Renewable energy solutions for the oil industry
The European Union has set ambitious targets for renewable energies in the next years (20% boost overall in renewable fuel use by 2020). From these, it is expected that 8.5% of the total energy consumption in 2010 (two thirds of the renewable objective) come from bio-energy.

Biomass (such as olive prunings and mill solid wastes) is a highly diversified renewable source. By transforming biomass into solid, liquid and gaseous products a variety of end-use products like electricity, heat or gas can be produced. Several basic processes – combustion, gasification or fermentation – are feasible for transforming biomass into energy.

Biomass can replace current, usually fossil, resources such as coal, oil and natural gas and, furthermore, can easily be stored long-term.

Comprising pioneer countries in olive oil production throughout history, the European Union is the main olive oil producer in the world. The figures show that 80.2% 1 of the world production, 2.056.200 tons, were produced in the countries of the Mediterranean region.

Olive tree and olive processing industry produce large amounts of by-products. Besides, the olive oil industry is defined by the polluting character of its residues, of which about 5.8 million tons are produced annually. This poses serious problems to the olive mills, especially in the case of small and medium ones. Moreover, after different scandals regarding olive pomace oil in the recent years, mills have lately had to pay for the removal of the pomace instead of selling it to pomace oil extractors, which entails higher production costs.

Furthermore, olive tree cultivation yields as a by-product wood from pruning the trees, which currently is neglected and dealt with as a waste. This increases the costs for waste treatment of each olive mill, resulting in a heavier economic an environmental burden.

Lately, a new struggle has appeared: production costs increase due to the current situation of increasing prices of electricity, absolutely necessary for production. Actors from all the groups involved agree on the need for a more sustainable approach to production schemes, where environmental conditions are taken into consideration without neglecting productivity. In this sense, in the last years there has been research focused in exploring the possibilities of further use of the residues, olive mill waste water and olive pomace, and initiatives to provide solutions to the industry. Even though considerable efforts have been made so far for bringing the results obtained into practice, most local producers associations still lack a clear guidance adapted to their needs in specific fields. As a result, they give up the implementation of these activities after the institutional framework which supported them disappears.
RESOLIVE - Adaptation of renewable energy solutions for the olive oil industry. Research for SME associations
RESOLIVE is a EU financed project (2008-2011), of ttz Bremerhaven (Umweltinstitut), aiming at achieving the following objectives:

Overall objectives:

• To define the specific conditions for the implementation of renewable energy solutions specific to the olive oil industry.

• To enable the producers and their associations more independence from centralized energy systems.

• To increase the competitiveness of the European olive industry through the accession to state-of-the-art technologies.

Scientific and technological objectives:

• To build a prototype gasification system combined with a 30kW microturbine production to demonstrate its performance using different olive industry wastes as fuel.

• To carry out a full program of laboratory scale tests on anaerobic digestion to optimize the existing techniques for biogas production, which will enable producers to its implementation.

• To collect information about other renewable energy solutions for the industry, successful stories and implementation ranges.

Socio-economic objectives:

• To answer to the current need to increase the sustainability of European agricultural sectors by implementing solutions which result in a valuable output (in this case, energy) from their waste.

• To reduce production costs in the olive oil sector in the current scenario of constantly increasing prices of energy.

• To summarize the existing knowledge in olive waste valorisation and transfer this knowledge to its end users, supporting them in the further implementation.

• To create a comprehensive set of guidelines that will advice the associates of olive oil producers’ cooperatives deciding which of the available options for the implementation of renewable energy suits their conditions best.

• To enable the olive oil producers in Europe access to a new market: electricity production.

• To increase employment in the sector by capacity building in state-of-theart technologies and creation of new jobs in the operation of the proposed systems.

With the objective of providing tailor made solutions for this heterogeneous sector, RESOLIVE proposes the demonstration and study of three groups of technologies: Gasification, anaerobic digestion and others solutions, described below:

a) Gasification process

Gasification is essentially a thermochemical process that converts biomass materials into their gaseous constituents. The outcomes of gasification are the producer gas, containing CO, H2, methane, and some other inert gases. Mixed with air, the producer gas can be used in fuel cells.

The benefit of this technology, and the reason why it will be implemented in RESOLIVE, is that it represents a decentralized energy conversion system that functions economically even for small scale, fulfilling the operation conditions for an olive oil cooperative. Several successful plants operate nowadays at large scale. It has also proven a suitable technology for smaller, decentralized systems, for example adapted to sectors which have wood as a by-product, as in the case of the olive industry.
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A gas producer is a mere device comprising of a cylindrical container with space for fuel, air inlet, gas exit, and grate. The type of gasifier depends upon the type of fuel used and whether the gasifier is portable or stationary. The gasifier alone is of limited use. The complete gasification system consists of the gasification unit (gasifier), the purification unit, and the burners. The keystone to a successful design of the gasifier is to realise the properties and thermal behaviour of the fuel that is fed to the gasifier. As shown in the table below, gasification presents advantages in comparison to other conversion methods, such as a higher tolerance for water content in the fuel, which represents one of the most important aspects for its adaptation to the olive industry.
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b) Biogas production through anaerobic processes

Anaerobic digestion consists of a series of microbiological processes that convert organic compounds to methane and carbon dioxide. These processes can be grouped in three major steps: hydrolysis, acidogenesis and methanogenesis. During the first, consortia of anaerobic bacteria break down complex organic molecules of the influent matter into soluble monomer molecules such as amino acids, simple sugars, glycerol and fatty acids. The monomers are directly available to the next group of bacteria. Hydrolysis of the complex molecules is catalyzed by extracellular enzymes (cellulases, proteases, etc). Acidogenesis includes fermentation and anaerobic oxidation which are executed by fermentative acidogenic and acetogenic bacteria, respectively.

Fermentative acidogenic bacteria convert sugars, amino acids and fatty acids to organic acids, alcohols and ketones, acetate, carbon dioxide and hydrogen. Acetate is the main product of carbohydrate fermentation. Acetogenic bacteria convert fatty acids and alcohols into acetate, H2 and CO2, which are used by the methanogens. In the methanogenesis step, acetate, H2 and CO2 are converted into methane, CH4. This is done by methanogenic bacteria consortia composed of both gram-positive and gram-negative bacteria.

Anaerobic biodegradation is affected by numerous factors: temperature, retention time, pH, H2 partial pressure, chemical composition of the substrates used, and the presence of toxic compounds in the mix.

The anaerobic process is one of the most widely investigated techniques for the decontamination of wastewaters from the olive oil. In addition to the advantages it presents for olive mill wastewater (OMWW) treatment, it offers the advantage of low energy consumption, production of an energy-rich gas that might be amenable to further uses. However, the system has not been fully adapted: anaerobic systems are extremely sensitive to changes in the concentration of recalcitrant components of the inflowing OMWW, or to changes in the operation parameters such as temperature and pH. In order to prove of economic interest for the olive mills, certain aspects of the anaerobic digestion have to be further studied: the seasonal nature of OMWW production means that an anaerobic bioreactor treating this waste must have the ability for easy start-up operations every year. The materials for this quick start-up need to be further studied in order to find the best combinations. Also, pre-treatment of the residues to remove recalcitrant compounds has proven in some cases useful (for example, dilution or aerobic fermentation with Aspergillus niger), although this is always a delicate step which still has to be fully controlled and optimized. Moreover, the variety of reactors and configurations available prove to be an overwhelming amount of requirements that hinder the implementation in olive mills. Most of the results from the anaerobic treatment of OMWW have been obtained on a laboratory scale, and serious problems have been encountered when passing from the laboratory to plant scale. Further development in this area is needed, and this information needs to be transferred directly to the stakeholders, building on their capacity and enabling them taking better decisions. This initiative will encourage sound investments and prevent the initiation of activities prone to failure.
In the framework of RESOLIVE, biogas will be assessed as one option for OMWW, specially the waste resulting from the two-phase system. This waste presents some disadvantages for other renewable energies due to their high water content. Furthermore, the investment needed and yields foreseen will be studied in order to provide olive mill owners and cooperative associates with the latest and most accurate information in the field.

Apart from gasification and the use of microturbines for energy generation and anaerobic digestion, the RTD performers from the consortium will address other renewable energy approaches and transfer them to the SME-AG and SME partners.

It is anticipated that due to the heterogeneity of the sector throughout Europe, energy solutions will not be suitable for some olive mills. With the objective of providing the most comprehensive information to the sector, RESOLIVE will explore other waste valorisation solutions, such as animal feeding, solar distillation and composting.

c) Other technologies

Other technologies present an interesting option for waste-to-energy solutions or for waste valorisation. It is anticipated that in some of the olive mills, due to different reasons, the implementation of the aforementioned methods will not represent a direct, positive economic impact. In order to provide with a solution to that group of producers, RESOLIVE will carry out a study on other processes to obtain a valuable outcome from olive mill residues: olive mill wastewaters can be composted to be used in agriculture as a natural, chemical-free fertiliser, or once properly processed, used for animal feeding. It can also be distilled using solar energy: the evaporation and further condensation produces a distillate free from solids, 90% lower in terms of COD (Di Giacomo G. et al., 1991) than raw wastewater and 90% in terms of TKN, enabling using it again for irrigation. Solar distillation has a valuable potential for becoming an option for wastewater reutilization, due to geographical reasons, and composting has been successfully tested as a solution for secondary use of the by-products. Other methods include aerobic digestion, the use of funghi such as Penicillium to deplete its organic content.

Prior to the anaerobic digestion tests, ttz Bremerhaven will carry out at their facilities the following analyses of the feedstock:

• Elemental characterization (C, H, O, N, S, P)

• Total carbohydrates, lignin, cellulose, hemicellulose

• pH, alkalinity, COD

• Total solids, volatile matter

• Acetate, butyrate, propionate, oleic and palmitic acids (LCFA)

• Phosphates, proteins, lipids.
The results estimation and their practical importance
The use of the technologies to be covered in RESOLIVE will support decentralized solutions for the olive oil industry, enabling the producers and their associations more independence from centralized energy systems. In a scenario of ever rising energy prices, enabling the olive mills producing their own energy during the high season could represent a huge saving in the costs of each campaign, an improved performance that will have a direct impact in the position of European oil in worldwide exports.

Moreover, they will be able to access a new source of income by becoming energy producers. Currently, electricity produced from renewable energy benefits from a privileged situation, being its price heavily subsidized from central governments. Hundreds of olive oil cooperatives and mills in Europe will be able to enter this new market after the successful implementation of the project.

Besides, in order to cope with the European environmental legislation, it is urgent to offer effective and low-cost alternatives to the olive mills for their residues. The Directive 2000/60/EC, establishing a framework for Community action in the field of water policy, says that Member States shall establish maximum annual averages for the release of certain pollutants, such as biocides and substances that have an unfavourable influence on oxygen balance. Olive mill waste is directly under the scope of this Directive, and also under the Groundwater Directive 2006/118/EC, which prevents against groundwater pollution risks. Since SME olive mills have a low benefit/cost ratio, the need to meet environmental regulations could lead many of them to closing down.

Furthermore, wider implementation of renewable energies will not only have a beneficial impact on the sector addressed, but on the whole society, helping achieving the targets set for the use of renewable energies and switching the European industrial fabric to more sustainable procedures.
For instance, it is assumed that small olive mills cannot build and operate stationary anaerobic treatment plants because of their high cost. Due to the seasonal nature (the harvest period ranges from September to February) and the variable character of the residue, anaerobic plants would not be advised, because they need a long running-in phase of several weeks or months. However, this system could be applicable to cooperatives that also work with other agricultural products whose residues can be composted in different seasons. This is just one example of how a wider analysis of each technology can show the promising opportunities they present when correctly applied.

Suggestion for a study project on biogas in Romania
Romania is one of the significant exporters of sun flower seeds and oil in the world. 
The country is a big consumer of sunflower oil, as well.  Romanian people consume 12 litres annually, comparing with the Bulgarian (8 litres) and the Austrians. The annual consumption is about 260.000 tons. Last year the sales figure was 155 mil. Euro, higher than in 2006 (74,4 mil. Euro), (Nielsen, 2007). Sunflower oil remained the most favourite amongst Romanian, but the volume decreased from 81,2% in 2006, la 80,7% last year. One of the reasons was the increasing of olive oil demand, from 0.8% to 1% in 2007.
The oil price is continuously increasing, partially because of the increasing price of sunflower seeds, secondly because of the increasing prices of electricity, absolutely necessary for production.
The knowledge of RESOLIVE technologies: gasification, anaerobic digestion and others solutions, could be of great help for dealing with similar problems in Romania in the sunflower oil industry.
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