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Research: 
➔ CCS Building Materials
➔ Form-Finding Structures
➔ Biodegradable Materials
➔ Performance Based 

Design
Innovation:
➔ The world first 3D 

printed concrete 
formwork under water.

➔ Carbon Storage via 
Architectural Design.
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GP Research Goals

1. Processing industrial wasted rice husk biochar as filler for GP.
a. It contents: 

i. Na2SiO3(Sodium metasilicate) 5-15%
ii. NaOH (sodium hydroxide） <1% total

2. Processing paper sludge at 750°C into activated material for GP.  
a. CaO 50–80%
b. Silica (SiO₂) 5–15%
c. Al₂O₃ 2–10%
d. Fe₂O₃ 0.5–2%
e. MgO, Na₂O, K₂O <5% total



1. Why biochar?

● 1g biochar = 2.65 CO2e, a natural CCS material

● Micro climate control material

● It can trap VOCs

● Low thermal conductivity 



Processed Biochar Scanning Electron Microscope (SEM)

生物炭(biochar)、矽酸鈉 Na2SiO3(Sodium metasilicate)、氫氧化鈉  NaOH 
(sodium hydroxide）



Processed Biochar Scanning Electron Microscope (SEM)

生物炭(biochar)、矽酸鈉 Na2SiO3(Sodium metasilicate)、氫氧化鈉  NaOH 
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地梁 : 有  

結構材料 : 加勁格網
[Geo-Grid]  

設計說明: 為了整體的安全，
在本體瓦片夾層中使用加勁
隔網進行張力的補強，基礎
部分增加地梁連結以及額外
50cm的基礎下沉，讓其能在
地震時左右晃動而不會偏移

Rice Husk

Neutral / 
Inactive 
Material 

Sludge
+

Sodium 
Silicate

Byproduct

Dredged 
Material

(montmorilloni
te)

Cement SandSlag

Conventional Concrete Mixture with Biochar

Fly Ash Additives Aggregates

Common 
Binder

Ingredients

Structural / 
Filler



5 samples
Avg. 0.74 MPa

7 samples
Avg. 1.4 MPa

4 samples
Avg. 2.4 MPa

6 samples
Avg. 5.1 MPa

5 samples
Avg. 0.34 MPa

Biochar+Calcium hydroxide:20%
Dredged Material:30%
Clay:20%
Sand:0%
Cement:7%

Biochar+Calcium hydroxide:10%
Dredged Material:40%
Clay:20%
Sand:0%
Cement:7%

Biochar+Sodium Silicate:10%
Dredged Material:40%
Clay:20%
Sand:0%
Cement:7%

Biochar+Sodium Silicate:7%
Dredged Material:50%
Clay:20%
Sand:0%
Cement:7%

Biochar+Sodium Silicate:7%
Dredged Material:50%
Clay:0%
Sand:20%
Cement:7%

Cement-Based Samples with 30% Biochar



10% Biochar + Geopolymer 
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10% Biochar + Geopolymer 



3 samples
Avg. 12.3 MPa

3 samples
Avg. 13.74 MPa

3 samples
Avg. 10.34 MPa

10% Biochar + Geopolymer 
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Research: 
➔ Learning from the GP camp tutorial:

◆ Testing the binder ingredients.
◆ Re-order the mixture sequence from less reactive to the most reactive.
◆ Mixing time adjustment.
◆ Calculate binder Na+/AI = 1

➔ SI/AI ≤ 2
➔ Surface modification biochar is possible to enhance final product’s mechanical 

properties. But it will serve as the filler not the binder in GP.
➔ Paper sludge processed fly ash needs to be tested and determined the 

mineralogy.
➔ If dredged material can be calcined (microwave), its compositions and mineralogy 

need to be determined. 
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Thank you 
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