IEA Bioenergy

S

SHORT
ROTATION
CROPS for
BIOENERGY
SYSTEMS

TECHNICAL
REVIEW NO. 2




www.shortrotationcrops.org

Definition: “Short Rotation Crops
“Short Rotation Crops” means woody crops such as Willows, Poplars, Robinia and Eucalyptus
with coppicing abilities as well as lignocellulosic crops such as Reed canary grass, Switchgrass
and Miscanthus.

Obijective:
The objective of the Task is to acquire, synthesise and transfer theoretical and practical knowledge
of sustainable short rotation biomass production systems and thereby to enhance market
development and large-scale implementation in collaboration with the various sectors involved.

Themes:
Linking producers and markets
SRC: Climate change and ecosystem services
Improving and optimising production systems
Energy, agriculture and environmental policies for SRC
Competition for land and water resources
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In many countries it is apparent that the growing of biomass

as a stand-a one short-rotation crop for energy is currently seen
as a marginally-acceptable proposition. In order to be

January 2009 economically viable, the crop must provide other benefits (or
products) in addition to a bioenergy source.

Between 2001 and 2003, |EA Bioenergy Task 30 initiated a
review of the environmental and economic externalities of
sustainable short-rotation crop bioenergy systems (Nicholas et
al. 2003). The intention was to gain a better understanding of
the consequences of large-scal e implementation. Although the
review concentrated on Eucalyptus grown in the southern
hemigphere, many of itsfindings apply to other species, including
those grown in the northern hemisphere. The review showed
that there are many ways in which short-rotation crops grown
for bioenergy can benefit the environment and the local and
national economy. During the period 2004-2006, |EA Bioenergy
Task 30 continued to identify co-products that could increase
commercial interest in short-rotation biomass cropping for
energy purposes, and the results are presented here.
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Definition of “Co-product”

The term “co-product” can be defined as any material or benefit that results from the production of
another mar ketable commaodity. Co-products take many forms and in the context of short-rotation cropping
for energy purposes they include every beneficial item or effect that is associated with the production of
the major energy component. It is recognised that co-products may be benefits to the environment, and that
many of these may not be amenable to financial assessment. The possibility that monetary value will be
placed on them in the future must be acknowledged, and therefore flexibility must be allowed when separating
co-products that provide financial benefits from those that provide non-financial benefits. Stucley (2001)
has noted that although the commercial position of bioenergy may be enhanced by the production of other
value-added products, projects must be driven by a strong understanding of the markets for co-products.
He discussed several co-products that were considered for a short-rotation cropping project in Western
Augtralia. Complementary values such aswater control, sdinity mitigation, increased employment, community
cash-flow and the development of associated industries (e.g. tree nurseries) were also identified.

The potential for realisation of co-product potential is different for specific bioenergy systems, and varies
from country to country. Some examples of the co-product potential of woody species suited to short-
rotation bioenergy cropping are given below.

Potential co-products of short-rotation crops:
co-product examples

Oil and other phar maceutical products derived from Eucalyptus plantations (Australia).

Several species of Eucalyptus contain oil in their leaves. The commercially-important component of this
oil is 1,8-cineole. Numerous small markets exist for eucalyptus oil which is used in pharmaceuticals,
fragrances and food flavourings. Phasing-out of the use of trichloroethane under the Montréal Accord has
opened up market opportunities for the substitution of eucalyptus oil in industrial degreasing and solvent
applications.

Wood chips from Eucalyptus grandis plantationsin northern New South Wales have been exported to India
for processing into perfumery (M. Henson, Forests NSW, pers. comm.).
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Carbon credits (Countriesratifying the Kyoto Protocol)

The establishment of tree cropsto provide fuel for bioenergy provides an opportunity for carbon sequestration
in the biomass, which includes root material.

Carbon credits can be regarded as a co-product of biomass production. To be eligible for the credits under
Kyoto Protocol, plantations must meet certain criteria. Trees planted before 1990 and trees planted on
existing forest land do not qualify. Financial advantages associated with the acquisition of carbon credits
are likely to provide an incentive for the use of existing agricultural land for tree plantations. Growth rates
will vary according to local conditions but are expected to be high because agriculture has usually been
practised in areas with favourable climate and soil conditions.

Economic returns from short-rotation cropping will be influenced by government policy on carbon
sequestration (compliance costs for claiming carbon credits) and by further development of the carbon-
trading market.

Diver se biofuel products (all IEA Bioener gy Task 30 member-countries)

Short-rotation crops may yield more than one energy product. Global trendsin the use of renewable resources
to replace petrochemical derivatives have stimulated interest in biofuels. In Australia and New Zealand,
earlier research results on the production of ethanol and methanol from wood are being applied in the
examination of their potentia as transport fuels. Ethanol can be used to supplement liquid fuel and ‘E10°
blends containing 10% ethanol and 90% petrol do not require engine modification. In Brazil, E10 and E20
blends are used. Ethanol derived from starch in corn or sugar cane has been used successfully in Brazil and
the USA for several decades (Nicholas et al. 2008).

Lignin residue from the fermentation process used in ethanol production can be used for electricity generation
(Enecon 2002), and a variety of chemical products may be derived from the bio-oil resulting from wood
pyrolysis. New processes are being developed for the production of plastics and pesticides from woody
biomass.

Integration of improvement of water quality with the supply of wood products (New Zealand)

The decline of water quality in lakes of the central North Island (see Figure 13), New Zealand, is considered
to be due mainly to inputs of nitrogen from pastoral land).
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Figure 1: Salinity in the Western Australian landscape.

Salinity mitigation using short-rotation woody species (Australia)

In many of the dry areas of Australia (300-600 mm of rainfall annually), the clearance of deep-rooted
perennials and replacement with annual agricultural crops has changed the hydrol ogic equilibrium. Increased
infiltration of rainfall has raised the water table and caused salts previously immobilized underground to
be discharged to the surface Figure 1). It is estimated that 5 million ha of land has been damaged so far,
and that 17 million hawill be affected by 2050 (National Land and Water Resources Audit 2001). Increased
salinity of river water isamajor problem in rainfall catchments, causing losses in biodiversity, amenity and
also damage to infrastructure.

The scale of the salinity problem will require the rapid deployment of land treatment across millions of
hectares of farmland. Revegetation, especially the use of short-rotation crops, is seen as apractical solution.
Although complete revegetation would prevent further elevation of the water table, it would be an expensive
way of solving the problem. Extensive investment and development work by Conservation and Land
Management of Western Australia (CALM) and the Oil Mallee Company during the last 10 years has created
alarge mallee resource (Bartle and Shea 2002). An estimated 28 million mallees have been planted by over
1,000 farmersin the Western Australian wheatbelt, (Mallee is the name given to species (mainly Eucalyptus)
that are characterised by multiple stems developing from underground lignotubers).
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Debate continues about the effects on the hydrological cycle of tree plantation position and the proportion
of the catchment area to be planted with woody species. Belt- and alley-planting systems, rather than
woodlots, are preferred for the integration of mallees with existing agricultural systems. They stimulate
growth and are more acceptable to farmers. Belt-planting has potential for increasing mallee yield because
the extension of lateral roots allows capture of water from adjacent cropland, surface run-off, and groundwater
flows (Bartle and Shea 2002).

A trial has been established near Corrigin, Western Australia, to demonstrate the effects tree species selection
and management on soil water depletion rate (Figure 2). A decrease in soil moisture content beneath
Eucalyptus occidentalis planted at 4,000 stems/hawas noted to a depth of 4 m within 20 months of planting.
Called Phase-farming with trees this method has been proposed as a system for controlling salinity in
southern Australia (Harper et al. 2000). Trees are grown in high-density stands for a period of 3-5 years
in order to de-water the soil, reduce salinity, and improve the soil structure.

Harvested biomass could be used for “green power” generation. The soil is de-watered to a depth of several
metres, forming adried-out layer suitable for agricultural cropping during the next 5-20 years. When the
water table rises to unacceptable levels the tree crop can be replanted. Technical and economic factors that
could impede the development of large-scal e phase-farming with trees have been discussed by Robinson
et al. (2003). These include costs and methods required for tree establishment, harvesting and stump removal
and the establishment of markets for tree products.

Integrated production of eucalyptus ail, charcoal, activated carbon, liquid fuel and other pyrolysis
products derived from mallee plantations (Australia).

The Western Power Corporation in Western Australia has commissioned a $10 million demonstration-scale
mallee processing facility near Narrogin (Figure 3). One of the major drivers of the project was the use of
mallee species for salinity mitigation. The factory is expected to process 20,000 tonnes of mallee biomass
annually, from which it will produce 700 tonnes of activated carbon, 200 tonnes of eucalyptus oil, and an
electrical generation capacity of 1 MW. Several months of trials will be needed before the integrated
processing of mallee on this scale can be shown to be commercialy viable.
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Figure 2: Eucalypt mortality once soil water is exhausted by close planted trees.

Conservative assumptions about the market for eucalyptus oil suggest that up to nine full-scale plants, each
processing 100,000 tonnes/yr, could be constructed in the Western Australia whest belt. Short-rotation mallee
plantations required for this level of production would treat only a small part of the area in which salinity
isaproblem. Further research and development will be required on the design of a mallee harvester and on
methods for efficient delivery of biomass to processing centres. Alternative species and/or products could
provide the financial incentive for large-scale tree planting in other parts of Australia. A call for expressions
of interest in the middle of 2007 for the building of a5 MW plant, based on the Narrogin experience, provided
the first indication of confidence in expansion of the project to other sites.

Integrated production of charcoal and hardwood sawlogs from mixed plantations (Australia)

A scheme promoted by BioForest Ltd (now Willmott Forests) in New South Wales, is investigating the
growth of she-oak (Casuarina cunninghamii) and silky oak (Grevillia robusta) in a mixed plantation. Charcoal
production from coppiced she-oak will be integrated with the production of silky oak sawlogs grown on a
longer rotation. Time will tell which is the more productive component of the system.
Mulching material derived from Eucalyptus grandis plantations (USA)
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Figure 3: Narrogin plant, Western Australia

Mulching material for use in horticulture has potential as a co-product in short-rotation wood cropping
systems. In Florida, concern that the use of cypress (Taxodium distichum) for mulch is not sustainable has
led to the establishment of plantations of alternative species dedicated to mulch production. Demand in the
region is estimated to be 290,000 green tonnes/year, which would need approximately 7700 hafor dedicated
cropping. Eucalyptus grandis, originally grown for pulpwood, has been planted as a source of mulchwood,
and there are currently approximately 6,000 ha of plantationsin the LaBelle-Palmdale area. The eucalypt
mulch market is considered to be constrained by supply rather than demand. Prices in 2005 ranged between
USD$12-14 per green tonne on the stump (D. Rockwood, University of Florida, pers. comm.).

Charcoal derived from Eucalyptus plantations (Brazil)

The sustainable production of charcoal makes a direct contribution to the reduction of the greenhouse effect
through carbon sequestration and substitution for coke derived from coal. Charcoal production from
Eucalyptus species is a major industry in Brazil, particularly in the state of Minas Gerais (Figure 5).
One company, V&M FLORESTAL, supplies charcoal to an international parent organisation that produces
seamless steel pipes. The charcoal is used in the blast furnace reduction process and the pipes are known
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Figure 5: Pig iron furnace in which eucalypt charcoal is used as a reducing agent; Minas Gerais.

as "Green Tubes" because their production is considered to contribute to environmental preservation. It is
estimated that 2.5 tonnes of carbon dioxide are removed from the atmosphere for each tonne of steel produced.
The forest estate (127,000 ha of hybrid Eucalyptus) yields just over 1 million m3/year of charcoal. Wood
tar (20 tonnes/month) collected from the charcoal -producing furnaces is exported to Japan and the USA for
use in pharmaceuticals. The plantations create job opportunities and stimul ate regional economic development
(Nicholas 2003a).

Charcoal, posts and sawn timber derived from Eucalyptus plantations (Brazil)

Caféis acompany that has devel oped 4,000 ha of Eucalyptus plantations (hybrids and E. cloeziana) into
multiple-product forests (Figures 6-8). Output consists of charcoal, sawn timber and treated posts. Sawmill
residues are used as fuel for on-site kilns.

Figure 6: Eucalypt plantation, Café, Brazil



Figure 7: Charcoal furnaces, Café, Brazil

Charcoal and agroforestry products (Brazil)

Votorantim Metals, a Brazilian company formed
in 1970, began to develop eucalypt forests for
charcoal productionin 1980. Agroforestry systems
were established in 2000. At present 22,000 ha
are allocated to forest (coppiced Eucalyptus
hybrids) producing charcoal as a source of energy.
Agroforestry (Figures 9 & 10): is practiced over
4,800 ha where clonal Eucalyptus is planted in

Figure 8: Eucalypt posts, Café, Brazil

conjunction with the following cropping sequence:
e Year 0: Wheat
® Year 1: Soyabeans
® Year 2. Pasture development
e Years3-9: Cattle.

Waste water treatment in willow plantations (Sweden)

Willow farmers in Sweden apply municipal waste water to cropsin order to increase productivity. Payment
made for this collaboration in waste-water disposal can be regarded as afinancial co-product of the willow
bioenergy system.

Page 9



Figure 9: Eucalypt agroforestry Votorantim Figure 10: Cattle in eucalypt plantation, Votorantim
Metals, Brazil Metals, Brazil

Borjesson and Berndes (2001) drew attention to the potential for substantial environmental benefits to be
derived from introduction of large-scale, multi-functional biomass production systems in Sweden. These
included reduction of the negative effects of agricultural and forestry practice, and of municipal waste
disposal. Examples of the benefits to agricultural land would be: reduction of leaching of plant nutrients;
decrease in soil erosion; increased removal of cadmium from the soil; and improvements in the nitrogen
balance. Acidification of forest soils would be decreased and soil treatment of municipal waste would reduce
pollution of the waterways. Consideration of the economic value of these benefits suggests that the cost of
producing biomass in large quantities could be reduced by more than 50%, and that this could have an effect
on future market conditions.

In spite of enthusiasm for willow planting expressed in the 1990s, development of the willow biomass
resource has been slow. Planting activity is closely related to the availability of subsidies (T. Verwijst, pers.
comm. 2006). An increase in prices for wood chips and better understanding of the beneficial influence of
biomass plantations on soil conditions are expected to lead to the establishment of more willow plantations
in Sweden (E. Johansson Enk&ping, pers. comm.).
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Waste water treatment in Eucalypt
plantations (New Zealand)

Research has been conducted on species
performance (often eucalypts) in land treatment
schemes from at least 10 sites, mostly in the
North Island (Nicholas 2000, 2003b, Roygard
et a. 1999) (Figure 12). The results from these
studies have been applied to many other
operational schemes. However thelack of market
valuefor young eucalypt trees has not seen these
systems develop into large-scal e forest cropping
systems. The opportunity for such systems to
expand requires the development of a
commercial bioenergy market for young trees.

Figure 11: Effluent treated willow ready for harvest,
Enkodping, Sweden

Short rotation crop vegetation filters (Sweden, USA)

Bioenergy short rotation crops can play an important role as vegetation filters, by capturing and removing
nutrients before they reach water-ways. Turhollow, (2000) reported that afilter strip is defined as “astrip
or area of vegetation for removing sediment, organic matter and other pollutants from runoff and waste
water. |ts purpose is to remove sediment and other pollutants from runoff by filtration, infiltration, absorption,
adsorption, decomposition and volatilization, resulting in improved water quality and protecting the
environment”.

Considerable information on the processes and efficiency of vegetation filters has been undertaken in
Sweden (Aronsson and Perttu, 2000), and in the USA (T. Volk, SUNY, pers comm. 2007). Turhollow, (2000)
investigated the costs of growing willow, poplar and switchgrass as a bioenergy crop in riparian buffer
strips. Depending on assumptions switchgrass was the lowest in cost, with poplar and switchgrassintermediate
and the highest cost option was willow.



Page 12

Figure 12: Effluent treated eucalypt plantation, New Zealand

For all these systems the benefit or co-product of improved water quality has yet to be recognized as a
marketable product, despite its important environmental benefits.

Subsidiesfor rehabilitation of retired/set-aside agricultural land (Europe and USA)

In some European countries, government subsidies attract growers of bioenergy crops. These subsidies can
be regarded as a financial co-product of bioenergy plantations. Examples include the encouragement of
bioenergy cropping on European Union set-aside land. In southern England, at least 8% of afarm property
must be “set aside” from food production, and thereisinterest in aternative use, including bioenergy farming.

In the United States, the Conservation Reserve Enhancement Program has been set up as ajoint state and
federal project. The objectives are improvement of water quality, control of soil erosion and maintenance
of wildlife habitat in specific geographic areas currently used for agriculture. The programme is voluntary
and offers financial incentives for approved land-use change. Farmers have been encouraged to join the
programme through the planting of short-rotation tree crops, such as willow, grown for bioenergy purposes
(Abrahamson et al. 2008).



Figure 13: Lake Taupo, New Zealand

Consideration is being given to alternative land-uses that could
slow the rate of deterioration (Figure 14). Growth of short-
rotation willow (Salix species) plantations in lake catchmentsis
under investigation as a means of improving lake water quality
while deriving revenue from the production of ethanol, xylose
and bio-polymers from harvested biomass (Snowdon et al. 2008).

Figure 14: Willow trials in the Lake Taupo
catchment, New Zealand

Animal fodder (New Zealand)

The use of willow (palatable Salix species) as a supplement or substitute for paddock grazing is being
investigated in New Zealand. Separation of crop components into fodder and wood chip material is a
possibility (Snowdon et al. 2008) (Figure 15).

Harvesting residues (most 1 EA Bioener gy Task 30 member-countries)

Logging residues are atraditional source of heating fuel, especially in Scandinavia. Logging of Eucalypts
can also generate residues (Figure 16).

In New Zealand, residues from the harvesting of eucalypts (Hall and Nicholas, 2003) and pine (Pinus
radiata) crops are used as boiler fuel in pulp and paper mills. In Australia, a project for densifying wood
pelletsrelies on residual material from eucalypt plantations grown for pulpwood. Eucalypt logging residues
are used as fuel in the International Paper mill in Sao Paulo, Brazil (Figure 17). Ash from the combustion
processis returned to the plantations as a soil-conditioning additive.
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Figure 15: Fodder trials with willow, New Zealand

Figure 17: Logging

residues ready for

combustion in pulp
Figure 16: Logging residues left after harvesting for short- fibre, Australia mill, Campinas, Brazil
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Wood-processing residues (Brazil)

Guerrini et al. (2000a) have reported that the application of iron slag, dregs, grits, sludge, extinct lime and
wood ash to eucalypt plantations in Brazil is associated with tree growth increases of 20-70%. They consider
that wood ash and pulp and paper sludge can replace chemical fertilisers used to maintain nutrient availability
(Guerrini et al. 2000b).

Social benefits

Planting, maintenance, and harvesting of short-rotation woody crops for energy purposes can provide local
communities with economic opportunities that are not easily achieved through other industries. The social
fabric of many rural communities depends on local employment, especially for young people. Following
initial establishment, the growing, harvesting and transport of short-rotation crop products can be permanent,
sustainable activities (Figure 18). As with other bioenergy projects, short-rotation cropping can provide
economic multiplier effects through indirect employment and the need for support industries.

Figure 18: Multiple land use including crops and short rotation forestry, Viscosa Brazil
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Summary

The success of short-rotation woody plant cropping systems is likely to depend on the development of
materials and the acknowledgment of benefits associated with the production of the main bioenergy source.
Co-products may have direct financial value or may be seen to be beneficial in some other way. Realisation
of the benefits will vary according to local conditions including climate, soil properties and government
policies.

Within IEA Bioenergy Task 30 experience, examples of co-products that can be derived from short-rotation
woody crops are:

e Agroforestry products e Perfumery

e Animal fodder e Pharmaceuticals

e Carbon credits e Posts

e Charcoal e Salinity mitigation

o Fertiliser substitutes e Sawn timber

e Financia subsidies e Socia benefits

e Food flavourings e Control of soil erosion

e Heating fuel e Solvents

e Increased biodiversity ® \Waste treatment

e Liquid fuels from wood pyrolysis e \Water quality improvement

e Mulching material

Results of research into new processes and new markets will lead to expansion of this list.

The growing of short-rotation woody crops is a potential source of environmental, economic and social
benefits aswell as a source of bioenergy. Co-products can provide financial rewards, and recognition of their
potential islikely to increase the attractiveness of woody species cropping systems as a sustainable source
of bioenergy.
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Conclusion

The examples of co-products reviewed in this report have identified a number of strong industries based on
bioenergy and the associated co-products. In particular the waste water application to willow in Sweden,
the integrated products from the Narrogin plant in Australia, and the charcoal industry in Brazil and waste
water treatment in Eucalypt plantationsin New Zealand. There are also emerging co-products which currently
do not meet the definition of a marketable commodity, but could develop into co-products that could meet
the definition in the future if the co-products emerge as marketable commodities.

In particular, examples are salinity mitigation, biodiversity, carbon credits and land-use subsidies, as well
as the recognition of social benefits of short rotation crop systems.

Until all the co-products identified meet these marketable criteria, short rotation crop systems will often
struggle to be fully integrated into land use management as viable systems. In the meantime the successful
systems should be identified and studied to see if comparable co-products are relevant elsewhere, because
by their nature many co-products merit attention on a case-by-casein individual countries. However as this
review hasidentified there are excellent land use examples of bioenergy with co-products providing aviable
land use option.
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