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The aim of this project is to develop a biotechnological process for the production of biodiesel from
slaughterhouse lipid waste.

We have recently succeeded in improving the stability of lipase Té from Geobacillus stearothermophilus
to methanol using protein engineering techniques. These methods included random mutagenesis and
structure-guided consensus. Variant H86Y/A269T displayed a half-life of 264 min in 70% methanol
compared to only 2.3 min for the wild-type. The mutant also had improved thermostability as measured
using differential scanning calorimetry. Most importantly, its activity in the transesterification of soy
oil was 3-fold better than wild-type. However, this enzyme requires further improvement as well as
immobilization in order to allow reuse in a commercial process.

The specific aims of the present proposal are:
Further improvement of the enzymatic stability in methanol - this will be accomplished by surface
charge modifications and site specific mutagenesis using the double mutant as a template
Immobilization of the best mutant on a resin, preferably using covalent attachment to resins with
epoxy-functional groups.
Evaluating the use of beef tallow for transesterification and optimizing process parameters (water
content, enzyme/fat ratio, temperature, stirring mode and rate, fatty acid profile, etc.).

Evaluating the process on 20L scale in a bioreactor and analyzing the commercial feasibility.

This biotechnological process is expected to be environmentally friendly (enzyme catalyst, non-
hazardous wastes, low energy consumption) while transforming a non-used and even costly by-product
of the slaughterhouse industry into a renewable energy source, namely biodiesel. The process could
be implemented here in Israel and benefit the local economy.
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Biodiesel can be produced either chemically or enzymatically. Chemical production is achieved by
alkaline catalyzed transesterification of the oil or fat. Some drawbacks of this method include high
energy consumption, difficulty in glycerol recovery, and a high amount of alkaline waste water from the
catalyst. Unlike the conventional chemical routes, biocatalytic routes employing lipases [triacylglycerol
acylhydrolase, E.C. 3.1.1.3), permit one to use a wide variety of oil feedstocks in the presence of acidic
impurities. Moreover, separation and purification of the biodiesel fuels produced enzymatically is
easier because of the absence of soap by-products. However, lipase-catalyzed biodiesel production
still suffers from some shortcomings such as the high cost of enzymes, and limited enzyme stability in
organic solvents (methanol or ethanol) present in the reaction. Nevertheless, this process is currently
used today in Israel by Green City Urban Recycling Ltd. With used cooking oil. Tallow derived from

slaughterhouses in Israel could well fit into this process.
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Development of a a
biotechnological process for

the production of biodiesel from
slaughterhouse lipid waste -

132-2-2

Biodiesel, one of the most prominent renewable alternative fuels, is defined as the mono alkyl esters
(methyl and ethyl esters] of long chain fatty acids and can be derived from a variety of sources including
vegetable oils, animal fats and used cooking oils, as well as alternative sources such as algae.

Advantages of biodiesel include renewability, local or domestic origin, low or no sulfur content, no
aromatic content, biodegradability, reduction of most regulated exhaust emissions, inherent lubricity,
high flash point, and compatibility with the existing fuel distribution infrastructure. Biodiesel made
from tallow (animal fat) contains more saturated fatty acids than that made from vegetable oil (up
to 46%) allowing the fuel to have a higher cetane number which improves the ignition efficiency of
the diesel engine. This results in an improved engine start-up, noise reduction and reduced exhaust

emissions. Additionally, this fuel is more stable to oxidation.

In Israel, over 100,000 cattle heads are slaughtered every year. An average weight of each cow is
400-550 kg and the edible beef yield is 50-60%, resulting in 25,000 annual ton of waste products
including skin, bones and non-edible parts. In the past, some of these by-products including the
tallow were used as animal feed, but since the 1990’s this has been banned due to high risks of TSE
(Transmissible Spongiform Encephalopathies - mad cow disease). Subsequently, the slaughterhouse
by-products are currently not used at all and their burial costs money. Using several simple steps,
the by-products can be chopped under heat and pressure, and the tallow may be recovered for use
as a source for biodiesel. Another by-product from this process, the bone meal, is used as fuel in
the cement industry. From the slaughterhouse by-products, tallow accounts for 16% (w/w) and
thus 0.16 ton of biodiesel can be produced from each ton of slaughterhouse waste. In Ireland for
example, 10,000 t/a is currently used for biodiesel production (by means of chemical catalysis) and
is projected to double by 2020. According to energy balance calculations by Thamsiriroj and Murphy,
slaughterhouse by-product biodiesel efficiency (including tallow and bone meal) is 1160 MJ/GJ fuel,

compared to 817 for rapeseed biodiesel.
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Sobhi Basheer // TransBioDiesel

This research work targeted the development of a new industrially feasible and cost-effective solution
for reducing the environmental impact of fat trap and fat collected in municipal and industrial waste-
water treatment plants. The proposed research work plan has been focused on the development of
new immobilized enzymes capable of catalyzing esterification/ transesterification reactions of free
fatty acids and glycerides, respectively, comprising oils and fats to yield biodiesel which meets the
international specifications for transportation and heating.

The research study considered mainly the development of various methods for the protection of enzymes
from strong enzyme inhibitors, typically present in fat traps, such as heavy metal ions, surface-active
ingredients and detergents. Furthermore, the developed biocatalyst will be characterized with its
1. High resistance towards common enzyme inhibitors, such as methanol and hydrophobic organic
environment, 2. High synthetic catalytic activity for biodiesel and reach conversions and yields of
higher than 99%.

The proposed work has also been focus on the development of physical methods for refining oils
and fats collected from fat traps. In this regard, industrially feasible methods will only be considered
aiming at the removal of suspended particles, surface-active ingredients, detergents and heavy metal
ions typically present in fat traps.

Based on the developed biocatalyst a demo pilot unit has been designed and built for pretreatment of fat
trap and other equivalent oil feedstocks and their conversion to biodiesel complying with international
specifications. The unit is operating at Biodiesel Free Ltd. Wastewater Treatment Plant in Hadera.
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Energy Generation using E'Q,mh

Toxic Aromatic Compounds - =

Degrading Bacteria in
Microbial fuel-Cell

122-4-2

We propose a novel microbial fuel cell (MFC) based on Ru chalcogens cathode, that produces electricity

while decomposes chemical industry sewage including toxic aromatic hydrocarbons.

A typical two chamber MFC consists of a bacterial anode and air cathode compartments which are
separated by a proton selective membrane. The bacterial cells oxidize the organic source and generate
electrons which pass through the anode to the cathode. Followed by a reduction of the oxygen in the

cathode. These processes lead to electricity production.

The main goals of this research are: 1 - Examination of the ability of mixed bacterial cells to produce
electricity when the carbon sources are toxic aromatic hydrocarbons. 2 - Preservation the optimal
mixed bacterial cells and their use when a collapse of MFC is occurs. 3 - Operating the MFC with a

cathode covered with Ru chalcogens.

The novelty of this MFC:

1. Producing electricity while degrading toxic aromatic hydrocarbons.

2. The cathode compartment consists of a cathode covered with Ru chalcogens which is more effective
in reducing oxygen and is stable in the presence of organic compounds compared to the common
cathodes covered with the expensive platinum.

3.The electricity which will be produced with the optimal mixed bacterial cells will be examined in
several concentrations of aromatic hydrocarbons in the presence of salts and metals.

4. Portions of the optimal mixed bacterial cells will be frozen and kept for utilization when a collapse
of the MFC will occur.

We expect that in future, in each chemical factory a MFC will be developed for electricity production

while utilizing and detoxification its sewage.

""Expected to be completed in 2014
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Microbial Fuel Cells as a Technology Ry
for Simultaneous Municipal Wastewater o’
Treatment, Electricity Generation and
Detection of Toxic Organic Substances
132-4-2

Conventional biological wastewater treatments use an activated sludge system technology requiring
substantial electric energy input and producing excess sludge that entails further treatment.

Therefore, an alternative cost-effective wastewater treatment technology with more efficient pollutant
removal is essential. In the last decade, microbial fuel cells (MFCs) received much attention as
a sustainable technology enabling the generation of electricity simultaneously with wastewater
treatment and real-time toxic substances detection. MFC operation is based on the biocatalytic activity
of electrochemically-active biofilm developed on the anode’s or cathode’s surface; therefore, an
optimal nutrient ratio influent (COD:N:P) is crucial for efficient treatment processes and a balanced
microbial biofilm community structure. However, previous studies focused mainly on the engineering
aspects of the reactor with little understanding of the microbiology involved. The main objective of
this novel research is to improve MFC performance by better understanding the microbial ecology
of the key players in the reactor under different COD:N:P conditions. Since phosphate removal from
wastewater is critical and hardly studied in MFC systems, different phosphate concentrations and

their effects on MFC microbiology and performance will be examined.

A preliminary experiment was conducted to examine MFC performance under different media
conditions using a single-chamber air-cathode MFC reactor. Molecular characterization showed a
shiftin community structure after establishment in the MFC relative to the microbial seed in addition
to differences in the MFCs over the course of the experiment. These findings imply the existence of
a significant effect of wastewater chemical composition on MFC microbial community structure and

electrochemical performance.

'0Expected to be completed in 2016
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Furthermore, in this research we showed that the bacterial community in our system can depredate
the toxic phenolic compound tyrosol, and use it as a sole organic substrate, while generating electrical
energy. Thus, this ability to remove the toxic organic substance, while generating repeatable voltage
cycles, indicate on the system potential to treat the toxic compound in the olive oil mill wastewater
using the MFC. In addition, we showed that the system power output efficacy can be improved by

changing a few parameters, some biological (methanogenesis inhibition),and some electrochemical

parameters such as external resistance and cathode catalyst.
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Yehudit Rishpon, Michael Danon, Yifat Bezalel, Klimentiy Levkov // Tel Aviv University

The present research goal was to develop microbial fuel cells for the treatment of industrial wastewater
containing toxic phenolic compounds. This unique technology combines low energy demanding
technology with an efficient wastewater treatment. During the last three years of this project, an
important progress has been made. In the first year, the challenge was setting up the experimental
system, operating the MFC with different types of substrate and wastewater. We purchase the needed
equipment and acquire the knowledge of the different methods required for the operating the MFCs
and analyzing the different factors. During the second and third years, the task was to analyze the
microbial community responsible for the electrochemical activity of the MFC and for the degradation of
the phenolic compunds. The analysis was conducted by using molecular biology methods. Furthermore,
we explored the use of catalyst on the cathode to improve the system electrical performance, and
examined the treatment effect on the toxicity.

We showed that the microbial community in the MFC has the ability to use the phenolic compound
tyrosol as a sole organic substrate for growth and activity, and to produce electrical energy. Thus,
using the technology of MFC we achieved stable and repeatable electric signal, while removing the
toxic compound. Moreover, after the treatment with the MFC, there was a decrease in toxicity, as a
result from the removal and degradation of the toxic compound.

We showed that the exoelectrogenic activity is generated only by the biofilm on the anode. The
microorganisms in the biofilm have to compete with nonelectrogenic bacteria for food (organic
materials) and growth space. Then, the microbial community analysis of the anode, revealed that
the anode community is mostly strictly anaerobes affiliated to the Desulfuromonadaceae family and
Deferribacteraceae family. Bacteria affiliated to these families are known as metal reducing and
sulfur reducing bacteria. After comparing our results to homologues sequences in international
databases, using bioinformatics’ methods, and searching the literature, we received confirmation to
our results; other studies showed connection between these bacterial families to the electroactive
properties of icrobial fuel cell systems.
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Yaakov Anker, Marina Nisnevitch // Ariel University of Samaria and Jordan rift R&D center

Since the early seventies of the last century, it became obvious that the amount of oil in existing resources
dwindled noticeably. Combination of several factors such as the increase in oil prices in recent years,
reaching a peak in oil production and global climate changes which were affected by an increase in
the concentration of CO, in the atmosphere, caused a search for alternative energy sources. One of the
alternatives to oilis biofuel from biomass of different crops especially corn. The main problem resulting
from this alternative is the depletion of global food sources. This study focused on characterizing the
optimal growing conditions for micro-algae growing in the medium based on wastewater and on
using biomass as a source of lipids for the production of biodiesel. Micro-algae were chosen because
of their rapid growth and high lipid content. Algae are considered as a high-yield crop, having energy
potential greater than terrestrial crops. Algae can be harvested at periods which are shorter than those
for terrestrial crops. Algae can be grown in wastewater, so they do not compete for agricultural land
unlike bio-fuels derived from terrestrial crops. Another reason for the algae use is their ability to purify
wastewater effluents in the growth process, which means that it is possible to find one solution for
two problems - the problem of environmental pollution and the problem of shortage of fossil oil. In the
present study examined the ability of micro-algae to grow in wastewater and to reduce the concentration
of organic load which is characterized by the parameter of COD.

At the first stage of the study the growth conditions of the micro-algae in treated wastewater were examined
for a batch and continuous regime type Airlift Reactor having a volume of 5.2 L. Optimal composition for
growth medium for algae cultivation was selected. It was found that the accumulation of lipids occurs at
the logarithmic phase of the algae growth. In a medium consisting of wastewater after primary treatment
and after secondary treatment (COD = 600-700), lipid accumulation and growth rate of the algae were the
highest. Also, the COD reduction rate was the highest when algae were grown under these conditions.

At the second stage two other types of bioreactors were tested: a tubular photobioreactor and an
innovative reactor of the type "greenhouse with networks” and it was found to be the most suitable
reactor for continuous growth of micro-algae. A process in which a stage of the extraction is combined
with a trans-esterification stage was developed to obtain biodiesel. This combination allowed building
a simple and inexpensive scheme for production of biodiesel from biomass in a waste-less process.
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Energy Using Innovative-Hybrid o/
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Processes of Low-concentrated

Industrial Wastewater.bic Digesters

112-5-2

The proposed study aims to maximize the production of biogas using a hybrid process of enzymatic
pretreatment and anaerobic fermentation of low-concentrated industrial wastewater. An enzymatic
pretreatment step to enhance the hydrolysis of suspended solids and refractory organic compounds
within short retention time will be examined. This step will be followed by an advanced high-rate
anaerobic process using stable immobilized bacteria. The hypothesis is that this combination will
increase the biodegradability of organic matter (soluble and particulates) towards maximal biogas

production within short retention time compared to conventional anaerobic systems.

Alaboratory and bench-scale experiments were conducted to examine the effect of enzymatic pretreatment
on the enhancement and the increasing of the biodegradability of refractory organic compounds, and
organic suspended solids. The effect of organic loading rate, hydraulic retention time, pH, temperature,
suspended solids concentration, and FOG were tested on the quantity and quality of biogas. The application
of pre-treatment with hydrolytic enzymes on oily wastewater could inhibit the methane production
process, as a result of increased load of long chain fatty acids (LCFA] a byproduct of hydrolyzing fat and
oils. The fact that LCFA have inhibitory effect on the methanogenic microorganisms should take care
of using hydrolytic enzymes in the oily wastewater as a pre anaerobic treatment.

Using hydrolytic enzymes on medium wastewater with biodegradable organic continent may be unnecessary
for increasing the methane potential, because most of the organic continent is easily biodegradable.

In addition to the tested BG-max and Lipase A, a comprehensive search was conducted to cover a
huge spectrum of different enzymes used for pretreatment of different agro-industrial problematic

wastewater (the outcome is summarized in Tables B and C of Appendix Al.
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Combined Biochemical-hydrothermal
Treatment of Poultry Litter for Biofuel
Production, Nutrient Recycling and
Removal of Environmental Pollutants
132-2-1

The poultry industry produces significant amount of nitrogen-rich and organic content-rich waste.
Current waste management practices still cause significant pollution such as the emission of
greenhouse gases, eutrophication, spread of pathogens and release of endocrine disruptive compounds
and antibiotics on agricultural lands.

The major focus of this research is the production of renewable energy from poultry manure in an
integrated hydrothermal-biological process. Hydrothermal carbonization (HTC) is a thermochemical
treatment of biomass to yield a higher carbon product (solid fuel).

Since poultry manure is relatively rich in organic nitrogen (~4% N, its carbonization might be a source
for ammonia and nitrous oxide emissions. To reduce this risk and to allow better nutrient recovery, we

suggest to biofilter the emitted gases, followed by ammonia conversion to nitrate for use in agriculture.

The primary goals of the proposed research are to: i) explore the HTC conditions under a range of
thermal treatments for optimal gain of bioenergy; i) study the fate of endocrine agents and antibiotics
following HTC; iii) adopt the biofiltration process for treatment of HTC-gas for recovery of exhausted
ammonia as nitrate together with the reduction of other hazardous gases. The knowledge gained
from laboratory-scale HTC experiments will be applied in a pilot scale system where the combined
process will be examined in a semi-industrial scale. We hypothesize that the combined process will
enable to gain significant amounts of waste-based energy, most of the nutrients will be recovered
and the overall pollution associated with current practices will be minimized.

? Expected to be completed in 2016
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Bio-ethanolis a source of renewable energy, which can partly or totally replace fossil fuels for vehicles.
In the case of a total replacement, the vehicle should be supplied by a specially constructed engine,
but when ethanol is blended with gasoline fuel, a vehicle engine needs no constructional changes.

World production of ethanol as transport fuelin 2011 reached 84.6 billion liters Ethanol fuel is already
used in Brazil and in the United States. Most cars in the U.S.A. can consume blends of gasoline fuel
with up to 10% ethanol, and in Brazil the fuel blend consists from 25% ethanol and 75% gasoline. In
Brazil there already were 14.8 million dual-fuel vehicles and 1.5 million dual-fuel motorcycles, which
regularly were using 100% ethanol fuel. Raizen company, a joint venture between Shell (USA) and
Brazilian firm Cosan, has already developed an industrial process of bio-ethanol production from
Brazil sugar cane. Bio-ethanol is afforded for vehicles fueling instead of gasoline or blended with it.

In Israel initially the American model can be applied. Such solution will lead to a decrease of Israeli
economy dependence on oil producing countries and at the same time, it will not demand radical
changes in vehicle types. In parallel, the Brazil strategy can be adopted towards new vehicle models,
which will gradually replace models with old gasoline engines.

Implementation of the proposed here project could impact to development of bio-ethanol production
industry from biomass of agricultural wastes, surplus products and aquatic plants.

Expected results of the present study will enable to apply a simple and reliable process of bioconversion
of pooled from various sources biomass to bio-ethanol. Such approach is expected to provide the cost
efficiency allowing the technology implementation throughout the developed and developing countries.

Bioethanol production systems may be far more efficient, especially in countries where agriculture is
decentralized and the biomass availability is distributed. Such systems will allow the use of regionally
available types of biomass from various sources. The produced bioethanol can be used as a fuel for
transportation and replace gradually fossil fuels.
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Fermentation is a process of converting sugar to acids, gases and/or alcohol using metabolitic
schemes of yeast or bacteria. In the case of this research, the term of fermentation will relate to
conversion of glucose and xylose into alcohol.

The proposal is targeted to develop a strategy for bio-ethanol production from pooled plant biomass,
and is aimed specifically to:
Development of an efficient procedure for mechanochemical treatment of the plant biomass for
hydrolysis of the cellulose and hemicellulose into monosugars and proteins into amino acids or
short peptides;
Optimization of the fermentation process;
Development of a scheme for on-site treatment and hydrolysis of pooled plant biomass from
various sourced into complete growth medium for microorganism for fermentation of sugars
into bio-ethanol.

In the proposed research, fundamental technology will be developed for biomass pretreatment, which
will lead to one-stage production of mono-sugars to be converted into bio-ethanol by fermentation.

While traditional fermenting yeast (S. cerevisiae) produce ethanol only from hexoses, other yeast
strains, such as Pichia stipites, can use pentoses in addition to hexoses for ethanol production, and
the latter yeast type seems to be appropriate for ethanol production from mixture of pentoses and
hexoses obtained from plant biomass, containing cellulose and hemicellulose in high concentrations.

In order to show a principal possibility of bio-ethanol production by fermentation of biomass treated
mechanochemically we performed preliminary studies. As a model, biomass of water plants was
used. The biomass was dried and treated mechanochemically and measurement of free soluble xylose
concentration before and after the procedure showed that even under non-optimized conditions the
treatment increased the xylose concentration ca. 20 times, so it is possible to obtain at least 0.17g of
xylose per 1 g of dry biomass. It was also shown that the yeast Pichia stipites can grown in a medium
containing xylose as the only carbon source. The growth curve of the yeast showed, that Pichia stipites
cells are capable to use xylose as organic substrate.

40



Development of Bioethanol
Production Scheme From Surplus
Crops, of Agricultural Vegetated
Wastes and From Aquatic Plants®
132-3-2

Depletion of fossil fuel reserves, making biomass-based fuels such as bioethanol, more and more
promising substitute to the fossil fuel. While most plant sources currently used for bioethanol production
utilize agricultural areas, surplus crops, agricultural wastes and water plants do not require additional
farmland. Currently the two first sources are utilized as organic fertilizers or withdrawn to dumps. We
propose to utilize the plants saccharides for conversion into bioethanol by fermentation and only after it
utilize it as organic fertilizers. Invasive aquatic plants such as water hyacinth (Eichhornia crassipes) and
water lettuce (Pistia stratiotes) are known for their biomass high polysaccharide content. Nonetheless,
these aquatic plants cause serious damage to natural surroundings by reducing habitats biodiversity
and blocking waterways. Utilization of the proposed sources will prevent competition between food crops
and crops for energy production and will not demand additional investments for biomass production.

The proposed study is assigned to develop innovative universal methodology for treatment of plant
biomass pooled from various sources in order to produce bioethanol by fermentation. Unique
mechanochemical biomass pre-treatment will be developed, in order to replace a currently used multistep
and complex hydrolysis of polysaccharides as a pre-stage to fermentation. The mechanochemical
treatment will replace 11 stages in the existing scheme of biomass treatment prior to fermentation.

The fermentation process will be optimized in order to achieve maximal bioethanol production
from the plant biomass. This will be done by selection of optimal microorganisms and growth
conditions for their functioning.

The mechanochemical process includes pressure based extraction and graining of the biomass,
followed by an activation treatment, which converts the plant’s polysaccharides into monosaccharides.
Treatment of rigid structures of cellulose and hemicellulose by the mechanochemical process can
increase their solubility and break them into monomers, making the biomass suitable for fermentation.

Mechanochemical treatment can also potentially hydrolyze proteins from plant biomass and especially,
from water hyacinth biomass, gaining peptides and amino acids, which could comprise complete
growth medium for yeast fermentation when supplemented by produced mono- and oligosaccharides
and by minerals and vitamins available in the biomass.

®Expected to be completed in 2016
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Olive Mill Waste - Pretreatment,
Use of Yeasts for Bioethanol
Production’

132-3-3

In the recent years there is re-emerging interest in bio-based fuels, especially in the context of oil
replacements and additives to transportation fuel. To-date, most of the bio-ethanol is produced
from especially grown biomass, raising issues of competition with food crops on land use, water and
nutrients which causes food crisis. One solution to this problem is the utilization of various agriculture

wastes as a feedstock for bio-ethanol production.

Agriculture waste is rich in lignocellulosic biomass, i.e. cellulose, hemi-cellulose and lignin. The
cellulose is a glucose polymer and hence could in principle be converted to simple sugars and
fermented to ethanol, nevertheless this is often hampered by the presence of the lignin.

The conversion of lignocellulosic biomass to fermentable sugars requires the removal of the lignin
layer in order to expose the cellulose layer to treatment. Current pretreatments include acid/base
wash, high temperature and pressure resulting high costs and the use of toxic substances that require
the cleaning of the biomass prior to fermentation. These limitations render the use of agricultural
waste not feasible. Our main objectives to establish better pretreatment conditions under lower
temperatures using different organic acids, and to test novel yeasts with better capacity to utilize
the products of saccharification of the pretreated of olive mill solid waste (OMSW) and generate high

levels of ethanol.

The results of the proposed research could facilitate overcoming some of the major hurdles of using
olive mill waste (OMW]) as feedstock for biofuels making it more feasible. Furthermore, given that
OMWs represent one of the toughest wastes to convert to ethanol, successful results in this research

could teach us a lot on the conversion of other agricultural wastes.

7 Expected to be completed in 2016
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as the effect on downstream saccharification and on fermentation process. Special emphasis will
be placed on gaining better understanding of the chemical transformations and their products

furnished by the AOP, so that the process can be improved in the future.

The results of the proposed research could facilitate overcoming some of the major hurdles of
using agricultural waste as feedstock for biofuels making it more feasible and finding a higher

value for this waste.
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The Use of Advanced Oxidation
Processes (AOP) for Pre-Treatment
of Lignocellulosic Biomass for
Bioethanol Production ®

132-3-4

In the recent years there is re-emerging interest in bio-based fuels, especially in the context of oil
replacements and additives to transportation fuel. To-date, the majority of the bio-ethanol is produced
from especially grown biomass, raising issues of competition with food crops on land use, water
and nutrients. One solution to this problem is the utilization of agricultural waste as a feedstock for

bio-ethanol production.

Agricultural waste is rich in lignocellulosic biomass, i.e. cellulose, hemi-cellulose and lignin. The
cellulose is a glucose polymer and hence could in principle be converted to simple sugars and
fermented to ethanol. However, this transformation is often hampered by the presence of the lignin.

Lignin is a complex heterogeneous phenolic organic chemical compound common in plant driven
biomass. It is a major component of the plant secondary cell wall, and provides the plant with stiffness
and water impermeability. The conversion of lignocellulosic biomass to fermentable sugars requires
the removal of the lignin layer in order to expose the cellulose layer to treatment. Furthermore, in
the recent years it was found that lignin harbor not only a physical barrier but also bind and inhibit
cellulase enzymes, making their use for cellulose saccharification much less effective and raising
the requirement for pre-treatment. Current pretreatments include acid/base wash, high temperature
and pressure, and organic solvents extraction of lignin (to name a few) - resulting in high costs and
the use of toxic substances that require the cleaning of the biomass prior to fermentation. These

limitations render the use of agricultural waste not feasible.

In the proposed research we will look into the possible use of advanced oxidation processes (AOP)
for pretreatment of lignocellulosic biomass. In AOPs, pollutants are chemically oxidized by free
hydroxyl radicals (¢OH). The ¢OH is a short-lived, extremely powerful oxidizing agent, able to
efficiently oxidize organic molecules. We will test different combinations of irradiation by UV (with or
without H,0,), ozonation (with or without H,0, and/or UV], solar photocatalysis and the combination
of sonocatalytic-Fenton reaction for pre-treatment of biomass. We will test the affectivity as well

¢ Expected to be completed in 2016
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used for degrading agricultural waste for the economic production of bioethanol. The underlying
logic of this research is that by using metagenomics combined with sophisticated screening methods
we will be able to isolate novel enzymes and enzymatic systems geared for biomass degradation.
The novelty of the proposed research is the sequence based screening build on a specific adjusted
Neighborhood Genomics algorithm, combined with the use of functional screening and protein

engineering to reveal novel GHs for biomass degradation.
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Metagenomics allow the isolation of DNA directly from the environment without the necessity for
growing specific organisms. Construction of metagenomic libraries comprises of isolating DNA
from defined habitats , making DNA libraries and subjecting those to either functional or sequence-
base analysis. Functional metagenomics involves screening metagenomic libraries for a particular
phenotype such as enzyme activity, and then identifying the phylogenetic origin of the cloned DNA.
Sequence-based analysis comprises screening of sequenced metagenomes for homologs genes
based on sequences similarities. The advantage of the functional approach is that no previous
knowledge on the genome is needed to perform the screening; it is based solely on the expressed
enzymatic activity of the clone. However, functional screening methods require detectable levels
of enzyme activity that cannot be always achieved. The sequence-based screening approach is
simple to preform since it involves only the sequenced library and a data base to align it against.

In the framework of this research proposal we will combine metagenomics and biochemical
approaches to isolate and characterize enzymatic systems geared for lignocellulose hydrolysis
and biofuel production.

The research objectives are:

Obtaining novel biomass degrading enzymes from metagenomics libraries by functional and
contextual approaches.

Elucidating the catalytic mechanism and binding specificity of selected glycoside hydrolases.
Revealing the three-dimensional structures of selected enzymes and identifying their structure
function relationships.

Engineering enzymes via rational mutagenesis and directed evolution approaches.
Optimizing enzyme and design of glycoside hydrolases mixtures for optimized hydrolysis of pre-

treated lignocellulose.

The results of this research will reveal novel glycoside hydrolases from marine environments and
will allow the development of new screening tools for cellulolytic enzymes. These enzymes will be
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Biomining Metagenomics Libraries
for Unique Carbohydrate Active
Enzymes Aimed for the Degradation of
Agricultural Waste®

132-3-5

Agricultural leftover is a natural byproduct of agricultural crops. As with any biomass this unused
organic matter can be utilized as a renewable energy source for the production of biofuels. Biomass
derived fuels generate smaller amounts of greenhouse gases compared to conventional fossil fuels
and they can be produced from a variety of sources. Hence, bioethanol reduce the dependency on oil
without changing existing transportation-technologies. To date, ethanol is commercially available as
first generation biofuelin a limited number of countries in blends of ethanol in gasoline. Plant structural
polysaccharides including agricultural and industrial by-products, can be obtained on a truly large scale
from many potential crops. The dominant component found in all plant cell walls is cellulose which makes
35-50% of the total cell wall mass. Cellulose consists of B-1,4-linked glucan chains that interact with
each othervia inter- and intra- hydrogen bonds to form crystalline microfibrils. In addition to cellulose,
plant cell walls contain several other matrix polysaccharides comprise mainly of the hemicellulosic
polysaccharides (20-35% of the total cell wall mass) and lignin (10-25% of the total cell wall mass).

The key step in the production of second generation bioethanol is the hydrolysis of the reluctant
lignocellulose into soluble sugars. This is achieved today by a combination of a pretreatment,
usually dilute acid, and subsequently an enzymatic step. The hydrolysis of cellulose requires the
synergistic actions of several Glycoside Hydrolases (GHs) including endoglucanase, exoglucanase
or cellobiohydrolase, and B-glucosidase. Thus, there is growing needs for new enzymes that will
reduce the hydrolysis costs.

Glycoside hydrolases (GHs] are enzymes that hydrolyze the glycosidic bond between two or more
carbohydrates or between a carbohydrate and a non-carbohydrate moiety. GHs are produced
by different organisms allowing them to utilize polysaccharides as carbon and energy sources.
Currently, more than 160,000 sequences of glycoside hydrolases are known, and this number is
rapidly growing due to the numerous genomic and metagenomic projects. Based on homology of
their primary sequence, glycoside hydrolases have been classified into families (132 to date] in the
Carbohydrate-Active EnZymes database (CAZy). Enzymes grouped within the same family exhibit
the same identity and location of the catalytic residues and the same catalytic mechanism.

® Expected to be completed in 2016

33



Co-processing of Biomass Wastes

and By-products of Bio-fuel

Production Into Synthetic Gas by Means
of Supercritical Water Gasification *
132-3-7

Finite resources of the fossil fuel and greenhouse effect have drawn public attention to the use
of biomass for the production of fuels and energy. Supercritical water gasification (SCWG) is the
most suitable thermochemical conversion technology for raw biomass treatment. Existing SCWG
technologies comprise external heating of the biomass-water mixture (slurry) in a heat exchanger
and an additional external heating of the mixture in the reactor. However, when gasifying of complex
organic matter such technology results in rapid fouling on the heating surfaces and clogging of heat

exchanger tubes.

The technology is proposed for preventing above-mentioned problems. It provides a feedstock heating
in SCWG-reactor by mixing with supercritical water, and by using as a feedstock a mixture of solid
biomass and liquid organic waste such as crude glycerol. Crude glycerol is the main byproduct of
biodiesel production. Development of sustainable processes for utilizing this organic raw material

is imperative.

The proposed technology of syngas production joins together the benefits of using slurry and
direct heating of the feedstock in the reactor and is the promising option for lowering the biodiesel

production cost.

The goal of the proposal is to develop the technology for gasification of mixture of solid biomass
and by-products of biodiesel production for syngas generation and to construct a laboratory rig for
investigation of supercritical water gasification of crude glycerol-biomass mixture.

The proposed technology is environment friendly and its implementation could make green energy

more commercially attractive.

“Expected to be completed in 2015
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Pretreatment of Agricultural Waste ?ﬁ
Lignocellulosic Biomass - Isolation and
Characterization of Bacteria Producing Lignase
and Cellulose and Advanced Oxidation Process’
122-3-2

In the recent years there is reemerging interest in bio-based fuels, especially in the context of oil
replacements and additives for transportation, i.e. bio-diesel and bio-ethanol. To-date most of the
bio-diesel and bio-ethanol is produced from especially grown biomass, raising issues of competition
with food crops on land use and water. One solution to this problem is the use of agriculture waste

as a feedstock for bio-ethanol production.

Agriculture waste is rich in cellulotic biomass, i.e. cellulose and hemi-cellulose. The cellulose is a
polymer of glucose common in plant driven biomass. It is a major component of the plant cell wall.
The conversion cellulosic biomass to fermentable sugars could be facilitated by appropriate enzymes,
i.e. cellulases. Many efforts are made to find new and improved cellulases.In the proposed research
we will look into enzymatic pretreatment of cellulosic biomass by bacterial and yeast cellulases - we
willisolate novel cellulose degrading bacteria and yeasts from naturally rich cellulose environments;
identify the enzymes and test their use for treatment of biomass. The results of the proposed research
could facilitate overcoming some of the hurdles of using agriculture waste as feedstock for biofuels

making it more feasible.

® Expected to be completed in 2014
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Development of energy generating W
system utilizing agricultural and

municipal solid waste (MSW] using
gasification reactor and small steam engine
112-2-1

The proposal concerns the utilization of agricultural/municipal waste in an integrated system to
generate electricity for small communities (up to 30,000 people or 50 tons/day of waste). Additional
revenue is created from the savings on waste disposal costs.

It is proposed to develop and license a novel technology that will turn a liability into an asset by
converting, unsorted municipal solid waste (MSW), green municipal waste and agricultural residues
into electricity by means of gasification and combustion of the producer gas in a Rankine (steam) cycle.

The developed system consists of Gasifier reactor, fluidized bed combustor, steam generator and a

piston steam engine. The design is updraft for good efficiency and low emissions.

In the longer term the same technology can be extended to biogas (from cow/chicken manure) and
solar energy in a Total Energy system. The byproducts are low volume ash (suitable for roadfill] and

clean exhaust that meet international emission standards.
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In our preliminary results 75 metagenomes from thermal springs were scanned with our designated
search algorithm. 97 DNA scaffolds with 256 cellulolytic genes were isolated as well as 522 other cell
wall degradation related genes. 2 cluster with probable cellulose degradation pathways were chosen
for further evaluation. 3 putative novel GHs as well as 3 known GH and CBM genes were taken for
biochemical analysis. The GN based search algorithm had managed to reduce the analyzed data and
allowed to focus on several clusters

that yield gene clusters with higher potential for locating the desired novel GHs. data and allowed
to focus on several clusters that yield gene clusters with higher potential for locating the desired
novel GHs.

Based on the results of the galactan utilization by G. stearothermophilus it was found that the
utilization of galactan involves several steps: extracellular galactanase, GanA, cleaves galactan into
galacto-oligosaccharides, which enter the cell via a specific ABC transport system (GanEFG), where they
are further degraded by the intracellular B-galactosidase GanB into galactose monomers. Galactose

can then be metabolized into UDP-glucose via the Leloir pathway by the galKET gene products.

The expression of the ganEFGBA genes is induced in the presence of galacto-oligosaccharides,
although not by galactose, and their transcription is most likely negatively regulated by GanR. The
B-L-arabinopyranosidase Abp was characterized biochemically. Site directed mutagenesis allowed to
change the specificity of the enzyme resulting in a 3-order of magnitude increase in activity towards
a-D- galactopyranose.
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Isolation and Characterization of
Novel Cellulolytic Enzymes From
Metagenomic Libraries for the
Degradation of Agricultural Waste
for the Production of Bioethanol

Agricultural waste is a natural byproduct of agricultural crops. As with any biomass this waste can be
utilized as a renewable energy source for the production of biofuels. Oligosaccharides are the main
structural components of plant cell walls and their natural degradation is carried out by selected
microorganisms which secrete enzymes that hydrolyze the glycosidic bond, i.e., glycoside hydrolases.
By utilizing metagenomics approaches itis possible to clone the genes of putative glycoside hydrolases
and to obtain the gene products. In making bioethanol from second generation crops, the enzymatic
treatment is the main economic constrain. Thus, there is true need for new enzymes that will reduce
the hydrolysis costs.

In the framework of this research proposal we will combine metagenomics and biochemical

approaches to isolate and characterize enzymatic systems geared for lignocellulose hydrolysis and

biofuel production. The research objectives are:

1. Obtaining novel biomass degrading enzymes from metagenomics libraries by functional and contextual.

2. Developing sequence based screening methods for identifying novel biomass degrading enzymes

3. Elucidating the catalytic mechanism and binding specificity of selected glycoside hydrolases.

4. Revealing the three-dimensional structures of selected enzymes and identifying the structural
function relationships.

5. Engineering enzymes via rational mutagenesis and directed evolution approaches.

6. Optimizing enzyme and designer of glycoside hydrolases mixtures for optimized hydrolysis of

pre-treated lignocellulose.

The results of this research will reveal novel glycoside hydrolases and will allow the development of
new screening tools for cellulolytic enzymes. These enzymes will be used for degrading agricultural
waste for the economic production of bioethanol. The novelty of the proposed research is the sequence
based screening based on a specific adjusted algorithm combined with the novel use of the NG method
should yield with the revealing of novel GH sequences.
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Production of Biohydrogen
From Biomass Feedstock
Using Bacterial Co-culture
112-4-3

Agricultural residues and municipal solid wastes are the most promising renewable feedstock sources
for production of alternative bio-fuels such as bio-ethanol, bio-butanol and bio-hydrogen. In the last
decade, bio-fuel solutions have gained massive momentum and are rapidly substituting the fossil fuel
in countries such as Brazil and the USA. However, the bottleneck in achieving the green vision is the
economical barrier of breaking down the biomass from the recalcitrated cellulose and hemicellulose
into their constituent fermentable monomeric sugars. Designer Energy has developed a proprietary
technology, coined Accelerated Bacterial Hydrolysis (ABH) that uses a whole-organism approach
to hydrolysis biomass into fermentable sugars. Hydrogen, however, is one of the major by-product
produced during the hydrolysis of biomass into fermentable sugars. This feature has been exploited
for the development of a new approach which exploits the exceptional biomass hydrolysis capacity of
the Clostridium thermocellum bacterium combined with the unique hydrogen production competence
of the saccharolytic Thermoanaerobacterium thermosaccharolyticum bacterium.

The main objective of the present proposal is the development of a bioprocess for hydrogen production
from biomass based on a co-culture methodology that leverages the Accelerated Bacterial Hydrolysis
technology to increase the overall production of hydrogen from biomass. During the second period
of the research, the production of bio-hydrogen by the co-culture approach combined with the ABH
technology was optimized. After the establishment of efficient growth conditions and hydrogen
production, the new approach was tested in pH controlled 1.3 liter fermentor under supplementation
of cellulosic feedstocks such as switchgrass and office paper waste. To our knowledge these findings
are unique and have been never published or tested before.
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..........................................................................................

waste (plus or minus) and several restrictions that need to be fulfilled. Else more, the target function
taking into account waste methane potential and bio-kinetics parameters, that predicted by modified
Gompertz model. The tested wastes were from olive mill (OMW), meat industry (MIW), dairy (DW)
and fat trap (FTW). Anaerobic digestions of the different organic wastes were investigated in batch
reactor experiments at 37°C. The estimated potential parameters of FTW and MIW shows the highest
methane yield 541 and 530 mL/g iVS respectively and the maximal rate of methane production of MIW
was 63 mL/(g iVS*d) which is 2.4 times higher than FTW. In addition, the lag phase time needed for
the anaerobic biomass to start producing methane from FTW was very long (14.3 day) compared to
the other wastes. The estimated parameters for both OMW and DW show that the maximal potential
of methane production was similar 430 mL/g iVS. While, maximal rate of methane production from
OMW was 1.5 times higher thane DW and the lag phase time needed for the biomass to start producing

biogas from OMW was longer than DW
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Optimization Methodology for
Treatment of Agro-industrial
Wastes and Enhancement of Biogas
Production at Anaerobic Digesters
102-6-4

Anaerobic digestions of different organic wastes were investigated in batch reactor experiments at
37°C. The tested organic wastes were olive mill waste water (OMW), solid chicken manure (SCM),
solid turkey Manure (STM), organic home waste (OHW) and Cow blood waste from slaughterhouse.
Different blends were made (2.5%, 5%, 12.5%, 25% and 50%) to test the effect of inhibition caused
by organic and inorganic compounds present in the organic wastes. The biogas potential measured
by batch assays for each waste. Dilution of the organic wastes had a positive effect on the specific
biogas yield with the highest dilutions giving the best results. High concentrations of polyphenols,
fats, portions and ammonia in the organic wastes were found to inhibit the biogas process at high
concentrations. Co-digestion of 25% OMW mixed with CM at 37°C showed 2100 mL biogas per gr
initial VS and inhibition was observed at higher percentage mixers of OMW. Co-digestion of 5%
SCM mixed with CM at 37°C showed 641 mL biogas per gr initial VS and inhibition was observed at
higher percentage mixers of SCM. Co-digestion of 12.5% STM mixed with CM at 37°C showed 314
mL biogas per gr initial VS and inhibition was observed at mixers with percentage of STM more
than 5%. Co-digestion of 5% OHW mixed with CM at 37°C showed 853 mL biogas per gr initial VS
and inhibition was observed at higher percentage mixers of OHW. Co-digestion of 12.5% BW mixed
with CM at 37°C showed 639 mL biogas per gr initial VS and inhibition was observed at mixers with

percentage of BW more than 5%.

In the second phase, an optimization model for anaerobic co-digestion of agro-industrial wastes
including highly problematic wastes for increasing the production of biogas as a source of renewable
energy was developed. The development consists of experimental procedure and software tool for
choosing the optimal blends of different wastes under specific operating conditions to assure maximal
economical profit from anaerobic digestion. The optimization tool considers different constraints, such
as operational parameters, economic, structural and administrative of the anaerobic system. Excel
solver was used to predict the optimal blends from different wastes. Where, the target function is to

maximize the methane production from anaerobic degradation, taking into account the cost of the
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The Effect of Ultrasonic
Pre-Treatment on the Efficiency
of Bio-Gas Production in
Anaerobic Digestion

102-6-1

Tzachi Gertler, Evyatar Shaulsky, Idan Zarko, Yossi Levi, Shai Levi, Amnon Azulay, Henry Levi //
Hefer Energy Industies (T.A.H) LTD

Hydrolysis phase of organic material in the production of bio-gas through anaerobic digestion is
considered the rate limiting step of the entire digestive process and therefore limits the rate of gas
production. In this paper we have examined the effects of early exposure to acoustic treatments on
the production efficiency of bio-gas anaerobic digestion process.

One of the serious challenger in carrying out laboratory-scale experiments is the low emission rate
of bio-gas and the resulting difficulty in measuring the gas formation rates and the volume of gas
produced. In this work we have developed an automatic optical gauge measurement of both rate and
accumulated volume of bio-gas produced during experiments with laboratory scale 200 cc reactors.
The sensitive measurement system is based on the principle of converting the continuous flow into
discrete gas bubbles and a measurement of the bubbles passage by means of an optical detector.

The experimental results show that exposure to moderate ultrasonic radiation disables the process
of anaerobic digestion completely. To overcome this we added an amount of non-irradiated material
to start the anaerobic process after ultrasonic irradiation. Results of measurements of anaerobic
digestion without pretreatment gave repeatable results of producing bio-gas with monotonically
increasing behavior of the accumulated amount of gas produced in the process. Gas formation rates
in these experiments showed a cyclic pattern with a cycle of about three days consistently across a
large number of experiment on different dates. Ultrasonic radiation exposure experiments, some
combined with continues stirring, presented a whole spectrum of results. In some experiments similar
results to previous experiments (no exposure or stirring) were obtained i.e. the effects of ultrasonic
exposure or stirring were minor if any. Some experiments have shown dispersion regardless of
exposure or stirring conditions and others have shown some consistency depending on exposure
and stirring when the expectation was of course effectively increase gas production due to ultrasonic
radiation exposure and stirring.
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to those of coal, specifically the calorific value and the volatile matter, which are the most important
properties for coal. We also investigated the gas stream released during the torrefaction process and
found that it contains compounds comprising hydrogen and carbon that can be readily burned to achieve
complete combustion - CO, and H,0. To avoid any release of undesired gases to the environment we
constructed a 5-meter furnace that can burn the gas stream at 1000°C in 2 seconds as required by the
Ministry of Environmental Protection. Detection showed no hazardous emissions. We also carried out

a comprehensive economic analysis that showed economic viability even with expensive biomass; use

of agricultural wastes makes biocoal production even more economically attractive.
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102-4-3

Ezra Bar-Ziv, Roman Saveliev, Miron Perelman // E.B. Clean Energy

The project carried out here is in the area of renewable energy and significant energy efficiency,
specifically on the production of clean renewable energy from agricultural wastes. Firing biomass
to produce clean energy is becoming highly desirable as it decreases CO, and hazardous emissions.
Using biomass for energy supply would reduce the unfavorable impact of CO, and to meeting the
targets established in the Copenhagen Pact. It is expected that electricity production in entrained-flow
pulverized-coal utility boilers will be almost 50% in the next 30-50 years, which corresponds to
about one-third of the CO, emission in the world. Therefore, continuing to use coal will increase
CO, emission. Firing/co-firing biomass in these boilers is the most viable solution for considerable

reduction of CO, emission.

Large variability in the properties of untreated, mixed species or poor quality biomass, logistic issues
and operational difficulties has severely limited the success of previous attempts to use raw-biomass
for direct firing in combustors. Recently, biomass torrefaction, which is a mild thermal treatment of
raw-biomass, has gained accelerated interest as it solves many of the obstacles encountered when
using raw-biomass. The torrefaction process produces a torrefied-biomass, or biocoal, with properties
similar to coal. Because the properties of biocoal can be controlled and reproduced it can be utilized
as a “drop-in” fuel replacement for traditional coal processes. Biocoal offers many of the benefits of
coal and also: (1) reduces emissions (NOx, SOx, mercury, COZ] significantly, (2) requires less energy,
(3) uses low-cost equipment, and (4] decreases cost and is competitive with coal.

We investigated and developed a technology, in the pilot scale, for the production biocoal from woody
biomass. The objective of the present proposal is aimed at the examination of the production and
properties of agricultural wastes that differ significantly from wood. For that we used our novel reactor
for torrefaction of agricultural wastes. To achieve this objective we biocoal from agricultural wastes in our
pilot scale system (0.5T/H), and carried out systematic temperature-and-residence-time study in order

to control the biocoal properties. Biocoal produced from these feedstocks showed properties similar

22



Energy Production
From Agricultural




The objectives of the proposal are: (1) To further develop EBC's technology for pyrolysis of biocoal.
(2) To address the major hurdles of: (a) large variability in un-processed biomass of any types and
(b) prevent acidic gases produced in the torrefaction to flow into the pyrolysis reactor. (3) To produce
sufficient samples of the three biofuels produced in the pyrolysis stage - biogas, bio-oil, and biocoal to
test for renewable energy applications.

From a simplified economic analysis for our suggested two-stage torrefaction-pyrolysis technology
by assuming processing of 500,000 tons of biomass, with production cost of $60/ton, and present
market prices for the three fuels, without taking into account carbon benefits, yielding revenues of
~$4.3 M, ~$58 M, and ~$11 M for gas-fuel, bio oil, and biochar respectively, or total of ~$ 73.2. With an
EBIDTA of ~$43 M and capital cost of $48 M, the ROl is ~1.1 year or 90%. Even if we made a mistake
in 50% the return of investment will be less than 2 years.

20



102-2-3

Ezra Bar-Ziv, Roman Saveliev, Miron Perelman // E.B. Clean Energy

The production of biofuels from biomass gained accelerated interest as these fuels are viable renewable
carbon-neutral energy sources. E.B. Clean Energy, supported by Ministry of National Infrastructures
(MNI), developed a novel and unique idea for a cost efficient conversion of low-quality biomass into
biocoal for co-firing in coal boilers for electricity generation. EBC developed a pilot plant operating at
a production rate of 1 ton/hour of biocoal that makes this technology ready to move immediately into
the market. EBC is developing here its technology into a two-stage torrefaction-pyrolysis process that
will enable producing efficiently and cost effectively three important biofuels: (1] biocoal for power
production; (2) bio-oil as a replacement for imported oil; and (3] high quality biogas.

We carried out a feasibility project to further develop EBC’s technology to the two-stage process
by proving that the pyrolysis using biocoal is by far superior than when raw-biomass is used as a
feedstock. This two-staged process is novel and has not been demonstrated before.

The main benefits of the two-stage process are: (1] turn any type of biomass into a feedstock that is
reproducible in its characteristics, irrespective to the biomass source; (2) minimize the acids produced
during the thermal degradation of biomass that cause severe corrosion and degrades the bio oil;
(3) the bio oil produced contains much less water and acids (formic, acetic and lactic] and therefore

extends the life-time of the bio oil.

In this proposal the feedstock to the torrefaction is municipal solid waste (MSW]) that contains 80-85%
organic material. The main hurdles when using MSW are potential emissions of hazardous gases,
particularly dioxins and furans that originate mostly from chlorinated compounds (such as PVC].
Our torrefaction process removed most of the chlorine. We also constructed a furnace at 1000-1200°C
with residence time of 2 second that burned all products from the torrefaction process. An independent
analysis by an approved laboratory measured our emitted flue gases and found no dioxins and furans
in the gases emitted and other emissions are below the regulated values.
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Itay Peri, Efrat Katz, Vardina Hibner, Pieter Tanja, Koop Klaas // DHV MED

In recent years, a recycling revolution is spearheaded by the Ministry of Environmental Protection,
and its objectives are to turn waste from nuisance into resource as well as reduce the amount of
waste transferred to landfill, also by producing energy from the waste. One applicable method to
treat the organic stream is by anaerobic digestion generating biogas sed primarily for the production
of electricity and heat in cogeneration systems (CHP).

The trend to upgrade biogas to natural gas quality is growing in Europe, allowing the use of the product
as fuel for transportation (the "CBG") or injecting it to the nationwide distribution network. Many
anaerobic digestion facilities in the Netherlands, that used to produce electricity with biogas, moved
to biogas in natural gas quality production, mainly due to economic and energetic considerations.
Methane content in biogas ranges from 55%-60%, hence the efficiency of power generation and heat
cogeneration process is limited. Raising methane content to 98% increases the energy efficiency of
the fuel, in addition allows a clean and low cost substitute for fuels for transportation.

Direct emissions from bus motors powered by CBG are similar to emissions in CNG powered motors
(TNO, 2008). The potential of the use of natural gas in transportation was examined and found
economic and environmental advantages for urban bus fleets (DHVMED, 2012). The use of natural
gas for garbage truck fleets was found significant environmental advantages although the economic
advantages were found marginal (DHVMED, Pareto 2012).

This current proposed research will compare, by examination of a representative scenario, both
economic and environmental profitability of biogas production in cogeneration systems (CHP) verses
improvement for the use as CBG transportation fuel. The examined scenario will be one of the planned
facilities included in the call for application grants, and accordingly two vehicle fleets intended for
conversion to CBG will be analyzed (City bus and garbage trucks fleets). This examination will present
and compare the environmental benefits in terms of pollution and greenhouse gases emission for the
two alternatives, the economic feasibility of reclamation of biogas to CBG from two point of views - the
facility operator and a vehicle fleet owner as well as the economic benefits in national level, based
on external costs per ton of greenhouse gas and pollutants emissions.

?Expected to be completed in 2014
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Production Fuel From
Organic Municipal Waste -
Survey Attitudes Among
Arab Pupils'

132-1-2

Typically, in Arab communities there is considerable amount of organic municipal waste that does
not reaches the collection and handling point, but dumped or burned at the edge of the village where
is this behavior is very harmful to the environmental and a waste of resource used as a source for
producing energy. Therefore there is an urgent need to find out what the source of this behavior is

due and is there any awareness of the severity of the behavior and environmental implications.

Important to check whether the young Arab generation identifies potential source of cheap domestic
garbage and properly utilized, can be derived from energy propelling a vehicle or operate a machine,
which will encourage them to specialize in one of the future will lead, perhaps utilizing creative
solution of organic municipal waste. In this survey will participate pupils from junior high school in
the Arab sector (Arab, Bedouin and Druze) in the north.

In light of the survey results we can understand the need for intervention to increase awareness of
domestic garbage treatment and inserting it into the curriculum of environmental education as an
important and significant, and the need to deepen the knowledge around to changing environmental

attitudes and behavior especially among young Arab population.

This survey has two main goals: (a) provide a current picture about the location of environmental issues
in general and household waste utilization for energy production in particular on the agenda of the
younger generation in the Arab sector. (b) Develop recommendations for implementing environmental

issue in schools and local councils in the Arab sector.

"Expected to be completed in 2014
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considered the direct and external costs of waste management, from collection through the treatment
at end facilities and landfilling. LCA is currently considered as a powerful tool, which allows overall

and methodical examination of the environmental effects along the entire life-cycle of waste.

The environmental impact of each treatment system was assessed by quantifying the amount of GWP,
NOX, SOX and the Particulars released, as well as those prevented in the different stages of waste
treatment. Then, each ton of pollution (emitted or released) was priced hence allowing a common

ground for the evaluation of both external and direct costs, under each scenario.

The main hypothesis in the research is that managing the waste by mixed collection and landfilling,
generates high environmental costs which are not fully reflected in the price system, thus creating
market failure. Furthermore, even the maximum landfill-tax planned at 50 NIS per ton will not lead to
the internalization of all external costs generated by the process. Hopefully, internalizing these costs,

alternative management systems may be preferred in accordance with the nature of each municipality.

The results of the research clearly indicate that when considering externalities in the total pricing, the
cheapest managing system across all the municipalities examined is received in the scenario where
waste is separated at source into two streams, the “wet" stream used for processing compost and the
"dry" stream is used to create Refuse Derived Fuel (RDF). Implementing this management system is
estimate to result in the recycling of 80% of household waste, significantly reducing the environmental
impact of the current waste management system. The environmental benefits of this scenario are
priced at average of 222 NIS/ton. In addition, the current pricing and landfill taxes possibly fail to
promote more optimal solutions towards the overall social welfare. One possibility for improving the
effect of the landfill tax, encouraging the municipalities to implement the preferred scenario may be
achieved by increase the taxes up to 125-175 NIS/ton, along with offering governmental incentives
for the municipalities that will implement the preferred scenario.
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Life Cycle Assessment of
Municipal Solid Waste
Management, Representative
Municipalities in Israel

7-401

Landfilling is the most commonly used approach towards waste treatment in Israel. This approach
is associated with several ecological disadvantages including Green House Gases emissions (GHG),
the occupation of vast territories and potential contamination of water sources and soil. Moreover,
landfilling does not comply with the current, widely accepted, approaches that emphasize the need
to wisely re-use products and materials out of foresight and concern for future generations. With
efficient separation and treatment of waste, the majority of waste components can either be recycled

or be used for generating energy.

To date, the worldwide market offers a range of more environmentally-friendly solutions towards waste
disposal. Yet, in Israel, landfilling is the most commonly-used and cheapest treatment (even when
considering the 30 nis/ton landfill tax charge, as of 2009). Worldwide, current approach encourages
integrated solid waste management and aim at promoting different recycling solutions and Waste

to Energy (WtE) over landfilling.

A more efficient recycling is mostly achieved through management system promoting separating
the waste at source into two streams at least: a "wet" stream composed mainly of food remains
and a "Dry" stream, which contains all other household waste components, such as plastic, paper,
packaging and glass.

The pricing of each waste treatment management approach involves direct and indirect costs. Direct
costs include the purchase of retention vessels, labor, fuel and maintenance. In direct, environmental
costs, which are usually left out of the total pricing considerations, are termed Externalities. As or
this study, Externalities refer to the damage generated by the emissions of various contaminators,

land use, disamenities caused by noise and odor and more.

Here, we used Life Cycle analysis (LCA) in order to explore eight different waste management systems
(scenarios) for domestic waste treatment in five representative municipalities. In each scenario we

15



Survey and Examination of Thermal
Treatment of Municipal Solid Waste
and Comparison of Alternatives for
Thermal Treatment of Scrap Tires
8-300, 8-110

This report determines the viability of thermochemical conversion technologies for treatment of
Municipal Solid Waste (MSW) and scrap tires in Israel by evaluating their technological, environmental

and economic aspects.

Thermochemical conversion technologies have many advantages over other waste treatment options.
These processes have higher energy efficiencies compared to conventional incineration plants. Less
gaseous pollutants are formed compared to traditional incineration plants; therefore lower volumes of
combustion gases need to be cleaned. Since waste, not virgin fuel, is combusted, and components of
the products are reused, thermochemical processes have negative Green House Gas emissions. They
meet existing local and international emissions limits. Their products are marketable (oil and char)
or can be utilized for process heat. MSW and scrap tire thermochemical conversion is economically
viable. We found 20 companies advancing thermochemical conversion of MSW, with a total of 74
commercially active plants; generally with the capacity of 100-500 tons MSW per day.

Many pilot and demonstration plants exist for scrap tires. Thermochemical conversion for post-
recycled MSW and scrap tire is technologically, environmentally and economically viable. For Israel,
with limited space for landfills and limited resources for fossil fuel, thermochemical conversion
should be an integral part of the county’s waste treatment plan. We recommend smaller treatment
plants, located at landfill sites. The plants should comply with the Israeli environmental standards
and recommendations and the European Commission’s “Reference Document on the Best Available
Techniques for Waste Incineration” (August, 2006). After these plants are established, Israel can

consider investing in a larger treatment plant.
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Determining the Optimal
Technological Combinations for
Producing Fuel From Organic
Municipal Waste

102-2-2

Air pollution, soil and water contamination are major issues in municipal waste treatment. We present
variety of waste treatment methods that can be combined with energy recovery. The challenges are
related to sustainable feasible solution for tackling diverse scenarios. These consist of selecting
adequate technologies according to: the location of wastes sources, the wastes characteristics, the
energy reclamation processes, the environmental considerations and the energetic-economic aspects.
Energy reclamation from solid wastes, nowadays, is based on bio-chemical and thermo-chemical
technologies for producing fuel from the organic fraction of municipal wastes. These include, anaerobic
digestion processes for producing biogas that is utilized in Combined Heat and Power (CHP) plants;
Plasma Gasification Melting (PGM) producing syngas that activates steam turbo generator systems;
or Simultaneous Saccharification and Fermentation (SSF) producing Ethanol. The work presents a
new type of generic Web-based Dynamic Knowledge Base (WDKB) and a Decision Support System
(DSS) for strengthening decision making efforts to optimally design, integrate, evaluate and operate

solid waste treatment and energy reclamation sustainable systems.

The WDKB contains values of the energy production-chain stages, from collection (waste streams’
quantity, moisture content, organic matter fraction, age and others) through process and facility
(energetic input and output, cycle time, facility capacity, facility cost) up to energy consumption
(availability, restore capability, caloric value, environmental footprint, timing, location). For each

production stage, the DSS will include functions that refer to the above variables.

Verification of the proposed Knowledge Base is illustrated using a case study of facility, located in
Hefer Valley - Israel, for anaerobic digestion of agriculture waste. Using this prototype we advise to
treat the organic matter of municipal waste by co-digesting it with agriculture waste that is highly
activated with mathanogenic bacteria. To illustrate the decision making capability of our work, we
present an optimal control model for the process of anaerobic digestion. The model finds both the
optimal dilution rate of the digestion tank and the influent organic concentration that maximize the
biogas production rate across the Hydraulic Retention Time.
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The work that was done here indicated very clearly the advantages of using biocoal over biomass
in fast pyrolysis, achieving all objectives but far beyond. The present project was very limited in
scope because of the small budget. It allowed to prove the superiority of biocoal and shows its
economic advantages but not initiate any technological development which is needed to prove the
viability of this novel approach. The present project proved only the scientific feasibility. What is
needed now is another project that will: (1) a comprehensive torrefaction-followed-by pyrolysis
in a large variety of pyrolysis parameters (temperature and time), and (2] prove the technological
feasibility of using biocoal in fast pyrolysis.
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Enhanced Bio-0il, Produced

from Municipal Solid Waste,

as an Environmental and
Economical Alternative to Crude Oil
122-1-1

The production of biofuels from biomass gained accelerated interest as these fuels are viable
renewable carbon-neutral energy sources. E.B. Clean Energy (EBC), supported by Ministry of
National Infrastructures (or Energy and Water) and Ministry of Environmental Protection, developed
a novel and unique idea for a cost effective conversion of low-quality biomass, including municipal
solid waste (MSW], into biocoal for co-firing in coal boilers for electricity generation. EBC further
developed its technology into a two-stage torrefaction-pyrolysis technology that produces bio-
oil as a replacement for imported crude oil. This two-staged process is novel and has not been
demonstrated before. The main benefits of the two-stage process are: (i] turn any type of biomass
into a feedstock that is reproducible in its characteristics, irrespective to the biomass source; (i)
the bio-oil produced contains much less oxygen, water and acids (formic, acetic and lactic) and
therefore extends the life-time of the bio-oil and enhances its combustive qualities.

The main objective of the present project was to further the development EBC’s concept for pyrolysis
of biocoal to bio-oil and show that bio-oil biocoal is by far superior over pyrolysis from biomass.
The specific objectives were successfully achieved:

1. Produced a large variety of biocoal at different conditions and determined the kinetic parameters
of the torrefaction process. Accordingly, we are able to set operational parameters to get any
type of biocoal required. We have also shown that using biocoal that was produced at 3000C
with 20 minutes residence time we received enhanced bio-oil - less oxygenated compounds.

2. Carrying out fast pyrolysis at the desired temperature range with particles in required size
range. It was found that while temperature had a strong effect, the particle size has very little
effect on pyrolysis product distribution.

3. Carrying out simplified economic analysis that the great advantages of using biocoal and short
return on capital.
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10.

In order to advance the government targets for renewable energies production until 2015 and to
reach the 2020 goals, it is recommended to consider designating a few thousand tons of organic
waste per day for energy recovery by gasification, to transfer electricity quotas from biomass to
other renewable energy technology (such as solar energy), or to promote a combination of these

two options.

In order to ensure optimal national organic waste management, it is recommended that one
governmental entity will coordinate the field in all sectors (municipal, agricultural, industrial, KKL\
JNF- Jewish National Fund, etc.), will calculate the amount and dispersion of organic waste in
Israel, and plan for the optimization of the use of this resource. A national master plan is needed
that will take into account the entire supply and demand for all different feedstocks and products

(organic waste, energy, organic fertilizer, etc.) and given various technologist.

Itis advised that the Ministry will accumulate professional knowledge on energy recovery plants, and
will educate residence about them. This is in order to minimize residence opposition to energy recovery

plants building due to lack of knowledge regarding technologies and their environmental impact.




Energy Recovery from Biomass
Waste Research Assessment-
Executive Summary

Dr. Daniel Madar, Mimshak Fellow,
Advisor to the Chief Scientist

Government decisions in the last few years have instructed the Ministry of Environmental Protection
to promote research in the field of energy recovery from organic matter (biomass). Moreover, a
quota for electricity production from biomass was allocated. Since 2010, four Calls for Proposals were
published in the field of energy production from biomass waste. They financed 24 studies in the sum
of about 9 million NIS. Prior to the announcement of the fifth and last Call for Proposals in the field,
it was decided to summarize the financed studies thus far, to compare the research in Israel to the
research abroad, to evaluate the studies’ success and applicability, to relate them to the Ministry’'s
policy, and to recommend future research directions.

The main goal of the program is economic recovery of energy from biomass waste in order to
prevent waste landfilling, while reducing unwanted byproducts. According to this goal, following
are the main recommendations which emerged from the studies:

1. It is recommended to promote studies with a double environmental benefit, such as energy
recovery and pollutant reduction by microbial fuel cells.

2. Given our limited buget, studies on energy recovery from waste cooking oil\fats and from wastewater
should be the last priority. This is due to the relatively low amount of waste cooking oil\fats, the
low energy content in wastewater, and the availability of satisfactory solutions for these wastes.

3. It is recommended to promote studies that give solutions to a wide range of bio- wastes, or to
large quantities of waste (over 50,000 tons per year).

4. If anaerobic digestion is used for energy recovery from municipal solid organic given the scientific
evidence we have, itis recommended to use "dry"” anaerobic digestion over "wet" anaerobic digestion.

5. It is recommended to investigate pro-and con- of local waste solutions. This is due to the high

economic and environmental costs of waste transportation.

6. If biomass waste is re-used in a legal, economic and successful (such as animal feeding with
biomass waste]- it is recommended not to divert this waste to energy recovery.

7. ltis advised to focus on studies that relate to the recovery of available energy, such as electricity,
biogas or syngas. It is not advised to promote studies that involve energy or fuel conversions,

which cause energetic loses.




In accordance with Government Resolution Number 3954, dated August 21, 2008 on “Research, Technology
Development and Electricity Production in the Field of Renewable Energy,” the government called on the
Ministry of Environmental Protection to promote infrastructure research and to commission academic
research with a potential for commercial applicability. Accordingly, the Ministry has taken steps to advance
research studies on this subject.

Inthe years 2010 to 2014, the Chief Scientist’s Office in the Ministry of Environmental Protection has issued
annual calls for research proposals on energy production from biomass. The identified subjects included:

Energy production from municipal solid waste Energy production from municipal wastewater
Energy production from agricultural waste Energy production from oils and fats

The development of research and science leads to the advancement of innovative solutions in the field
of waste and energy as well as to the growth of science in Israel. This accumulated knowledge serves
the Ministry in formulating tools for the promotion of renewable energies and for the development of
environmental policy in order to assure the continuation of significant and effective action on behalf of
the environment.

The production of energy from biomass has many advantages. As this field continues to develop and as
this technology continues to improve, this energy source will occupy an important place on the global
energy map as an effective solution to waste management and treatment.

After four years in which we have supported the research in the field, we decided to conduct integration
of decisions and knowlege resulted from governmental decisions in renewable energy, Ministry policy
in waste management, national and international research results, and of biomass waste quantities
and dispersion. This, in order to direct the research to subject where we identified scientific gaps, and
also to recommend to the Ministry on roads of action. In what follows are the main recommendations
from this work:

Itis recommended that the governmental activity in the field of biomass waste, will be coordinated by one
entity which will promote a master plan that will assess supply, demand and dispersion, and will plan
suitable treatments to the waste. It is recommended to support researches that give solutions to large
amounts of biomass waste, above 50 thousand tons per year. It is recommended to compare economic
and environmental aspects of small scale vs. large scale energy from biomass waste facilities. It is
recommended to assess the feasibility of thermal biomass to energy facilities in addition to anaerobic
digesters. Lastly, we recommend on concentrating on researches that recover available energy, as
electricity, biogas and syngas.

We hope that this survey which includes insights mapping composed by Dr. Daniel Madar, a Mimshak
fellow of the Israeli Association of Environmental Sciences, and the collocation of the research abstracts
funded by the Ministry if Environmental protection will shade light on the research conducted in the field
of energy recovery from biomass waste.

Enjoyable reading,
Dr. Sinaia Netanyahu
Chief Scientist, Ministry of Environmental Protection



Waste management is one of the core areas of activity of the Ministry of Environmental Protection. In
the wake of major economic and technological developments, the waste which was once viewed as
an environmental nuisance may now be transformed into a vital resource in the production of energy.
I am convinced that the advancement of these technologies is of special importance, especially in
light of government decisions on renewable energies and the reduction of waste landfilling.

Environmental technologies support economic activity and are integrated in many areas of our lives
for the purpose of reducing, optimizing and upgrading manufacturing processes that may potentially
pollute the environment and harm human health and quality of life. Environmental technologies also
include energy production and storage technologies that contribute to economic activities that rely

on cleaner energy sources.

Non-renewable resources are largely used for the production of energy today. At the same time, the
waste quantities generated by different sectors (agricultural, industrial and municipal) are increasing
along with the growth in population and living standards. This reality reinforces the importance of
energy production from biomass since these technologies will enable us to preserve our resources
while reducing waste.

The Ministry of Environmental Protection would like to promote a discourse on environmental
technologies in general and on biomass in particular, and we hope that the following research studies
will be of interest to the readers of this report.

Sincerely,
David Leffler

Director General, Ministry of Environmental Protection



The world’s population is rapidly growing, and with it the global consumption and use of natural
resources as sources of energy. The global depletion of natural resources has increased the need
to develop alternative energy sources that are renewable and that emit fewer greenhouse gases
into the atmosphere. Waste is one such source. It has emerged as one of the most important raw
materials of the new era.

Israel generates about 5 million tons of municipal and commercial waste each year, of which about
1.8 million tons are municipal organic waste. The quantity of waste in Israel increases by some 3%
to 5% annually, and about 5.5 million tons of organic waste are expected to be generated in 2025.
The production of energy from this amount of waste can constitute up to 4% of Israel's electricity
generation. Along with other renewables, it would be possible to reach at least 10% of the country’s
electricity generation by renewable energy sources by 2025.

Waste and its constituents, which are generally considered nuisances, can provide us with electricity,
heat, fuel and fertilizer. Energy production from biomass, alongside other renewable energies, can
allow us to transform waste from a nuisance to a resource while reducing landfill volumes, minimizing
pollutants, saving valuable land areas, saving money, saving resources, and strengthening Israel's
energy security.

In my worldview, this is the right integration of social justice and environmental justice.

Sincerely,
MK Amir Peretz

Minister of Environmental Protectio
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