials depend on both the amount and the chemical/physical properties of the biochar, which in turn depend on the type of 

feedstock, seasonality and pyrolysis conditions (e.g. temperature, pressure, time and pyrolysis rate). Therefore, once the biochar had been characterised, it was pre-treated to obtain 

comparable data by vacuum drying at 120°C for 24 h and grinding to a granulometry of 10 µm. The biochar cement samples were then prepared and poured into moulds. After 28 days of ageing 

in a water-filled ageing tank at 20°C, the samples were tested for mechanical properties (compression test - ASTM C39/C39M-21). [2,5,6]

The initial results obtained for chestnut biochar replacing cement type 1 are consistent with those 

reported in the literature and confirm that the replacement with  biochar up to 4% w/w does not affect 

the strength of the cement. On the other hand, when looking at the data from the pinewood biochar used 

as a replacement for type 1 cement, a difference in the compressive response can be seen, even though 

the biochar was subjected to the same pre-treatments. [2]

Way forward 

• Various low value/waste biochar from a different feedstock will be investigated and characterised, 

and then potentially substituted to cement mixes; 

• Increase the percentage of chestnut biochar replacement in the cement up to 7% by weight, as the 

mechanical test results obtained with the replacement up to 4%; 

• Comparative analysis of the differences between biochar from different feedstocks.

[1] Legan, M.; Gotvajn, A. Ž.; Zupan, K. Potential of Biochar Use in Building Materials. Journal of Environmental Management 2022, 309, 114704
[2] Senadheera, S. S.; Gupta, S.; Kua, H. W.; Hou, D.; Kim, S.; Tsang, D. C. W.; Ok, Y. S. Application of Biochar in Concrete – A Review. Cement and Concrete Composites 2023, 143, 105204. 
[3] Osman, A. I.; Farghali, M.; Dong, Y.; Kong, J.; Yousry, M.; Rashwan, A. K.; Chen, Z.; Al-Fatesh, A.; Rooney, D. W.; Yap, P.-S. Reducing the Carbon Footprint of Buildings Using Biochar-Based Bricks and Insulating Materials: A Review. Environ Chem Lett 2023.
[4] Fostering Effective Energy Transition 2022. World Economic Forum. https://www.weforum.org/publications/fostering-effective-energy-transition-2022/ (accessed 2023-11-22)
[5] Lin, X.; Li, W.; Guo, Y.; Dong, W.; Castel, A.; Wang, K. Biochar-Cement Concrete toward Decarbonisation and Sustainability for Construction: Characteristic, Performance and Perspective. Journal of Cleaner Production 2023, 419, 138219. 
https://doi.org/10.1016/j.jclepro.2023.138219.
[6] ASTM C39/C39M-21 - Standard Test Method for Compressive Strength of Cylindrical Concrete Specimens. https://webstore.ansi.org/standards/astm/astmc39c39m21 (accessed 2024-06-25).

mailto:silvia.vicini@eni.com
mailto:rita.mazzoni@unibo.it
https://doi.org/10.1016/j.jclepro.2023.138219

	Slide 1: Experimental research on the valoriZation of biochar produced from waste biomass as building material 

