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Waste products ranging from rice husks and 
wheat straw to municipal solid waste and 
sewage sludge could soon be helping to reduce 
the world’s reliance on fossil fuels, lessening 
carbon dioxide emissions. 

New research made possible by the Sustainable 
Technologies Initiative has achieved a two 
thirds reduction in the cost of building a plant 
to convert biomass into gas for electrical power 
generation. The outcome is expected to give 
a major boost to international efforts to 
convert abundant biomass resources into 
commercial energy and biofuels such as 
bioethanol.

‘The STI project has been an outstanding 
success and the research output will contribute 
significantly to one of the most important 
global problems of today, namely global 
warming,’ says project co-ordinator Professor 
Galip Akay of Newcastle University. ‘Our 
sustainable technology will contribute to the 
reduction of greenhouse gases and the 
establishment of biomass-based energy and 
biofuel technologies in which gasification is 
pivotal.’ 

The great attraction of bioenergy is that it is 
virtually CO2 neutral. Sustainably grown crops 
take in as much CO2 from the air as they release 
when gasified and utilised under controlled 
conditions without emitting toxins into the 
environment.

The patented technology developed at 
Newcastle University is ideal for small 
neighbourhood refineries capable of 
converting locally grown biomass into a 
combination of fuel, power, heat and 
chemicals. It has been successfully 
demonstrated in Turkey at a £2m industrial 
scale research plant built by a UK-Turkish 
consortium in Istanbul, where it was opened 
by Turkish Prime Minister, Recep Tayyip 
Erdogan (see picture). The 1 MWe plant 
generates electricity from municipal waste and 
other forms of biomass. 

A spin-out company, ITI Energy Limited, is 
now applying the technology at a CHP 

(combined heat and power) project at Wick 
in Scotland in which the experience gained 
from the Istanbul plant is being utilised. The 
project was won in an open tender led by the 
local authority and the 1 MWe plant will be 
commissioned in December 2006. The 
company has also secured projects for other 
plants in UK and overseas which are at 
advanced stages of planning, in collaboration 
with both UK and International companies. 
These applications will generate electricity 
from, municipal waste, wood, biomass, sewage 
sludge and other combustible feedstocks. 

The cost savings achieved by the new process 
should give a real boost to the commercial 
prospects for bioenergy, which will benefit 
not just the energy-hungry developed world 
but also developing countries where abundant 
resources are available in the form of 
agricultural by-products. Crops could be bred 
efficiently just to produce bioenergy, enabling 
farmers in developing countries to diversify. 

The process also makes it possible to turn other 
sources of waste into usable energy by mixing 
it with biomass. Tests have shown that refinery 
oil sludge can now be co-fired with biomass 
in a sustainable way. 

The Sustainable Technologies Initiative (STI), 
funded by the DTI, Defra and three research 
councils, aims to improve the sustainability 
of UK business by supporting research to 
achieve economic growth and employment 
while safeguarding the environment and 
conserving natural resources. 

With STI support through an EPSRC grant, the 
INSEPT project focused on intensified 
integrated oil/water-gas/liquid separations and 
produced water treatment. Academic 
researchers led by Professor Akay’s team from 
Newcastle’s School of Chemical Engineering 
and Advanced Materials were supported by a 
consortium of leading industrial partners. 
They set out to combine revolutionary 
materials for demulsification and absorption, 
discovered at Newcastle, with state-of-the-art 
techniques for oil-water separation as well as 
gasification. When work was underway a
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decision was taken to focus research on 
application of the technology to biomass 
gasification. 

‘The STI grant enabled us to create an extensive 
and integrated research programme with 
additional support from industry, international 
PhD students and visiting academics,’ says 
Professor Akay. ‘By the time the project had 
been completed, we had made three new patent 
applications and supplemented two existing 
applications, and it also enabled us to receive 
further research funding.’

Key developments included novel micro-porous 
materials to perform oil-water and gas-liquid 
separations. Patented methods were developed 
to make the materials from both polymers and 
metal alloys in a sustainable way. Further 
significant applications are anticipated in areas 
ranging from agriculture to pharmaceuticals to 
catalysts and a second spin-out company is 
proposed.

‘During the project we transferred several 
inventions and discoveries from the laboratory 
to a fully integrated industrial scale research 
plant,’ says Professor Akay. ‘We showed that 
the process intensification technologies we have 
developed at Newcastle transform the viability 
both of the gasification process and 
environmental remediation. As well as 
achieving the long-term objective of generating 
power from biomass there are exciting prospects 
in other fields, which we and our commercial 
partners are now following up.’

Additional project information 
and background

How are the results of the project being taken 
forward?
Newcastle University spin-out companies, ITI 
Limited and ITI Energy Limited now have full 
assignment, licenses and total rights for all the 
patents and are carrying out the engineering 
work at the plants now being constructed with 
one of the partner firms, Morecroft Engineers

Meanwhile, further research funding from 
EPSRC has been awarded under the UK 
programme entitled: ‘The Frontiers of Green 
Chemical Technologies: From Grand 
Challenges to Real Solutions’ to establish an 

intensified integrated bio-refinery in 
collaboration with Bristol, Oxford, Queen’s 
University Belfast and Warwick Universities.  

How does the new process turn biomass into 
electricity?
The biorefinery employs a gasification process 
that turns biomass or oil sludge into syngas 
(synthesis gas) that can be used as fuel for power 
generation in a natural gas engine. Syngas is 
obtained by gasifying the residue left after 
biomass has been converted first into high value 
chemicals and then into bioethanol. Gases and 
liquids are separated using novel nano-
structured microporous materials.

What type of microporous materials were 
developed?
There are two categories – micro-cellular 
PolyHIPE polymers (PHPs) and metallic alloys 
for high temperature catalysts and membranes. 
Sustainable processing methods developed by 
the project are covered by two patent 
applications. Results show that the use of PHPs 
can remove tar as well as water from syngas 
produced from biomass, making it suitable for 
use in internal combustion engines or fuel cells.

Can the syngas be used with conventional 
natural gas engines?
Independent evaluation of the Turkish plant’s 
performance confirmed the suitability of the 
syngas produced for power generation. The 
plant won the first certification for power 
generation using an internal combustion 
natural gas engine manufactured by General 
Electric Jenbacher Engine. 

Does the process work with different kinds of 
biomass?
A wide variety of biomass materials have been 
tested successfully. They include: mixtures of 
wood chips, municipal solid waste and crushed 
bone waste; sawdust and chopped straw; dried 
sewage sludge; rape seed meal; sugar cane 
bagasse; nut shells and even waste tyres.

Are there other potential applications for PHPs?
Initial research suggests that antibiotic 
production rates could be increased ten-fold 
using certain types of PHPs as support materials. 
The use of PHP for soil water regulation has been 
shown to increase crop yield by more than 300% 
under drought conditions. Water remediation
using PHP has been highly successful.

‘The research output 
will contribute 
significantly to the 
solution of one of the 
most important 
problems of today, 
namely global 
warming.’

Microporous structure of PHPs


