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Biochar as filler in concrete, roading pavement 
material

Remediation of contaminants in soil and 
aqueous system

Reversing climate change by carbon 
sequestration

Biochar composites

Biochar in geotechnical engineering

Collaboration within UoA: 

Civil & Environmental Engineering

- (Geotechnical engineering and structural hall)

- Mechanical Engineering

- Chemical & Materials Engineering

Collaboration overseas: 

- Purdue University, West Lafayette, USA

- Tsinghua University, China

- Zhejiang University, China

- University of Trier, Germany

- University of Wuppertal, Germany

- National University of Singapore

- Indian Institute of Technology, Kharagpur

- ICRA, Catalan Water Research Institute, Spain

Research areas

Biochar Research Group
Designer biochar production, characterization and multidirectional application
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Drivers

Current Global 

atmospheric CO2 is 

409.8 ± 0.1 ppm

• Total length of road networks: 32 Million Kms (International Road Federation)
- World Road Statistics (WRS) in 2017

• Transport sector accounts - 21% of NZ’s annual greenhouse gas emissions

• The sector is the fastest growing  source of emissions (Ministry of Transport, NZ)

• Road transport – 12% of the total greenhouse emissions worldwide



Hot Mix-Asphalt 
Material in Hot Mix Asphalt (HMA) Energy consumption (MJ/t) Emissions CO2 eq. (kg/t)

Asphalt binder 5810 480

Sand or gravel 21 0.0728

Crushed stone 32 1.42

Polymer additive 76,742 3715

Chen et al., 2021

❑ Australian example:
- Construction of a 100-m road section using virgin materials 
- 180 tonnes of CO2-e 
- 10.7 terajoules (TJ) (Biswas, 2013)

❑ Global demand for asphalt is projected to expand 2.8 %/year to 122.5 million metric tons

Drivers- Cont’d



❑ Approx. 95% of all highways in the world are surfaced with asphalt 
mixtures. 

❑ Asphalt binder is the key component in these mixtures 
- binds the aggregates together to provide a smooth and 
comfortable riding surface. 

❑ Derived from petroleum crude—a non-renewable fossil fuel

❑ Consistent supply is an issue for future road infrastructure 
development.

Drivers- Cont’d



• To reduce net emissions of all greenhouse gases (except 
biogenic methane) to zero by 2050

• Climate Change Response (Zero Carbon) Amendment Act 
2019

• Need to have alternative materials in pavement sector with lesser 
carbon foot print without comprising on properties of conventional 
pavements

• Effectively use and recycle the New Zealand available waste 

• To reduce the annual maintenance in the roads with sustainable 
approach 

Drivers- Cont’d



Three interim 
rutting repairs on 

the Te Rapa 
section have cost 
the New Zealand 
Transport Agency 

$755,000

Need for alternative materials for partial replacement of asphalt binder 
Can the carbonaceous biochar be that SMART material?



Pyrolysis

Biochar
Pyrolysis of biomass under inert conditions/ little oxygen

Corn stover biochar - -0.86 Kg CO2 equivalents/ Kg of dry feed stock
Yard waster biochar- - 0.88 Kg CO2 equivalents/ Kg of dry feed stock

B
io

ch
ar

High porosity

Diverse functional 
groups

High surface area

High carbon 
content



Biochar



Biochar as building material: Reversing climate change 
with carbon sequestration

Present CO2 emissions from the cement industry is around 7-8 % of global 
anthropogenic emissions 



Biochar-admixture light weight, tough and low thermal conductive cement mortars

Sand in the cement mortars is partially replaced with biochar



Accelerated carbonation of biochar reinforced cement-fly ash composites: 
Enhancing and sequestering CO2 in building materials



Green asphalt binders: a biochar admixture asphalt 
mixture for pavement

Production 
difficulties

Improved 
fatigue



Reduction in carbon foot print 

Improved rutting resistance of asphalt mixture

Improve the cracking resistance

Reduce the temperature susceptibility of asphalt

Reduce the stripping potential

Changes the viscous properties

Improve the permanent deformation

Green asphalt (Bio-asphalt) binders: a biochar admixture 
asphalt mixture for pavement

Kumar et al., 2018



Biochar admixture permeable/pervious concrete pavers

Biochar added Pervious 
concrete/block layer

Aggregate / base layer

Subgrade

1. The biochar is added as admixture in making pervious top layers

2. It can be used as sand replacement in the subgrade region

Safe discharge of water runoff Less usage of cement and sand

Tailored porosity by varying biochar ratio High water retention/discharge capacity

Biochar admixture 
concrete pavers



Surface course

Intermediate course

Base course

Thermal conductivity (K2)
and porosity (P2)

Thermal conductivity (K1) and 
porosity (P1) 

Thermal conductivity (K3) and 
porosity (P3)

Thermally conductive green pavers 



Electrically conductive green pavers

Conductive asphalt concrete, offers another means for automating winter maintenance operations.

Biochar produced at high temperature can potentially act as conductive fillers

Highest skeletal conductivity of carbon in biochar can be increased to 430 S/m

Ali et al., 2018



❑ Chemistry of bioasphalt binders 

- to understand the modified asphalt microstructure, modification 

mechanisms, and their relationship to rheology. 

❑ Performance of the bioasphalt binders 

- thermal storage stability, 

- aging resistance, 

- performance at high, intermediate and low pavement service temperatures. 

❑ Characterization of bioasphalt mixes 

- rutting, 

- moisture-induced damage, 

- fatigue cracking, 

- thermal cracking

Food for thought 


