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2- and 3-Dimensional Materials for Electrochemical
Capacitors

Wednesday, 25th April - 09:05 - Plenary Speeches - Auditorium - Oral - Abstract ID: 442

Prof. Patrice Simon’
1. Université Paul Sabatier, CIRIMAT UMR CNRS 5085, F-31062 Toulouse

In the past decade, lot of attention has been put on electrochemical double layer capacitors (EDLCs), also known
as supercapacitors, since they are one of the most promising electrochemical energy storage devices for high
power delivery or energy harvesting applications.

During this presentation, we will show how the careful design of the material/electrolyte interface can help in
designing high energy density carbons for supercapacitor applications. The first part of the talk will be dedicated
to the study of the ionic fluxes and ion adsorption into porous carbon materials. The combination of several
techniques like in-situ NMR spectroscopy, EQCM and simulations has then been used for studying the ion con-
finement effect in carbon nanopores and helped in developing our basic understanding of the electrolyte/carbon
interactions in confined pores. A last part of the presentation will be presented some perspectives beyond the
carbon-based supercapacitors offered by2-Dimensional MXene materials, for increasing the energy density of
these devices.
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Solving Materials Challenges for Proton Exchange Membrane
Fuel Cells

Wednesday, 25th April - 09:40 - Plenary Speeches - Auditorium - Oral - Abstract ID: 397

Dr. Deborah Jones !

1. CNRS - ICGM - University of Montpellier

Proton exchange membrane fuel cells require disruptive solutions in materials in order to address the remain-
ing challenges in increasing performance and durability while also reducing costs. Only then will the expec-
tations for broad market introduction be met. These challenges include very thin polymer membranes with
exceptional chemical and mechanical stability and low electrical resistance, reducing or even totally replacing
platinum group metals at the fuel cell electrodes, without compromising activity or stability, and corrosion-
resistant, highly conducting catalyst supports. Moreover, increasing the power density of membrane electrode
assemblies requires optimisation of all interfaces to reduce resistive contributions.

We will describe some original approaches to proton exchange membrane fuel cell materials including new ar-
chitectures for fuel cell electrodes, membranes and their reinforcement and chemical stabilisation components,
and their integration in membrane electrode assemblies for next generation fuel cells.

Mitigation of Fuel Cell PFSA Membrane Chemical Degradation using Composite Cerium Oxide-PFSA Nanofibres,
M. Zaton, J. Roziere, D. J. Jones, J. Mater. Chem. A, (2017), 5, 5390 — 5401.

Current Understanding of Chemical Degradation Mechanisms of Perfluorosulfonic Acid Membranes and their
Mitigation Strategies: A Review, M. Zaton, ]. Roziére, D. J. Jones, Sustainable Energy & Fuels, (2017) 1, 409-438

Design of Heterogeneities and Interfaces with Nanofibers in Fuel Cell Membranes, M. Zaton, S. Cavaliere, D. J.
Jones, J. Roziere, in: Handbook of Nanofibers,A. Barhoum et al. (eds.), Springer International Publishing AG
2018, https://doi.org/10.1007/978-3-319-42789-8_32-1

Towards Ultrathin Pt Films on Nanofibres by Surface-Limited Electrodeposition for Electrocatalytic Applica-
tions, G. Ercolano, F. Farina, S. Cavaliere D. J. Jones, ]. Roziére, J.
Mater.Chem. A, (2017), 5, 3974-3980.

Toward PGM-free Catalysts for Hz/air Proton-Exchange Membrane Fuel Cells,  F.Jaouen, D. Jones, N. Coutard,
V. Artero, P. Strasser, A. Kucernak, Johnson Matthey Technical Review (2018) 62.
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New 2D Materials for Storage and Harvesting of Electrical
Energy

Wednesday, 25th April - 10:45 - Plenary Speeches - Auditorium - Oral - Abstract ID: 451

Prof. Yury Gogotsi!

1. Drexel University

TBD
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Energy and environment friendly materials research for
sustainable chemical energy storage

Wednesday, 25th April - 11:25 - Plenary Speeches - Auditorium - Oral - Abstract ID: 173

Prof. Joan Ramén Morante

1. Catalonia Institute for Energy Research (IREC)

In the energy transition road map, the foreseen introduction of renewal energy sources together the use of smart
grids arises very relevant questions concerning the availability of energy storage systems. In this framework,
spite of the huge efforts performed in the electrochemical battery developments, the capacity for storing very
large quantities of energies is still an open challenge especially considering the limitations shown by the current
technologies for higher energies than some MWh’s.

In this talk, chemical energy storage will be presented as a clear alternative for contributing to storage very
large quantities of energy in the range of GWh. Direct and indirect use of the solar energy will be reviewed.
Special attention will be paid in the production of solar fuels (Hydrogen and CO2 reduced products) as well as
in the potential uses of the solar hydrogen or the green electricity for producing fuels such as the synthetic ones,
the green methane or added value chemical’s.

Likewise, catalyst material developments and electrochemical cell configurations will be discussed and, finally,
the efficiency values will be connected with the different involved mechanisms in transforming solar or elec-
trical energy in chemical one.
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In order to meet the growing energy demands of modern society while simultaneously reducing global warm-
ing, the development of advanced energy generation and storage systems that are sustainable and have
high efficiency should be a priority. Supercapacitors, due to their excellent power density and long cycle
life, have been considered an attractive energy storage system for emerging technologies like wearable elec-
tronic devices and hybrid electric vehicles. Among potential electrode materials for supercapacitors, acti-
vated carbons derived from renewable bio-waste appear to be a promising candidate due to their low cost
and environmentally-friendly nature, as well as unique surface properties, which result from function groups
containing heteroatoms. However, their use in energy storage is still limited by their low energy density, which
is a formidable barrier for industrially extensive applications. Therefore, beyond the development of the ac-
tive material itself, the rational design of electrodes regarding various components and their interaction and
structure is recognized as crucial for the further progress of supercapacitors. In the present work, a novel elec-
trode composed of activated carbons prepared from waste coffee grounds and single and few layered sheets
of reduced graphene oxide intervening between the activated carbon particles enables the fabrication of ul-
trahigh performance supercapacitors. They present significantly enhanced capacitance in both aqueous and
non-aqueous electrolytes, with good rate performance and cycling life stability, compared to previous devices.
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Current desalination technologies require high energy input, being reverse osmosis (RO) the most-widely used
technology for seawater desalination with an energy consumption of at least 3 kWh/m?®. In this context, MIDES
project aims to revolutionize desalination by developing a low-energy sustainable process called Microbial De-
salination Cell (MDC) as a pretreatment for RO. The integration of MDC technology with commercial RO allows
seawater desalination with an energy consumption below 0.5 kWh/m?3. MDC treat simultaneously wastewater
and perform desalination using the energy contained in the wastewater. In fact, MDC can produce around 1.8
KkWh of bioelectricity from energy contained in 1 m® of wastewater. This energy is directly used to lower salt
content in seawater from 35 to 5 g/L (brackish water) without external energy input. The performance of anode
and cathode electrode is a parameter that must be optimized using advanced materials to obtain a high desali-
nation rate. Here, the properties, the developments and the characterizations of anode and cathode electrodes
based on carbon materials are presented.

Carbon materials are perfect material to use as anode material because are nontoxic and biocompatible with
microorganisms, have resistance to corrosion, good electrical conductivity, adjustable surface morphology and
chemistry and economic fabrication. The performance of more than 20 carbon materials was evaluated as
anode electrode by monitoring the inoculation process kinetics through electrochemical techniques. Results
demonstrate that carbon fibers and carbon felts materials are suitable as anode materials as these materials
could be efficiently inoculated in less than 20 days, achieving proper current outputs.

Carbon materials also are employed as cathode electrode. Here, oxygen reaction reduction (ORR) is one of
main bottlenecks to use these materials for air-cathode electrodes. In this study, air cathodes based on carbon
nanofibers (CNFs), acting as a support matrix for metal nanoparticles (Co and Fe) that act as catalysts, were
developed. Air cathode materials were fabricated using electrospinning technique followed by a thermal treat-
ment. ORR were characterized electrochemically in an abiotic cell. Results indicate that CNFs doped with Fe and
Co nanoparticles have proper ORR performance to be use as air-cathode electrodes, with higher performance
than Fe doped CNF.
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Proton-conducting membranes were obtained by solution casting method from new ionomer Inion (Russian
analog of Aquivion). Obtained membranes were annealed for 20 h at different temperatures (at temperature
range from 100 °C to 220 °C). The structures of all experimental samples were investigated by small-angle X-
ray diffraction methods. It was shown, that the ionomer peak, corresponding to the formation of cylindrical
structures, could be observed only above Tan> 130 °C. With the increase of annealing temperature up to 190 °C
and higher ionomer peak shifted towards smaller angles, that indicated the formation of broader cylindrical
channels (Fig. 1). Also it was shown that higher annealing temperatures led to significant increase of specific
proton conductivity, measured at different temperatures (20, 30,50 and 70 °C) and 100% relative humidity. This
increase was observed up to Tan= 170 °C, where specific proton conductivity reached its maximum and then
drastically fell down (Fig. 2). The membranes, annealed at Tan= 170 °C demonstrated the values of specific pro-
ton conductivity even higher, than those of commercial membrane Nafion NR212 and the activation energies,
calculated from the temperature dependences conductivity were about E,=0.1 eV, which is much less than those
of a membrane based on Nafion NR212, where E, is about 0.25 eV.

In this case, our investigations showed that the transport characteristics and dielectric properties of water in
nanopores strongly depend on the membrane morphology and its pore size. In this connection, it can be as-
sumed that the lower activation energy E. and higher values of specific proton conductivity of prepared poly-
mer samples may be due to a smaller diameter of the proton transport channels in the matrix of such a polymer
than the diameter of the Nafion NR212 polymer channels. The theoretical model was proposed, according to
which a decrease in the dimensions of the channels leads to an increase in the concentration of bond defects
and, consequently, to a decrease in the activation energy E, of the migration process, which was observed in
our investigations.

The work was performed under the project No. 17-79-30054 Russian Science Foundation.
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Introduction Reverse electrodialysis (RED) can be used to generate renewable energy from the mixing of water
of two different salinities. Herein, we have focused on anion exchange membranes (AEMs) for RED, because
these significantly affect RED performance parameters such as power density and open circuit voltage. Par-
ticularly, dopamine methacrylate (DMA) was used as a supplementary monomer for introducing quaternary
ammonium (QA) groups, because the addition reaction of catechol-bearing DMA binds amines. For membrane
fabrication, we chose the pore-filling method. Method Microporous polyethylene (PE; porosity 40 vol.%, thick-
ness 22 um) was used as a substrate. The electrolyte for substrate filling (E4C1; 50% (w/v) in ethanol) comprised
vinylbenzyl trimethyl ammonium chloride as the source of the anion exchange groups, ethylene glycol diacry-
late as a cross-linker, and DMA (hereafter E4C1). The PE substrate was immersed in the E2C1 solution and cured
by UV irradiation for 10 min. The resulting coating was removed and subsequently immersed in a diamine so-
lution of piperazine (PI; 10 mM) or hexamethylenediamine (Hx; 10 mM) for 10 min at room temperature to
induce the formation of the supplementary QA by binding with the DMA groups. The resulting membrane was
characterized using thermogravimetric analysis (TGA), swelling degree, and area resistance. Results and Dis-
cussion TGA results showed two peaks at 174 and 208 °C for the treated membranes, which corresponded to the
degradation of the QA groups. A single peak at 214 °C was observed in the sample before diamine treatment.
Moreover, after PI and Hx treatment, the swelling degrees (%) were 23.4 and 12.2, respectively, and that of the
control membrane (E4C1) before diamine treatment was 20.8. The area resistance of E4C1-PI and E2C1-Hx was
0.404 and 0.421 Q-cm2, respectively. The change in the swelling degrees was attributed to the penetration of hy-
drated ions through the AEM, which consequently influenced the area resistance. Conclusions We successfully
characterized the pore-filled AEM using DMA and diamine, and expect that E4C1-diamine membranes can be
used as an alternative membrane for RED system:s.
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Thermoelectric energy converters are an integral part of a large number of electric power supply systems and
are used in various devices, ranging from travel equipment to space vehicles. Such converters are character-
ized by ecological purity and reliability, which is determined by the simplicity of the device and the absence
of moving parts. As a source of heat, not only hydrocarbon or radioisotope fuels can be used, but also termite
materials, the success of which is limited by the relatively high energy of the initiation of the chemical reaction.
In this paper, we consider the features of the process of creating the main element of heat generation on the
basis of Al-Ni-FeOy traditional powder thermite materials. The results of experimental studies of the influence
of the pressing force and the composition of powder mixtures on the combustion front propagation velocity
and to the magnitude of the thermal effect are presented. Studies were carried out using high-speed video and
differential scanning calorimetry.

In addition, the original method for creating an initiator based on Al-CuOx powder material by electrophoretic
deposition is described. The paper presents the results of experimental studies of the effect of the suspension
composition and electrophoretic deposition regimes on the structure and composition of precipitation and de-
position rate. The results of measuring the combustion front propagation velocity using high-speed video are
also presented.
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Centralised heating systems and building heat networks are seen as a cost-effective and efficient method of
heating supply and are encouraged by the UK’s government schemes to reduce carbon emissions and assure
residents can afford heating their homes. Hence, the UK’s, specifically England’s domestic building stock is being
retrofitted to upgrade heating systems, with particular focus in social housing. Social housing represents 17% of
buildings in England and hosts low-income residents, who could greatly benefit from affordable heating. Thus, it
isimportant to understand the characteristics of the demand and the factors that affect the performacnce of heat
networks, to assure an efficiency heat supply and occupants’ comfort. This papers presents research conducted
on five identical high-rise social housing tower blocks located in the city of Southampton, United Kingdom and
recently refurbished to meet BREEAM Excellent standards. Heating in each tower block is supplied through
a high temperature wet network from gas boilers to heat exchangers in each flat. Monthly gas consumption
at building level and heating demand for space heating and hot water at flat level were monitored from 2013
to 2017. Results showed that: (a) the efficiency of the heat network was lower than 70% at all times, reaching
minimum values during summer months (b) the heat demand in the flats was lower than expected for the
building characteristics — 34 kWh/m?year for hot water and 21 kWh/m?year for space heating, (c) heat demand
variability was higher during the period from November to January. The analysis identifies building thermal
performance, layout of the heat network, and resedents’ comfort requirements and financial limitations as the
main determinants of heat demand.
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The solution casting technology was applied to manufacture thin polymer films (~20-30 microns) from the
ionomer solution of perfluorinated polymer with short side chains (an analogue of the commercial polymer
Aquivion®). The influence of annealing temperature on the mechanical properties (elastic limit) and proton
conductivity were investigated. The elastic limit and proton conductivity of the samples were found to reach
their maximum values at the annealing temperature 170 + 5°C. The protonic conductivity values of prepared
Aquivion-type membrane occur comparable with the conductivity of commercial Nafion membrane in whole
temperature range of measurements. The gas permeability of the membrane (i.e. crossover) was measured
by the method of leakage, which showed that the crossover of Aq170 membrane did not exceed 1.1 mA/cm?.
This value is fully consistent with the standard set by the DOE electrochemical community (Fuel Cell Technical
Team Roadmap) according to which the membrane crossover can not exceed 2 mA/cm?. Comparative studies
of membrane electrode assemblies (MEA) using the commercial (Nafion 212) and solution-casted membranes
were carried out. MEA with optimized Aquivion-type membranes showed satisfactory values of performance
characteristic. Taking into account high decomposition temperature of Aquivion-type membranes in compare
with Nafion, we can conclude, that solution-casted membrane obtained in this study is promising for usage
in middle-temperature (above 100°C) fuel cells. The work was performed under the project No. 17-79-30054
Russian Science Foundation.
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Water oxidation is considered the bottleneck in the development of an efficient and cost-effective water splitting
technology. State-of-the-art water electrolyzers are still far from being competitive with steam reforming, the
cheap and well-established hydrogen production scheme from fossil fuels. One of the challenges resides in sub-
stituting the expensive noble metal catalysts by earth-abundant counterparts while maintaining the efficiency
and performance required for technological applications. Inexpensive transition metal oxides are very compet-
itive catalysts for the oxygen evolution reaction (OER) but exclusively in alkaline media. We have discovered
in our labs the unparalleled OER activity offered by Prussian blue analogues. These coordination polymers are
robust in the solid state, stable and active in a large pH range (0 < pH < 11), appearing as a unique alternative
based on abundant and inexpensive metals. In this communication, we will present our latest results and ad-
vances in the processing of these coordination networks for their implementation into water splitting devices.
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The most important step in bioethanol production process is enzymatic hydrolysis of lignocellulosic biomass to
fermentable sugars. Production of >5% ethanol during fermentation is desirable for economically sustainable
bioethanol production process, which requires a minimum of >10% fermentable sugars in the hydrolysate. For-
mation of 10% fermentable sugars, mostly glucose and xylose from lignocellulosic biomass has been reported
for enzymatic hydrolysis at >20% solids loading of lignocellulose. Enzymatic hydrolysis at high solid loadings
involves certain challenges such as high stirring resistance in bioreactor and limitation of mass and heat trans-
fer which results in reduced hydrolysis yields. In the present work fed-batch process has been optimized for
biomass feeding time and enzyme loading to achieve >20% solid loading of low temperature aqueous ammonia
pretreated sugarcane bagasse. Laccase — mediator assisted enzymatic hydrolysis was performed to enhance
the sugar yields. The present method improved yields of sugars when compared with cellulase hydrolysis. The
ethanol titer obtained from the biomass hydrolysate was more than 60 g/L. The ethanol concentration achieved
in our study was higher than the level reported for 2" generation bioethanol produced from ammonia soaking
pretreated biomass. The results also proved that low energy pretreatments also have the potential to produce
high titer of bioethanol
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Biodiesel is an attractive substitute for petrodiesel due to its sustainability and environmental friendliness. Cur-
rently, for commercial biodiesel production bio-lipids extracted from edible vegetable oils are employed but are
not sustainable. As an alternate microbial diesel particularly from oleaginous yeasts is an attractive solution as
it offers features like high growth rate, high oil productivity on wide variety of substrates and can be produced
in small land space. In the present study, soil samples having detritus matter were collected from IIT Madras
campus, and Pichavaram mangrove. Samples were enriched in high C/N ratio (40), and chloramphenicol con-
taining media to select yeast strains. Forty yeast strains were isolated and tested for oleogenicity, by growing in
C/N ratio 75 medium. Total lipids accumulated after 96h of growth were estimated by primary screening using
Sulpho phospho vanillin assay. Secondary screening was done by gravimetric estimation using chloroform-
methanol extraction, 35 strains had total fatty acid content (TFA) below 25%, four strains had TFA between
25-35% and one isolate OE21 accumulated carotenoids and lipids up to 50% of dry cell weight. Organism pro-
ducing carotenoids are advantageous as carotenoids render oxidative stability to biodiesel. The isolate grew in
sea water exhibiting halotolerance, a property useful for large scale cultivation. Therefore, isolate OE21 appears
to have potential for large scale production even though there are yeasts producing over 60-70% lipids. FAME
(Fatty acid methyl ester) profile of OE21 was determined using GCMS (Gas chromatography- Mass spectrometry)
obtained by direct transesterification of the lyophilized cells. From this FAME profile the five essential phys-
ical properties of biodiesel were predicted using empirical equations reported by Luis et. al. 2012. A high
Cetane number (66.53), low kinmatic viscosity (4.57mm?/s), low density (0.87g/cm?®), higher heating value (39.80
M]J/kg) and Iodine Value (53.60 mg I,/100g) were obtained and were found to cohere to ASTM 6751-08a standard
recommendations. Results suggested that lipids from OE21 is of suitable quality for biodiesel production.
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Hydrogen is a potential alternative that has been viewed as a promising fuel with some unique characteristics
that makes it an ideal energy carrier that can satisfy all energy needs. Achieving the energy —source goal of
hydrogen requires its production from a non-fossil fuel source and on a large scale. Thermochemical water
decomposition is an emerging technology for large-scale production of hydrogen. About 200 thermochemi-
cal cycles have been identified but the copper—chlorine thermochemical cycle is regarded as one of the most
promising approaches. A 3-step, 4-step and 5-step cycles of Cu-Cl system for thermochemical water decompo-
sition cycles have been studied extensively but there is need for comparative studies that can aid in decision
making on the most effective and efficient step cycle especially with respect to the second law efficiency of the
process.

This research focus on thermodynamic analysis of the copper chlorine cycles. The cycles were simulated using
Aspen Plus software. All thermodynamic data for all the chemical species was defined from literature and the
reliability of other compounds in the simulation was compared with some other sources such as HSC chemistry
software. The 5-step Cu—Cl cycle consist of five steps; hydrolysis, decomposition, electrolysis, drying and hydro-
gen production. The 4-step cycle combines the hydrolysis and the drying stage of the 5-step cycle to eliminate the
intermediate production and handling of copper solids. The simulation of the 3-step cycle is presented in Fig-
ure 1. An optimisation procedure was conducted for the 3-step case. The optimisation objective was the exergy
efficiency. Bootstrap aggregated neural network (BANN) was used to enhance model accuracy and prediction.
The results of the analysis gave 59.64%, 44.74% and 78.21% for the 5-step cycle, 4-step cycle and 3-step cycle
respectively. Parametric studies were conducted and possible efficiency improvement of the cycles were found
to be between 59.57-59.67%, 44.32-45.67% and 23.50-82.10% for the 5-step, 4-step and 3-step respectively.

The results from the parametric analysis of the simulated process will assist ongoing efforts to understand the
thermodynamic losses in the cycle, to improve efficiency, increase the economic viability of the process and to
facilitate eventual commercialization of the process.
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Unlike the power generated by traditional power plants based on fossil or nuclear fuels, the output power of
the photovoltaic (PV) plants is highly variable to erratic. This is due to passing clouds which may cause a fast
variation of the solar irradiance, further inducing a massive shift in the output power of a PV plant. In this
context, forecasting the power generated by PV plants becomes a critical task in the smart management of the
grid. Accurate forecasts will enable the computers to take control actions aiming to balance the power grid in
real-time. Since there are circumstances when the fluctuations of the solar irradiance are on a time scale of
minutes or less, nowcasting the output power of PV plants becomes a timely research area.

This paper presents an innovative procedure for nowcasting the output power of a PV plant. The procedure
involves two interrelated issues: (1) realistic modeling of the PV converter response and (2) forecasting the so-
lar resource availability. The basic concept of the proposed procedure is based on several innovative results
obtained by our team: (1) a new procedure of solving the five-parameter model of a solar cell (Mares et al. Energ
Convers Manage 105 (2015) 139); (2) accurate modeling of the PV module operation in real environmental condi-
tions (Paulescu et al. Energy 70 (2014) 49) and (3) the innovative two-state model for short-term forecasting solar
irradiance (Paulescu et al. Energ Convers Manage 79 (2014) 690) based on sunshine number, a binary quantity
stating whether the Sun is shining or not. The study was conducted with data recorded on the Solar Platform
of the West University of Timisoara, Romania (http://solar.physics.uvt.ro/srms). The built database contains ra-
diometric, meteorological and electrical data from an experimental PV setup, all measured simultaneously at
high resolution (15 seconds).
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Compared to traditional solid oxide fuel cells (SOFCs), symmetrical solid oxide fuel cells (SSOFCs) have attracted
great attention because of several advantages as follows; the mechanical and chemical compatibility between
the electrolyte and electrodes by reducing the number of different cell components and interfaces and much
easier production of SSOFC because of assembly of the electrolyte and electrodes from just one thermal pro-
cess, reducing fabrication time and costs. Among the redox stable electrode candidates, high valence metal
ion-doped strontium ferrites, M-doped SFOs (M= Ti*', Si*', Zr*", Mo®" and W®"), were reported to possess high
redox stability in a wide range of temperatures and oxygen partial pressures. In particular, Ti-doped SFO is
one of the most promising materials due to its relatively low polarization resistance and chemical compatibil-
ity with different electrolytes (i.e., GDC, LSGM). In this regard, we used composite electrodes of Ti-doped SFO
and different electrolytes (i.e., YSZ, GDC, LSGM, and LSGMZ) for both cathode and anode in SSOFCs in order to
improve electrochemical performances. First, SrogFe;xTixO35 (x=0.2) was prepared by solid state reaction. The
doping of Ti in SFO was confirmed by various tools such as powder X-ray diffraction, energy dispersive spec-
troscopy, x-ray absorption spectroscopy and so on. The composite materials of SFTO and different electrolytes
were prepared by mechanical mixing using a ball miller and subsequent heat treatment. Among electrolytes
used, it was confirmed that YSZ is not suitable for use as an electrode material because of an occurrence of sec-
ondary phases, evidenced by PXRD. Among the others, the composite composed of SFTO and LSGMZ exhibited
the highest efficiency operating as both cathode and anode with polarization resistance values of 0.3 Q/cm? in
cell condition test at 750 °C. The SSFC consisting of LSGMZ electrolyte and symmetric SFTO/LSGMZ composite
electrodes showed a maximum power density of 500 mW/cm? at 750 °C. In this presentation, we will discuss
our recent efforts in using the composite electrodes in SSFC, which include a synthesis procedure of materials,
structural redox stability, and electrochemical performance.
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Fuel cell is one of the best solutions for distributed powder for the city. Among many types of fuel cells, molten
carbonate fuel cell (MCFC) operated at high temperature (650 °C) has been studied intensively due to no necessity
of using expensive noble metal catallysts and variety of fuel selection. However, MCFC has the relatively lower
cell performance than that of SOFC(solid oxide fuel cell). The oxygen reduction reaction (ORR) in cathode is
considered much slower that the hydrogen oxidation reation in anode. To enhance the cell performance of
MCFC, new cathode has to be developed.

In the present study, the effect of nano NiO layer on cathode on cell perfoance in MCFC is examined. To increase
cell performance, increasing the active area in electrode is very important. However, the attempt on increase
reaction layer in electrode have been little in MCFC area yet.

For the formation of reaction layer, nano lithiated NiO powder was prepared as following method. the nano Ni
powder (70 nm size, 10m?/g surface area) and lithium nitrate was mixed by 1:1 mole fraction in mortar, and then
was heated at 650 °C 3hr in air atmosphere. The surface area of as-prepared nano lithiated NiO powder is 7m?/g.
The ORR can occur in whole surface area of applied nano lithiated NiO layer, the area of reaction layer is about
12m?/g when coating nano lithiated NiO of 10wt%. The surface area of conventional lithiated NiO electrode
used as cathode is 0.48 m?/g. the thin layer were prepared after nano lithiated NiO coating. the thicknesses of
the thin layers at 5wt% coating and 15wt% coating are 24 and 78 um, respectively. The cell performance of cell
with nano lithated NiO is 0.86V at 620 °C. It is very high value as comparing that of uncoated cathode, 0.78V. As
shown in EIS results, the charge transfer resistance were reduced dramatically after nano lithiated NiO coating.
It shows that enlarging reaction area in cathod via the formation of reaction layer by coating nano lithiated NiO
powder certainly enhances the cell performance.
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Metal halide perovskites (MHP) attract broad interests in the fields of next-generation photovoltaic material
developments. Since the Miyasaka group first implemented methylammonium (MA, CHsNH;") lead tri-iodides
(MAPDI;) as a sensitizer in dye-sensitized solar cells, there have been dramatic increases in the power con-
version efficiency (PCE) of perovskite-based solar cells, of which the certified PCE has already exceeded 22%.
However, stability and toxicity are main concerns for MHP solar cell commercialization. Recently, there have
been much effort to develop Pb-fee perovskites by expanding the concept of common perovskite lattice family.
Double perovskite is one of the promising candidates for Ph-free MHPs which can be made by replacing two
divalent Pb?* ions with one monovalent M* and one trivalent M®* ions (A, M*M3*Xs).

Although there have been many theoretical and experimental studies on the development of dual perovskites,
the importance of the sequence of metal cations has not been examined. This study presents the electronic
structure changes induced by metal cation ordering of double perovskites through density functional theory
calculation. The band gaps of double perovskites are significantly influenced by metal cation ordering. Hybrid
density functional calculation including spin orbit coupling predicts that the band gaps can be modulated by
even 2 eV for a unit cell configuration of Cs;BiAgClg. This study reveals the importance of the cation alignment
control and suggests the physical origin of the band gap dispersion of double perovskites.
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Introduction

Compact photovoltaic module is a layered structure consisting of interconnected and encapsulated solar cells
embedded between substrat and superstrat (back and front sheets), glass or plastic sheets, in order to create
compact and sealed unit protected against environmental influences. Solar cells strings are encapsulated be-
tween two sheets of encapsulant foil. In the case of many solar cells connected into series, the encapsulant is
electrically stressed mainly at sharp edges of the structure. Another source of enhanced electric field is accumu-
lation of space charge at the dielectric - electrode interfaces. This phenomenon is connected with the electrode
polarization [1]. In the process of polarization the free cations in dielectric are accumulated near the negative
electrode, creating a positive charge. A similar process runs near the positive electrode. The steady state of
accumulation is given by the balance of concentration gradient and the Coulombic (electric) force [2, 3].
Methods

Interfacial processes were studied in various insulation foils intended for encapsulation of photovoltaic cells.
The analysis was based on the dielectric measurements in a broad region of temperatures and frequencies. The
measurements showed that the observed processes are connected with the electrode polarization. The electrode
polarization gives rise to the space charge formation and enhancement of electric field near the electrodes.
Results and Discussion

Calculation of the electric field is important for praxis as it allows assessing the risk of electrical break-down. In
our work we use the parameters obtained from the dielectric meas-urements for calculation of electric field dis-
tribution in encapsulating materials. It was found that electric field increases more than 100-times comparing
with the mean value.

Dielctric parameters permittivity €, conductivity o, thicknesses of Debye layer assigned as h; and the bulk layer
h; and electric field ratio E;/E; which equals to sy/s;are in Tab. 1. for various temperatures.

Table 1. Dielectric parameters of PVB encapsulating foil

t To a1 G2 hy ha
€ |& E1/Ez

°c) (s) (102sm?) | (10%sm?) |(107m) | (10%m)

39 |576 |8.76 0176 |443 0.51 4.57 3.60 54
45 |5.76 |8.67 |0.118 |6.14 0.89 181 3.60 144
52 |575 |856 [0.075 |634 165 1.06 3.60 260
58 |575 |847 [0.052 |746 275 0.78 3.60 369
63 |574 |840 (0039 891 4.16 0.64 3.60 466
69 (574 832 |0.027 |1.13 6.70 0.52 3.60 390
73 |573 |824 0020 |147 10.60 0.44 3.60 722

Table.png
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The effects of a multichannel absorber geometric pattern on thermal performance of a solar water heating
system was investigated. Research has shown that the water flow pattern inside the absorber is determined
by the geometric pattern of the absorber and has a significant influence on the thermal performance of solar
thermal collectors. In order to determine the effect of geometric patterns, a number of multichannel layout
arrangement were investigated through CFD simulations. A more effective layout (mosaic arrangement) of the
multichannels was identified. In order to investigate the influence of the flow distribution through the mosaic
absorber, two collector designs that differ in layout of multichannels were investigated. The first pattern was
based on parallel arrangement of the multichannels in which water flows following the traditional serpentine
pattern. The second pattern was a mosaic arrangement of the multichannels, in which water flows from one
end of the collector towards the center until it eventually flows out near the center of the collector. The effects of
these absorber geometric patterns on the thermal efficiency and stratification of water in an aluminum storage
tank were investigated. The overall efficiency was found to be 56% for the serpentine multichannel collector,
while that for the mosaic arrangement was found to be 65%. The solar fraction averaged 0.58 and 0.62 for the
serpentine multichannel collector and the mosaic multichannel collector respectively. The maximum useful
volume from the 100-litre storage system was found to be 75 litres for both collector designs. The average heat
loss coefficient of the storage tank was found to be 0.6 W/K. The self-discharge time of the system was found to
be 23 hours. These results show that the mosaic multichannel arrangement is more efficient. Hence, it can be
concluded that the absorber geometric pattern has an influence not only on the collector efficiency but also on
hot water storage system.

Acknowledgements This research was made possible by a NPRP award NPRP 5-161-2-053 from the Qatar Na-
tional Research Fund (a member of The Qatar Foundation). The statements made herein are solely the respon-
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Introduction: The sheer volumes of research studies indicate that effective risk analysis has a profound ef-
fect on the early financing stages of bioenergy and other renewable energy projects, its investments, and the
decision-making mechanism for risk transfer to adopt. However, there are little research data for project de-
velopers to utilize during initiation and planning phases of these projects. A better understanding of the risks
associated with bioenergy projects can help policy makers, project developers and risk management experts
to deploy more clean energy. Methods:In this study, the researchers focus on the quantitative used of online
survey method. Questionnaire was develop using online survey portal and the survey web link emailed to par-
ticipants who are involved in renewable energy projects and risk management followed by an in-depth compar-
ative analysis between the collected primary data and the secondary research information gathered from rele-
vant existing literature.Results: The study found that, the risk factors most associated with bio-energy projects
are; economic (flagged by 47.73%) and environmental risks (flagged by 45.45%). These outcomes are consistent
to the International Energy Agency IEA findings that economic and socio-environmental risks have the highest
impact on Return on Equity (ROE) and debt-leverage capability of biomass technologies and projects. Discus-
sion:The effects of risk management on bioenergy projects begins from initiation and planning stages (that is, to
attract investment and avoid negative financial impact on the projects). Moreover, in project implementation
it plays an instrumental role of identifying, controlling and mitigating inherent risk to boosts project success.
It was recommended that bioenergy project managers and developers should use systematic risk management
methods such as RBS (Risk Breakdown Structures) for better risk identification during the risk management
cycle.

23



International Conference On Renewable Energy

Gasifier SE-01 Produce Renewable and Sustainable Energy
Ecosystems: Utilization of Agricultural Waste with H2 Results
as Clean Energy and Biobriquette

Wednesday, 25th April - 13:30 - Poster Session - Gallery - Poster - Abstract ID: 22

Mr. Sucipto Halbianto adi?, Mr. Lutfi Alfianto ?, Mr. Muhamad Naufal Dzaky %,
Mr. Abdurrahman Muhammad Fikri Rasdi *
1. Universitas Gadjah Mada/Department of Electrical Engineering, 2. Universitas Gadjah Mada/Department of Aquaculture, 3.

Universitas Gadjah Mada/Department of Agricultural Microbiology

In Indonesia, the abundance of agricultural waste in the form of rice husks of post-harvest results are still not
optimal utilization. Whereas, the condition of cellulose solid waste is very useful that can produce renewable
energy sources such as biogas, biobriquette, and biofuel. One of the optimization of agricultural waste utiliza-
tion in the form of rice husks and corn cobs into biogas is by using gasifier. Gasifier is one of the tools or reactor
which converts cellulose solid biomass into gas (CO, CH4, CO, and H;) by gasification method. In general, the
benefits of gasifiers are used as a producer of thermal energy and electrical energy. But the constraint of the
current gasifier tool is still leaving the gas residue content of CO or TAR, thereby reducing the calorific value
of thermal energy generated. Gasifier SE-01 is a gasifier innovation that can produce clean H, gas without
TAR. Gasifier SE-01 has a concept of work as follows, biomass in — water seal PIT - reduction chamber — heat
exchanger — charcoal out. Gasifier SE-01 aims to realize the renewable energy ecosystem in the agricultural
environment, namely the result of H2 gas as gas fuel energy and electric energy (electric energy to drive mo-
tor drying post-harvest agricultural waste) TAR liquid waste is used as a termite medicine, while the residual
charcoal solid waste of combustion is used as biobriquette.
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Se nanowires are one of the chalcogenide-based nanostructures that have attracted interest in various research
fields because of their unique characteristics. Herein, we report on the fabrication of Se nanowires from bulk
SnSe crystals through an organic acid-assisted chemical transformation process. During the reaction process,
the concentration of organic acid is critical to control the morphology of final products. Se nanowires with the
diameter of ~40 nm and length of ~1 ym are obtained after the transformation, and we suggest reaction mech-
anism for the chemical transformation of SnSe. The effect of Se nanoparticles on the thermoelectric behaviors
in SnSe is also investigated and discussed. The Se nanowires and Se/SnSe composite in this study will open up

new possibilities to various applications with excellent performances
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This project shows a photovoltaic hybrid system (PHS) that follows the sun using electronic and mechanical
devices and reduces the solar panel’s temperature with water in order to increase the energy obtained.

The system was designed and implemented with a 1-axis solar tracker system (TS) and a water cooling system
(WCS). The main goal was to improve the electrical efficiency conversion increasing energy production through
the day. PHS allows solar radiation beams to fall almost perpendicularly and decreases the temperature of the
solar panel. Finally, its performance is compared against a traditional fixed photovoltaic system (FPS) oriented
at 15° facing south.

The PHS and FPS were fully characterized on an embedded microcontroller. The variables measured were
solar radiation, voltage, current, temperature and position. Experiments were made during seven days between
December 1st and December 19th 2017 in the city of Guiadalajara de Buga, Valle del Cauca, Colombia. The test
consisted on using the same photovoltaic panels in both PHS and FPS. They were loaded directly with electric
loads at 20%, 40%, 60%, 80% and 100% of the total power capacity of the solar panels. All measurements were
taken simultaneously.

Results points out that electrical efficiency of the PHS increased 5.03% compared to the FPS in the same envi-
ronmental conditions. Finally, the PHS shows daily additional average power between 37% and 40% when it is
loaded with electric loads of 80% and 100%.
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In this contribution, honeycomb-like hematite nanoflakes/branched polypyrrole nanowire heterostructures
with a 3D complex structure have been synthesized and employed as high-performance negative electrodes
for asymmetric supercapacitor applications. The detailed TEM-STEM characterization and deep EELS chemi-
cal analysis at the nanoscale has been combined to elucidate the mechanisms underlying the formation and
morphology evolution of the core-branch Fe,0; @PPy heterostructures for supercapacitor apllication. [1]

On the other hand, we have fabricated ITO/Fe;0s3/Fe;TiOs/FeNiOOH multi-Layers based on nanowire het-
erostructures via combination of sputtering, hydrothermal, ALD, photo-electrodepositon, methods for water
splitting application. Structural, spectroscopic and electrochemical investigations disclose that the origin of the
superior water oxidation performance is the interfacial coupling effect of ITO underlayer (Sn doping and con-
ductivity promoter), ultrathin Fe,TiOs coating (Ti doping, energetics and surface state density modulation) and
FeNiOOH eletrocatalyst (varying surface state energy level). [2]
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During the last decade, the integration of renewables into power systems has implied multiple studies and anal-
ysis in terms of grid power quality, reliability and/or feasibility. Among the different resources to be considered
as an alternative generation, wind and solar sources emerge as the most mature technologies. Indeed, they have
been widely integrated in comparison with the rest of solutions and, nowadays, they account for more than 20%
of generation in developed countries. With regard to PV installations, monitoring problem requires a detailed
analysis, since solar radiation fluctuations, soiling on solar panels or deficiency of PV panel performance can
involve unexpected output power oscillations and, subsequently, undesirable power generation decreasing.
Therefore, accurate and low-cost solutions to monitor in detail PV power generation is more and more required
by the sector. Under this framework, this paper describes a PV module monitoring system based on low-cost
solutions, aiming to collect data at PV module level and give detailed information regarding the PV power plant
performance. Actually, most current solutions are based on data collected at inverter level, and thus, moni-
toring solutions at PV solar module are demanded by the operators to overcome typical drawbacks related to
large amount of panels to be simultaneously monitored and/or industrial rooftop solar PV plants that become
difficult access. Additionally, low-cost monitoring systems are welcome as an alternative way to improve PV
module performance and give predictive maintenance solutions. The proposed monitoring system is based on
Raspberry systems that allow us to set personalized solutions with powerful hardware and connectivity op-
tions. Consequently, meteorological and electrical data are collected from this equipment and sent to a sink
node where the information is available. Detailed information of the solution as well as preliminary results
collected in a PV power plant connected to the grid are also included in the paper.
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With an increased efficiency one particular model wind turbine rotor is able to run and produce higher energy
output. From a constant air flow source and by placing each of the model rotors in front of the blowing air
the rotors are allowed to rotate and tested. The Model rotors are so chosen and made to have various Solidity
ratio, Blade angle, Tip Speed ratio and Mass. The energy equation is used and the maximum rotational speed of
the rotors under identical conditions are measured using non-contact type optical speed sensor. Astonishingly
about 30 to 40 % more energy efficient is the case for a particular rotor geometry is reported. CFD test results are
also firmly supports the above final conclusion it is recommended that Commercial wind turbine manufacturers
can confidently change the existing wind turbine rotor blade design.
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Every electrical system in solar panel can fail during electrical faults. In this incidence, high fault current can
occur. Such current must be interrupted by a protective system. The research was supported by experimental
tests. In work conditions close to real, the numerical relay REF542plus was tested for both instantaneous and
extremely inverse definite minimum time IDMT over-current protection functions with the help of CMC 365
injection and test equipment associated to Test Universe software. Protecting hybrid solar panels generating by
different renewable energy sources for hydrogen production from over-current is very important for improving
the energy efficiency in one hand, and securing the function in critical condition from damage of the solar cells
in second hand. The contribution of this research is controlling the over-current in the solar panel for securing
the continuation of the hydrogen production from renewable energy sources in short time. The obtained results
allowed the observation of the relay’s behavior when subjected to certain faults; where the solar panel keeps
producing the hydrogen.
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ORCs power plants are the most suitable systems for low-grade thermal energy recovery and power conversion.
Coupling a micro-scale ORC plant with Parabolic Trough Collectors as thermal source can satisfy the demand
of a domestic user in terms of electrical and thermal power. The aim of this work is the development of an
experimental micro-scale ORC plant to evaluate the application and detect the improvements perspectives. A
numerical analysis has been developed with the purpose of designing the experimental test bench and predict
the operation of the plant in different working conditions. Within the plant design, special attention has been
reserved to sensor and instrumentation setting with the purpose of characterize each component in terms of
pressure, temperature, power and energy. A software specifically developed in National Instrument Labview®
environment, allowing a direct connection to the NIST REFPROP® thermodynamic properties libraries, man-
ages the instruments. This paper carries out the development process of the ORC experimental plant, outline
numerical results of the designing model, describes the test prototype and present the investigation of some

experimental working condition points.
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This paper presents an overview of the solar assisted desalination project, which began in Fall 2015 and culmi-
nated in the design of a pilot plant solar assisted desalination of seawater in Qatar. While seawater desalina-
tion is an energy intensive process often associated with sustainability issues and environmental impacts, this
project aimed at developing a solution that minimizes environmental consequences of conventional desalina-
tion by using solar energy. Earlier experimental work on water heating showed that flat plate solar collectors
thatimplement improved geometric patterns have potential to heat water to temperatures close to that required
for desalination. To this end, a single-effect vertical distiller was developed with the detailed design focused on
production and ease of maintenance. The heat collection part was designed to provide, continuously, the hot
water to the distillation unit and circulation of air in the two plates was maintained by natural convection. A
pilot desalination plant on was designed, fabricated and tested to demonstrate the distillation process. Para-
metric investigations of the design and operation conditions of the single effect vertical distillation concept was
carried out. In the preliminary investigation, grey water was used to demonstrate the distillation effect. Pro-
ductivity of the proposed system at different times were determined. It was found that productivity increased
with an increase in the temperature of the grey water feed, the thickness of the diffusion gap between parti-
tions, and the feeding rate of grey water. Tests on the distillate shows differences in comparison to the feed grey
water. Obtained results demonstrate that solar desalination could be a viable option if auxiliary water heating
is provided in order to reach the temperature ranges required for seawater desalination. The paper also dis-
cusses gain ratio, operating temperature, materials of construction, operation and maintenance of the system,
and associated problems. Attempts to identify areas of development and improvements are also presented with
specific reference to the proposed solar assisted seawater desalination.
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Nowadays, most developed countries are promoting policies and initiatives focused on the integration of renew-
able energy resources into different sector, such as industrial, agricultural or residential sectors. Specifically,
the energy model currently applied on the agriculture sector for pumping groundwater purposes needs impor-
tant changes to decrease fossil fuel dependence, emissions and a giving more sustainable solution. In this way,
solar resource emerges as a suitable substitute for diesel equipment, mainly in Mediterranean countries where
the annual solar irradiation presents high averaged values. Under this framework, it should be desirable to
have an extensive view of the risks regarding sustainability in the agriculture sector for pumping irrigation
proposals, not only from the economic and energy point of view, but also considering other relevant aspects,
such as water efficiency, environmental and cooperative possibilities of the sector. Actually, a more general
view of the agents can provide more efficient solutions by considering most parameters that have influence on
the groundwater pumping problem: aquifers, farmers, rural areas, energy equipment... This paper describes
a multi-focusing approach to evaluate the impact of PV solar resource integration into agriculture irrigation
purposes from an extensive analysis. A relevant amount of variables are thus considered, including relations
and dependence among them to design a more accurate and efficient implementation an integration of PV solar
energy in the pumping agriculture. Preliminary results corresponding to the proposed multivariable and mul-
tidimensional analysis are also included in the paper taking into account water requirements, energy needs,
environmental impact and socioeconomic conditions. An aquifer located in the South-East of Spain has been
considered as case study. Relevant information about the aquifer, crops and current agricultural situation is
also included in the paper.
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Driven by the UK national target of reducing carbon emissions by 80% by 2050, many UK cities including Lon-
don, Southampton, Birmingham, and Liverpool have published their own emission reduction targets. Realising
these targets is through the development of low carbon strategies that can be achieved within the city border.
Such strategies will require local authorities to conduct appropriate assessments of energy resources whilst ad-
dressing the challenges faced with the densely populated urban areas. In this work, the city of Portsmouth in the
South of the UK was selected as a case study due to its high population density and appropriate building stock
characteristics. Figure 1 shows the CO2 emissions of Portsmouth for the period 2005 to 2015, which showed a
37% drop in emissions from 6.5 tonnes to 4.1 tonnes per person.

However, as an island city, Portsmouth is faced with geographic limitations, causing its building stock to evolve
with significant structure diversity during urban development. Therefore, the deployment of renewable energy
systems, such as rooftop solar photovoltaics (PV), would face additional challenges caused by irregular building
structure and inter building shading within a high dense urban environment.

To provide a clear understanding of the potential of building integrated and attached solar PV, a city-wide build-
ing model was developed to automatically identify suitable areas for the installation of solar PV. The model
takes into account both engineering and economic assessment for each individual buildings in the city, pro-
viding more realistic estimates of power production in the context of densely populated areas. The model was
applied to all buildings in Portsmouth (number > 111,000) and considers different scenarios based on roof ar-
eas, costs, and PV system capacity. The result from the central scenario indicates that 18,654 buildings (17%)
in Portsmouth are suitable for rooftop PV. If the model estimated areas were fully utilised this could provide
the city with around 54 MWp installed capacity. These results as well as the implication to cost and carbon
emissions are also discussed in the paper.

Portsmouth 2005 - 2015
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41 -50%
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We have synthesized a series of small molecules-subporphyrinoids demonstrating high potential as alterna-
tive to fullerene for use in the organic solar cells. Chemical functionalization of subphthalocyanine molecule
through adding halogens on the periphery is an effective strategy to obtain non-fullerene acceptors for the
molecular or hybrid junctions [1]. Alternatively, we have modified the subporpyrazine core by annulation of
electron-deficient 1,2,5-thiadiazole rings, so that the lightweight, air-stable and optically active molecules with
strongly electron accepting properties are obtained [2]. Their chemical structures and the positions of molecular
orbitals were elucidated both theoretically and experimentally [3].

The prototype thin-film photovoltaic cells with a fully subporphyrinoid planar heterojunction were fabricated,
in which unsubstituted subphthalocyanine serves as a donor, and acceptor was its low-symmetry analog, 1,2,5-
thiadiazole subporphyrazine [2,3]. Thickness and material of the interfacial layers were carefully optimized to
enhance the charge transport in the device. J-V characteristics of thus made devices in the dark and under 1
sun illumination were measured in laboratory conditions; the EQE spectra were compared with the absorption
spectra of the photoabsorber pairs in the range of 380-1000 nm.

It was found that the output parameters of the prototype cells vary largely with the chemical structure of
subporphyrazine molecule and with the nature of adjacent cathode underlayer, which is a critical issue for the
electron extraction. While the open circuit voltage lies in the range of 0.7-1.2 V, the short circuit current differs
by orders of magnitude. The best performing devices employ a low symmetry subporphyrazine, their power
conversion efficiency exceeds that of equivalent cells with a fullerene acceptor, considering that narrower
spectral domain is utilized. The next steps to enhance the photon capturing capability and to increase the
stability of the obtained small molecule based devices are discussed.

Acknowledgement is expressed to Russian Science Foundation (#17-13-01522).
[1] Cnops K., Zango G., Genoe J., Heremans P., Martinez-Diaz M.V, Torres T., Cheyns D. J.Am.Chem.Soc. 137 (2015)
8991.

[2] Hamdoush M., Skvortsov I.A., Mikhailov M.S., Pakhomov G.L., Stuzhin P.A,, J. Fluorine Chem. 204 (2017) 31.

[3] Pakhomov G.L., Travkin V., Hamdoush M., Zhabanov Y.A, Stuzhin P.A., Macroheterocycles 10 (2017) 548;
DOI:10.6060/mhc171038s.
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In this paper we propose to use solar PV for clean cooking. With an efficiency of 18-19% for the commercially
available PV panels, using solar PV as for cooking (heating) attracts immediate criticism that it is a highly inef-
ficient way of cooking. Although this argument cannot be ignored, solar PV based cooking has its own merits,
both technological and economic, if designed and integrated with PV systems properly. With the falling price
of the solar PV, it looks more and more attractive to use solar PV as an energy source for clean cooking. To keep
the cooking power low, it is important to keep the heat loss at a minimum level. We have shown that insulation
of the stove (Fig.1) and the pans are important to keep the energy consumption low for cooking. We have also
proposed insulated resting place for the pans after taking off from the stove (Fig.2) so that slow cooking may
still continue. If the heat loss is contained properly, it is possible to cook with a low power source less than
500W. A slogan is adopted — ‘Heat does not cook, it is the temperature that cooks’ to attract attention to the fact
that retaining temperature inside the cooker and the cooking pan is important for energy efficient cooking. A
prototype solar e-cooker was designed, fabricated and tested by cooking different foods. An efficiency of 87%
has been achieved in the prototype cooker and the water boiling results are presented in Table 1. Experimental
results are presented to show that cooking is possible using much less energy than we usually think. A cost
analysis is also presented to show that such a cooker can be cost effective, costing less than USD 10 per month,
in off-grid areas if connected to a properly designed Solar Home System.
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Stainless eel pot

Heating fiement

Fiber glassshest

(=) L]

Fig.2. (3} Photograph of the solar ecocker and (b} theinsulated resting place for the pans after taking
off from the stove

Amount of Water: 2 Litre, PanWeight: 0.440 Kg
Power Supplied: 2597 watt, Estimated efficiency =B6.5%

Time in minute Temperature inDegree Celsius

0.00 26

1000 43

2000 62

3000 82

3500 52

4000 100

Table 1. Water boiling experiment data

Figs table.png
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Energy assessment studies in a pre-construction phase are a key step in the development of a wind farm. In
recent years, the growth of big project located in always more complex environments makes this energy assess-
ment becoming a challenge. In this context, North-Eastern Brazil is a region where a very good wind resource
is available at several sites, with mean wind speeds above 9 m/s at 80-100 m. Many of the most promising areas
are located in complex terrain, i.e. mountains with high steepness or at the top of elevated plateaux.

In this study, the energy assessment of a wind project located in one of such areas in North-Eastern Brazil is
presented (Figure 1). The project consists of 131 turbines totaling 303 MW of installed power.

For the energy assessment, a total of 18 meteorological masts were installed over an area of around 20 x 20 km
(Figure 2).

Mast data with a recording period between 6 months and 6 years were validated and long-term adjusted using
a re-analysis dataset. A wind map of the area was generated using numerical wind flow model, in this case the
Sitewind system: a method developed by AWS Truepower which combines meso-scale and micro-scale scale
modelling. The resulting wind resource map, which is adjusted to mast measurements, gives information about
mean wind speeds, wind rose and sectorial wind speed distribution on a grid with 50 m spacing (Figure 2).
This map is used as input to calculate the production of the wind project. In order to obtain the net produc-
tion losses were also assessed, such as wakes, availability, electrical, turbine performance, environmental and
curtailment losses. The total energy uncertainty of this assessment was finally estimated according to industry
standards.

The pre-construction production estimation of 34 turbines (shown as circles in Figure 2) was compared with
the one obtained using production data after 1 year of operation, which has a much lower uncertainty. The
comparison shows a very good agreement between pre-construction and operational assessments (Table 1),
thus confirming the high reliability of the energy assessment.
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Net Energy Net Capacity Uncertainty
Study Production Factor
GWh/yr] %)
(GWh/yr) (%) (GWh/yr) (%)
Operational 340.2 57.1 10.7 3.1
Preconstruction 342.5 57.5 17.8 5.2

Tablel.png
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Numerical and experimental results are essential tools in order to understand the resulting flow pattern of
operating wind turbines, and therefore, in the design for maximum loads on the components and the spacing
arrangement in wind farms.

Due to the complexity of the flow phenomena involved in the aerodynamics of both horizontal and vertical axis
wind turbines, several and well known experimental activities have been carried out on open sites and wind
tunnel facilities for identifying the relevant parameters of the flow involved and the performance of the tested
devices.

For the studies in wind tunnel facilities, for avoiding the blockage effect of a confined tunnel, it is a common
practice to have an incoming flow from an open jet at the inlet. However, an open jet itself is characterized by a
flow with an abrupt expansion and recirculation zones (in the regions close to the corners of the test chamber),
which can considerably influence the obtained results from the turbine.

In the present work, simulated blade loads and the resulting wake from an operating vertical axis wind turbine
are studied using an actuator line model. The Open Jet Facility at Delft TU experimental work (G.Tescione et al.
- 2014) is used as a reference case, together with a simulation where the open jet is replaced by a uniform flow
over the whole section.

The obtained results show a difference in the wake structure (size, shape and location) and blade forces when
replacing the open jet. Figures 1 and 2 depict that the lateral and vertical wake expansion is reduced by the
incoming uniform flow. Figure 3 reveals that the wake breaks earlier in the case with an open jet. Additionally,
there is a dissipation of energy due to the expansion of the flow and the recirculation zones, and therefore, a
reduction on the forces acting on the blades.

Generally, there is a considerable difference on the obtained results between using an open jet at the inlet of
the test chamber and a uniform flow.

Figure 1.png Figure 2.png
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Campania Region is one of the larger consumer of thermal and electric energy in Italy. Therefore, the iden-
tification/verification of a strategy/Regional Plan to supply the energy demand required is an important step
through which Italy can fulfil the objectives set up by the European Commission. Campania region reflects the
current state of Italy: the presence of a high potential from a renewable energy source which, however, is not
completely used. Campania can count on wind, geothermal, solar radiation as well as on reserves of water that
make the territory one of the regions with the highest potential for renewable energy.

The work starts from the lack of adequate controls to support the Region in the challenge of transforming the
present energy system to a smart renewable energy system. In particular, in order to predict the results of
actions that could be implemented, the paper focuses on the analysis of current regional energy balance (base-
scenario) and proposes new RES and energy efficiency actions (EEA) towards the achievements of the 2030
European targets. The identification of the most appropriate combination of RES/EEA is based on six alternative
development scenarios for the Region. The scenarios are explored taking into account the available renewable
sources: geothermal, solar and wind.

The whole regional energy system is analyzed by the EnergyPLAN software to evaluate streams combination
and potential synergies between the different sectors and technologies. The system behaviour is analyzed con-
sidering different time bases: hourly, weekly and yearly. The hourly energy production of already installed
plants is obtained from measured data; for new systems/technology proposed, a detailed model is used to sim-
ulate the performance and calculate hourly production in TRNSYS environment. The EnergyPLAN outputs in-
clude the aggregated yearly production and demands of all modelled energy conversion systems, as well as
hourly values useful to identify the measures to make Campania Region fulfil the 2030 European target. Finally,
an economic analysis is performed to identify the most cost-effective scenario. The outcomes for the work have
the potential to support local and national administrations to elaborate more efficient plans for heating and
cooling supply.
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In the context of meeting CO, emission reduction targets to fulfill climate action plans, expansion of renew-
able energy sources into future energy systems represents a common research theme. Onshore wind turbines
currently hold one of the highest shares in renewable electricity generation worldwide, with the second high-
est growth over the last 25 years, which will surely continue in the future. It is well known that electricity
generation from wind turbines is characterized by spatially-sensitive intermittency, and furthermore that the
placement of turbines is strongly influenced by the sociotechnical criteria; such as proximity to settlements,
terrain suitability, and conservation efforts. Nevertheless, wind scenario studies commonly do not account for
all of these concerns in detail; typically over simplifying the impact of sociotechnical criteria on the final dis-
tribution of a desired capacity across a study region. To improve upon this deficiency, the work described here
incorporates contemporary techniques for the simulation of hourly wind turbine performance at large spatial
scales in coordination with land eligibility concerns.

Using the European continent as the study region, the applied method proceeds as follows. First, every 1 km?
location in Europe is simulated at the hourly level considering multiple turbine models and 36 weather years
(Figure 1). A previous land eligibility result is used along with a turbine placement algorithm to identify the
maximal number of turbines which can be placed in the available areas with a minimal distance of 850 meters
enforced between turbines. The placements are then matched to their expected FLH, and a cost model is used
to determine the best turbine model and the associated levelized cost of electricity (LCOE) for each placement
following the approach of Robinius et. al. Ordering by cheapest LCOE, the average FLH and LCOE of each
country is determined as a function of installed capacity (sample trends displayed in Figure 2). By choosing an
economically-constrained average LCOE of 11, 9, 7, and 5 Euro-ct/kWh, it finally becomes possible to determine
the economically-limited capacity and production within each of the evaluated countries, shown in Table 1.
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Region Turbines Capacity [GW] Production [TWh/a]
LE IE  Ilet %t Tt 35t LE 1t Sct Tt 5ct
Europe 2903761 | 10205 9077 7252 3312 966 | 19.807 18312 15729 8603 3235
France 323430 | 1183 1,185 1183 572 4208 2401 2401 2401 1346 138
Sweden 325020 | 1121 1121 824 279 366| 2,161 2161 1714 705 113
Spain 334084 | 1152 1132 834 245 175 2045 2045 1602 54 363
Finland 220279 | 760 760 710 195 141| 1561 1,561 1488 500 452
Norway 159207 | 3350 550 550 478 262 | 1399 1399 1399 1281 866
K‘i’;‘zﬂm 120679 | 444 444 444 444 262 | 1278 1278 1278 1278 850
Poland 152,584 | 526 526 326 142 10 | 1056 1056 1056 328 310
Tealy 168,653 | 382 400 233 640 44| 915 631 436 148 141
Germany 138002 | 476 400 201 608 698 760 663 334 143 224
Romania 152,584 | 526 255 747 95 10| 73 410 42 231 311
Treland 36804 | 196 196 196 196 196 | 732 732 73 732 TR
Lithuzniz 53,661 185 185 185 867 10| 300 300 398 205 293
Portugal 63,170 | 218 195 944 175 10| 377 340 191 422 319
Greece 60866 | 241 130 109 458 80| 373 296 209 108 258
Latvia 43,337 167 167 167 448 10| 346 346 326 108 313
Serbia 6799 | 235 9 306 743 10| 338 160 617 182 307
Himgary 5979 20 155 639 137 10| 324 BT 12 317 234
g;‘z’;;ﬁa 51,456 178 152 107 538 132 34 22 218 135 427
Bulgaria 62215 25 767 181 163 10| 300 125 347 388 246
Austria 4122 | 141 131 111 685 135 278 248 231 166 439
Denmark 28,305 98 98 980 980 435 275 25 275 275 140
Caech Republic | 42,005 148 148 115 206 10| 24 274 205 48 275
Estonia 36160 | 123 123 123 463 225 263 263 263 114 721
Croatia 31484 | 108 97 488 156 198 184 166 967 372 638
Netherlands 15,359 54 54 540 340 173 132 132 132 132 358
Slovakia 21,153 73 489 203 395 10| 113 830 366 933 264
Montenepro 13,325 47 444 361 100 38| 893 801 721 471 122
Albznia 16,167 55 384 241 114 24| 839 64 466 270 174
Macedonia 17,548 61 215 101 318 10| 831 360 197 744 250
Switzerland 15,508 54 386 242 116 297| 818 653 476 279 908
Slovenia 9,669 33120 52 167 10| 467 206 106 410 282
Kosovo 7436 26 117 578 243 10| 368 201 117 588 284
Belgium 4,196 4 14 137 734 10| 279 279 276 180 282
Luxembourg 590 20 10 10 10 10| 294 165 165 165 165

oumri b3 v
report sums which are only constrained by the locations that wind turbmes can be placed according
to the previous LE analysis [2]. The other columns each correspond to national capacity and
production sums such that the average LCOE of that country is equal-to or below the indicated price
per kWh. Results assume a 3.6 MW turbine with 90 meter hub height and 120 meter rotor diameter
costs 1000 Euro/kW with an additional 17% for connection and admimistrative costs

2C1

Tab 1.png
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The requirement of system decarbonisation fixed by the EU 2050 plan is leading to an increased establishment of
renewable energy sources. Additionally, the disruption of power electronics and ICT technologies has played a
decisive role towards a novel distribution electric grid allowing new monitoring, operation and control. In par-
allel to the energetic transition, an increasing occurrence of extreme weather events and a reinforced concern
on climate change leads to the concept of resilience, which is the capacity to adapt and recover from disruptive
events in a coordinated procedure.

The present study aims at analysing the effects of integrating renewable distributed generation at a distribution
level in order to increase distribution grid resilience as well as to ensure and secure power supply to the system.
At a city level, if an outage occurs in the main grid, and there are no redundancies in the system, several cus-
tomers can be left unsupplied. Therefore, in the present study it is also interesting to explore future Distributed
Energy Resources (DER) penetration scenarios with current electrical models for investigating new electrical
concepts such as microgrid (MG) clusterization.

With novel controllable technologies and during a failure event, the on-outaged areas are able to disconnect
from the main grid, creating isolated MGs which can work autonomously. MGs operate independently from
each other and due to the variability of energy inputs and the lack of current technological adaptation, such
power islands are prone to instabilities. [JLD1] Sudden unbalances between generation and consumption lead
to the idea of clustering several MGs in order to increase the system stability. Nowadays, MG clusterization
is still at an early research state, however, with the increasing concern on decarbonisation, the scenario of
decentralised and distributed power systems is gaining force.
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The injection of wind farm production into a grid, needs optimal strategies for energy transfer management.
Usually, the power produced by the wind farms does not fulfil all the grid code requirements. The main problem
is generally based on the way to reduce the impacts of power production fluctuations on the grid voltage and its
frequency. To solve this problem, some authors suggest the use of an interface such as energy storage devices
in order to compensate the wind power fluctuations.

In fact, the storage devices installed between the wind farm and the grid can improve the power quality in terms
of stability but in other hand the size and the cost of the system can be increased. In this paper energy quality
improvement from a storageless offshore wind farm and connected to the grid is discussed. Two solutions have
been proposed in case the power quality produced by the wind farm is out of the grid code requirements.

To illustrate the concept, a model comprising 60 Permanent Magnet Synchronous Generators (PMSG) with rated
power of 5SMW for each one and a back to back converter using field-oriented control method has been mod-
elized and simulated.

The model of wind developed in this study is based on a distribution approach for 10 sectors.
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Pyrolysis has evolved as key pre-treatment step to produce renewable fuels and chemicals from agricultural
and forestry residues. In the past few years, there have been different directions in the development of pyroly-
sis reactors. For example, in vortex and cyclone approaches, biomass particles are suspended in a flow of high
supersonic velocities to ensure enough centrifugal forces for pressing the particles against the heated reactor
surface. Although simple in design, the main problem with these reactors is their requirement of large volumes
of carrier gases relative to biomass feed, which necessitates cumbersome gas separation, resulting in thermody-
namic penalties and higher capital equipment costs. In ablative systems, with little or no carrier gases, the key
challenge relates to using an appropriate mechanism to continuously apply force on biomass particles during
pyrolysis. As an alternative approach recently, thermo-mechanical rotors at very high rpm have been used to
create the required centrifugal forces for pressing the biomass particles against the heated walls of a concen-
tric shell. In the current approach, a modular centrifuge pyrolysis system has been designed using Biot and
Thiele numbers as key constraints for characterizing ablative regimes. Reactor design is based on heat trans-
fer coefficients as high as 300 W.m™2.K™. Unlike other centrifuge pyrolysis reactors, the novel rotor mechanism
incorporated in this reactor system facilitates constant centrifugal force as well continuous axial propagation
of biomass feeds. The 10 kg/hr thermo-mechanical pyrolysis system has been successfully commissioned gen-
erating 0.8 kG force using hardwood sawdust. Properties of bio-oil and bio-char produced in this new reactor
are comparable to products from other fast pyrolysis processes. In addition to its compact and modular design
suitable for mobile pyrolysis units, it can be operated in variable regimes of pyrolysis e.g. slow to fast modes,
allowing product distribution to be adjusted.
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Introduction

Lignocellulose (65-85% of biomass) is an inexpensive non edible biomass that can be an excellent source of
for biofuels and chemicals. These new fuels are called second generation biofuels or advanced biofuels. Fig.
1 shows the main routes to produce biofuels from lignocellulose. In this reaction pathway, the formation of
several platform (building block) chemicals such as furfural, 5-hydroxymethylfurfural (5-HMF) and levulinic
acid (LA) is highlighted. However, the release of sugar from lignocellulose and its transformation into biofuels is
uneconomic compared with to first generation biofuels obtained from edible sources, since platform molecules
are highly oxygenated compounds and their conversion into liquid fuels requires a partial oxygen removal. The
present work shows the potential of acidic ion-exchange resins as a promising low-cost catalyst to be used in
many reactions from biomass to biofuels with the same catalytic activity than other acid solids but under milder
conditions (<190 °C).

Method

Experiments have been carried out in a batch stirred reactor at 50-150°C and under pressure using several gel
type and macroreticular acidic ion-exchange resins. Liquid samples were taken hourly and analyzed by means
of GC and HPLC.

Results and conclusions

Table 1 lists some of our works on certain reactions shown in Fig. 1. Using ion exchange resins is a good
option to produce 5-HMF, levulinic acid, levulinic esters and C;;* oxygenated intermediate molecules under mild
conditions. Work on optimization of the reaction conditions using ion-exchange resins as catalysts has recently
started. Results are promising. For example, the esterification reaction of levulinic acid with 1-butanol proceeds
with practically total conversion and selectivity to the corresponding ester on Dowex 50Wx2 at temperatures
as low as 80°C. Working at low temperatures avoids the formation of undesired byproducts like humins.

To tailor the best resin, the study between the resin morphological/structural properties and the catalytic activity
relation is required. Furthermore, tests on catalyst reusability are of utmost importance for process economics.
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Figure 1. Use of acidic ion-exchange resins for obtaining
biofuels from lignocellulosic biomass

Figure 1.jpg

Table 1. Performed studies on biomass to biofuels steps
using acidic ion-exchange resins
T | ¢ cow saeer| v
REACTION SOLVENT RESIN ‘ v | pan | " s REUSE
Fructose dehydration to 5- " Dowex 50wx4-100
HME Dioxane (G, 4% DVB) 0 120 N/A N/A 724 N/A
Etherification of furfuryl ‘Amberlyst 39
lalcohol with 1-butanal taBll 12" M, 8%0v8) 100 360 100 67 67 N/A
Lewulinic acid production Dowex 50wx2-100
Dioxane | (6, 2% DVB) 100 480 N/A N/A 3 N/A
Esterification of levulinic Dowex SOwx2
‘acid with 1-butanol 1-butanol (6, 2% Dv8) £ 48 25 .9, Lot L5
Esterification of levulinic
acid with 1-butanol with 1-butanol Dowex S0wx2 128 180 00 | 576 | 976 | WA
e e (G, 2% DVB)
Butyl levulinate production
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1. Introduction

The increase in the worldwide energy demand along with declining resources have led researches to seek alter-
native technologies, materials and more sustainable strategies to produce energy, fuels and chemicals. In this
context, hydrothermal Liquefaction (HTL) of biomass represents a promising and green alternative for biofuel
production. In addition, as water is highly effective in microwave energy absorption, the combination of hy-
drothermal conditions together with microwave assisted heating allows a liquid product with appropriate fuel
properties to be produced in a greener and more energetically efficient manner.

2. Method

This work addresses the valorisation of pine and spruce biomass pellets by means of microwave-assisted HTL
using a co-precipitated Ni-Co/Al-Mg catalyst. In particular, the effects of the temperature (150-250 °C), pressure
(50-120 bar), reaction time (0-2 h) and catalyst/biomass ratio (0-0.25 g/g) were experimentally investigated on
the products distribution and the most important physicochemical properties of the liquids produced. The
experiments were planned according to a full factorial design of experiments and analysed by means of an
ANOVA test.

3. Results and discussion

The statistical analysis of the results revealed that the operating variables had a significant influence on the
process; the yield of solid, bio-oil and gas varying by 22-87%, 0-29% and 7-67%, respectively. The proportions of
C, H and O in the bio-oil shifted by 2-70 wt.%, 4-11 wt.% and 25-87 wt.%, respectively, which varied its Higher
Heating Value (HHV) between 4 and 28 M]J/kg. The GC-MS analysis of the bio-oil showed that it consisted of a
complex mixture of esters (0-30%), aldehydes (4-69%), ketones (0-35%), alcohols (0-14), phenols (0-83), acids
(0-28), cyclic compounds (0-38), acetates (0-10), ethers (0-27%) and furans (0-20%). The optimisation of the
process revealed that it is possible to transform up to 27% of the biomass into a rich phenolic (47%) bio-oil,
having a relatively high HHV (20 MJ/Kg) when a temperature of 250 °C, a pressure of 80 bar and 0.03 g catalyst/g
biomass are used for 2h. These promising results suggest that this process might represent a step-change in the
production of liquid bio-fuels and platform chemicals from biomass.
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Poplar trees are widely planted in subtropical and temperate regions and one of the most widespread hardwood
species in North America. In general, the woody biomass currently available is not able to meet the dramatically
increasing demand. Poplar trees, including their hybrids, have been considered as an alternative woody source
and a means to meet the increasing demand for wood products due to their characteristics of fast growth and
ease of reproduction. Hybrid poplars are important components of current energy portfolios because they
produce significant amount of biomass. Furthermore, as a natural and renewable material, poplar wood has
multiple purposes and can be used for pulp and paper, furniture, wood-based composites, construction and
even nano materials. As an energy crop, the survival, growth rate, disease resistance, chemical composition
of poplar and its hybrids are well studied. Impact of hybrid poplar on biomass conversion is also studied.
On the other hand, little work has been carried out on the properties of poplar wood and influence on nano
fiber separation, which remain to be assessed for non-energy application. In this presentation, we will first
report the growth rate of Populus deltoides and two of its hybrids, to observe their wood anatomy, to determine
the micromechanical properties of cell walls, and then to compare the differences of growth traits and wood
properties of the cell walls among the three poplar clones in their early developmental stage. Then we will
report relationship between species and energy consumption during the production of cellulose nanofibers.
This study compared energy consumption of hybrid poplar with switchgrass, yellow poplar, and pine under the
same cellulose nanofiber manufacturing process.

52



International Conference On Renewable Energy

The COSIN project: synthetic natural gas production from
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The CoSin project is an industrial action aiming to demonstrate the technical economic viability of synthetic
natural gas production at a sewage treatment plant in Barcelona area. In contrast with current fossil natural
gas, the gas obtained is totally renewable when integrated to green electricity.

The selected sewage plant (EDAR Riu Sec, Sabadell) has now in operation two anaerobic digesters to treat the
primary and secondary slurry, only for environmental purposes. After anaerobic digestion, the obtained biogas
is now used to maintain the digesters at the mesophilic range. In this project, two routes to upgrade this biogas
to synthetic natural gas, with the required quality to be injected to the local gas grid, are evaluated.

The first technology to be validated is biogas upgrading with membranes. The installed capacity is 50 Nm?3/h.
Prior to upgrading, the biogas will be dried, cleaned and compressed. A renewable biomethane stream will be
obtained and it could be injected to the gas grid. The carbon dioxide stream will then be used in the second
route, a power-to-gas plant where the catalytic hydrogenation to methane takes place

The catalytic methanation unit with will be able to convert the raw biogas and the carbon dioxide released by
the upgrading unit to synthetic natural gas. The conversion is carried out by means of Sabatier reaction and the
necessary hydrogen is produced on-line through alkaline electrolysis under pressure at 12 bar (37 kW). Then,
hydrogen will be mixed with the carbon dioxide source, preheated and introduced to compact reactors with
advanced catalysts to obtain the synthetic natural gas. The integration of renewable energy to the electrolyzer
allow the synthetic natural gas to be a renewable gas. The two demonstration units are integrated in the sewage
plant together with a biogas cleaning and an analytic unit.

Cetaqua and Labaqua are the responsible for the membrane biogas unit, IREC and Gas Natural Fenosa for the
biogas methanation unit and catalyst development.
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Desiccant-based dehumidification systems enable higher energy efficient control of indoor air humidity. These
systems can withdraw moisture in a cost-effective way than the sensible heat. Solid desiccant systems are also
to be adapted to use solar thermal or waste heat as an energy source which carries off its energy saving potential
one step further. These systems would offer good prospects beyond its current value when the cost reduction
and performance improvement are handled.

Desiccant coated heat exchangers recently gather much attention among research communities and industrial
companies by the aspect of energy savings. Metal-organic frameworks (MOF) are declared to possess several
good qualities such as condensation pressure of water in the pores, uptake capacity, and recyclability and water
stability of the material. CAU-10-H is a MOF which good stability is reported in recurrent water adsorption and
desorption cycles. In this work, the experimental studies related to the sorptive coated heat exchanger structure
have been accomplished at a test bench which is specially designated for measurements of small samples. Water
uptakes derived from experimental data for the heat exchanger structure is well correlated with the adsorption
and desorption isotherms of CAU-10-H. Regeneration and dehumidification efficiencies, as well as the mass of
adsorbate removed from the air, are calculated for the experimental results. Results have shown that CAU-10-
H coated heat exchanger structure can remove a reasonable amount of moisture from the process air.
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Introduction

The current climate protection goals will lead to unprecedented and profound changes to energy systems. The
transition to a decarbonized heat supply system will be complex and the process will have deep impacts on
the urban subsystems (technical, economic, social and planning subsystems) with different spatial extents. For
decision making in this context, the level of individual buildings provides a perspective which is too narrow.
On the other hand, a very broad view is also unhelpful for the local transition process. The study takes place
in the cities of Oldenburg (ca. 160 000 inhabitants), Bramsche and Wallenhorst (ca. 53 000 inhabitants), all in
Germany.

Methods

Depending on the heat density, different options of future heat supply systems and their degree of suitability
(from single supply systems via island solutions to 4th generation district heating systems etc.) are mapped.
This also involves an assessment with regard to future heat demand and reduction scenarios.

The linear heat density is estimated, and the suitability is calculated by fuzzy membership (Fig. 1) and mapped.
Different parameters, like edge effect, the different structure of the settlements, the influence of the shaping
etc., are evaluated in order to demonstrate the robustness and the limits of the approach.

Additionally, the possibilities of integrating industrial waste heat and solar energy are taken into account by
spatial matching of demand and supply on a strategic level.

Results

The spatial conceptualization of the suitability areas leads to coherent areas for the subsequent planning level
(Fig. 2). The mapping of the scenarios gives a first overview of possible developments in space and time (Fig 3).
The energy balances of excess heat and PV power on a strategic level shows in which areas the subsequent
energy planning could modify the focus of the energy concept.

Discussion

At the subsequent planning level, the results can be used as guard rails to make the urban planning process
more consistent and transparent. The limits of the approach are also its strengths: Detailed energy planning
has to follow this first step. However the data-driven suitability areas are communication bridges between
urban planners and energy planners.
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Introduction

Low-grade energy sources are making way in building energy supply of domestic hot water, space heating and
cooling. One of these sources is radiative cooling which takes advantage of the sky as heat sink. However, some
improvements are required and its coupling with solar collection is seen as a promising solution.

Little research has been conducted in this issue, and there is no research in the development of a numerical
model capable of reproducing this combination of technologies.

Methodology

A numerical model coupling both technologies is developed and presented. The model is implemented in TRN-
SYS as a new type. Special care was taken in the definition of the radiation model.

Results and discussion

Results show the potential of the RCE to perform the double functionality, as solar thermal collector and as
radiative cooler. For spring period, the solar thermal energy collected is 10.90 kWh/m2 and radiative cooling
energy is 1.60 kWh/m2, whereas for the summer period the solar thermal energy collected is 14.96 kWh/m2
and radiative cooling energy is 0.88 kWh/m2.

Results demonstrate the potential of this technology leading to the next step of developing an experimental
prototype.
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Waste treatment and disposal and electric energy production are crucial challenges in geographically disadvan-
taged areas, such as small islands, due to limited connection with mainland. Scarce land availability, environ-
mental restrictions and tourism activity, that often characterize small islands, make difficult to adopt ordinary
technical solutions, increasing these issues. Then, the most common strategy for waste disposal is shipping to
the mainland, whereas electricity generation is based on the importation of fossil fuels for local production.
Both these options make small islands strongly dependent on the mainland, and cause significant energetic, en-
vironmental and economic costs. For these reasons, the use of renewable energy sources for waste treatment
and energy production is particularly attracting in small islands.

In this work, geothermal energy at medium enthalpy is considered to produce heat for thermal drying of
wastewater sludge and to power an Organic Rankine Cycle system for electric energy production. The anal-
ysis is carried out for the case study of a small Italian island.

The geo-fluid, through an air-water heat exchanger, heats fresh air to produce the desiccant current for sludge
drying, which is carried out by using a belt convective dryer, operating in the range of 90.0-180°C. The dryer is
designed to achieve a final solids content of dry sludge higher than 90.0%. A fraction of the desiccant current
exiting the dryerisrecirculated in order to reduce thermal energy demand of the dryer and, at the same time, the
flow rate of exhausts to be treated. Before reinjection, the geo-fluid powers a small-scale ORC system, designed
to self-supply the proposed layout, providing electricity for the dryer and the geo-fluid pumps, and to produce
electricity for the wastewater treatment facilities.

An energy analysis of the proposed system is carried out through the software Aspen PLUS, and an economic
and environmental model is developed to assess its profitability. This model estimates the economic and envi-
ronmental benefits coming from sludge drying, which significantly decreases the amount of sludge to be trans-
ported and disposed, and from the use of a renewable energy source with respect to conventional fossil fuels,
for sludge treatment and electric energy production.
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Is waste plastics the next important energy source?
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Humans have produced over 15 trillion pounds of plastics, starting from 1950. While the plastics have very
desirable properties like light weight, mold-able into many, many shapes and forms, strong, perfect for sanitary
and transportation packaging, their very durability means all the plastic produced are still present, clogging up
our oceans, beaches and land. If unchecked, it is predicted that there will be more plastic than fish in the ocean
by 2050. Since they can absorb and concentrate toxins around them, some by a million fold, pose substantial
health risk for fish, animals and humans. Many countries are talking about banning plastics outright.

The problem is not plastics, but the single use and discard culture. Most forms of the plastics have similar
energy density as diesel or gasoline. If this energy can be captured in an economical and business positive
way, theoretically we can produce a minimum of 1 trillion gallons of diesel.

Pyrolysis under inert atmosphere is technologically a successful process to de-polymerize many types of plastic
into ‘plastic oil’ - equivalent to crude oil. However, big plans to deal with the available plastic always ended
up as business failures. The cost associated with transporting huge volumes of plastic and the plastic oil to the
refineries made it impossible to turn a profit if the crude is less than $60 a barrel.

EcoFuel Technologies (EFT) has taken a different approach. Its catalyzed pyrolysis can be run as a continuous
process with its reactor having a small footprint. A Plastic to Fuel (PTF) unit capable of processing 10000 pounds
a day can be mounted on an eighteen wheel truck. It can go where the plastic are. Another important difference
is it can directly produce diesel in very high yield from a mixture of polyethylenes, polypropylene and 20%
polystyrene, making the product it at least 200% more valuable than plastic oil.

We envision placing a number of such portable PTF units where it is justified to clean up the plastic waste,
produce high quality fuel and help the local economy. We can operate on land or water.
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The energy paradigms in many countries (e.g., Germany and Denmark) have experienced a significant change
from fossil-based resources to clean renewables (e.g., wind turbines and photovoltaics) in the past few decades.
The scenario of highly penetrated renewables is going to be further enhanced- Denmark expects to be 100
percent fossil-free by 2050.

Consequently, it is required that the production, distribution and use of the energy should be as technologi-
cally efficient as possible and incentives to save energy at the end-user should also be strengthened. In order
to realize the transition smoothly and effectively, energy conversion systems, currently based on power elec-
tronics technology, will again play an essential role in this energy paradigm shift. Using highly efficient power
electronics in power generation, power transmission/distribution and end-user application, together with ad-
vanced control solutions, can pave the way for renewable energies. In light of this, some of the most emerging
renewable energies —, e.g., wind energy and photovoltaic, which by means of power electronics are changing
character as a major part in the electricity generation —, are explored in this presentation. Issues like technol-
ogy development, implementation, power converter technologies, control of the systems, and synchronization
are addressed. Special focuses are paid on the future trends in power electronics for those systems like how to
lower the cost of energy and to develop emerging power devices and better reliability tool for system assess-
ment.
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Although many different factors have contributed to the reduction in CoE, one aspect of the design of wind
turbines that clearly stands out is the increase in size, both for onshore and offshore applications. Larger swept
areas and taller towers are the principal causes behind the increased energy yield of modern designs. This has
not only lead to improved capacity factors, but it is also enabling the penetration of wind into geographical
areas with lower average wind speeds, which were once not economically viable.

However, design challenges are not only related to size. A better understanding of the physics, improved mod-
eling and analysis capabilities, increased experience, better manufacturing processes and an overall steady
maturation of technology is pushing industry to seek more optimized designs. As a result, blades have become
not only more aerodynamically efficient, but also slender, lightweight and flexible, while towers are not only
taller but also softer than in earlier designs. Indeed, we are quickly moving from the era of loads, dominated by
stiff designs, to the new era of flexibility, where aeroelasticity and controls play a bigger role. A consequence
of this general trend is the need to include early on in the design process all those aspects that, by their mutual
interactions, affect the performance, life, safety, operation and maintenance of a wind turbine.

In fact, as already seen for other similarly complex engineering applications, an improvement in the sophisti-
cation of the technology and more optimal and less conservative designs require automated multidisciplinary
design procedures implemented in advanced computer programs. Multidisciplinary design analysis and op-
timization (MDAO) tries to address these needs, by providing automatic procedures that translate the design
process into a constrained optimization and numerically solve the resulting problem. Automated design codes
are clearly not meant to replace the experienced designer, but they can greatly improve knowledge and under-
standing of the design space, leading to better solutions and reduced development times.

This presentation discusses models and methods for the automated design optimization of wind turbines. This
discipline is relatively new, and it is expected to quickly evolve in the years to come.
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An important approach towards an efficient and sustainable economy is storing the surplus of renewal energy
into chemicals through water splitting and CO, reduction, to convert them in carbon-neutral synthetic fuels. To
this end, several technologies can be pursued, from photocatalysis, electrolysis or thermochemical conversion,
and thus, catalysis is playing a major role in the activation of the stable water and carbon dioxide molecules. To
find the suitable processes, together with new cheap and earth abundant nanocatalysts adaptability is manda-
tory for large scale industrialization and deployment of the novel technologies.

In this talk, it will be presented the recent advances in our laboratory in the production of solar fuels by pho-
toelectrocatalysis and low temperature CO; electrolysis as well as CO, conversion from biogas by conventional
thermocatalytic hydrogenation and plasma-catalysis. For upscaling the technology, a mandatory focus on the
selectivity, productivity, costs and energy efficiency should be taken into account as well as a discussion on the
intrinsic limitations of some of the processes, to look at the future challenges for its practical implementation
to replace fossil fuels.
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Over the last two decades, sustainable energy technologies have become a critical part and a major contribu-
tor to the global energy supply mix especially in the electricity sector. This is driven by many factors: (i) our
desire to use sustainable resources to reduce pollution emanating from the current use of fossil fuels, (ii) to
provide a pathway to achieve national and internationally agreed emission reductions (iii) increasing energy
security through local resource utilisation, and (iv) the creation of jobs and new industries. Although some of the
sustainable energy technologies are in some cases, still driven by what is termed as support mechanisms or sub-
sidies, the sustainable or renewable energy industry has matured, with huge investments being ploughed into
it globally. Global new investment in renewable energy (excluding large hydro-electric projects) was around
US$241.6 billion in 2016, with over 138.5GW of added renewable power capacity worldwide. This capacity is
equivalent to 55% of all the generating capacity and was approximately double that in fossil fuel generation in
2016. A large proportion of the investments have targeted solar and wind electrical power generation. These
activities provides the real evidence that renewable energy is now a major industry sector that is likely to grow
further, displacing and augmenting traditional electricity generation facilities as we progress in this century.
This paper addressed renewable energy technologies and gives a discourse of status of these technologies, their
applicability across a wide range of consumption needs and policy implications for future expansion. The paper
covers solar, wind, and marine energy and includes economic assessment as well as future prospects for such
technologies. Further discussion is also provided for renewable energy deployment at different scales including
installations at building, village, city and in farms or arrays.
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Silicon thin film technology has been driven by hydrogenated amorphous and microcrystalline silicon thin films
which are routinely produced using silane plasmas. While SiH3 is often considered as the main radical for the
obtaining of such films, we have shown that changing the process to conditions where silicon clusters and
nanocrystals are produced in the plasma can lead to high deposition rates and improved materials, such as
hydrogenated polymorphous silicon and polycrystalline silicon [1]. Moreover, by changing the substrate from
glass to crystalline silicon, it is possible to produce epitaxial crystalline silicon films (c-Si:H) which can be trans-
ferred to foreign substrates [2,3]. Interestingly enough the structure of c-Si:H films is found to be tetragonal,
indicative of their particular growth process [4]. Even more interesting, this low temperature epitaxial process
can be extended to doped films as well as to germanium and silicon-germanium alloys and their heteroepitaxial
growth on GaAs [5], which opens they way to low cost and high efficiency tandem solar cells. Last but not least,
combining PECVD with low melting temperature metal nanoparticles such as indium and tin leads to the growth
of nanowires (including Ge, Si and GeSn), which allow to achieve efficient light trapping and carrier collection
in radial junction solar cells [6] or even to growth the c-Si nanowires in-plane for stretchable electronics and
photonics applications [7].

[1] Ka-Hyun Kim et.al. Sci. Reports 7 (2017) 40553.

[2] R. Cariou et. al. Prog. in Phot.: Research and Applications 24 (2016) pp. 1075-1084

[3] A. Gaucher et. al. NanoLetters 16 (2016) 5358

[4] Wanghua Chen, et.al. Crystal Growth and Design 17(2017) 4265

[5] Gwenaélle Hamon, et.al. J. Photon. Energy 7(2), 022504 (2017)

[6] S. Misra et. al. ]J. Phys. D: Appl. Phys. 47 (2014) 393001.

[7] Zhaoguo Xue et.al. Nature Communications 7 (2016) 12836
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Effective compensation of the temporal differences for peaks in energy production and demand is a major
challenge for integration of renewable and sustainable energy sources into the existing energy supply chain.
This becomes acute when combining sustainable energy management with fluctuating energy sources as the
sun, as they feature non-operational times at e.g. night. To store excess heat for use during low-production
times, efficient thermal storage is necessary. Thermochemical energy storage (TCES) is acknowledged as highly
efficient, still rather experimental method for thermal energy storage, mainly due to low cycle stabilities and
long reaction times.

High-performance TCES materials require maximal volumetric energy storage potentials.! Aiming for materials
applicable between 25 °C - 400 °C, transition metal ammoniates were so far largely uninvestigated. A system-
atic study on chlorides and sulphates, investigated for their performance as TCES-materials reversibly forming
ammoniate complexes in the presence of gaseous ammonia, is presented. Regarding the energy density and
compared to other TCES- materials operated in the temperature window between 25 - 400 °C, transition metal
ammoniates are amongst the most attractive energy storage materials reported (fig.1): For the chlorides a max-
imum of 2.43 MWh m™ (NiCl,), and for the sulphates of 1.72 MWh m™ (CuSO,4) was observed. Especially in the
case of CuSO, a perfect cycle stability was observed.>

CuSO,4 and CuCl, were investigated in a laboratory scale reactor (fig.2). After 80 seconds peak temperatures of
312 °C and 238 °C respectively were achieved.® Careful selection of the temperature profile during the charging
and discharging reaction allows for cascadic energy storage, addressing different temperature levels.

The contribution presents and compares experimental results on a widely neglected class of thermochemical
storage materials, featuring highly attractive properties combining small scales and high storage densities for
e.g. solar heating.

1 M. Deutsch, D. Miiller, C. Aumeyer, C. Jordan, C. Gierl-Mayer, P. Weinberger, F. Winter, A. Werner, Appl. En-
ergy,2016, 183, 113-120.

2 D. Miiller, C. Knoll, C. Jordan, J.M. Welch, A. Werner, M. Harasek, P. Weinberger, Appl. Energy,2017, submitted.
3 D. Miiller, C. Knoll, G. Gravogl, A. Werner, M. Harasek, R. Miletich, P. Weinberger, ISES Proceedings,2017, sub-
mitted.

65



International Conference On Renewable Energy

350
%g 1NiCl, 11CdSO,
2500 Re_Q
R&8 o 2CoCl, 12200, | 500
B N § 3CuCl, 13Fe,(SO,),
— B4 4MnCI, 14 FeCl,
‘& 2000 & L
9 2000 gl « 3| scuso, 15Fect, | 250
- ~
2 o1 8 6NiSO, 16 ScCl,
€ 2l on 70080, 172nCI, |- 200
S 1500 e ‘ :
2 8 8CdCl, 18PCI,
3 N 8 q 9FeSO, 19CeCl, |1 150
5l &8 09
2 1000 °llg™, 10 PdCl,
g s | o
2 2% || 5 L 100
w I
500 M1
| | | || |g3g X
. L] ks
12345678 91011121314 15 16 17 18 19

Fig.1 energy content of the investigated transition

metal salts.jpg

Energy Content [kJ mol™]

Manometer
Thermocouple T2
Thermocouple T1

Thermocouple T3
Tap separating
the two chambers

NH,-tap

NH,-chamber

Cooling bath

Fig.2 laboratory scale reactor.jpg

66



International Conference On Renewable Energy

Calcium doped Magnesium Oxide as improved Material for
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Thermochemical energy storage (TCES) is considered as auspicious method for sustainable energy management,
allowing for decreased energy consumption by recycling of waste heat.

Materials for a technological implementation of TCES processes should be cheap, highly cycle stable, show fast
reaction kinetics and be completely reversible. Mg(OH), undergoes calcination and partially reversible hydra-
tion and is available in large quantities.! With calcination temperatures around 400°C it is also compatible with
many industrial waste heat sources.? So far low cycle stability and incomplete hydration of MgO impede appli-
cation, so the target of this study was to increase the performance of the material conserving low calcination
temperatures.

Compared to MgO, the hydration of CaO is considerably faster and more exothermic. The reason for this varying
behaviour is due to the kinetic barrier of the water dissociation on the oxide surface. This barrier is significantly
smaller for CaO favouring the water dissociation, leading to rapid Ca(OH), formation.

The approach for this study was to dope MgO with Ca®* to enhance the lattice parameters and utilize the favoured
water dissociation behaviour on the surface. By calcination of a mixed Mg;xCax(OH), precipitated from a so-
lution of calcium and magnesium chlorides, the immiscibility of MgO and CaO could be circumvented.® Both
the fundamental nature of mixed calcium-magnesium oxide-hydroxide systems as well as their rehydration
kinetics were investigated while utilizing the lower reaction temperatures of magnesium-based materials.

The resulting mixed oxides revealed a much higher rehydration rate compared to pure MgO. Mgy sCao10 was
found to show the highest reactivity with full rehydration conversion within 80min and remarkably enhanced
cycle stability. DFT calculations and X-ray diffraction reveals that this improved behavior results from enhanced
lattice parameters and not from physical mixture of MgO and CaO.

[1] Y. Kato, Y. Sasaki, et al., Magnesium oxide/water chemical heat pump to enhance energy utilization of a cogen-
eration system. Energy, 2005. 30 (11-12): p. 2144-2155.

[2] D. Miiller, C. Knoll, et al, In-situ rehydration of MgO obtained by low temperature calcinationChemSusChem,
2017. submitted

[3] D. Miller, C. Knoll, et al., Calcium Doping Facilitates Water Dissociation in Magnesium Oxide. Advanced Sus-
tainable Systems, 2018. 10.1002/adsu.201700096
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Manganese-iron binary oxide for solar thermochemical
energy storage
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Electricity can be generated from heat stored in molten salt for less than $0.03/kWhg, which is far less than
an aggressive $0.10/kWh,, estimate for future battery storage'. Although numerous metal oxide systems have
been investigated for thermochemical energy storage (TCES) redox processing to improve on molten salt stor-
age, none of these systems has fulfilled all the requirements of an ideal storage material (low cost, robustness,
safety, and high energy density). For instance, pure manganese oxide is an inexpensive material that reacts at
an acceptable temperature and has a moderate reaction enthalpy. However, its re-oxidation reaction is slow
and its cyclability (robustness) is poor. On the other hand, iron oxide has a much higher reaction enthalpy
and faster reaction kinetics, but suffers from a relatively high reduction temperature and deactivation upon
sintering. Recent work has focused on a binary 1:3 Fe;03:Mn; 05 system as a possible TCES systemz. However,
it seems likely that a higher Fe content will be desirable for faster kinetics and improved energy storage.

So, in this work, a binary mixture of 2:1 Fe;03:Mn,;03; which forms iron manganese oxide spinel (MnFe;0,)
on calcination is investigated as a potentially suitable TCES material. The XRD patterns in Figure 1 prove the
presence of cubic spinel phase for the reduced state and show a bixbyite phase for the oxidized state of the
material. The reduction reaction of this system has been studied using Thermogravimetric Analysis (TGA).
Master plot analysis (Figure 2), and multivariate non-linear regression (Figure 3) are used to identify the reaction
mechanism and its associated kinetic parameters for inert gas reduction. The reduction reaction follows the
first order mechanism and the reaction rate law is da/dt=3.077e+11exp(-296/RT)(1-a). Results reveal several key
advantages of the proposed binary oxide system over pure manganese and iron oxides. It ensures high enthalpy
of reaction and improved re-oxidation reaction behavior while preserving an appropriate reduction reaction
temperature. Comparative results for reduction in air have also been studied for comparison.

! Branz, H.M. et al., Energy & Environmental Science, 8, 3083 (2015)

2 Wokon, M et al., Solar Energy, 153, 471 (2017)
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This presentation shares market research from the IDTechEX report, “Electricity Generation by Urban Infras-
tructure: Zero Emission 2018-2050”. Cities can make all their own electricity without emissions and this presen-
tation looks at the roadmap to 2050 for achieving this. Emphasis is on the materials and structures involved.
Cities need more electricity for reasons such as introducing water recycling, desalination and electrified trans-
port. Part of the solution will be making electricity from ground and window area, new forms of wind energy
and, since the largest cities are mostly by the sea or a river, reinvented “blue energy”. We show how this can
be on a national grid, using the grid merely as back up or fully off grid. There is now some trend to go fringe of
grid or off grid for security, fewer outages and lower cost. For example, the Ukrainian grid was hacked denying
225,000 people electricity in freezing conditions just before Christmas. Las Vegas casinos built their own wind
farms for lower cost, fewer outages. Tesla electric vehicle charging stations are going off grid for lower cost.
Saudi Arabia has a 10MW solar car park powering a high rise building. There are 110 solar road projects. We
discuss how Building Integrated Photovoltaics BIPV now embraces solar windows.

Electrically smart roads, paths and parking lots are being developed with piezoelectrics, electrodynamics and
photovoltaics creating electricity used for integral inductive charging of moving vehicles, deicing, structural
health monitoring, interactive lighting and integral signage. ~Many vehicles will progress beyond dynamic
charging to being Energy Independent Electric Vehicles EIEV with 1kW+ extending solar bodywork three times
as efficient (eg GaAs: Hanergy, Audi etc) and wind turbines that erect when they are stationary. We assess Aerial
Wind Energy commercialising at 30-100kW in 2018, quiet H-VAWT and shaftless wind turbines, ones storing
energy as water and many new forms of tide, wave and river power. Overall the major trends are identified as
being off grid, integration, retrofitting, reducing or eliminating batteries and, yes, cities will be able to make all
their electricity, zero emission, from their infrastructure.
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Thermodynamic analysis of Ceria for partial oxidation of
methane and syngas production

Thursday, 26th April - 17:18 - Advanced materials for energy - Auditorium - Oral - Abstract ID: 340

Mr. Azharuddin Azharuddin !, Mr. Archishman Bose ', Prof. Massimo Santarelli’, Prof. Jordi Llorca*?

1. Politecnico di Torino, 2. Polytechnic University of Catalonia

Abstract:

Chemical looping syngas production is a two-step redox cycle, with oxygen carriers (metal oxides) circulating
between two interconnected reactors. In this paper, the performance of pure CeO,/Ce;03 redox pair was inves-
tigated for syngas production via methane reduction. A comprehensive thermodynamic analysis for methane
reduction and water and CO, splitting was performed through Gibbs free energy minimization in ASPEN Plus.
The reduction reactor was studied by varying the CH4/CeO, molar ratio between 0.4 and 4 along with the tem-
perature from 500 to 1000°C. In the oxidation reactor, steam and carbon dioxide mixture oxidized the reduced
metal back to CeO;, while producing simultaneous streams of CO and H; respectively. Within the oxidation
reactor, the flow and composition of the mixture gas was varied, together with reactor temperature between
500 to 1000°C. The results indicate that the optimal reduction condition is achieved between 900 to 950°C with
CH,/CeO, ratio of 0.7-0.8, while, for the oxidation reactor, it can vary between 600 to 900°C based on the require-
ment of the final product output (H;/CO). The system efficiency was around 62% corresponding to an isothermal
system at 900°C, and complete redox reaction of the metal oxide.

Keywords: Oxygen Carriers, Chemical looping, Syngas, Thermodynamic Analysis
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Molten salt energy storage (MSES) is now used at two concentrating solar power plants in the southwestern
United States. In both cases, solar salt is circulated through a solar collector or heat exchanger during the
day to absorb heat and hot salt at 723 K is stored in a large insulated tank. Heat from the salt is transferred
through a steam generator to a conventional Rankine steam cycle to produce electricity. MSES allows the plant
to continue to generate electrical power at night and during intermittent cloud cover. Solar saltis a combination
of potassium and sodium nitrates and their low cost and high heat capacity make them ideal for thermal energy
storage. New salt mixtures have been proposed and a mixture of magnesium chloride and potassium chloride
will allow operation at higher temperatures with greater thermodynamic efficiency when the heat is converted
into electricity.

The low cost of photovoltaics has resulted in a significant rise in residential use in the southwestern US. Peak
demand for electrical power for air conditioning extends into the evening when solar panels no longer produce
power. An inexpensive storage system excess electrical power for use in the evening would help expand the
use of solar power.

It is possible to efficiently convert electrical power into heat through the use of heat pumps. Heat pump per-
formance is defined through a coefficient of performance (COP) and the COP for an ideal heat pump is the
reciprocal of the efficiency of an ideal Carnot engine operating between the same high and low temperatures.
Ample renewable energy from solar collectors is available only during the day and wind generators produce
electrical power only when wind exceeds certain minimum speeds. Transient forms of electrical power from
renewable sources can be used with heat pumps to efficiently store heat in molten salt tanks and Rankine steam
cycle or CO; Brayton cycle engines can efficiently generate electricity upon demand. A proposed system that
would employ MSES to store electrical power from renewable sources will be presented.
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Most electrochemical conversion and storage devices, such as fuel cells and redox-flow batteries, rely on the
amazing properties of ion conducting polymer membranes. The development of polymer electrolyte mem-
branes (PEMs) combining high ion conductivity and durability is a major challenge for materials chemistry.
Nafion® (DuPont) is state of the art membrane due to its good mechanical strength, excellent proton conductivity
and stability, but its limitation to low temperature operation, high cost, and fuel crossover are major obstacles
that renders its usage in commercialization of fuel cell.

Various polymers have been synthesized and explored as an alternative membrane material to reduce cost
and improved proton conduction to Nafion but most of these showed trade off properties. The membranes
showing good conduction may have poor stability or mechanical strength. This fact impedes the technology
to achieve commercialization status. In present study, radiochemical pore filled membranes were prepared
in which porous polyethylene (PPE) substrate was radio-chemically grafted and filled with styrene/acrylic acid
copolymer. Proton Exchange Membranes prepared through radiochemical pore filling process exhibited high
ionic conductivity. High conductivity is attributed to the formation of micro level confinement within the mem-
branes for ion transport is reported for the first time. Despite their simple preparation method, consisting sin-
gle radiochemical grafting and pore-filling step using commercially available porous substrate, involves least
amount of chemical. The polymer provides PEMs which exhibited exceptional proton conductivity at good but
relatively lower ion-exchange capacity, as well as a high swelling resistance. An unprecedented proton conduc-
tivity of 274 mS cm™ is obtained at an ion-exchange capacity of 2.85 meq g under optimal operating conditions.
The intrinsic microporosity of the charged polymer matrix offered rapid cation transport, resulting exceptional
ion conductivity to the membranes at control swelling.
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With the growing demand of energy and its crisis on the environmental front, it becomes essential to develop
thermal energy storage devices which can be used to bridge the gap between availability of energy and its util-
isation at a desired time. Latent heat storages, in the form of ‘phase change materials (PCM)’ - are a part of
thermal energy storages and one such upcoming area of research which has an advantage of good temperature
control and high heat storage capacity. In this research, an effort has been made to use renewable sources of
material to prepare PCM which can be used for building applications. To develop this, shape stabilised phase
change material was prepared using polyethylene glycol (PEG) and calcium carbonate. Polyethylene glycol, the
well known organic phase change material was used as a soft segment and calcium carbonate was used as the
inorganic hard segment. Microwave assisted blending was used to physically blend the two components so
that PEG is fixed well in the matrix of calcium carbonate to prevent its leakage above its melting temperature.
It was optimised for its process parameters. Major advantages of this method was use of less solvent, ease of
processing and less time required as compared to other methods, making it suitable for practical purpose. No
additional containers or storages are required unlike other PCMs as they undergo solid - solid phase transitions.
Form stability test or leakage test was carried out to check the same. Enthalpy of the prepared PCM was mea-
sured by differential scanning calorimetry (DSC), which was found to be 70.32 J/g. FTIR of the final composite
shows the peaks of both PEG and calcium carbonate, confirming the presence of both components. It was also
characterised for other supporting parameters. The detailed process of preparation and the result obtained will
be presented during the conference.
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Chess Setup is a project funded by the European Commission, started in 2016 in the framework of the H2020
programand lead by Barcelona Ecologia. The project addresses the growing needs of heating and domestic
hotwater (DHW) in the building sectorby proposing and testing a retrofitting solution based on the integration
of renewable energy sources, and thermal energy storage capabilities.

The system is a combination of tested and approved technologies: hybrid photovoltaic and solar thermal (PV-ST)
panels, seasonal thermal storage tanks and heat pumps. This set of tools will allow the buildings to be heating
and DHW self-sufficient during the sunny months, and to rely on their heat reserves the rest of the year.
To ensure the reliability of the system, a simulation software was developed by the consortium. Indeed, taking
into account the geographic location, and several parameters related to the building, it provides the optimum
dimensions of the hybrid solar panels and of the water tank. A further analysis was held in order to select the
most efficient heat pumps and mixtures to supply them.

To confirm the software’s forecasts, the system is currently being implemented in three pilot cases including
two of them in Catalonia;

* A small-scale prototype on Lavola’s headquarters in Manlleu (Spain),
* At a district-level in householdsunder construction Corby (United-Kingdom),

 In a sport centre in Sant-Cugat (Spain).

Later on, the consortium will study further applications for the system;

* Its ability to contribute to a smarter grid, supplying the main grid with electricity produced by the solar
panels.

» The adaptation capacity of the system, taking into account the electricity prices and the inertia given by
the water tank, to optimize the decision to use the heat stored, or to rely on the distribution network.

Thus, the project faces the selfconsumption challenge in urban areas, proposing a solution both for new
buildings and existent ones.
A business model will be edited, in order to make the project’s industrialization profitable.
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Power to biomethane technology reported in the present work offers a solution to employ the surplus from
renewable energy sources and to reduce CO, emissions (from biogas upgrading or other CO;-rich gas streams),
allowing to generate fully renewable and sustainable biomethane. The present work reports a CO; capture
and bioconversion to biomethane system as an alternative energy storage strategy. Such technology produces
biomethane using a bioelectrochemical system (BES) via electromethanogenesis (BES-EMG) promotion, from a
CO,-rich gas stream, wastewater and the intermittent electricity surplus from renewable energy sources.

In view of promising future applications of electromethanogenesis for biomethane production, this work eval-
uates several scenarios at lab-scale: (1) BES-EMG reactors inoculation; (2) start-up; (3) operation strategies in
a scaling-up oriented vision. In terms of inoculation, start-up and operation of BES-EMG reactors, the best re-
sults were obtained operating the reactors in a 2-electrodes configuration applying 700 mV external voltage
(between anode and cathode). An average biomethane production rate of 1-2 Lema/m?cai-d was achieved, con-
suming a current density of 0.1 A/m?. In a second stage, 4 BES-EMG identical reactors were operated in stack
configuration and connected electrically in series, in order to increase the voltage, operating the stack at 2.8 V.
A passive voltage balancing system was applied to control and limit the voltage drop at each individual cell of
the stack. Developing a stack that requires a high voltage is mandatory to the future use of this technology as
energy storage system with current electronic control systems.

Finally, a system to solubilize CO, into real wastewater (collected from the primary settler of a local wastewater
treatment plant) was developed. This system allows to solubilize up to 2-4 g/L of CO, coming from a CO,-rich
gas stream. A wastewater with a high load of inorganic carbon was tested in a stack of 4 BES-EMG cells already
operating. Results showed that current density increased up to 0.15-0.2 A/m? and CH, was enhanced up to 2.5-3
L/d-m? (with 96% purity). At present, a 30 L volume prototype, composed by 45 cells connected in series and
operating at a total voltage of 35 V, is under construction.
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1. Introduction

Renewable biomass sources are of considerable interest because they provide an interesting route for the pro-
duction of chemicals and energy. Among the different feedstocks, glycerol is of particular interest because of its
ample availability as a biodiesel by-product; thus converting this feedstock into a cheap resource for which new
valorisation routes need to be developed. Hydrothermal decomposition is a promising technology for glycerol
valorisation, while microwave heating represents a potentially faster, more efficient and selective technology
than conventional heating. Therefore, the combination of hydrothermal conditions together with microwave
heating offers an interesting new technology for the valorisation of glycerol.

2. Method

Given this scenario, a novel microwave-assisted hydrothermal process has been addressed for the valorisation
of a 30 wt.% glycerol solution with a Ni-Co/Al-Mg catalyst, analysing the effects of the most important operating
conditions on the process. These include the temperature (150-250 °C), pressure (50-120 bar), reaction time (0-
2h) and catalyst/glycerol mass (5-15 wt.%) The experiments were planned according to a full factorial design
and analysed by means of an ANOVA test.

3. Results and discussion

The statistical analysis of the results revealed that the operating conditions had a significant influence on the
process. The global glycerol conversion, and the carbon converted to gas and liquids varied by 5-54%, 1-21%,
3-42%, respectively. The liquid phase was made up of mixture of monohydric alcohols (MeOH, EtOH); polyhy-
dric alcohols (1,2-Propanediol, 1,3-Propanediol and 1,2-Ethanediol); C3-ketones (hydroxyacetone and acetone);
carboxylic acids (acetic and propionic acids); together with unreacted glycerol. The carbon converted to lig-
uids (26%) and the proportion of C3-ketones (85 wt.%) in the liquid can be maximised by using a temperature
of 210°C, a pressure of 50 bar, employing a catalyst mass of 5 wt.% for 2 h. Around 40 % of the glycerol can be
purely converted to a rich mixture of monohydric and polyhydric alcohols by employing a temperature of 250
°C, a pressure of 83 bar and a catalyst mass of 10 wt.% for 2 h. This preliminary study with glycerol suggests
that this process is a very promising route for the selective valorisation of crude glycerol.
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Areductive process for valorization of Quercus suber bark towards hydrocarbons of gasoline and deiesel ranges
and optionally 4-ethylguaiacol has been developed!. The procedure involves three steps: 1) tandem hydrogen-
free Pd/C-catalyzed transfer hydrogenolysis of lignin under slightly alkaline conditions to facilitate depolymer-
ization of suberin; 2) distillation to separate monomeric lignin derivative 4-ethylguaiacol; 3) hydrodeoxygena-
tion of the residue in a hydrogen atmosphere in the presence of Pt-MoOQ3/TiO, catalyst?, yielding a range of
hydrocarbons.

Yield of hydrocarbon bio-oil is 42% of dry bark weight (77% the sum of lignin and suberin contents). Carbon
yield of the obtained bio-oil is 64% from total initial bark carbon. Gas chromatography showed that the ob-
tained oil consists of C¢—C,7 hydrocarbons (composition given in the table) and has average molecular formula
C149H25400.00-0.06- H:C ratio changes throughout the process, taking a value of 1.47 for dry bark and 1.90 for the
hydrocarbon oil. O:C ratio changes even more substantially: from 0.46 for bark to 0.004 for the hydrocarbonic
bio-oil. Results of simulated distillation were in accordance with gas chromatography data and showed that
the obtained bio-oil includes components with boiling point ranges typical for different types of hydrocarbonic
fuels, such as gasoline (<200°C, 20 wt.%), diesel (200-300°C, 45 wt.%), and heavy gas oil (300-420°C, 33 wt.%).
The higher heating value of such a fuel estimated for this compostion using several common linear formulas
(Dulong, Boie, Mott-Spooner) is 46-49 M]-kg ..

Lignin domain of bark was converted into 4-ethylguaiacol with high selectivity (90%) in relation to other
monomeric phenols and 12% yield from lignin mass content. Due to high degree of functionalization, this prod-
uct can serve as a synthetic precursor of valuable compounds®.

1) Ivan Kumaniaev, Joseph Samec. Valorization of Quercus suberbark toward hydrocarbon bio-oil and 4-
ethylguaiacol. ACS Sustainable Chem. Eng.,Article ASAP, DOI: 10.1021/acssuschemeng.8b00537

2) K. Shimizu et al. Hydrodeoxygenation of Fatty Acids, Triglycerides, and Ketones to Liquid Alkanes by a Pt—
Mo0Oy/TiO, Catalyst. ChemCatChem 2017, 9, 2822-2827.

3) B.F.Sels et al. Sustainable bisphenols from renewable softwood lignin feedstock for polycarbonates and
cyanate ester resins. Green Chem.2017, 19, 2561-2570.

Type of Content, mol. % Average molecular formula
n-alkanes 326 CissHsss
iso-alkanes 123 Ci73H3e7
Q and alkenes 25.9 CizgHaze
lkylb 7.7 CiagHiz2

Tetralins, indans and
111 Ci17Hias

r
Higher aromatics 4.5 Ci4:5H11.100.06
Others 5.9 -
Total 100.0 Cia.9H28.400.00-0.06
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A novel sustainability performance index has been developed for assessing biomass waste performance during
gasification of syngas for jet fuel production. Catalytic gasification of waste biomass could be an ideal sustain-
able production route to syngas, which through Fischer-Tropsch is upgraded into alternative jet fuels. However,
a significant amount of variables affect the gasification process, resulting in possible inefficiencies. Firstly, the
index consider the key gases, including CO, CO; and H;, along with water and residual hydrocarbons and tars,
arising from the array of reactions occurring from incomplete gasification. Secondly, it identify patterns of
overall product composition which is tuned through gasification conditions including incorporation of catalytic
materials, which can be typically utilised to reform the residual aromatic hydrocarbons including a tar frac-
tion, to increase gaseous product yield. Performance between varying biomass streams under different gasifier
configurations is also highly variable. Thirdly, the index uses a hybrid methodology which include a combina-
tion of system dynamics, uncertainty methods and lifecycle assessment, our performance criteria are tuned to
specific biomass types as well as assessing the configuration of each gasifier type, allowing for a comprehensive
sustainability analysis of gasification performance related to jet fuel production.

The empirical results reveal that by considering multiple criteria simultaneously, wood pellet biomass combined
with CO, utilisation offers the best supply of feedstock into the gasifier mainly due to its low ash content and tar
formation, as well as providing low lifecycle emissions (up to 85% reduction gCO,e/M]J compared to conventional
jet fuel) and cost. In summary, the key contribution of this paper is to propose an emission based systematic
evaluation model to help the bioenergy community with ranking a set of competing choice of biomasses in terms
of prioritised environmental reporting under a broad range of dimensions including lifecycle emission quotas,
economic supply and demand, and energy potentials.
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Fast pyrolysis is a key process for converting renewable biomass residues into char, bio-oil and off gases. Rapid
biomass heating and rapid vapour quenching have been the essence of fast pyrolysis in order to maximize the
yield of bio-oil, but often sacrificing the quality of the bio-oil. Nearly all existing commercial pyrolysis technolo-
gies employ single-step rapid condensation of vapours from 500 °C to 50 °C using sprays of cold bio-oil or liquid
hydrocarbon as a quench fluid. While single step rapid quench helps to maximize the yield of liquid product,
the raw bio-oil product is a non-homogenous mixture of hundreds of oxygenated organic compounds including
organic acids, and it has a significant fraction of water. One-step quench also results in high quality heat being
lost to the surroundings (primarily cold water utility or ambient air) with no possibility to utilize this energy
for the high-temperature heating requirements in the upstream process.

A novel 3-stage fractional condensation approach has been investigated. The intent is to produce targeted stable
products for value added applications as well to enhance the overall efficiency of pyrolysis processes. The first
phase of this research involved modelling and simulation of staged condensation of pyrolysis vapours using
Pro/2 process software. A comprehensive pyrolysis model with 13 representative compounds was developed
and validated with NREL’s 2013 model built upon Aspen Plus. The Pro/2 model is able to simulate complex
condensation of lignin and sugar fractions at high temperatures.

Multiple cases involving staged condensation in ablative and fluid bed pyrolysis systems were investigated.
The two systems represented a low and high ratio of carrier gas to biomas, respectively. In each case, there was
a trade-off between high-quality heat recovery and early separation of lignin and sugars from organic acids.
Results demonstrated that judicious selection of condenser temperatures offers opportunity for early isolation
of sugars and lignins from acids, thereby improving product stability. Given the high ratio of fluidization gas to
biomass in fluid bed pyrolysis, dew point depression adds additional complexity and limits heat recovery.
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Agricultural waste presents an attractive source for bioethanol production, with the most important and energy-
consuming step being the pre-treatment process.

Barley and wheat straw are some of the best feedstocks for bio-ethanol production due to their low price, avail-
able and relatively high sugar yield.

The aim of this paper is to study the effect of particle size on the total sugar yield during hydrolysis from bar-
ley and wheat straw. Firstly the barley and wheat straw was subjected to physical-treatment by using (Komo)
grinder, the raw material was ground with different gaps between the ceramic disks and then passed through
sieves to achieve different particle sizes of >2000 ym, 2000-1000 um, 1000-710 pm, 710-500 um, 500-250 pm
and <250 pm. The hydrolysis was the performed by using Celluclast 1.5L from T. reeseiand Novozyme 188 (13-
Glucosidase) from Aspergillus enzymes. The hydrolysis was carried at 50°C and 200 rpm in a incubate shaker
using 50 ml of sodium citrate buffer at pH 4.8 for 72 hr. Samples were taken every 24 hr such that a sugar yield
test could be carried out by the DNS method using (UV) spectrophotometer. Further tests were then carried out
for the most successful conditions using gas chromatography-mass spectrometry (GC-MS) to get the sugar com-
positions. The maximum sugar yield was achieved by hydrolysis of the >250 um samples for both barley and
wheat straw. The total sugar yield was 8.1 (g/1) and 7 (g/1) for barley and wheat straw, respectively. As shown in
Figure 1, the results illustrated that smaller particle size gave higher sugar yield and it shows a promising sugar
yield without using any chemicals or further treatment steps especially for barley straw. However, there needs
to be further improvements to the process and the energy consumption needs to be reduced.
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Figure 1. total sugar yield from barley and wheat straw using different particle size.jpg
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The valorisation of residual biomass into a variety of bio-based products and bio-energy is a highly renowned
concept defined as bio-refinery. The first bio-refineries focused precisely on low-added value. However, the
microalgae application has attracted interest in recent years, not only because of the energy aspect yet its high-
added value compounds. Despite this, bio-refinery of algae biomass is still in its early stage and, hence, demon-
stration of a feasible process must be needed, making practical implementations of experimental data related
to up and downstream efficiencies.

In the present, the valorisation of microalgae biomass grown in pig manure wastewater treatment was eval-
uated, involving sequential extraction based on a bio-refinery concept. CO, supercritical was applied on mi-
croalgae biomass to extract lipids. Two solid fractions were obtained: residual biomass and extracted lipid
fraction. Residual biomass was used as substrate for subcritical water tests to extract proteins mainly and car-
bohydrates, and raw material was also used to determine the feasibility of CO, extraction. In the last place, the
residue recovered after this process could be used as a bio-fertilizer. For this purpose, CO; extraction tests were
performed at 100, 200 and 300 bars, and 40 and 60°C. While subcritical water experiments were carried out at
100, 130, 160 and 190°C for 10 min.

In this study, the chemical composition of freeze-dried microalgae biomass was 5.12% of lipids, 44.03% of pro-
teins and 31.16% of carbohydrates. The CO; assays proved to extract almost all the lipid content (up to 81%),
detecting an important impact on yields by increasing pressure and temperature. After that, 300 bar and 60°C
were the best conditions and, hence, its exhausted solid was used for subcritical water extraction. The CO; pre-
treated biomass reported the highest solubilisations at 190°C, achieving 33% of released protein yields, and
67% of released sugar yields; detecting greater effect on carbohydrates than proteins. In contrast, the untreated
raw material accounted higher results at low temperatures and, yet lower than found by exhausted material.
Finally, the composition of solids after subcritical water extractions, with NPK higher than 7% (w/w) and C/N
lower than 15, allows their use as fertilizers.
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The gasification of potassium-rich raw materials in the autothermal operated, floating fixed bed reactor requires
adapted operating conditions in order to reduce the effects of the lowered ash melting point. One strategy is to
keep the gasification temperature below a critical temperature of 800°C. Since potassium also shows a catalytic
effect on the Boudouard reaction, the investigations concentrate on the effects of the lower reaction temperature
on the product gas quality. The investigations were performed on the basis of an ASPEN-Plus-based simulation
tool. For this, reaction kinetic data, which were previously determined in the laboratory specifically for different
raw materials, were implemented via FORTRAN codes.

By changing the kinetic data of the Boudouard-reaction in the simulation model, the influence of the enhanced
reaction rate on the product gas quality and the temperature profile was quantified. The main result is that
an increase of the reaction rate up to a factor of 2 will influence the product gas quality positively due to an
increase in the CO content and the carbon conversion rate. Furthermore, three possible measures for lowering
the maximum temperature in the reactor have been simulated: splitting the gasification air in several injection
nozzles, substitution of a part of the gasification air with exhaust gas of the gas engine and water injection
in the air inlet. In general, all investigated methods are suitable to lower the temperature but with losses in
product gas quality and cold gas efficiency. A combination of the measures is recommended to minimize the
losses. Further developments will concentrate on the modification of the pilot plant by installing additional air
injection nozzles and air/exhaust gas mixing devices to examine the simulated tests. The simulation data can
be transferred to the pilot plant only under consideration that the geometric distribution of an air injection into
the floating fixed bed shows completely different behavior than in the model. Additional measures to avoid
hot spots have to be developed. With the generated test data, the simulation model has to be evaluated and, if
necessary, re-fitted.
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Nanomaterials are particularly nanocomposites are critical components in alarge number of energy conversion
and storage systems. Nanomaterials maximize the interaction with the media, which is a fundamental param-
eter in the fields of catalysis and electrocatalysis, among other. Nanomaterials have associated lower thermal
conductivities and improved mechanical properties, which are advantageous properties in the field of thermo-
electricity. Additionally, nanomaterials may be able to sustain high volume changes more effectively, which is a
key advantage in ion intercalation batteries. While numerous strategies to produce nanocomposites have been
developed, most of them lack of a sufficient control over material parameters to fully optimize their perfor-
mance, or are unpractical for real applications that require low cost and high throughput production processes.
In this context, bottom up approaches that make use of colloidal nanocrystals as building blocks to engineer
nanocomposites are emerging as a suitable alternative. Colloidal synthesis routes allow an extremely precise
control over material parameters without particularly high capital or operating costs (ambient pressures, low
temperatures) and with high-throughput production and material yields. Stimulated by its simplicity and huge
potential, countless groups all over the world have developed colloidal synthesis routes to produce nanocrystals
of a plethora of materials, making available an extensive library of synthetic strategies and routes to produce
nanocrystals with almost any composition, size and facets. However, for such control over material parameters
to truly impact real applications, colloidal nanocrystals need to be properly organized or arranged into func-
tional unsupported superstructures, high resolution patterns, thin films, porous nanomaterials or highly dense
nanocomposites, depending on the application. Such nanocrystal arrangement need to ensure proper optical
characteristics, charge transport properties, interaction with the media, etc, when compared with competing
technologies in each field. In this talk, I will present our work on the arrangement of colloidal nanocrystals into
macroscopic nanomaterials and nanocomposites and their use for a few exemplifying applications, underlying
the real advantages and remaining challenges.
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Solid state electrolytes have attracted tremendous attentions in recent years due largely to their commercial
applications for highly safe energy storage and large energy storage devices. Although solid state electrolytes
been studied for a few decades, breakthrough in ionic conductivity has been noted only recently. With appli-
cations of batteries in large format, safety issues become an extremely important in addition to challenges of
high energy density. Replacement of highly flammable organic liquid electrolyte by solid and stable electrolyte
leads to increased safety. Most solid electrolytes possess a wide operation potential range so that some cathodes
materials that cannot be used in organic electrolyte can now be considered. Studies also note that use of solid
electrolyte can significantly expand battery operation temperature range. Therefore, solid state battery is the fu-
ture energy storage device. Solid electrolyte that is a key and also an essential component in the batteries can be
categorized into following types: oxide, glassy, sulfate, and polymer and its composites. Different types of solid
electrolytes show different advantages in different aspects. Based on safety concern, oxide-based electrolytes
such as garnet-structured, nasicon-structured and lisicon-structured materials have demonstrated pretty good
stability in ambient condition with reasonably high ionic conductivity of about 10-4 ~ 10-3 S/cm. Some of them
can be potentially used in all-solid-state batteries and Li-air batteries. This presentation will report our recent
development of solid state electrolyte for Li-air batteries and for all-solid-state batteries.
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Key factor for reducing the cost of electricity from PV is the conversion efficiency of solar cells. For many years
technologically achievable silicon solar cell efficiencies have been seen to be limited at around 26% - until re-
cently Kaneka’s 26.7% record efficiency surpassed this limit. Such an awesome result, achieved with all the
tweaks available in a sophisticated lab environment, is highly important and encouraging. Yet for providing
electricity from PV at further decreasing expense, the central challenge is, how to increase the efficiencies in
production at competitive cost. In the talk, for actual and for most promising solar cell concepts, status, de-
velopment challenges and performance limits will be outlined. A particularly interesting route is seen in the
combination of high performance multicrystalline material and cell technology using passivating contacts, de-
veloped at Fraunhofer ISE with the TOPCon structure. Pinpointing the limiting factors precisely and reporting
them back to the technologists for the next optimization step we managed to achieve a world record for mul-
ticrystalline material of 22.3 %.
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Biomass pyrolysis liquids (also known as bio-oil), are derived from renewable lignocellulosic biomass residues
by fast pyrolysis process. These second-generation oxygenated hydrocarbon resources have the potential to par-
tially substitute for petroleum-derived transportation fuels and thus enhance the economic and environmental
sustainability of our natural resources. However, in contrast to petroleum fuels, biomass-derived pyrolysis liq-
uids contain a large amount of oxygen, usually 40-50% wt% (wet basis). This undesirable high oxygen content
in pyrolysis liquids is considered as the primary reason for its high polarity, high acidity, lower stability, lower
energy density and very low miscibility with conventional crude refining feedstocks. There are two major path-
ways for upgrading the pyrolysis liquids. While hydrodeoxygenation route is one of the most explored options,
it requires production and supply of large amounts of expensive hydrogen at high pressures, mandating large
and centralized upgrading plants, and thus large capital investment.

In this paper, we discuss an alternative method of pyrolysis liquid upgrading, using cheap and affordable hy-
drogen donor additives and catalysts to promote partial deoxygenation at near atmospheric pressure. This
approach is preferably to be used as a pre-treatment and stabilizing method for pyrolysis liquids in the close
vicinity of remote biomass pyrolysis plants. The pretreated oil, then can be shipped for further hydrocracking
process in a centralized co-processing facility. Preliminary results from the initial proof of concept experi-
ments involving a 200g/h gas-phase continuous fast catalytic cracking system with continuous coke removal to
enhance deoxygenation performance, are presented. These results indicate positive impact of catalyst bed on
quality and yield of the upgraded bio-oil product in terms of pH, viscosity, degree of deoxygenation, oil yield
and concentration of hydrogen in the off gases.
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Second generation non-food lignocellulosic biofuels have great potential as renewable fuels. While castor
oilseeds have been used to produce biodiesel [1], the lignocellulose in Castor plant (Ricinus communis) has never
been used for bioethanol production. This study characterizes the stems and leaves of Castor oil plants to evalu-
ate their suitability as biofuel feedstock and catalytically hydrolyzes them to biofuel precursors such as glucose,
furfural and HMF, along with Levulinic and Formic Acids.

Characterization studies show that Castor leaves and stems are composed of cellulose (40.5%, with Degree of
Polymerization of 1040), hemicellulose (20%) and lignin (13%). The Crystallinity Index (CI) is measured as 37%
for the raw lignocellulose, and as 60% for its cellulose-rich component (Figure 1(a)). CI increases to 49% upon
pre-treatment with Ionic Liquid (1-butyl-3-methyl-imidazolium chloride) and again reduces to 38% upon hydrol-
ysis (Figure 1(b)). FESEM images of raw (Figure 1(c)), cellulose-rich, pre-treated (Figure 1(d)) and hydrolyzed
(Figure 1(e)) substrates suggests that pretreatment breaks the bonds between the cellulose, hemicelluloses and
lignin polymers in the pores of the lignocelluloses, exposes the cellulose to catalytic hydrolysis, while increasing
the crystallinity of the substrate. FTIR Spectroscopy and CHNS Analysis (Figure 2) are performed on Raw and
Cellulose-rich substrates to ascertain their bonds and the elemental compositions, while particle and pore-size
analyses are performed to determine their pore structures and porosities.

Upon pretreatment with Ionic Liquid followed by catalytic hydrolysis, temporally oscillatory yields of glucose
and HMF are observed for various water addition rates, with the glucose yield maximizing at 3.5 hours to 53%
(w.r.t. the total carbohydrate content) for a water addition rate of 35 pl/gm of Ionic Liquid/hr (Figure 3). The
oscillatory dynamics of the product yields are attributed to a reaction mechanism [2], which shows that while
water catalyzes the hydration of cellulose to glucose and of HMF to Levulinic and Formic Acids, the production
of HMF from glucose is a dehydration process. Thus water addition rates can be optimized to control the product
distribution in the reactor.

[1] Dias, J.M., et al., Energy, 53, 58-66 (2013)

[2] Paul, S.K., Chakraborty. S., Bioresource Technology, 253, 85-93 (2018)
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The high dependency on traditional fuels in Rwanda has been associated with limited access to national grid elec-
tricity especially in the rural areas with slight progress on renewable energy interventions such as usage of solar
panels as indicated by the indicators on the sustainable energy for all. “What are the interventions needed to reduce
rural household energy poverty in Rwanda?” This paper utilized the 2013/2014 Rwandan Integrated Household
Living Conditions survey dataset to address this policy question. The results from a multinomial probit model
shows that poverty, education levels, access to environmental information and location factors are some of im-
portant factors that determine and influence solar photovoltaic uptake and rural home lighting fuel choices in
Rwanda. An important finding of this study is that a considerable number of rural wealthy households are using
solar panels as main fuel source for home lighting whilst the majority of the poor rural households are still de-
pendent on traditional fuels sources such as kerosene, crop residues and others. The public policy implication of
this research findings suggest the need to initiate social entrepreneurship and investment programs that will
encourage solar photovoltaic uptake by poor and rural households who are still using traditional lighting fuel
sources. However, further research is needed to understand drastic changes in the household energy use pat-
terns over time using the current data and also to understand public acceptance and consumer perception of such
renewable technology in Rwanda.
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Introduction

The European legislation has established ambitious targets for achieving high energy performances, with the
aim for new buildings to reach nearly zero-energy use (NZEBs) by the end of 2020. Universities, playing an
exemplary role in modern societies, should take the lead in analysing energy efficiency and proposing retrofit
measures in their own buildings, targeting NZEB.

This study analyses 20 buildings of 4 campuses in the University of Lleida, in terms of building operational and
geometric data, energy use, renewable production and current gap to NZEB targets.

Methods

The following steps have been applied: 1) compiling building data, renewable energy production and energy
consumption; 2) performing overall and detailed analysis ; 3) assessing the actual gap between university build-
ing energy performance and Spanish NZEB goals.

Results and Discussion

Fig. 1 shows annual gas and electricity use per floor area. The two Health Sciences buildings E19 and E20 are
highlighted as the major consumers. The rest of the buildings are in the range 50-175 kWh/m?-year, comparable
to the values reported by the UPC, which are between 40 and 200 kWh/m?-year.

Fig. 2 shows the historical evolution of the annual renewable energy production in the two campuses with
installed PV systems. Note that the two campuses have a decreasing trend in PV output production, with about
3% reduction per year. This efficiency drop per year is higher than the typical 1% drop given by many PV
manufacturers and should be studied in more detail.

In Fig. 3 shows the calculated total primary energy consumption. The horizontal red lines correspond to the
maximum threshold range. The buildings E2, E6, E12, E13, E15 and E18 have primary energy consumptions
close to the maximum thresholds. Buildings E19 and E20 are very far from the NZEB concept. The non-HVAC
services, such as specific labs, have a critical impact over the energy performance of these two buildings. The
other 12 buildings have values around 2.5-3 times higher than the maximum thresholds, indicating that many
improvements should be implemented to reduce this gap.
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Drying, dehydration, sterilization and pasteurization are activities that are used for the processing and storing
of food and other agricultural and agroindustrial products. In these processes different sources of energy are
applied: electricity, fossil energy, wood and others. With the support of the local Pilot Program of Solar Energy
Use in Northern Region of Costa Rica (executed jointly by the Technological Institute of Costa Rica and the Min-
istry of Agriculture) several solar thermal systems have been designed, applied and evaluated, at the level of
small and medium producers in the area. Different production processes, substituting traditional options, for
solar options and clean production systems, seeking to lower the local carbon footprint and improve production
systems were included.

Several types of solar thermal systems have been designed and evaluated, namely: hybrid thermosiphons with
electric auxiliary system, to sterilize milking equipment; forced hybrids with water and LP gas to sterilize and
pasteurize milk, forced hybrids with water, hot air and LP gas, to be used to dry and dehydrate agricultural and
agroindustrial products and a passive solar dryer for different types of seeds. The basic designed prototypes
are shown, located in the Northen Region of Costa Rica.

The evaluations of the thermal systems were carried out through the use and testing of the different processes
with satisfactory results. Among these processes it is possible to metion: milking equipment sterilization, pas-
teurization of milk, drying and dehydration of several products among them, pineapple, pumpkin, turmeric,
ginger, coffee, cocoa, beans and corn. Information on the operation of the systems was obtained through a
computerized data system and the location of thermocouples in the key locations of the systems used and their
location in the cloud in order to download the data from any electronic device.

Keywords: Solar thermal systems for agricultural and agro-industrial processes
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Redox stability of Sc-doped La0.6Sr0.4Fe03-6 for tubular solid
oxide cells interconnector
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Ceramic interconnectors of tubular solid oxide cells should require fundamental properties as follow, because
they are facing on both a reducing and oxidizing atmosphere at anodes and cathodes. Firstly, they should
separate different gas atmospheres of an anode (inside) and a cathode (outside) by a dense layer with high
chemical and redox stability, because the ceramic interconnectors are placed on between an anode of one in-
dividual cell to the cathode of the neighboring cell in a stack. Secondly, pure and high electronic conduction
are one of the key properties to get a high performance by minimizing ohmic loss of the multi-layer stacking
structure. With the objective of introducing a redox stable ceramic interconnector, the optimum concentration
in LageSrosFe1.xScx03 5 (LSFSc) has been determined by analyzing the variation of composition, pH, synthetic
temperature and heat treatment time.

The synthesis of LagSrosFe1.xScx035 (x=0.01, 0.05, 0.1, 0.2 and 0.3) powders follow a Pechini type polymerizer-
lable complex method. The effect of solution pH on the crystalline phase and stability of LSFSc was evaluated
by adjusting the pH of the solution from pH 2 to pH 9 with ammonia water. The powder were calcinated at 900
and 1200 °C for 2, 6, and 24 h to eliminate the organic residual and to investigate the effect of the heat-treatment
on the redox stability of the LSFSc crystalline phase.

The crystalline phases of LSFSc are stable when the solution pH is low (pH=2), and the calcination temperature
is sufficiently high (T>1200°C). From the XPS analysis, it is recognized that the incorporation of Sc in the LSF
lattice makes its structural stability even more stable under the reduction condition. The phase stability of
LaggSroaFe;xScx03.5 was obtained when the Sc concentration was over 10 mol%. Therefore, as depicted in figure
below, LaggSroaFep9Sco1035 is considered to be the most stable composition for a redox stable and electrically
conductive ceramic interconnector for tubular solid oxide cells.
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Thermal Performance Comparison of a Novel Chevron
Collector and Standard Collectors
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Quantitative comparison of collector designs plays an important role in the development of solar thermal sys-
tems. In this paper, performance comparison of a novel chevron flat plate collector design against two collectors
is presented. For the tested design, the chevron pattern was on the upper plate of the absorber while the lower
plate was a flat aluminum channel. The aim of the investigation was to compare analyze the thermal perfor-
mance of various collector designs and determine their suitability for solar seawater desalination systems for
implementations in Qatar. For the purpose of comparison, two other collectors, i.e. a commercial collector, and
a mosaic multichannel collector, were also investigated. The objective was to investigate the behavior of the
thermal energy conversion system when the collectors of same size are connected to the same storage system
and tested under similar environmental conditions. Outdoor experiments that include measurements of radi-
ation, flow rates, temperatures and wind speeds were carried out. Preliminary investigations focused on the
amount of heat collected in the storage system, charge and discharge modes of the system and the influence
of load profiles. Satisfactory performances was observed for a morning and evening load draw-off operating
mode with a direct stratified thermal storage system. The highest water temperatures obtained were 52°C, 55°C,
and 65.5°C for the commercial, mosaic multichannel, and chevron collectors respectively. These results show
the superiority of the chevron design. Since the minimum temperatures required for desalination is about 80°C,
it can be inferred that the experimental collectors don not provide sufficiently heated water temperatures for
effective solar desalination. However, it was noticed during the experiments that changing the arrangement
of the chevron collector absorber (e.g. chevron patterns on the upper and lower plates with symmetrical and
asymmetrical geometries) has a significant effect on the water flow behavior. Hence, an optimal flow pattern

may provide improved collector performance to reach maximum water temperatures suitable for desalination.
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Electric vehicle adoption is influenced by governmental
incentives? A Romanian study case.
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During the last decade, electric vehicle market is continuously growing and can be a solution to environmen-
tal pollution problems. However, consumers adoption of an electric vehicle is relatively low in spite of many
promotion policies implemented by governments.

In Romania, the European Strategy 2020 will sustain the continuing boost of the market, by setting 20% reduc-
tion in gas emissions (or even 30% under favorable conditions) comparing with the levels recorded in 1990.
Therefore, “green” and hybrid cars reached 2.0% of the total sales, double the share they had in 2016,

The present article aims at identifying the main policy that support the electric vehicles adoption within Europeans
countries by emphasizing on the Romanian strategy for electric transportation and its efficiency. There are a lot
of studies which find or not these incentives effective, therefore an overview of policy attributes in Europe it
will be done.Another goal of the present article is to assess and find the place of Romania into the already formed
grouped of European countries, based upon the share of new sales.

Methods — the secondary data will be computed and correlation between sales and incentives will be analyzed. We
use Pearson correlation to find over different time series if there is any correlation between variables. The sample
consist in at least one of European country from the five-strategic group from the positioning map.

The results display that in Romania there is a strong correlation between electric vehicle sales and govern-
mental incentives. The analyses is distinctly provided for purchase subsidies (such as purchase-related tax
exemptions or reductions, registration tax, import tax, co-funding or other financial purchase support), owner-
ship benefits (annual tax exemption, reduction of electricity or energy costs) and local incentives (free parking,
access to buslanes, no toll fees, free charging, access to restricted areas in city centers). The demand for the most
accessible electric car in Romania is higher (as percentage of total electric car sales) than in more developed
countries.

In conclusion, Europe experienced an increasing demand for electric vehicles but the incentives are not the
only variable influencing the adoption.
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Artificial SAP and biofuels production
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Introduction

Unprecedented population growth, increasing conflict and displacement, natural calamities and emergence of
major epidemics are some of the factors that will compound complexities of global food security over the coming
years.

The next global food crisis is predicted to occur within four years by experts at the recent Third International
Conference on Global Warming and Food Security.

Methods

In the face of these facts, any technique that can improve food production would be a welcome development.
To counteract the coming problem, it is imperative to try novel and daring solutions across the agricultural food
chain.

Replicating the processes of nature through which the food chain is integrated remains a formidable challenge.
It seems simple to combine CO, and water to form carbohydrates and other useful molecules for nutrition such
as amino acids, and lipids, as plants do it every day.

Results

We found a novel technique to manipulate photosynthesis to produce more food arising from CO,and water. A
product with natural SAP characteristics is obtained.

The product we currently obtain is comparable to artificial sap, and each 100 ml 0.47 g of proteins, lipids (un-
saturated) 0.70 g, carbohydrates 5.43 g; Sodium 12.81 mg, Calcium 313.72 mg, Iron 18.75 mg. Every 100 ml of
Artificial SAP® provides 29.90 kcal.

Discussion

Our discovery of the intrinsic property of melanin to dissociate the water molecule represents a watershed in
the problem of food production, since it allows to produce nutritious substances in the laboratory in an efficient
and practical way. Avoiding the use of pesticides, herbicides, fertilizers, waste water, and does not require the
use of large tracts of land.

Artificial sap can be used for human and animal feed, or biofuel production, without competing with human
food. The manufacturing process is patented in Russia and Canada, pending in other countries.
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Informacién Nutrimental Por 100 mL

Contenido energético ki (kcal) | ki: 126.20 (kcal 25.90) Por 125 mil: 37 kcal
Proteinas 047 g

Grasas (Lipidos) 070 g

Grasas saturadas 0.00

Carbohidratos (Hidratos de 543 g

carbono)

Azicares 0.00

Fibra dietética 0.00

Sodio 12.81 mg

Calcio 313.72 mg 35 % VNR (100 ml)
Hierro 18.75 mg 110 % VNR (100 ml)
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Microalgae have great potential for bio-sequestration of CO; into macromolecules such as lipids and carbohy-
drates for the production of biodiesel and bioethanol, respectively. The primary metabolic step involves the
conversion of RuBP to GAP through the Calvin Cycle in the presence of RuBisCO enzyme. Alternatively, pho-
torespiration adds O, to RuBP, producing 3-PGI. Both steps require O,and the synthesis of ATP, NADPH via
coupled light reactions in the chloroplast. GAP converts to lipids via glycolysis and the TCA Cycle, and/or to car-
bohydrates through G6P via Gluconeogenesis. G6P also enters the Pentose Phosphate pathway yielding NADPH
and Ru5P, which produce protein precursor nucleotides.

This metabolic modelling attempts to quantify the effects of CO,, O, and nutrient supply at the reactor scale
on the molecular scale reactions and the metabolic pathways for macromolecule synthesis that determines
carbohydrate and lipid yields in mixotrophic cultivation of microalgae.

Our metabolic model is validated using experimental data on the concentrations of algal biomass, chlorophyll,
lipids, carbohydrates, proteins, and dissolved CO; and O, available in the existing literature. This model at-
tempts to integrate molecular pathways to reactor variables, and quantify their coupled effects on lipid and
carbohydrate yields in mixotrophic algal cultivation.
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The effects of hydrogen gas on gas network materials within a
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Introduction: The UK government has committed to an ambitious target of an 80 % reduction in CO2 emissions
by 2050 (from 1990 levels). As the provision of heat makes up almost 50% of UK energy consumption mainly
provided by gas, the decarbonisation of heat is a key requirement in meeting the CO2 emissions targets.

The inclusion of injected hydrogen up to 20% v/v presents a potential route to decarbonise the gas system
whereby previous studies have shown that existing appliances can operate safely at this level of hydrogen.
In preparation for a 1-year live trial on Keele University’s gas network, this project investigates the likelihood
of adverse affects on gas network materials.

Method:In order to determine whether adverse affects on network materials are likely to occur within or after
the trial of up to 20% hydrogen addition, various materials identified within the gas network have been soaked
in 100% hydrogen gas for up to 9 weeks. Stainless steel, copper, and brass, powders and specimens have been
subsequently studied by thermal desorption to determine their hydrogen gas susceptibility.

R&D:Grade 304 stainless steel powder was soaked in 100% hydrogen gas for up to 9 weeks. Due to the increased
surface area of powdered materials compared to specimens, it is possible to determine longer term hydrogen
gas susceptibility from a short term study. Despite being generally understood that steel suffers from hydrogen
embrittlement, the 9 weeks hydrogen gas soaking showed no hydrogen gas susceptibility (Figure 1). This result
was also found for copper powder (Figure 2).

Stainless steel rod however is closer to the network conditions and indicated a small increase in hydrogen
desorption for longer hydrogen gas soaking times. It is unclear if this is sufficient to affect the mechanical
performance of 304 steel.

The hydrogen gas susceptibility of brass (70/30) powder soaked in 100% hydrogen gas for up to 9 weeks (Figure
3) shows a trend of increasing hydrogen gas desorption for longer soaking times. This effect is also exaggerated
at higher temperatures (not shown) and will be taken into account within the parameters of the trial.
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Hydrogen Desorption Intensity
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Figure 3 - Comparative graph of hycdrogen desorption of brass 70/30 power after 0, 3, 6 and 9 weeks soaking in 100 % hydrogen gas.
(Trendlines are used to show data to 25 pt. Baseline and Helium Corrected)
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Solar heat power engine on the basic of direct convertion of
the Planck spectrum of solar radiation with the use graphene
nanofluids
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Modern solar energy is based on photoelectric conversion using semiconductors. For the conversion of solar ra-
diation, only parts of the solar radiation spectrum are used in this way. The main part of such radiation (Planck
spectrum) can not be used, since it is not absorbed and not transformed by available methods. However, if using
nanofluids, for example, based on graphene flakes or nanotubes, it is possible, due to the strong absorption of
the thermal spectrum of solar radiation, to effectively heat the working fluids to the formation temperature of
steam. The results of experimental studies of such heating with the use of a solar radiation imitator are demon-
strated, calculations of the absorption of radiation and heating of working fluids with very high efficiency are
made. Conclusions are made about the possibility of creating new solar thermal power plants based on direct
conversion of solar radiation from the whole Planck spectrum to steam. The possibility of using nanofluids as
a coolant in solar concentrators was considered. In such solar thermal conversion system, special absorbers
are used to absorb solar radiation, with a large absorption coefficient, which heats up giving off heat to the
heat carrier, the absorber is used as in the coolant. In our work, we studied various nanofluids, for example,
graphene nanocolloids and nanodiamond colloids. When using a nanofluid (carbon nanocolloids), the basic
idea is to avoid absorbing solar radiation on the channel walls, since the nanofluids themselves have a high
absorbing capacity, in this case there will be bulk absorption of nanoparticles. To achieve this goal, we first
of all measured the absorption coefficients, the transmittance of nanofluids, but, in addition, other important
measurements and calculations were made: 1). the absorption and transmission coefficients of nanofluids were
measured and compared with distilled water, 2). according to the Bouguer-Lambert-Beer law, the intensity of
the transmitted solar radiation was calculated through a layer of nanofluid, 3). the effect of nanoparticles on
liquid heating has been studied, 4). the viscosity of the nanofluid is calculated.

This work was supported by the Russian Science Foundation (project No. 17-19-01757).

~— a). distilled water
—— b). nanofluid - water with graphene
—— c). nanofluid - water with diamond particles
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Accelerating Renewable Energy Investment: The Role of
International Investment Law

Friday, 27th April - 13:30 - Poster Session - Gallery - Poster - Abstract ID: 412

Mr. Martin Svec’

1. Masaryk University

The world community has acknowledged that climate change represents an urgent and potentially irreversible
threat to human societies and the planet. At the UN Climate Conference in Pairs, 195 countries adopted the first-
ever universal, legally binding global climate deal to strengthen the global response to the threat of climate
change. The central objective of the Paris Agreement is to hold global average temperature increase to “well
below 2°C above pre-industrial levels”. However, this ambitious goal will require accelerated deployment of
modern renewables and energy efficiency measures.

Although global investments in renewables have shown steady growth for more than a decade, they are not
consistent with the goal of limiting global rise in temperature to less than 2°C set by the Paris Agreement (IEA,
IRENA). Significant deployment of additional private investments is required. For instance, the International
Energy Agency estimates that the implementation of the climate pledges in the Paris Agreement will require
$13.5tn investments in energy efficiency and low-carbon technologies from 2015 to 2030.

In this context, international investment law can play a major role in the implementation of the Paris Agreement,
since it provides investors with both substantive guarantees and investors-state dispute resolution mechanism.
Predictable and stable regulatory framework as well as remedies against host states for a breach of rule of law
are essential for swift deployment of renewables. This poster analyses the sources of international investment
law, particularly bilateral investment treaties, investment chapters of free trade agreements (such as NAFTA,
CETA) and regional treaties (such as the Energy Charter Treaty).

Against the backdrop of recent developments in international investment law (termination of intra-EU BITSs, the
Achmea judgment of the Court of Justice of the European Union, renewable energy arbitrations under BITs and
the ECT in Europe), the poster analyses the role of international investment law in the implementation of the
Paris Agreement with a special focus on renewable energy investment.
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Fully scalable HTM-free hybrid perovskite solar cells with
carbon electrode
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The organic-inorganic perovskite solar cells showed tremendous increase in efficiency during the recent
decade, starting from 3.8% and already saturating at 22%?. The matter of further work is to make the device
stable, scalable and inexpensive. Thus, much effort is being put into development of commercially more
attractive perovskite solar cells without expensive hole transporting material with carbon top electrode instead
of Au one. Additionally, despite common belief the applicability of solvent-assisted methods for the large-scale
manufacturing of hybrid perovskite modules is still under debate. Thus, in this work, we demonstrate a
combination of vacuum techniques for device preparation with inexpensive carbon counter electrode as a
concept towards large scale fabrication of inexpensive perovskite solar cells.

We offer to use hybrid chemical vapor deposition (HCVD) method?® to prepare high quality perovskite films
and carbon paste as efficient hole-collecting electrode (the device structure is presented on Fig. 1a). The
HCVD method allows successful diffusion of CH3NHsI vapor into thermally evaporated Pbl, layer forming
homogeneous CH3;NH;3PbI; film with large grains and smooth grain boundaries (Fig. 1b), which is beneficial
for charge transfer.

Our best device shows efficiency of ~5% with V,c0f 0.93 V, Jsc of 12.4 mA/cm? and fill factor of 0.42 (Fig. 1c). We
believe that modification of carbon paste properties, e.g. increase of work function, is the key step towards
further enhancing of power conversion efficiency.
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A tailored large-size plasmonic core-protuberances silver particle with unique optical properties with promis-
ing applications in thin-film solar cells was numerically and experimentally studied. The designed particle
possesses an extremely enhanced electromagnetic near-field excited by localized surface plasmons resonance
and its far field angular plots of light scattering power indicated an enhanced back-scattering ability. When
embedded the lumpy particles into the rear of thin-film amorphous silicon solar cells, light trapping in broad
wavelength range and ideal short circuit density of the cells increased.
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Half-Heusler (HH) compounds are important high temperature thermoelectric (TE) materials having attracted
considerable attention in the recent years. High figure of meritzT values of 0.8~1.0 have been obtained in n-type
ZrNiSn based HH compounds. However, developing high performance p-type HH compounds with low cost is
a big challenge. we show a high zT of 1.1 at 1100K can be achieved for p-type FeNb,.,Ti,Sb HH alloys and the Hf
doped FeNbSb exhibits a record high zT of 1.5 at 1200K due to simultaneously optimized electrical power factors
and reduced lattice thermal conductivity. In view of abundantly available elements, good stability and high zT,
FeNb,.,Ti,Sb alloys can be great promising for high temperature power generation.
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The search for new sustainable energy sources seems to have come to an end with the discovery of Human
Photosynthesis ® in the year 2002. The finding that not only plants but all living beings are able to capture
energy from light and concatenate it to drive the biochemical processes that make up them, opens a new era in
different areas of human knowledge, such as biology, medicine, energy, ecology, food production; etc.

To date, it was a deeply rooted dogma that only plants can transform light energy into chemical energy by dis-
sociating the water molecule. But, during an observational, descriptive study, about the morphological charac-
teristics of the tiny blood vessels of the optic nerve and its relationship with the three main causes of blindness-
Glaucoma, Diabetes, Macular degeneration related to the Age-we were able to identify a molecule in the human
eye, which, in the presence of light and water, generates energy for centuries.

The mode of action of this molecule is like chlorophyll as it transforms light into chemical energy through the
dissociation of the water molecule, although it is thousands of times more efficient than it, as the chlorophyll only
absorbs the ends of the visible spectrum (Violet and red), while melanin can absorb the entire electromagnetic
spectrum, from radio waves to gamma rays.

Melanin is the most stable substance known, as it has been found in good condition the ink sacks of fossilized
squid that died 170 million years ago. It is therefore to be expected that melanin-based designs can generate
energy for thousands or millions of years.

Batt gen 2.jpg Batt gen.jpg
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Hydrothermal synthesis of hematite nanostructures for
photocatalytic applications
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In this study, hematite (a-F203) nanostructures with porous plate and pseudo-cubic are fabricated via hy-
drothermal synthesis at 200 °C for 12 h. Microstructural and phase characterization of the snyhtesized hematite
nanostructures are conducted via X-ray diffraction (XRD), scanning electron microscopy (SEM) and high reso-
lution transmission electron microscopy (HRTEM) techniques. We have used pre-synthesized CuO nanorods
for the synthesis and by modifying the surface of the sacrificial CuO nanostructures with polyvinylpyrrolidone
(PVP), we could tune the morphology of the hematite from pseudo-nanocubes to porous plates. Photocatalytic
activity of the samples are tested for the photodegradation of Rhodamine B under AM 1.5 filtered light. Water
splitting performance of the samples are also tested by using a photoelectrochemical system.

Figure 1. SEM and TEM images of the porous nanoplates.

Figure 2. SEM and TEM images of the pseudo-nanocubes.

Figure 1.jpg Figure 2.jpg
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A New Class of Water-Borne Nanoparticles with Unusal p-n
Heterostructure for Superior Charge Separation Property
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Eco-friendly synthesis of organic semiconductors with heterojunctions has been of interest, which requires
surfactants to stabilize the colloidal nanoparticles (NPs) in aqueous solution. Use of conventional surfactants
results in the p-n heterostructured NPs, where both p- and n-type semiconductors are phase-separated and
confined within a core surrounded by the surfactant shell. Their device performances however have not been
comparable to solid organic semiconductor films. Further efforts are required to understand and control the
morphological structure of the nanoparticles and thus improve their performances. Here, using a new class
of surfactant, PEG-C60, we synthesized a unique p-n heterostructured water-borne NP that comprises of p-type
semiconductor as a core and n-type PEG-C60 as a shell. We demonstrate that the morphology allows superior
charge separation over conventional water-borne NPs. These PEG-C60-based water-borne NPs, thus, can open
up and provide a new paradigm in the current fields of water-based organic semiconductor colloids.

115



International Conference On Renewable Energy

MOF-derived binder-free carbon-metal oxides composite
electrodes for electrochemical devices
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Carbon-metal oxide composite materials have been widely used in electrochemical devices, such as supercapac-
itors, sensors, lithium-ion batteries and fuel cells. Despite the significant advances in preparing carbon-metal
oxide composite electrodes, methods for seamless interconnecting of these two materials are still scarce. In this
work,we introduce a novel method for the in situ synthesis of porous carbon-metal oxide composite porous
electrodes. Firstly, metal-organic frameworks (MOFs) are deposited directly on porous substrates by anodic
electrodeposition. Subsequent pyrolysis and activation lead to the formation of carbon-metal oxides composite
electrodes. Several MOF derived electrodes have been prepared successfully via the same procedure, demon-
strating the versatility of the proposed method. The resulting electrodes based on different MOFs show promis-
ing performance as supercapacitors and glucose sensors, respectively.
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Study of Photovoltaic Cells Implantation in a Long-Endurance
Airplane Drone.
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Applications of UAVs are expanding for long-endurance mission such as agricultural inspection, fire pre-
vention and many others. Photovoltaic cells can be added to the wing surface and extend the global
endurance of the UAV. This paper builds a model of the whole system and estimates the energy savings
that can be achieved for different cell technologies and different types of missions. Furthermore, the
impact of airplane movement (roll) on the performance of the maximum power point tracking control
algorithm (MPPT) is studied.
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This paper presents a novel direct rotor flux oriented control with online estimation of magnetizing current
and magnetizing inductance applied to self-excited dual star induction generator equipping a wind turbine in
remote sites. The induction generator is connected to nonlinear load trough two PWM rectifiers. The fuzzy logic
controller is used to ensure the DC bus voltage a constant value when changes in speed and load conditions. In
this study, a performance comparison between the conventional approach and the novel approach is made. The

proposed control strategy is validated by simulation in Matlab/Simulink.
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From the point of view: the diversification of photovoltaic(PV) installation site, installing PV systems on water
bodies like lake, reservoir, canal and salt farm has attracted a great deal of attention owing to gaining more
electricity originated from the cooling effects by the water body. The concept of solar PV systems installed
beneath salt farm is proposed for the first time in the world.

A salt farm adopting a solar evaporation method in Korea conventionally consists of two ponds, evaporation
pond for increasing salinity and crystallization pond for harvesting salt. Water proof solar PV modules are
installed in the beneath of shallow pond (2~15cm, depth), that is evaporation pond. The front part of modules
is only submerged in the water, but the rear part of modules where a junction box is placed is not submerged.
The gaps between modules are sealed with specially designed parts to prevent the leakage of sea waters.

The most merit of this system is able to harvest both salt and electricity at a same site and same time. The power
generation would be decreased due to the installation angle, zero degree and the weakened solar incident inten-
sity by sea water reflection. However, it is believed that the loss of power generation can be overcome partially
by the cooling effect of sea water. We named this system [Salt Farm Underwater Photovoltaic Systems] .

In this study, feasibility tests were conducted to confirm sea water effects on the performance of PV module. To
do this, we fabricated water tanks where a single cell module of ~5W is installed at the bottom. The performance
of module was examined by an AM 1.5 solar simulator with various temperature (20 ~ 600) and depth (0 ~ 10
cm) of water. The effects of temperature and depth of water on the performance of PV module were confirmed.
In additionally, the properties of single- and multi- crystalline silicon solar cell were comparison.
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The effects of different inlet forms on the thermal stratification and the performance of a hot water storage
tank are considered in the present paper. Numerical analyses based on a two-dimensional (2D) and three di-
mensional (3D) unsteady Computational Fluid Dynamics (CFD) model were accomplished using the commercial
software ANSYS-fluent. The comparison of the computation results with the available experimental data in the
literature has showed a good agreement. Also a comparison between (2D) and (3D) results is provided.

The results indicated that an appropriate design could provide improved stratification conditions. It is seen that
the configurations which are able to prevent the mixing process can provide better thermal stratification.

Fig 1 : Evolution of the temperature contours during the discharge process
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Tunnel-type plastic greenhouses are widely used around the world, especially in the countries of the Mediter-
ranean Basin, because of their low investment cost.

These are efficient in winter and spring, where solar energy is useful and sufficient for greenhouse production.
On the other hand, these greenhouses lose their effectiveness in summer where, the climate is very hot, which
causes excessive overheating and strong hygrometries inside.

These extreme weather conditions affect the quality and quantity of the product and promote the development
of certain diseases. On the physical plane, the greenhouse is a complex energy system in which all the different
modes of thermal and mass exchange intervene. If they are relatively simple and well known, their coupling
causes difficulties in the modeling of the system.

In this system, natural convection is a particularly important mechanism for heat exchange between indoor air
and all other solid surfaces (floor, walls, roof, culture, air conditioning and heating systems).The aim objective of
this work is study the storage system effects on thermal performance of an agricultural greenhouse in semi-arid
climate case Ghardaia.

The data climate are used for predict the energy needs as comparison with another without storage system.
The obtained results indicate that the outside needs are less than the no heated with 3 to 5°c during winter
night. The thermal behavior of the greenhouse was study numerically and the results are corroborating with
the literature.

[ p————

Figure 2. Thetwogreenhouse test ity in URAER
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Figure. Storage system and its design steps

Storage system.jpg
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Applied renewable energy for improving the quality of life has taken the major part of the modern research.
The purpose of doing this research is developing new technology which is modeling a new hybrid solar panels
generating by different sources of renewable energy, and mini mechanical systems. As a result generating
hybrid solar panel by geothermal energy and solar energy, including the mini-turbine increases the water’s
temperature from 95°C to 622°C for producing the hydrogen through the electrochemical thermodynamic by
using HTES Technology.
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PREFACE

The Solar Thermal Wind Tower (STWT) mimics nature’s wind cycle, utilizing a combination of flat plate solar air
collector and central updraft tower to produce thermal wind which drives the turbines to generate electricity. In
this research, we discussed both environmental impact and economic feasibility of different power generating
capacities of STWT. Moreover, we discussed the ability and the negative environmental effect of having an
offshore STWT as a novel technology. Both the environmental impact and the “triple I” index for STWT system
are done for the first time in this research.

RESEARCH APPROACH

The calculations of the output power and the system efficiency have done on 4 different generating capacities,
using the analytical model based on the typical dimensions from the past researchers. Environmental disadvan-
tages aspect has been discussed by making CO, inventory analysis for the life-cycle of the system. Evaluation
of economic feasibility for cost of electricity generation by each power generation capacity of STWT system,
by calculating levelized electricity cost (LEC). Inclusive Impact Index (Triple I) estimates whether is good to
do the project or not to do, a negative value of the index means this project is sustainable. We discussed the
implementation and the potential of constructing offshore STWT.

CONCLUSION

* Comparing with most of the power generation technologies, the system has low negative environmental
impact. On the other hand, most of CO, emissions are exhausted in the manufacturing stage.

* LEC decreases with the increase of system scale, in short, by enlarging the capacity of the system, the
system tends to be economical and feasible comparing with other low-carbon generation technologies.

* The “triple I” index of solar chimney system tends to have negative value by enlarging the capacity above
50 MW, thus, we can consider solar chimney systems a sustainable power generation technology.

» The negative environmental impact increases by offshore technology by about 25% for losing productive
sea area, as a first ideation towards a future work of carrying out a feasibility studies on the offshore
STWT structures, by the time we can go further and break through the potential of solar energy on the
ocean.
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A novel multi-channel flat-box solar thermal collector was designed, constructed and tested. The collector was
mounted on a 2-axis solar tracking system. An instantaneous efficiency curve for this collector was developed
and collector parameters determined. Collector parameters were used to characterize the collector. A CFD
model of the collector was developed. This model was used to investigate the significant influences of the mass
flow rate, inlet water temperature, collector box dimensions and the effect of changing the flat-box materials.
The efficiency of the multichannel collector was found to be 80.1%. The heat loss coefficient was found to be
4.0 W/m?K. Comparison of experimental and model predicted data showed a close agreement with a 10.3%
error. However, differences between experimental and model predicted data increase with time of day due to
the collector restoring more energy and thus causing more radiation and convection losses than assumed in
the CFD model. Four materials of the flat-box collector were tested. Test results showed small differences of the
outlet temperature when different materials are used for construction. This indicates the relative importance of
radiation in solar collectors in comparison to other heat transfer regimes. The lower flow rate exhibited higher
output temperatures and the higher flow rate showed lower temperatures. The conductivity of the flat-box is
crucial in heating up the water from all direction. From the obtained results, it can be inferred that the CFD
model is able to simulate the solar collector with known sources of errors. Therefore, the CFD model is a useful
tool that can be used to improve the design of flat plate solar collectors. The model can also be used to optimize
the dimensions of the flat collector box for improved performance of the multichannel solar thermal collector.
Collector performance demonstrate potential for solar thermal applications for water heating and desalination
in Qatar.

Acknowledgement:This research was made possible by a NPRP award NPRP No. : 5-161 — 2 - 053 from the
Qatar National Research Fund (a member of The Qatar Foundation). The statements made herein are solely the
responsibility of the authors.
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Figure 1 solar thermal collector.jpg

Figure 2 solar tracking system.jpg

o
o

--o--Measured

-y
1=}

——CFD

o
el

o
=]

Outlet Temperature °C
S
(%

6 7 8 9 10 11 12 13 14 15 16 17
Day time clock

Figure 3 comparison of experimental and cfd data on water temperatures at the outlet point during a full day
data collection.jpg

127



International Conference On Renewable Energy

Hybrid Renewable Energy Systems for Generation of Own
Power by Small and Medium-Scale Enterprises

Friday, 27th April - 15:04 - Photovoltaic and solar energy systems - Auditorium - Oral - Abstract ID: 332

Mr. Archishman Bose !, Mr. Tommaso Mura ?, Mr. Kiran Rajan 3, Mr. Jialei Xin 3, Ms. Denitsa Kuzeva *,

Dr. Jeevan Jayasuriya °®
1. InnoEnergy Master School: MSc. SELECT - KTH Royal Institute of Technology/ Politecnico di Torino, 2. InnoEnergy Master
School: MSc. SELECT - Universitat Politécnica de Catalunya, Barcelona/ Instituto Superior Técnico, Lisbon, 3. InnoEnergy
Master School: MSc. SELECT - KTH Royal Institute of Technology/ Eindhoven University of Technology, 4. InnoEnergy Master
School: MSc. SELECT - Universitat Politécnica de Catalunya, Barcelona/ Eindhoven University of Technology, 5. InnoEnergy

Scandinavia

Decentralized power generation, from renewables, is an attractive option for the future energy transition. In
this paper, techno-economic potential to produce own power from distributed renewable to de-carbonize the
operations of the Small and Medium Scale Enterprises (SMEs) was critically analyzed, together with socio-
political aspects, based on a case study. As a representative of a SME, one of the leading printing outfits of
Sri Lanka was selected. Solar photovoltaic (PV) and biomass gasification systems were identified as the most
cost-efficient and easy to operate technologies for grid connected, decentralized, small-scale power generation
at present. Grid integration would severely limit the economic viability of small scale power generation units,
irrespective of the technology. The local availability of both resource and technology are crucial for financial
success of such projects. Low capacity factor of solar PV and complexity of the supply chain for biomass to power
systems are critical factors for system sizing and operation of stand-alone small-scale applications of respective
technologies. Utilization of wastes for energy generation of the associated industry would, nevertheless, im-
prove economic benefits to the biomass system and stabilize the supply chain of biomass feedstock. A hybrid
Solar PV-Biomass gasification power generation system, however, would have superior techno-economic per-
formances with lower environment impact than stand-alone systems. Complementing plant capacity factors
of PV and biomass systems, coupled with high part load efficiency of internal combustion engine-based power
generation from biomass gasification would provide a more stable power output from the hybrid system, even
with the presence of a fluctuating renewable like solar. Possibilities for such systems to perform ancillary ser-
vices were thus explored in brief. An equal share of the net power capacity between the technologies was
obtained as the most suitable combination for a small-scale Solar PV-Biomass gasification hybrid power system.
A net carbon dioxide reduction of more than eighty percent of the operations of the SMEs is feasible depending
on individual country’s grid emission factors. Socio-political factors have a high impact on overall viability of

small-scale systems, leading to risks for project viability of ill-designed system:s.
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Due to its geographical location, the Kingdom of Saudi Arabia (KSA) is blessed with huge solar resources.
Through its Vision 2030, the Government has set up a target of installing 9.5 GW of renewable energy systems by
2030. This is planned to be delivered though mixed wind energy and solar energy technologies. For solar energy
alone, the government has recently announced plans to invest around US$109 billion over the next 20 years.
Most of this deployment will be large-scale solar photovoltaic and concentrated solar (solar thermal). Most con-
ducted studies predominantly focus on large-scale solar PV potentials in Saudi Arabia and do not address the
possibility of installing PV on domestic rooftops and how the power generated impacts energy consumption in
such buildings. This is the subject of this paper.

At present, the domestic electricity demand is almost 100% dependant on generation using fossil fuels, and as
indicated earlier KSA has natural resources that can be exploited to support sustainability and improve energy
security. This work presents both consumption data of two typical buildings in KSA linked to both TRANSYS
thermal simulation of the buildings as well as energy yields from appropriately designed PV arrays on the roofs
of the buildings. A dynamic simulation model was developed to provide half-hourly power demand under
different scenarios, which was then compared with generation from potential solar PV. The results indicate
that PV output could reduce electrical loads by around 30% while enhancing insulation could contribute to
around 20% savings in energy demand. The paper includes economic analysis including annual savings in
electricity bills, a discussion on the implication of the results on the proposed feed-in tariff, as well as generalised
implications to the deployment of PV system at scale in domestic buildings in KSA.
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Solar energy is considered, after hydro and wind, as the third renewable energy source in terms of globally
installed capacity. Sun tracking systems are used to increase the produced power from solar panels by tracking
the sun to be exposed to higher energy levels from the sun. Geometrically, the amount of solar radiation received
by a flat solar panel is a function of the orientation of the panel with respect to the location of the sun. Therefore,
it is important to know the effect of having sun-tracking system versus fixed panel in order to select the most
appropriate system.

In this paper, the Effectiveness of Different Sun-Tracking Strategies is studies using measured average solar
radiation in Seeb area which is in Muscat, Oman. The total solar radiation received by a solar panel tracking
the sun is calculated considering direct beam, diffused , and reflected radiation components. The models used
in estimating the various solar fluxes had been presented and validated by the authors in another published
article.

The results show that sun tracking systems can provide, theoretically, annual gain of about 38% for two axes
tracking systems and up to 30% for one axes systems, compared to fixed horizontal systems. The gain varies
during the year and ranges from about 25% in the summer, to 70% and 40% during winter for two and one
axes tracking systems, respectively. The results also showed that using a simple adjustable solar panel which
is adjusted just twice a year (i.e. from tilting angle= 23.58° to 0° in April and from 0° to 23.58° in September)
will perform closely like a solar tracker which depends on rotating the panel around the east-west axis. The
adjustable system will provide about 5% annual gain and up to 27% gain in the winter.

It is obvious that the selection of certain solar tracking system should take into consideration similar analysis
as performed in this work and the electricity load variation during the year. Similar study will be done for six
more locations in Oman to get better understanding of the effect of the geographical location.
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Renewable energy is a challenge for the future development of humanity. Considering the importance granted to
this topic, lately, the paper aims to analyze, through a detailed statistical analysis, the intention of constructing
a framework to assess the sustainability of renewable energy and to assess strengths and points that require at-
tention and improvement in each country. Measuring the sustainability of this economic sector is of particular
relevance in order to proactively and effectively determines investment decisions.

In order to achieve our research goals, we conducted a complex statistical analysis based on a set of relevant com-
putation procedures such as Factor Analysis - Principal Component Analysis (FA-PCA). We tested our framework
on three former communist countries with different development level, in order to observe if there are different
manners of the renewable energy development. The proposed framework can reveal the development stages of
renewable energy sustainability for the analyzed countries and can provide solutions to increase the sustainabil-
ity of a country. In the same time, ALSCAL analysis was used to determine the distances between chosen states,
measured Euclidian, based on the selected indicators. This type of analysis helps to produce a proximal distance
map, the coordinates of the map axes being referred to in SPSS as “stimulus coordinates”.

This paper focuses on the evaluation of country sustainability from economic, social, environmental and insti-
tutional perspectives and determines which the country trends are for the development of the renewable energy
sector in order to help decision-makers for long-term investment. Otherwise, distances between selected countries,
in terms of renewable energy sustainability was calculated.
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Smart buildings are a key element to walk towards smart cities and grids. Nonetheless, there are several degrees
of intelligence. A first step is to incorporate commercial self-consumption solutions (kits) in buildings so they
can manage the energy from local renewable power generators. Typically, these solutions have a management
systems with some programmed scenarios where users configure their preferences. A second step would be
to substitute these commercial management algorithms with an Energy Management System (EMS) to optimize
the energy dynamic behavior and to reduce the electricity bill. Further, this EMS may contribute to stabilize and
improve the quality and emissions of the electricity grid by offering energy flexibility to the electricity system
in favor of decentralization. In the latter case, the energy that individual buildings may provide is too low to
have a significant impact on the grid, this is when the figure of the Aggregator appears. The Aggregator gathers
the energy flexibility of many buildings to respond to the electricity grid needs in a grouped way in constant
communications with the EMS.

Buildings having an EMS count on several elements with different energy controllable capabilities; such as solar
or wind generators, batteries, heating and cooling systems and electric vehicles among others. The optimization
algorithms that control the use of these elements consider several technical restrictions or use conditions but
none considers the aging of the battery. In fact, batteries age along time and use, losing capacity, power and
efficiency as they grow older.

This study compares the battery aging between buildings that count with an EMS to optimize the electricity
bill under three scenarios (Fig.1) in contrast to those that have the commercial management programs (Fig.2).
Lithium ion battery lifespan is estimated by means of an electric equivalent battery circuit model that runs on
Matlab and simulates its behavior through time.

Moreover, this study evaluates the distribution of the battery costs regarding its use, observing that batteries
controlled by commercial self-consumption solutions have longer lifespan because they are underused, ending
up in higher calendar ageing costs than the ones that are controlled by optimized EMS (Fig.3).
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1. Seoul National University, 2. Hanbat National University

Smart grid network enables more efficient energy consumption through communications between a provider
and consumers. Once the energy provider declares a price policy, consumers are informed immediately through
the communication channels such as the control units and update their energy consumption schedule to maxi-
mize own utility under the given pricing. In this research we propose a Stackelberg game model to analyze this
two-stage decision making problem considering heterogeneous time preferences of consumers and restricted
supply capacity. In the first stage, the energy supplier determines the optimal energy price for each time slot
to maximize one’s total profit. Following that, energy users determine the optimal energy consumption in each
time slot.Equilibrium strategies in which the optimal consumption schedules of each consumer and the optimal
real time pricing for the provider are analytically derived. To verify the effect of real-time pricing and time
preference quantitatively, we performed the numerical example analysis using the equilibrium results of our
model. Results suggest that the provider can induce consumers to use electricity in non-peak time hours by
applying appropriate price policy thereby the peak to average ratio could be consequently decreased.
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PORT FEASIBILITY STUDY TO SUPPORT OFFSHORE WIND
FARMS AROUND EGYPT
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1. Southampton University

A pervious study to assist Egyptian’s offshore wind potentials identified three different locations around the
Red Sea, which can produce 33 GW of wind energy. The paper seeks to establish a feasibility assessment for
the infrastructure and logistics port. Seven ports were evaluated using a group of criteria: quay length, water
depth, loading capacity, cranes structure, distance to location, layout suitability and road network. The most
suitable port final decision was rated using Multi-Criteria Decision Making (MCDM) methodology. Analytical
Hierarchy Process (AHP) was used to calculate the relative importance of the different criteria considered. The
primary results showed that “distance between port and wind farm location” factor is the most effective factor
in the final decision.
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New fast power reserve emulation strategy for VSWT
supporting frequency control
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1. Universidad Politécnica de Cartagena

With the increasing number of variable speed wind turbines generators connected to the grid, new frequency

control strategies need to be developed for them. This paper presents a new fast power reserve emulation

controller for variable speed wind turbines under power imbalance conditions. It is based on the fast change

of their rotor side converter active power set-point, having an over and an underproduction. Simulations are

carried out on a typical power system consisting of thermal, hydropower and wind-power plants, considering

the power imbalance as a step function. It is implemented in Matlab/Simulink and improves the frequency shift

and settling-time found in a previous proposal. Extensive results are included in the paper.
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A simplified model for the dynamic analysis and power
generation of a floating offshore wind turbine
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Introduction

Floating offshore wind turbines are a promising solution that has been under development in recent years. With
lower constraints to water depths and soil conditions, floating substructures enable to harness the abundant
wind resources of deep waters and thus allow countries that lack shallow waters to develop offshore wind
power. The objective of this paper is to develop a numerical model that allows capturing the main motions and
response of a floating offshore wind turbine to wind and wave loads.

Methods

The floating wind turbine modeled in this study is the OC3-Hywind concept, which was chosen for the availabil-
ity of data, the geometric simplicity and the relevance of the concept on the market. The model is developed
using MATLAB and is tested for stability, natural frequencies and response to different external loads. The equa-
tion of motion is solved and a rigid body approach was used to model the system. The hydrodynamic forces are
computed by using the Morison equation. A number of different load cases are used to test and validate the
developed model. The specific behavior of the floating wind turbine is considered in the computation of the
power output by reducing the inflow wind velocity by the platform pitch angle. The power performance of the
floating offshore wind turbine is analyzed and compared to a bottom-fixed offshore wind turbine.

Results and Discussion

The objective was to develop a simplified model for a floating offshore wind turbine and to obtain the response
of the dynamic behavior of this system. The model was built using MATLAB and the response of the system
was evaluated and compared with results obtained by FAST in the OC3 project. It has been shown that the main
motions and system’s dynamics are captured by the simpler model with a comparable accuracy. Furthermore,
the power production of the floating offshore wind turbine was computed and the performance discussed.
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Electronic Differential And Neuro-Fuzzy Sliding Mode Control
With Extended State Observer For An Electric Vehicle System
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In this paper a neuro-fuzzy-sliding mode control (NFSMC) with extended state observer (ESO) technique is de-
signed to ensure the traction of an electric vehicle with two separate permanent magnet synchronous motor
(PMSM). Each PMSM systems ( source-converter-motor) are coupled to an electronic differential (ED) in order
to compensate the tendencies of direction of the vehicle and maintain a steady speed by adjusting the differ-
ence in speed of each motor-wheel according to the direction in the case of a turn. To ensure the control and
performance of the vehicle a hybrid control scheme employs two types of controllers , neuro-fuzzy sliding
mode control on the direct current loop and disturbance rejection control laws (ESO) on the Speed loop ,and
quadrature current loop of the PMSM by taking into account the dynamic of the vehicle. Simulation under Mat-
lab/Simulink to evaluate the efficiency and robustness of the proposed control method and ED on the closed
loop system.

Figl.jpg Fig2.jpg

Fig3.jpg
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Strategies towards high yield syngas production from solar
CO2 recycling
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The photo-electrochemical recycling of CO, emerged as alluring way to store intermittent renewable energy
whilst converting it back into chemical fuels. In this contribution, we report on a novel prototype reactor device
for high yield conversion of CO; to syngas (H; + CO), which by design, is integrated, scalable to large areas,
and compatible with state-of-the-art photovoltaics and electrocatalysts. Within this contribution, mainly three
aspects will be addressed: adaption and integration of silicon based solar cells as photoanodes, cathode material
development, and prototype reactor assembly.

The application of silicon photovoltaic cells as photoanodes requires meeting challenges, such as increasing
the photovoltage without impairing the photovoltaic efficiency; protection of the solar cell by robust coatings
to increase the stability in aqueous electrolytes; and the decoration with catalysts ensuring an efficient oxy-
gen evolution reaction (OER). Under photoelectrolysis conditions, the photovoltage can be adjusted up to 2.4 V
by connecting up to four solar cells in series. We demonstrate that this high photovoltage of the photovoltaic
structure enables the usage of earth-abundant catalyst materials for the OER, such as Ni.

The CO, reduction reaction is performed by large scale three-dimensional metallic foam cathodes, which are
decorated with highly active nanosized catalysts for selective syngas production. We investigate the deposition
of Zn and Ag catalysts on Cu- and Ni-foams. The performance of the as-produced (gas-diffusive) cathodes is
evaluated in terms of product selectivity, Faradaic efficiency, overpotentials, and stability. Stable and tunable
H,:CO ratios between 5 and 1 along with high CO Faradaic efficiencies of up to 96% and CO current densities of
39.4 mA/cm? are measured (Fig.1).

In the complete integrated reactor assembly we combine the optimized silicon photoanode and the gas diffusive
cathode (both with 10 cm? active surface area) and investigate the most efficient membrane configuration, in
terms of low overall cell voltage. Additionally, we stepwise optimize the reactor, regarding clever packaging,
efficient gas management, and electrolyte flow. Finally, we demonstrate a bias-free operation of the complete re-
actor device providing a photocurrent density of 5.0 mA/cm? measured under 100 mW/cm? illumination (Fig.2).
This corresponds to a solar-to-syngas conversion efficiency of 4.3%.

140



International Conference On Renewable Energy

faradaic efficiency FE [%]

a e )

photoanode
(Si HIT cell with
Nifoam catalyst)

Cu-zn
CO/IH, cathode

catholyte anolyte
b T . . 100
S gt e H 180
E ° e O o ry
>
S 6F 160 2
= M k)
@ 3]
00 -02 -04 -06 -08 -10 -12 S 4r 140 §
potential E [V vs. RHE] ° £
o
& 2r L ° 5 ¢o 120 E
Fig.1 icren.pn 3 . . . &
& png 0 1 2 3

bias-free operation time ¢ [h]

Fig.2 icren.png

141



International Conference On Renewable Energy

O-methylene phosphonic k-carrageenan as filler for
chitosan-based polymer electrolyte
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The potential for using O-methylene phosphonic k-carrageenan (OMPK) as a filler in chitosan-based polymer
electrolyte N-methylene phosphonic chitosan (NMPC) is investigated. OMPK, a new derivative of k-carrageenan,
is synthesized via phosphorylation and characterized using infrared spectroscopy (IR) and nuclear magnetic
resonance (NMR). Both the IR and NMR results confirmed the phosphorylation of the parent carrageenan. The
solid polymer electrolyte (SPE) based NMPC is prepared by solution casting with different weight percentages
of OMPk ranging from 2wt% to 8wt%. The tensile strength of the polymer membrane increased from 18.02 MPa
to 38.95 MPa as the amount of OMPk increased to 6wt%. However, the increase in the ionic conductivity did not
match the increase in the tensile strength. The highest ionic conductivity is achieved with 4wt% OMPk, which
resulted in 1.43 x 10-5 Scm-1. The k-carrageenan based OMPK filler strengthened the SPE while maintaining an
acceptable level of ionic conductivity.
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Fabrication of one-dimensional PAN/g-C3N4 hollow nanofibers
and improvement of photocatalytic properties
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To solve global warming and depletion of fossil fuels problem, efforts have been made worldwide to use solar
energy. Based on this background, artificial photosynthesis mimics the natural photosynthesis mechanism. Re-
cently, graphitic carbon nitride (g-CsN4), which is a non-metallic visible-light organic semiconductor, has been
studied. g-CsN, has good thermal and chemical stabilities and has a narrow bandgap energy of 2.6 eV. Urea,
thiourea, melamine have been widely used as precursors for g-CsN4 These materials are inexpensive and can
be readily used to synthesize g-C3Ns. However, g-CsN4 has a high recombination rate, which lowers its photo-
electrical activity. Copolymerization, doping, and the formation of composites and heterojunctions have been
studied to overcome this issue. In our case, we coated one-dimensional (1D) g-CsN, fibers on polyacrylonitrile
(PAN) nanofibers using electrospinning method to fabricate a 1D heterostructure. This structure has numerous
advantages including a high aspect and volume ratio, fast electron transfer rate, and provides effective separa-
tion of electron-hole pairs to reduce recombination.

PAN nanofibers with one-dimensional structure, were fabricated by electrospinning method so that the move-
ment of electrons could be facilitated. In order to form hollow structure, it was carried in urea solution, and
dried in the oven until the solution evaporated and obtained in powder form. After that, sintering was carried
out in Ar atmosphere. Finally, one-dimensional hollow carbon nanofibers were obtained. After that, the pre-
cursor of g-CsNyunder thesame process was used to uniformly coat the prepared hollow carbon nanofibers. For
structural analysis, we observed hollow PAN/ g-CsNsnanofibers using SEM and TEM. FT-IR analysis and XPS
analysis were performed for the physical property analysis, and specific peaks corresponding to g-CsN,were
confirmed. In addition, the BET analysis was performed to confirm the specific surface area. As a result, it was
confirmed that the one-dimensional hollow carbon nanofibers had an increased surface area about 3 times
higher than that of the existing PAN nanofibers. In addition, PEC, EIS, and H,production tests were performed
to determine the electrochemical properties. Based on these analysis, it is expected to be applicable to solar
cells, photocatalysts, hydrogen fuel cells, and lithium ion batteries.
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Quantification on degradation mechanisms of polymer
electrolyte membrane fuel cell catalyst layers during
accelerated stress test
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Abstract:

Long term durability of the catalyst layers of a low working temperature fuel cell such as polymer electrolyte
membrane fuel cell (PEMFC) is of significant scientific interest owing to their operation criteria and high initial
cost. Identification of degradation mechanisms quantitatively during an accelerated stress test (AST) is essential
to assess and improve the durability of such catalyst layers. In this study, we present a quantitative analysis of
the degradation mechanisms such as (i) electronic connectivity loss due to carbon support corrosion, (ii) proton
connectivity loss due to ionomer/catalyst interface loss, (iii) catalyst loss due to dissolution or detachment, and
(iv) physical surface area loss due to particle growth responsible for the electrochemical surface area (ESA)
loss in Pt-based catalyst layers for PEMFCs. Using a half membrane electrode assembly (half-MEA), where a gas
diffusion electrode with genuine three-phase-boundaries is used as working electrode through solid electrolyte,
we have observed the ESA loss due to ionomer/catalyst interface loss and identified catalyst heterogeneous
degradation pattern during AST. Results suggest a significant ESA loss due to catalyst isolation from loss of
electron and proton connectivities respectively by catalyst support corrosion and ionomer/catalyst interface
loss (Fig. 1). Such knowledge and methodology can effectively contribute to catalyst material screening and
electrode structure development to advance the PEMFC technology.

Figure caption:
Fig. 1: Contributions to ESA loss due to different mechanisms as obtained by AST through half-MEA setup
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The Impact of Regulatory Changes on The Feed-in Tariff at
Grid-Connected Solar Photovoltaic Power Plant Growth in
Indonesia
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Abstract—Indonesia as an active country in the development of renewable energy in power generation has set the
target of renewable energy contribution in National Energy Mix in 2025 and 2050. One of the most attractive Solar
PV application in Indonesia is grid-connected solar photovoltaic power plant. It can be built on huge capacity,
depend on stiffness of the system. The Indonesia Government has issued Presidential Decree No 22/2017 on the
National General Energy Plan which states that the contribution of renewable energy in the national energy mix in
2025 should be at least 23% and in 2050 should be at least 31%. On such national regulation, contribution of solar
energy in the national energy mix is targeted 4.6 % at 2025. The target is equivalent to total Solar Photovoltaic
Power Plant capacity of 6.5 GW.

However, during the last 5 years Indonesia has issued 3 technical regulations regarding feed in tariff for renewable
energy power plant including Solar Photovoltaic (Solar PV). Those are: (1) Regulation of the MEMR on Utilization
of Renewable Energy Resources, (2) Regulation of the MEMR on Purchase of Electricity from Solar Photovoltaics
(Solar PV) by PLN, (3) Regulation of the MEMR on the Purchase of Electricity from Solar Photovoltaics (Solar PV)
by PLN. Summary of content of the regulations are shown in Fig 1.

1. Fig. 1.Summary of regulatory changes on the feed-in tariff at grid-connected solar photovoltaic power plant
in Indonesia

The result of the model shows that fit policy changes impact on Grid-Connected Solar PV capacity growth in In-
donesia. The two previous Regulation of the Minister of Energy and Mineral Resources No. 17/2013 and 19/2016
can boost installed PV because of the attractive electricity-selling price of Grid-connected Solar PV. Decrease of
electricity selling price according to Regulation of the Minister of Energy and Mineral Resources No. 12/2017 is
expected to have an impact on the declining growth in Grid-connected Solar PV capacity in Indonesia. Thus, it is
recommended that regulatory improvements could encourage the growth of Grid-connected Solar PV capacity
while simultaneously lowering the electricity production cost in each region.
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Optimal management of microgrid with PV penetration and
Storage: La Graciosa case study
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Future power systems with high penetration of renewable generation and ICT, will allow increasing the con-
trollability and observability of the grid. However, new challenges for low voltage distribution networks has
arisen where the increasing distributed generation is mainly PV installed on the roofs of buildings. This type
of generation is variable and generates disturbances in the network. Islands are ideal to experience and in-
stall new technologies since are weak grids and the penetration of PV will lead to bidirectional power flows at
distribution level, thus a smart control will be required.

This article aims to present and innovative tool for the DSOs to monitor and manage grid operation. In near
future, both distributed renewable generation and client’s flexibility will increase. New monitoring and con-
trol tools for DSOs are essential. Furthermore, the grid operation optimization is needed to accommodate the
expected DER installations and the active participation of consumers’ flexibility services in markets ensuring
system efficiency. This tool is tested on “La Graciosa” grid, one of the Canary Islands, to show its benefit. The grid
includes HESS, PV generators and controllable/uncontrollable loads as well as some power analysers installed
along the lines to monitor the grid.

This research tool comprises both an OPF and a SCADA. The former determines the best operating level
for each generator or storage in the microgrid to meet demand and reduce losses maximizing PV penetra-
tion. By using the data obtained including PV prediction and HESS status, the OPF can set the current and
predict future states by means historical values. A scheme of the architecture considered is shown in file
“Scheme_of_the_architecture_considered.png”.

A SCADA application is also designed to manage in real time the microgrid. The SCADA centralizes all the
data and stores it to feed the OPF model with real time values, collects the calculated setpoint and stab-
lish the communications between all the devices installed. Some screens of the SCADA can be seen in files
“Grid_sketch_screen_on_the_SCADA.png” and “Power_analysers_data_on_the_SCADA.png” where the real im-
plementation is shown.
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Hybrid renewable energy system: tidal current turbine &
solar power electrification system on One Fathom Bank
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Renewable energy resources are becoming inexorably in the field of generating electrical power due to the fast
development of technology, given to its advantages over non-renewable energy resources. Aside from being
eco-friendly, renewable energies are non-depletable unlike conventional energy resources, not only becoming
exhaustible and degrading each day but also pollutes the environment. Though the source is available in enor-
mous amount, energy produced from single renewable energy resources such as tidal current may fluctuate
with the time and the hour of the day or month, depending on the tides. Thus, by having a hybrid power system
consisting two or more renewable energy resources coming into play at the same time would be more reliable
to support the targeted area. However, the availability of renewable energies depends on the climate change,
therefore having a backup power is often essential. In this case, the main purpose of this research is to develop
an off-grid hybrid tidal current and solar power system along with backup sources to support One Fathom Bank
Lighthouse with the intention to eliminate the usage of diesel generators as a main current source to the build-
ing. Having the ability to evaluate economic and technical feasibility of power system, HOMER software is used
to run simulation and analyze the most optimum configuration of hybrid power system. The results are based
on the best components and sizing with an appropriate operating strategy to provide efficient, reliable and cost-
effective system. Thus, the research obtained is able to be used as a feasibility study for any future references.
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Performance Evaluation of Solar MPPT Technique using Fast
and Improved PSO (FIPSO) Under Partial Shading Conditions.
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Partial shading is a menace to the PV power generation systems which is practically unavoidable. Non-uniform
shading can be due to clouds, tree branches, buildings or other nearby items. The non linear output characteris-
tics of a PV source varies with temperature and solar insolation. Whenever partial shading condition occurs, the
conventional hill climbing methods of MPPT prove to be inefficient. During partial shading the power-voltage
(P-V) curve exhibits multiple peaks. Conventional MPPT methods get stuck on one of the local maxima and fail
to attain the global maximum power point (GMPP). Particle swarm optimisation (PSO) has proved to be a very
accurate and powerful technique to find GMPP. In this paper we improve the conventional PSO by reducing
swarm size, as well as, the number of iterations to achieve MPP at a fast pace with remarkable accuracy, thus
making our system more efficient with less computation requirements. Simulation and performance evaluation
of the proposed technique under different partial shading conditions prove its advantages, such as flexibility,
reliability, system-independence and high accuracy in tracking the GMPP under non uniform insolations.

The first figure (Particle Initialisation (4 particles)) shows the initialisation of the the swarm particles, which
are very close to the local maxima occurring in the P-V characteristics. The second figure (Convergence in 5
Iterations) shows that in just 5 iterations, using the FIPSO algorithm, the particles have managed to converge
at the global maximum.
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The analysis and comparision of the efficiencies of different
household firewood stoves; a case study Ndejje, central
Uganda
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1. Ndejje University

This study was carried out in the ‘cattle corridor’ is a belt which traverses the south west and northeast of
Uganda. The cattle corridor has expereinced significant environmental degradation as a result of overstock-
ing and overgrazing of cattle, coupled with poor agriculutral practices.

The main objective of the the study was to compare the efficiencies of four different types of household firewood
stoves. These are; i) the gasifier stove, ii) the rocket stove, iii) the biolite stove and iv) three-stone cooking stove
and therefore recommend the preferred stove for similar rural areas.

The efficiency of the stoves depended on several factors; which include: i) skill / training of the cook tending
the stove, ii) fuel (diameter, moisture content, density, wood species, etc.) iii) stove design, iv) fit of the pot to
the stove and v) type of food and type of cooking performed. All the above factors are important and they were
therefore considered and kept constant determination of the efficiencies of the different stoves selected.

In addition to the above, the following important criteria were considered in determination of stove efficiency:
i) Social: This includes the cooking task (boiling, frying, baking, grilling, steaming etc.), utensils used, size of
cooking operation, affordability, culinary practices.

ii) Engineering: power output, pot and pan sizes and shape, materials available, knowhow and skills needed
for operating stove.

iii) Developmental & ecological: fuel access, smoke problems (indoor/outdoor cooking), potential for job cre-
ation, etc.

In this study, we used the Water Boiling Testand the Controlled Cooking Test for verifying the stove efficiency.
The results showed that the gasifier and biolite stove and rocket stoves were the most efficient stoves in that
order and they also confirmed that the three-stone fire has very low efficiency in cooking.

It was therefore recommended that the local Ugandan people, especially the population in the project study
area, should use improved cook stoves for improved and sustainable health, economic and social development
as well as environmental protection.
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Design of Vehicle Controller of Pure Electric Bus Based on CAN
Bus
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In this paper, a pure electric bus is used to analyze the requirements of vehicle network communication. The
J1979 protocol is chosen and the serial communication protocol CAN 2.0B is adopted as the network core proto-
col. The maximum communication speed is up to 250Kbps. According to the function and requirements of the
vehicle controller, this paper proposes a new vehicle controller design. Freescale 32-bit MPC5644A is selected
as the master chip, and the peripheral circuits such as microprocessor module, power supply module, analog
and digital interface module, power driver module and communication module are designed according to the
modularization method. Moreover, this paper conducts the anti-interference design . At the same time, the
control strategy based on logic threshold is adopted and the program is programmed to control the functions of
vehicle power, energy optimization, braking feedback and network management. By collecting drivers’ driving
signals and using CAN bus to manage, schedule, analyze and calculate the network information, the bench test is
carried out to verify the functions of the vehicle controller. Experiment results show that the vehicle controller
designed in this paper has stable performance and reliable work and can meet the initial design requirements.
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The potential of building integrated photovoltaics in Jaffna,
Sri Lanka

Friday, 27th April - 19:02 - Online Presentations - Online - Video - Abstract ID: 363

Ms. Thushini Mendis !

1. General Sir John Kotelawala Defence University/ Huazhong University of Science and Technology

Solar energy is a renewable energy resource that is available in abundance in the island of Sri Lanka. The
use of non-renewable energy sources has greatly augmented in recent years, rapidly approaching the point
of depletion. This remarkable increase in energy consumption and carbon dioxide emissions has progressed
to become an extremely worrisome contributing factor in the construction industry. The primary aim of this
research is to attempt to determine the potential of a household in the district of Jaffna to produce renewable
energy via the use of photovoltaic technology in hopes of combating climate change. This research utilises
quantitative methods in order to approach the research question, which is whether the implementation of BIPV
in the domestic context in Jaffna would be a sound investment, and render the need for non-renewable sources
of energy unnecessary. Rhinoceros is used to model the domestic context, and the Ladybug and Honeybee
tools, which make use of the RADIANCE simulation engine, are utilised via the Grasshopper plug-in in order
to simulate and analyse solar irradiation incident upon the building roofs. A simple CO; emissions savings
analysis and cost analysis are also carried out in order to determine the economic feasibility of the project. The
results show that rooftops in Jaffna receive plentiful solar irradiation, well exceeding threshold values, and the
average solar irradiation incident upon a household rooftop is 373,349 kWh. This allows a total PV generation
of at least 5 times more than the power demand per household (considering a panel efficiency of 15%). With
the use of existing statistical data, the electricity consumption per household is obtained, and thus the annual
electricity cost savings that could be achieved by the implementation of BIPV is calculated to be 396,168 LKR.
Considering an initial investment of roughly 1.8 million LKR, which is obtained from manufacturer’s catalogues,
the implementation of BIPV in domestic buildings in Jaffna would be able to break even by Year 5. These values
subsequently help to answer the research question that the utilisation of BIPV could completely eradicate the
need for fossil fuel energy in the domestic sector of Jaffna.
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Annual Electricity Consumption Per Household (kWh) 9600
Average Roof Area Per Household (m?) 204.3
Average Solar Irradiation Incident Per Household Rooftop (kWh) 373348.962
Total PV Electricity Generation Per Household (kWh) 56002.3442
Total Emissions Savings Per Household (kg) 6816
Costof Investment (LKR) 1,802,717
Annual Electricity Cost Savings (LKR) 396168
Breakeven Point Year 5

Table of results.png
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A low-cost micro-controlled acquisition and remote
monitoring (MARM) system for photovoltaic data analysis

Friday, 27th April - 19:03 - Online Presentations - Online - Video - Abstract ID: 423

Prof. Ronnyel Silva !, Prof. Humberto Beltrao !, Mr. Jefté Brito !, Mr. Jefferson Fernandes

1. Federal Institute of Education, Science and Technology of Ceara

The best production of the solar energy is obtained under a continuous photovoltaic (PV) panels monitoring.
Such task may be performed in different ways, including watermarking techniques to ensure a real monitoring
and real-time physical quantities data analysis using embedding systems. In order to give the PV panel’s super-
visor a way to analyze its power capacity, this work proposes a micro-controlled acquisition and remote moni-
toring (MARM) system. For the data acquisition unit (DAU), a 18F4550 PIC microcontroller and HC-06 Bluetooth
module were used. Aiming to perform a remote supervision, an Android app representing the data monitor-
ing unit (DMU) was implemented. Both parts of the system establish a Bluetooth communication so that when
some want to check panel’s health, which includes voltage, current or even temperature in a given period of
time, he picks the desired magnitude using the app’s interface. Once the DAU is attached to the PV the data start
to be collected. In a way to monitor the temperature of the panel, an LM35 sensor was used. For current, a
shunt resistor and an operational amplifier were considered. It has allowed a 0,002A measurement error. For
voltage, the error was about 0,025V using a voltage divider. The MARM operates according to three different
voltage-current configurations: 25V - 2A, 50V - 4A and 100V - 6A. These values were chosen in order the system
to serve a higher number of different PV panels configurations. The first configuration (25V-24) is the default
one. Tests were performed using a 110cm x 53cm PV module which reaches 56.95W of maximum power. For all
the data types considered, the system has operated as expected, and their analysis could be performed properly.
Although the tests have been performed using a single PV module, a series/parallel configuration may also be
used, due to the different voltage-current configurations considered. At the time the system was developed it
cost $32 (USD) approximately.
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