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Over the last ten years, there has been a step change in how 
both the public and government view the environment.  
Where once the dollar was king, we now see a shift in 
position to where commercial activities must, at the very 
least, display some environmental awareness and operate 
with a level of environmental responsibility.

Man’s contribution to climate change largely originates from the 
generation of greenhouse gases produced as a consequence 
of activities such as agriculture, industrial processes, transport 
and the use of fossil fuels for energy generation (see http://
www.direct.gov.uk/en/Environmentandgreenerliving/
Thewiderenvironment/Climatechange/DG_072920).  One 
of the greatest challenges for the 21st century, therefore, 
is to reduce our dependence on fossil fuels by finding 
environmentally acceptable alternatives. 

By and large, fossil fuels such as coal are used to produce 
energy for the commercial and domestic sectors, i.e. 
heat and electricity.  Oil, when refined, has additional 
utility in the form of transport fuels and chemicals.  Whilst 
transport fuels touch almost all of our everyday lives 
as the energy source for our motorised vehicles, the 
products made from petrochemicals pervade society to 
an even greater extent.  Examples include: plastics, soaps 
and detergents, drugs, paints, resins, fabrics and fibres, 
explosives, pesticides and fertilisers.

A variety of renewable solutions are also available for the 
production of energy, including wind turbines, tidal barrages, 
solar cells and biomass.  However, biomass sources such 
as Miscanthus, reed canary grass, willow and perennial 
ryegrass, are uniquely placed not only to provide energy, 
as demonstrated by the co-firing of coal with Miscanthus, but 
also to serve as ’feedstocks‘ for the production of renewable 
transport fuels and chemicals derived from their constituent  
sugars and lignins.

Research in the IBERS Biorenewables and Environmental 
Change Division aims to investigate the genetic and 
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biochemical diversity in biomass crops and to link the 
findings to areas such as agronomy and plant stress 
response. In reality, these separate disciplines form a 
continuum, running from plant biology and environmental 
adaptation through to impacts on human ecology, by 
offering alternative routes to a variety of biorenewable 
products which are currently derived from fossil fuel.  
This modification of human behaviour can be viewed 
from the perspective of reducing environmental stress. 
The mitigation of climate change has a clear resonance 
with what Charles Darwin termed “a struggle for 
existence.” Darwin, although unfamiliar with the 
concept of greenhouse gases and climate change, was 
fully conversant with the modern concept of ecological 
adaptation, which can be demonstrated by the following 
quote:

Adaptation - markets versus the environment

It is recognised that there are many opportunities to 
research and develop the use of biomass in terms of both 
combustion and renewable commodities:

Increase in yield• 
Improved adaptation to environmental stress, e.g. • 
drought or disease
Breeding for a desired chemical species or diversity • 
of products 
Improved enzyme treatments for sugar release• 
Engineering solutions, i.e. mechanical treatments, • 
to aid production or processing
Use of chemical techniques to enhance plant • 
content
Utilising plant chemistries directly without mimicking • 
petroleum

The evolution of products from plants can be viewed as 
mirroring the development of the petroleum industry 

 It is not the strongest of the species that 
survives, nor the most intelligent that survives. 
It is the one that is the most adaptable to 
change. 
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Feasibility - products from biomass

Recently teams at Aberystwyth and Bangor Universities* 
have collaborated with the Chemistry Innovation Knowledge 
Transfer Network, the National Non-Food Crops Centre 
and Trends in Business Research to produce a feasibility 
study entitled “The Biorefining Opportunities in Wales: from 
Plants to Products”.  The aim of this exercise was to obtain 
an objective view of bio-resources in Wales in terms of:

Biomass options• 
Available land resource, and • 
The commercial potential to produce and exploit • 
’green chemicals‘ within and potentially beyond 
Wales.

For simplicity, most of the study focuses on perennial 
ryegrass as a feedstock, though other biomass crops such 
as Miscanthus and reed canary grass could be utilised.  
Figure 1 illustrates the chemical composition of perennial 
ryegrass and its constituent levels of easily accessible soluble 
sugars compared with the less accessible cellulose and hemi-
cellulose.  The study puts the potential yield of sugar in the 
context of a commercial biorefinery, i.e. how much biomass 
would be needed for the viability of a refinery and what land 
resource would be required?  It is estimated that high sugar 

itself.  When oil was first refined in the 1850s, the primary 
product was kerosene (‘paraffin’), which was used to 
replace whale oil in lamps.  Developments over more than 
a century have resulted in improved processes for the 
extraction and fractionation of oil.   The result has seen a 
progression from a material with a limited application to 
one which touches our lives in almost every way.  Hidden 
behind these scientific and technological advancements is 
a system that works more efficiently and therefore more 
cheaply in real terms.  Can we do the same with biomass 
and what is the timescale?

The utilisation of biomass to replace products which are 
currently derived from oil is in its infancy.  Indeed, the 
development of second generation renewable technologies, 
e.g. converting lignocellulose to fuels or chemicals, could be 
compared to that of the petroleum industry in the 1850s.  Is 
it therefore reasonable, in financial terms, to compare the 
mature petrochemicals industry to the biorenewables sector 
in the very early stages of its development, and should we be 
deterred from further research and implementation based 
on financial arguments alone?  In many ways, the oil industry 
is indeed strong in comparison to biorenewables; however, 
in terms of adaptation, the approach of the biorenewables 
industries might be far more beneficial in allowing mankind 
to adapt to change.

Figure 1. Composition of perennial ryegrass.

* Since 1989 The BioComposites Centre has undertaken world class research with an aim of reducing the global warming potential of products or processes 
through the utilisation of sustainable materials that that are renewable. Work includes the development of biopolymers from plants for packaging products, 
the use of plant fibres in construction materials and the production of chemicals from natural feedstocks for specialist applications. The Centre is currently 
working with IBERS to develop a bio based technology platform for Wales.
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Figure 2. Turnover of market sectors by region.

grasses cultivated on approximately 50,000 hectares could 
supply enough biomass for a Welsh biorefinery, which is 8% of 
the land suitable for growing biomass for energy in Wales.

The next consideration is the market impact of producing 
chemicals from biomass.  In Wales, there are approximately 
341 companies that offer goods and services from 
cosmetics to surfactants.  If these organisations were able 
to substitute 30% of their current fossil fuel demand with 
chemicals from biomass, the accessible market would 
be in the region of £360m.  If the Merseyside Basin, the 
M4/M62 corridors and Birmingham are included, the 
potential market increases to £560m. 

Converting plants into products, whether they be fuels 
or chemicals, cannot be achieved in isolation.  Whilst 

scientists in the Biorenewables and Environmental Change 
Division at IBERS can demonstrate key capabilities such 
as crop development, cultivation and fermentation 
technology within the supply chain below, the translation 
of this research into commercial reality necessitates 
multi-disciplinary activities with the involvement of both 
academic and commercial partners.

Indeed it was Darwin himself who said:

Demonstration from a technological standpoint can be 
undertaken at the laboratory scale. However, delivering 

  In the long history of humankind (and animal 
kind, too) those who learned to collaborate and 
improvise most effectively have prevailed. 
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Table 1. SWOT analysis of the capability, benefits and impact of establishing biorefinery activity in Wales.

Strengths Weaknesses Opportunities Threats

Social regeneration of rural • 
economies
maintaining and • 
broadening skill base

diversification of farming• 
new job opportunities• 
attraction of increased • 
student numbers

public non-acceptance• 

Technological strong expertise in non-• 
food crops
strong expertise • 
in microbial and 
fermentation technology
strong expertise in • 
biocomposite materials, 
including fibre processing
regional strength in • 
biotech companies
academic expertise in use • 
of bio-based chemicals

second-generation • 
fermentation not fully 
developed so doesn’t use 
all the plant
transport of dilute • 
solutions or low density 
feedstock

interdisciplinary work• 
drive innovation in the • 
chemistry-using sectors
trebling of available • 
sugar from ryegrass 
through development of 
lignocellulosic technology

availability of pre-• 
processing technology
fermentation yields below • 
those expected

Environmental low-carbon technologies• 
reduce fossil fuel • 
dependency
preserve landscape• 

impact of transporting • 
biomass
lack of comprehensive LCA • 
information

lead in manufacture of • 
renewable chemicals

change in biodiversity• 

Economic competitive with existing • 
UK biorefining activity and 
feedstocks (i.e. sugar beet)
opening new markets• 

transport issues - north/• 
south
lack of co-ordinated • 
planning

competitive regional • 
economy
new jobs in key sectors• 
increased feedstock • 
security

risk barriers for industry • 
to development of 
technology
other facilities developed • 
first and capture target 
markets

Political security of feedstock • 
supply
delivering on renewables • 
targets

lack of policy support for • 
renewable chemicals

establishment of  Wales as • 
a UK centre for biorefining

public backlash against • 
increased rural traffic

Figure 3. Biorefinery supply chain.

a commercially viable green products platform extends 
to requirements far beyond the technical challenges and 
demands consideration of social, economic, environmental 
and political drivers which are highlighted in the SWOT analysis 
table below.  Only when all these drivers have been aligned will 
such initiatives have genuine economic and social impact.

There are now few who would disagree that human activity 
has had, and continues to have, a negative impact on 
climate change.  Should we therefore explore what can 
be done in mitigation, or is the problem insurmountable - 
meaning that we should just carry on as before?  In terms of 

biorenewables and climate change, it is acknowledged that 
there are strengths, weaknesses, opportunities and threats 
inherent in developing a biorenewables industry, particularly 
in regard to new large-scale initiatives, and that there are no 
guarantees of success.  However, quoting Darwin again:

Ignorance more frequently begets 
confidence than does knowledge: it is those 
who know little, and not those who know 
much, who so positively assert that this or that 
problem will never be solved by science. 
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