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Concrete Basics
Concrete vs. Cement
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Concrete Basics
Concrete vs. Cement vs. Mortar
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Concrete Basics
Cement Chemistry

Ca3SiO5 + Ca2SiO4 + H2O = CaO-SiO2-H2O + Ca(OH)2

(alite) (belite) (Portlandite)(C-S-H)(water)

Cement Powder

Hydration Products 

Gives concrete 
its strength 

Mostly inert

*H2O is used for dissolution AND consumption in this hydration reaction
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Concrete Basics
Pozzolanic reaction

Ca3SiO5 + Ca2SiO4 + H2O = CaO-SiO2-H2O + Ca(OH)2

(alite) (belite) (Portlandite)(C-S-H)(water)

Cement Powder

Hydration Products 

SiO2 + Ca(OH)2 + H2O = CaO-SiO2-H2O

Pozzolanic Reaction

(C-S-H)
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Concrete Basics
What’s the problem with cement?

FOR EVERY 1 KG OF CEMENT PRODUCED, 0.93 KG OF CO2 IS EMITTED 
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Biochar cementitious composites
Improved Strength
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Biochar cementitious composites
Decreased Permeability
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Biochar cementitious composites
Compatibility with pozzolanic materials (fly ash)

-61%
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Biochar cementitious composites
What kind of biochar works?

Biochar Sample 
Name 

Feedstock Category Pyrolysis Type Temperature (°C)

SW.FP.01 Softwood Fast 760
SW.FP.02 Softwood Fast 500
SW.FP.03 Softwood Fast 500
SW.FP.04 Softwood Fast 500
SW.FP.05 Softwood Fast 500
SW.SP.01 Softwood Slow 700
SW.SP.02 Softwood Slow 700
SW.SP.03 Softwood Slow 700
HW.FP.01 Hardwood Fast 500
HW.FP.02 Hardwood Fast 500
HW.SP.01 Hardwood Slow 400
HW.SP.02 Hardwood Slow 500
AG.G.01 Agricultural Gasification 1100
AG.SP.01 Agricultural Slow 450
AG.SP.02 Agricultural Slow 800
AG.SP.03 Agricultural Slow 800



USBI •   BIOCHARCONFERENCE.COM •   FEB. 12–15, 2024

Biochar cementitious composites
What kind of biochar works?

𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒	𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ = 65.03 − 71.2 ∗ 𝑎𝑚𝑏𝑖𝑒𝑛𝑡	𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛	% + 0.2 ∗ 𝐷𝐼	𝑆𝑜𝑙𝑢𝑏𝑙𝑒	𝑆𝑖𝑙𝑖𝑐𝑜𝑛 − 18.4 ∗
𝑂𝑥𝑦𝑔𝑒𝑛	%
𝐶𝑎𝑟𝑏𝑜𝑛	%

What we want from our biochar:
• Milled
• High water sorption capacity, but low 

ambient moisture
• Low O/C
• High soluble silicon
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Biochar cementitious composites
What’s the feasibility of a carbon negative solution?

Mix OPC
$150/

mt

Biochar
$275-

$750/mt

Fly Ash
$80/mt

Cost/yd
$275/mt 
biochar

Cost/yd
$500/mt 
biochar

Cost/yd
$750/mt 
biochar

Cost 
compared 

to Base

Strength 
Compared 

to Base
Base 100% -- -- $ 71.90 $ 71.90 $ 71.90 100% 100%

33% BC 67% 33% -- $ 84.80 $ 103.30 $ 123.90 118 - 172% 101%
20% BC, 
40% FA 40% 20% 40% $ 70.45 $ 81.70 $ 94.20 98 - 131% tbd
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Thank you! 
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