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The Pyrolysis 

Laboratory of the 

University of Pretoria’s 

Department of 

Chemical Engineering 

is generating a lot of 

heat. So much heat, in 

fact, that the research 

team of Prof Mike 

Heydenrych  

believes that their 

latest invention 

will soon be able to 

provide farmers with 

“green” transportation 

fuel produced in a 

reactor on their own 

farms from their own 

agricultural waste 

products.

Producing fuel from agriculture and 
forestry waste

Worldwide, there is a 
need for a renewable 
transportation fuel. This 
need is felt even more 
urgently in South Africa, 
due to its lack of natural oil 
resources, which results in 
consumers having to pay 
currency-related prices 
for this essential product. 
The effect of these high 
prices is felt most critically 
by farmers and rural 
inhabitants who have to 
use large amounts of fuel 
to plant crops or travel to 
market. 

Prof Heydenrych has 
always been interested in 
rotary kilns and the process 
of subjecting materials 
to high temperatures 
(typically over 800 °C) 
in order to bring about 
a chemical or physical 
change. Early in 2010, 
his research in this field 
brought him into contact 
with Dr Akwasi Boateng 
of the United States 
Department of Agriculture, 
who introduced him to 
the process of pyrolysis. 
This is a chemical process 
that breaks down material 
like wood or tyres by 
very rapidly heating it 
up at temperatures of 
around 400 to 500 °C in 
an environment from 
which the oxygen has been 
removed.

Initially working with  
Dr Boateng,  
Prof Heydenrych developed 
a pyrolyser, using the 
principles of gasification 
developed by Prof Robin 
Judd, formerly of the 
University of Durban-
Westville. The result of 
this research was the 

development of a fast 
pyrolysis unit that can 
convert dry biomass into 
crude oil in a single reactor. 

With funding obtained 
from Sappi and the Paper 
Manufacturers Association 
of South Africa (PAMSA), 
supplemented with a 
Technology and Human 
Resources for Industry 
Programme (THRIP) 
grant, Prof Heydenrych 
proceeded to establish a 
Pyrolysis Laboratory at 
the University of Pretoria 
where his research team 
could build a reactor 
to test the viability of 
using forestry sawdust 
to produce biofuel by 

making use of the fast 
pyrolysis process they had 
developed. Due to South 
Africa’s unique forestry and 
agriculture infrastructure, 
it is possible to source 
biofuels without seriously 
impacting on the existing 
value chain.

According to  
Prof Heydenrych, studies 
suggest that by using local 
agriculture and forestry 
waste, and converting it to 
fuel, we would be able to 
supply as much as 100% 
of the national demand 
for petrol, thus reducing 
our dependence on 
non-renewable fossil fuel 
reserves.

Innovative technology

The advantages of the 
technology developed 
by Prof Heydenrych are 
threefold: Instead of 
burning the char (the solid 
material that remains 
after light gases and tar 
have been released from 
a carbonaceous material 
during the initial stage of 
combustion), it recovers it 
so that the char can be put 
back in the soil as mineral-
rich fertilizer and mulch, 
making it sustainable. 

The reactor can be scaled 
up to meet the large 
customer need. The design 
also allows for the in-situ 
catalysis of the product oil 
to convert it in a single step 
close to the specifications 
required for transportation 
fuels. A provisional patent 
for this technology was 
registered in 2013, with 
a national patent filed in 
the USA, Canada, Brazil, 

Nowhere is 
the need for 
a renewable 
transportation 

fuel more 
urgently felt 

than in South 
Africa.



102 0 1 5  I N N O V A T E  1 0    I N N O V A T I O N  F O C U S

Europe, China and South 
Africa.  

The ultimate goal is 
to commercialise the 
technology by building 
small (container) and large 
pyrolysis units and to sell 
them to farmers and rural 
customers so that they can 
produce their own fuel. 
In time, this may lead to a 
rural decentralised biofuel 
industry. The research 
team believes that the real 
benefit of this solution 
lies in its size and ease of 
operation. 

According to Prof 
Heydenrych’s calculations, 
the estimated diesel input 
cost to farm maize is  
64 litres of diesel or  
R820 per hectare. This 
means that the average 
farmer, farming a  
1 200 hectare farm, has 
to pay almost R1 million 
for fuel to plant the crop, 
regardless of success or 

failure. From census data, 
there are an estimated 
40 000 “average” farming 
units in South Africa. He is 
confident that such farmers 
would be willing to invest 
substantially in a pyrolysis 
unit. It is estimated that a 
fast pyrolysis unit can be 
built for less than  
R2 million with a capacity 
of 100 000 litres per month. 

With the reactor that 
was designed, liquid 
fuel can be produced as 
output from the process 
(as opposed to gasifiers 
that produce gas from 
biomass, or bio-ethanol 
that typically requires 
food crops as a source 
material). Compared to 
gas, liquid fuel is denser 
with a much higher energy 
value, which makes it easy 
to transport. The process 
of fast pyrolysis also allows 
large throughputs to be 
processed with equipment 
that is relatively small, 

which means that a reactor 
can be built that may be 
used at the community 
or farm level. This unique 
method of providing the 
required energy to the 
reactor makes it scalable, 
and allows carbon 
molecules to be captured. 
This makes the entire 
agricultural life cycle more 
sustainable, and even 
carbon-negative overall, as 
the carbon is sequestrated. 

Intellectual property

A second provisional patent 
was lodged in May 2013.  
This patent, which is 
owned by the University of 
Pretoria, has been lodged 
as a Patent Cooperation 
Treaty (PCT) application. 
This is for an improved 
reactor design, which 
involves heating the 
pyrolysis bed around the 
combustion bed, and 
replacing the sand in the 
reactor with a catalyst 

to upgrade the fuel. The 
research team is currently 
testing two catalysts that 
have been developed, 
and both are providing 
excellent results. 

While the calorific value 
of crude oil is 45 MJ/kg, 
typical pyrolysis oil has 
a calorific value of only 
20 MJ/kg, as opposed to 
the industry standard, 
using a commercially 
available catalyst, which 
is 32 MJ/kg. The results 
obtained using one of the 
catalysts developed in the 
Department of Chemical 
Engineering show that 
it delivers an oil with a 
calorific value of 39 MJ/kg,  
which is of a very good 
quality and compares very 
well with crude oil. 

Prof Heydenrych’s team is 
also busy developing new 
in-situ catalysts that will 
allow the product of the 
fast pyrolysis process to 

 The pyrolysis team with the new pyrolyser in the Department of Chemical Engineering (from left): Johann Wauts,  
Lucja Wanicka, Ümit Postma, Patrick O’Brien and Prof Mike Heydenrych.
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be upgraded into a fuel 
oil. Apart from the desired 
chemical characteristics, 
the catalyst must have 
particular physical 
characteristics to withstand 
cyclical temperature 
variations and the abrasion 
that is characteristic of 
fluidised beds. 

The next step will be to 
provide proof of concept, 
using various feedstocks 
such as rubber, plastic, 
corn stover, bagasse and 
coal fines. Yields will be 
measured and physical 
samples of the various oils 
collected for stability tests 
and further end-testing. 

Bringing the 
technology to market

The project has received 
seed funding to the value 
of R500 000 from the 
Technology Innovation 
Agency (TIA) for the 
commercialisation of the 
venture. 

Blue Venture Partners (Pty) 
Ltd has been appointed to 
perform market research 
and conduct a needs 
analysis. This company will 
also develop a business 
plan with a number of 
business models that may 
be tested for viability. 
This will include defining 
the customer segment, 

determining the value 
proposition and channel 
relationships, and 
designing a revenue model 
and cost estimates. 

A large-scale pilot project 
will be undertaken to 
educate customers, as 
well as test the viability 
of the business model. 
This will be followed 
by the development of 
commercial units for local 
and international rural 
deployment.

National benefits

This project has enormous 
potential to benefit the 
nation. By upgrading 
valueless biological plant 
waste material to high-
value liquid fuel, it places 
the capability to produce 
biofuel squarely in the 
hands of rural communities 
and farmers. The pyrolyser 
is small and simple enough 
for portable units to be 
built. 

This means that they can 
be manufactured centrally 
and placed in the hands of 
cooperatives, communities, 
farmers and small, medium 
and micro enterprises 
(SMMEs) so that they can 
produce their own fuel 
and sell this fuel into the 
national system. Once 
commercialised, it will have 
a massive impact on rural 
job creation.

The project also has the 
potential to develop a 
highly skilled capacity 
and knowledge base, and 
increase capabilities for 
technology innovation. 
Postgraduate students 
who have formed part of 
the research team and 
who have graduated from 
the University of Pretoria 
are currently employed in 
the forestry industry, with 
the result that technology 
has successfully been 
transferred and skills 
developed that will benefit 
the industry at large. 

 Johann Wauts measures out some bio-oil generated from sawdust.

This invention 
will enable 
farmers to 
sell their 

fuel into the 
national 
system.


