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4. Directions for Future Research and

Development

As is the case with other sources of renewable energy, R&D into bioenergy will be the key to expanding

its share of the energy mix. In the case of bioenergy, a considerable amount of agronomic and forestry

technology can be imported from traditional agricultural production systems.

There are, however, several other areas of biomass R&D addressing both feedstock production and its

further processing are required. The list below summarises the most important approaches to maximising

energy production from biomass, using a holistic approach, including the concept of end use and

biorefineries.

Biomass productivity: Plant biology

Set up, characterise and maintain plant DNA banks of new
oleaginous species and expand existing DNA banks

Introduce desirable traits for productivity, soil adaptation and
stress tolerance to plants for biomass production

Identify new plants with outstanding energy production per
unit of area

Develop commercial varieties of new crops with high energy
yield per unit of area

Identify the pathways of photosynthesis and modes of
enhancing solar energy capture

Develop new crop varieties with enhanced yield

Basic research into lignin and cellulosic metabolic pathways

Determine the cell wall processes and modes of enhancing the
carbohydrate pathways

Perform research to optimise the energy output/input for
various target plants

Enhance the output in field conditions

Identify basic metabolic pathways for plant resistance to
biotic (pests) and abiotic (drought, temperature, pH or
salinity) stresses

Develop plant models describing different pathways for
overcoming biotic or abiotic stresses

Identify plant genes linked to resistance or tolerance to
major biotic or abiotic stresses

Introduce genes and develop plant varieties able to withstand
certain degrees of biotic and abiotic stresses

Identify genetic material with improved soil nutrients
uptake and use

Develop new crop varieties with enhanced soil nutrients
uptake and use

Identify methods for altering carbon flows into higher
energy compounds like lipids

Develop new crop varieties with higher lipid concentration

Identify and characterise algae with desired traits for
producing energy

Develop production systems to use algae for biomass

production

Identify genes and biochemical pathways to produce
pharmaceuticals from biomass

Introduce genes to produce or to enhance the production of
pharmaceuticals from biomass
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Biomass productivity: Agronomic practices

Next 5 years

Next 15 years

Develop studies for further understanding symbiotic plant
bacteria associations for atmospheric nitrogen fixation

Improve production systems to incorporate new standards
for atmospheric nitrogen fixation

Investigate novel microorganisms able to associate to plants
outside the Leguminosae family for symbiotic fixation of

atmospheric nitrogen

Improve microorganisms for association with plants aiming
to higher levels of symbiotic nitrogen fixation

Investigate plant — microorganisms associations with growth
promotion capabilities

Develop processes and application technologies to introduce
growth promoters and nitrogen fixating microorganisms on

production systems

Identify phyto-hormones biochemical pathways and
substances acting as hormonal bio-activators

Integrate the use of bio-activator substances into biomass

production systems

Validate soil carbon impact on crop residue removal

Develop systems that sequester soil carbon and enable

carbon reallocation for energy

Identify and analyse data on potential environmental
impacts of intensive agriculture (i.e. soil erosion, run-off etc.)

Test and demonstrate technology designed to reduce

nitrogen and phosphorous run-off

Create understanding and demonstrate the potential

increase in productivity of new crops

Develop optimal practices for producing and handling the

new crops

Develop studies on plant, soil, water interactions

Implement improved techniques for soil water storage and
water use by the plants

Develop studies on plant, pest, predator relationships

Implement improved techniques for bio-controlling

agricultural pests

Establish optimal agronomic practices for sustainable

production, including existing residue removal

Develop and test agronomic practices to enhance crop
production, improve consistency and reduce stress
susceptibility

Develop studies on the life cycle and energy balance
of biomass feedstock, looking at reducing the energy

consumption of the systems

Develop improved production systems less intensive in

energy demand

Identify the most suitable soils and regions to grow energetic

intensive crops

Establish agro-ecological zoning for energetic crops in the
new agricultural expansion areas

Develop harvesting and processing systems to improving
the oil extraction activities and the use of co-products and
residues

Introduce new harvesting and processing techniques on
improved production systems

Develop basic studies on forestry parameters (spacing,
fertilisation, rotation, rate of growing, net photosynthesis,

etc.)

Establish forestry parameters that maximise sustainable forest

biomass production

Develop technologies to enable the establishment and
management of energy forests in areas unsuitable for
agriculture or degraded areas

Validate forestry production systems on marginal lands

Identify requirements for establishing agro-forestry
arrangements on the small scale

Develop agro-forestry arrangements appropriate for small

farms
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Biomass for domestic cooking

Prepared fuels for cooking Advanced biomass stoves

. ) ) New stove technologies with less health and environmental
Avoidance of charcoal for primary cooking

impacts
Oil seeds to biodiesel for Diesel cycle engines
Improving existing processes or develop new processes for
substituting vegetable oil or animal fat as feedstocks for Improve pyrolysis, gasification and syngas production routes

biodiesel production

. . . . Develop adaptations on diesel engines to run on further
Develop adaptations on diesel engines to run on bioethanol ) .
generation biofuels

Improving oil extraction methods, especially adapted to small Develop devices for completely extract oils from feedstock, on
and medium size plants small and medium size plants

Develop studies on the catalysts and reagents used in Improve biodiesel production techniques aiming to reduced
industrial processes energy demand, low cost and larger scales

Biomass to clean heat and electricity

Research and develop reliable, fuel-flex, energy efficient, cost Adopt widespread utilisation of these technologies in
optimised gasification systems developing and developed countries

Generate technologies for the recovery of condensable Implement widespread use of technologies for recovering gases
gaseous products during the wood carbonisation process on carbonisation plants

) Implement widespread use of improved technologies for using
Improve the use of black liquor for energy black liquor as energetic feedstock

Set up protocols, certification and technical standards for the
technologies associated with the supply and use of energy Implement certification protocols on the biomass power chain
from forest biomass

Develop studies on the quality of charcoal to be used in blast Implement improved technologies for using charcoal and fines
furnaces, with emphasis on carbon fines studies for energy purposes

Biogas digesters to heat and electricity

Develop domestic, multi-feedstock, modern high rate

) ) Adopt widespread utilisation of these in developing nations
biomethanation systems

Supply biodigester with biomass heating, stirring and thermal
Develop and evaluate the kinetics of anaerobic digestion in . ppy. g . . E . g
. oo insulation to increase biogas production and improve the
different biodigester models . .
efficiency of organic matter removal

Develop and evaluate complementary systems for the final Further evaluate the environmental impact of biodigester

treatment of liquid biodigester wastes wastes

19
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Next 5 years

Next 15 years

Evaluate the quantitative and qualitative characteristics of
biogas as a function of climatic seasonality and type of animal

production system

Evaluate and develop mathematical models for estimating
biogas generation and evaluating the qualitative and
quantitative characteristics of biogas as a function of the effect

of climatic seasonality

Evaluate the use of bio-fertilisers, such as organic manure,
to replace chemical fertilisers in grain and pasture planting

systems

Evaluate the environmental risks that intensive use of organic
bio-fertilisers in grain and pasture planting systems would pose
to superficial and underground waters

Develop equipment for the use of biogas, instead of PLG and
firewood, as heat source in swine and poultry production
facilities

Develop equipment for the use of biogas, instead of PLG and

firewood, as heat source in grain drying

Develop equipment to compress and transport biogas under

low pressure

Develop ion exchange membrane for fuel cells using biogas

Develop low-pressure biogas storage systems for use in swine

and poultry production farms

Generate novel biogas treatment and purification systems to
reduce corrosion, diminish humidity and increase the methane

ratio

Sugars, starch and cellulose to ethanol for Otto cycle engines

Next 5 years

Next 15 years

Improve fermentation processes, specially using
microorganisms with high ethanolic efficiency

Develop conversion of cellulose and hemi-cellulose to ethanol

Identify improved biofuels with low molecular weight derived

from biomass

Develop process for obtaining succedaneums of ethanol, with

improved energy efficiency

Describe the life cycle of ethanol production plants to identify
inefficiency gaps

Develop process for reducing the use of water, inputs and
energy on ethanol production

Identify ways for improving co-generation efficiency

Develop processes for maximising the energy output on

co-generation systems

Biorefineries and co-products processing

Next 5 years

Next 15 years

Identify chemical substances present in biomass with interest
to the chemical industry

Develop process to extract, purify and refine bioproducts

Identify chemical substances presently extracted from fossil
sources that can be obtained from biomass

Develops process to produce chemical substances replacing

fossil sources by biomass

Identify chemical routes for expansion of oil and ethanol

chemistry

Develop process for producing chemicals derived from oil and
ethanol

Develop economic uses for the glycerol generated on
biodiesel plants

Deployment of new uses of glycerol into the market

Develop novel nutritional uses from bioenergy residues

Continue developing novel nutritional uses from bioenergy
residues
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Novel approaches using existing technologies

Develop compact domestic biomethanation plants using high
rate biomethanation

Adopt on global scale

Develop advanced clean combustion and Stirling engine
technologies for electricity at affordable investment costs

Produce at small scale making the technology accessible for
remote locations

Develop advanced clean combustion—super heated steam
and turbo-supercharger based power generation

Produce at large scale enabling wide use
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