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INTRODUCTION

The Energy&Materials Research Conference (EMR2012), which takes place in Torremolinos (Malaga, Spain)
from 20 to 22 June 2012 (http://www.formatex.org/emr2012), brings together researchers and professionals from a
broad set of science and engineering disciplines with the aim of sharing the latest developments and advances in
materials, processes and systems involved in the energy generation, transmission-distribution and storage.

In the current situation, where world's energy system is likely to radically change in the next decades, research into
materials, processes and systems is currently foreseen as a critical aspect in the development of cleaner and more
efficient energy. In this conference series, researchers from very different academic backgrounds (from
semiconductor scientists exploring new ways for improving conversion efficiency within solar cells, or
electrochemists pursuing better performance and durability of fuel cell components, to microbiologists deepening
on how engineered microorganisms can be exploited for generating useful energy, or materials engineers
conceiving new designs for power plants), but with an unique interest in contributing to the global energy and
environmental challenges, join together in a truly interdisciplinary atmosphere.

Conference topics include, but are not limited to:
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« Extraction of biomass materials

* Development/Improvement/Performance of materials for biomass
systems/plants for heat & power and biofuels production (combustion, gasification,
pyrolysis, anaerobic digestion, fermentation and composting).

« Materials/Coatings of biomass combustion chambers

Energy production < Materials for capturing CO2
from Biomass -Biofuels + Second generation of biofuels

« Corrosion resistant materials for biofuel processing

« Materials, processes and systems for water filtration and desalination in biofuels
production

» Materials for biofuels storage

Solar Energy

Dye sensitized solar cells (DSSC)
Nanocrystalline solar cells
Low-cost solar cells

Concentrating photovoltaics (CPV) and high concentration photovoltaics

(HCPV)

» Manufacture and durability of lenses for high efficient optic concentrators.
Assessment of optical errors of optics concentrators

* Techniques to decrease the alignment error between the cell and the optic and to
improve the efficiency

* Thermal management of the module

« Methods to avoid thermal dilatations, deformations of the materials and defects in
the tracking control

Concentrating Solar Power (CSP) and Solar Thermal

* Development/Improvement of (key) materials (silica, iron and steel, concrete,
plastic, aluminum, molten salts...) and coatings used in concentrating solar power
systems: collectors, mirrors/reflectors, steam generator, heat storage systems and
other components

* Materials for solar thermal collectors and storage tanks

» Methods/materials to improve solar absorbance. Heat transfer.

* Development of thermal energy storage materials with improved heat capacity

Fuel Cells

* Novel high-performance materials for components and systems in PEM, solid
oxide, microbial, alkaline, direct methanol, phosphoric acid, molten carbonate and
regenerative fuel cells.

* Anode, cathode and electrolyte materials

* Development of new materials for fuel cell catalyst. Nanotechnology.
Nanocomposite catalyst

* Degradation of fuel cell components. Identification of fundamental corrosion
mechanisms

* Recycling of fuel cell materials

Photovoltaics (PV)

« Development/Improvement of processing techniques for thin film

« Materials and techniques to increase capture of the full spectrum of sunlight.

« Suitable coatings and coating techniques. Encapsulation methods

« Characterization of materials degradation due to sunlight. Novel methodologies for
characterization of defects in solar cells.

« Recycling of solar system materials at end-of-life

« Solar cells based on low-cost and nontoxic materials

Solar Energy Solar cells based on silicon (Si) (amorphous silicon, protocrystalline silicon
nanocrystalline silicon)
- Improvements/Advances in silicon refinement and silicon growth and
modeling
- Gettering and passivation processes
- Silicon nanowires and nanodots

CdTe-based and CIGS-based thin-film solar cells
Multijunction cells

Single crystal solar cells

Organic/polymer solar cells

Hydrogen

* Materials for hydrogen production and purification

* Characterization and analysis of high capacity materials for hydrogen storage. Carbon

nanostructures. Metal hydrides...
» Low-cost materials resistant to hydrogen embrittlement
* Materials for hydrogen vehicles
» Materials for hydrogen infrastructure: pipeline transport, tanks...
* Biohydrogen

Wind Power

* Development/Improvement of advanced materials for high-speed, high volume
processing, increasing gearing efficiency and harsh environments

*» Materials/Coatings/Methods to reduce fatigue and erosion-corrosion in constituent
materials, sub-components and major structures

* Rare earth metals in wind turbines

* Nanoreinforcements

Geothermal Energy

* Development/Improvement of materials resistant to hot corrosion, for drilling hard
rock. ..
* Nanotech materials for geothermal energy
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Hydropower

» Development/Improvement of materials resistant to high pressure, abrasion and
corrosion for water turbines
« Construction materials in dams, hydroelectric power plants
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* Materials for energy-efficient lighting.
Advances in Relevant topic:
Lighting Materials - Solid-state lighting: Improvements in LEDs. OLEDs, Phosphor-based LED:...

Wave and Tidal Power

« Materials/Coatings/Methods to reduce fatigue and corrosion in constituent materials,
sub-components and major structures
« New materials and methods for energy-efficient tidal turbines

Integration of renewable energy systems in buildings, phase-change materials for
walls, floors and roofs, insulation materials, smart windows, energy-efficient lighting
systems, appliances with Energy Star ratings...

Energy-Efficient
Buildings

Nuclear Energy and
Materials

* Development/Improvement of structural materials capable of operating at high
temperatures, resistant to radiation damage, corrosion, environmental degradation...

* Development of advanced ceramics and coatings for fuels

* Development/Improvement of materials to contain nuclear waste

« Radioactive elements used in nuclear power plants. Uranium mining and processing.

« Radiation detector materials

« Advanced materials developed by computational modeling tools

Materials, Processes and Systems for Energy Saving and Sustainability

Energy Production
from Fossil Fuels

« Materials for fossil fuel extraction

« Research into advanced materials and coating techniques to increase the efficiency of
power plants

« Materials for construction of advanced ultra-supercritical plants

* New methods and materials for CO2 storage and sequestration

Energy Harvesting
Materials

Piezoelectric, thermoelectric and pyroelectric materials (ceramics, single crystals,
polymers, composites...)

Energy Transmission,
Distribution and
Storage

Transmission and Distribution

» Materials for energy transmission and distribution.

Relevant topics:

- Materials/components of smarts-, green- and micro-grids

- Superconductors:

o Superconducting materials. LT and HT superconductors. Iron-based
superconductors

o Real and promising future applications: medical physics, power grid, cryogenic
technologies, materials for liquid energy carriers (liquid natural gas and hydrogen),
hydro and wind power generators...

o Cooling

Storage

* Materials for mechanical storage (compressed air storage, flywheel energy
storage...)

» Materials for electrical storage:

o Ultracapacitors - Supercapacitors— Nanostructured carbon electrodes, graphene
or other electrode materials

o Superconducting Magnetics Energy Storage (SMES)

« Materials for electrochemical storage:

o Batteries: lithium-based batteries, improved lead acid batteries, nickel-metal
hydride batteries ...

o Flow batteries

o Fuel cells

 Materials for thermal storage
» Materials for chemical storage: hydrogen storage, biofuels storage...
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THE VENUE

The Conference takes place at the "Palacio de Congresos y Exposiciones Costa del Sol-Torremolinos"

(Torremolinos Congress Center), located at Calle de México, 3 29620 Torremolinos, Spain.
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From Nanometers to Terawatts. Pending Revolutions in Materials Science

Pedro Gomez-Romero

Centre d’Investigacio en Nanociéncia i Nanotecnologia, CIN2 (CSIC-ICN). Vicedirector of MATGAS Research Center.
Campus UAB, Bellaterra, Barcelona

With cheap oil is on its way to extinction and more abundant carbon threatening climate and environment, our
present model for energy generation and consumption is doomed to a radical change or to a radical crisis. We are
already living the beginning of a complex combined problem between energy and the environment, a problem
that will not vanish miraculously through the chimney.

In this conference we will present a brief introduction to the overwhelming problem of energy and the many lines
of action that should be taken to tackle this problem. This should include technological and social aspects, all
intertwined to the limit, but we will center on science and technology. Hydrogen and fuel cells, biofuels, solar
energy, batteries, supercapacitors, LEDs, CO, reduction, are all in bad need of radical improvement. But
incremental technological evolution might not be enough to ensure the energy of our future. Not one but many
pending scientific revolutions will be necessary for this task. Glancing at the intersection between Materials
Science, Nanoscience and Electrochemistry, we will discuss some of those pending revolutions and the latest
discoveries made along the path to a sustainable energy model.

viI
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Photovoltaic materials based on Small molecules: an emerging approach to organic
solar cells

Jean Roncali
Group Linear Conjugated Systems CNRS, MOLTECH, University of Angers, France

The development of clean and renewable energy sources is one of the major scientific and technological
challenges for the next decades. In this context, the photovoltaic conversion of solar energy appears as one of the
most attractive alternative to address global environmental issues.

In recent years thin-film organic solar cells have attracting increasing fundamental and technological interest
motivated by the possibility to develop light-weight, large-area and cost-effective photovoltaic energy sources by
simple and low-environmental impact technologies.

Donor-acceptor heterojunctions solar cells combining soluble fullerene derivatives as acceptors and donor
materials based on conjugated systems are among the most efficient devices reported so far. The intense
multidisciplinary research effort developed in the past decade has generated considerable progress and
conversion efficiencies exceeding 8.0% have been reported for solar cells based on soluble conjugated polymers
as donor material. However, the synthesis of conjugated polymers pose various problems related to the control of
their structural regularity, molecular weight, polydispersity, end-group defects and batch to batch variations.

In 2005 our group has proposed an alternative approach based on the replacement of polydisperse polymers by
soluble monodisperse molecular architectures as donor materials in BHJ. In fact, molecular donors present
several specific advantages in terms of unequivocal chemical structure and perfectly reproducible synthesis and
purification.

After a general presentation of the state-of-the-art on the various aspects of organic solar cells including active
materials, device architecture and evaluation, various series of active materials based on small molecules will be
discussed with an emphasis on the relationships between the molecular structure and properties of the active
material and the performances of the resulting solar cells.

Vit
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A comparison of the use of dilute aqueous p-toluenesulfonic acid and sulfuric acid
in single step pretreatment - saccharification of biomass

Ananda S. Amarasekara and Bernard Wiredu
Department of Chemistry, Prairie View A&M University, P.O. Box 519, Prairie View, Texas 77446, USA

Efficient and economical saccharification of lignocellulosic biomass to fermentable sugars is the major hurdle for
the production of cellulosic ethanol from abundant cellulosic biomass. The most widely tested technology for
this step is the high pressure, high temperature dilute aqueous sulfuric acid pretreatment followed by the use of a
cellulase enzyme cocktail for the saccharification step, but these operations are expensive. Therefore, the whole
cellulosic-ethanol process is facing major challenges in bringing the cellulosic fuel-ethanol production cost
competitive with gasoline. Single step pretreatment-saccharification using dilute aqueous sulfuric acid at high
temperature and pressure is a viable alternative to the acid pretreatment-cellulase two step method, and in fact
this is the older method used in the cellulosic ethanol process. However, this method was later replaced by
enzymatic saccharification techniques developed in the last two decades due to poor sugar yields resulting low
ethanol yields. Although, this direct saccharification gives lower sugar yields, several research groups have taken
an interest in recent times taking a second look at this classical method due to its lower cost, and simplicity,
compared to enzymatic saccharification, which however requires an energy intense pretreatment.

We have studied the saccharification of untreated biomass forms, corn stover, switch grass and poplar in aqueous
medium using aryl/alkyl sulfonic acids as well as —SO;H functionalized imidazolium ionic liquids in water as
catalysts in an attempt to improve the sugar yields of single step classical acid catalyzed saccharification method.
Our studies on the use of aryl/alkyl sulfonic and —SO;H functionalized imidazolium ionic liquids have shown
that these acids are superior catalysts than sulfuric acid at relatively lower temperatures and pressures. For
example, a 100 mg corn stover sample heated at 150 °C for 1.0 hr, in aq. sulfuric acid produced 64 umol of total
reducing sugar (TRS), whereas the sample heated in p-toluenesulfonic acid produced 165 pumol of TRS under
identical conditions. In the same experiment glucose yield also showed a similar trend, where in aq. sulfuric acid
and p-toluenesulfonic acid mediums produced 29, and 35 pmol of glucose, respectively after 2.5 hr.
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Advanced biofuels — bioethanol and biodiesel from lignocellulosic substrates

Heike Kahr, Steindl Daniel and Alexander Jiger

School of Engineering and Environmental Sciences, Austria

The economic production of biofuels from lignocellulosic biomass requires quantitative fermentation of the
cellulose as well as hemicellulose. The bioethanol production process consists of milling, a pretreatment step
using steam explosion, increase of biomass concentration, enzymatic hydrolysis, recirculation of the hydrolyzed
sugar solution to increase the sugar concentration, fermentation with yeast and downstream processing.

Only GMO yeast can ferment both sugars — glucose and xylose, but these yeast strains are not very stabile during
the industrial process and the use of these yeast strains enhances the strict security requirements and therefore the
cost of the plant. Alternatively xylose can be use as substrate for feeding another microorganism.

The removal of C5 sugars derived from hemicellulose after the steam explosion step will be investigated. These
sugars will be feed to oleaginous yeasts to produce appropriate fatty acid biodiesel while the C6 sugar from
cellulose will be used for the production of bioethanol. The oleaginous yeasts will be screened and adapted to the
inhibitors formed during the pretreatment and hydrolysis of lignocellulosic substrate. The improved bioethanol
process and the coupling to the biodiesel production through oleaginous yeast enable the commercialization of
bioethanol and biodiesel production from lignocellulosic substrates.
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An experimental investigation of the biodiesel stability by means of oxidation and
property determination

M. Shahabuddin',H.H. Masjuki, M.A. Kalam

Centre for Energy Sciences, Faculty of Engineering, University of Malaya, 50603 Kuala Lumpur, Malaysia.
Corresponding author.Tel.: +60162418438; fax: +603 79674448, shahabuddin.suzan(@yahoo.com (M. Shahabuddin)

As an alternative energy source attention has been focused on biodiesel which has lot of numerous advantages
over petroleum diesel. However the concern over its stability made an issue for its applicability in automobiles.
Since the chemical structure of biodiesel fuel consists of fatty acid methyl esters (FAME), thus it is susceptible to
oxidation and thermal degradation. As time goes by, the oxidation and thermal stability of the fuels are being
affected. Hence, in this research, these stabilities of petro diesel and different biodiesel such as palm oil and its
blend, jatropha oil and its blend, and coconut oil are being studied by means of induction period (IP) and the
change of the properties. The IP was measured by Rancimat instrument. The properties of biodiesels and diesel
including density, viscosity, flash point, total acid number (TAN), and total base number (TBN), were
determined at the interval of 180 hr. in a 2160 hr. (3 months) period using ASTM standard. The results showed
that almost all biodiesel meet the standard specification regarding IP. The trend of density, viscosity and total
acid number (TAN) was increasing while the total base number (TBN) was decreasing due to oxidation. For the
flash point, the trend was also decreasing, but the rate was very low. In overall consideration among the
biodiesel, palm oil biodiesel was the best while coconut oil showed the worst effect with respect to oxidation
thermal and storage stability.
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Application of Anaerobic Co-digestion for Utilization of Seaweed, Pectin and
Carrageenan Waste

Dhan Prasad Gautam; Henrik B. Moller; Sutaryo Sutaryo

Co-digestion is an effective technology for utilizing different kinds of low value organic wastes, to reduce
inhibition in biogas production during mono-digestion and optimization of methane production. This research
was an experimental analysis of the co-digestion of four different type of biomass. The contextual scenario for
this research was the interest of Solred municipality of Demark for constructing a biogas plant for utilizing the
locally available biomass with the collaboration of some food industries located on that region. The main goal
this research was to determine the best method of utilization of seaweed which is creating problem on the
environment of sea shore, and byproducts from some food industries. Considering the co — digestion of these
materials as an appropriate solution, scientific investigation of the biogas production determining methane yield
from these substance, level of inhibitions were carried out at different reactor conditions (mesophilic and
thermophilic) and hydraulic retention times. Batch experiments were carried out in order to see the biogas
potential of different substrates. Similarly continuous experiments were conducted in two small reactors of 25
liters and 7 liters total volumes both in mesophilic and thermophilic conditions. The experiments were prolonged
for a period of around 3 months with different hydraulic retention times. The total solid (TS), volatile solid (VS)
of the exit slurry were measured every week. Similarly, Ammonium (NH4) and Volatile fatty acids (VFA) of the
sample slurry were measured twice a week. Daily manual feeding of substrates was maintained according to
hydraulic retention time. Total Nitrogen (TN) and Hydrogen Sulphide (H,S) measurements were taken in every
15 days. The daily volume of the gas production was measured by gas meter and a Gas Chromatograph (GC) was
used twice a week for measuring methane production. The results showed that the biogas potentials of industrial
wastes were considerably higher compared to seaweed. Though the mono-digestion of these wastes is not
considered worthwhile due to higher level of inhibitions; however, co-digestion of these byproducts with
seaweeds showed significant methane production of around 280 liters per kg of VS. Grinding of seaweed as well
solid liquid separation during evacuation of slurry was recommended for the experiments.
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Artificial neural networks approach for the prediction of thermal balance of SI
engine using bioethanol- gasoline blends

M. Kiani Deh Kiani ', B. Ghobadian'", G. Najafi ' and T. Yusaf®
'Bioenergy Group, Mechanics of agricultural machinery Department, Tarbiat Modares University, Jalale Ale Ahmad

Express Way. Opposite to the Nasr Bridge, Tehran, Iran.* Corresponding author: bghobadian2004@yahoo.com
2 Faculty of Engineering and Surveying, University of Southern Queensland (USQ) Australia.

This study deals with artificial neural network (ANN) modeling of a spark ignition engine to predict thermal
balance of the engine. The thermal balance was respect of useful work, heat lost through exhaust, heat lost to the
cooling water and unaccounted losses (i.e. heat lost by lubricating oil, radiation). To acquire data for training and
testing of the proposed ANN, a four-cylinder, four-stroke test engine was fuelled with ethanol-gasoline blended
fuels with various percentages of ethanol (0, 5, 10,15 and 20%), and operated at different engine speeds and
loads. An ANN model based on standard back-propagation algorithm for the engine was developed using some
of the experimental data for training. The performance of the ANN was validated by comparing the prediction
data set with the experimental results. Results showed that the ANN provided the best accuracy in modeling the
thermal balance with correlation coefficient equal to 0.997, 0.998, 0.996 and 0.992 for useful work, heat lost
through exhaust, heat lost to the cooling water and unaccounted losses respectively. Generally, the artificial
neural network offers the advantage of being fast, accurate and reliable in the prediction or approximation affairs,
especially when numerical and mathematical methods fail. The experimental results showed as the percentage of
ethanol in the ethanol-gasoline blends is increased, the percentage of useful work is increased, while the heat lost
to cooling water and exhaust are decreased compared to neat gasoline fuel operation.

Keywords SI engine; thermal balance; ethanol-gasoline blends; artificial neural network
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Atmospheric CO; sequestration through mineral carbonation of industrial solid
wastes and their utilization in plant growth
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Sequestration of CO, from atmosphere in the form of solid carbonates through mineral carbonation is an option
for reduction of atmospheric CO, concentration. In the present study carbon dioxide sequestration has been
performed by using the industrial wastes like fly ash and red mud which are the wastes generated in huge
quantity from thermal power pant and alumina industry respectively. Considering the reaction path of Al, Ca, Mg
and Fe bearing minerals for carbonation, sulfatised mixtures are prepared with suitable additives in presence of
water. The pH of the sulfatised mixture varies within 9.8-11.0. After thorough mixing each mixture is disposed to
open place for atmospheric exposure. The mixtures are kept for 30 days in wet condition by addition of water for
weathering and chemical reaction of mineral constituents. The atmospheric carbonation is a slow process and it
takes about 30 days to initiate the reaction and formation of stable carbonate phases. This process is a cyclic path
of sulfatisation and carbonation which form polymorphs of carbonates. The mineral phases of carbonated fly ash
studied through XRD resembles to calcite, arragonite, meionite, vaterite and magnesite etc. The quantitative
estimation of CO, absorption through mineral carbonation has calculated from TGA analysis. From the
experimental study it is found that 1tonne of fly ash mixture is absorbing 180kg and iton of red mud is absorbing
80Kg of CO, from the atmosphere. After carbon dioxide sequestration that carbonated fly ash and red mud has
been used in plant growth. Utilization of carbonated material in improving the plant growth has been studied in
two fast growing tree species i.e. Acacia mangium and Dalbergia sisso through pot culture study. Taking various
parameters like PH, EC, and WHC into consideration, the periodical growth rate of Acacia mangium and
Dalbergia sisso  showed better response in carbonated materials.

Key words Carbon dioxide sequestration, mineral carbonation, industrial waste, hydrated mixture, plant growth.

The Energy and Materials Research Conference - EMR2012
Torremolinos (Spain), 20-22 June 2012

Bioalcohols from biowastes: an assessment of current technologies

Leandro S. Oliveira and Adriana S. Franca

Mechanical Engineering Department, Universidade Federal de Minas Gerais, DEMEC/UFMG, Av. Antonio Carlos 6627,
31270-901, Belo Horizonte, MG, Brazil.

While a transmutation from a petroleum-based economy to a bio-based global economy finds itself in its early
infancy, agricultural wastes and residues have already begun their own transformation from high-volume waste
disposal problems to being natural resources for the production of second generation liquid biofuels. Agricultural
wastes contain high levels of organic carbon material and as such constitute inexpensive candidates for the
biotechnological production of biofuel alcohols (e.g., biomethanol, bioethanol and biobutanol) without
competing directly with the ever-growing need for world food supply. Since agricultural wastes are generated in
large scales (in the range of billions of kilograms per year), thus, being largely available and rather inexpensive,
these materials have been considered potential sources for the production of bioalcohols for quite some time and
have been thoroughly studied as such. In the last decades, a significant amount of information has been published
on the potentiality of agricultural wastes to be suitably processed into bioalcohols, with cellulosic ethanol being
the main research subject. The production of biobutanol by fermentation of lignocellulosic material has
experienced tremendous breakthroughs in recent years, both from the biochemical and technological points of
view. Thus, it was the aim of this work to critically analyze the current technological situation and future needs
for technological developments in the area of producing bioalcohols from biowastes. Lignocellulosic bioethanol
is still the lead fuel currently being studied in terms of technology development for both production (pre-
treatment, microbe and enzyme engineering, and process integration) and engine use and performance. However,
several issues must still be addressed in order for commercial units to be built and become fully operational.
Optimistic predictions estimate a 10 to 15-year horizon for the lignocellulosic bioethanol technology to be
mature and fully operational. Biobutanol, as an alcohol fuel, presents distinct advantages over bioethanol in the
sense that it can be used as is in unmodified spark-ignition engines (hence, it was coined the term ‘biogasoline’)
and as a fuel it presents higher energy density than bioethanol. Major advancements in the production technology
are related to the integrated fermentation-product recovery processes that also partly deal with the problem of
fermentation inhibition caused by the presence of high concentrations of butanol in the fermentation medium.
Other major issue is the lack of rigorous engine tests with this fuel. As a fuel for the transportation sector,
butanol still has a long (but rather promising) research road ahead.

Keywords agricultural wastes; biofuels
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The biggest change in Swedish energy system over the past 30 years is that the biomass residual from forest and
forest industry enters the energy market more and more in the place of fossil fuels, and Today accounts for more
than one third of the total energy consumption in Sweden. This gives a clear picture of a shift of fossil fuel-based
society to a sustainable society for an industrial country. The well established biofuel market in Sweden is, in
principle, attributed to the good synergy of a strong forest industry with the energy sector, to a well-established
district heating system, and to a favorable tax system. In this paper, the authors are trying to present a picture of
how biomass residual is shaping the Swedish energy system in the past and for the future. The production of
heat, electricity and transportation fuels will be discussed. A number of critic points associated to biofuel
potential, economy, environmental impact, end-use, as well as to biomass conversion technologies such as
combustion, gasification and biological processes will be discussed. The advances of research and technology
development in Sweden will be overviewed.

Keywords biomass; bioenergy; biofuels
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Biogas production from co-digestion by-products from biodiesel industry

J. Fierro, E.J. Martinez, X. Gémez, A. Morin
IRENA. Chemical Engineering Dept., University of Leon, Avda. de Portugal 41, 24071 Leon, Spain.

Anaerobic digestion is one of the most promising alternatives for waste treatment and energy production thanks
to the production of energy by means of biogas valorization. In addition, this process allows the stabilization of
organic matter and contributes to the reduction of greenhouse gas emissions. The present research deals with the
co-digestion of swine manure with glycerines from two different biodiesel plants. The aim of this work was to
improve the biogas production of swine manure by balancing C/N ratios through the addition of glycerine as an
approach of the biorefinery concept.

Batch digestions test were realized in 250 ml batch reactors in order to determine the biogas potential of the
different substrates (swine manure and glycerines denotes as A and B) and the co-digesting systems. The co-
digestion of swine manure and glycerine was performed at four different glycerine ratios to assess the effect of
the co-substrate over the biogas production. The co-digestion of glycerine and swine manure (denoted as
Gly_X%) was carried out at 4, 8, 12, and 16% (dry weight). Four reactors were set for each system, two of them
were used for measurement of the biogas produced and its composition (CH,, H,S), and the other two were used
for analyses of the liquid phase (ph, TS, VS, VFA and LCFA). From results obtained, the digestion of glycerine
A was carried out in 3 L continuous stirred reactor operating under semi-continuous conditions at a hydraulic
retention time of 30 d.

Figure 1 shows the results from the digestion (Fig. 1a) and co-digestion (Fig. 1b) with glycerine A. Glycerine A
presented high biogas production rate (890 mL/g VSfeed) along with high degradation rate during the first days
of the experiment. The glycerine B presented lower biogas production (549 mL/g VSfeed) and the biogas curve
shows a lag phase. Swine manure had the lowest biogas production (257 mL/g VSfeed). Methane composition
ranged between 75 and 78% for all systems.
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Fig 1. Accumulative biogas production for the single digestion tests (a) and codigestion tests (b)

Results obtained from the co-digestion with glycerine showed an increase in biogas production with the addition
of glycerine A, ranging from 370 to 527 ml of biogas/g VSfeed for Gly 4% and Gly 16% respectively (see Fig.
1b). With regard to VFA analysis, results showed a high acetic and propionic acid concentration during the first
days of the experiments that were gradually reduced as the digestion proceeded. The behaviour of the four
systems did not show evidence of microbial inhibition. The comparison with the digestion of swine manure
results in a clear increase in the biogas production between 1,5 to 2 fold. These increase could be explained by the
increase obtained in the organic load in the digester and the better C/N ratio attained.

In addition, codigestion of swine manure and glycerine (5% v/v) was studied in semi-continuous mode using a 3L
continuously stirred reactor to evaluate the effect of codigestion over the biogas production and VFA
accumulation in a continuous digestion process. Results show an increase on the biogas production and a
progressive accumulation of VFA during the experimentation, mainly acetic and propionic acid.
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Biomass energy from indigenous oil yielding plants in Pakistan
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Pakistan is a country which lies in between tropic of Capricorn and tropic of Cancer with diverse climatic
conditions. Pakistan has rich biodiversity of oil yielding plants; some cultivated by local farmers while majority
are wildly distributed in various zones of Pakistan. Among these oil yielding plants there is rich diversity of
biodiesel yielding wild resources e.g. pongame, castor beans, carthame, wild bitter almond, neem, mesquite etc.
Current energy crises throughout the world generally and Pakistan particularly need the energy from renewable
sources like biodiesel. Biodiesel is an emerging solution for the present day concerns about rising oil prices and
depletion of fossil fuel resources throughout the world. In current scenario due to shortage of energy resources,
biodiesel is very good option for energy security in Pakistan. There are large arable lands with good climatic
conditions for large biomass production of biodiesel yielding species. In this project we have identified rich
diversity of oil yielding plants with biodiesel potential are identified based on biodiversity assessment, biodiesel
production through transesterfication and fuel properties comparison with ASTM standards. This study will
provide pictorials of oil yielding plants, biodiesel samples, byproducts and their botanical aspects for wider
interest which might be adopted by other countries to utilize these natural resources for biomass energy.

The Energy and Materials Research Conference - EMR2012
Torremolinos (Spain), 20-22 June 2012

Build-up granulation of lignin sludge’s as innovative process improving its energy
efficiency
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The importance of bio-products production is enhanced with the abundance and renewability of lignocellulosic
biomass in comparison to the depleting fossil fuels especially in producing environment friendly energy. Lignin
is obtained as a residue from the pulp industry (black liquor) as well as from the bio-ethanol / bio-diesel
industries. The extracted lignin is a renewable fuel with a heating value of 17 MJ/kg, low ash content. The
extracted lignin in pulp mills is usually burnt at the mill directly to cover the energy production costs of the mill.
The extracted lignin undergoes a reduction in heating value from 26 MJ/kg to 17 MJ/kg due to its high moisture
content (30-75 %). The high moisture content reduces the total energy efficiency of the plant and simultaneously
utilizes more amount of lignin sludge in producing the required energy. The energy efficiency can be increased
with the efficient utilisation of fuel and at the same time reducing the percentage of lignin sludge required for
energy production. This paper explains a possibility of integrating build-up sludge pelletisation in pulp mills. The
integrated sludge pelletisation techniques would lead to an optimal utilization of lignin for energy and would
simultaneously save the lignin resource for materialistic utilisation. The build-up sludge pelletisation was carried
out with the help of a spray-granulation apparatus. The spray-granules were then treated with H,SO4 for
stabilizing the lignin making it insoluble in water, regaining its original hydrophobic characteristics. The
granulation process and the treatment with H,SO4 solves the problem of handling, storage, explosion risks of
lignin, reduction of impurities and increases the energy density of the raw materials in comparison to the present
situation.

Keywords: Lignin sulphonates; Kraft lignin; build-up pelletisation; energy efficiency; etc
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Catalytic microwave-assisted pyrolysis of biomass for biofuels and chemicals
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Pyrolysis of biomass produces liquid products (bio-oils) from a variety of biomass materials. However, the use of
bio-oils has been hindered by its undesirable properties — complex, corrosive, and immiscible with hydrocarbons,
etc. Subsequent treatment is essential to make bio-oils into usable fuels or chemicals. In this study, catalytic
microwave-assisted pyrolysis (MAP) has been carried out with corn stover as main biomass feedstock and added
in several metal salt catalysts. The addition of KAc, AL,O3;, MgCl, were found to increase the bio-oil yield, which
may be because these catalysts act as microwave absorbents and microwave plasma enhancers to speed up the
heating rate. In addition, GC-MS analysis indicated that the bio-oil composition was significantly simplified with
the use of catalysts. Furfural was the main product with the addition of 8% MgCl,. The results suggest the
possibility of the production of target chemicals with catalytic MAP.

Besides terrestrial biomass, microalgae received significant interests as a viable alternative to replace fossil
feedstock due to their fast growth rate and environmental benefits. MAP of microalgae was also carried out
under different heating rates to obtain optimum condition for bio-oil production. Compared to the bio-oils
produced from lignocellulosic materials, those from aquatic microalgae have many desirable properties. The
algal bio-oils had a higher pH (about 7-9) because of the presence of nitrogen bases. The bio-oil also had higher
heating value (30.7 MJ/kg) and lower oxygen content than wood bio-oil. Gel permeation chromatography
showed that algal bio-oils had lower average molecular weight than wood bio-oil. 22.2% of GC-MS peak areas
were identified as aliphatic and aromatic hydrocarbons. In addition, algal bio-oils were found to be totally
miscible with gasoline, which suggest potential direct use as fuel additives.

Keywords catalytic pyrolysis; catalyst; algae, bio-oil
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Characterisation of corn starch content for bio-ethanol production purpose
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Maize is currently the single starting material of bio-ethanol production in Hungary. The cultivation conditions
of Hungary are perfect for maize production, maize is grown on the quarter of cultivable land (1.2 million ha).
Most of the current research is aimed towards improving the efficiency of maize-based bio-ethanol production.
The most important measure of value of maize-based bio-ethanol production is starch yield of the starting
material, namely the amount of starch harvestable from one hectare (t/ha). The ratio of amylose and amylopectin
is essentially important, because it determines the gelificiation characteristics within the process of
saccharification. In the course of production, alpha-amylase and amyloglucosidase enzymes are used in most
cases; therefore it is important to know the content of starch resistant to alpha-amylase.

The aim of our examinations is the observation of yield and nutritional characteristics of commercial maize
hybrids in Hungary from the aspect of efficient bio-ethanol production.

We set up a randomized block field trial. We determined the starch yield (t ha™) of the 51 maize hybrids involved
in the field trial. In laboratory conditions, we also examined the amylose and amylopectin ratio and the amount
of resistant starch of the selected 20 maize hybrids.

According to our results, there is a significant difference between the starch yield and the amylose component of
the starch content of the examined maize hybrids. The difference amongst the amylose content of the maize
hybrids was significant; we found twofold differences in some cases. The high amylose content of maize hybrids
supports more efficient bio-ethanol production.

During the examination of resistant starch we found that resistant starch content may even reach 10 % of starch.
Difference amongst starting materials may even be threefold.

Our studies reveal that maize starting materials shall be selected based on the cultivation objectives. If the
objective is bio-ethanol production, detailed knowledge of starch content is necessary. There is a significant
difference among commercial maize hybrids in Hungary in terms of characteristics determining the producible
amount of bio-ethanol.

Keywords starch yield; amylose amylopectin ratio; resistant starch; corn
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So far research related to biodiesel fuel has been focused on its quality and property as a fuel and application to
diesel vehicles mainly by government research centers and car makers. In the mean time, emission
characteristics exhausted from biodiesel vehicles has been studied recently than ever before in environmentally
friendly aspect. However, the study of emission characteristics of biodiesel fuel has been limited to experimental
study of engine bench test, emission test in CVS-75 mode, unload test and etc. Through this research objective
and quantitative data are secured by analyzing exhausted emissions and combustion characteristics from the
experiment in which different blended ratio of biodiesel is injected to a constant volume chamber using a
common-rail injection system. The pressure changes are measured by a piezometric pressure sensor and
combustion processes are analyzed by securing heat release rates. The data of combustion pressure are collected
by using DAQ (Data Acquisition: DAQ Card-6024E) and all the signals of ignitions and photographing timings
is controlled by Code Vision AVR C language. Based on this fundamental experimental data this research aims
to provide various technical materials in the preparation of emission reduction policy in future by confirming the
potential applicability of biodiesel as a clean fuel for a commercial diesel engine..

Keywords Biodiesel; Compressed ignition; Ignition delay; Constant Volume Chamber (CVC); DTBP(Di-tert-butyl
Peroxide)
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Chemical interesterification of rapeseed oil with ethyl acetate using methanolic
sodium metoxide and t-butanolic potassium butoxide solutions as catalysts

Z.Sustere and V.Kampars
Institute of Applied Chemistry, Riga Technical University, Azenes Str. 14/24, LV 1048, Riga, Latvia

Conventionally, biodiesel is produced by transesterification of triglyceride with alcohols in the presence of an
acid or an alkaline catalyst. The by-product of the transesterefication reaction is glycerol. In recent years much
research has been aimed at improving biodiesel synthesis by interesterification with methyl or ethyl acetate using
both enzyme and chemical catalysts. Fatty acid methyl or ethyl esters (FAME or FAEE) and triacetin (TAG)
are the main products in this process. This leads to simplified downstream processes compared to conventional
catalytic reactions as the mixture of FAME and TAG may be utilized as biodiesel, rather than FAME only.
Moreover TAG has a much higher economic value than glycerol.

A. Casas et al. determined that methanolic solution of potassium metoxide gave higher yield of products than
solid methoxide because the catalyst is completely dissolved in the reaction mixture from the beginning.
However, it also causes transesterification side reactions, which lead to a lower yield of TAG production [1]. In
the present work biodiesel synthesis from rapeseed oil and ethyl acetate was studied using two catalysts -
methanolic sodium metoxide solution (MeONa) and t-butanolic potassium butoxide solution (BuOK). In addition
to the FAEE, FAME and TAG, the reaction mixture may contain intermediates from interesterification -MADG
(Monoacetyldiglyceride) and DAMG (Diacetylmonoglyceride), as well as intermediates from transesterification
—diglyceride, monoglyceride and glycerol.

In all experiments the optimal reaction conditions for interesterification were used: 75 °C, catalyst 0.8% of oil
mass and molar ratio oil/ethyl acetate 1/18. Experimental results show, that in both reactions the content of esters
and triacetin were similar, see fig. 1. In reaction with MeONa the equilibrium composition was reached within 30
min, but in reaction with BuOK - within 20 min. The greatest difference was observed in the MADG content.
Using the MeONa catalyst, MADG content increased to 6.0% in 5 min and reached the steady value of 2.0% at
60 min. On the other hand, with BuOK, MADG reached a steady value of 2.0% already by 5 min. In accordance
with the obtained experimental results the content of all products after reaching the chemical equilibrium in both
processes are practically the same.
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[1] Casas A., Ramos M. J., Perez 4. Chemical Engineering Journal. 2011. 171, 1324— 1332.
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The need to find alternative energy sources is mainly due to the shortage of oil reserves as well as the emission of
toxic gases resulting from fossil fuels burning. Biodiesel has appeared as a promising substitute to diesel, widely
used in cargo transportation vehicles, which in Brazil move the industry and agroindustry. Biodiesel is obtained
from the transesterification of some oil, vegetal or animal, in methanol or ethanol means, using an acid or basic
catalyst. Despite being a simple process, when carried out in unsuitable conditions, the oil transesterification
remains incomplete, and if this substance is used as a biofuel it can result in serious damage do the vehicle
engine decreasing its service life. For this reason, the study of variables in the process of obtaining biodiesel is
very important. The main aim of this work is to establish, through chemiometric study, the best conditions of
biodiesel production from soybean oil.

A chemiometric study was carried out with the aid of experimental planning in order to analyze the following
variables: oil temperature (80 or 70 °C), solvent (ethanol or methanol) and basic catalyst (KOH or CH;0"). The
response to the tests was in ester content, carried out using the Fuel Analyzer - ERASPEC, according to the EN
14078/NBR 15568 norm.

In figures 1 and 2, the results of chemiometric treatment are presented in the Cube format and interaction
between factors, respectively.
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Figure 1 — Response in Cube format for the chemiometric ~ Figure 1 — Interaction between alcohol and temperature
studv of the sovbean oil biodiesel.. for the catalysis with methoxide.

When analyzing Figure 1, it can be noticed that the best biodiesel preparation conditions to obtain higher
percentage of esters is: oil temperature equal 70° C, methanol as a solvent and methoxide (CH;0") as a
homogeneous catalyst. It is important to highlight that in general the biodiesel produced from methanol presented
the highest levels of ester content, as it was expected due to its estereochemical properties.

The analysis of Figure 2 reveals an interaction between the alcohol employed and the temperature applied to the
process, when the sodium methoxide is used as a catalyst, that is, when the kind of alcohol used and temperature
are altered, this is probably due to the catalysis mechanism and the catalyst nucleophilic characteristic, besides
esteric impediments that hamper the transesterification reaction.
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Co-product recovery from biomass during ethanol production
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The conversion of biomass to ethanol represents a sustainable alternative liquid fuel technology that does not
need to compete with the supply of commodity crops such as corn and soybeans. Maintaining agricultural
production of edible crops for the food supply and using agricultural waste or low input energy crops grown on
marginal land for biofuel production is necessary although economically challenging. The separation and
recovery of valuable co-products from biomass would improve the process economics of ethanol production.
Available biomass is primarily lignocellulosic with minor components including waxes and other lipids that are
potential co-products which could be separated and recovered from the biomass on-site prior to conversion using
hot ethanol. Ethanol is not a traditional lipid solvent however at temperatures above 50°C ethanol can solubilize
the waxes typically found on plant stems. Additionally, the lignin may also be separated from the cellulosic
substrate and recovered for use in plastics and resins or decomposed into phenolic acid compounds such as the
bioactive ferulic and coumaric acids. These phenolic acids have applications as antioxidant and antimicrobial
agents, respectively.

The process for the recovery of co-products was evaluated for a 70 T/day facility using Panicum virgatum
(switchgrass) as the biomass feedstock. Switchgrass is a perennial North Amercian prairie grass with harvests of
5-11 tonnes/hectare. It was chosen for this investigation due to the amount of attention it has received as an
energy crop rather than for the amount or unique co-products it contains. The amount of recoverable surface
lipids was estimated at 0.1% dry weight and the lignin content was estimated at 5.5% in the leaf with 7.5% in the
stem. The analysis assumed complete recovery of the lipids from the biomass with 0.5% residual lignin.

The evaluation was facilitated with the simulation software SuperPro Designer 7.5 (Intelligen, Inc., Scotch
Plains, New Jersey, USA). The initial process design did not include a co-product recovery section. This was
modified by adding a section to separate the lipids from the biomass in a continuous solid/liquid extraction
operation using 50°C ethanol generated on-site. The lipids were recovered from the ethanol by cooling and
centrifugation with recycle of the ethanol stream. This scheme produced 70 kg/day of mixed lipid extract which
could be marketed as a natural wax product. The recovery of a lignin as co-product was addressed by considering
existing fermentation process designs where a de-lignified cellulosic substrate is used for saccharification and the
lignin fraction is combusted as a heating fuel. This becomes an economic comparison of the market value for the
lignin as co-product versus the heating value of some alternative fuel (ethanol). It is possible to change the
operation of the facility in response to fluctuations in the market price. At a high value for lignin it could be
recovered as co-product otherwise used as fuel with minimal interruption to bioethanol production. The results of
this study suggest two paths to improve the process economics of bioethanol production.

Keywords lignin; phenolics; process economics; simulation; sustainable
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The Ca-based sorbents used in carbonation process can be divided into natural and synthetic sorbents. Examples
of the natural sorbents are dolomite and limestone. The main problem associated with the natural sorbents is the
rapid decay in capacity upon multiple sorption/desorption cycles. On the other hand, synthetic sorbent
(Cao/Cay»Al14033) is more resistant to numerous cycles due to the higher reactivity and stability as shown in the
figure below.
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CO, breakthrough curves in the fixed bed reactor: T=600 °C, me=1 gm, dp=250-
450 pim , Pcpp=0.1 bar, Fcop= 10 ml/min, N, balance.

Capture of CO, using CaO-synthetic sorbent at high temperature in a fixed bed reactor being influenced by
number of factors makes the characterization and prediction of carbonation process a difficult problem. In this
study, the different operating parameters of the carbonation reaction have been investigated. Li and Cai [1]
studied the carbonation reaction using the Cao/Ca;»Al;405; sorbent in a thermo gravimetric analyser (TGA).
However, we have used the fixed bed reactor to study the impact of diffusional limitations on the carbonation
reaction. The carbonation reaction of the SE-SMR process is a non-catalytic gas-solid reaction system. It is well
known that the carbonation reaction of CaO occurs in two successive stages. The initial stage in which the solid
reactant is reacting with the gas reactant is fast and controlled by chemical kinetics. In this stage, the reaction rate
is normally fast, resulting in a fast increase in the subsequent solid reactant conversion. After the fast initial
reaction stage, a transitional towards a second slower reaction stage controlled by diffusion in the solid product
layer takes place resulting in lower effective reaction rates. Until today, the published experimental data of the
carbonation reaction were modeled to predict the reaction rate by neglecting product layer controlled diffusion
regime. Hence, a kinetic rate expression has been developed using spherical grain model considering both the
kinetic- and product layer controlled regimes. Moreover, a criterion has been proposed to divide the fast surface
reaction regime and the slow diffusion controlled reaction regime. So, two different diffusional limitations can be
calculated for the two different controlled regimes by the use of proposed kinetic expression. If we are interested
to do simulation for the circulating fluidized bed reactor model, then we need the diffusional limitation which is
valid for fast surface reaction regime only (because of the short residence time due to the fast fluidization). But,
for the fixed bed reactor model, we need the value of diffusional limitation, which should be valid for both the
fast- and diffusional controlled regimes.
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Li ZS, Cai NS, (2007) Modelling of Multiple Cycles for Sorption-Enhanced Steam Methane Reforming and Sorbent
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One of the major problems associated with the use of biodiesel is poor low temperature flow properties, indicated
by relatively high cloud points (CP) and pour points (PP). Within this paper, it has been demonstrated that cold
flow behavior of soybean biodiesel can be improved by adding different proportions of biodiesel obtained from
safflower. The oxidation stability of these mixtures was investigated too. The contribution of soybean biodiesel
in this mixture doesn’t change too much the induction period regarding oxidation stability, taking into account
that soybean biodiesel has positive values of this quality parameter. All determinations were made according
with European Standard EN 14214,

Key words: oil crops, biodiesel, cold flow properties, oxidation stability
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Energy is the basic need for modern economy. Due to the rapid industrialization and modernization energy
demand is increasing day by day. Biodiesel has an immense potential to be part of sustainable energy mix in the
future because of offering more sustainability and less green house gas emission. This paper presents the
comparative performance of biodiesel and their blends obtained from edible oil source such as palm oil and
coconut oil compared with diesel together with some of its fuel properties. Seven fuel blends (B0, C20, C30,
P20, P30, CP20 and CP30) were tested for their use as substitute fuel for a water-cooled single cylinder four
stroke diesel engine. Test data were generated under full throttle position with different engine speeds from 1200
to 2400 rpm at an interval of 200 rpm. The properties were found to be comparable to diesel fuel. The brake
power, torque and brake specific fuel consumption of the engine run by the biodiesel is comparable to that run by
pure diesel and significant improvement of engine performance was observed when B30 is used.

Keywords: energy; biodiesel; performance; palm oil; coconut oil
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The olive oil industry represents a very important agro-industrial sector in many countries of the Mediterranean
region. Approximately 30 million m® olive mill wastewater (OMW) effluents are produced as by-products
annually of which about 370,000 m® are produced in the Middle Eastern region. OMW is a significant source of
potential environmental pollution due to its high content of polyphenols, tannins, and lipids which exhibit
phytotoxic and antimicrobial activities, as well as a high potential to contaminate surface and ground water. The
OMW has a very high organic loading, BOD and COD, which may reach 100 and 200 g/L, respectively.

Microalgae are good source of antioxidants mainly [B-carotene and biomass for energy. Under optimized
conditions, current yields of algae biomass are ca ~35g dw m?d’, but in theory, microalgae (marine or
freshwater) can use up to 9% of the incoming solar energy to produce ca 70 g dry biomass m2d” and sequester
ca 140 g CO,. The main limitation of using these systems to treat agro-derived effluents is related to the
composition of the wastewater and the possible presence of high concentrations of ammonia, organic acids,
phenolic compounds, and pesticides or other compounds that can inhibit algal growth.

Our main objective was to cultivate different isolates of microalgae in primary OMW that has merely been
diluted before use for the production of biomass to be used mainly for biodiesel production. Ten different
cultures including Dunaliella and Chlorella were grown in different concentration of OMW and the biomasses as
well as fatty acids were monitored. The biomass productivity of the microalgae exhibited a positive linear
correlation with the initial COD values, which ranged from 370 to 1300 mg/L. Our results have shown that some
of the microalgae, i.e. Chlorella, tripled within one week its biomass production compared to control. Some of
the microalgae were rich with different fatty acids, i.e. oleic, linoleic and palmitic. The fatty acids were
transformed to high quality biodiesel by using the in-situ transesterification method. Our results indicate that
OMW is good source of nutrients for biomass and fatty acid production and suggests a convenient way to reduce
the high organic content of OMW with the production of algal lipids.

Keywords COD; Biomass; Lipid production; Microalgae; Olive mill wastewater
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Sugarcane is used worldwide as a feedstock for ethanol and sugar production. After sugarcane is milled for juice
extraction, bagasse is obtained as a residue, which corresponds to about 25% of the total weight and contains 60-
80% of carbohydrates [1]. Fractionation of bagasse components and their conversion to fermentable sugars is
essential in enabling this renewable feedstock to be used for biofuel production, which can significantly improve
bioethanol productivity and sustainability [2]. The classical approach to the production of second generation
ethanol involves three key steps: pretreatment of the feedstocks to separate its cellulosic fraction from the
hemicellulose and the lignin; enzymatic hydrolysis to break the carbohydrates into hexoses and/or pentoses; and
finally, their fermentation into alcohol.

In this work, a consecutive two-step pretreatment was used to fractionate sugarcane bagasse. It included an acid
step to remove hemicellulose mainly (H,SO4 1% m/v, at 120°C during 1h), followed by an alkaline step with
NaOH to remove lignin (NaOH concentrations from 0.25 to 4% m/v, at 120°C, 1 h).

The chemical composition of the bagasse is severely changed after different pretreatment conditions, as shown
by high proficiency liquid chromatography (HPLC), and nuclear magnetic resonance (NMR): up to 96% of the
hemicelluloses and 85% of the lignin initial amounts were removed when sodium hydroxide concentrations of
1% or higher were used. Considering the sample morphology, lignin removal has a more noticeable effect than
hemicellulose removal. Lignin withdrawal favors bagasse unstructuring by the loss of cohesion between
neighboring cell wall bundles, as shown in Figure 1(a-b). Other morphological effects of the lignin removal are
the changes in the inner cell wall structure, such as damaging, porous formation and loss of mechanical
resistance (Figure 1c).

Changes on sample porosity are also confirmed by nitrogen adsorption isotherms (BET method), which showed
that the total surface area of the bagasse increased from 0.75 mz/g before the pretreatments to 1.5 mz/g on
samples undergoing treatments with acid and NaOH 0.5%. These effects facilitate liquid and enzyme access to
crystalline cellulose and triplicate hydrolysis yields (using Accelerase 1500, Genencor, 25 FPU), showing the
efficiency of the proposed method to improve the enzymatic digestibility of sugarcane bagasse.

Figure 1. Surface images obtained by scanning electron microscopy: (a) untreated bagasse, showing an entire fiber; (b)
bagasse treated with H,SO4 1% and NaOH 2%, showing unstructured fiber bundles and (c) bagasse treated with H,SO4 and
NaOH 1%, showing the damaged surface of the cell wall.

Keywords sugarcane; bagasse; bioethanol; acid pretreatment; alkali pretreatment; chemical composition; scanning electron
microscopy, enzymatic hydrolysis.
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Abstract: Environmental pollution is directly related to the social and technological development causing serious
damage to society. The consequences derived from different forms of atmospheric pollution vary from the local
to the global scale, with deep impacts on climate, environment and human health. Fossil fuels are the major
pollutants, particularly intensified by the transports sector. Thus the Brazilian government in order to try to
reduce the pollutants emission since 2010 adopted the addition of 5% biodiesel in diesel. This study aims to
simulate the emissions of different concentrations of binary mixtures (soybean biodiesel and diesel) in a diesel
engine bench. Therefore, new methodologies based on selective and sensitive gas detection schemes must be
developed in order to detect and monitor pollutant gases from this source. In this work, CO, Laser Photoacoustic
Spectroscopy was used to evaluate ethylene (C,H,) emissions and electrochemical analyzers were used to
evaluate the emissions of carbon monoxide (CO) and nitric oxides (NOy) from the exhaust of diesel powered
vehicles at different engine rotation speeds. The results indicate that the detection techniques used were
sufficiently selective and sensitive to detect the gaseous species mentioned above in the ppmv range.

Keywords biodiesel; diesel engines; electrochemical sensors; photoacoustic sensors
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Increased environmental concerns and economic demands related to the use of fuels are the main driving force
behind the increasing production of biofuels and biodiesel is one of the leading biofuels being produced and
commercialized at large-scale [1]. The conventional process for industrial biodiesel production is based on the
transesterification of vegetable oils with short chain alcohols in the presence of a homogeneous base catalyst
(usually sodium methoxide) carried out in batch stirred reactors. Stirred reactors are employed to promote
intensive agitation in order to create and maintain a stable emulsion of the reactants, thus minimizing the mass
transfer limitations between phases (reactants) and improving reaction kinetics. However, the reaction times with
this technology are still long and innovative technologies that would allow reduction in reaction time have been
sought after in recent years. Intensification methods such as ultrasonication are being intensively studied and
used for that purpose. The use of low-frequency ultrasound has demonstrated to be advantageous for biodiesel
production for it is rather efficient (i.e., reduces reaction time and increases yields) and economically interesting
(i.e., of low energy and catalyst consumption compared to the conventional processes). Thus, the objective of this
study was to evaluate the performance of a transesterification reactor irradiated with ultrasound at two distinct
frequencies (40 and 19 kHz) for the production of biodiesel. The configuration of the reactor allowed for the
irradiation to occur either in series or in parallel. The irradiation of ultrasound in series was more effective in
reducing the reaction time and increasing the biodiesel yield than the configuration with irradiation in parallel.
Furthermore, in both cases, the reaction times (t < 20 min) were shorter than those with the conventional batch
stirred reactor (~1 h) for similar degrees of ester conversion (> 96%).

[1] Oliveira, L.S.; Franca, A.S. From solid biowastes to liquid biofuels. In: G. S. Ashworth; P. Azevedo. (Eds.) Agricultural

wastes. New York: Nova Publishers, p. 265-289, 2009.
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The exhaustion of fossil energy sources, the growing importance of economical considerations as well as the
protection of our environment give an ever growing role to the utilization of renewable energy in our life.
Bioethanol could be one of the renewable energy sources. A widespread technology for ethanol production is the
SSF (Simultaneous Saccharification and Fermentation). A profitable way to produce ethanol with this technology
is the application of thermotolerant yeasts. Kluyveromyces marxianus is a yeast species with outstanding
thermotolerance. Previously we developed a Kluyveromyces marxianus E1 mutant strain in order to produce the
highest amount of ethanol at the highest possible temperature matching well to the SSF technology (Erdei et al.,
2011). Our aim was to produce bioethanol with this K. marxianus E1 strain using maize starch feedstock in order
to confirm the fermentation would be more economical with the application of this strain. In these experiments
we used 20 different kind of maize hibrids. We analysed the amylose/amylopectin ratio and resistant starch
content of these hibrids in details. These qualitative characteristics fundamentally determine the amount of bio-
ethanol producible from different maize hybrids. Besides we determined the starch yield which come from one
hectare, because it is also very important value in order to define the economy of bioethanol production.

Keywords: maize starch, yeast, thermotolerance, bioethanol
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In this work, the economical glucose syrup production from sweet potato hydrolysis and utilization of the
obtained hydrolysate for single oil production bythermotolerant oleaginous yeast were studied.The Novozyme a-
amylase and B-glucosidase were used for the liquefaction and saccharification steps of sweet potato
hydrolysis,respectively. It was found that the highest sweet potato concentration which still could be able to stir
after boiling was 60 g/l. This concentration was, thus, used for original substrate concentration for further
studies. The optimum concentrations of a-amylase for hydrolysis of 60 g/ of sweet potato at 90°C and pH 6.5-7.0
for 120 min were 100,000 Unit/ml.The obtained reducing sugar content after the hydrolysis was26.4 g/1. In order
to save the enzyme cost, 30 g/l of substrateswere further added directly twice after the liquefaction stepof a-
amylase (total substrate was 120 g/1). The final obtained reducing sugar concentration was 50.8 g/1.The optimum
B-glucosidase concentration in the further saccharification step for 48 hour at 60 °C and pH 4.3 - 4.5 was 10,000
Unit/ml. The final reducing sugar concentration of 99.1 g/l was obtained. The obtained glucose syrup from sweet
potato hydrolysis was further used for single cell oil production by thermotolerant oleaginous yeast Scj01 strain
at 40 °C.The result showed that the obtained lipid content was 2.24 g/l or 42.5% (w/w) on the cell dry weight
basis, which was higher than some reported strains. The optimum conditions for the thermotolerant yeast Scj01
growth and oil accumulation by using the sweet potato hydrolysate couldpossibly improve the oil content
accumulation and need further studies.

Keywords: single cell oil, sweet potato, Biodiesel, thermotolerantoleaginous yeast,glucose syrup
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The use of biodiesel in engines without modifications of its intern design is usual when the main use is for auto
consumption in tractors and energy generators in the farms. Therefore, the wear conditions and consequent
lubricant oil contamination must be investigated. Biofuels unspecified cause serious problems in components life
time and engine efficiency. Because of this, it is important to recognize the consequences of the type of biofuel.
In this work, it is aimed to identify the components wear that it is observed like metals contamination in the
lubricant oil, for example. Furthermore, in this work it was used biodiesel from frying residual oil (FRO) in an
energy generator. The FRO biodiesel present high deterioration degree that contribute for a more intense engine
wear than biodiesel from refined oil. The equipment used was a energy generator Tramontini TR22 model, with
direct injection fuel system.

The analysis of the lubricant oil (SAE 15W40) was conduced in Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES) after the acid digestion assisted by microwave. The study was accomplished during 280
h under fixed conditions of load and speed. The sampling and analysis was taken each 50 h.

The results showed variations in the Al, Cr, Cu, Fe, Mg, Mn, Pb e Zn concentrations in the lubricant oil (Table
1). It was observed positive correlation between the lubricant oil time of using and Cr, Cu, Fe, Mn and Pb
contamination. For Fe Mn and Pb contamination, the correlation coeficient 1* was higher than 95%. Such
correlations can be explained because the Fe is a metal more abundant in tribologic system of the engine; Pb is a
soft material founded in the piston rings, cylinder jacket and bearings and it also presented an increase along the
assays; Mn is founded in the cylinder jacket, piston rings and in the piston, manufactured in alloy of Al and Mn,
in such a way that the variation of its concentration in the lubricant represents a wearing on the surfaces of these
materials; the concentration of Mg and Zn was reduced during the tests, and this can be explained by the
combination of these materials with oxygen in the mettalic surface of the engine; Al observed in the lubricant oil
could be related to the piston or to the bearings wear; there are also Cu and Cr increase that correspond to
corrosion of the componentes and wear of the bearings respectively. The ICP-OES showed continuous increase
of the metals in the lubricative oil that consist in the contamination provocated by components wear during the
use of the FRO biodiesel in the energy generator. It was observed wear in the internal components of the engine,
but if the oil is changed periodically, this problem can be minimized and the FRO biodiesel will not be consider
innapropriate for auto consumption in the farms.

Table 1- Medium levels of the metals in lubricative oil

AMOSTRA Al Cr Cu Fe Mg Mn Pb Zn
0Oh 3,860+0,185 <0,25 <0,40 <1,70 266+1,732 | 0,340+0,023 <3,32 1136+5,774
50 h 3,6+0,115 <0,25 14,740,462 | 31,640,404 |206+2,309| 0,82+0,017 | 6,840,231 [ 1082+9,238

100 h 6,5+0,231 <0,25 13,940,404 | 47,2+1,212 | 183+4,619 | 0,94+0,023 | 9,140,462 [ 976+6,351
150 h 6,9+0,173 | 10,3£0,404 | 79,8+0,751 |135,5+2,136 | 174+2,304| 1,9+0,058 | 14,7+0,289| 877+5,196
200 h 7,6£0,173 | 10,6+0,346 | 123,4+2,54 | 140,1+2,598 | 155+3,464 | 1,8+0,058 |15,4+0,289 [ 860+9,238
250 h 8+0,231 11£0,346 | 167,7+3,637 | 155,3£3,406 | 151+1,732| 2+0,058 | 17,440,346 | 794+8,660
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Hansenulapolymorphais a non-conventional methylotrophic yeast, particularly suitable to the bioalcohols
production in fermentation process to high temperature (over 30°C) due to its thermotolerant nature. It was found
that H. polymorphais able to ferment D-xylose, D-glucose, cellobiose and other lignocellulose sugars at elevated
temperatures [1].

The use of lignocellulose materials for the production by biochemical processes of chemical products of high
value is promising, because these represent an abundant and renewable source of carbohydrates. Sunflower
cultivation in the European Union (EU-27) covers some 3.6 10° ha[2] and generates yearly between 9.0 and 17
million tons of potentially useful agricultural waste.Thus the objective is to convert agricultural debris and other
biomass feed-stocks into value-added products or biofuels.

In this work, the ethanol and xylitol production has been studied, carrying out fermentation processes with H.
polymorphaat temperatures of 30, 40 and 50°C. In the fermentation processes, hydrolysates of sunflower stalks
were used. Previously,hydrolysis processes were carried out with sulfuric acid 2 M. Results showed that for a
similar initial sugar concentration, better results to xylitol concentration were obtained at 50°C. A higherspecific
sugar-uptake rate was observed atmore elevatedtemperatures, and a major concentration of non-consumed sugars
when the operation temperature was lower.

Keywords: Sunflower stalks, D-xylose, D-glucose, Ethanol, xylitol, Hansenulapolymorpha

[1] Ryabova O.B., Chmil O.M., Sibirny A.A. (2003). “Xylose and cellobiose fermentation to ethanol by the
thermotolerantmethylotrophic yeast Hansenulapolymorpha” FEMS Yeast Research. 4, 157-164.
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This paper summarizes the currently available and possible ways of valorisation of crude glycerol generated from
the biodiesel industry and focuses on the innovative utilization of that waste product via co-pyrolysis with lignite
in order to have sustainable and profitable biodiesel production. The idea of incorporating waste glycerol from
the biodiesel manufacturing process with lignite is new. Towards the direction of producing an alternative to
coal fuel, in this study, experimental results from thermochemical conversion of mixtures of waste glycerol and
lignite are presented. Thermochemical conversion is discussed in this work, having a further insight on pyrolysis
and gasification. Pyrolysis leads to the conversion of the fuel directly into liquid, charcoal and non-condensable
gases, by heating the feedstock material in the absence of air while gasification process may be integrated with
power generation. The characterization of the synthetic fuel material formed was carried out in order to
investigate and evaluate the feasibility of utilizing that waste material in such process as well as in conventional
combustion processes. Waste glycerol blend with lignite, at a percentage of 20% wt, was used for the
experiments. Co-pyrolysis performed batch wise in a laboratory, non-continuous, captive sample, wire mesh
reactor at atmospheric pressure. The process was studied, at an average heating rate over the range of 100 - 330
°C/s and a reaction time of 0,1 - 1 sec, by varying the temperature over a range of 500 - 850 °C. Glycerol content
in the solid fuel resulted in greater decomposition rate. At specific pyrolysis tempetrature (630 °C), the results
showed enhanced liquid production compared to the yields achieved from pure lignite pyrolysis and improved
gas quality.

Keywords waste glycerol; lignite; optimal management; pyrolysis; fuel; energy
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Engineering Bacterial Surfaces to Degrade Biomass
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To cost-efficiently produce biofuels, improved methods are needed to convert lignocellulosic biomass into
fermentable sugars. One promising approach is to degrade biomass using cellulosomes, surface displayed multi-
cellulase containing complexes present in cellulolytic Clostridium and Ruminococcus species. In this study we
created genetically modified strains of B. subtilis that display on their surface heterologous proteins and protein-
protein complexes. Proteins containing the appropriate cell wall sorting signal are covalently anchored to the
peptidylglycan by co-expressing them with the B. anthracis sortase A (SrtA) transpeptidase. Greater than
300,000 heterologous proteins per cell are displayed in strains in which the WprA cell wall protease has been
deleted. Two minicellulosomes were constructed that consist of a cell wall attached scaffoldin protein that non-
covalently binds to cellulase enzymes secreted into the medium. Unlike the wild-type organism, B. subtilis
displaying the minicellulosome robustly grow on biomass and can degrade greater than 60% of the biomass in 96
hours. Importantly, the cells exhibit greater cellulolytic activity than several previously reported in vitro and
yeast displayed minicellulosomes. B. subtilis has a robust genetic system and is currently used in a wide range of
industrial processes. Thus, grafting more elaborate multi-enzyme containing minicellulosomes onto the surface
of B. subtilis may yield more potent cellulolytic bacteria that can be used to efficiently degrade biomass and to
engineer consolidated bioprocessing organisms.

Key Words: Biofuels, Cellulose Degradation, Cellulosome
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Environmental protection by the anaerobic methanisation of the cameline scrap of
the slaughter-house of the city by a batch digester heated by solar energy

K. Hadri*, Mr. Khelafi*, A. Tahri* & H. BOUABDESSELAM **

* Research Unit in Renewable energies in the Saharan Medium ADRAR
** Normal Superior School of Technical Teaching of ORAN, email: bhassiba@yahoo.fr
Email: hadri_kameldz@yahoo.fr

In this work we studied the anaerobic digestion of waste coming from the slaughter-house of the town of Adrar
located at the western south of ALGERIA. The used digester is of batch type heated by solar energy. During this
study we followed the evolution of the pH and the biogas volume produced as well as the temperature inside the
digester. The obtained results show that the temperature inside the digester varies in the interval [22-47] °C,
which situated in the mesophile field (activity domain for the methanogenes bacteria), the biogas yield produced
by the digester is of 62L/Kg M.O., the organic matter conversion rate corresponds to approximately 57%.

Key words: Batch digester, anaerobic digestion, methanisation, cameline scrap, methanogenes bacteria
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Ethanol production by Pichia stipitis NRRL Y-7124 from olive-tree pruning
hemicellulosic hydrolyzate

Juan G. Puentes', Alberto J. Moyal, Soledad Mateol, Ines C. Roberto?, Sebastian Sanchez'

'Dept. Chemical, Environmental and Materials Engineering, University of Jaén, 23071 Jaén, Spain
"Dept. Biotechnology, College of Chemical Engineering of Lorena, Lorena, Sao Paulo, Brazil

Olive-tree biomass is a renewable, cheap and widespread resource that can be used to obtain fermentables sugars,
mainly D-xylose and D-glucose. After finding the best conditions to sugars production by acid hydrolysis, the
next step and the main objective of this research was to study olive-tree debris hydrolyzates fermentability to
xylitol and ethanol production using Pichia stipitis NRRL Y-7124.

A representative sample of pruning material (branches and trunks with diameter lower than 50 mm) was
collected in the corresponding period of time of this agricultural work (January and February) in a local farm
localized in Jaén (Spain).

The conversion of this debris into bioethanol and others bio-products like xylitol or fuel gas is not an easy
process. It is necessary a pretreatment in order to convert cellulose into D-glucose and hemicelluloses into D-
xylose and others fermentable sugars.#T'o obtain the hemicellulosic hydrolyzate, olive-tree pruning residue was
submitted to acid hydrolysis in a 50 L stainless-steel pressure bioreactor (0.25 M H,SOy, solid:liquid ratio of 1:10
(w:v), 100°C, 150 min) and the resulting material was filtered under vacuum. The filtrate was kept at 4 °C and
later concentrated 3 times (also under vacuum) in a 4 L evaporator at 70 = 5 °C. The concentrated hydrolyzate
was divided into 0.5 dm® parts, which were prepared in different ways to be used as fermentation media.

The fermentative behavior of P. stipitis in raw and detoxified hemicellulosic hydrolyzates in agitated flasks was
verified. Detoxification of hydrolyzate makes possible the kinetic behavior study. Temperatures assays were
carried out at 25, 30 and 35 °C. The results shown that the yeast can consume substrate at 25 and 30 °C but
no at 35 °C. The aeration was modified using a relation between volume of medium and Erlenmeyer flask
(125 mL). For this, relations of 0.2, 0.4 and 0.6 were assayed. P. stipitis shown the best results between 0.2 and
0.4. The initial pH influence was studied and the cultures carried out at pH between 5.0 and 6.5 shown the best
results. Finally, the initial biomass concentrations between 0.5 and 5.0 g/L were assayed too. A lag phase can be
observed for all assays. For this yeast, the best initial cell concentration (in order with maximum ethanol yield)
was 0.5 g/L, the maximum concentration of ethanol was 17.4 g/L at 96 h.

Keywords Olive-tree pruning debris; hemicellulose, fermentation; ethanol; Pichia stipitis;
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Evaluation of genetic variability of Jatrophacurcas L. accessions by means of RAPD
and SSR markers

L. A. S. Dias'; N. R. F. Diniz'and R. L. Sousa'
'Departamento de Fitotecnia, Universidade Federal de Vigosa, Campus, s/n, 36.570-000Vigosa, MG, Brazil

The growing concern for the environment has given focus to the production and use of biofuels.
Jatrophacurcasis a promising oilseed plant species for biodiesel production, droughtresistent and used
forrecovery degraded areas.It is also a viable crop for small farmersas an alternative source of incomesinceit can
be intercropped with other crops or livestock. Besides, it has a low production cost, ease to cultivation, and a
high oil productivity(2 ton/ha).However, J. curcasis not domesticated yet and it demands more studies on its
agronomic technology and on the development of improved -cultivars. Genetic breeding program
needsvariability. Therefore,we evaluated the diversity of 49 accessions of J. curcas from different regions of
Brazil by means of 16 RAPD primers and 9 SSR primers. The RAPD primers generated 143 bands, 79.7% of
them were polymorphic, while the SSR primers generated 11 bands, two of which werepolymorphic.The genetic
distance between pairs of accessions was calculated using the complement of Jaccard similarity index. The
displayrepresentingthe genetic distances was madeusing UPGMA algorithm. A cut for which was adopted the
percentage of 61% of dissimilarity in the UPGMAdendrogram generated two clusters: a simpleonewith the
accession 44 and another oneinvolving all other accessions. A new analysis excluding the accession 44 revealed
13 clusters. These 14 clusters were very similar to the 15 clusters generated by a cut into the UPGMA
dendrogram at a 35% of dissimilarity. However, they revealed asimilarity amongthe accessions fromdifferent
regions of Brazil, for example, thecluster comprising accessions fromMinas Gerais, Sdo Paulo, MatoGrosso and
MatoGrosso do SulStates and another cluster with accessions fromMinas Gerais and Ceara States, suggesting a
common ancestry of these accessions. This result indicates alow genetic variability among the accessions
evaluated. It should be highlighted that a new analysis that includesall 72 accessions of the Germplasm Bank has
already started as well as the search for new SSR primers that could reveal the genetic variability of the plant.

KeywordsPhysic nut; genetic diversity; genetic improvement.
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Genetic algorithm and artificial neural network approaches to predict performance
and emission parameters of a gasoline engine using TBA (Tertiary butyl alcohol)
and gasoline blended fuel
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and Mechatronic Engineering,

The purpose of this research is to study the effect of oxygenate additives into gasoline for the improvement of
physicochemical properties of blends. Methyl Tertiary Butyl Ether (MTBE), ethanol, Tertiary butyl alcohol
(TBA), has been blended into unleaded gasoline. Physicochemical properties of blends were analyzed by the
standard American Society of Testing and Materials (ASTM) methods. Ethanol and TBA increased density of
the mixtures, but MTBE, and DIPE decreased density. The addition of oxygenates lead to a distortion of the base
gasoline’s distillation curves. The Reid vapor pressure (RVP) of gasoline was found to increase with the addition
of the oxygenated compounds. All oxygenates improve both motor and research octane numbers. This study
presents genetic algorithm (GA) based model to predict the performance and emission parameters of a gasoline
engine. The objective of this study is to develop alternative robust formulations based on experimental data and
to verify the use of GA for generating the formulations for gasoline engine parameters. Experimental studies
were completed to obtain training and testing data. All data sets, the training and testing sets consisted of
randomly selected. Considerable good performance was achieved in predicting gasoline engine torque and brake
specific fuel consumption by using GP. The performance of accuracies of proposed GA models are quite
satisfactory (R2 = 0.9878). The prediction of proposed GA models was compared to those of the neural network
modeling, and strictly good agreement was observed between the two predictions. The proposed GA formulation
is quite accurate, fast and practical.

Keywords SI engine; Ethanol, Gasoline, Engine performance, Exhaust emissions, Gasoline oxygenates,
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Genetic programming approach to predict brake power and torque in SI engine
using bioethanol- gasoline blends

M. Kiani Deh Kiani ', B. Ghobadian'*, F. Ommi', G. Najafi "and T. Yusaf’
'Bioenergy Group, Mechanics of agricultural machinery Department, Tarbiat Modares University, Jalale Ale Ahmad

Express Way. Opposite to the Nasr Bridge, Tehran, Iran.* Corresponding author: bghobadian2004@yahoo.com
? Faculty of Engineering and Surveying, University of Southern Queensland (USQ) Australia.

This study presents multigene genetic programming (GP) based model to predict the brake power and torque of a
spark ignition (SI) engine. To acquire data for training and testing of the proposed GP, a four-cylinder, four-
stroke test engine was fuelled with ethanol-gasoline blended fuels with various percentages of ethanol (0, 5, 10,
15 and 20%), and operated at different engine speeds and loads. Numerous runs were performed with model of
GP and the performance of developed equations was evaluated for each run. The best models were selected
according to statistical criteria including, root mean square error (RMSE) and coefficient of determination (R?).
The values of RMSE and R” for brake power were obtained 0.388 and 0.998 respectively, for training sets and
0.659 and 0.995 respectively for testing sets. Also the results showed that the values of RMSE and R for torque
were 0.524 and 0.999 respectively, for training sets and 0.731 and 0.998 respectively for testing sets.
Considerable good performance was achieved in predicting SI engine brake power and torque by using GP.

Keywords SI engine; ethanol-gasoline blends; multigene genetic programming
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H, production by glycerol steam reforming using CoRh/mixed oxide catalysts
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The H, production by glycerol steam reforming has been studied using mixed fluorite-type oxides of CeZrCoRh
as catalysts. The effect of the Ce/Zr molar ratio on the catalysts properties and their influence on the catalytic
behaviour was discussed. Three catalysts were prepared with different Ce/Zr molar ratio:
Ceo.53Z12,97C00.47R N0 03055, (CZ'CoRh - 0.20/0.80 molar ratio), Ce,Zr; sC0g47Rhg030s.5 (CZ'CoRh - 0.65/0.35
molar ratio) and Ce; s9Zr(91C0¢.47Rhg0305.5 (CZRCoRh - 0.80/0.20 molar ratio). The different causes of
deactivation are also presented. The catalysts were characterised before and after catalytic test by XRD, Raman
spectroscopy, H,-TPR, H,-TPD, TPD-TPO and HR-TEM. The results showed that the increase in the cerium
amount enhances the stability and selectivity towards H, production (fig. 1, zone A). This is related to the
improve in different properties as the redox capacity, oxygen storage and metal support interaction. The decrease
of the catalytic activity (zone B) was observed by the decrease of the global conversion along with a change of
selectiviy, increasing the formation of the condensable products (mainly hydroxyacetone) and decreasing the
formation of non-condensable products. The H, production also decreased because of a change of selectiviy in
the gas phase being CO, CH, and C,H, favoured with respect to H, and CO,. In zone B the glycerol
decomposition appears, decreasing the reforming capability by the formation of carbon deposits. According to
the different by-products analysed, two reaction systems were proposed: (i) the non-condensable products, H,,
CO, and CO are formed by glycerol steam reforming, or (ii) can arise from the steam reforming of the
condensable products, produced thermally before reaching the catalyst. The WGS reaction also plays an
important role to convert CO into H, and CO,. CHy4 could arise from methanation of CO, formed with H, by
glycerol decomposition. The main condensable products, hydroxyacetone, acetaldehyde and acrolein were
formed by glycerol dehydration on acid sites. The methanol production is related to ethylene glycol
hydrogenation followed by irreversible C-C bond cleavage. Finally, the formation of carbon deposits can also be
related to the formation of hydroxyacetone and acrolein: by the further dehydration of the molecule of acroleine
and by the oligomerisation of hydroxyacetone to form polyglycerol species which may lead to coking reactions.
Thus, the activity results demonstrated that the selective H, production is related to the capacity of the catalysts
to activate the H,O under reaction conditions. This step ensures the reforming of the by-products until H,. The
loss of this capability decreases the H, production decreasing the steam reforming capability and favouring the
glycerol decomposition. In this last stage, the production of CO, CH, and C,H, is promoted and also the
formation of condensable products as hydroxyacetone, acetaldehyde and acrolein is favoured.
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:: :.: Figure 1. H, production at 650°C
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Heterogeneous catalysis and Dark fermentation integrated system for the
conversion of cellulose into biohydrogen
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1. Introduction

Fossil fuels contribute to about 85% of the total world energy usage causing a depletion of the reservoirs. The
development of clean and sustainable alternative energy sources is a global priority. In the planet, the energy
capture by photosynthesis is approximately 100 terawatts, about six times the energy consumption of the
civilization. This makes biomass a natural renewable source for energy production. Cellulose is the most
abundant non-food constituent available in plant biomass. It is a chain of glucose units bond by -1, 4-glycosidic
linkages which confers a highly recalcitrant nature [1]. Typically, the direct cellulose dark fermentation into
hydrogen requires chemical or physical pre-treatments [2]. Here an integrated system between heterogeneous
catalysis and dark fermentation was developed. The hydrolytic capacity of the ZrO, catalyst was modulated by
different promoters for the cellulose conversion into smaller sugars. The resultant sugars were further submitted
to dark fermentation.

2. Experimental

Promoted ZrO, was prepared by incipient wetness impregnation with different electronegative ions at 5 wt% and
they were labelled as zirconium phosphated (ZrO,-P), fluorated (ZrO,-F) and sulphated (ZrO,-S). The pure ZrO,
was also studied. The ZrO, materials were structurally characterized by XRD. NH;-TPD was performed for the
total acidity determination. Surface area and porosity properties were evaluated by N,- physisorption. The
surface structure of the remaining cellulose after the reaction was studied by SEM. The hydrolysis of cellulose
(16g/1) was carried out at 453 K and 30 bar for 15hrs. The resulting products were analyzed by TOC and HPLC
to determine the cellulose solubilisation and selectivity to glucose, respectively. The dark fermenting was done in
100 mL serum bottle in anaerobic condition. Enterobacter spH1 and Citrobacter freundii H3 were employed. An
overnight grown inoculum of 10% (v/v) was transferred to a synthetic medium having 0.5% (wt/v) of the
catalytic treated carbon source. Hydrogen was measured using a tight syringe after an incubation of 72 hrs in
GC-14B. The end fermentation products were analyzed by HPLC.

3. Results and Discussion

From the XRD patterns of the ZrO,, ZrO,-P and ZrO,-S the zirconium tetragonal phase was mainly the observed.
For the ZrO,-F, the monoclinic phase was most dominant. The promoter effect over the ZrO, textural properties
were also mirrored in the N,-physisorption results (Table 1). The ZrO, surface area decreased from 113 to
52m?/g when promoted by phosphate. ZrO,-S, ZrO,-P and ZrO,-F presented similar range of pore size. Based on
the Figure 1 it is noteworthy that the cellulose conversion was enhanced for all promoted zirconium materials
with respect to the pure zirconium oxide. The highest selectivity (15.8%) towards glucose was obtained by ZrO,-
P material. The ZrO,-S presented the lowest selectivity (4.5%) towards glucose and the highest conversion
(20%). This can be explained by the fact that the sulphate species confers highest acidity (Table 1) that induces
higher hydrolysing capacity to the catalyst. Examination by SEM of the fibers from the cellulose surface after
catalytic test revealed that they suffered degradation compared to the smooth ones of the pure cellulose. The
product of the reaction catalysed by ZrO,-P was effectively used by the microorganism, without any additional
treatment, totally converting the remaining glucose into biohydrogen and other byproducts.
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Table 1 N, adsorption and NH;-TPD analysis data B Conversion
Sample BET Pore size Acidity * e
(m/g) (m) | (umol NHym) .
Zr0, 113 4.15 61 z
Zr0,-P 52 4.15 307 e
Zr0,-S 59 4.53 372
ZrOy-F 63 8.15 31 s

z02 202p 202F 2025

Fig. 1 Catalytic performance of the promoted
ZrO2 samples.

Keywords: cellulose, hydrolysis, ZrO,, phosphated, catalyst, glucose, bacteria

[1] G. Centi, P. Lanzafame, S. Perathoner, Catal. Today 167 (2011) 14.
[2] T. de Vrije, G. G. De Hass, G.B. Tan, E.P.R. Keijsers, Int. Hydrogen Journal 27 (2002) 1381.
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High Efficiency Microalgae isolated from Persian Gulf and large scale biodiesel
production in 25.000 L. Open pond
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In previous study we are screening of 147 microalgae isolated from Persian Gulf for their biomass productivity
and lipid content (Moazami et al., 2011). Nannochloropsis strain PTCC 6016 which attained 52% lipid and 46.4
mg/l/d productivities selected for large scale production in 2000 and 25.000 liters open pond.

The strain was grown outdoors in seawater and under natural sunlight condition. An average of biomass
productivity of 2.81 g/l/day and 50 % lipid content was obtained.

The experiment showed that this microalgae has the potential for an annual production of 280 tons biomass and
140 tons of lipid / hectare / year.

Scale-up experiments with the Eustigmatophyte , Nannochloropsis sp. PTCC 6016 were carried out in 2.000 L.
open pond under 50% sunlight illumination (greenhouse) and 25.000 L. outdoor open pond under direct
sunlight illumination in seawater to evaluate the influence of light intensity, and concentration of nitrogen and
phosphorus on culture productivity and fatty acid accumulation. The culture system used in these experiments
consisted of four 2000 L. indoor and three 25.000 L. outdoor open pond.

Microalgae cultivated in sea water and batch condition for 2 weeks. Illumination was provided by daily sunlight
(180 and 300 pmol PAR photons/m?/s indoor and outdoor respectively), the reactor was contained paddle well
for mixing and gas exchange. Paddle well maintained with 20 rpm/min.CO2 was added to pond to provide
carbon source to microalgae and maintain pH at 7.5+2 for one week. In the second week with the rise of pH to
over 8, microalgae cells concentrate high quantity of oil. CO2 was injected into the culture through a gas diffuser
for pH regulation.

The Nannochloropsis PTCC 6016 with a lipid content of 52% and lipid productivity, showing the best
combination of biomass productivity and lipid content, perform well in outdoor conditions, were among the best
producers in terms of biomass and lipid. Selection was guided not only by biomass productivity and lipid
content, but also by the strain robustness and capacity to dominate for relatively long periods in high temperature
and high radiation in outdoor culture

Table-1-Biomass productivity in indoor
and outdoor Open pond

Temperature Blomass
praductuy

IrdooriPord 180 umol AR 30°c 2pm 22/l
Mo phatons/ms

IrdooriPord 180 umol AR 30°C Bom 1578 n/y
No.2 photons/nls

rdoorPond 190 umol AR 30°c 5om 1890//day
Mo

phatons/n

Irdoorpord 180 umol AR 30°c 2em 191g/day
Nos. phasons/nls

BowL  s0oumolon 32:¥e 2mm 2s1g/ey
autdoorpord  phatons/ns

Generally under nutrient shortage, the fraction of lipids may increase, cellular growth declines with the overall
effect being a decrease of lipid productivity

Nannochloropsis PTCC 6016, appears as a glaring exception, it was observed in our trials that lipid synthesis
may continue in this organism culture period, not only at the expense of other cellular components, but starting
from newly fixed carbon, and this generally is coupled with enhanced lipid productivity.

Key word: Microalgae; Biodiesel; Nannochloropsis; Raceway pond; Paddlewheel speed
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High efficient bio-ethanol production method to offer competitive alternative spark
ignition engine fuelling
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Biofuels have an increasing utilization in the internal combustion engines applications in order to improve the
engines economical performances and to limit the levels of the exhaust emissions. Among these new types of
fuels, alcohols, especially ethanol and methanol have received recognition of their capacities to replace the use of
the classic fossil fuels.

Ethanol has been proved to be an efficient substituting fuel in the spark ignition (SI) engines due to its good
miscibility with gasoline and to provide better results concerning the hydrocarbons and CO, concentrations from
the exhaust gas emissions. Therefore UE market policies encourage the further development of the automotion
industry using ethanol-gasoline dual fuelling technologies. Ethanol produced from the biomass extracted from
the rapid cycle poplar culture presents certain benefits in terms of production, environmental protection and fuel
properties (caloric heat, viscosity and lubrication etc). Bio-ethanol seems to become an important agent to be
used in the alcohols based on fuel-cells due to its safer storage and operation conditions.

This paper presents original results based on bio-ethanol obtained through enzymatic fermentation of the sugar
compounds extracted from wooden biomass (obtained by bio-hydrolysis using Metha Plus L100 that contains -
glucanases, cellulases and xylanases ) which is a new method for bioethanol preparation. This one has been
harvested from special poplar clones with rapid growing cycle (coded as Sacrau 79, AF-8 and Monviso) coming
from three different regions of Romania. The alcoholic fermentation process was achieved by using
Saccharomyces Cerevisiae. The resulting product is submitted to breakage, azeotropic distillation and physic-
chemical characterization for its mixing with gasoline. Due to its good miscibility with gasoline some tests could
be performed using gasoline-ethanol mixtures within 0 and 30% ethanol substitution mass. Theoretical
simulation of air-fuel mixture formation inside the engine cylinder as for its combustion and heat release is also
to be described in order to highlight benefits consisting in SI engine increasing efficiency and emissions’ levels
decrease (especially in case of hydrocarbons and CO,).

Key Words: bio-ethanol, wooden biomass, enzymatic fermentation, engine efficiency, low emissions
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High methane gasification of biomass - experimental studies

S. Poskrobko
Faculty of Mechanical Engineering, Biatystok University of Technology, 15-351 Biatystok, Poland

This paper presents the preliminary results of the experimental research on low pressure (atmospheric pressure)
process of gasification of biomass in a dual-layer gas generator. The first layer is a biomass coke, and the second
- biomass from agricultural waste. The gasing factor is the air. We point out the high proportion of combustible
synthesis gas components including mainly CH4 which translates to high efficiency of the generator process.
High performative, especially highmethane synthesis gases generation technologies are justified by the
possibility of development of low emission energy technologies. The synthesis gas with a high proportion of CH,4
is an excellent reburning fuel, used in combustion processes for effective NOx reduction. Despite these
technological perspectives suggesting favorable conditions for operating the system boiler-generator, so far there
have been very few implementations of co-combustion e.g. of synthesis gas with coal.

In the processes of synthesis gas production, waste fuels are used mainly in the form of wood biomass (such as
construction and forestry waste) or fuels formed form waste such as RDF. Such fuels are usually gassed in fixed
bed technology, and at high water content the process is carried out in rotating chambers. Such arrangements are
typical for small gas capacities, where the main combustible component is CO and H,, and CH, yield is
estimated to about 1%. Large capacities and performances of gas generators are obtained in the fluidized bed
technologies. Their advantage is beneficial(of about 75%) chemical conversion of fuel to gas factor, which is
justified with a relatively high proportion of combustible gases, e.g. CO- 22%, CHy - 3-7%. Higher
concentrations of these gases are obtained by gasifying biofuels in an air environment with water vapor and
oxygen with water vapor. Approximately 36% of CHy in the synthesis gas was obtained during the gasification in
a fluidised bed, of fuel in the form of a mixture of coal, pine waste wood and plastic. The process was carried out
using gasification agent which were air and water vapor. The increase in efficiency can be achieved by upgrading
gas generators structures, such as: changes in shape and allocation of blast to nozzle gasifying agent,
construction or shape of the grill gasifying chamber. Good results are obtained in the cyclone chambers, where
with high fragmentation of biomass fuel the methane yield can reach a value of 10%. Given the quality of gas
reburning fuel, gasification process can be implemented more effectively if it is proceeded in two layers, i.e.
biocoke and agricultural biomass such as waste grain and wastes from the production of vegetable oils. This
biomass, due to specific abilities to produce zones of reduction (fat content), naturally favors the formation of
methane in the gasification process. Experimental studies presented in this paper have shown that the maximum
yield of methane, in the case of gasification extracted rapeseed meal was 10.4 -14.7% at T = 541.5-563.8°C, oat -
CH, = 11.6% at T = 638.2 - 642.3°C. While gasification in two layers, i.e. coke timber (layer I), extracted
rapeseed meal (layer IT) could result in the amount of methane CH, = 23% - 47.2% at T = 957.6 - 982.2°C. The
process was carried out continuously in the laboratory gas generator in air environment. Gas generator power
was 3 kW.

The results of experimental studies show that in the case of two-layer gasification, methane rich gas can be
effectively used as reburning gas in boilers fired mainly with coal dust. The results also suggest that in the longer
term, research should examine the process of thermal treatment of the first layer, i.e. bio-coke in the stream of
water vapor and air. High temperatures of around 900°C are encouraging, where may occur favorable to the coal,
complex process of carbonizate activation according to the following sequence of equations: C+ H,O—C (H,0);
C(H,0)—H, + C(0); C(O)—CO, which involves the creation of additional products, valuable in terms of energy,
such as H, and CO. High share of CH, in the synthesis gas also suggests the possibility of using steam reforming
to increase the participation of hydrogen.

Keywords biomass, coke, gasification , high methane
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Hydrogenation of animal fat and waste vegetal oils to biofuels production

P. Costa', F. Pinto', P. Branco'
! Unidade de Emissoes Zero, Laboratério Nacional de Energia e Geologia, 1649-038 Lisboa, Portugal

Nowadays, modern society relies deeply on solid, liquid or gaseous fuels from fossil sources to produce energy.
Due to economical, social, and environmental issues, it becomes crucial to obtain alternative fuel sources. The
combustion of transportation fuels contributes, considerably, to the emission of greenhouse gases, so it is
essential to find new neutral carbon technologies that can lead to the production of clean and renewable transport
fuels. The use of different materials, such as waste oils and animal fat, is one of the most promising ways to
replace conventional diesel fuels with positive effects to the environment. Vegetable oils and animal fat have
suitable properties (high triglyceride content and negligible sulphur, nitrogen and heavy metal content), to be
used as an important source for the production of alternative fuels. Different technologies have been studied but
hydrogenation seems to be a simple and efficient method for fuel production using this material.

The hydrogenation and cracking of these raw materials (with high triglycerides content) leads to the formation of
a liquid product that can be further mixed with conventional fuels and used in conventional storage and
distribution systems and in engines. The main advantage of this process is the possibility to use oils from several
sources (including used oils) and also waste animal fat, to produce a liquid product with a consistent quality.

The studies that have been carried out, in this field, mainly use vegetable oils like soybean, rapeseed, sunflower
and palm to produce biofuels. However, the high prices of these vegetable oils and the controversy around the
use of materials which compete with food crops, lead to the necessity of finding alternative resources to produce
biofuels. Moreover, the application of the transesterification process in animal fat and waste vegetable oils can
present some problems due to their fatty acid profile. Consequently, it is very important to find other efficient
technologies to process this kind of wastes.

In this study the conversion of different materials into a different biofuel by catalytic and non-catalytic
hydrogenation were tested. Different materials, such as, animal fat, olive husk oil and waste fried oil were used.
The effect of experimental parameters in the product yields and quality was evaluated with the aim of selecting
the most favourable conditions to lead to liquid yield maximization and a better final product quality. The
parameters tested were reaction temperature, reaction time and nitrogen initial pressure.

Hydrogenation experiments were carried out in a high temperature and high pressure batch reactor (Parr
Instruments), at temperatures from 350°C to 450°C, nitrogen pressures of 80 and 160 psi and reaction times from
30 to 120 min. Also the effect of three different catalysts was assessed. The gaseous products were collected,
measured and analysed by GC (gas chromatography). The liquid products obtained were fractionated by
distillation and characterized by GC-MS (gas chromatography with mass spectrometry) and GC-FID (gas
chromatography with flame ionization detector).

Experimental results obtained so far showed that, this three different material, can be efficiently converted to
hydrocarbons mixtures with different applications. Regarding the effect of experimental conditions, higher
temperatures and residence times seems to favors the gas yield, because besides hydrogenation, some cracking
reactions also occurred. The gas fraction is, mainly composed by CO and CO,. Hydrocarbons are also produced,

being methane and ethane the compound present in higher concentrations.

Keywords hydrogenation; animal fat; waste oils; biofuel,
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ILs for applications in biomass conversion and reprocessing

Boyan Iliev, Marcin Smiglak, Thomas J. S. Schubert
ToLiTec Ionic Liquids Technologies GmbH, Salzstrasse 184, 74076 Heilbronn, Germany

Biomass, composed mostly of such biopolymers like cellulose, hemicellulose, and lignin, starch, chitin is
currently one of the most underutilized renewable resources available to humans. So where is the main problem
with utilizing this virtually endless resource? This state is mostly due to difficulty with processing biomass
itself, which comes to a limited number of common solvents in which the biopolymers can be dissolved and
fractioned. Current methods for the separation lignocellulosic biomass and recovery of pure fractions of
individual components like cellulose and lignin, still in most cases involve chemical pulping, which accounts for
almost % of worldwide production of pulp. Such processes like Kraft and Organosolv besides being
economically expensive (multiple reactors, caustic chemicals, large amount of water use, bleaching) often
produce large amount of waist.

Even though there are over a 1000 literature reports on the dissolution and reprocessing of biomass utilizing ionic
liquids, screening for new ILs capable of dissolution and reprocessing of biomass is far from over. This is
mostly due to enormous amount of the ion combinations that can be prepared as ILs.

In our laboratory we have a privilege of being able to test hundreds of ILs at the same time as our ILs catalogue
contains over 300 IL products and most of them we have in stock. Utilizing know-how about structure-property-
relationships and available literature reports we have selected a matrix of 48 ionic liquids composed of various
cations and anions (Figure 1) and tested their dissolution power toward three biopolymers: cellulose, lignin and
starch. The IL selection criteria involved considerations of: (i) kind of cation core (pyrrolidinium, imidazolium,
aromatic, aliphatic, cyclic), (ii) length of alkyl chains, (iii) functional groups on alkyl chains, (iv) anion kind.

Our initial results support our hypothesis that tuneability of properties of ionic liquids through modification of
the structure of the cation and anion allows to select particular IL for specific applications, as in presented case,
dissolution of biomaterials (Figure 2). In our presentation we will present initial results and an outlook on the
applicability.
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Influence of biodiesel fatty acid composition on exhaust emissions and engine
performance

M.IL Gregorio-Arenas'; S. Pinzi'; M.F. Ruz-Ruiz'; D. Leiva-Candia'; M.D. Redel-Maciasz; A.J. Cubero-
Atienzaz; M.P. Dorado'

'Dep. Physical Chemistry and Applied Thermodynamics, Ed Leonardo da Vinci, Campus de Rabanales, Universidad de
Coérdoba, Campus de Excelencia Agroalimentario Internacional ceiA3, 14071 Cérdoba, Spain
*Dep. Rural Engineering, Ed Leonardo da Vinci, Campus de Rabanales, Universidad de Cordoba, 14071 Cérdoba, Spain

The increase of the use of biodiesel in developed countries has promoted the study of different raw materials to
produce this alternative fuel. Biodiesel (fatty acid methyl esters, FAME) is produced by transesterification of
triglycerides from vegetable oils or animal fats. The most important physical and chemical properties of
biodiesel, such as iodine value, calorific value, kinematic viscosity and cetane number depend on the fatty acid
composition of biodiesel (Knothe 2008; Pinzi, Leiva et al. 2011). It has been demonstrated that
engineperformance and exhaust emissions depend on these physical and chemical properties; for this reason, it
may be inferred that engine performance and emissions must be correlated to biodiesel fatty acid composition.
The objective of this study was to evaluate the effect of fatty acid composition of the raw material used for
biodiesel production on engine performance and exhaust emissions. Biodiesel was produced by the
transesterification of sunflower oil, coconut oil, palm oil, linseed oil and pomace olive oil. Raw materials were
chosen according to their variety in fatty acid composition, considering their unsaturation degree and
hydrocarbon chain length. The most important physical and chemical properties of each biodiesel were analyzed
according to the standard EN 14214. Next, biodiesel was blended with diesel fuel at 20% and 50% vol/vol and
further tested in a farm diesel engine (Perkins model AD 3—152) by a portable dynamometer (Froment NJF). The
higher the percentage of biodiesel in the blend, the higher the brake fuel consumption. Using a portable Testo
350-S exhaust emissions monitor, a reduction in emissions of carbon monoxide (CO) with the increment of the
content of biodiesel in the blend was found. Also, the higher the fuel kinematic viscosity, the higher the noise
(tested with a Soundbook instrumentation series) and CO emissions. In this sense, a linear correlation between
kinematic viscosity and biodiesel unsaturation degree was found. Therefore, it may be concluded that the use of
biodiesel in an internal combustion diesel engine produces an increase of fuel consumption and a reduction of
CO emissions. Moreover, to reduce the noise and CO emissions, biodiesel from oil with a high degree of
unsaturation is recommended.

Keywords Nitrogen oxides emissions (NOx), sunflower methyl esters, coconut methyl esters, palm methyl esters, saturated
fatty acids
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Influence of the zinc, magnesium, thiamine and pyridoxine supplementation on the
fermentation of sugar beet juice to bioethanol
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There are many attempts to scale-up the production of second and third generation of biofuels but ethanol from
simple converting raw materials, like starch or sucrose containing, remains still one of the most important
biofuels. It’s expected that ethyl alcohol will be one of the dominating biofuels for next 10-30 years. Production
of ethanol from sugar beet, due to high sugar concentration, is an easy way to obtain the sustainable fuel, ready to
use in the transport. Bioethanol manufacturing process is strongly dependent on yeast activity. Despite that
alcoholic fermentation seems a well-known process, fermentation activity of Saccharomyces cerevisiae depends
on many factors, also on the presence of microelements like zinc and magnesium but also B-group vitamins.

Aim of this study was to establish the influence of zinc, magnesium, thiamine and pyridoxine addition to sugar
beet thick juice based worts on the fermentation dynamics and ethanol yield.

3 hybrids (ER2, TSC8 and PM14) of distillery yeasts obtained by means of sexual hybridization in the Institute
of Fermentation Technology and Microbiology (Lodz Technical University) were used as a biological material.
Fermentations of thick juice diluted to 20°Blg enriched with mineral salts and nitrogen were carried out for 5
days at 30°C. Worts were also supplemented with thiamine (0-50ug/L), pyridoxine (0-100ug/L), Zn*" (0-
100mg/L) and Mg*" (0 -500mg/L). Yeast suspension in sterile water, was added in the dose of 1g of d.m./L to
start the fermentation. Initial phase of fermentations lasted for approximately 30-48 hours and ethanol yield
approached 76+91% of the theoretical.

Thiamine and pyridoxine dosage increased the ethanol yield. Additionally, thiamine supplementation resulted in
the shortening of initial fermentation phase, whereas no such effect was observed for trials with pyridoxine.
Fermentation of the samples supplemented with magnesium revealed that those elements, in the experiment
conditions, had less significant impact on fermentation than vitamins. Zinc supplementation increased total
ethanol yield by 2-3 %, comparing to samples without zinc sulfate addition, however no impact on fermentation
dynamics was observed.

Concluding the results it may be stated that it’s advisable to supplement worts prepared from sugar beet thick
juice with zinc and magnesium (both in the dose 50mg/L), also with thiamine and pyridoxine in the dose 50 and
100 pg/L respectively.

This work was financed from funds for Polish Science in 2009-2012 years as a part of project R&D N R12 0062 06

Keywords: sugar beet juice; bioethanol; zinc, magnesium, thiamine, pyridoxine

46



The Energy and Materials Research Conference - EMR2012
Torremolinos (Spain), 20-22 June 2012

Investigations into combustion characteristics of fuels (Biomass) and influences on
ceramic materials, to prevent heat exchanger/heat pipe corrosion

S. Ncube'
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Baehr-Strasse. 3b, 01062 Dresden, Germany

In order to increase the efficiency of medium to high temperature processes — heat recovery extracted from waste
gases through the use of heat exchangers has an overall significant impact. Currently metallic heat exchangers
have been applied in various process plants, although their application has been limited in corrosive and high
temperature atmospheres. Non oxide ceramic materials (e.g. SSiC, SiSiC) inhibit features that make them
appropriate as an alternative to metals. Comprehensive tests are required for these ceramic materials in terms of
durability under such conditions prior to their use in heat exchanger modules.

The increase in energy requirements and the challenge to reduce CO, levels has led to the renaissance of biomass
based fuels as opposed to the standard fossil fuels. On the other hand the biomass based fuels contain corrosive
components like potassium (K) and chlorine (Cl) which can lead to corrosion in process plant components like
the boiler, heat exchangers, superheaters. Thus the wide spread use of ceramic heat exchangers can be
undertaken after investigations to their applicability in these conditions.

Thepresented work therefore focuses on the ceramic materials (SSiC, SiSiC) investigations in the following
atmospheres:

eCorrosive atmosphere — Biomass firing system
eOxidative, reductive and abrasive atmosphere — Circulating fluidized bed

The investigations are thus important for the optimization of combustion processes, inclusive of biomass, heat
and power plants.

Keywords: Heat exchanger; Biomass; Corrosive; Sintered silicon carbide (SSiC); Silicon infiltrated silicon carbide (SiSiC)
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Kluyveromyces marxianus mutant strains for improved ethanol fermentation with
Jerusalem artichoke

E. -S. Choi, H. -Y. Choi, K. -M. Park and H. -K. Ryu
Industrial Biotechnology Research Center, KRIBB, 125 Gwahangno, Yuseong-gu, Daejeon 305-806, Republic of Korea

Kluyveromyces marxianus is a thermotolerant yeast species having characteristics of a short doubling time and a
broad range of carbon utilization compared with Sacchsaromyce cerevisiae, the work horse in current ethanol
production process. Therefore, K. marxianus is being investigated for potential applications in bioethanol
production from various carbon sources in biomass including inulin from Jerusalem artichoke, lactose from whey,
and hexoses and pentoses from lignocellulosics. In an attempt to improve carbon utilization in Jerusalem
artichoke, we isolated K. marxianus mutant strains for improved ethanol fermentation with Jerusalem artichoke.
K. marxianus NCYC2887 strain was subjected to UV mutagenesis, resulting in mutants with several-fold
improved inulinase activity. The inulinase gene was also cloned from K. marxianus NCYC2887 strain and
expressed in a S. cerevisiae for ethanol prodcution from Jerusalem artichoke without inulinase pretreatment. The
fermentation performance of K. marxianus mutant strains in ethanol production with Jerusalem artichoke was
studied in comparison with the recombinant S. cerevisiae strain expressing the inulinase gene from K. marxianus.

The K. marxianus UV mutants behaved different from the wild type strain in carbon source utilization. The
mutant strains could utilize lactose more efficiently than the parent strain. The lactose utilization was not
dependent on aeration. The mutant strains could efficiently ferment a mixture of lactose and Jerusalem artichoke
without significant sugar preference.
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Microalgae production for biodiesel using mixed system (batch, turf scrubber and
photobioreactor)
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Bioenergy is an important subject considering environmental issues and also a good opportunity for business. In
Brazil, there are adequate conditions for bioenergy production, considering the diversity of aquatic resources, the
solar position and large agricultural area, among other advantages.

Microalgae is an excellent alternative for biodiesel production associated with bioremediation of wastewater in
relation to the removal of nitrogen and organic matter. The high biodiversity of microalgae combined with
genetic improvement and the development of a technology for large scale cultivation, allows its use in various
applications, in particular the treatment of wastewater from industrial processes, mitigation of greenhouse gases
by the assimilation of carbon dioxide (CO,), and the production of biofuels such as biodiesel and ethanol. In this
context, this work involves the construction and operation of a conjugated system of microalgae cultivation at the
University of Santa Cruz do Sul (Fig. 1), using the effluent from the sewage treatment plant of the university,
assessing the growing capacity, nutrient removal and the oleaginous potential of the algae's biomass, in order to
be used in the future for the production of biodiesel.

To monitor the cell density and biomass dry weight a method with UV/vis spectrophotometer was standardized
and a good correlation coeficient (R*> 0.98) was obtained. For the recovery of microalgal biomass, an
electroflotation method with iron plates eletrode was also evaluated. The results indicated the development of
various strains of microalgae, obtaining a maximum cell density of 25.48 x 10° cells mL™, 620 mg L' of dry
biomass and lipid percentage of 1.36 % without CO, injection. The values for the cultivation with addition of
CO, in 15 days were 26.97 x 10° cells mL™', 720 mg L™ dry weight and lipid percentage of 6.07%. The averaged
content of extracted oil was lower than the results obtained using a tubular photobioreactor for cultivation of the
microalgae Desmodesmus subspicatus (CHLOROPHYTA). With D subspicatus the average content extracted oil
was 18 and 12% for the cultivation with and without the input of CO,, respectively.

Using the effluent from the sewage treatment plant of the university in the mixed system for microalgae
cultivation, there was a remarkable reduction in the alkalinity, total phosphorus, ammonia nitrogen and total
Kjeldahl nitrogen parameters. The results indicated that there was assimilation of nutrients (biomass growth)
mainly in the culture with CO, injection. The variation of the effluent composition and the presence of carbon
dioxide did not provide distinct fatty acid profiles compared to the conventional cultivation methods and without
CO; injection. In all samples, the main fatty acids obtained were the C16: 0 (palmitic acid) and C18: 1 (oleic
acid).

Figure 1 — Mixed system for microalgae Production. (1) turf scrubber system, (2) batch system and (3) photobioreactor.

Keywords microalgae, biodiesel, mixed system, biorremediation
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Novel Techniques (Sonochemistry and Microwave) for the preparation of Biodiesel
and Bioethanol

P. Indraneel, M. Koberg, M. Klein, and A. Gedanken
Department of Chemistry, Bar-Ilan University, Ramat-Gan, 52900, Israel

I will report on the full conversion (~100%) of oils to biodiesel. This was accomplished by the transesterification
of pristine (soybean) oil and restaurants cooked vegetable oil to biodiesel, based on microwave dielectric
irradiation as a driving force for the transesterification reaction and SrO as a solid basic catalyst. This
combination has demonstrated excellent catalytic activity and stability. According to '"H NMR spectroscopy and
TLC results, this new combination accelerates the reaction, so that the reaction was completed in 10 seconds
when stirred, and 40 seconds when unstirred, maintaining a very high conversion (99%) and high efficiency. The
catalyst was reused for 5 times and showed the same catalytic power.

We will also demonstrate the direct conversion of as-harvested Nannochloropsis algae into bio-diesel without
separating the lipidic phase. The results are based on the use of two novel techniques. The first is a unique
biotechnology-based environmental system utilizing flue gas from coal burning power stations for microalgae
cultivation. This method reduces considerably the cost of algae production. The second technique is the direct
transesterification (a one-stage method) of the Nannochloropsis biomass to bio-diesel production using
microwave and ultrasound radiation with the aid of a SrO catalyst. In the early stages of this research the lipidic
phase was extracted from the microalgae and transestrification followed it. Later we became courageous and
carried out the transesterification directly on the as-harvested microalgae. Full conversion to biodiesel was
achieved in 5 minutes.

Bioethanol is a renewable and environmentally benign substitute to the current fossil fuel based transportation
fuels. Fermentation of sugars, which is in general a slow process, forms an inevitable step in the production of
ethanol from renewable sources. The aim of the research work is to accelerate the fermentation process.
Fermentation of glucose was carried out using Saccharomyces cerevisiae under continuous mild ultra sonication
conditions. The kinetics of the fermentation reaction was monitored by *C NMR spectroscopic analysis and
weight loss measurements of the fermentation broth. The reaction rate constant was enhanced by 2.5 and 2.3
times as a result of sonication at 20 and 30 °C respectively compared to stirred control experiments, and 10 times
faster than the non stirred fermentation. The acceleration in the fermentation of glucose is observed both at 20
and 40 % concentrations of glucose. Thus mild ultrasound has the potential to accelerate the fermentation process
by a factor of 2.5.

I will also present preliminary work on glycogen which is related to conversion of commercial glycogen to
glucose and also the glycogen synthesized from CO, using cyano bacteria into glucose. Microwave energy has
provided an easy way to depolymerize (hydrolyze) glycogen. With 1 M of HCI, the complete conversion of
glycogen (commercial) to glucose was achieved in 5 minutes. With 0.2 M HCI, complete conversion of the
glycogen synthesized using cyano bacteria could be achieved in 10 minutes. Such a conversion under regular
reflux conditions at 80 °C in 1 M of HCI requires more than 6 hours.

Finally, The best example of the conversion of biomass to ethanol is our successful conversion of Pine Cones to
ethanol.A simple methodology based on the alkaline pretreatment of the biomass was developed to separate
lignin from the pine cone and get cellulose and hemicellulose exclusively.

Figure 1. Pictorial representation of pine cone from pinus radiate
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Numerical identification of design parameters enhancing a minihybrid system of
energy renewable “solar — biomass” for the electricity generation
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Rouyn-Noranda, Quebec, J9X 5E4, Canada

Email: guyh.dituba-ngoma@ugqat.ca

Because of global trends to deregulate the energy market and the reduction of energy costs, industrial
manufacturers of Canada more opt for a way of bigger energy efficiency while using the alternative energies for
the production of steam and/or electricity. With regard to the solid biomass, it can be converted into energy in
several different ways. It can be burned directly to produce steam and electricity. The principle used to produce
electricity consists in recovering the energy of biomass combustion for the production of steam, that, on its turn,
is sent to a steam-powered turbine to drive an alternator. This process is profitable for the steam-powered turbine
and the whole plant if the power to generate is higher. Other technologies have been developed that involve
gasification of biomass fuels. In this process, biomass is converted to gas for direct biomass fired gas turbines.
This leads, among other factors, to the corrosion and the fouling of turbine blades. However, for the ranges of
weak power (until 5 MW), the concept of indirectly fired gas turbine is commonly utilized. This consists to use a
heat exchanger to transfer heat from the biomass combustion to clean air, which passes through a turbine to
create electricity. Due to material considerations in the combustion chamber and the heat exchanger, the turbine
inlet temperature is fixed at full load conditions. This concept presents particular advantages for environmental
and technic aspects. Indeed, turbine blades are solicited solely by the hot air that is cleaner than the gases of
combustion of the biomass. Although the concept of use of this indirect principle seems to be simple to first seen,
but, there are again big technical challenges for the improvement and the optimization of the global efficiency of
biomass thermal power plant using an air turbine. Several research works have been published for air turbines
and the utilization of biomass for the electricity production. However, many aspects of these cycles still need
extensive study for the plant performances by using further component configurations for the regenerator and the
combustion chamber.

In the frame of this work, a numerical model of a mini-hybrid system of energy renewable “solar — solid
biomass” thermal power plant was developed to deeply study and identify parameters which improve its
performances. This model included physical phenomena, inherent of real operating of a solarpower plant and a
biomass thermal power plant. For the solar energy, cylindro-parabolic solar collectors were used to collect heat
by absorbing sunlight. A steam turbine and an air turbine were used for the electricity generation. The heat input
to air for the air turbine and to water for steam production for the steam turbine was obtained by means of heat
exchangers, solar system and a combustion chamber of solid biomass. A special emphasis was made on the
biomass combustion chamber which was also modeled to accurately predict combustion products and to enhance
its static and dynamic behaviors. Numerical simulations were accomplished to prove the effectiveness of the
present work in model prediction of static and dynamic behaviors of a minihydrid solar-biomass power plant.
The developed model was validatedby comparing obtained numerical results with the published results in the
literature relative to solar and biomass power plants. Further research work is planned to complete this study by
designing and constructing a prototype of hydrid solar-biomass power plant for experimental validation.

Key words Solar energy; Biomass;Wood Residues;Modeling and Simulation
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Optimization of biodiesel production from some wild non edible oil yielding plants
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In recent times, the world has been confronted with energy crises due to depletion of fossil fuel resources. At the
same time increase in petroleum prices, environmental pollution and diminishing supply of fossil fuels are the
key factors leading to search for alternative sources of energy. Currently the most often used type of biofuel is
biodiesel which is renewable, biodegradable and non toxic fuel for diesel engines. It is derived from vegetable
oils by transesterifiction with alcohols. The main hurdle to the commercialization of biodiesel is the cost of raw
materials. The high value of edible oils a food product makes production of a cost effective fuel very
challenging. To overcome these hurdles, non edible, inexpensive low grade seed oils with value added
byproducts is utmost important to make the biodiesel production economical. This project is initiated in Pakistan
with concept of mega tree plantation for green fuel for green Pakistan. The overall objective of this project is to
reduce carbon in atmosphere using renewable green fuel. To investigate the impact of mega tree plantation on
degraded barren and eroded land to overcome the energy crises, environmental pollution and promote
biodiversity and ecosystem conservations in Pakistan. This study described in detail an optimized protocol for
biodiesel production from non edible oil seeds i.e. hemp oil (Cannabis sativa L.), castor bean (Ricinus communis
L.), neem oil (4zadirachta indica A. Juss.) and pongame (Pongamia pinnata (L.) Pierre.) Crude oil of these non
edible oil seeds is converted into green fuel through base catalyzed transesterifiction by using an optimum ratio
of 1:6 (Oil : Methanol) at 60 °C. The fuel properties of biodiesel blends i.e. B100, B50, B20, B5 were compared
with ASTM standards. Based on qualitative and quantitative analysis of Biodiesel and their byproducts, the
bioenergy from such resources can be feasible, cost effective, environment friendly, if mass plantation of such
resources may initiated in suitable places at global perspective. The concept of green fuel from green plants have
positive impact on climate stability and biodiversity promotion. The lesson learned from this study will be
adopted in other countries with similar plant biodiversity, soil and climatic conditions.
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Performance and stability of corundum and mullite hot gas filter candles in
gasification environment
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As a basic component in advanced coal- or biomass-fueled gasification, hot gas filtration systems are designed to
protect downstream components like gas turbines, catalysts, heat exchangers, or fuel cells from erosion,
corrosion, and particle contamination. They are needed to clean the process gases, improve efficiency, and
decrease costs. Nevertheless, char, ash, or additive fines can have a toxic effect on the reliable functionality of
currently employedporous ceramic filters. Therefore, improvement of composition, long-term performance,
durability, andoperating life is essential to achieve a successful applicability of hot gas filter systems in advanced
gasification applications. Hence, the understanding of microstructural composition and processes is
indispensable.

In the present study six candles, five aluminum oxide-based and one mullite-based filter candle, were
investigated. The corrosion experiments were done with five types of ashes: wood chips ash from the allotherm
fluidized bed gasifier in Giissing (Austria) and four laboratory ashes from straw, miscanthus, DDGS (dried
distilled grains with soluble), and a sulphur-rich lignite. The exposure experiments were done at a temperature
range of 800°C to 950°C for 250 hours in a synthetic gasification-like atmosphere based on the gas composition
of the biomass fired power plant in Giissing. The interaction between several gasification ashes and ceramic filter
candles was characterized by scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy
(EDX),and X-ray diffraction.

Macroscopic interactions between each filter candle material and straw as well as miscanthusash was found. The
infiltration into the outer part of the candle seems to be strongly associated with the slag formation, which needs
to be prevented to ensure a stable operation of the adopted candle. SEM/EDX analyses on cross sections reveal
an effect to binder phases of nearly every filter candle material. Therefore, it is reasonable to discuss the
exposureeffects of the binder phases in detail.

Keywords:Hot GasFilters, Alumina, Mullite, Corrosion, Alkaline Metals, Binder
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Biodiesel appeared as an alternative to fossil fuels mainly diesel, presenting the great advantage of being less
pollutant due to the fact that it has no sulphur in its chemical composition, which minimizes acid rain, for
example. The main raw material of this fuel is the soybean, which is also used as human food, nowadays in
Brazil 85% of the biodiesel comes from this grain. The 2010/11 crop yield was 75 million tons, and about 7
million tons were used to produce biodiesel for the Brazilian market, this resulted in competition between energy
production and the food market, raising the price of food made from soybean. One alternative to this competition
could be the use of oleaginous grains that are not in the human food chain, for instance, the use of Cyperus
esculentus, a kind of weed that exists all over the world. This weed oil content varies between 15-22% such
variation depends on the cultivation and the soil, its productivity is about 15 tons per hectare, in an infestation
area, and these characteristics qualify the weed to the production of biodiesel. This work aims to produce and
characterize biodiesel generated from the Cyperus esculentus oil.

The biodiesel was produced through the heating of Cyperus esculentus oil up to 80°C, with the addition of a
catalyst (potassium hydroxide) 3% v/v, along with 30% v/v anhydrous alcohol (methanol). Physicochemical
analysis used for the quality control of the biofuel were: flash point, specific mass, visual color and aspect,
thermogravimetry, gas chromatography and oxidative stability.

The physicochemical analysis results are summarized and presented in Table 1.

Table 1 — Result of physicochemical quality control tests of biodiesel from Cyperus esculentus.

Characteristic Method Specification Biodiesel Cyperus
esculentus

Visual aspect Visual L.LL L.LL
Specific mass NBR 7148 850-900 kg.m™ 878,2

Flash point ASTM D 56 min. 100°C 105
Conductivity ASTM D 1125 méx. 350 pS.m’! 0
Hydrogenionic potential - 7+1 7
Induction time EN 14112 min. 6h a 110°C 1,93
Esters content NBR 14598 min. 96,5% 96,54

Results in Table 1 reveal that the biodiesel from Cyperus esculentus is in accordance with the Oil National
Agency (Brazilian ANP) resolutions, suggesting that this biodiesel can be used as a biofuel. The only test that
was not in accordance with resolutions was the induction time, as it presented time lower than ANP regulations,
this behavior is expected, however, due to the high percentage of esters with double bonds, moreover this study
did not apply antioxidants to reach the requirements of specification.

Keywords: purple nutsedge, sustainability, biofuel;
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This paper presents the possibility of producing a new generation of biofuels from agricultural sources, which are
characterized by a high softening point of ash. Such biofuels can be used for combustion in boilers of different
power, not creating operational problems in terms of their endurance. This in turn reduces outbreaks of high-
temperature corrosion of chlorine and chloride. It is well known that the combustion of biofuels such as agro
cereal straw, waste grain, grass, etc., because of its low ash softening temperature (of around 700°C) and the risk
of corrosion, do not constitute a full-value fuel for energy. This is due to a high proportion of alkaline elements,
such as: potassium (K), sodium (Na) and calcium (Ca) in biomass of flammable substances. This concerns
mainly potassium, whose share value often reaches around 20000 - 40000 ppm. At the same time the
combustible substance of such biomass is rich in chlorine (Cl). Its share is often determined at the level of 0.6%.
These elements occur in compounds with KCl1, NaCl, CaCl,. This fact is amply described in the literature, where
many authors take on the research issues such as: reducing emissions of HCI. Chloride binding is accomplished
through the use of fuel additives that are active in this respect. These activities are clearly aimed at improving the
operating conditions of boilers, which plays an important role in reducing outbreaks of corrosion. Biomass
material, subjected to the research (described in this paper), is the potato pulp constituting useless technological
waste in the starch industry. In the potato starch which represents about 40% of pulp, there is phosphorus in the
form of phosphoric acid, ester related to the Ist line alcohol group of glucose residue. Free valences of this acid
are saturated with cations - usually potassium and calcium. There is a small content of Ca - 2568 ppm, K - 2949
ppm, and Na - 3263 ppm in dry mass. Noteworthy is the high content of chlorine (Cl) in the flammable
substance, which based on the weight of dry mas is can reach even 1,1%. It is known that if chlorine is in the fuel
in the form of alkali metal salts or during the combustion process creates them, then it results in lowering the
softening temperature of ash, which in turn leads to enduring boiler furnaces, defluidization of fluidized bed and
high temperature corrosion. In order to demonstrate the anticorrosion properties of potato pulp, we demonstrate
in this paper the results of the test experiment. For this purpose, biomass fuel was prepared, in which to the agro
biomass rich in alkali and chlorine we used addition of potato pulp. To oat straw and oat bran, which moisture
content was up to 10% in working condition, 20% of the fresh potato pulp with a moisture content of 86% was
added. For such composed biofuel measurements of ash softening temperature were taken. The result is a
significant increase in the ash softening temperature (characteristic of oat straw) from about 730°C to about
990°C, despite the high proportion of the element chlorine (Cl) in the potato pulp. It gives a hint that the potato
pulp contains a component that causes the transformation of alkali metal chlorides present in the biomass
constituting (along with pulp), the second component of fuel. Thereby it minimizes the ash liquefaction, causing
high-temperature corrosion.

There are different techniques for solving problems of high temperature corrosion, such as blowing sediments,
corroded equipment replacement, cleaning fluidized bed, adding chemicals to the process, introducing elements
of a dedicated infrastructure. However, most of these methods removes only the identified impacts. Modifying
the undesired properties of agricultural biomass by composing the fuel with the addition of potato pulp is an
option of eliminating problems at their source. We can therefore believe that potato pulp binds effectively
alkaline elements, including above all potassium. Thus, during combustion, fusible alkali metal chlorides do not
appear, which significantly slows enduring of furnaces and the formation of high-temperature corrosion
outbreaks and prevents agglomeration of bed in fluidized bed boilers. Undertaking research on the modern
solution will help to develop low-emission and anticorrosion combustion technologies, which add to commercial
potential of research results that will allow significantly greater than before energetic use of agricultural
biomass.

Keywords potato pulp, combustion, high-temperature corrosion

55

The Energy and Materials Research Conference - EMR2012
Torremolinos (Spain), 20-22 June 2012

Potential of Biochar Combustion in Blast Furnace Ironmaking

Jun Fukai**, Agung Tri Wijayanta®, Md. Saiful Alam®, Koichi Nakaso® and Masakata Shimizu®

* Department of Chemical Engineering, Graduate School of Engineering, Kyushu University, 744 Motooka, Nishi-ku,
Fukuoka, Japan 819-0395

® Research and Education Center of Carbon Resources, Kyushu University, 6-1 Kasuga-koen, Kasuga, Fukuoka, Japan 816-
8580

¢ Department of Materials Process Engineering, Graduate School of Engineering, Kyushu University, 744 Motooka, Nishi-
ku, Fukuoka, Japan 819-0395

*Corresponding Author’s E-mail: jfukai@chem-eng.kyushu-u.ac.jp

For reducing CO, emission from the ironmaking process, utilization of carbon neutral material such as biochar is
one of the promising solutions instead of conventional pulverized coal injection. This paper provides a numerical
study for investigating the potential of injecting pulverized biochar in the blast furnace. Calculations were carried
out in region from tuyere to raceway, which was surrounded by a packed bed of coke. In this region, the
combustion process, which consists of inert heating, devolatilization of biochar particles, gaseous combustion of
volatiles, and continuing with heterogeneous reactions of char, was simultaneously occurred. The effect of O,
concentration and particle diameter of biochar on combustion performance was studied. Oak-char was subjected
to numerical simulation. For comparison, the simulation was also done for conventional pulverized coal
(Taiheiyo coal). As a result, Oak-char provided lower temperature than Taiheiyo because heating heat of Oak-
char was lower than that of Taiheiyo. Volatiles start to release after a preheating stage in tuyere. The highest
temperature is situated approximately on the axis of tuyere. Moreover, an increase in O, concentration resulted in
high gas temperature due to increase in combustibility. Oxygen in the raceway is quickly consumed as pulverized
biochar injected. The position of the maximum CO, concentration coincides with that of the highest temperature.
An increase in O, concentration increases temperature and CO, concentration due to the exothermic reactions of
C(s)+0,—2CO and 2CO+0,—2CO,. Particle diameter also affected combustibility. Decreasing particle
diameter increased temperature due to rapid reaction of small particle. Increasing injection rate of biochar
decreased combustibility. At high injection rates of biochar with 70 micrometers, pulverized biochar is not
completely combusted in raceway. However, using hot blast of 27 wt% O, concentration and particle diameter of
40 micrometers, Oak-char provided the combustibility of 99% at biochar injection rate of 200 kg/(1000 m® Feed
Gas).

Keywords: Carbon neutral material; Biochar; Combustion; Blast Furnace Ironmaking; Numerical Simulation.
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The production and use of biodiesel as a fuel has greatly increased in recent years due to the fact that it is
produced from renewable sources and is an environmentally benign alternative fuel for diesel engines [1]. The
most widely used industrial process for the commercial production of biodiesel from vegetable oils is the
transesterification process employing homogeneous base catalysts and methanol as the esterifying agent.
However, homogeneous catalysis requires further glycerol separation and ester purification steps that increase
the costs of production and hinders the achievement of high quality biofuels. Also, it faces difficulties in
handling multiple and varied feedstocks. Thus, heterogeneous catalyzed production of biodiesel has emerged as
an interesting process as it requires no purification steps, product separation can be more easily accomplished
and the catalyst can be regenerated and reused several times. Many synthetic and non-synthetic catalysts have
been proposed in the literature for use in transesterification of vegetable oils. However, the majority of them
requires costly precursor materials and intricate synthesis pathways. Among the various support materials used
for the preparation of solid catalysts, carbonaceous materials are one of the most relevant for they are usually
inert in both acidic and basic media, present adequate mechanical strength and texture, and are quite easy to
handle. Solid carbonaceous wastes, such as oilseed press cakes, are one of the most prominent candidates for
precursor materials in the preparation of catalysts, since they are renewable, usually available in large amounts
and potentially less expensive than other materials to manufacture a diversity of types of catalysts. In view of the
aforementioned, in this work, we have investigated the preparation and use of a sulphonated carbonaceous
catalyst for the transesterification of vegetable oils using Raphanus sativus press cake as a precursor material.
The press cake was treated with sulphuric acid followed by thermal treatment to produce the sulphonated active
surface. The prepared catalyst was used in a ratio of 10 g of catalyst for each gram of reactants in a stirred vessel
irradiated by ultrasound (1000 W; 20 kHz) for the transesterification of soybean oil with ethanol (1:6). Samples
were taken from the reacting medium and the ester yield analyzed by gas chromatography. After 75 min of
reaction, the ester conversion was of 25%. As a preliminary result, it was demonstrated the feasibility of using oil
extraction press cake as precursor material for the preparation of solid acid catalyst for the transesterification
reaction of vegetable oils.

[1] Oliveira, L.S.; Franca, A.S. From solid biowastes to liquid biofuels. In: G. S. Ashworth; P. Azevedo. (Eds.) Agricultural

wastes. New York: Nova Publishers, p. 265-289, 2009.

Keywords transesterification; heterogeneous catalysis
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Thousands of tonnes of pruned vine shoots are produced in the Spanish region of La Rioja every year. To date,
no satisfactory system has been developed for making a reasonable use of them. Therefore, the main purpose of
this article is to valorise this waste, mainly as an energy source.

Firstly, an assessment of this residual biomass was performed in La Rioja region. Data from Oficina del Vifiedo
of La Rioja Government were used. The annual quantity of available vine shoots was calculated for each
municipality in the region. This allowed us to capture the distribution of this residual biomass on a map. A total
amount of 150.000 tonnes of vine shoots was estimated for the harvest of 2010.

Subsequently, a representative sampling of the different varieties and vineyards in the region was taken. Each
batch of samples was chemically analyzed to determine its moisture content, percentage of ash, elemental
composition and high heating value. The influence of various agronomic factors on these thermo-chemical
properties was studied. Only two factors showed to be important at a statistically significant level: variety and
type of training.

Finally, the performance of vine shoots in combustion was predicted. Unquestionable advantages appeared, such
as significant higher heating values and moderate quantities of ash and low heavy metal contents. Moreover, no
problems of corrosion or emissions due to S or Cl compounds are not to be expected. However, levels of N
higher than recommended for limiting harmful emissions were found. In addition, sintering cannot be ruled out
according to ash compositions obtained.

Keywords Pruned vine shoots; thermo-chemical characterization; solid biofuel; combustion performance
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Lignin, a naturally existing biopolymer contained in lignocellulosic biomass at 20-30% on average, is a high-
volume by-product of wood pulping which in the U.S. alone exceeds 15 million tons per year. Nonetheless,
lignin has been utilized mainly as a low-grade fuel for production of heat and power to date. Domestic pulp and
paper mills in U.S. burn approximately 85,000 tonnes/day of lignin in “black liquor” to provide process energy
and inorganic chemical recycle. Lignin is also dried and sold as an industrial chemical and used as a feedstock
for polymeric products. There is however a growing demand to identify applications with higher economic value
for lignin. Although production of carbon fibers from lignin has been reported in literature, the low mechanical
properties obtained so far have prevented their commercial use in reinforcement applications. Nano-fibrous felts
consisting of porous carbon nanofibers derived from low-cost lignin, however, have potential applications that
rely on large specific surface area such as catalyst support, supercapacitor electrode, hydrogen storage materials,
carbon fiber composites, etc. Furthermore, the domestic vehicle fuel consumption can be dramatically decreased
by reducing the overall weight of production vehicles. Carbon fiber composites provide an attractive route to this
goal. Significant automotive use of carbon fiber technology will require substantial increases in fiber production
coupled with decreases in fiber price to $7/kg. An earlier study which evaluated lignin production from
renewable and recycled streams showed that diversion of 10% of U.S. lignin is sufficient to produce enough
carbon fiber to replace half of the steel in all domestic passenger transport vehicles. In addition, lignin-based
carbon fibers could be produced at lower temperature with shorter stabilization periods than other feedstocks
because functional radicals derived from the polymer’s own hydroxyls and ether linkages facilitate crosslinking.
Use of only 10 kg of carbon fiber in each of the 13 million automobiles and light trucks produced in the U.S.
each year would require roughly 5 times the estimated current worldwide production. Although lignin and lignin
byproducts are recovered at a limited number of domestic mills, the pulp and paper industry is presently involved
in development of high temperature gasification processes to increase net electric energy generation. Gasification
processes would facilitate production of carbon fiber precursors from lignin and, in some cases, might make the
recovery and storage of large amounts of lignin commercially attractive. In this work, innovative carbonaceous
nano-fibrous felts with high specific surface area were developed by electrospinning of aqueous mixtures of
alkali lignin and poly (vinyl alcohol) with varied mass ratios followed by heat treatments for stabilization and
carbonization. The developed carbonaceous nano-fibrous felts had up to 19.4-fold larger pore volume and 7-fold
greater specific surface area than the PVA-based control prepared without use of lignin, and are therefore
expected to find important commercial applications.

Keywords: carbon nanofibers; lignin; electrospinning; specific surface area; applications
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In this work, we report a methodology to produce biofuels that integrate glycerol into their composition by using
immobilised Pig Pancreatic Lipase (PPL). Activated AIPO, was employed as support for the immobilization of
PPL after functionalisation with p-hydroxybenzaldehyde (Figure 1) [1].

élv—o-u + H-R-@—oﬂoa gl—R—Q—CHo + HO (step 1)

Zw—n—©-cﬂo + HN-Enz —» é“—w@-u—hN—Em + HO (step2)

) R=-0- ad () R= —m—cn,—@-NwH—

Figure 1. Immobilization scheme for PPL through the e-amino groups of lysine residues.

The lipase was strongly fixed to the inorganic support (94.3%). Quantitative conversions of triglycerides (TG)
and high yields to fatty acid ehtyl esters (FAEE) were obtaibed under mild reaction conditions. All the conditions
studied, for free and immobilized lipase, provided yields inferior to 66%, which correspond to the transformation
of TG in a mixture ot two moles of FAEE and a mole of glycerides, due to the 1,3-regioselectivity of this lipase

[2,3].

The immobilized catalyst was highly reusable preserving most of its initial activity after 42 runs, and the reaction
mixture was easily isolated by decantation.

[1] a) D. Luna, F.M. Bautista, A. Garcia, J.M. Campelo, J.M. Marinas, A.A. Romero, A. Llobet, I. Romero, I. Serrano,
Method for the chemical binding of homogeneous catalysts to inorganic solid suports, products thus obtained and
applications of same, PCT WO 2004/096442, 2004; b) F.M. Bautista, V. Caballero, J.M. Campelo, D. Luna, J.M.
Marinas, A.A. Romero, I. Romero, 1. Serrano, A. Llobet, Top. Catal. 40(2006)193-205.

[2] Cristobal Verdugo, Rafael Luque, Diego Luna, Jose M. Hidalgo, Alejandro Posadillo, Enrique D. Sancho, Salvador
Rodriguez, Suzana Ferreira-Dias, Felipa Bautista, Antonio A. Romero. A comprehensive study of reaction parameters
in the enzymatic production of novel biofuels integrating glycerol into their composition. Biores. Tech. 101(2010)6657-
6662.

[3] Bornscheuer UT. Lipase-catalyzed synthesis of monoacylglycerols. Enzyme Microb. Technol. 17(1995)578-586.
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Increasing energy consumption has resulted in both the increasing use and the impending depletion of fossil fuel
reserves worldwide (Demirbas, 2007). Additionally, the increasing rate of release of harmful emissions
especially carbon dioxide from the increased usage of fossil fuels have led to the need for more sustainable and
environmental friendly alternative fuels such as biodiesel, bioethanol and biomass. Presently, bio-oil or tar
produced from the pyrolysis of biomass can be used directly or after further physico-chemical processes to heat
up boilers or even drive diesel engines or turbines (Mohan et al., 2006; Balat and Demirbas, 2009). The focus of
this research is to determine the pyrolysis parameters required to achieve optimum quantity and quality of bio-oil
production from Jatropha curcas pressed cake after oil extraction of its seed. Currently, Jatropha curcas is a
drought free and inedible crop which can be planted economically in tropical and sub-tropical regions. Its seed is
a promising source of oil especially for the purpose of commercial biodiesel production. A thermo-gravimetric
analysis (TGA) shows that the Jatropha curcas pressed cake contains less than 4 wt% moisture content and over
70 wt% volatiles, both of which are indicative of potential bio-oil content.It also shows that 70% of the total
volatile separation occurs at temperatures below 650 K, which is relatively low and hence optimises the energy
consumption during the pyrolysis process (Figure 1). To achieve maximum bio-oil trap, a laboratory-scale
convection pyrolysis reactor and a quencher are designed and fabricated. A corresponding Design of Experiment
is performed for this work to determine the optimum pyrolysis parameters.
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Figure 1: Thermo-gravimetric analysis of Jatropha curcas pressed cake
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The use of waste wood as a fuel in power plants is becoming more widespread in Europe, because it is a
renewable energy source with a lower cost than forest fuel. However it is a heterogeneous fuel with a high
amount of chlorine, alkali and heavy metals which leads to more corrosion than with fossil fuel or forest fuel
combustion. A part of the power plant which is subjected to a high corrosion risk is the furnace wall or
waterwall. Waterwalls are made of ferritic low alloyed steels, due to the low price, high stress corrosion cracking
resistance, high heat transfer properties and low thermal expansion. However, ferritic steels corrode very rapidly
when burning waste wood in a low NOx boiler and methods are being caught to reduce corrosion.

In this work, furnace tubes coated with Ni-alloys were compared to the uncoated tubes of 16Mo3. Specimens
were cut out from test panels after three years of exposure in the boiler. Then they were chemically analysed by
SEM/EDS and SEM/WDS methods.

The results showed that Ni-alloy coatings can change the corrosion mechanism by decreasing the production of
low melting point chloride-containing compounds, which leads to a dramatic reduction in the corrosion rate. The
role of alkali and heavy metals in the fuel is also discussed.

Keywords high temperature corrosion; water wall; waste wood; Nickel Coating; 16Mo3
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Scientific research ranks Jatropha curcas L., known as physic nut, as the most promising oilseed for biodiesel
production. This classification is based primarily on its oil, which combines high content (38% on average) with
oleic acid-rich (48% on average). Moreover, it is a hardyperennial plant, easy to manageand suitable for
intercropping with food crops and other oilseedcrops on small farms. These characteristics make it an alternative
for rural development. However, there is a lack of basic scientific knowledge on the species,on itsreproductive
biology, genetics, physiology and crop science.The species does not haveimproved cultivarsor a consolidated
technology package for its cultivation. Our study aimedto facilitate the development of hybrids, to accelerate the
registration process of cultivars and the availability of seeds for cultivation, since these are not yet available in
Brazil. The research was carried outat the Universidade Federal de Vigosa, Vigosa, MG, Brasil,using six
populations of J. curcas, which were introduced in November 2007. To make a detailed study of reproductive
biology we have used the following procedures: i) pollinations were performed in inflorescences of plants
selected at random, from December 2010 to February 2011, ii) inflorescences were marked randomly in every
three plants ofsix distinct populations; iii) on each marked inflorescence were counted the number of male and
female flowers, and the respective anthesis periods. We evaluated 12 traits:male flowers; female flowers;male-
female flowers ratio; the onset of male anthesis;the onset of female anthesis; end of male anthesis; end of female
anthesis;male anthesis; female anthesis; the onset of total anthesis; duration of total anthesis and end of total
anthesis. All these data were processed by hierarchical classification analysis of variance, under fixed model.J.
curcais a diploid allogamous plant species with 22 chromosomes. The plant is monoeciousand its flowers are
unisexual and hermaphrodites eventually. The female/hermaphrodite flowers are surrounded by the males
ones.Our study recorded an average of 119.5 male flowers (38 to 258) to 5.6 female flowers (0 to 13)per
inflorescence. The male-female flowers ratio reached nearly 28:1, in line with literature, suggesting that this
character has a high heritability. On the other hand, there were no hermaphrodite flowers this year, unlike the two
previous years. Among the hermafrodite flowers, 85,25% of them presentedprotogeny, warranting the xenogamy.
The female anthesislastedthreedays and the male anthesis about 14 days, with an overlap of only two days. The
first one occurred from first to third day and the second one occurred from second to fourthest day. The lack of
variability for traits among populations and plants within populations reinforces the need of introduction of more
populations in the population bank, in order to broaden the variability for reproductivity traits. The artificial
pollination of the flowers of J. curcas can be performed both in open as in flower bud stage (pre-anthesis). When
the hand-pollination is carried out in pre-anthesis, this waiver prior protection of the flower and prevent
contamination with foreign pollen. In pre-anthesis it is necessaryto remove parts or even the entire petals with
fine point tweezers, to expose the stigma and not damage it. Whereasin hermaphrodite flowers, the emasculation
should be made with the aid of tweezers. The removal of petals will not interfere infruit development, since they
are aborted very early in the process, leaving only the sepals to the complete formation of the flower.The
protection of the flower with cotton should be performed immediately after pollination and the identification
made with graphite plastic labels. Cover the flower with cotton was the most efficient way to avoid the presence
of insect vectors whichcan bring pollen from other jatrophaplants. The presence of these insect vectors could lead
to undesirable mixing of pollen or even promote the removal of the pollen grain of interest, previously deposited
in the flower.The best periodsto do the pollination are the early morning hours, when occurs the opening of the
flowers and the presence of pollinators is lower. As the temperature rises, the flowers bloom more quickly and
begin to exhale odoriferous substances which act as attractive to insects, both pollinators and those visitors which
seek to feed on the nectar of plants. Insects goers of the bank populations of J. curcas belong to the orders:
Coleoptera, Hymenoptera, Diptera, Hemiptera, Lepidoptera, among others, the beetles are the most abundant in
number of species and individuals. However, only bees, flies, ants and wasps have proven effective in
pollination.

Keywords: Physic nut; hybrids; genetic improvement.
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Retrofitting Practice of a 100kWth Coal/Biomass Air-firing Combustor to the Oxy-
firing Mode: Experiences and the Experimental Results

Hamidreza G. Darabkhani'*, Nelia Jurado’, Nigel Simms® and John Oakey“

1234 Centre for Energy and Resource Technology (CERT), School of Applied Sciences, Cranfield University,
Cranfield, Bedfordshire MK43 0AL, UK

Air-firing of the fossil fuels results to relatively low concentration of CO; in flue gases which make the capture
of CO, difficult and expensive. Oxy-firing combustion is a novel method of using enriched oxygen for
coal/biomass combustion with Recycled Flue Gases (RFG) to control the adiabatic flame temperature and to
increase the CO, concentration of the off-gases up to a 60-70% oxy-firing mode (compared to air-fired mode,
around 12-14%). This new technology is being applied at Cranfield University to retrofit an existing 100kWth
air-firing combustor to the oxy-firing mode. This paper presents the procedure of the modifications applied on
the combustor and the excellent results obtained for co-firing of pulverised coal and biomass in this rig.

The retrofitting process of the 100kWh air-firing combustor consisted of two major phases and during that the
following modifications and measurement systems have been implemented on the rig (see Fig.1):

+ Installation of flue gases recirculation line (Recycle mode)

+ Installation of the primary and secondary lines of oxygen

« Fitting an axial swirler in the air inlet port

« Installation of a gas tight fan for recirculation of the flue gases

« Employing a gas tight and CO, purged fuel feeder facility

*  Gas Analyser, thermocouples and deposition probes for measurement of process environment
*  Collection and analysis of ash deposits

Recycled Flue Gas

o, 5| Secondary Wet Recycle 3 Dry Recycle
Flow
CO; Rich Flue Gas
CO,+ 0,
Primary
Flow
Water and Sox
Pulverised Removal

Fuel

Fig.1: Flow diagram of the Cranfield oxy-fuel pulverised fuel fired combustor (red: ongoing modifications)

The experiments were carried out in this modified oxyfuel combustion rig facility. In the recent experiments the
fuel feed rates between 12-20 kg/hr for Daw Mill coal (100 %, wt), Cereal Co-Products (CCP) biomass (100 %,
wt) and mixed fuel (coal:biomass, 50:50 %, wt), were introduced into the rig. Major emissions species (CO,, O,
H,0), minor emission species (SO2, CO, NO, NO,, N,O, HCI, HF), and gas temperature profiles were obtained
and analysed for different fuel mixtures. Also the deposits formed on the ash deposition probes were also
collected and analysed using SEM/EDX and XRD techniques to assess their corrosion potential in oxy-firing
environment. The maximum concentration of about 57% CO, and 23% of H,O were measured in flue gases
which confirms a very successful conversion of the rig into the oxy-fuel mode with wet recirculation (see Fig. 2).

w0 —C0r
= W —n

—o0z
a0 —

Time [min]
Fig.2: Major species of oxy-fuel combustion of 100% Daw Mill coal
Keywords; Oxy-Coal Combustion; Recycled Flue Gas (RFG); Carbon Capture Sequestration (CCS); Gaseous Emissions
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Role of intra-cellular and extra-cellular cues in triggering the switch from
acidogenesis to solventogenesis in Clostridium acetobutylicum
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“Department of Chemical Engineering, NIT Agartala, Barjala, Jirania, West Tripura-799053, India

Biobutanol can be used as efficient vehicle fuel as its properties are closer to gasoline and comparatively
advantageous over other fermentation based biofuels. However, Clostridium acetobutylicum is well known
organism for biobutanol production since the history of ABE (Acetone Butanol Ethanol) fermentation. The
organism has two distinguished phases, namely acidogenesis and solventogenesis, in its metabolic pathway. The
first phase, acidogenesis, incorporates accumulation of acetic and butyric acids, whereas in the second phase,
solvenogenesis, sugars along with the acids produced in first phase are consumed simultaneously for production
of organic solvents.

From the point of veiw of productivity of butanol, the duration of the acetogenesis phase delays switching of
metabolic network from acidogenesis to solventogenesis. However, on completion of the acidogenesis phase, the
cell can either enter the solventogenesis phase, or trigger the onset of sporulation. The precise cues which trigger
the switch from one phase to another, and the choice between sporulation and solventogenesis are not well
understood. Greater understanding of and control over the switching mechanism would enable design of strains
for enhanced butanol production.

In present paper, we investigated the role of cellular and environmental cues which triggers the switch from
acidogenesis to solventonesis. We demonstrate that C. acetobutylicum, employs a hierarchical sugar utilization
strategy, with the bacterium preferentially utilizing glucose over arabinose over xylose. This hierarchy is
consistent with other sugar utilization patters observed on other organisms. Our results also indicate that the cell
utilizes intracellular cues (growth phase and growth rate) and extracellular cues (pH and organic acid) to
determine the precise timing of the switch from the acidogenesis to the solventogenesis phase.

Keywords solventogenesis; acedogenesis; biobutanol; sporulation
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Selection of Renewable Energy Technologies in Landfills: The M-Macbeth Decision
Support
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The problem addressed in this work is the ordering problem. A set of alternatives — renewable energy
technologies (RET) — must be ordered taking to account their attributes values and the preferences of the decision
makers. This study therefore evaluates the characteristics of RET fuelled by biogas — three types of fuel cells
(FC), one microturbine (MT), one Otto Engine (OTTO), one Stirling Engine (STIR), one gas turbine (GT) and
one steam turbine (ST). The MACBETH method is associated to a user friendly decision support system called
M-MACBETH which helps for the implementation of the whole multicriteria process and improves the decision
makers’ interaction over the multicriteria evaluation approach. Several criteria are used for the investigation:
efficiency, lifecycle, environmental impacts, costs and power application range. The basic M-MACBETH model
building can be described in 3 steps. 1™ - The process began with the decision maker elicitation of the criteria. A
tree was then created in the MACBETH decision support system - Figure 1 .The options were then introduced
into the model. 2™ - The next step was to create a value scale for each of the criteria. Judgments regarding the
difference of attractiveness between options (alternative vs alternative) were elicited from the decision maker,
who then responded with a ““very weak”’, ““weak’’, ‘“‘moderate’’, ‘strong’’, ‘“very strong’’ or ‘‘extreme’’ rating.
The matrixes were created for each criterion in analysis — Figure 2 presents the matrix for costs criterion. 3™ - As
before judgments regarding the difference of attractiveness were elicited from the decision maker, but now
between the criteria (criterion vs criterion). One matrix was then created for costs perspective, and another for
environment perspective.

Hyg, Costs
mGichal TG ‘ MT ‘ STIR | MCFC | PAFC | SOFC
B cuanitative Crteria weak | moderate | stong | vshgest | w.stong | estieme
weak moderate strong vshigeesti | wostiong | extieme
—ULITO Cyclo weak  moderate | w.stong | stgst | w. strong
- Efficency PR roderste | voshong | stgver | v stong
Cost PRI stovst | stong | stget
Qualitative Criteria | | Poeewn
|:| Environmental Impacts 1 -
Consistent judgements
Di’luwer Range Apphcation
Fig. 1. The Macbeth value tree for RET selection. Fig. 2. The matrix of comparisons: alternative vs alternative for the costs criterion.

The M-MACBETH software aggregates the scoring and weighting scales in an overall scale of attractiveness.
Such aggregation leads to a final global ranking of the technologies. It is important to emphasize that weights are
defined according to the experience of the selected decision makers taking into account social, political and
economic aspects related to the particular region under analysis. The final results of the model are presented in
Figures 3 and 4 for RET selection, according to costs and eblu’vironmental perspectives.
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Fig. 3. RET ranking for costs perspective. Fig. 4. RET ranking for environmental perspective.
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By observing the methodology outcome, it is possible to conclude that the most appropriate systems selected by
the MACBETH multi-criteria evaluation approach is the Otto engine for costs perspective and SOFC for
environmental perspective.

Keywords: biogas, Macbeth approach, municipal solid waste landfills, renewable energy technologies.
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Slag and fly ash from waste incineration — possibilities of management

D. Krol

Department of Technology and Installations for Waste Management, Faculty of Energy and Environmental Engineering,
Silesian University of Technology, 44-100 Gliwice, Poland

Incineration of waste results in a significant reduction in their weight and volume, eliminates any bacteriological
risk, allows to recover the chemical energy contained in them. All processes related to the thermal conversion of
waste and fuel and generate the formation of secondary waste — after process. These include furnace waste: fly
ash, microspheres and residual grate as slag and fly ash. As a result of properly organized and conducted
combustion, furnace waste should have a mineral character, with possibly a minimal amount of organic
substances. As experience shows, these wastes contain products of incomplete and not full combustion. Due to
the mineral composition of such recycled waste, it is possible to use them in industry. The industry use of slag
and ash-slag mixtures is associated with their introduction into the environment. This in turn implies the
possibility of harmful substances leaching by rainwater or groundwater. With qualification for the particular
furnace waste for the use or storage, it is necessary to assess properly their impact on the environment. The
elements of the environment most vulnerable to migration of leachable, mobile parts, are soil and groundwater.

This paper presents the results of research on solid residues from combustion of medical waste, animal fats and
agricultural biomass. They are grate slag and fly ash captured. In order to verify the effectiveness of the
combustion process, in the ashes of the furnace the content of combustible parts was determined, burning them to
solid mass at temperature of 815°C. In the ash captured in the cyclone during combustion of medical waste and
dust captured by the filter during the combustion of animal waste, we marked the greatest number of embers -
about 30%. In addition, the content of 14-16% of combustible parts in grate residues (from thermal destruction of
medical waste), and ash from the cyclone (from burning animal waste), shows poor organization of the
combustion process. Waste incineration processes of plant biomass and coal co-firing of after refinery fatty acids
and glycerine were proceeded with minimal amount of embers. In the slags we determined only a few percent
(max.5.3) of combustible parts. Solid residue of the grate at the same time acted as absorbent material for the
organic toxic substances. These substances are the products of incomplete combustion of combustible gas
components. We identified among others, all groups of hydrocarbons (aliphatic, cyclic and aromatic), thiols,
phthalates, and PAHs and their derivatives were determined in the range of 2 to 26ppmy,.

Potential load of leachable, harmful substances from the grate ash studied, was determined by analyzing the
aqueous extracts. Markings of indicators of pollution in aqueous extracts were performed according to accepted
methods of testing water and sewage. The values of pollutants in eluates met the standards for treated industrial
sewage and sewage entered into water and soil. There is no risk of eutrophication, nor contamination with heavy
metals, as these are at the level of trace.

Bioavailable forms of harmful chemicals may lead in plants to inhibition of respiration, photosynthesis, and
restrictions on development, favoring the formation of dwarf forms or evoque a synergistic effect, which leads in
effect to lodging of plants. Toxicity of ash and slag in relation to plants was verified by performing the
phytotoxicity test. The plant material used was garden cress seeds. An aqueous solutions containing the
components eluting from slag, showed a differential cytotoxic performance in relation to the tested seeds.
Inhibitory effects were observed, as well as stimulating ones. The stimulation of plant growth, caused by the
water extracts is not a desirable indicator, because of ash leaches that can get into the water, causing the blooms.

Solid residues tested before being introduced to the environment or storing, should be subjected to detoxification,
stabilized with mineral binders or vitrificated. This shall limit the migration ability of heavy metals contained,
and other harmful substances as a result of rainwater leaching.

Keywords waste, combustion, fly ash, slag
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Sludge valorization test issued from wastewater treatment plant after an anaerobic
digestion as a bio-fertilizer for the Sahara soil

Kalloum.S, Khelafi.M, Djaafri.M, tahri.A, Salem.F, Kaidi.K

Research unit in renewable energies in the Saharan medium, LP 478 Reggane street, Adrar, Algeria

The sludge application in agricultural land is to apply sludge on soils previously treated in agricultural land
which is poor in organic matter. It is about a method of final disposition in accordance with ecological and
economic principles of sustainable development, food security and reducing the amount of produced sludge. The
fertilizing value improves the soil structure and its ability to retain water and nutrients.
In this work we are interested in the study of the addition of natural lagoon sludge after anaerobic treatment as a
fertilizer in the Saharan soil which is deemed as saline soils, having poor in organic matter rate and skeletal. The
study demonstrated that the digested sludge addition to Saharan soil has increased the soil water holding
capacity, by improving the permeability coefficient from 25.31 for the soil alone to 2.37 mixed soil with digested
sludge. Owing to its fertilizing effects, the study also showed that the sludge induced a significant improvement
of Millet growth.

Key words: sludge, agricultural spreading, fertilizer, food security, anaerobic digestion, biogas.
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State of art of Biomass in South KOREA
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In August 2009, the South Korea presented the options of cutting GHG emissions by 21%, 27% or 30% relative
to the projected level in 2020, which is based on a “business-as-usual” (BAU) scenario of a 36.9% rise in
emissions between 2005 and 2020. In these agenda, there are various plans for developing the biomass as
renewable energy. In this report, These are shown the development of new type of biofuel and overseas
plantation for developing biomass. Moreover, These aim is to build a foundation for an additive mixing ratio on
biodiesel and bioethanol, as well as stabilization in supply and demand of feedstock. Process to use living matter
and livestock excrement which holds the potential to create renewable energy from waste and to produce biogas
energy for transportation, are being supported constantly.

Keywords Biomass, Biodiesel, Bioethanol, Biogas, South Korea
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Study of greenhouse gas emissions from combustion of biomass used to produce
coal

G. A. Mothé'; M. S. Sthel'; A. M. Rocha'; L. de S. Junior'; H. M. Vasquez'; J. F. C. da Silva'; C. M. F.

Vieira'

'Universidade Estadual do Norte Fluminense Darcy Ribeiro (UENF), Av. Alberto Lamego, 2000 - Campos dos Goytacazes
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Air pollution is the major concern in today's society. Gases emitted by intensive use of fossil fuels produce
serious damage to human health and environmental issues intensifies such as acid rain, photochemical smog,
ozone depletion and global warming that generate the dreaded climate change. The IPCC report in 2007 indicates
the use of renewable energy as a possible solution to this problem, including the use of biomass. We present a
study of gaseous emissions from biomass burning (elephant grass), in the state of Rio de Janeiro/ Brazil. Brazil
has an enormous potential for the use of biomass, due to their size, isolation, varieties of plants and water
resources. We used infrared analyzer (URAS) and electrochemical sensors (Tempest100) to detect the gases
emitted by burning elephant grass for coal production. We identified the gases carbon dioxide (CO,) and
methane (CH4) by URAS and carbon monoxide (CO), nitric oxide (NO) and sulfur dioxide (SO,) by Tempest
100 at ppmv range of concentration.

Keywords electrochemical sensors; photoacoustic sensors; elephant grass; air pollution.
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Study of micro and nano bio-oil emulsions in fuel oil for use in power generation in
thermoelectric plants
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Santana Zorzetto, Priscila Fialho Pesarini, Eduardo Di Mauro and Carmen Luisa Barbosa Guedes

LAFLURPE, CCE, Universidade Estadual de Londrian, Caixa Postal 6001, CEP 86 051-990, Londrina, PR, Brasil

With the increase in oil demand emerging economies, environmental and political concerns about the use of
fossil fuel, we highlight the need to develop a cost-effective process for sustainable production of energy fuel and
chemical products (HUBER et al., 2006). The increased use of bio-fuels in power generation, is of great interest,
since they reduce the emission of greenhouse gases, are means to energy independence and can even collaborate
in generating new jobs (DEMIRBAS & BALAT, 2006).

Biomass can be set to any fixed carbon source. The term generally used describes plant material such as wood,
wood waste, agricultural crops and their waste (BRIDGWATER et al., 2002). One of the most efficient methods
for converting biomass into fuel, however, is the pyrolysis (PUTUN et al., 2004). The use of pyrolitic bio-oil as
potential source of fuel, is of great interest to the energy generation primarily part of thermoelectricity, since it
uses petroleum fuels oils and therefore with high sulphur content. Thus, there is a serious interest in the
adaptation of bio-oil as renewable fuel for thermal generation on a large scale, from agricultural biomass,
agribusiness and urban organic waste.

The most significant problems of the use of bio-oil as fuel is low volatility, high viscosity, corrosivity and coking
(CZERNIK & BRIDGWATER, 2004). The presence of lignin in its structure, which significantly contributes to
the contruibui of instability have developed, therefore, to improve its stability and prevent the ageing of oil
during storage the lignin must be removed (JIANG et al., 2010).

One of the adaptations of bio-oil in an attempt to replace fossil fuels, is through a mixture with fuel oil currently
used. This mixing occurs due to the formation of two immiscible fluids consisting of emulsion by adding a
surface active agent, which is able to stabilize the dispersed phase in the form of droplets, whose dimensions
vary typically 300-400 nanometers to about 10 micrometers (CHIARAMONTI et al., 2003).

The purpose of this paper is to evaluate the stability of emulsions of oil with fossil fuel oil in various proportions,
using or not surfactants, removing or not the lignin fraction of bio-oil for use in thermoelectric plants.

Bio-oil samples were obtained from the Fast Pyrolysis Plant, PPR-10 model, Bioware, Campinas-SP Technology
using sawdust eucalyptus as biomass. The biomass was analyzed by Electron Paramagnetic Resonance and
scanning optical microscopy. The bio-oil and its fractions were analyzed by molecular fluorescence and
absorption; physico-chemical (ASTM and others). The extraction of non-lignin fraction pirolisada of bio-oil was
held according to the patent: US 20080047674 Al. The fuel oil and mixtures of oil with the fuel oil were
analysed according to Brazilian standards (ABNT NBR). In the process of emulsification fuel oil with nonionic
surfactant used bio-oil.

The stability of emulsions was investigated and the size of its particles, nano and micro-detecting emulsions. The
bio-oil emulsion with the fuel oil (PETROBRAS) was only when used the surfactant or when it removed the
lignin fraction of bio-oil, but emulsions are not stable, probably due to water content present in bio-oil or in their
fractions. Lies in the use of the test phase for the bio-oil pyroligneous stratum emulsifiability in fuel oil.
Adjustments are being made to increase the stability of emulsions.

Keywords surfactant; pyroligneous extract; pyrolysis; fossil fuel
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Abstract

This work deals with the realization of an anaerobic digester heated by solar energy. The Batch digester is for 1.1
m3 biogas reactor. The cover serves to supply our digester by the required heat energy to maintain maximum of
temperature to anaerobic digestion. Compared with an ordinary one with the same volume [1], [2] the biogas rate
from the solar digester significantly increased. We concluded also that the insulation of lateral walls is important
to avoid the decreasing of the nocturnal temperature below 27°C [3].

Keywords: Digester, solar energy, biogas, temperature.

Résumé

Le but de ce travail est d’essayer de réaliser un digesteur chauffé par énergie solaire. Le digesteur de type Batch
est de capacité de 1100 litres. Le couvercle sert, par I’intermédiaire d’une plaque captatrice, a alimenter notre
digesteur par I’énergie calorifique nécessaire pour maintenir une température favorable a la méthanisation.
Comparé a un digesteur ordinaire avec le méme volume [1], [2] le taux de production du biogaz du digesteur
solaire pendant les trois mois d’été a augmenté de fagon significative.

L’isolation es parois latérales est nécessaire afin d’éviter la diminution de la température pendant la période
nocturne au dessous de 27°C [3].

Mots clés: Digesteur, énergie solaire, biogaz, température.
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Survivability of Saccharomyces cerevisiae strains selected for bioethanol
manufacturing during storage in -70°C
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Saccharomyces cerevisiae yeasts are one of the earliest domesticated organisms. From ancient times to the
present yeasts are employed for ethanol-making. Yeast strains are still improved by means of screening, sexual
hybridization and genetic modifications to obtain organisms able to conduct fast and efficient fermentation of
various sugar-containing media to ethanol. After laborious stages of the new strain’s obtaining it’s very
important to choose the proper way for preservation of valuable yeast. Proper method of strain storage should
be distinguished, inter alia, by: long-term storage ability with no loses of initial strain features, high survivability
ratio and low cost of the whole process. One of the oldest, and still used methods is simple keeping strains living
on the surface or in the liquid media such as malt wort or YPD medium. One of the biggest disadvantages of this
method is laborious media preparation and requirement of the yeast strain passaging at least every six months.
Frequentative passaging leads, very often, to losses of desired strain properties and this fact forces researchers to
use other methods of strains preservation. One of such method is cryopreservation with use of freezers, able to
keep the temperatures from -60 to -90°C.

Aim of this study was to establish the survivability hybrids of Saccharomyces cerevisiae yeast stored in the
temperature of -70°C. Influence of cryoprotectants such as dimethylsulfoxide, gilcerol and trehalose on cells
survivability was also tested.

2 hybrids (ER2 and PAHG6) of distillery yeasts obtained by means of sexual hybridization in the Institute of
Fermentation Technology and Microbiology (Lodz Technical University) were used as a biological material.
Yeast suspension in sterile saline (0,85 % w/v) or in YPD (yeast extract, peptone and glucose) was added to Sml
cryovials and immediately inserted into the freezer (-70°C). Survivability was assayed with use of plate method
(expressing viable cells as CFU) after 2 and 7 days; 2 weeks; 1, 2, 6 months and 1 year storage time in -70°C.
Influence of dimethylsulfoxide- DMSO (10 and 20% w/v); glycerol (10 and 50% v/v) and trehalose (5 and 15%
v/v) addition to the cells suspension before freezing was also examined.

The most significant decrease of viable cells of the tested strains was observed after 2 days from freezing.
Depending on the strain, viable cell count dropped to approximately 40-70% of the initial viable cell number.
Longer storage (up to one year) in the same conditions resulted only in slight decrease (up to 7%) in the number
of CFU formed from stored yeast cells suspensions after thawing. Survivability of the yeasts depended on the
strain but also on amount and kind of cryoprotectant added. The most effective influence of the cryopreventive
agents was observed for mixtures containing 20% of DMSO or 5- 15% of trehalose. The lowest survivability was
observed during storage of the tested yeasts in saline and in the mixtures with glycerol. Cryopreventive
properties of the YPG medium were also found out - up to 20% higher survivability comparing with the samples
containing only yeast cells suspended in saline.

Concluding — to achieve high survivability of yeast cells after long-term freezing the proper profile of
temperature changes during freezing and thawing seems crucial but it’s also very important to optimize ratio and
kind of cryopreventive agents to the specific yeast strain.

This work was financed from funds for Polish Science in 2009-2012 years as a part of projects: R N312 301037 and R&D
N RI12 0062 06

Keywords: cryopreservation; freezing; DMSO; trehalose; glycerol; cerevisiae; survivability
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Synthesis of biodiesel in supercritical methanol using alumina, silica and zeolites as
heterogeneous catalysts

P. Olivares-Carrillo, J. Sinchez-Piqueras and J. Quesada-Medina*
Department of Chemical Engineering, University of Murcia, Campus of Espinardo, 30071 Murcia, Spain

The synthesis of biodiesel (fatty acid methyl esters obtained from triglycerides) from renewable animal fats and
plant-based oils has attracted considerable attention and has the potential to replace a fraction of the petroleum
diesel. There are four principal approaches to the synthesis of biodiesel: base catalysis, acid catalysis, employing
supercritical alcohol conditions and enzyme catalysis. The currently employed commercial processes rely on the
methanolysis of triglycerides using homogeneous alkaline catalysts, which are difficult to separate from the
glycerin phase, rendering them nonrecoverable and nonreusable. However, the use of heterogeneous catalysts
offers various advantages including the recovery and recycling of the catalyst. Alumina, silica and zeolites are
usually used as heterogeneous catalyst supports because of its high surface area, simple structure and availability.

In the present study, the activity and reusability of these simple supports for the synthesis of biodiesel from
soybean oil will be tested in supercritical methanol in a batch reactor. The reaction was carried out at 275°C
during 30 min and a methanol-to-oil molar ratio of 43 (optimal value); the pressure reached in the reactor was
between 170 and 230 bar depending on the catalyst used and its concentration. The TG (triglyceride) conversion,
MG (monoglyceride) yield, DG (diglyceride) yield, FAME (fatty acid methyl esters) yield and acidity index were
studied during the reaction. In the following table are showing the main results obtained, observing that some of
these catalyst supports can be used directly and efficiently for an improved supercritical synthesis of biodiesel.

TG Conversion MG Yield DG Yi
(mol%) (mol%)
68.6

Type of catalyst

J 71.2

SAMS 17.2 70.3 154 29.2
SA MS (Ist reuse) 17.2 82.0 18.2 21.9
13X MS 2.5 68.6 17.6 33.7
13X MS 5.0 72.8 19.3 29.0
13X MS 9.7 74.0 21.4 27.9
13X MS 17.2 95.2 154 8.8
13X MS (Ist reuse) 17.2 95.9 153 4.5
13X MS (2nd reuse) 17.2 95.5 13.4 7.4
13X MS (3rd reuse) 17.2 95.2 21.1 11.7
13X MS (4th reuse) 17.2 91.7 25.2 18.7
13X MS (5th reuse) 17.2 88.1 25.7 20.7
Z CBV 500 25 66.1 19.1 28.4
Z CBV 500 5.0 67.7 18.1 28.0
Z CBV 500 9.5 69.5 222 212
Z CBV 500 17.3 65.7 19.5 30.3
Z CBV 500 (Ist reuse) 17.3 72.6 14.2 19.8
Z CBV 500 (2nd reuse) 17.3 732 13.8 21.5
Z CBV 500 (3rd reuse) 17.3 78.6 15.1 264
ZCBV 712 2.7 60.7 18.9 26.1
ZCBV 712 5.0 6l.1 18.6 25.7
ZCBV 712 9.6 61.2 17.6 24.8
ZCBV 712 17.3 579 18.3 24.8
Z CBV 712 (Ist reuse) 17.3 . 73.5 16.9 21.4
Z CBV 712 (2nd reuse) 17.3 . 75.6 17.9 21.3
Z CBV 712 (3rd reuse) 17.3 . 75.9 14.2 22.7
Silica KC AF125 5.0 5 68.3 19.4 325
Silica KC AF125 9.5 4.6 85.4 22.3 16.7
Silica KC AF125 13.6 2.1 96.7 11.1 1.7
Silica KC AF125 172 1.3 979 8.5 1.8
Silica KC AF125 (Ist reuse) 172 1.6 99.8 7.8 1.3
Silica KC AF125 (2nd reuse) 17.2 23 99.8 8.4 1.7

ilica KC AF125 (3rd reuse) 17.2 4.7 99.8 13.5 2.6

ilica KC AF125 (4th reuse) 17.2 29 93.6 224 72

ilica KC AF125 (5th reuse) 17.2 29 92.6 18.7 10.3
y-Alumina 5.0 11.9 68.1 17.6 32.0
y-Alumina 9.4 10.1 76.7 16.7 27.6
y-Alumina 17.3 8.2 77.4 20.0 26.6
Glass spheres 17.5 6.7 68.9 18.4 352 39.1

Zeolites [pellets of 1.6 mm of 5A molecular sieves (MS) (SiO,/ALO; = 2), beads of 4-8 mesh of 13X MS (SiO»/ALO; = 2.6-3.0), pellets of 3-12
mm of Zeolyst (Z) CBV 500 (SiO,/AL,O; = 5.2), and pellets of 3-12 mm of Z CBV 712 (SiO»/ALOs = 12)], silica [beads of 4-6 mm of SiO,
(AF125, Kali Chemie)], alumina [beads of 2-3.5 mm of y-ALL,Os], and glass spheres.

Keywords biodiesel; supercritical methanol; heterogeneous catalysts; soybean oil
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Synthesis of DME from (H,+CQO,). Effect of feed composition on catalyst
deactivation

I. Sierra, A. Ateka, J. Ereiia, A. T. Aguayo and J. Bilbao
Departamento de Ingenieria Quimica, Universidad del Pais Vasco, Apdo. 644, 48080 Bilbao, Spain

Dimethyl ether (DME) is a clean fuel for diesel engines and an excellent source for obtaining H, by catalytic
steam reforming, especially for vehicles, given that it is suitable for storage and transport and may be fed into
cells without the need for pumping. DME is also a key intermediate to produce automotive fuels and raw
materials (olefins and BTX aromatics) from alternative sources to oil (natural gas, coal, biomass) [1].

The synthesis in a single step following the syngas to DME process (STD) has advantages over the two-step
process (synthesis of methanol and its dehydration to DME), due to the lower thermodynamic limitation of
methanol synthesis. This thermodynamic advantage favours the incorporation of CO, as a co-feed with the
syngas, or the transformation of (H,+CO,) mixtures into DME. Considerable attention has been paid in the
literature to the use of CO, as a raw material in the synthesis of chemicals and liquid energy carriers, in order to
mitigate the accumulation of CO, in the atmosphere. Amongst the different alternatives, STD process is an
interesting route to combine the upgrading (via gasification) of alternative sources to oil, particularly
lignocellulosic biomass, with the large-scale CO, sequestration.

The bifunctional catalyst used is composed of a CuO-ZnO-Al,0; metallic function for the hydrogenation of CO,
to methanol, and a y-Al,Os acid function for the dehydration of methanol to DME. The reaction equipment is
provided with a fixed bed, and allows for operating at high temperatures and pressures. The combustion of the
coke deposited on deactivated catalyst has been carried out in a tapered element oscillating microbalance
(TEOM) coupled to a gas micro-chromatograph.

A kinetic model has been established for the transformation of (H,+CO,) into DME on a CuO-ZnO-Al,O;/y-
Al O5 bifunctional catalyst, with excess of y-ALLOj; acid function [2]. This model fits the experimental data in a
wide range of operating conditions. A fact to be noted in the kinetic model is the presence of a term with CO,
concentration to quantify the attenuation of both the reaction rate of methanol and paraffin synthesis and the
deactivation by coke of the metallic function.

In this work, a parametric study of the process has been conducted, in order to establish a suitable value of
H,/CO, molar ratio in the feed. The aim is to maximize DME production with catalyst deactivation being as low
as possible. Runs have been carried out feeding mixtures of (H,+CO,) under the following conditions: 275 °C; 40
bar; space time, 42.0 (g of catalyst) h (mol of carbon)™'; time on stream, 30 h.

When the amount of H, in the feed is increased, the conversion of CO, and the yield of products (DME,
methanol and paraffins) steadily increases. This increase is attributed to the competition between the water gas
shift reaction and the hydrogenation of CO, to methanol. Moreover, the conversion of CO, undergoes a very
slight decrease with time on stream. Coke deposition after 30 h of time on stream is very low: 0.12 wt% for a
H,/CO, molar ratio of 2/1, 0.09 wt% for 3/1 and 0.08 wt% for 4/1. A high concentration of hydrogen in the
reaction medium limits the deposition of coke on the metallic phase, following the same trend observed by
feeding (H,+CO). This effect is explained by the relatively high partial pressures of H, inhibiting the
development of coke.

According to these results, the most suitable value of H,/CO, molar ratio in the feed is 4/1 in the range of
operating conditions studied, since although the catalyst undergoes a slight loss of activity with time on stream,
DME yield peaks for this composition of the feed.

Acknowledgements This research has been carried out with the financial support of the University of the Basque Country,
Department of Education of the Basque Government (Project GIC07/24-1T-220-07) and Spanish Ministry of Science and
Innovation (Project CTQ2010-19188/PPQ).
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The heating liquids containing the component from fermentation processes

K. Biernat and K. Kolodziejczyk

R&D Department for Fuels, Biofuels and Lubricants, Automotive Industry Institute, ul. Jagiellonska 55, 03-301 Warsaw,
Poland

The paper presents theoretical and experimental results of verification of the possibility of using the raw spirit
(bioethanol) as a component for fuel using in municipal heating facilities of small scale energy. It has been
defined technical and technological requirements as well as law and economic rules and the expected benefits of
using bioethanol.

The scope of the paper include an assessment of the physical, chemical and functional properties of the raw spirit
compare to the requirements of fuels for small scale energy sector, the evaluation of this component
compatibility with fuels of different origin, determine the feasibility and advisability of light liquid fuel
composition on the basis of the above mentioned components, assessment the feasibility of burning these fuels in
devices equipped with flow burners, specifying the basic technical-economic indexes of the process.

This component belongs to the group of sulfur-free, high energetic products of the fermentation industry,
available in Poland. Production capacity of this industry sector far exceeds the current demand and are not fully
developed. Regardless of the search for new fields of application of the raw spirit (solvents, gasoline
components), there are attempts to obtain low-cost, environmental friendly fuels for small heating devices, that
are increasingly being modified from fueling by high emission, solid fuels (wood, peat, brown and hard coal) to
fueling by liquid fuels (LPG, heating liquids).

Domestic distillery industry, as a result of multiple causes, has excess production capacity of the raw spirit. This
is reflected negatively on the potential purchase of basic crops (rye, potatoes and others), and thus the rural
economy. Hence, government intervention aimed at wider opening of market for this product. The relatively high
calorific value and high purity encourage the use of bioethanol as a fuel. Research works carried out in many
countries around the world have demonstrated the practical possibility of such development of bioethanol. The
raw spirit used for that purpose must be dehydrated, which increasing fuel costs. The economy determines its
cost of production and state excise policy in relation to fuel producers. It creates a positive climate for such
solutions. While they are relatively well-recognized problem of using ethanol in gasoline production, it is no
information on how to apply it as a component for production of fuels for heating (conventionally referred to as
heating liquids). Regardless of the economic problems, there are differences in construction and technology of
burn devices working continuously in compare to internal combustion engines, thus it is necessary to determine
the feasibility and effectiveness of such use of the raw spirit. This is the source of the range scope planned in this

paper.

Keywords heating liquids; the raw spirit, small scale energy facilities
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The influence of metal loading and calcination temperature on the behavior of the
Pt/SAPO-31 catalyst in the hydroconversion of sunflower oil

M. Smirnova, O. Kihtyanin, A.Rubanov and G. Echevsky

Boreskov Institute of Catalysis, Lavrentiev Ave., 5, 630090 Novosibirsk, Russia

In the past 10 years, the importance of biofuels has increased and this tendency is expected to be continued.
Usually, the production of diesel fuel from natural raw materials is performed in two stages. On the first stage,
the process over the conventional hydrotreating catalysts gives a deoxygenated hydrocarbon product, mostly a
mixture of n-alkanes. A substantial drawback of diesel fuel produced in this way is its bad low-temperature
properties. To improve them, the hydroisomerization of the n-paraffin-rich product over zeolites and
silicoaluminophosphates is used.

In our previous work [1], we have demonstrated the possibility of the single-stage hydroconversion of sunflower
oil over Pd/SAPO-31 catalyst for the production of diesel fraction with low freezing points. Unfortunally, we
observed the decrease of hydrogenation and isomerization activity of our catalysts after 15 hours of TOS.
Therefore, it was necessary to determine the primary reason of this to improve the stability of our catalyst.

Comparing IR-spectra of adsorbed pyridine for the samples before and after reaction, we have found detectable
decrease in the Broensted sites concentration for the samples after reaction. However, it looks doubtful that the
acid sites blocking is a primary reason of activity drop in the sunflower oil transformation because the partially
deactivated catalyst demonstrates a good activity in the hydroisomerization of n-undecane. Moreover, the n-
undecane treatment of the catalyst returns its activity. Therefore, we have concluded that the noble metal
poisoning or the sintering of metal particles is responsible for the low stability of Pt/SAPO-31 catalyst during the
hydroconversion of sunflower oil.

From this point of view, it was important to know how the platinum concentration and the temperature of
oxidation treatment influence on the Pt dispersion and the catalyst behavior. For 1wt% Pt/SAPO-31 samples
calcined at different temperatures from 250 to 450°C, it was shown that the calcination temperature has a big
effect on the catalytic properties but practically has no influence on the Pt dispersion calculated from the H»-
chemosorption data. The optimum values of oxidation temperature are within the range of 400-450°C. The lower
and higher temperatures lead to the samples with low activity. It is should be noted that the decrease in the Pt
dispersion is observed when the oxidation temperature of samples exceeds 500°C.

According to data obtained by Vinek et al. [2], the deposition of 1wt.% of palladium on the SAPO-11 samples
provides their good activity in the hydroisomerization of n-heptane. Further increase in the palladium content has
no effect on the activity and selectivity. However, the situation is completely different for the hydroconversion of
sunflower oil on Pt/SAPO-31. The increase of Pt loading from 0.5 to 2wt.% leads to decrease in selectivity
because of large amount of cracking products corresponding to the hydrocarbons of gasoline fraction. Moreover,
the significant improvement of the catalyst stability is observed. The additional increase in the catalyst stability
can be obtained by varying the reaction conditions (for example, by increasing of reaction temperature).

Keywords hydroconversion; sunflower oil; Pt/SAPO-31; biodiesel
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The photosynthetic process of C-4 perennial energetic grasses in the climatic
condition of Poland

W. Majtkowski, G. Majtkowska and B. Tomaszewski
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The targets contained in Directive 28/2009/EC imposed specific strategies to reduce fossil fuel consumption in
Europe. In Poland, biomass is an important source of renewable energy. It is estimated that the demand for
biomass energy will reach about 27 million tonnes in 2012. It will be necessary to introduce the cultivation of
new plant species into biomass production, especially C-4 photosynthesis and utilization of marginal soils,
unsuitable for food production, due to, for example, water shortage or chemical contamination. The aim of the
research conducted by the Botanical Garden in Bydgoszcz is to assess the development of plants under adverse
site conditions. Photosynthesis is the most essential process that determines the creation of plants dry matter. The
investigations concerned the impact of selected photosynthetic parameters on the yield of biomass of grass
species C-4 photosynthesis, planted in 2009 in three locations: Marcelewo (sandy soil, dry), Solec Kujawski
(closed municipal landfill) and Bydgoszcz — Legnowo (the area at the sewage treatment plant). The presented
results are based on research conducted in the summer of 2011, the period of intensive growth of plants, by
means of a portable measuring apparatus LCi ('s Li-COR). The intensity of net photosynthesis and transpiration
of leaves was measured. The measurements were performed under comparable environmental conditions, in the
afternoon, at constant — given intensity of PAR irradiation - 1200 pmol/m*/s and at an average air temperature of
25°C. Water use efficiency in photosynthesis was expresses in the coefficient of water use — WUE, calculated
from the ratio of the intensity of net photosynthesis to the intensity of transpiration.

The species of plants differed from one another in terms of examined parameters. As for the experiment in
Marcelewo, the highest intensity of photosynthesis (over 30 pmol/m%/s) was observed for Miscanthus
sacchariflorus, the lowest — for Elymus elongatus (9,1 umol/m?/s). The same species showed the highest degree
of transpiration (from 4,7 to 5,6 pmol/m%/s), while the lowest - Spartina pectinata (2,2 pmol/m?/s). A high
coefficient of water use (WUE over 8), indicates the effective management of water in the process of gas
exchange of Andropogon gerardi. Twice as low rate of water use was observed in Elymus elongatus, species of
C-3 photosynthesis. For the experiment in Bydgoszcz-Lggnowo the highest intensity of photosynthesis (over 24
umol/m2/s) was observed for Spartina pectinata. Prairie cord grass was a species with the highest rate of
photosynthesis also in the experiment in Solec Kujawski. In both experiments the highest degree of transpiration
was found for Elymus elongatus in the range from 2,7 (Solec Kujawski) to 3,1 umol/m%/s (Bydgoszcz-Legnowo).
The knowledge of the intensity of photosynthesis allows to control factors connected with the increase of
biomass, such as: the efficiency of light use and substrate taken up from the environment, stand density and row
spacing.

The height of biomass yield of the studied species will be evaluated in the following growing season for plants in
2012.

Keywords: biomass, coefficient WUE, photosynthesis, transpiration
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Thermo-Chemical Conversion of Municipal Green Waste in Central Queensland
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The thermo-chemical conversion process, Pyrolysis is considered as an efficient and environmentally sustainable
technology to convert biomass to charcoal and condensate product. In this study, pyrolysis technique is employed
to produce bio-coal, organic or bio-oil and aqueous liquids from municipal green waste which is yet to be
characterised for the Central Queensland region in Australia. The sample green waste was pyrolysed in a short
sealed rotary furnace with attached off gas condenser. The condensate was further processed in-situ and using a
centrifuge to produce organic and aqueous fractions. The results of the pyrolysis and characterisation test work
are presented in this study.

Keywords Building, Thermal Comfort, Energy Efficiency.
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Trace elements in biogas production — Influence on the increase of the Organic
Loading Rate
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04347 Leipzig, Germany, thomas.schmidt@dbfz.de, Tel. +49 341 2434 516

The supplementation of trace elements (TE’s) is a common practice in biogas production and especially in the
mono-fermentation of energy crops and agro-processing wastes. The objective of this work is to give an
overview on TE’s in the anaerobic digestion process, to show TE deficiencies in different substrates, and to
demonstrate the effects of trace element addition on the increase of the Organic Loading Rate (OLR).

Different substrates and TE additives were characterized regarding to their elemental composition (see table 1)
and grain stillage was used as a substrate exemplary for TE’S deficiencies in continuous digestion experiments
during a stepwise increase of the OLR and supplementation of Mn(II), Fe(IT), Fe(IIl), and a commercial additive.
The Acid Capacity (AC) was used as the parameter for the degree of accumulation of Volatile Fatty Acids
(VFA’S) in the reactors.

Table 1Recommended and analyzed trace element concentration in different biogas substrates in mg kg-1 TS

Recommended | Grain Jatropha | Sugar beet | Maize Rye Cow slurry
concentration* | stillage | press silage corn
cake**

Nickel 4-30 3.00 <3 1.41 2.67 2,132 | 7.6
Cobalt 0.4-10 <0.23 <3 0.045 0.008 n.d. 1.88
Molybdenum | 0.05-16 0.47 0.35 0.549 1.09 1.4 2.79
Iron 750-5000 305.16 | 280 49.4 87.2 64.97 | 1072
Manganese 100-1500 63.00 87 28 20.4 23.47 | 337
Copper 10-80 96.00 27 4.07 4.67 4.038 | 63.2
Selenium 0.054 <0.23 0.31 1.37 2.02 1.505 | 0.631
Tungsten 0.1-30 <0.23 <0.34 n.d. n.d. n.d. 0.401
Zinc 30-400 n.a. 64 n.a. n.a. n.a. 319
n.d.: not detected; n.a.: not analyzed
* According to (Oechsner et al. 2008; EP EP 1997 901 A2)
** According to (Schmidt 2011)

The work demonstrates that higher OLR’s can be achieved in digesters operated with substrates with TE
deficiencies by addition of TE’s. All tested additives caused a lower AC and thus higher OLR’s could have
achieved compared to the reference digester. Astonishingly the addition of a single metal (Mn(II), Fe(Il) and
Fe(II)) caused lower AC values even when other deficient elements were not supplemented. This result supports
the theory of a recomplexation of metals in the anaerobic digestion process, meaning that the addition of one
element (e.g. Fe) leads to the release of other elements (e.g. Ni and Co) by replacing them in organic and
inorganic complexes and making them more available for the microorganisms.

Analyses of the elemental composition of different substrates and especially grain stillage have revealed
deficiencies in the content of some TE’s. In parallel operated reactors with TE’s supplementation the OLR could
have been increased to higher levels compared to the reference reactor in which only stillage was used. By the
addition of a commercial additive the OLR could have been increased to 5.0 g VS I"'d™" while the reference
reactor could not have been operated under stable process conditions at OLR’s of 0.4 — 1.5 g VS 1'd™".

The results demonstrate that a trace element supplementation can be obligatory to increase to OLR without
acidification of the digester and thus improve the biogas production per m3 of digester volume.

Keywords biogas; trace elements
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Transcriptome analisis of Botryococcus braunii race A by de novo assembly of
pyrosequencing cDNA reads and real time PCR

M. Zapatal‘m, M. Rivas'?? ,R. Varas™ and C. Riquelmez‘3
'Science and Technology Research Center for Mining, Av. Gral. Carrera 1701, Antofagasta, Chile.

“Microbial Ecology Laboratory, Bioinnovation Center, University of Antofagasta, Av. Angamos 601 Antofagasta, Chile.
*Desert Bioenergy S. A. Technological Consortium, Av. El Bosque Norte 500, Santiago, Chile.

Botryococcus braunii race A is a green microalga, producer of alkadienes and alkatrienes (Metzger and Largeau,
2005), fatty acids and other compounds with commercial application (Dayananda et al., 2007), because of this,
there is a great interest to develop its production at big scale. However, little is known about the physiology and
biochemistry, as well as its pathways metabolic, key information to design methods of production and genetic
transformation methodologies in this specie.

Through pyrosequencing by 454 of the transcriptome of B. braunii race A, cultured in massive systems of 1m’
(Bazaes et al., 2012), and a later bioinformatic analysis using Blast2Go software, it was determined that the
pathways for fatty acids synthesis are related to the presence of enzyme acyl-binding protein besides of fatty acid
desaturase. For the triacylglycerols (TAGs) formation it was identified the enzyme diacylglycerol o-
acyltransferase 2. As responsible of the antioxidant activity (Ranga Rao et al., 2006) it was determined the
presence of several enzymes manganese superoxide dismutase, iron superoxide dismutase, catalase, glutathione
s-transferase, peroxidase and peroxiredoxin, among others. Finally to prove the expression of these genes in
massive systems, specific primers were designed and it was evaluated using real-time PCR.

Keywords Botryococcus, biomass, pyrosequencing, transcriptome, triacylglicerols.
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Use of Ultrasound in Biodiesel Synthesis
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M.P. Dorado
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Cordoba, Campus de Excelencia Agroalimentario Internacional ceiA3,14071 Cordoba, Spain

The use of ultrasound (US) in the production of biodiesel has taken a keen interest in the last decade. The main
handicap that slows down the transesterification process is the mass transfer speed between two immiscible
phases, a non-polar phase (oil) and a polar one (alcohol). In this sense, the phenomenon of cavitation generated
with ultrasonic devices produces more effective collisions between reactants and accordingly, could improve the
mass transfer in the first step of the transesterification reaction. Moreover, US have been considered a clean
energy owing to its high efficiency and low instrumental requirements. Ultrasonic probes allow modify the
characteristics of ultrasound: frequency, amplitude and duty cycle.

Over 50 articles about biodiesel production assisted by ultrasound has been reviewed, showing that the use of US
decreases reaction time considerably, compared to conventional transesterification reaction. To achieve high
reaction yields, transesterification usually takes place in the order of hours, while in the case of sonicated
reactions only few minutes are needed. Moreover, the use of US allows carry out the transesterification at room
temperature without preheating the reaction, thereby saving energy. In many works, it has been found that the
optimum catalyst amount and alcohol to oil molar ratio are lower in ultrasound-assisted trasesterification reaction
compared with conventional biodiesel production.

Although basic laboratory scale researches in ultrasound assisted biodiesel production have depicted interesting
results, some problems remain unresolved. For example, although there are small-scale ultrasonic reactors
providing optimized results, a large-scale reactor that allows the production of biodiesel in industrial scale is still
to be designed. Moreover, kinetic studies to elucidate the reaction mechanism in sonicated transesterification are
missing.
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Variation in fuelwood properties of five tree/shrub species in the Sahelian and
Sudanian ecozones of Mali: relationships with rainfall, regions, land-use and soil

types
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Rural communities in the Sahelian and Sudanian ecozones of West Africa use more than 90 indigenous tree and
shrub species for fuelwood, but there is very little published information about intra-specific variation in
fuelwood properties. There are steep rainfall gradients with latitude and longitude in the Sahelian and Sudanian
ecozones, and some computer models predict a hotter/drier climate. Information about variation related to
rainfall gradients is important therefore for planning fuelwood production in a changing climate. In addition, it is
important to know if fuelwood properties differ among regions, land-use and soil types.

We investigated variation in age-adjusted fuelwood properties [basic density (BDen), volatile matter (Vol), fixed
carbon (Carb), ash content (Ash), air-dry moisture content (MC), gross calorific value (GCV), fuelwood value
index (FVI = {net calorific value x BDen}/{MC x Ash})] of Balanites aegyptiaca, Combretum glutinosum,
Guiera senegalensis, Piliostigma reticulatum and Ziziphus mauritiana along latitudinal transects in five regions
extending from eastern to western Mali. The objectives were to determine if fuelwood properties varied with
geographical coordinates (latitude, longitude, elevation), mean annual rainfall, land-use type (woodland or
parkland agroforest) and soil type (sandy, sandy/loam or rocky).

Analysis of variance indicated that all fuelwood properties differed significantly among species, but there were
significant species by region interactions. Fuelwood properties were generally best for G. senegalensis and worst
for P. reticulatum. There were significant regional differences in Vol, Carb, Ash, MC, GCV and FVI of B.
aegyptiaca and Z. mauritiana; Vol, Carb, MC and GCV of G. senegalensis and P. reticulatum; and MC only of
C. glutinosum. Soil type had a significant effect on MC and FVI across species: MC was greatest on sandy soils,
and since MC is in the denominator of FVI, FVI was greatest on rocky soils. The effect of land use was
significant for G. senegalensis and Z. mauritiana: Ash of G. senegalensis was greater in parklands than in
woodlands; while Vol of Z. mauritiana was greater and Carb was lower in parklands than in woodlands.

Linear regressions indicated that fuelwood properties of most species varied with geographical coordinates
and/or rainfall. Fuelwood properties were generally better in drier locations for B. aegyptiaca, C. glutinosum and
P. reticulatum, and in wetter locations for G. senegalensis and Z. mauritiana. MC of B. aegyptiaca and G.
senegalensis wood was higher in drier locations in the driest regions, suggesting that these species may have
evolved an adaptive mechanism to maintain high tissue moisture contents throughout the long dry period.

In general, fuelwood production is recommended in all regions for G. senegalensis, in drier regions for B.
aegyptiaca and C. glutinosum, in more humid regions for Z. mauritiana, on rocky soils for all species, in
woodlands for G. senegalensis (lower Ash) but in parklands for Z. mauritiana (higher Vol, which is positively
correlated with FVI). Fuelwood production of P. reticulatum is not recommended.

In addition, based on this research, ecological-genetic reasoning and projected climate change, we recommend
that seed of B. aegyptiaca, C. glutinosum and G. senegalensis should be collected in drier locations and used to
establish fuelwood plantations in the Sahelian and Sudanian ecozones of Mali, and that similar research on these
and other species should be carried out in the Sahelian and Sudanian ecozones of neighboring countries in order
to make region-level recommendations for fuelwood plantations in a changing climate.

Keywords climate change; basic density; volatile matter; fixed carbon; ash content; moisture content; gross calorific value;
fuel value index
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3C Concept for Control Strategies of Building Integrated Solar Energy Systems

Mike Duke®, Hanani Abd Wahab®, James Carson®, Tim Anderson”, Rainer Kunnemeyer®
*School of Engineering, University of Waikato, Private Bag 3105, Hamilton 3240 New Zealand.

"School of Engineering, Auckland University of Technology, Private Bag 92006, Auckland 1142, New Zealand.
*Corresponding Author: E-mail:dukemd@waikato.ac.nz , Tel:+ 64 7 838 4522, Fax:+64 7 838 4835

Research and development work on Building Integrated Solar Energy Systems (BISES) has become an area of
growing interest worldwide. BISES has the potential to be more cost effective than separate photovoltaic (PV)
and thermal systems as it could yield more energy per m”, be more economic to install, make better use of limited
roof space in urban areas and have improved aesthetics. The strategies for integrating and controlling the energy
yield of BISES in a typical domestic situation is however a major concern as a balance has to be found between
the thermal and PV output in relation to the needs of the household. In this paper the 3C concept is first
introduced whereby the homeowner can choose the performance of their BISES based on a compromise between
Comfort, Cost and Carbon. The fuzzy logic control algorithms to achieve 3C control strategies are then presented
and the simulation methodology for evaluating their potential performance using TRNSYS and Matlab/Simulink
explained. Finally, preliminary results from the simulations are presented that show the 3C concept could be an
effective way controlling BISES.
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A new solar concentrator and its performance analysis
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* Corresponding author. Tel.: +86 551 3607367, fax: +86 551 3607367 E-mail address: peigang@ustc.edu.cn;
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A compound parabolic concentrator (CPC) as a typical solar collector, which does not need the tracking system
when the geometric concentrating ratio is lower, has large application prospects, especially in PV application.
Truncation is a usually way to increase the acceptance angle of a mirror CPC, nevertheless, it also reduces the
geometrical concentration ratio. In this paper, a new lens walled CPC is designed, which has a larger half
acceptable angle than the mirror CPC. The shape of the lens is formed by rotating the parabolic curves of a CPC
by a small degree internally around the top end points of the curves and the out surface of the new lens walled
CPC is coated by the refractive material. Combining with PV, the lens-walled CPC-PV has the advantages of
reduced PV cell size, increased efficiency, larger half acceptable angle and stationary operation. The
investigation shows that when the incidence angle is smaller than 35°, the optical efficiencies of the lens-walled
CPC of 2.5X always keep above 46.7%, which is more stable on the incidence angle changed than that of the
mirror CPC and has great potential to promote the practical application for the large scope.

Keyword: lens-walled; CPC; concentration; optical; half acceptance angle
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A Novel n-type Semiconductor for Organic Photovoltaics

Ceylan ZAFER, Burak Gultekin, Deniz A. ERGUN

Solar Energy Institute, Ege University, Bornova 35100 Izmir, Turkey

In this study, we present a new n-type organic molecule based on naphthalene with high electron withdrawing
cyano moieties for OPV applications. The photopysical and the electrochemical properties of the acceptor
material have been determined by UV-Vis, Fluorescence Spectroscopy, and Cyclic Voltammetry. For
photovoltaic applications, bulk heterojunction type organic photovoltaics have been fabricated and CN,NDI-EH

used as the acceptor. The Photovoltaic performance measurements have been carried out under standard
conditions while P3HT/PCBM has been used as the reference.

Keywords n-type organic semiconductor, organic solar cell.
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A pattern search algorithm to extract optical constants and thickness of
transparent thin films from transmittance spectra

R. Miloua'?, Z. Kebbab', F. Chiker', K. Sahraoui', M. Khadraoui' and N. Benramdane'

'Laboratoire d’Elaboration et Caractérisation des Matériaux, Faculty of Engineering Sciences, Djillali Liabés University of
Sidi Bel-Abbes, 22000 Algeria
%Faculté des Sciences de la Nature et de la Vie, Université Ibn Khaldoun de Tiaret, 14000 Algérie

We propose the use of a pattern search optimization technique in combination with a seed preprocessing
procedure to determine the optical constants and thickness of thin films using only the transmittance spectra. The
approach is quite flexible, straightforward to implement, and efficient in reaching the best fitting. We
demonstrate the effectiveness of the method in extracting optical constants, even when the films are not
displaying interference fringes. Comparison to a real-coded genetic algorithm shows that the modified pattern
search is fast, almost accurate, and does not need any parameter adjustments. The approach is successfully
applied to extract the thickness and optical constants of spray pyrolyzed nanocrystalline CdO thin films [1, 2].

Keywords Thin Films; Optical Constants; Thickness; Pattern Search; Seed Preprocessing
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A Theoretical Study on Electron Injection and Recombination of Surface
Complexes with TiO,
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Adsorption geometry, nuclear vibrations, and molecular orientation of the dye with respect to the oxide surface
affect significantly the performance of dye-sensitized solar cells [1-4]. We compute the influence of these factors
on injection and recombination conditions in organic amino-phenyl acid dyes differing by the donor group on the
anatase (101) TiO, surface [S]. Ab initio molecular dynamics simulations predict configurations in which dyes
tend to lay flat on the oxide surface (Fig.1). The resulting proximity of the oxidation equivalent hole to the oxide
is expected to promote recombination. Temporal evolution of the driving force to injection is found to be
independent of dye orientation and uncorrelated to the oscillations of the O-Ti bonds through which the dye is

attached to the surface. We conclude that the dynamics of A G(t) is explained by uncorrelated evolution of the

energies of the dye excited state and of the conduction band minimum of the oxide due to their respective
vibrations (Fig.2). This suggests that it must be possible to control independently conditions of recombination
and of injection.

We also investigate the effect of deuteration on geminate recombination in photoelectrochemical cells operating
by interfacial charge transfer absorption bands [6]. The trend in recombination in surface complexes of TCNX
(TCNE, TCNQ and TCNAQ) with TiO, is treated as internal conversion (IC). The deuteration of TCNQ and
TCNAQ significantly modifies the spectrum of vibronic coupling constants for many vibrational modes, but
affects little the modes with the strongest contribution to IC. As a result, the overall effect on recombination /
internal conversion is expected to be limited, slightly increasing its rate.

In dye design by changing the conjugation order, computational errors behave differently and are more important
than when changing the size of conjugation. A different position of the methine unit in dyes induces an
uncommonly large difference in absorption spectrum. Long-range effects cause a failure of TDDFT using ab
initio and hybrid functionals to predict even relative transition energies in spite of a small degree of charge
transfer. Orbital energies remain good predictors of the relative energetics and are used to compute the effect of
nuclear motions on absorption spectrum [7].

Keywords Dye-sensitized solar cells, DFT calculations, 45 initio MD simulations
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Figl. Optimized geometries of NKI and
NK7 dyes absorbed on the anatase (101)
TiO, surface.

Fig.2 Distributions of energies of selected
during the MD trajectories for NK1 dye
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Advanced light management in Solid State Dye sensitized solar cells by quasi-1D
hierarchical TiO, nanostructures
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Light trapping and advanced light management schemes are a promising, yet quite unexplored, route to enhance
efficiency in Solid State Dye Sensitized Solar Cells. Indeed, these devices typically suffer from a low optical
density due to the limitation in thickness connected to the use of a solid state hole transporting material (HTM).
We present a novel photoanode architecture based on hierarchical TiO, nanostructures characterized by an high
multi-wavelength scattering and light trapping efficiency. These quasi-1D tree-like structures are grown by self-
assembly from the vapor phase on a glass-SnO:F substrate by means of Pulsed Laser Deposition (PLD).
Morphological and optical properties can be finely tuned and optimized with deposition parameters and thermal
post-treatments. Typically, they are annealed in air at 500°C to obtain an average grain size of 20 nm and anatase
crystalline phase. The novel architecture was optimized for optical properties. All samples fabricated by PLD
showed a higher absorption given by an enhancement in light scattering and light trapping (Fig. 1 a). Solid-state
dye-sensitized solar cells (ss-DSSCs) were fabricated upon sensitization with N719 dye, spin coating of the HTM
spiro-OMeTAD and Ag evaporation. Cells fabricated with the novel hierarchical TiO2 photoanode showed
higher short circuit current, Jsc, in accordance to the higher optical density measured. Overall, higher fill factor,
FF, and similar open circuit voltage, V.. than reference cells made with conventional mesoporous TiO,
determined an higher power conversion efficiency of the new architecture. Field emission scanning electron
microscopy (SEM) and transmission electron microscopy are used to gain insights about the correlation between
optical properties and photoanode morphology at different length scales, HTM infiltration, and the inorganic-
organic interface. The performances of the devices were then tested using a solar simulator. The advanced light
management and the outstanding HTM percolation shown by SEM images were thought to be the reason of an
overall enhancement of the average photogenerated current density and efficiency of the nanotrees photoanodes
compared to the nanoparticles ones. In figure 1b and 1c SEM images of the nanotrees used for cells fabrications
and the J-V curves of the champion devices are reported.
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Figure 1a) UV/vis spectroscopy showing the absorbance and diffusive transmittance spectrum of the PLD fabricated
devices compared to the one fabricated using standard nanoparticles paste; b) J-V curves of champion devices; ¢) SEM
images of a device fabricated using nanotrees.

Keywords: Nanostructured titanium oxide; Pulsed Laser Deposition (PLD); photoemission spectroscopy; hybrid
photovoltaics.
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Al-doped ZnO nanostructured layers for increasing the efficiency of thin films solar
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1D nanostructures have been recently considered as key materials for increasing the efficiency of the
photovoltaic devices. ZnO has demonstrated probably the largest family of nanostructured materials and the
bottom-up solution-based synthesis of these nanostructures have triggered considerable interest for practical
applications due to important advantages as low-cost and possibility of large-scale production.

The paper presents the effect of the morphology of Al-doped ZnO nanostructured layer, deposed by chemical
bath deposition method, on the efficiency of modified silicon thin films solar cells deposed by CVD method.

The paper presents a new approach, the modification of photovoltaic cells consists in using ZnO nanowires film
as the first layer for the deposition of TCO and p, i and n semiconductive silicon films. The effect of this layer on
the solar cell efficience was optimized by controlling the morphology of zinc oxide nanostructures. The
morphology and optoelectronic properties of transparent Al:ZnO 1D nanostructured thin films used for the
modification of silicon solar cells were investigated using HRSEM, optical transmitance, ellipsometry and solar
simulator. Our experiments demonstrated that nanostructured layer containing a mixture of nanorods and
nanosheets increase the efficiency of sollar cells due to effects of light trapping and increasing the surface of
p/i/n junction.

Key words: Al-doped ZnO, nanorods, solution synthesis, anti-reflective layer, p/i/n silicon jonction, photovoltaics, cell
efficiency.
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AlGaAs/ GaAs Tunnel diodes grown on misorientated GaAs substrates for InGaP/
GaAs dual-junction solar cell applications
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The material properties of N"'~GaAs/P""~AlGaAs tunnel diodes (TDs) grown on misorientated GaAs substrates,
such as 2°, 6°, 10°, 15° off, are investigated, and these TDs are applied to the InGaP/GaAs dual-junction solar
cells in this study. It is found that the misorientation influences both surface roughness and interface properties of
the N"~GaAs/ P"~AlGaAs TDs. Smooth surface (rms roughness: 1.54 A) and sharp interface for the GaAs/
Aly3Gag7As TDs were obtained when the (100) tilted 10° off toward (111) GaAs substrate was adopted. Due to
the reduction of the sticking coefficient and the number of anisotropic sites, the oxygen content of TDs layers
grown on 10° off GaAs substrates was reduced. The conversion efficiency of InGaP/GaAs dual-junction solar
cell with N"—GaAs/P"—AlGaAs TD grown on the (100) tilted 10° off toward (111) GaAs substrate is close to
20%.

Keyword: N"—GaAs/P™"~AlGaAs tunnel diodes, misorientated GaAs substrates, InGaP/GaAs dual-junction solar cells
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An experimental study of a hybrid photovoltaic-wind system with battery storage

Rachid MAOUEDJ*, Abdelkrim Mammeri*, Mohammed Djamel Draou* and Boumediene Benyoucef**
*Unity of Research in Renewable Energies in Saharan Medium. B.P 478, Road of Reggane - Adrar. Algeria.
** Unity of Research in Materials and Renewable Energies, University of Tlemcen, Algeria

This paper describes the design and testing of a hybrid photovoltaic-wind system with battery storage, load and
hybrid system controller for battery charging and discharging condition.

The experimental set up has been realized in the Unity of Research in Renewable Energies in Saharan Medium,
Adrar (Algeria). The photovoltaic panel group constitutes the primary energy supplier of the system; while the
wind turbine is the secondary supplier since the contribution of wind turbine is small as compared to the share of
the photovoltaic subsystem (small wind turbine).

Keywords: Hybrid energy system, photovoltaic energy, wind energy, battery storage, load profile.
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Analysis of heat loss of parabolic through collectors of Shiraz (Iran) solar power
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Solar thermal power plant employing parabolic trough collectors are constructed in various countries and it is
going to be comparable with conventional system if one considers environmental impacts. Reducing electricity
cost by means of increasing thermal efficiency and reducing heat losses are the main considerations among such
power plant developers. In this respect heat loss of parabolic trough collectors for the collector field of 250 kW
Shiraz (Iran) solar thermal power plant is evaluated for various conditions. For analysis, both experimental
measurements and numerical modeling are made to find the impact of failure of heat collecting tubes (HCE). The
amount of heat loses are compared numerically for 3 different types of tube; vacuum, lost vacuum (air) and
broken glass (bare) tube. The experimental measured data are used to validate the numerical simulation. For
temperature measurements around the glass tube and absorber tube an infrared thermograph (IR) camera is used.
Thermal images are calibrated with measuring some local temperatures. For theoretical simulation a commercial
code of thermal analysis of parabolic collectors are used. The field measurements and theoretical results indicate
that for the present construction system of collectors field a vast amount of thermal loss occurs in the supports.
An absorber tube with vacuum reduces significantly the heat losses in comparison with broken tube or tube
without vacuum. During power plant operation poor isolation or any glass tube failure should be avoided for any
collectors field.

Keywords: Heat loss; parabolic trough collector; thermal efficiency; infrared(IR) camera
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Analytical approximation of external characteristic of solar cell
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The approximation of external characteristic (EC) of solar cell is proposed. Analysis is based on solar cell
equivalent diagram shown in Fig.1. Elements of the circuit are as follows: emf E, open circuit voltage U,, short
circuit current I, current I and voltage U across load and resistors: radiation ry, series ry and parallel r,. Theemf

E is constant to any solar power on the cell's surface P;due to the linear connection between Pgand 7 ; it is

equal to E=Py/I,=const. Under the certain radiation P the resistors' values are as follows: r,=(E-Uy)/I is
constant;r, and r, vary with the load current changing (0<I<I.) as U/I;<r,<00 and 0<r<Uq/I.
Two exponential approximations of the resistor r; as a function of a load current I and/or as a function of an
output voltage Uare proposed:
U a
r:v: = (l_e ISC?I)

* , (O]
U ~plee=t
=t U

sc

According to (1) the following is correct: r=0 at =0, U=U,, andr=U,/I at I=I,. and U=0. The coefficients a
andb are found requiring that the approximation curves will pass through the MPP of the cell (I, Un). The
equations obtained are:

Im
Tom = UOC[_ Um = UDC (1 e fse=tm )
m sc v (2)
B _pLoc=Um
- Yela Ve

Comparison of the approximations allows finding the EC of the solar cell. As examples the EC of the single
crystal, poly-crystal and amorphous solar cells are calculated. The calculation results are compared with the
characteristics obtained experimentally. A good matching is observed.

Keywordssolar cell; external characteristic;approximation

Fig.1. Solar Cell Equivalent Circuit
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Band gap prediction of nanocrystalline tin oxide thin film solar cell using taguchi
robust design method
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Nanocrystalline tin oxide thin films were deposited on glass substrates under various deposition conditions.
Taguchi analysis was used to model the dependence of the band gap of transparent nanocrystalline tin oxide thin
film on the process parameters. Comparison between the model predicted band gap value (3.23 eV) and the
experimental observation band gap value (3.30 eV) predicted a remarkable agreement between them. The
predictions of the model and sensitivity analysis showed that among the effective process parameters, deposition
time and concentration were the main parameters having significant effect on the band gap of nanocrystalline
SnO, thin film solar cell.

Keywords: Transparent conductive oxide; Solar cell; Band gap; Surface roughness; Taguchi robust design
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Behaviour of steels in contact with liquid metals considered for thermal energy
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Energy storage in concentrated solar power plants is an important point for solving the mismatch between solar
energy supply and electricity demand. Energy storage also improves the performance and the reliability of
energy systems. Thermal energy storage is one of the methods which include sensible heat storage (SHS) and
latent heat storage. The choice of materials for thermal storage is of course based on their thermal properties.
These include inorganic salts, salt composites, metals and metal alloys. Thermal properties such as specific heat,
thermal conductivity, thermal expansion, heat of fusion and melting temperature have to be carefully determined.
For the SHS technique, liquid metals can be employed at high temperature but they have not yet been seriously
considered because of weight penalties. Nevertheless, liquid metals remain an option for thermal energy storage.
For the reliability of the plant, it is necessary to pay also attention on structural materials of components in
contact with the liquid metals. This concerns tanks, pipes, heat exchangers...which can suffer from corrosion and
mechanical loading, and especially environment assisted damage.

The objective of the paper is to present some results obtained these last years on the behaviour of steels deformed
in presence of liquid metals.

A modified 9CrIMo martensitic steel and a 18CrlONi2Mo austenitic stainless steel have been investigated.
These materials are frequently used for high temperature applications and in aqueous corrosive media
respectively. They differ not only by their chemical composition but also by the heat treatment they can be
submitted to. Especially, the 9Cr1Mo is subjected to quench and temper treatment which temperature plays a
strong effect on hardness.

These materials have been deformed under monotonic or cyclic loading in several liquid metals: lead, lead-
bismuth eutectic, tin and gallium in a temperature range between 300°C and 500°C expect for gallium where the
tests were carried out at 35°C.

It is shown that the liquid metals can modify the behaviour of the solid metals in different way considering the
solid metal/liquid metal couple:

- a liquid metal assisted plasticity as for 18Cr10Ni2Mo austenitic stainless steel deformed in gallium
- no effect of liquid metal as for 9Cr1Mo steel tempered at 750°C and deformed in Pb-Bi eutectic
- a liquid metal restricted plasticity as for 9Cr1Mo tempered at 650°C or 700°C and deformed in Pb-Bi eutectic

- a liquid metal embrittlement for 9Cr1Mo tempered at 500°C, which is not the right tempering condition, and
then deformed in Pb-Bi eutectic

- a liquid metal accelerated damage as for 18Cr10Ni2Mo austenitic stainless steel and for 9Cr1Mo steel under
fatigue in Pb-Bi eutectic

The mechanical results are discussed according to metallographic investigation of the fracture surfaces and of the
surface damage of specimens.

Finally, the study suggests that modified 9CrIMo martensitic steel and 18Cr10Ni2Mo austenitic stainless do not
exhibit alarming behaviour in the considered liquid metals. Assessment of these effects would increase
considerably the reliability of the plant. This encourages use of liquid metals for thermal energy storage.

Keywords; mechanical test; fracture; liquid metal modified plasticity
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Bimodal nanostructured TiO, thin films for dye sensitized solar cells
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Dye-sensitized solar cell (DSC) is one of the most promising photovoltaic technologies for production of
renewable, clean, and affordable energy. Since its invention by Graetzel et al. in 1985" it has been permanent
subject of interest of research teams all over the world. One of the key issues in optimization of the Graetzel cells
consists in the morphological engineering of the TiO, photoanode. High surface area, crystallinity and
transparency predetermine mesoporous thin layers of TiO, to work effectively as photoanode in DSC. The
presence of mesopores together with the anatase particle size of several nanometers is reflected by a high
roughness factor (a specific surface area of the sample multiplied by its mass and divided by a geometric area of
the thin layer). The solar performance of multilayer TiO, films sensitized with N-945 dye scales linearly for 1 — 3
layer films, but approached a plateau for thicker films®. The solar conversion efficiency of 5.05 % was found for
a 2.3 um thick mesoporous TiO, film consisting of 10 layers. Nevertheless, despite the linear increase of
roughness factor with the number of layers, the solar conversion efficiency reaches plateau values for more than
8 layers. Electron capturing and recombination with dye/electrolyte within extremely open mesoporous structure
has been suggested to cause such a discrepancy. To eliminate this problem, TiO, anatase with fibrous
morphology was incorporated into mesoporous structure. We have combined bottom fibrous TiO, layer with
different kinds and thicknesses of mesoporous films and evaluate their performance in DSC. Performance of the
DSC with 2.5 um bimodal TiO, layer reached 5.35%. Recently we have started a new approach, combining well
developed crystallinity of nanoparticular anatase and high surface area of mesoporous TiO,. Resulting layers are
transparent, mechanically resistant and first IPCE measurements provide promising results.
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Building integrable luminescent photovoltaic systems
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In order to reach lower cost per installed capacity (€/W), concentrating photovoltaic (CPV) systems reduce the
semiconductor quantity by optical concentrating systems and increase the efficiency by using more efficient solar
cells. Within CPV sector, luminescent solar concentrators (LSC) represents a very attractive technology. Solar
light incident on LSC devices is absorbed by dyes, re-emitted into a guided mode in the slab, and finally
collected by a PV cell mounted at the edge of the slab.

LSCs show several advantages among CPV systems: i) use also the diffuse component of solar radiation; ii) do
not require expensive solar tracking reducing the final cost and improving sensitively their architectural
integrability. Moreover LSCs can be designed such that the luminescence energy closely matches the solar cell
absorption edge for improving the system efficiency and reducing both the spectral and thermalisation losses.

This work reports the results obtained within PHOTOFUTURE, an European Project focused on developing
high efficient LSC prototypes: in particular the work is focused on the development and testing of
luminescent solar concentrators based on Eu(TTA)3Phen, an interesting europium organometallic complex
characterized by an extremely large Stokes shift which allows to minimize self-absorption losses. In
particular in this work we reported: (i) fabrication of different LSC devices, characterized by different
thicknesses and produced by different production procedures; (ii) characterization of the physical and
optical properties of the different LSCs slabs; (iii) testing and comparison of the I-V performances of the
different LSCs devices.

Thinfilm Rareearthcomplex  Solar radiation

' \_ S

Fig. 1. Schematic of a thin film LSC: Light is collected over the top surface by luminescent centers. It is then re
emitted and wave guided towards the edges, where PV cells can be place. The light trapping relies on total internal
reflection.

Keywords: photovoltaic systems, luminescence, solar concentrators
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CdTe thin films for Solar Cells Application Prepared by Close-Spaced Sublimation
and Magnetron Sputtering Methods

R. H. Hajimammadov, N. A. Abdullayev, S. S. Babayev, I. S. Hasanov, E. K. Huseynov, A. H. Bayramov
and N. T. Mamedov
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Cadmium telluride became one of the most promising materials for its potential applications in solar energy
technology since last decades. A lot of methods for preparing CdTe thin films had been reported [1]. The
electrical, optical and structural properties of the films can change depending on preparation method and
conditions. Our interest lies in taking advantage of the benefits offered by various methods to make films with
desired properties.

This work presents comparison of XRD, atomic force microscopy, confocal Raman spectroscopy, and
photoluminescence data’s for two series CdTe thin films deposited on glass substrates by close space sublimation
(CSS) and magnetron sputtering methods.

CSS-deposited CdTe thin films crystallized in the cubic sphalerite structure (space group F43m) with a=6485A
and showed a preferential orientation along the [111] direction. The films consist of grains 2—6um in size (Fig.
la) and are dense. Grain sizes of magnetron sputtered films are smaller (around 1um, Fig. 1b) and are oriented
mainly in [311] direction. The intensities of photoluminescence and Raman emission of CSS films are much
higher than that of magnetron sputtered films.

The difference between the results for CSS-deposited and magnetron sputtered CdTe films are discussed in terms
of the fact that CSS films are deposited at a much higher temperature (620°C versus 200-300°C) and therefore
contain a lower concentration of structural defects [2].

Keywords cadmium telluride; close-spaced sublimation; magnetron sputtering

Figure 1. AFM images of CSS deposited (a) and Magnetron sputtered (b) films
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Challenges in materials selection for hydrogen producing solar reactors

N. Ozalp
Texas A&M University at Qatar, Mechanical Engineering Department, PO Box 23874, Doha, Qatar

Solar thermochemical production of hydrogen requires high temperatures in the range of 1000 K to 15000 K. In
order to house this process, a solar reactor is needed, where incoming solar radiation penetrates into the reactor
cavity through an aperture. An example solar reactor which was recently developed and manufactured at
Sustainable Energy Research Laboratory (SERL) of Texas A&M University at Qatar is shown in Figures 1 and
2. Building a solar reactor has many design challenges, where material selection plays a key role. Finding the
most suitable material for each auxiliary part such as quartz window, internal coating of the cavity walls,
insulation material, and aperture are some of the major design constraints to minimize heat transfer losses and to
maximize hydrogen production efficiency.

Quartz window for concentrared
solar energy eniry

Inlet port of Inlet port of

nanial gas natural gas
feed feed
Thermocouple ports
Figure 1: Solar reactor developed at Figure 2: CAD drawing of the solar reactor
Sustainable Energy Research Laboratory of cross section with dimensions in mm

Texas A&M Qatar

In a solar reactor, it is important to reach high exergy efficiency in order to have smaller solar collection area
and, therefore, reduced cost for the generation of unit amount of hydrogen. Because of the Carnot limit, it is
favorable to run the thermochemical processes at high temperatures. But from the heat transfer point of view,
high temperature process causes high losses due to re-radiation. By addition of metal or carbon based catalyst,
methane decomposition in a solar reactors can be enhanced. However, metal catalysts deactivate very quickly
because of the blockage of catalytic active sites by nano scale carbon particles formed during methane
decomposition. As for the carbon based catalysts, they are not only cheap but also do not require preprocessing
or recovery after processing. With the addition of carbon as catalyst, more nucleation sites in the reaction zone
are obtained for heterogeneous decomposition reactions. Moreover, since carbon particles are directly exposed to
the high flux radiation upon their entrance into the solar reactor, they absorb the heat and then exchange radiation
with the nearby particles and gas molecules. Therefore, carbon addition as a catalyst creates an enhanced heat
transfer mechanism inside a solar reactor and that yields with enhanced hydrogen production efficiency.

This paper describes materials selection methodology for a high temperature resistant and optimum heat transfer
loss capacity solar reactor design. The paper also discusses impact of catalyst use on the hydrogen production
efficiency, and provides information on the material properties of carbon black produced from solar cracking of
natural gas process.

Keywords solar reactor; material selection; radiation losses; design constrains
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Characteristic Solar Thermal Collector on Serial and Parallel Configuration
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This paper discuss the utilization of Solar Thermal Energy used as a fraction of energy source for Solar
Cooling System and/or Organic Rankine Cycle (ORC) which will be developed. Eight units flat plate
solar collectors was arranged as such that could be connected in series and parallel. Water — as the
working fluid —, its flow rate inside the circuit regulated by valves.

Thermocouples measured working fluid temperature at the inlet and outlet of each collector, inside
water tank and ambient temperature. Water from the tank circulated using a pump with maximum flow
rate 33 liter perminutes, measured by a flowmeter at the inlet. Solar radiation measured by a
pyranometer mounted paralel to the collector, and recorded every 5 minutes.

Simulation program was developed using ordinary equation, and the results compared to experimental
data. The heat removal factor and collecor efficiency from several test was compared for both series
and paralel configuration.

Keywords Flate Plate Collector; Heat Removal Factor; Collector Efficiency
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Characterization of materials degradation of photovoltaic modules

B. Asenjo, R. X. Valenzuela and F. Chenlo
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The study of the source of degradation and the possibility to recycling materials that are part of photovoltaic
modules is a subject of great interest. This paper presents the results of the characterization and degradation of
photovoltaic materials, that come from polycrystalline silicon modules after 20 years of outdoor.

Besides to the defects observed after a visual inspection such as yellowing, delaminations and corrosion near the
busbar, bubbles inside cells and cracks, etc, a disassembling process has been used to separate the panel
components, following by specific treatment. After being classified, the chemical composition and morphology
have been characterized using different techniques such as scanning electron microscopy (SEM) (Fig. la, b and
¢), thermogravimetric analysis (TGA), X-Ray diffraction (XRD), optical and IR measurements.

As a result, it has been able to determine the extent of EVA and glass degradation and also the presence of
impurities in these layers, as well as the changes occurred in the silicon waffles over time.

Figure 1: SEM sample images: a) EVA, b) silicon and c) glass, obtained from degraded panel.

Keywords Dregradation, Characterization
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Characterization of transparent graphene electrode for dye-sensitized solar cell

Hyonkwang Choi', Soochang Jeongl, Jaewon Lee', Minhyon Jeon'
! Department of Nano Systems Engineering, Inje University, 607 O-bangdong Gimhae Kyoungnam, South Korea

Recently, carbon material have been attracted in solar cells for electrochemical electrodes [1]. Especially,
graphene is one of candiated materials for the electrode applications because not only its high optical and
electrical properties but also excellent catalytic activity [2, 3].

In this letter, we prepared reduced graphene by chemical conversion of graphene oxides [4]. Then, graphene
applied to devices deposited by electrophoretic method. The electrochemical properties of graphene electrodeds
were examined by using half cells. Dye-sensitized solar cells (DSSCs) were fabricated with those graphene
electrodeds in order to examine the conversion efficiencies. It could be tunable graphene counter electrode of
transparency, electrochemical properties and conversion efficiency of DSSCs by controlling the electrophoresis
deposition time, and electric field.

The results suggested that transparent GCE by electrophoretic method could be used as one of candidates for
counter electrodes in DSSCs.

Keywords graphene; counter electrode; dye-sensitized solar cell; electrophoretic deposition

g i’latinum
«— Electrolyte

Figure 1 Schematic fo half cell and full cell for characteristics of DSSCs
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Comparison of different Scalar-Based control in the Photovoltaic pumping system

Chergui Moulay-Idriss; Pr. Mohamed Bourahla

We aim to arrive at an improved control and optimization between the different functions of the elements of a
solar pumping system. The photovoltaic can supply maximum power only for defined output voltage. In
addition, the operation to get the maximum power depends on the terminals of load, mostly a non-linear load like
induction motor. In this work, we used an intelligent control method for the tracking module inserted in the
photovoltaic system under variable temperature and irradiance conditions. The tracking module can be used to
maintain the operation of the photovoltaic panel at maximum power; this can be done by means of the Maximum
Power Point tracking by controlling the voltage or current generator independently of the load. The system was
tested with the use of Scalar-Based control motor, with the Voltage/frequency control, by introducing the sine-
triangle technique, but we ended up with a very high harmonic content, leading to control problems
uncontrollable (noise, for oscillations of the torque and current disturbance on speed), which requires an increase
in the value of the filter capacitor. To reduce these, we use other technical of inverter control as calculated PWM
technique. At the end we presented a comparison between these two techniques by different electrical
quantities to show the interest of technical Calculated PWM
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Cu-doped TiO; by means of hydrolysis reaction at low temperature

T. Aguilar, J. Navas, C. Fernindez-Lorenzo, R. Alcantara, J.J. Gallardo and J. Martin-Calleja
SCEM, Physical Chemistry Department, Science Faculty, University of Cadiz, 11510 Puerto Real (Cadiz), Spain

Introduction: Doping of TiO, with metal atoms is known to improve the properties for its use as semiconductor,
both in photocatalytic and photovoltaic applications."? In this work, we introduce a methodologybased on the
hydrolysis of a Ti-alcoxideat low temperature for obtaining Cu-doped TiO, with a low band gap energy.

Experimental: Cu-doped TiO, was synthesized using a hydrolysis reaction at low temperature using titanium n-
butoxide as precursor. The procedure is: (a) 100 mL of water was cooled at 4 °C; (b) during the cooling process a
stoichiometric amount of CuCl,-2H,0 was added to get Cu/TiO2 proportions of 2.5%, 5.0% and 7.5%; (c)
10 mL of titanium n-butoxide was added drop wise under magnetic stirring; (d)when the addition is finished, the
solution was homogenised for 30 min; (e) 4 mL of HNO; (purity 65%) was added, and the mixture was kept
under magnetic stirring for 2 hours; (f) solvent was evaporated under vacuum at 333 K using a rotavapor, and
later on a hotplate at 373 K until complete dryness; and (g) as-prepared Cu-doped TiO,nanocrystals were
annealed in air for 1 hour at 723 K.

The samples obtained has been characterizedby: (a) ICP-AES for determining the amount of Cu introduced in the
TiO; structure; (b) XRD and Raman spectroscopy in order to detect the crystalline phases in the samples; (c) UV-
Vis spectroscopy for obtaining the values of band gap energy of the synthesized samples.

Results and discussion: Table 1 shows the real percentages of Cu versus TiO, which were introduced in the
synthesized nanocrystals. In all cases, the results from ICP-AES technique show that the amount of Cu
incorporated into the TiO, structure is about 80% with regard to the initial amount of Cu approximatelyresults
obtaining for ICP-AES. Moreover, from XRD patterns, it can be seen that for all Cu-doped samples, only the
peaks of anatase and rutile phases of TiO, were found. In addition, XRD did not reveal the formation of any
crystalline phase of copper species.’These results confirm that Cu ions are uniformly dispersed among the
anatase crystallites. In turn, Raman spectra are in good agreement with XRD results. From Raman spectra, it is
possible to see that several structural distortions occurbecause a structural copper doping. At last,from diffuse
reflectance UV-Vis spectra, the values of the band gap energy have been calculated and using theTauc formalism
of the KubelkaMunkrelflectance plot. The obtained values are shown in table 1. We note that the band gap
energy decreases with increasing Cu concentration. In addition, our Cu-doped samples show a decreasing of the
band gap energy much higher than those reported in the literature.

Anatase (101
Table 1. ICP-AES results and band gap energy values
obtained.
Initial %Cu | Real %Cu | E, / eV
a 0.0 0.0 3.0
g 2.5 2.03+0.03 2.1
£ o s 5.0 4.10£0.01 | 1.7
“: 7.5 5.76+0.07 1.6
0 ) 0 % &0 70

20/ Degrea
Figure 1. XRD patterns of undoped TiO, and Cu-doped TiO,.

Conclusion: In this work, Cu-doped TiO, has been synthesized using a hydrolysis reaction at low temperature.
We have obtained evidences for the presence de Cu in the samples. From XRD and Raman we can conclude that
Cu is introduced inside the TiO, structure. In turn, the band gap energy decrease with increasing Cu
concentration and this decrease is much higher than those reported in the literature.
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Deposition of Composite Thin Films by Electrophoresis using Two Kinds of TiO,
Nano Particles

R. Kawakami, T. Yuasa, Y. Sato, Y. Mori and S. Yoshikado
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The absence of cracks and a high optical transparency are critical factors for obtaining high performance when
TiO, thin films are used as cathodes in dye-sensitized solar cells (DSSCs). The TiO, nano particles (here after,
TiO, nanoparticles) used in this study is composed 100 % anatase and can smoothly transport electrons between
nanoparticles by oriented attachment which makes the diffusion length of the electron comparatively long and
are thus suitable for use as photocatalysts and as the cathode material for DSSCs!"?). Electrophoresis deposition
is an inexpensive process and has a high deposition rate. However, it is difficult to deposit thick films for the
TiO, nanoparticles by electrophoresis. On the other hand, it is possible to deposit thick films for P25.
P25(Degussa) is the TiO, nano particle, is a commercially produced and is composed of 80 % anatase and 20 %
rutile. However, the transparency of the thin film deposited using P25 is not high. The first goal of this study is to
deposit transparent and thick composite TiO, thin films using powder mixture of TiO, nanoparticles and P25. The
second purpose is to find the optimum condition of electrophoresis to deposit composite thin films with the high
quality which improves the power generation efficiency (PGE) of DSSC.

The TiO, nanoparticles were synthesized according to the method by Adachi et al.'l. The synthesized TiO,
nanoparticles were classified according to size by centrifugal classification . First, TiO, nanoparticles were
precipitated at 4000 rpm by centrifugal classification. Next, TiO, nanoparticles were precipitated from the
supernatant of the colloidal solution at 6000 rpm. Using the same method, 6000—8000, 8000—10,000 and
10,000—13,500 rpm nanoparticles were precipitated. In addition, TiO, nanoparticles precipitated at 13,500 rpm
were prepared. Powder mixture of classified TiO, nanoparticles and P25 was dispersed in ethanol as dispersion
medium and TiO; colloids were adjusted. Composite TiO, thin films were deposited on an indium tin oxide glass
substrate by constant-current electrophoresis for various electrophoresis
times and mass mixture rates of two kinds of TiO, nano particles 21
After adsorption of dye, the substrate was dried in air and the DSSC
was fabricated. Current density-voltage (J—V) characteristics were
measured in AM1.5. The surface of TiO, thin film was evaluated by
optical microscopy, scanning electron microscopy (SEM) and atomic
force microscopy. The wavelength dependence of the transmittance of
the TiO, thin films with adsorbed dye was measured using a visible
light spectrometer.

The transparency of composite thin films was higher compared with

that of only P25. Figure 1 shows the SEM image for the composite thin Fig. 1. SEM image for the composite
film deposited using powder mixture of 10,000-13,500 rpm TiO, thin film. Mass ratio of 10,000~
nanoparticles and P25 with the mass ratio of 1:1. P25, of which seize 13,500 rpm nanoparticles and P25 is
was larger than that of nanoparticles, were located as matrix material in 1:1. Film thickness is 12 pm.

the thin film. Nanoparticles filled up the space between P25 nano

particles. Nanoparticles were connected each other. Figure 2 16 T 710, nanopartiles added P25 thin fim
shows the J-V characteristics of DSSCs fabricated using the g ’ (100200-13500 rpm:P25 [Wi%] =1)
composite thin films and the thin films deposited using only E 12Fe Fim thickness
classified TiO, nanoparticles or P25. All the thin films were =
approximately 500 nm thick. The PGE of a DSSC fabricated §
using thin film deposited only 10,000-13,500 rpm nanoparticles, 3
only P25 and those powder mixture were approximately 2.4, 3.5 <
and 4.8 %, respectively. Therefore, we succeed to deposit thick 5
film using powder mixture of TiO, nanoparticles and P25 as a ©
matrix material and to achieve the high PGE. 0.0 0.2 0.4 06 08
References [1] M. Adachi et al., J. Am. Chem. Soc. 126 (2004) 14943. Voltage [V]
[2] R. Kawakami et al., Austral. Ceram. Soc., submitted. Fig. 2. J-V characteristics of DSSCs
Keywords electrophoresis; dye-sensitized solar cells; TiO, nano fabricated using composite TiO, thin films
particles; composite thin films; classification and TiO, thin films deposited using

classified TiO, nanoparticles.
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Development of a pilot plant Solar Crop Drying System Using Liquid Desiccant

S. Alizadeh', H.R. Haghgou' and A. M. Goudarzi’

! Materials & Energy Research Centre, P.O. Box 31787/316, Karaj, Iran
*Department of Mechanical Engineering, Nowshirvani University of Technology, Babol, Iran

In a pilot plant solar liquid desiccant drying system (LDDS) developed at Materials & Energy Research Centre
(MERC), considerable reduction in the consumption of fossil fuels has been achieved for rice drying, while
yielding improved rice quality. The quality of many food crops begins to deteriorate within hours of harvesting.
Drying of the product soon after harvesting can avoid food spoilage and achieve storage lifetimes of 1-3 years.
The moisture content of grains and seed products typically needs to be reduced from 20-40% to about 10%
moisture by weight. Evaporating water requires heat energy and, for a crop containing 40% moisture, at least
1200 mega joules of heat energy is required for each ton of dried product. This heat is normally provided by
burning diesel fuel or liquid petroleum gas (LPG). To reduce the moisture content from 40% to about 10%
requires at least 30 litres of diesel fuel or 50 litres of LPG to be burned to provide the heat requirement for each
ton of dried product. The results of this experimental work conducted in a hot and humid location in the north of
Iran on the Caspian Sea indicate that by using the low temperature solar energy technique, in addition to the
improved rice quality and energy savings, the drying time has considerably been reduced.

Keywords: Crop drying, liquid desiccant, desiccant regeneration, air dehumidification

Photograph of the solar LDDS pilot plant installed on the site

109

The Energy and Materials Research Conference - EMR2012
Torremolinos (Spain), 20-22 June 2012

Development of a Pilot Plant Solar Liquid Desiccant Air Conditioner

S. Alizadeh', H.R. Haghgou' and A. M. Goudarzi>
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“Department of Mechanical Engineering, Nowshirvani University of Technology, Babol, Iran

In a pilot plant solar liquid desiccant air conditioner (LDAC) developed at Materials & Energy Research Centre
(MERC), dehumidification of the outside air is achieved through a honeycomb packed-bed heat and mass
exchanger, using lithium chloride solution as the desiccant. The dry air obtained from the dehumidification
process is evaporative cooled inside a cooling pad and directed into the conditioned space. The dilute solution
thus produced, due to absorption of water vapour in the air, is concentrated in a honeycomb packed-bed
scavenger air regenerator using hot water from flat plate solar collectors. Carryover of the desiccant particles has
been avoided by using eliminators.

In this paper the experimental results obtained from testing the pilot plant absorber unit in a hot and humid
location in the north of Iran on the Caspian Sea, have been presented and compared with a previously developed
model for a honeycomb packed-bed. The comparison reveals that good agreement exists between the
experiments and model predictions. The inaccuracies are well within the measuring errors of the temperature,
humidity and the air and solution flow rates. The above tests further reveal that the unit has a satisfactory
performance to control independently the air temperature and humidity when installed on a commercial site with
an area of about 250 m’.

A commercialization study reveals that the operating cost of a solar LDAC is significantly lower than its
conventional counterpart. The costs would further reduce if a storage system was used to store the concentrated
solution of liquid desiccant. A simple payback of five years was determined for the solar components of the
liquid desiccant system in this study.

Keywords: Liquid desiccant, Dehumidification, Packed-bed, Solar regeneration.

Photograph of the solar LDAC pilot plant installed on the site
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Donor-Acceptor Conjugated Novel aromaticfused polymer is High-performance
Ogranic photovoltaic solar Cells

Hui-Jun Yun', Ran Kim', Seung-Jin Yoo', Jong Gwang. Park’, Yun-Hi Kim** and Soon Ki Kwon'"
'School of Materials Science and Engineering and ERI, Gyeongsang National University, Jinju, 660-701, Korea

*Department of Chemistry, Gyeongsang National University, Jinju, 660-701, Korea
*E-mail : ykim@gnu.ac.kr

Organic photovoltaic devices have gained a broad interest in the last few years due to their potential for large-
area, low-cost solar cells. Various material concepts have been employed using small molecules, conjugated
polymers, and combinations of inorganic and organic materials as the active layer. Among them, solar cells
based on thin polymer films are particularly attractive because of their ease of film formation via solution process
and mechanical flexibility. Although significant progress has been made, the performances obtained from
polymer solar cells (PSCs) are still not satisfactory for commercialization. As a result of intensive investigations
by many researchers, it is well known that by collaboratively lowering the HOMO energy level and band-gap,
both high short circuit current (Jsc) and open circuit voltage (Voc) can be achieved thus rendering high power
conversion efficiency (PCE) upon thorough device and materials optimization. We reported the synthesis of
novel polymeric semiconductors Polymerl1 for the fabrication of soluble polymer solar cells, these polymers
with high yield were synthesized by Stille coupling reactions. The polymers were characterized by "H-NMR and
IR studies. The photophysical properties for the polymers were investigated by UV-visible absorption. The
polymers are good soluble in organic solvents such as chloroform, tetrahydrofuran, toluene and chlorobenzene.
The polymers showed broad absorption peaks, Polymerl showed at 660 nm in solution and at 670 nm in film.
The optical band gap for the polymers in film were calculated by UV edges. The electrochemical properties for
the polymers were investigated by CV. The polymers showed HOMO energy level were -5.39 eV. The thermal
properties for the polymers were investigated by TGA. The polymers showed Ty 5 % weight loss at 401°C.
Polymer1 showed higher device performances (PCE of 5.1%) compared to other PSCs polymer.
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Dye Adsorption by Electrophoresis for Dye Sensitized Solar Cells

T. Yuasa, R. Kawakami, Y. Sato, Y. Mori and S. Yoshikado
Graduate School of Science and Engineering, Doshisha University Kyotanabe, Kyoto 610-0321, Japan

In order to improve the power generation efficiency (PGE) of a dye-sensitized solar cell (DSSC), it is important
to adsorb the dye molecule uniformly within the whole negative electrode material, such as titanium dioxide
(TiOy) thin films!"’. Although immersion is typically used to adsorb dye molecules on the surface of TiO, by
soaking in a solution in which dye molecules are dissolved (dye solution), the optimal adsorption time is
extremely dependent on the kind of dye. On the other hand, for dye molecules which might be electrostatically
charged in a colloid, the adsorption can be examined using electrophoresis *!. An electric field exists inside a
TiO, thin film, which is a dielectric material, and as a result, the dye molecules are transported rapidly from the
surface of the TiO, thin film to the interface of the thin film and the electrode material such as indium tin oxide
(ITO). The first goal of this study was to determine the optimum conditions of adsorption of Cis-di(thiocyanate)
bis(2,2'-bipyridyl-4,4'-dicarboxylate)-ruthenium(Il) bis-tetrabutylammonium (N719). The second purpose of this
study was to find the optimum electrophoresis conditions by varying the concentration of the dye solution of
N719, the electrophoresis time and the current density for electrophoresis to adsorb the dye molecules uniformly
on a TiO, thin film.

Anatase TiO, nanoparticles were synthesized according to the method developed by Adachi et al.’l. TiO,
nanoparticle was dissolved in ethanol®®. TiO, nanoparticles were deposited on ITO glass substrate (negative
electrode) by electrophoresis at 25 °C. The thickness of TiO, nanoparticles thin films was fixed approximately 1
pum. After deposition, the thin film was dried and annealed at 350 °C in air. The dye solution in which 10 mg of
N719 was dissolved in 50 ml ethanol or fresh ion-free water as a dispersion medium for the dye was termed
Conc-1 (1.68x10™ M). The dye solution with 10xX mg dissolved N719 was termed Conc-X (Xx1.68x10™* M, 0.1
< X <5). The ITO substrate deposited TiO, thin film was immersed in dye solution as a working electrode. An
aluminum plate of 0.5 mm thickness was used as a counter electrode. The current density of electrophoresis was
varied in the range of -0.1-0.1mA/cm’. The electrophoresis time was also varied. After adsorption of dye, the
substrate was dried in air and the DSSC was fabricated. A solar simulator was used as the light source and the
irradiation power density was set to 100 mW/cm?® in AM1.5. Current density-voltage (J— ¥) characteristics were
measured by changing the load resistance. The surface of TiO, thin film with adsorbed dye was evaluated by
optical microscopy, scanning electron microscopy and atomic force microscopy. The wavelength dependence of
the transmittance of the TiO, thin films with adsorbed dye was measured using a visible light spectrometer.

With the same current density, the short circuit current density increased with increasing the concentration of dye
solution of Concs-0.1-1 and then decreased with increasing the concentration. The visible light transmittance of
the TiO; thin films adsorbed dye using dye solutions of Concs-0.1-0.5 was larger than those of Concs-1-5 (Data
are not shown). These results suggest that excess dye molecules adsorbed on TiO, thin films decreased the PGE
of DSSCs™. The PGE of DSSC fabricated using Conc-1 was the highest. It was revealed that the optimum dye
concentration and current density exist for dye adsorption
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Dye Sensitized Solar Cells — how far away from commercialization

Boyan Iliev and Thomas J.S. Schubert
IOLITEC Ionic Liquids Technologies GmbH, Salzstrasse 184, 74076 Heilbronn, Germany

Dye-sensitized solar cells (DSSCs) use a synthetic dye, a nonporous semi-conductor and electrolyte to convert
sunlight into electricity via a complex electrochemical process. Compared to silicon-based solar cells they offer
the major advantage of producing significant electricity even under diffuse light. They are transparent and can
therefore be used as translucent, power-generating architectural building blocks and design elements. In addition,
it is also possible to produce flexible DSSCs via cheap roll-to-roll-processes.

sensitizer dye

electrolyte, doped
with redox-couple X7X;
'

nanocrystalline|

TiO,-film 95 l

: o s r

light .

Q r Iy ==ueae > 1y £
a—ll puy,
L Q glass
] external circuit
B ——
electrons © IOLITEC, 2012.

Tonic Liquids, compounds composed entirely of ions and liquid below 100°C, have enjoyed an increased
popularity in past decade due to a unique combination of physical and chemical properties. Their low volatility
and non-flammability, tunable conductivity and viscosity, combined with high electrochemical and thermal
stability make them the most important electrolytes for the use in new sustainable processes like the conversion
of solar energy in solar cells. The most widely used process is based on the I/I;" redox couple, and therefore the
main components of the electrolytes are iodide containing ionic liquids. With these electrolytes efficiencies of
more than 10% have been achieved in the laboratory,l

In our talk we’ll present our latest results about novel iodide-based electrolytes as well as the influence of
important additives, reducing the so-called dark currents, which are responsible for the reduction of the overall
performance as well as present the problems with the commercialization of this technology.

'. M. Griitzel, J. Photochem. Photobiol. C 2003, 4, 145-153.

Keywords ionic liquids; DSSC; dye sensitized solar cells; ready to use electrolytes
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Dye sensitized solar cells based on metal-free organic dyes and aqueous electrolyte

P, Veerender, Vibha Saxena, S.P. Koiry, D.K. Aswal and S.K. Gupta
!Technical Physics Division, Bhabha Atomic Research Centre,Trombay, India

Dye-sensitized solar cells (DSCs) have recently emerged as promising candidates to utilize solar power because
of their ease of fabrication and low cost as compared to conventional silicon based solar cells [1]. Till now, the
most successful DSCs were obtained using porous TiO, nanocrystalline film sensitized with a ruthenium based
dye with an efficiency of 11%. However, a further increase in conversion efficiency is found to be limited by
slow electron transport in porous TiO, during the illumination. This requires replacement of TiO2 by other
suitable semiconductor material. In this regard, ZnO is potential substitute for TiO, in DSSC because of large
band gap (3 eV), good electron affinity, and high electronic mobility (100 cm*/Vs) [2].

In this paper, we present fabrication of dye sensitized solar cells (DSSCs) which are free from toxic dyes and
electrolytes. For this purpose, we have used 4,4-difluoro-1,3,5,7,8-pentamethyl-2,6-diethyl-4-bora-3a,4a-diaza-s-
indecene (PM567) dye and aqueous electrolytes i.e.I/I; or Fe”/Fe™. ZnO nanowires (Figure la) were grown
onto ITO coated glass substrate by hydrothermal process using ZnO nanoparticles (dia ~ 30-40 nm) as seed layer
and were used as anode. The photoanode was then prepared by sensitizing ZnO nanowire arrays on ITO with
PM567 dye. A typical current density-voltage (J-V) curve in dark and under illumination (intensity ~50
mW/cm?) is shown in Figure 1b. The open circuit voltage = 0.43 V, short circuit density ~ 2.84 mA/cm’® and
power conversion efficiency of 0.81 % was obtained for DSSC based on PM567 dye in aqueous iodide
electrolyte, which was slightly higher than that found for N3 based DSSC.

Keywords Aqueous electrolyte; organic dyes, Dye sensitzed solar cells
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Figure 1: (a) Scanning electron microscopy image of ZnO nanowire on ITO electrode (b) J-V measurements of the dye
sensitized solar cell using PM567 and N3 dye sensitized electrode in 1371 electrolyte
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Effect of substrate temperature on properties of Cu,ZnSnS; thin films sulfurized
from Cu-Zn-Sn alloy precursors

Kyooho Kim *, Muhamad Ikhlasul Amal
School of Materials Science and Engineering, Yeungnam University, 214-1 Daedong, Gyeongsan, Gyeongbuk 712-749,

Republic of Korea
email: khokim@yu.ac.kr (Kyoo Ho Kim)

In this study, Cu,ZnSnS, (CZTS) thin films were prepared by sulfurization of single-layered metallic precursor
sputtered from Cu-Zn-Sn alloy target. The effects of substrate temperatures on the structural, morphological,
compositional as well as optical and electrical properties were characterized. XRD and Raman spectra have
shown that CZTS compound can be synthesized without any secondary phases at substrate temperature up to 550
°C. Higher substrate temperature of 570 °C gave CZTS along with secondary phases of Cu,SnS; and ZnS. The
microstructure of CZTS thin films were affected by substrate temperature, in which good crystalline and dense
structure was resulted at high substrate temperature. The direct band gap energies of the CZTS films were 1.45
eV, 1.47 eV, and 1.39 eV for CZTS thin films annealed at 530 °C, 550 °C, and 570 °C, respectively. The optical
absorption coefficient over 10* cm™' determined from the transmission and reflection spectra were found to be
dependent on the substrate temperatures. From Hall measurement, all CZTS thin films were found to be p-type
semiconductor, resistivity of 4.05 Q cm, carrier concentration of 8.22 x 10'® cm™, and mobility of 43.38 cm?V™'S”
' These results showed that the optimal properties of CZTS thin films suitable for solar cells application were
obtained by sulfurization at substrate temperature of 550 °C.

Table 1. Band gab, Electrical resistivity, carrier concentration, and mobility of CZTS thin films  at substrate
temperatures of 530 °C, 550 °C, and 570 °C.

Ts (°C) Eg(eV) Resistivity Carrier concentration Mobility
(Q cm) (em™) (cm*/VS)
530 1.45 3.10 7.97 x 10" 4.98
550 1.47 4.05 8.22x 10" 4338
570 1.39 0.94 2.27 x 10" 1.124

Keywords: Cu,ZnSnS,, thin films, sputtering, Cu-Zn-Sn precursor, sulfurization
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Effects of the position of the gas flow guidance device on carbon distribution during
the growth of multicrystalline silicon ingots by the directional solidification process

Jyh-Chen Chen', Bo Siang Huang" and Ying-Yang Teng’

'Department of Mechanical Engineering, National Central University, Taiwan, R.O.C.
*Chung Shan Institute of Science and Technology (CSIST), Taiwan, R.O.C.

Directional solidification method is frequently used to produce the multicrystalline silicon ingots in the PV
wafer industrial. The efficiency of an mc-Si solar cell depends strongly on the impurity content and level of the
me-Si wafers, which are cut from massive me-Si ingots. One of the major impurities in multicrystalline silicon
is carbon. In this study, numerical simulation has been performed to investigate the effect that installing a gas
flow guidance device in a mc-Si crystal-growth furnace would have on the carbon impurity distribution in the
melt during the growth process. The installation of such a gas flow guidance device changes the gas flow pattern
in the furnace, which would affect the transport of carbon oxide and silicon oxide in the gas and oxygen and
carbon in the melt. The results show that there is an optimum position to install the gas flow guidance device for
obtaining a lowest carbon level in the melt during the solidification process.

Keywords keyword; solar cell, multicrystalline silicon ingot, directional solidification method, numerical simulation,
impurities, heat and mass transfer.
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Efficiency Enhancement of Dye Sensitized Solar Cell by Incorporating Li Ion In to
ZnO Nanosturcures

Kosala Wiieramel, Jegenathan Akilavasan' and Jayasundera Bandara'"

'Instittute of Fundamental Studies, Hantana Road, Kandy, CP20000, Sri Lanka
*jayasundera@yahoo.com

ZnO nanostructures have been received broad attention in recent years as a promising alternative photoanode
material for TiO, based Dye Sensitized Solar Cell (DSSC) due to its large band gap, high electron mobility and
more importantly availability of simple nanostructure fabrication methods. However, the conversion efficiencies
of ZnO nanostructure based DSSC are still inferior to those of TiO, based DSSC. The poor performance
observed in ZnO nanostructure based DSSCs has been mainly caused by the formation of an inactive Zn*" dye
complex (Zn *p /Dye containing in acidic dye) layer on the ZnO surface, insufficient specific surface area and the
slow electron injection flow from dye to ZnO.

In this study, the power conversion efficiency of ZnO based DSSC was enhanced by incorporating Li ions in to
the ZnO nanostructure photoanode. ZnO nanostructures were fabricated using solution derived method and to
incorporate Li salt in to the ZnO, Li salt was mixed with ZnO nanostructure during the photoanode fabrication
step.

The typical photovoltaic behaviour of ZnO nanostructure DSSC in the presence and absence of lithium ions were
measured under the AM1.5 simulated sunlight with a power density of 100 mW/cm?. The current density (J..) of
4.64 mA/cn?’, open circuit voltage (Vo) of 553.8 mV, fill factor (FF) of 63.9 % and overall efficiency () of
1.65% were achieved for of ZnO nanostructure based DSSC in the absence of lithium ions and in the presence of
Li-salt, an efficiency of 3.06% was achieved. Enhance in overall performance was mainly due to high J (5.89
mA/em?) and V (725.6 mV). The electron transport and recombination properties of the ZnO and Li-ZnO
photoanodes were investigated.
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Efficiency of energy transfer in nanomodified photocells via plasmons in metallic
nanoparticles

A. Henrykowski , K. Marszalski and W. Jacak

Theory of Condensed Matter Group, Institute of Physics, Wroclaw University of Technology, Wybrzeze Wyspianskiego 27,
50-370 Wroclaw , Poland

Noble metallic nanoparticles are under investigation in order to improve efficiency of photovoltaic devices.
Collective oscillation of metallic plasma in such nanoparticles affect the intereaction of device with incident
light, which, under certain condition, can lead to increasing photocurrent. Electronic plasma in nanoparticle can
absorbe incident light resulting in surface plasmon oscillation. These oscillations are source of radiation itself
which interact with active layer of semiconductor device. Efficiency of energy transfer via plasmon oscillation
can be many times higher than in bare device.

This effects are however very sensitive for various parameters as size, material, shape of metallic nanoparticles
and environment. Detailed analysis of underlying physics should provide to deeper understanding and harvesting
of such phenomena in optoelectronic industry.

There are many experimental observations with noble-metal (particularly gold and silver) nanoparticles of
diameters of few tens of nanometers. In range of diameters of 10-100 nm properties of system can be well-
described in terms of semiclassical approaches like RPA (description of volume and surface plasmons were made
in Random Phase Approximation in confined spherical geometry with analogy to well-known Pines and Bohm
model of bulk plasmons). To include various types of interaction with environment special attention was paid to
radiation effects, which seem to play main role in damping of plasma oscillation and causes dependency of
nanoparticle size on resonant frequency [1].

Here we present detailed analysis of efficiency of plasmon-semiconductor coupling dependency of nanoparticles
size made in terms of Fermi golden rule. Figure 1 presents calculated numerically probabilities rates and shows
the limits for small nanoparticles (radius a equals zero) and approximation for large ones.

The second result of the work is the comparison of estimation damping rates corresponding to energy transfer
from nanoparticle to semiconductor in classical damped driven oscillator, when this rate has both wavelength and
particle size dependency with value for plasmon model in which damping rate depends only on nanoparticle size
(fig. 2).

[1]7J. Jacak et al., Phys. Rev. B., vol. 82, pp. 035418-1-13, 2010
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Figure 1. Transition probability vs. nanoparticle size Figure 2. Damping rate associated with near field
(inset: dependency of the probability rate of wavelength interaction in classical damped driven oscillator (yellow-

and damping rate with nanoparticle radius). red surface) and quantum-particle model (gray surface).

Keywords plasmonics; photovoltaic;
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Efficiency Optimization of the CulnS; QD Dopped Organic-Inorganic Hybrid Solar
Cells Through the Nanocrystal Size and Composion Controlling

Ceylan ZAFER, Cihan OZSOY, Deniz A. ERGUN
Solar Energy Institute, Ege University, Bornova 35100 Izmir, Turkey

The field of the organic hybrid solar cell based on quantum dots has attracted a great attention due to quantum
dot’s quantized optical and electrical properties and skills of designing new configurations with quantum
confinement effect. Abilities of quantum dots in modification of the desired band gap, which depends on the
quantum dot’s diameter and production multiple excitons per photonl encouraged to improve performance for
organic solar cell. Due to these unique properties, quantum dots have been subject of considerable study with
organic-inorganic bulk heterojunction solar cells. Till now a variety of quantum dot design have been taken into
account in order to improve the efficiency.

We present here the synthesis of CulnS2 quantum dots with different sulphur ratios, different core diameters and
investigation of gradually doping effect of these quantum dots on the conventional and inverted P3HT:PCBM
bulk heterojunction organic solar cell efficiency.

References:
[1] A.J. Nozik “Quantum Dot Solar Cells,” Physica E 14, 115 (2002).

Keywords Quantum dot, hybrid solar cell.
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Electrical and photoelectrical characteristics of a rectifying diode based on a novel
Cu(IT) complex

H. Temel', Y.S. Ocak? M. Atlan1, A. Tombak®, T. Kilicoglu®, K. Akkilic*
'Department of Chemistry, Faculty of Education, Dicle University, 21280 Diyarbakir, Turkey
*Department of Science, Faculty of Education, Dicle University, 21280 Diyarbakir, Turkey
*Department of Physics, Faculty of Art & Science, Batman University, Batman, Turkey
*Department of Science, Faculty of Education, Dicle University, 21280 Diyarbakir, Turkey

A Cu(Il) complex of a novel Schiff base polymer with naringenin were synthesized and characterized by a
combination of elemental analysis, Uv-Vis. spectroscopy, FT-IR, 'H NMR, MS and TGA/DTA. An organic-
inorganic rectifying diode was fabricated by forming a thin film of Cu(II) complex on an n-Si semiconductor and
evaporating Au metal on the complex film. It was shown that the structure have a good rectification property.
The electrical parameters of a device such as ideality factor, barrier height and series resistance were determined
by the help of current-voltage (/-V) measurements in dark. The effect of light on -V characteristics of the device
was also examined by the help of a solar simulator with AMI.5 global filter and 100 mW/cm? illumination
intensity.

Keywords Schiff base polymer; thin film; photoelectrical properties
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Figl. Current-voltage characteristics of Au/ Cu(II) complex/n-Si device in dark and under illumination
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Electrical and photovoltaic parameters of an enzyme based heterojunction

Yusuf Selim Ocak, Reyhan Gul Guven
Department of Science, Faculty of Education, Dicle University, 21280 Diyarbakir, Turkey

We successfully fabricated an Au/enzyme/ n-Si heterojunction device by forming a—amylase thin film on a n-Si
semiconductor. It was seen that the structure showed excellent rectifying behavior. The electrical properties of
the Au/oa—amylase /n-Si device including rectification ratio, ideality factor, barrier height and series resistance
were determined. It was reported that the a-amylase enzyme could be evaluated as semiconductor with 3.65 eV
band gap value obtained from optical method. We also executed the photovoltaic properties of the Au/a-
amylase/n-Si structures under 100 mW/cm? illumination condition.

Keywords a—amylase; optical band gap; electical and photovoltaic paramaters
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Electrochemical characterizations of ZnO nanowires for dye-sensitized solar cells

A.-F. Kanta'", A. Schrijnemakers’ and A. Decroly'

! Material Sciences Department, University of Mons, Rue de 1'Epargne 56, 7000 Mons, Belgium
% GreenMat — LCIS, Chemistry Department, University of Liege, Allée de la chimie 3, 4000 Liege, Belgium
* Tel. 432 65 37 44 45, Fax. +32 65 37 44 16, e-mail: abdoul.kanta@umons.ac.be

The dye-sensitized solar cells (DSSCs) using fluorine-doped tin oxide (FTO) supporting substrate for fabricating
ZnO nanowires film electrodes were developed. Platinum was deposited at the counter-electrode surface to
improve the electronic transfer between the electrolyte and the counter-electrode.

The obtained cells were characterized by electrochemical impedance spectra (EIS).

Based on the impedance spectra model, an equivalent electric circuit was proposed. This model gives access to
the electrochemical parameters values of the cell components and their interfaces.

Keywords: ZnO; Nanowires; DSSC.
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Electrochemical deposition of CIGS on electropolished Mo

T. Spano, R. Inguanta, S. Piazza, C. Sunseri

Laboratorio Chimica Fisica Applicata, Dipartimento di Ingegneria Chimica, Gestionale, Informatica, Meccanica, Universita
di Palermo, Viale delle Scienze, 90128 Palermo, Italy.

Copper indium gallium selenide (CIGS) is one of the most promising semiconductors for the absorber-layer of
thin-film solar cells. CIGS alloys are of great interest because they show many advantages, including high
absorption coefficients of visible light (up to about 10° cm™), facility to undergo band gap engineering through
alloy composition and long-term optoelectronic stability. Thanks to these features, CIGS-based solar cells
compete with poly Si-based ones and considerable efforts have been made for developing innovative devices
using these materials. Molybdenum is the most common metal used as back contact for CIGS solar cells, owing
to its stability at the processing temperature, resistance to alloying with Cu and In, and its low contact resistance
to CIGS. Properties of molybdenum films are of fundamental importance because they could induce significant
changes in the structural and electrical properties of CIGS deposited films.

In this work, we report some preliminary results concerning fabrication of CIGS thin films on molybdenum
sheets, previously cleaned using an electropolishing treatment (Figure 1-a), in order to obtain a defect-free
smooth surface. CIGS thin films (Figure 1-b) were obtained by electrodeposition from aqueous baths, at room
temperature and under a N, atmosphere. Different deposition parameters, like bath composition and deposition
time, were tested in order to obtain deposits with a composition close to the stoichiometric value. Film
characterization was conducted using several techniques (EDS, SEM, RAMAN, XRD), in order to obtain
information on both chemical composition and structure. Preliminary results on the photoelectrochemical
behavior of CIGS thin films will be also presented and discussed.

Figure 1. SEM images of electropolished Mo (a) and of electrodeposited CIGS (b).

Keywords: Molybdenum, CIGS solar cells, electrodeposition.
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Enhanced Efficiency of Polymer Solar Cells by incorporation of Plasmonic Gold
Nanoparticles

S. Kazim', V. S. Tran'?, K. HalaSova', J. Pfleger', M. Slouf', Q. T. Tran®
! Institute of Macromolecular Chemistry Academy of Sciences of the Czech Republic, Heyrovsky Sq. 2, 162 06 Prague 6,

Czech Republic
University of Science, 227 Nguyen Van Cu Street, 4 ward, 5 district, Ho Chi Minh city, Viet Nam

Metal nanoparticles were suggested to improve the performance of many optoelectronic devices based on surface
plasmon resonance: the collective oscillations of free electrons in metal NPs resonantly driven by incident
radiation. By manipulating the dimensions of the metallic nanostructures, the surface plasmon resonance
properties can be tuned depending on the applications. Application of noble metal nanoparticles was suggested
also as one of the possible ways of increasing power conversion efficiency of organic photovoltaic devices.

In this communication, the role of Au nanoparticles incorporated in the bulk heterojunction solar cells consisting
of active layer of poly (3-hexylthiophene) (P3HT)/fullerene derivative (PCBM), was investigated. The gold
nanoparticles were prepared by vacuum thermal evaporation technique, in which the metal atoms form clusters
by subsequent diffusion on the surface of a substrate. In the bulk heterojunction of P3HT-PCBM solar cells,
containing Au NPs has higher value of incident photon to collected electron efficiency (IPCE), especially in the
absorption range of Au NPs from 550-600nm that coincide with the localized plasmon resonance band of Au
NPs. A clear increase in the power conversion efficiency (PCE) under white light illumination was observed
which is attributed to strong local field enhancement around metal nanoparticles that locally increases optical
absorption in a surrounding semiconducting polymer and as a results photocurrent increased. By careful control
of the nanoparticles formation we were able to exclude the effects of variation of plasmonic resonance frequency
and incident light scattering that would increase the interaction pathway of light within the active polymer layer.

Keyword Polymer solar cells; Plasmonics; gold nanoparticles
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Extended cylindrical projection method for assessment of sunshine in buildings

Ammar BOUCHAIR

Department of architecture, University of Jijel, BP 98 Ouled Aissa, 18000 Jijel, Algeria.
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Direct mathematical treatment of cylindrical projection technique for non rectangular shapes is generally
considered too complex and recourse is made to other means such as spherical projection. Cylindrical projection
method would be more manageable and able to give more sensitive results. The objective of this research was to
use a computer-based mathematical analysis using trigonometric functions. This is to project building
components and sun's position in the sky on a two-dimensional cylindrical projection chart for a wide range of
plane shapes, inclined and non incline vertical planes, segment of a circular plane, semi-circular plane, and
circular plane. This analytical method using Matlab programming language and its graphical potentialities will
enable designers and architects to quick and realistic assessment of sunshine availability for buildings.

Key-Words: - Azimuth and altitude, Cylindrical projection, Segment of a circle, Semi-circular and circular planes.
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Growth of high mobility metal phthalocyanine thin films

S K Gupta
Technical Physics Division, Bhabha Atomic Research Centre, Mumbai 40085, India

Development of solar cells (and other devices) based on organic semiconductors is of interest as these have
potential for lower cost compared to inorganic semiconductor devices and use simple fabrication techniques.
Efficiency of organic solar cells and application of organic materials to other devices have however been limited
by lower conductivity and mobility of thin films. Typical mobility reported for organic thin films is less than 107
cm?/Vs. We have investigated metal phthalocyanine thin films by molecular beam epitaxy to identify methods to
improve their structural organization and mobility. Consequently, mobility of cobalt phthalocyanine (CoPc) and
iron phthalocyanine (FePc) thin films has been improved to ~100 cm’/Vs. Results of the studies will be
reviewed.

Films of 100 nm thickness were deposited on quartz and sapphire substrates and role of states in the energy gap
was investigated using transport measurements that yielded band diagram shown in Fig. 1 and showed the
importance of defects in controlling charge transport properties. Composite (CoPc + FePc) thin films deposited
on sapphire 