                                                                    	





Biogas Plants from Organic Waste
in combination or not with 
composting plants




CHAPTER 1

RENEWABLE ENERGIES, ENVIRONMENT AND BIOMASSES


1.1 CLIMATE CHANGES

Human activities make changes to the environment. In the last 100 years, since the beginning of the use of fossil fuels by industry and energy power with polluted emissions in the atmosphere, all these activities have been probably the first cause of climate changes.

In the last 3 decades it seems that the speed of these changes has speed up in a vertical way. According to the 3rd IPCC report (International Panel on Climate Change) of 2007, the global average temperature of the atmosphere has grown by over ½ grade Centigrade in respect to the average of the XIX century. The bigger part of the climate changes has been recorded mainly from the second half of the 70’s. The planet natural greenhouse effect increase is at the base of the global worming, fed  by the increase of the concentration of pollution that capture solar radiations. As a result of that more frequent floods, cost erosion, sole degradation, extreme weather phenomenon has been registered in the last years.

History of the last 10 years makes us talk about a real “qualitative” jump in the perception of the global climate risk. Only in the years 1998-99, a long chain of extraordinary climate events happened in every latitude of the planet with economical and social consequences every where in the world.  
It is now necessary to adopt policies to invert this environment degrade. In fact, the relevant report of IPCC demonstrates that it is necessary to stop the growth of the greenhouse gasses by 2015, 2030 maximum and start to apply solutions to gradually reduce this growth.
Actually CO2 concentration in the atmosphere has reached 385 ppm. Scientists believe  that it is necessary not to overtake 450 ppm, limit that could represent the one to give the not reversibility of the climate changes. In fact this limit could originate a definitive growth of the temperature average of the planet over  2°Centigrade, with dramatic possible consequences on the sea level and definitive climate changes.


1.2 KYOTO PROTOCOL

The 11th of December 1997 in Kyoto, Japan, a delegation of 160 world countries has signed a common international document called “Kyoto Protocol”; this document defines a limitation of the greenhouse gasses emission. Starting from 16th February 2005, it imposes to all the involved countries to concretely reduce greenhouse gasses of about 6.5% from the data measured in 1990.

The Protocol  has defined the main sources of greenhouse gasses as follow:

· Energy power with fossil fuels
· Industrial processes
· Agricultural activities
· Waste management

This objective of greenhouse gasses reduction is in contraposition with the growth of energy needs linked to the human progress. So that, it is extremely necessary to find alternative ways to produce energy and to produce it using as much as possible renewable resources, like organic substrates, very easy to find on all over the territories in the world. The real scope of this document is to underline the concrete possibility to produce “clean” energy by using available organic material coming from food industry, agricultural activity, simply from the organic waste always available in presence of human communities and activities. These substrates, used and treated by modern and “state of the art” technology like the extraction of all the biogas produced by their controlled fermentation, represent THE concrete solution to integrate correct organic waste disposing with the efficient production of energy, electric and thermic; solving, in the mean time, several problems respecting natural cycles and not using virgin resources of the planet, either renewable (like virgin biomasses) and not renewable (like petrol).

In conclusion, there is a solid general public consciousness that bio-energies, with the new relevant technologies to produce them, could really contribute to give the necessary added energy needed for human progress, solving other problems linked to this need and giving in the same time the right procedure not to create pollution and toxic residues problems for the environment.

If the countries applying to the Kyoto Protocol will not reach the limits defined by the protocol itself, a penalty of 100 € will be charged for any ton of greenhouse gasses that exceeds that limit: in other words, if Europe will keep the greenhouse gasses emissions at the level of 2004, the relevant penalty would be of about 9.3 billion of Euros.



1.3 CLIMATE CHANGES AND CONSEQUENCES ON THE GLOBAL ECONOMY

To fight the climate changes is not a luxury, but a real need. According to several analysts, if the reduction of greenhouse gasses will not be implemented, it would cost from 5 to 20 % of the Gross Internal Product. Furthermore, the most promising way, and the most important, to facilitate global economy growth, is the “green economy” development and support.
Globally speaking, renewable energies today are giving a job to at least 2.3 million of people, number that will quadruple by 2030. All the investments in the green economy are growing year by year, technologies are improving as well, people will find new job opportunities guaranteeing the respect of the environment and the appliance to the Kyoto Protocol, necessary for the planet life.

According to the ONU’s report "Green Jobs: towards decent work in a sustainable, low-carbon world”, green energy business will have a big impact on the professional horizon and perspectives in all the countries. Investment projects of about $ 630 billion in total would convert about 20 million of new job opportunities into renewable energies sector by 2030. Some concrete examples can be mentioned to support that sentence: in 2006, green economy has absorbed more than 11% of all the venture capital in North America and in Europe. The new policy about green economy by Barak Obama and by all the European countries will make this percentage grow, improving technologies, efficiencies, productivity and giving opportunity to use all these green solutions to all over the world.

We are living a real new “industrial” revolution, the one linked to the respect of the natural equilibri, necessary for the respect of the environment, for the human species survival and the planet life itself.



CHAPTER 2

ANAEROBIC DIGESTION, BIOGAS AND COGENERATION


2.1 ORGANIC SUBSTRATES: CHARACTERISTICS AND USES

Organic substrates are all the biomasses coming from agricultural activities, forest residual, food industry, waste collection and food residual, etc.

It is possible to dived all the biomasses in three main categories and in three main technology to be transformed in “clean” energy:

· Wooden biomasses: treated in pirolisis technology
· Vegetal oils: transformed in biodiesel by transesterification and then used in high efficiency cogeneration or fuel for automotive applications and transport
· Organic biomasses in general: anaerobic treatment and biogas extraction for energy production

This last category is the subject of this chapter, leaving the other two categories to a proper document available in case of interest. TPEnergy, in fact, is involved in the promotion and installation of all the renewable energy production in all the biomasses categories mentioned above.

Organic biomasses in general are listed as follow: 

· Manure and dung from animal farms
· Urban water treatment, like organic mud
· Food industry residuals: slaughterhouses, starchy products, cheese industry, vegetable and fruit transformation, fish industry, etc.
· Agricultural and forest activity
· Restaurant and industrial catering residual
· Big Retailer Organisation food residual
· Organic waste collection
· Etc.

The controlled fermentation of all these biomasses represents an absolute clean energetic source, because any organic product in decomposition raises methane and CO2 in the atmosphere; so that collecting these gasses through a controlled technology like the anaerobic process in biogas plants allows us to “capture” pure biogas, raised in any case by natural decomposition, to be used for clean energy production in alternative to “the traditional” way such fossil fuels. Contributing to the greenhouse gasses emissions reduction.

Having seen above, biomasses are primary renewable resources because linked directly to the life on the earth, always available either as virgin biomasses and as available as organic residual of natural and human activities.

This fact positions biogas technology at the top of the renewable resources energy technologies, because the only one that does not need expensive research and development, but based to a mature technology as far as every component composing it is concerned. Biogas production is the most “natural” fuel available in the earth because always produced during natural decomposition; it is only a question to optimize the collection of it for energy uses. That’s it! And TPEnergy with Genesys has got “the state of the art” experience to optimize it as much as possible.



2.2 THE ANAEROBIC DIGESTION

Anaerobic digestion is a natural process of biochemical conversion in absence of oxygen. It consists in the demolition of complex organic substances (lipid, protid, glucid) by alive micro organisms; these organic substances compose all vegetables and animals and, after the demolition of these micro organisms, are re-composed in their main elements of carbon and hydrogen to form methane and carbon dioxide. In fact, the biogas produced is the combination of methane (CH4: 50 – 70 % of it) and CO2 plus other gasses like hydrogen sulphur, oxygen and other gasses; its calorific power is about 23.000 kJ/Nm³ and it is used directly in a endothermic engine for cogeneration of electric and thermic energy.

At the end of the permanence of the substrates in the digester for the controlled fermentation, the substrates has been transformed in “digested stuff”, a well balanced and stabile material that could be separated in solid portion from the liquid one and used in very important application for fertilization and mineralization of the field. Nitrogen, for example, has been transformed in a mineralized status very easy to be absorbed by the field and by all the vegetable, giving a enormous improvement to the characteristics of the culture performances of the fields.

TPEnergy technology can use, practically and proved, all the organic substrates available in any circumstance, thanks to the experience of over 20 years of their partner Genesys; Genesys have built more than 40 biogas plants in Switzerland and they are growing their capacity in Italy and abroad thanking to TPEnergy support and competence.

TPEnergy can design and install biogas plant where a continuity of energy production is needed and where different organic substrates are available, integrating the technology to produce energy to the one to better dispose these substrates. TPEnergy technology is able to offer a lot of advantages as follow:

· Clean energy production: cogeneration of electric and thermic energy through biogas combustion is very efficient because it is very concentrated around the collection of the substrates available in the territory.
· Elimination of bad odours and pollution in the atmosphere: everything is fermented in a digester completely isolated from the extern: no odours can be raised.
· Manure and mud stabilization: the abatement of the organic carbon charge of the substrates in anaerobic process gives stability to the manure, a much easier way to stock it and to depure it in subsequent possible depuration treatment. The bad odours are eliminated consequently. This is the demonstration that a biogas plant is not only a very good energy producer, but gives a lot of advantages to the general system to better treat and dispose substrates and organic residual, such as a composting plant to produce organic fertilizers, as a clear example of full process improvement.
· Pathogenic charge reduction: the biogas process can reduce the pathogenic risk of animal substrates, for example. In case of such kind of substrates and pathogenic risks it is possible to implement a sterilization process to the system. Substrates from slaughterhouses have been experienced by TPEnergy with very good results.
· CO2 capture: methane is 22 times stronger than CO2 for the greenhouse effect: to transform the methane normally produced by organic fermentation in CO2 through the combustion to produce energy gives an immediate effect to reduce of 22 times the negative impact onto the greenhouse effect.
· Total substitution of chemical fertilizers: the digested stuff has got very good characteristics to substitute chemical fertilizers, produced by mineral oil. It is a further advantage to the environment and an opportunity for bio-agricultural growing activity.


2.3 BIOGAS DIFFERENT POSSIBLE USES: COGENERAZIONE BUT ALSO VEHICLES TRACTIONS AND METHANE GREED DELIVERY 

In Europe and particularly in Italy, biogas is more favorable used for producing energy in cogeneration. This is due to a special legislation and incentivation to produce electric energy.
In other parts of the world, like for example in the same Switzerland, biogas could be used for other applications like vehicle traction or delivery of purified bio-methane into the urban greed.
Everything is possible according to local needs and incentives.





CHAPTER 3

ANAEROBIC DIGESTION OF THE ORGANIC WASTE AND COMPOSTING

3.1 TOWARDS A SUSTAINABLE ORGANIC WASTE MANAGEMENT

This paragraph has to be referred to the actual system of management of the urban waste in general and to the differentiation and quality of each waste category.

In case in which the waste management does not consider a preliminary differentiation, the organic portion normally used by biogas plant in anaerobic process has to be separated from the rest. To better identify the necessary pre-treatment and to adopt relevant equipment to select and deliver the right quality to a biogas plant, it would be necessary to analyse the actual status and to define the best process optimization.

TPEnergy job and competence is also:
· to make proper analysis to the waste management situation, 
· to identify the pre-treatment processes to get the best organic waste conditions, 
· to install the relevant equipment and their own biogas plant for that organic fraction,
· to analyses specific needs to treat and optimize the energetic efficiency of the use of all the different categories of the not organic waste material
· to address to the most important Companies of treatment of those categories of not organic waste and to follow the job and work direction on field during all the plants installation

Generally speaking, organic waste represents about 30 % in average of all the Urban Waste if not differentiate at the origin. A differentiation at the origin could increase this portion and can, for sure, improve the quality of the organic fraction. But the differentiation is not mandatory, due to the fact that it is possible to implement differentiation systems after the waste collection and transport to the treatment plant.

In Europe, anyway, the tendence is to improve the waste differentiation “at home”, directly at the origin, with very interesting results.

The organic waste fraction is absolutely suggested to be used in biogas plant in anaerobic processes because of all the advantages that is possible to get as described above. After the anaerobic process, the digested stuff should be completely composted in an integrated process to get material that could be packed and sold as a terrific fertilizer for home uses or agricultural applications in alternative to chemical fertilizers.
The integration of the  biogas to the composting process gives a lot of advantages:

· collects all the methane naturally raised in the atmosphere
· produces energy
· stabilizes the material
· reduces energy needs to get a complete mature compost
· represents a quality parameter of the compost: if there are toxic elements in the substrates treated in biogas plants, this substrates do not produce biogas and energy and the plant does not work! So that a compost coming from substrates having produced biogas does not contain toxic elements for sure and potential damages to the cultures using that compost.
3.2 BIOGAS FROM ORGANIC WASTE

The anaerobic digestion of the Organic Waste Fraction is a very valid alternative to the traditional technologies of waste disposal, capable to indirectly improve the performance of them. In fact, the organic waste is not ideal for big waste burners, being composed mainly by water; as well as it is not good to be disposed in open spaces because it produces biogas directly in the atmosphere.

By using organic waste in biogas plant we address this fraction at the best and most optimized treatment possible, directly and indirectly. This treatment is the most competitive and gives a lot of advantages, as seen above.

Just to give a general idea of the performance of a biogas plant with organic waste, 25.000 tons/year of it could feed a cogenerator of 1.000 kw of power installed, capable to produce more than 8.000 Mwh of electric energy per year and giving an availability of at least 7.000 Mwh of thermic energy.


3.3 BIOGAS AND COMPOSTING PLANTS INTEGRATION

As said above, anaerobic process perfectly integrates the composting of the waste organic fraction. The integration of the two processes first of all allows to definitively reduce the social impact (this is particularly true in all Europe) and acceptability of the organic watse treatment. This because the biogas plant treats the fresh matter in absense of oxigen, the first cause, during the fermentation, of bad smells and odours. Whwn the digested material comes out from the biogas plant, all the fermentation is completed. So that no reason of any kind of smell is possible. And this effect is an added one to the others already mentioned above.

The digested stuff has to be separated in the liquid and solid fraction to better treat the 2 parts for different uses; both of them as fertilizers in alternative to chemical ones.
To get a mature compost, then, the energy needs from digested material are much lower than the treatment of fresh matter and this is a very big advantage too.

Just summarizing all the advantages due to the integration described above, it is possible to obtain:

· The production of big quantity of energy, electric and thermic, from fresh organic waste
· The usage of exeeding termic energy to inflate hot air below the composting beds
· The maximization of the profitability of the system, reducing the energy needs at least of 30 % of the composting section
· The quality of the compost got grom the system: in fact the production of biogas and energy is a guarantee that no toxic material is present; toxic material, if present, would kill the methanogenic bacteria in the digester stopping the fermentation and the biogas production iteself
· The complete controll of the odours pollution, because of the process itself which is in absence of air/oxygen
· The CO2 produced belongs to the natural process of CO2 emissions during organic material decomposition; bio-methane naturally produced is transformed in CO2, reducing of 22 times the greenhouse effect in the mean time; no added CO2 from hydrocarburs in the atmosphere emitted for the same quantity of energy produced.
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