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Outline of Presentation



Potential for circular biobased value chain to contribute to 

achieving UN’s SDGs

SDG 2: End hunger, achieve food security and improved nutrition, and promote 

sustainable agriculture

SDG 6: Ensure access to (clean) water and sanitation for all

SDG 7: Ensure access to affordable, reliable, sustainable, and modern energy for all

SDG 9: Build resilient infrastructure, promote inclusive and sustainable 

industrialisation, and foster innovation

SDG 12: Ensure sustainable consumption and production patterns

SDG 13: Take urgent action to combat climate change and its impacts

SDG 15: Protect, restore, and promote sustainable use of terrestrial ecosystems, 

sustainably manage forests, combat desertification, and halt and reverse land 

degradation and halt biodiversity loss



Potential for circular biobased value chain
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Biomass

Ground wood 

powder

Ionic liquid, IL 
(Preheating at 

100oC)

Mixing wood & IL

Green Process of Extraction of Lignin

Microwave-Assisted 

Extraction (MAE)
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Thermoplastics m.p. (oC)

Low density polyethylene 

(LDPE)

115

Medium density 

polyethylene (MDPE)

126-128

High density polyethylene 

(HDPE)

130

Polypropylene (PP) 170

Polyvinyl chloride (PVC) 212

Polystyrene (PS) 240

Polyethylene Terephthalate 

(PETE) 

250-255

Recycled and waste 

thermoplastics

Coupling agents or Compatibilizers

Maleic anhydride grafted polypropylene

Itaconic acid grafted polypropylene

Others

Lubricants, UV stabilizer, Fungicides, 

Algaecides

Wood flour/Saw dust (filler)

• Ratio of wood to plastic in the wood plastic 

composite is critical because it determines 

its performance when it undergoes 

production.

• The melt flow index (MFI) of the resultant 

product depends on the percentage of wood 

in the WPC. 

• Percentage of wood in the final product is 

inversely proportional to the melt flow 

index.

• WPC sheets have the appearance of wood 

with improved strength, which makes it 

preferable over conventional wood 

products.

Wood Plastic 

Composites 

(WPCs)

Challenges of WPCs manufacturing in Namibia: Cost of an extruder can vary from US$150000 for a simple screw extruder to over US$1m
for a complete wood plastic composite lumber extrusion system.



WPC Product Formulations

Product Wood

flour (%)

PP (%) MAPP

(%)

MDPE

(%)

MAPE

(%)

Biochar

(%)

WPC1 45 50 5 0 0 0

WPC2 45 0 0 50 5 0

WPC3 45 25 2.5 25 2.5 0

WPC4 45 27.5 0 27.5 0 0

BWPC1 30 60 4 0 0 6

PP Polypropylene 

MDPE Medium density polyethylene 

MAPP Polypropylene-graft-maleic anhydride 

MAPE Polyethylene-graft-maleic anhydride 

Acronyms



Biochar 

Research

Preparation and 

characterisation 

of biochar 

Biosolids-derived biochar for removal 

of compounds of emerging concern 

(micropollutants, including antibiotics, 

hormones, pharmaceuticals, and 

personal care products) of concern 

from wastewater.

Modification of biochar 

by chemical and 

physical methods for

sorption of 

contaminants and/or 

nutrients

Biochar-augmented

biofilters to improve

pollutant removal

from water

Biochar as alternative

sorbent for oil spill

remediation

Biochar for soil 

amendment

Biochar in wood 

plastics composites 

(WPCs) formulation  



Envisioned NUST Analytical Laboratory Services Organisational Chart
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Laboratory Manager 

Services 

Radioanalytical Services 

• Isotope hydrology 

• Water & soil quality 

assessment 

• Air quality assessment 

• Calibration services 

Materials Development & 

Testing 

• Mechanical 

• Structural 

• Thermal 

• Corrosion & Flammability 

• Compositional 

Advisory Board 

Contract R&D and AI 

Green Hydrogen Industry 

 

Academic Staff 

Technical Staff 

Environmental Monitoring 

• Water analysis 

• Soil analysis 

• Pesticides analysis 

• Phytochemical analysis 

Biomass Analysis 

• Feed/Forage 

• Charcoal/Biochar  

• Plants 

• Phytochemical 

analysis 

Biomedical Services 

• National Biobank & 

National Vaccine Bank 

• Real-time PCR analysis 

• Sequencing 

• Molecular Diagnostics 

• Forensics 

Research Assistants 

Students 



Launch of the NUST BUSH Laboratory for Biomass Testing (27/11/2020)



Instruments for Biomass Testing - BUSH Project
1. Furnace

• Ash content

• Moisture content

2. Kjeldahl Nitrogen Analyser

3. Bomb Calorimeter

• Calorific value (energy content)

• Nitrogen and Protein analysis



4. Near Infrared Reflection Spectrometer

Instruments for Biomass Research - BUSH Project

5. Universal Testing Machine (UTM)

Mechanical properties of materials, 

e.g. WPCs

• Tensile strength

• Compression (Flexural) Test

• Plastics identification



Instruments for Biomass Testing and Research - NUST

4. FTIR

1. ICP-OES 2. GC-MS3. HPLC

• Mineral content

• Functional groups →

• PAHs, PCBs & VOCs

5. UV-Vis Spectrophotometer

← Surface area using

methylene and iodine

numbers

• Compositional analysis, 

e.g. aflatoxins, lignin



Instruments for Biomass Testing and Research – NUST – Cont’d

• Thermal stability

6. TGA 7. CHNS/O Elemental Analyzer

• Rapid determination of carbon,

hydrogen, nitrogen, sulfur and

oxygen content in organic and

other types of materials



Supercritical CO2 Fluid Extraction Equipment

Pre-treatment of lignocellulosic biomass
• Cellulose, hemicelluloses and lignin bonded together in a heterogeneous matrix

• Matrix highly recalcitrant to chemical or biological conversion processes

• An efficient pretreatment technique must be selected and applied to this type of biomass in order to facilitate 
its utilization in biorefineries



Typical analyses for bush-based livestock feed, charcoal/biochar, biomass, wood flour and chips, soil and water 



Moringa Tree

Seeds Pods Bark Flowers Roots Leaves

Oil

Vegetable 

oil

Industrial 

oil Cosmetics

Subtract

Meal

Experience in Circular Biobased Economy 

Research - Products Stemming from the 

Moringa Tree

Fertilizer
Water 

purifier

Animal 

Feed

Medical Use
Human 

Consumption

Leaf 

Powder

Plant 

Growth 

Enhancers

Recycle Recycle



•Cooking  Oil    → Commercial 

& Industrial

•Cosmetics       → Emollients

•Personal Care → Bath soaps 

•Perfumery

•Industrial Oil   → Biodiesel

•Lubricants

Water 

Treatment

Water Treatment

Protein bioflocculant

capsules for 

water treatment

Fertilizer/Soil 

Conditioner

Seed shells and husks for 

manure, animal feed and 

activated charcoal

Seed Powder 

Capsules
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Tea Bags

Biostimulant (Plant 

growth enhancer)

Agroforestry
Flowers

Leaf Powder Capsules

Feed for Livestock, 

Poultry and Fish

Moringa Tea

Leaf Powder

Moringa Honey



CONCLUSION & RECOMMENDATIONS

• Biomass is significant in a green circular economy

• Instruments and systems available for the characterization of
biomasses for energy and industrial use

• Analyses are conducted in accordance with the methods
developed based on standard methods in literature

• Accreditation of the laboratory (long term)
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