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	Sweet sorghum: a multiple-purpose crop for water-limited and low-input systems
	Serge Branconier, CIRAD
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	The emerging importance of the new feedstocks for bioethanol production
	Spyros Kyritsis, Agricultural University of Athens
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	Economic viability of energy crops in the EU. The case of sweet sorghum and sugar beets.
	Peter Soldatos, Agricultural University of Athens

	11:00 – 11:20
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	11:20 – 11:40
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	Melvyn Askew, CENSUS BIO

	11:40 -12:00
	Surgarbeet for non-food biobased products
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	12:00 – 12:20
	Canada's First Integrated Feedlot/Fuel Ethanol Facility
	Keith Rueve, Pound-maker

	12:20 – 12:40
	Researching supply or production chains for a bioethanol facility
	Stuart Smyth, University of Saskatchewan, Canada

	12:40 – 13:00
	Developing Sustainability in Two Industries; Bioenergy and the Livestock Industry
	Colleen Christensen, University of Saskatchewan, Canada

	13:00 – 13:20
	Sustainability issues
	Uwe Fritsche, OECO

	13:20 – 14:20
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	14:20 – 16:30
	Round Table: 

	Topics: 1.    Restricting factors limiting broader industrial use of carbohydrate crops (supply, costs, physical traits, consistency in quality, technical performance, economic viability and security of the investment, etc.)
            2.    Prospects to widen the range of potential feedstocks
            3.    Research gaps and recommendations


Session 1. Growing carbohydrate crops in Europe
Melvyn Askew and Myrsini Christou welcomed the participants.

The workshop started with the introductory speech of Mark Reinders, HEMPFLAX. She welcomed the coordinator of the project and the invited speakers shortly presented the activities of Hempflax.

The coordinator of the Crops2industry project Myrsini Christou, Head of the Biomass Sector of CRES, also welcomed participants and invited speakers and made a short presentation of the project, the overall objective of which is to explore the potential of non-food crops, which can be domestically grown in EU27 context, for selected industrial applications, namely oils, fibers, resins, pharmaceuticals and other specialty products and outline and prioritise crops-to-products schemes, suitable for the different Member States, which will support sustainable, economic viable and competitive European bio-based industry and agriculture. The expected output will be to identify whether and under which terms Europe has the potential and the technical competence to develop a competitive bio-industry fed by a sustainable agriculture. 
She then pointed out that this workshop is divided into two sessions. The first will cover issues related to carbohydrate crops production (related to the Work Package (WP) 1: non-food crops) and the second session will be focused on the relevant industries (related to the WP3: Bio-based products). She stressed out that the round table is of outmost importance for the project outcome, as it is expected to bring together the invited stakeholders and generate discussions on the restricting factors that limit the industrial use of carbohydrate crops and on potential recommendations in order to promote an EU bio-based industry and so she asked the participants to actively participate in it. 
To initiate the discussions, she shortly presented the main remarks from the previous workshop on fibre crops and products, ‘Can fibre crops offer a viable alternative land use option and could they support a competitive industry ?’ held in Poznan, the 18th November 2009. More specifically:

Restricting factors limiting broader industrial use of fibre crops were identified in technology, ecology, society and in finance. Concentration of processing industry around cultivation zones, supply, costs, physical traits, consistency in quality, technical performance, use of bio-products, economic viability and security of the investment, and public perception were among the most important restricting factors.
As recommendations to overcome the barriers, the following were mentioned:

· The shortage of science and technology does not seem to be an issue but putting the supply chain together and attract the market, which is fed by imports of low-cost raw material, is the real challenge. However, research on improving crop yields and technology efficiency is still imperative.
· Fibre crops can have several end uses. A structure for prioritisation of the uses of fibre products and by-products is however needed. The biorefinery concept is recommended to be applied in the fibre making industry, because it improves the overall efficiency of the industrial plant by exploring all by-products for several uses.
· From the industrial part, more innovation in product development is needed, in order to promote investments. For an investment to be viable the whole feedstock should be used and all possible bio-products should be marketed. 

· To attract investors the projects have to be bankable, else the investor is not going to have any support from the banks. There is not enough confidence on the investment at this stage of development; there are lots of uncertainties as to where to find the raw material, how long will be the investment, what is the market for the products.

· Assessment of cost variables is required in order to estimate profits of the investments. Market appraisal and sensitivity of the costumers to the product quality and price is required in order to promote investments. 

· But, security of investment is a long-term EU - governmental issue. We have to pass the message to policy makers that we need stability of science and stability of investment.

· For all the above reasons, public awareness has to be increased. Targeted workshops open to all relevant stakeholders, from farmers to end-users are important for the industry as well as for the investments. 
Andrea Monti/University of Bologna made a presentation on ‘Growing sugar crops in EU’. According to the International Sugar Organization sugar production in 2008/2009 and 2009/2010 was around 153 MT and consumption raised from 164 MT to 167 MT, leaving a significant deficit in sugar production (11.4 – 14 MT), and that could further increase. The main producers are Brazil with the 23% of the world production, India, China. They all showed a decrease between 2008 and 2009, whereas Europe with 15.4 MT is producing the 10% of the world sugar production and tends to further increase its domestic production.

There are lots of potential sugar crops (wheat, maize, sugar beet, potato, chicory, barley,) with commercial production while other, like oats, quinoa, jerusalem artichoke, pea, sweet sorghum, are still under development. 
Root chicory has practically 3 species; root chicory, Jerusalem artichoke and blue agave.  Root chicory cultivation is similar to sugar beets, originated from Russia, and is mainly concentrated in central Europe (NL, BE, FR) but could be grown in S. Europe too. It is a C3 biennial crop with deep taproot, practically grown at any type of soils (but better on deeply tilled sandy soils) and low tolerance in high summer temperatures. It is harvested in August and at final harvest fructan yields do not vary along with irrigation, however, delaying harvest may lead to a lower fructan quality.
Jerusalem artichoke, also know as topinabour, is a C3 perennial crop native in East USA, tolerant to wind and cold. Its harvest has to be postponed to maximise yields in autumn, but not much in order not to start polymerisation. It can be a weed by the following crops. Inolin is contained in stems and tubers, so both or each part can be collected. Polymerisation of inolin is also affected by the cold, so harvesting time has to be managed. 
Sweet sorghum, a C4 annual crop, is similar to grain sorghum and maize, but much taller and with sugar-rich stalks. It can compete with sugar cane, sugar beet and maize as biofuel crop, in the different geographical zones, because of its broad adaptability. Main barrier is the low storage duration that requires big processing plants, which require huge investment costs. In fact, while starch can be easily stored for long time, simple sugars are to process immediately. Moreover, maize is more familiar to farmers. Others are the small harvesting window and large variability in yields.

Sugar beet is a C3 biennial crop, native to South Britain. It accounts for the 30% of the world’s sugar production and is mostly grown in Europe. It prefers well drained and deep soils and can be rotated, following the cereals. Sugar beet is a big nitrogen user. Harvesting is done before rainfalls.
Maize is a C4 plant likely native to Mexico. It is essentially a sub-tropical plant, cold-intolerant, water efficient, but very sensitive to drought (especially at flowering), that tolerates a great variety of soils and pH.  Maize grains production in USA (Corn Belt) account for about 50% of the world production (about 330 Mt) followed by China (152 Mt), Brazil (51 Mt), Mexico (23 Mt) and Argentina (22 Mt).
Potatos are C3 crops with starchy tuber. There are the white or Irish potato, and the sweet potato. White or irish potato is native to Peru and the most famous species is Solanum tuberosum, which also include the most known varieties. Sweet potato has starchy and sweet tubers, is native to Venezuela and Mexico, frost intolerant and very sensitive to drought.  China is the major producer of sweet potato (80% of world’s supply). 

Melvyn Askew/CENSUS BIO commented that we should also consult the: 
· Soil management directive and how it deals with tuber harvesting

· EU Trade of sugar crops 

Serge Branconier/CIRAD, coordinator of the EU-funded project “Sweet fuel” (www.sweetfuel-project.eu) presented “Sweet sorghum: a multiple-purpose crop for water-limited and low-input systems”. He pointed out that a world diversification of energy sources is needed due to energy prices and climate change. The energy prices force the poorest countries to grow biofuel crops putting thus food security in peril.

Different crops can be grown in the tropics for different types of fuels, whereas there are also multipurpose crops. Sugar cane is the no 1 bioethanol producer in Brazil. It is intensive crop though that needs irrigation. Jatropha is Africa’s current bet for biodiesel production, able to be grown in arid environments. Oil palm is also used for biodiesel in SE Asia, intensive crop too. 
Sweet sorghum holds a lot of interest for its grains (staple food crop of savannahs), the sugar content of its stems and its ability to be successfully grown in semi-arid zones and poor soils. It produces ethanol at lower price compared with corn in temperate zone. The promising path for the tropics is sweet sorghum for the combined production of grain for food and 1st generation bio-EtOH. Sweet sorghum is advantageous both in the temperate and tropical zone, in terms of huge potential of improvement, respect of the environment, development of rural zones, low competition with food crops and better sustainability of the production systems.
Concepts for a decentralised system were presented, for this multipurpose crop. The objectives of decentralisation are to reduce the transport costs, increase rural development and employment and also to bridge seasonal supply gaps to factories by local storage. Thus, the grain can be consumed or commercialised in the village/region, the leaves can be used as forage, while from the stems the juice can be extracted and fermented. If from the harvested stems the juice is immediately extracted and fermented, the material would be stored for 4-5 months. The residue from the extraction can be used as forage or further commercialised, or used as a green manure at local level. The fermented juice (that contains 40-50% EtOH) can be then commercialised or distilled at ‘fuel grade’ and used in the transport sector.
He then added that the ideal characteristics of a food-feed-fuel crop are:

· Modest grain yields (1,5-3,0 t/ha)

· High sugar concentration in stems (level of sugar cane)

· Thick and juicy internodes 
· High biomass due to relatively late maturity (30-40 t/ha)

· Good digestibility of residues for forage (bmr gene)

· « Stay-green » for: maintenance of stem juiciness until maturity and tolerance to terminal drought

· Different genotypic levels of photoperiod sensitivity to fit into local cropping calendars and diversified cropping systems and also fit to local climate and latitude.
Sweet sorghum has abundant genetic diversity available for ideotype traits (sweetness, juiciness, stay-green, photoperiod response). Regarding the genetic variability of useful traits, there is little physiological trade-offs among useful traits (sugars vs. biomass and juice yields). If we enlarge the plant cycle we can improve yields. In the sweet sorghum vs. fibre sorghum competition, it is the industry that puts the quality/economic requirements. There is need to introduce new trait combinations (e.g., grain yield x bmr x sugar). 
Spyros Kyritsis/Agricultural University of Athens presented “The emerging importance of the new feedstocks for bioethanol production”.  He started by presenting the main the main producers for bioethanol worldwide. Europe is the third producer worldwide with 2.78 MT, following USA and Brazil with 34.06 and 24.50 MT respectively in 2008. Ethanol production in Brazil, compared to ethanol production in USA is produced by sugar cane (maize in USA), occupies the 1% of the arable land (3.7% in USA), has a higher energy balance (energy obtained from ethanol/energy spent in its production), that is 8.3-10.2 compared to 1.3-1.6 in USA, and higher estimated GHG emissions reduction, 86-90% compared to only 10-30% in USA. In USA they displace only 4% of gasoline. If the target is higher they will have to use the whole grain belt. A solution will be the cellulosic ethanol and sweet sorghum.
In Europe the overall production does not cover the overall consumption. This deficit is due to the high cost of grains. Breeding sweet sorghum to adapt to cold conditions (germinate in 10 degrees) could offer an economically viable solution.
He then focused on expected results from the cellulosic ethanol to be produced by a number of crops (miscanthus, switchgrass, eucalypt, sugarcane, sweet sorghum and corn). A lot of work is being carried out in Sweden, Denmark, Germany, Spain and UK, where pilot plants are being realized. Then he compared the relevant developments in USA and other parts of the world. In USA grants for commercial installations are foreseen, whereas in February 2010 the Environmental Protection Agency (EPA) decided to implement the long-term Renewable Fuels standard of 36 billion gallons, the 21 of which should become from advanced biofuels. Around 12 companies are working on advanced biofuels in USA at present, using wheat straw, rice straw, wood chips and wastes, corn cobs, municipal wastes, citrus peels and sweet sorghum.

According to EUBIA estimations, around 750 M Ha would be available for energy crops. From a comparison among sugar cane, sugar beet and sweet sorghum, in terms of soil requirements, crop and water management, sugar and ethanol yields it can be concluded that sweet sorghum is the best feedstock for first generation bioethanol in dry climatic conditions. In many European countries sweet sorghum has been tested successfully (Greece, Italy, Romania, France and Hungary). 

Melvyn Askew/CENSUS BIO pointed out that, gasoline in USA in summer is in deficit, so displacement of fuels is required. Diesel is different in USA north.  Sweden has motives to use biofuels.

Peter Soldatos/Agricultural University of Athens presented the “Economic viability of energy crops in the EU - The case of sweet sorghum and sugar beets”. 

He explained that the economic viability of a crop is achieved if the return on investment realized is competitive with other job or investment opportunities which are open to the farmer at the present time and in the near future, i.e. (a) Economic benefit and (b) Sustained into the future. Economic viability is more than profit.

He then ‘circled’ the farmer’s thoughts. Major issue is that farmers have no idea of business plans. A farmer needs a return on farm land and opportunity cost (if he uses his land for other purposes). 
To assess the economic viability of energy/industrial crops, the following chain interdependencies have to be taken into account. From the side of the crop, it has to be marketable, profitable, sustainable and energy efficient. From the industrial side, industries have to be efficient, cost-effective and energy efficient. Then the fuel/product has to be competing to the relevant fossil fuel/chemical counterpart. Externalities work negatively in the costs.
The methodological approach used to calculate the economic viability of energy/industrial crops is following the steps mentioned below:

1. Estimate return on farmer’s land from current use (which is the opportunity cost of land)

2. Annuitise the investment cost of the proposed project
3. Estimate annual paid and imputed recurring costs over the lifetime of the proposed project
4. Identify selling prices and the new product(s) and estimate average expected returns and/or net return to farmer’s land

5. Compare results with possible alternative use of land 

Beyond accounting, subsidies are welcome but they are uncertain so better to be added separately and at the end of calculations. Sustainability is important to viability, because it is related to the use of scarce resources and the environmental protection. The market has to be free of risks that relates to the size of the investment and the (in) flexibility to change. Crop rotation can be incorporated in the calculations by examining a full rotation cycle. Competition between food and non-food uses of land has to be taken into account. A sensitivity analysis handles the uncertainty with regard to the magnitude of important parameters.
He then presented a case-study with sweet sorghum, grown in South EU and sugar beet, grown in UK. Sweet sorghum production costs ranged from 10 to 13 €/t, at annual yields of 70-100 t/ha and the average selling price to ethanol plant was estimated at 20-25€/t (plus by-products). Sugar beet production costs in UK were 20 €/t, at annual yields of 59 t/ha and the selling price to the ethanol plant was estimated at 30.67 €/t.
Session 2. Industrial uses of carbohydrate crops
The second session started with the introductory presentation of Melvyn Askew/CENSUS BIO on the “Industrial uses of carbohydrate crops”. He stated that we tend to think of non-food uses in isolation but in reality the carbohydrates are mainstream feedstocks in both food and non-food sectors. Hence the need to differentiate and ensure the best use for them in whichever market, bearing in mind the food versus non-food (esp biofuels), debate. Therefore, the question is who is doing this and how. investigating carbohydrates and how.

Carbohydrates include many diverse sugars and sugar sources, like simple sugars (eg glucose; fructose), ‘sugar’ in the eyes of the general public as sucrose and complex sugars (eg starches; lignocellulose). Some sugars are ‘pop’ whilst others are neglected (eg. xylans from Silver Birch for plastics manufacture). The question raised here is then who is investigating all the carbohydrates we have and prioritising their uses.

So, the crops we think about most in terms of carbohydrates are the common ones we see daily. We forget that much carbohydrates trade is truly international and heavily price dependent. Plastics from waste wood may be better than wood for bioethanol. The potato starch market could change radically if market needs change. Fodder could be used instead of the sugar from the sugar beets. Policies should link up agriculture and industry.
Additionally we tend to overlook co-products in carbohydrate sources and that science is moving on continually. Thus the question on how to prioritise and include all possible perspectives still remains. Maybe the by-products could have higher market prices than the main product.
According to the Technology roadmap “Vision for biofuels for 2030+ - A European Vision”, in 2005 1st Generation biofuels were highly marketed (e.g. biodiesel) and in 2010/2020 2nd Generation biofuels are anticipated to enter the market (e.g. bioethanol and sunfuel). Integrated biorefineries tend to come earlier than the 2030+. 
Trees and grassland could be efficiently used for many other purposes. But what are current outlets for carbohydrates? Here are the generic markets:
Main markets for carbohydrates are: Biofuels (e.g. bio-ethanol), adhesives/glues, hydrolysis industries (for sorbitol, glucose etc), pharmaceutical uses, textile finishing, paper manufacture, plastics manufacture, construction industry, explosive manufacture, leather finishing, cosmetics industry, automotive manufacture, and many more. We have to change our behaviour from the consumption of CO2 pollutant products.

To conclude, he pointed out that many carbohydrates markets are well developed although newer ones are coming on stream (e.g. plastics). International price drives much of carbohydrates purchase and utilisation. Much carbohydrate, esp. starch, is used as a non -food material in food. There is probably too much emphasis on 1G biofuels from sugars. Someone needs to stand back and critically analyse opportunities and markets.
Discussions followed:

· Bioplastics about 2 MT by 2015 – 2020. We need to build robust estimates on what is realistic. 

· Energy from 1 ha solar plants are more efficient than a 1ha bio plant.  But we should check the economics and sustainability and if there is room, why not using solar instead of biomass.
· CO2 could also be taken mechanically from the atmosphere. The principal is not necessarily go for “bio”” but prioritise the options for CO2 reduction and efficiencies.

· Future of algae? BP people put a lot of money, the potential is there, but it is too early in development stage. We should draw value and all possible benefits from all products.

Ad De Laan/ROYAL COSUN: Poyal Cosun is a cooperative of Dutch sugar beet growers, with 11,000 members and a turnover of € 1.7 billion. The main difference between all RES and biomass is that biomass apart from energy it provides also materials. Consequences: volatility of food prices will follow oil prices. Key challenge is efficient land use along with environmental and economical angle. 
There are a number of crops for fossil replacement, such as woody plants, perennial grasses, with low inputs but with also low composition/ease of saccharification, as well as food crops, such as wheat, energy maize, and beet, potato, with higher inputs but also higher yields and much higher composition/ease of saccharification.  Food crops are preferred because they contain simple sugars easy to ferment.
Beets are yielding about 25 t DM (average NL 2009). As a food crop it produces 14 t sugar (food), 6 t pulp (feed) and 3 t molasse (fermentation), recycling P (+N) to land. As an energy crop (emerging) it produces 7 t ethanol (fuel) and 6 t pulp feed.
We don’t throw anything from sugar beet today and in the future sugar content is expected to increase by 30% (through research programmes). Beets Long Term future aims to move genes from wild populations in sugar beets so that yields and characteristics are improved.

Comments were posed on:

· Evaluating priorities: Beets for ethanol can survive only under subsidies. It is to be seen if we go for ethanol rather than bio-methanol.

· On land use changes (LUC): If LUC is highly determinant, we should go for perennials (Andrea Monti/University of Bologna)

Colleen Christensen/University of Saskatchewan gave an introductory speech on “Feeds Opportunities from the Biofuel Industries (FOBI)” in Canada.
The Agricultural Bioproducts Innovation Program (ABIP) in currently under way, involving 9 Networks, € 145 millions and lasting until March 31st 2011. She then presented the “FOBI” network, the mandate of which is to improve the value of the co-products of the wheat bioethanol industry to further develop a sustainable bioethanol industry. It is an initiative of Feed Innovation Institute (FII) with a total budget of around € 6 million. The network is lead by the University of Saskatchewan. In the network 56 researchers are involved, 19 research institutions and another 5 bioethanol companies in Alberta and Saskatchewan, one of which is the POUND MAKER company, that follows in the agenda of todays’ workshop. 
Keith Rueve/pound maker followed and presented the POUND MAKER company, “Canada's First Integrated Feedlot/Fuel Ethanol Facility”. It started in 1970 with 50 local area farmers as shareholders looking for alternative markets for their commodities. Its original capacity is 2,500 head of cattle. In 1991 an ethanol plant was constructed and the plant continued to expand until ’94 - ’96. Now it has over 250 shareholders which are farmers (70% within 30 miles of Pound-Maker). The company consumes about 35,000 tons of soft white spring wheat, together with triticale and durum wheat and produces 13 ML of ethanol per year. The grain and liquid by-products are further separated to produce Wet Distillers Grains (WDGs) and thin stillage. All by-products are used (also by the cattle).
About  40% of the cropland is seeded with various types of wheat that has high protein and lower starch content. Starch can range from 61 to 65% depending on the quality and variety of wheat. The company has historic yield of 365 litres per ton. 

As they are small they can test a number of raw materials. Growing corn is not an option to them, because crops have to be profitable for farmers. Carbohydrate crops for non-food uses are seen as an opportunity rather than a dilemma. By-products are rich in protein to be used for cattle; pea starch for instance produces 400-450 litres per ton, but it needs storage. When picking the manure it is mixed with soil so they cannot use the dirty for biogas. But electricity is so cheap so there is no need to use biogas in the plant.

Colleen Christensen/University of Saskatchewan continued her presentation, on the achievements of the “FOBI” network, addressing the average nutritive quality for DDGS from several feedstocks, reporting that on average, wheat DDGS has higher protein and crude, fibre and lower fat than corn DDGS, corn has higher energy. Starch, protein, fiber and mineral content differ between DDGS and barley.  Research and Education are necessary so that DDGS is used correctly as a Ration Ingredient to minimize waste to environment, maximize nutrient value and also maximize price to EtOH producer. Five research groups are involved focusing on 1) Ruminant Nutrition (Beef, Dairy) 2) Mongastric Nutrition (Swine, Poultry, Fish) 3) Added Value 4) Germplasm and 5) Economics and Policies. A presentation from the last group also follows.
 Then she presented the integrated facilities, where a biogas plant is connected to the Feedlot/Ethanol facilities, in order to close the loop, reduce energy costs, reuse water and treat the wastes. In the integrated facilities, substrate options at feedlot/ethanol facilities are manure, cereal straw, WDG, DDGS and thin stillage. The energy balances (energy out: fossil energy in) are improved; Feedlot/Ethanol/Biogas energy balance is much higher (7.6:1), compared to Feedlot/Ethanol (WDGs) (1.45:1) and Conventional Ethanol (DDGs) (1.1:1). In addition energy, grain and DDGS markets have reduced risks whereas there is a potential for additional revenue from the fertilisers and excess energy produced. For more information she invited the attendants to visit the site: www.ddgs
Stuart Smyth/University of Saskatchewan presented “The Economics of Biofuel Supply Chains”. He shortly introduced the GE3LS (Genomics, Economic, Environmental, Ethical, Legal and Social) research in Canada, that is compared to ELSA research in the EU, started in 2001 and funded by Genome Canada for 4 years. The trend in research is now towards increasing integration of natural and social sciences in Canada.

He pointed out that the major challenge in the biofuel supply chain is getting more value from agriculture as Canada has wild spatial nature. There is abundance of biomass in the Prairie Provinces; however the end market is thousands of miles away as transportation routes are not designed to distribute biofuels to Eastern Canada, but to the American Midwest. Science is there but communication is missing. 
He then referred to the economic barriers; In Western Canada biomass supplies exceed demands in biofuels, whereas in Eastern Canada potential biofuel demand is greater than the biomass supplies. There are three main demand centers to hold each 1/3 of the population but the biggest challenge is geography. Rubber, rail and pipeline are not options either. He continued with the biomass situation in Europe. Compared to Canada, US, Brazil, Argentina and Australia where significant biomass capacity exists, in Europe only the eastern part of Germany has a significant biomass supply. As for the economic challenges in Europe, there are numerous: inability to apply GM techniques, rigorous environmental legislation, high population density (117/km² vs. 3/km² in Canada), market dominance of organic production and limited marginal or under-utilized land availability. In Europe the support for producing energy from biomass is higher compared to northern America.
He concluded that literature is suggesting that the environmental footprint of producing ethanol is greater than the benefit of using it as a biofuel and that matching supply with demand seems to be problematic in both Europe and North America. Land is available to produce biomass without it being diverted away from food/feed production; a major issue that has not been addressed at a global level is whether the technology of using crop agriculture to produce biomass makes sense in developing countries?
Uwe Fritcshe/OECO, talked about the ‘sustainability issues” involved in the carbohydrate –non-food crops cultivation. He first presented OeCO Institute. Then he referred to “Critical” environmental issues, like indirect land use change (LUC) and its potential impacts on GHG balances and biodiversity. He stressed out that all crops, including non-food crops (used for energy or industrial materials) grown on arable land could lead to indirect land use change (ILUC), while in terms of biodiversity that is possible positive (depending on the scale of production. In the “Critical” social issues, he referred to food security impacts, which depend on the use of arable land.
Most agricultural land originated from forests. Roughly 50% of new cropland replaced forests and another 30% have replaced disturbed forests, while 6% more forest was cleared from cropland in 1990s, likely due to mounting economic incentives. Documented trends lead to increasing carbon emissions from agricultural expansion.

ILUC is caused by all incremental biomass crops, used for electricity, heat, transport, materials, food, feed, fiber. Options to reduce ILUC risk are either to use “degraded“ land, which however has higher costs and thus needs incentives, as well as biodiversity and social safeguards. The second option is to use land ‘freed’ from yield increase, but this land is difficult to measure. Long term options are to strengthen global conventions to ‘cap’ iLUC effects on GHG and biodiversity, and this is highly likely the only real solution.

He stressed out that regional schemes on biofuels production are more logical than larger scale, as moving by water is out, rail system is not efficient. Commodity brokers’s fault was the rise of food prices in 2008. Oil prices and bidding speculators the main reason for foot price fluctuation. So, the target could be not only getting more from land but to get more from what is produced from land. It is a logistical challenge rather than technology development. 
We also have to get the cascade right even if that means a reshape of technology or farmer’s change in attitude. Feedstocks have to be used for material and then the wastes for energy production. Biomaterial market is by far smaller compared to the energy market. So we need a strong signal towards the bio-materials. 
Round table

Topics: 

1. Restricting factors limiting broader industrial use of fibre crops    (supply, costs, physical traits, consistency in quality, technical performance, economic viability and security of the investment, etc.)
2. Prospects to widen the range of potential feedstoks
3. Research gaps and recommendations
Restricting factors and recommendations
Appropriate policy is the main restricting factor Durable long term policies are lacking in Europe. Canada relies on industry Europeans rely on the policies.  Policy maybe a severe a limitation in development, if it does not give incentives to all players in the supply chains – farmers, investors, … There are differences in countries referring their policies (i.e in Sweden they made progress because the existing policy forced the people to use the bioethanol. Saab was the first firm that developed this kind of cars, while in France only ETBE is acceptable). 

The driving force is the market. When economies come up, investment on climate/environmental policies goes up but that requires long term policies.
Policies have to be integrated as they involve crops, technologies, investments and environmental protection.
Security of investment is a long-term EU - governmental issue. We have to pass the message to policy makers that we need stability of science and stability of investment.
The development of the supply chains is poor. The climate change is causing already significant impact on yields and land area. Although we have more species available than the ones we use now, a strong competition with food crops is occurring; we should thus differentiate from existing food crops. The crop storage is expensive or can have technical difficulties as is the case of sweet sorghum, for which the harvesting window is very small and storage has to be under specific conditions. There time effect is very pressing since huge factories are obliged to work only for half a year. In this case improvement of harvesting/pre-treatment methods is of outmost importance.
On the other hand, biofuel –and biomaterial- demands are getting higher. Optimising the inputs for growing the crops and enhancing crop breeding would lead to increased yields per land area. To enhance crop breeding new biotechnologies are needed.

 Better understanding and science on biotechnology is required and when it is accomplished we can have a bio-economy. Europe is more conservative to Canada to GMO (genetic modified crops). Consumers are not properly educated to understand biotechnology and people is not rational in their daily attitudes 

Low prices of biomaterials will certainly attract customers. We don’t need to force consumers to buy bio-products as far as they are the cheapest. And they can be cheap if climate change and other externalities are counted and monetised. 
Are we taking the right approaches to mitigate CO2? There are better ways than biofuels, maybe insulation materials or other bio products are better solutions. Apart from that though, we should also reduce energy consumption. 
Identity preservation, consistency in feedstock and bio-product, poses challenges for speciality products or special feedstocks (in terms of chemicals). That can be crop specific (in new crops we have to develop science). Steps to either minimize variability ex-field or cope with it have to be considered.
From the industrial part, more innovation in sources of enzymes for biotechnologies   is needed in order to reduce the high investment costs.
Land use changes in the tropics have huge impact on sustainability. We could use degraded land but there no policy or scientists to propose solutions. Bioremediation could aid the EC to use degraded land for several uses. But first we have to define what degradable land is and involve scientists in defining degradable land. 

Prospects to widen the range of potential feedstoks
There are good opportunities to use wastes and biowastes in Romania, Poland… But first we have to use and optimise what we have and then we can go for new crops. A new crop needs many years of research and then farmers need to be convinced. We should better revise crop systems with existing crops. 
Profitability is a decisive motive for crops to be cultivated. In Canada a few years ago canola was a new crop and now you it is cultivated everywhere. Which crops to grow depends on the latitude, security of supply, sustainability criteria and its final uses.
As there are big markets, like the biofuels, and with small markets, like plastics, detailed business plans for crops are crucial. Bioenergy as a product is easy. The high value of low tonnage products shouldn’t be overlooked. 
CAP impact is huge. Any investment decision need long term financial stability. Social motives may still be in need for subsidies. Biomass need the same playfield as the other renewable, thus subsidies have to be put in the right direction and there must be a clear plan on how to remove them, because crop financial profitability should stand alone.
Bigger areas (like in Canada) need GM crops or perennial crops and minimised tillage. EU parliament changed the emphasis from potential risk to a potential hazard. 
Storability links to usability and that is crop-specific so it has to be taken into account when introducing new crops. 

As potential new crops sweet sorghum offers good potential in warmer climates. As presented by the speakers its geographic allocation is very wide. Sugar beets and corn are the best for Poland. Arundo donax holds high biomass potential and can be grown in a wide range of climates and soil conditions. Focus on lignocellulosic crops with high yields on cellulose should be put. More opportunities for speciality crops lie in small markets.

Research gaps and recommendations:

Investigation of the full potential of existing crops using all co-products is necessary. Stability of yields of the known crops has to be achieved.
Adaptation of crops/growing/management systems to climate change.
Biotechnology plays a crucial role and GM is only a component. Europe has to invest on the potential of biotechnology to contribute to new crops or new products from existing crops. The issue of GM has to be reopened and further discussed. The potential of GM to contribute to the EU bio-based industry has to be recognised.
Opportunities of cellulose in the human health market/sector have to be investigated.
Opportunities for non-fuel renewable for CO2 credit notes have to be also investigated.

Need to scale up technologies in order to approach industry. Small scale-demo projects have to be funded by the sate/EU, etc.

Public awareness, acceptance in all levels is required.
Regulation is impeding novelties of plants. 
Europe has to do more research on new transformation technologies mainly for biofuels. Cheaper and more effective enzymes are the way towards reducing costs.
Application of LCA for several crops and cropping systems and land allocation (regional) is mandatory.

Sweet sorghum need more research mainly on harvesting and transformation.

2nd Thematic workshop 
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