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FOREWORD

It is our pleasure to invite all the academic scientists, researchers, research scholars, students
and experts of application fields to the International Meet on Power and Energy Engineering
(ENERGYMEET2022), to be held during June 20-22, 2022 in Copenhagen, Denmark.
ENERGYMEET2022 is to promote unique research and real-world Influence in an atmosphere of
true international cooperation between international researches by bringing together new Power
& Energy engineering techniques information among the world class scientists, International
Communities and Industrial heads to discuss the latest developments and innovations in the
fields of Power & Energy Engineering with colleagues from different countries.
ENERGYMEET2022 is an excellent opportunity for the delegates from international
Universities and Institutes to interact with the world class Scientists in the fascinating
environment of Copenhagen, Denmark.
We’re looking forward to an excellent meeting with scientists from different countries around
the world and sharing new and exciting results in Power & Energy Engineering.
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Chemical Stability Enhancement of proton Exchange
Membrane Fuel Cell
Dukjoon Kim*

School of Chemical Engineering, Sungkyunkwan University, 2066 Seobu-ro, Jangan-Gu,
Suwon, Gyeonggi 16419, Republic of Korea
*Corresponding author email: djkim@skku.edu

Abstract

It has been reported that the aggressive oxidative radicals, such as OH• and OOH•, generated
by the catalytic reactions at both anode and cathode bombard the vulnerable sites of the
polymer electrolyte membranes in fuel cell. PEM, eventually leading to cell failure. In this
study, the coordination complex of 18-crown-6 ether/cerium ions or thesurface modified
ceria nanoparticles were embedded into proton exchange membranes as the radical
scavengers. The structure, morphology and properties of the synthesized radical quenchers
and membranes were analyzed using a variety of methods including TEM, FTIR, DLS,
XRD, XPS, TGA, and SEM-EDS. The anti-oxidation effects on membrane and MEA were
investigated by Fenton’s test supplemented by FT-IT and XPS, ex-situ and in-situ fluoride
emission rate, and cell performance measurements. Both ex-situ and in-situ degradation rate
tests showed that the systems containing radical scavengers emitted much lower amount of
fluoride and sulfonate than those without them. The open-circuit voltage (OCV) test at low
humidity (30 %) showed that the cell containing the radical scavenger was still alive even
after 300 h operation, while other cells without it were shut down before it.

Keywords

PEM Fuel Cells; Anti-oxidatio; Cerium; 18-Crown-6 Ether; Radical Scavenger

Biography

Dukjoon Kim has completed his PhD from Purdue University and postdoctoral studies from
Lehigh University. He has published more than 240SCI papers in reputed journals on functional
polymer materias. His recent researche includes polymer electrolyte membranes in fuel cell
and secondary batteries.
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Investigation on Optimum Components Thickness
of PEFC under Higher Temperature Operation than
Usual
Akira Nishimura1

Division of Mechanical Engineering, Graduate School of Engineering, Mie University,
1577 Kurimamachiya-cho, Tsu, 514-8507, Japan
*Corresponding Author E-mail: nisimura@mach.mie-u.ac.jp

Abstract

The purpose of this study is to understand the impact of the thickness of polymer electrolyte
membrane (PEM) and gas diffusion layer (GDL) in Polymer Electrolyte Fuel Cell (PEFC),
and relative humidity of supply gas on the distributions of H2, O2, H2O concentration and
current density on the interface between PEM and anode catalyst layer or the interface between
PEM and cathode catalyst layer. The effect of the initial temperature of the cell (Tini) is also
investigated by the numerical simulation using the 3D model by COMSOL Multiphysics. As a
result, the current density decreases along with the gas flow through the gas channel irrespective
of PEM’s thickness and Tini, which can be explained by the concentration distribution of
H2 and O2 consumed by electrochemical reaction. The current density increases when the
relative humidity of the supply gas increases, irrespective of PEM’s thickness and Tini, which
indicates that the power generation performance is enhanced with the increase in relative
humidity due to the promotion of proton conductivity of PEM. The current density increases
with the decrease in PEM’s thickness since the H2O flux of PEM as well as the conductivity of
PEM is promoted with the thinner PEM. The molar concentration of H2O decreases when the
PEM’s thickness increases, irrespective of Tini and the relative humidity of supply gas. The
molar concentration of H2O for Nafion 115, whose thickness of 127 m, is much smaller than
that for the other thin Nafion PEM. The current density increases with the increase in relative
humidity of the supply gas, irrespective of PEM’s thickness and Tini. This study recommends
that a thinner PEM with well-humidified supply gas would promote high power generation at
the target temperature of 363 K and 373 K. Thinner PEM can provide a uniform distribution
of current density as well.

Keywords

PEFC; Higher Temperature Operation; Numerical Simulation; Thickness of Components

Biography

Dr. Akira Nishimura is an associate professor in Division of Mechanical Engineering at Mie
University, Japan. He received the B.S. Eng., the M.S. Eng. and Dr. Eng. degrees in Chemical
Engineering from Nagoya University, Japan in 1995, 1997 and 2000, respectively. He worked
at Center for Integrated Research in Science and Engineering, Nagoya University as research
associate from 2000 to 2002. He moved to Mie University in 2002 as an assistant professor
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and promoted to associate professor from 2014. His current researches are clarification on
heat and mass transfer mechanism of polymer electrolyte fuel cell (PEFC), CO2 reduction by
photocatalyst, H2 production from biogas and smart city utilizing renewable energy actively.
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High Temperature Latent Heat Storage Technology for
Advanced Thermal Energy Utilization
Takahiro Nomura1,*

Faculty of Engineering Center for Advance Research of Energy and Materials
Kita 13 Nishi 8, Kita-ku, Sapporo, 060-8628, Japan
*Corresponding Author E-mail: nms-tropy@eng.hokudai.ac.jp

1

Abstrct

High temperature thermal energy storage technology is one of the key technology for advanced
energy utilization. The technical nnovations in concentrated solar power receivers have
provided an increase in the temperatures available, necessitating the development of hightemperature heat storage up to 1000°C. The field of chemical energy conversion to electricity
not via thermal energy, such as solid oxide fuel cells (SOFC), needs high-temperature and
high heat capacity thermal energy storage or transportation technology, to efficiently connect
SOEC which needs input of thermal energy. Carnot batteries, which is a power to heat to
power type energy storage technology for utilizing variable renewable energy, is also based
on cost-effective and high-temperature thermal energy storage technology. Latent heat storage
which based on latent heat of solid – liquid phase transition of a phase change material (PCM)
is a promising thermal energy technology from viewpoint of high heat storage density and a
function of conversing intermittent energy source such as renewable energy and industrial
waste heat to a constant temperature heat source at a phase changing temperature of a PCM.
Our research group have been developing high temperature latent heat storage technology using
Al based alloys as PCMs which operating temperature are about 300-800°C. Especially, we
develop microencapsulated PCMs (MEPCMs); the core is Al based alloys with about 20-40 µm
diameter and the shell is Al2O3 with complete chemical and mechanical stability. Moreover,
pellet, grains, and honeycombs type PCM composites with matrix of the MEPCM are developed.
This presentation will mainly introduce the recent advance of the MEPCM based hightemperature latent heat storage technologies from viewpoints of the both material development
and performance analysis of the latent heat exchanger installed with the PCM composites.

Keywords

Thermal Energy Storage; Latent Heat Storage; High Temperature, Phase Change Material
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Characterization of Molten Salt Gasification using
Organic Waste as Fuel for the Development of High
Functional Direct Carbon Fuel Cell
Kimihiko Sugiura*

Dept. of Technological Systems, Mechanical Engineering Course, Osaka Prefecture University
College of Technology, 26-12 Saiwai-cho, Neyagawa, Osaka, Japan, 572-8572
*Corresponding Author E-mail: sugiura@osaka-pct.ac.jp

Abstract

After the Great East Japan Earthquake in 2011, all nuclear power plants in Japan shut down and
the dependency on a thermal power generation using fossil fuel increased, consequently the
global warming has been accelerated rapidly. On the other hand, the food wastes are disposed
of 400 million tons a year in Japan though these food wastes become an organic fuel. There
are about 1,100 waste incineration plants in Japan, and as many as 75% to 80% of them do
not have power generation systems. Therefore, these facilities dispose of waste, but do not
use it effectively as fuel and emit CO2. Moreover, in Japan, 20 million m3 of unused wood
is generated annually, but it is not used effectively and emits CO2 through decomposition.
In order to solve these problems, we have developed a High Functional Direct Carbon Fuel
Cell (HF-DCFC) composed of a molten salt gasification and a tubular-Molten Carbonate Fuel
Cell (T-MCFC) since 2011. The molten salts gasification is able to generate hydrogen and
carbon monoxide etc. by supplying organic waste into high temperature molten salts. Since
conventional plate type MCFC cannot be fed with organic waste, we have developed the
T-MCFC for HF-DCFC that can be fed with it as fuel. Because T-MCFC uses Li/K system
carbonate as an electrolyte, the HF-DCFC can be constructed by combining two system if the
molten salt of the gasification system used the same carbonate. This paper aims to clarify the
gasification characteristics of soy sauce cake as food waste and wood pellets as biomass fuel,
and to evaluate the influence of gasification gas of these solid fuels on the performance of HFDCFC. As a result, the gasification reaction of soy sauce cake and wood pellets was accelerated
by the exothermic partial oxidation reaction when 20% air was added. The addition of steam
to the gasification agent gas not only increases the amount of gasification from these solid
fuels, but also enhanced a cold gas efficiency by accelerating the steam reforming reaction
and CO shift reaction. When the anode gas composition of T-MCFC was used as gasification
agent gas, methane and steam are produced by the reverse reaction of the steam reforming
reaction as the hydrogen concentration increases, thereafter the gasification of soy sauce cake
was promoted by this steam furthermore and CO2 and CO were generated. Consequently, the
partial pressure of H2 was decreased. Moreover, most of the salt in the soy sauce cake could
be absorbed in the molten salt, but only about half of the sulfur could be absorbed, remain
sulfur was emitted as H2S and COS etc. On HF-DCFC performance using soy sauce cake as
fuel, the cell voltage of T-MCFC dropped by 50 to 100mV as soon as the soy sauce cake was
fed. On the other hand, the performance of HF-DCFC was enhanced about 50mV by feeding
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wood pellet. Therefore, it was found that the performance was affected by the partial pressure
of hydrogen from the gasification of each fuel.

Keywords

MCFC; Molten Salt Gasification; Organic Waste; DCFC

Biography

Prof. Sugiura earned his M.S. in Energy Engineering, Coke combustion, at Toyohashi
University of Technology, and his Ph.D. in Life and Environmental Engineering, Molten
Carbonate Fuel Cell. He was engaged in research on robots for extreme work at the Central
Research Laboratory of Konoike Corporation, and later engaged in the development of molten
carbonate fuel cells at the Functional Materials Research Laboratory of SANYO Electric
Co. In 1992, he was transferred to the Systems and Control Engineering Division of Osaka
Prefectural College of Technology, where he started joint research on molten carbonate fuel
cells with National Institute of Advanced Industrial Science and Technology (AIST). Prof.
Sugiura is committed to developing students through research. His research interests focus
on a broad range of experimental assessment of PEFC, MCFC and HF-DCFC, Hydrogen
production, CO2 selective facilitated membrane and thermal insulation. Particularly, he is
interested in interdisciplinary research that helps Energy conversion of food waste, energysaving technologies and low-cost fuel cells.
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Simplified Method for Online Assessment of Process
Noise Covariance Matrix in Distribution System State
Estimation
Dragan Ćetenović1,2*, Yue Feng1

The University of Manchester, Department of Electrical & Electronic Engineering,
Manchester, UK
2
University of Kragujevac, Faculty of Technical Sciences Čačak, Čačak, Serbia
*Corresponding Author E-mail: dragan.cetenovic@manchester.ac.uk
1

Abstract

Over last decade, electrical distribution networks have experienced significant changes caused
by dispatchable load integration and growing demand for green but uncertain renewable
energy. This requires increased level of situational awareness in distribution networks in
order to maintain the power balance in real time. On the other hand, distribution networks
still face limited number of sensors installed in the field making an accurate insight into the
whole system state hardly achievable. More advanced state estimation tools considering new
algorithms, new measurement and new information and communication technologies are
needed to respond successfully to emerging challenges. In order to improve the estimation
accuracy and to increase the level of situational awareness, lots of effort are being made in
recent years in developing new and improving existing Dynamic State Estimation (DSE)
algorithms instead of relying on conventional Static State Estimation (SSE). ForecastingAided State Estimation (FASE), as a particular application of DSE concept, is more applicable
to real distribution networks due to lack of Phasor Measurement Units able to track the system
dynamics. FASE usually deploys Kalman-type filters of which the Extended Kalman Filter
(EKF) and Unscented Kalman Filter (UKF) are commonly used. Although Kalman-type filters
provide satisfactorily results in steady-state, uncertain loads and uncertain output powers of
distributed generators can easily move the system out of the steady-state, thus potentially
deteriorate the filter accuracy. To prevent this scenario, it is essential to assess appropriately
inevitable uncertainties of the process model. In this paper we present a simplified adaptive
method for online assessment of parameterized process noise covariance matrix in EKF based
distribution system state estimation. Parameters of time-variant process noise covariance
matrix are derived from characteristics of the EKF algorithm and characteristics of the existing
metering infrastructure of distribution networks with the aim to improve the accuracy in
steady-state and to avoid inaccurate results in the presence of sudden load changes. Analysis
is performed on modified IEEE 37 distribution test system to verify the advantages of the
proposed method.

Keywords

Online Assessment; Distribution Network; Extended Kalman Filter; Process-Noise
Covariance Matrix
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Biography

Dragan Ćetenović received his PhD degree from the Faculty of Technical Sciences Čačak,
University of Kragujevac, Serbia, in February 2019. After completion of PhD, he was elected
as an Assistant Professor at Faculty of Technical Sciences Čačak. His background is on power
system state estimation, fault analysis, power system protection, distribution networks and
distributed energy resources. In August 2019 he joined to the University of Manchester as a
Postdoctoral Research Associate in Multi-Energy Networks (ICT & Big Data) Engineering. As
a part of the core research team of the Supergen Energy Network Hub, he works on advanced
state-estimation for dynamic security assessment of integrated multi-energy networks.
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Coupled Simulation of Electrical and Natural Gas
Network System – The Iberian Case
Rui Pestana1*, Cao Yang1, João Esteves1, Yang Wei1, Nuno Souza e
Silva1, Dandan Wang2
Centro de Investigação em Energia REN - State Grid, S.A., R&D NESTER, Lisbon, Portugal
China Electric Power Research Institute - CEPRI, State Grid Corporation of China, Beijing,
China
*Corresponding Author E-mail: rui.pestana@rdnester.com

1
2

Abstract

The new zero carbon paradigm requires more electrification of all energy sectors and coupled
synergies with the natural gas infrastructure, in special power-to-x, since cheaper solar
renewable electric power is expected to exceed the electrical consumption needs in the future.
The Iberian case is a good example to simulate the entire system (ELE+GAS), at the transmission
level, since it has already a significant contribution from wind and solar, and an aggressive
expansion plan for solar plants and more wind production. In the Portuguese case, in some
hours of low electric demand, the wind production has already exceeded the load, reinforcing
the need to export or to convert to another source of energy (P2X).
The Iberian natural gas network is supplied mainly by pipeline from North Africa, Algeria and
from Europe, France. Furthermore, the system is well supported by several Liquefied Natural
Gas (LNG) sites at the coast, mainly in Spain. In Portugal, the LNG site is in Sines, is also
expected to have hydrogen production.
Hydrogen has regained momentum as an energy vector, supported by competitive renewable
source of energy that can be incorporated to the natural gas (NG) network at a desired level.
The fact that high-pressure natural gas in Portugal is relatively new (25 years), when compared
with the remaining infrastructures in Europe, allows higher penetration of hydrogen in the
NG pipelines. The existence of salt caverns to store NG in Iberia is also relevant in storing
hydrogen.
The Integrated Energy System Analysis Software (IESAS) develop by CEPRI during this
project, has a Graphic User Interface to model the electric and gas transmission grid network
in Portugal and Spain, with the NG pipeline connection to France, Morocco and Algeria. The
Combined Cycle Gas Turbine (CCGT), co-generation and power to gas couples both electricity
and gas networks. Cooling and heating systems can also be model in the simulator system.
Base scenario of 2020 for Portugal and Spain was used to create the initial database, and the
forecast horizon is 2030. Public source of data was used to build the model, using the annual
reports from the electrical and gas Portuguese TSO, electric Spanish TSO, gas Spanish TSO
and ENTSO-E and ENTSO-G.
Initial simulations shows that both grids: electrical and gas, has high flexibility due to the
annual variability of the hydro electrical contribution to the energy mix, that are backed up by
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the thermal power in dry years. Now, with the shutdown in Portugal and the reduction in Spain
of the coal power plants, the remaining CCGT in Iberian Peninsula gain relevance.
For 2030, solar photovoltaic may cause some problems due to lack of demand in sunny days
at weekends, but given the reduced number of hours in which it occurs, the economic solution
might be simply to curtail. In 2030, the amount of green hydrogen with competitive prices is
still small, and the NG grid can cope with such level of hydrogen penetration. Main issues
from photovoltaic and hydrogen volumes are expected to occur by 2040 and beyond.

Keywords

Power-to-X; Electricity Grid, Natural Gas; Hydrogen

Biography

Rui Pestana, male, Master degree, Engineer of Electrical Engineering and Computers from
Instituto Superior Técnico, University of Lisbon, Portugal. He received the title of Expert
in Energy by the Polytechnic Institute of Lisbon. Project leader on the research centre R&D
NESTER. He is advisor of the System Operator division with REN - Rede Eléctrica Nacional
S.A. (Portuguese TSO). He is also invited Professor at ISEL - Instituto Superior de Engenharia
de Lisboa, Polytechnic Institute of Lisbon. He has been working in several WG of CIGRE,
ENTSO-E and European project funded by FP6, FP7 and H2020. He received the “CIGRE
Technical Committee Award”.
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Piezoelectric Properties of Gan Nanowires for the
Development of High-Efficient Piezo-Nano-Generators
N. Gogneau1,*, P. Chrétien2, T. Sodhi1,2, A. Chevillard1, L. Couraud1, L.
Travers1, J.C. Harmand1, F. H. Julien1, M. Tchernycheva1, F. Houzé2
Centre de Nanosciences et Nanotechnologies, Université Paris-Saclay, CNRS, UMR9001,
Boulevard Thomas Gobert, 91120 Palaiseau, France
2
Université Paris-Saclay, CentraleSupélec, Sorbonne Université, CNRS, Laboratoire de Génie
électrique et électronique de Paris, 11 rue Joliot-Curie, 91190 Gif sur Yvette, France
*Corresponding Author E-mail: noelle.gogneau@c2n.upsaclay.fr
1

Abstract

The number of “Internet of Things” (IoTs) is constantly on a rise both in our daily life and
in high-tech applications. Their energetic autonomy is today a key worldwide challenge,
particularly for ones operating in an environment with restricted, or even absent, electrical grid
infrastructure. The recent miniaturization of the electronic devices, for sensing or monitoring,
results in the reduction of their energy consumption (to mW and even µW). Combined with
the progress in micro-nano-fabrication, new perspectives have opened the development of
autonomous power systems based on renewable energy harvesting. Among renewable energies,
the mechanical deformations and vibrations, harvested using piezoelectric materials, present
the advantages to be ubiquitous and permanently available.
From now few years, GaN nanowires (NWs) are considered as promising nanomaterials
to develop high-efficient piezoelectric nano-generators. Thanks to their large surface-tovolume, high crystalline quality and nanoscale dimensions, NWs present unique advantages
to significantly enhance the piezo-device performances. Thus, GaN NWs based piezo-nanogenerators have been demonstrated delivering, under laboratory testing conditions, power
densities in the µW-mW/cm3 range.
To further improve the device performances and use them for real applications, it is today
essential to enhance the electro-mechanical coupling properties of NWs. Establishing the
relationship between the NW characteristics and their piezoelectric conversion properties is
now a pre-requisite. However, due to their nanoscale dimensions, the NWs are challenging to
investigate, especially when dealing with the electrical properties.
The most common method to measure direct piezoelectric response of 1D-nanostructures uses
in-house-AFM equipped with an electrical module. In all reported measurements, the AFM
tip always induces a lateral bending of the NW. The local deformation produces an internal
piezoelectric field within the NW, which generates an output electrical signal. However, the
bending is extremely difficult to quantify from a mechanical point of view. It is thus complex
to establish a correlation between the electrical and mechanical properties of the NWs.
Here, we use an advanced nano-characterization tool derived from AFM to quantify the
piezo-conversion properties of NWs axially compressed with a well-controlled applied force.
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These unique measurements allow us to establish the direct relation between the output signal
generation and the NW stiffness, and to quantify the electromechanical coupling coefficient
of GaN NWs, which can reach up to 43.4%. We highlight that this coefficient is affected
by the formation of the Schottky nano-contact harvesting the piezo-generated energy, and is
extremely sensitive to the surface charge effects, strongly pronounced in sub-100 nm wide GaN
NWs. These experimental findings open new perspectives to improve the electromechanical
coupling properties of NWs and thus for developing the high-efficient piezo-nano-generators
required for technological transfer.

Keywords

Ga(In) Nanowires; Piezoelectric Properties; Electromechanical Coupling Efficiency; PiezoNano-Generators.

Biography

Noelle Gogneau is a CNRS Research Director at the Center for Nanosciences and
Nanotechnologies (C2N-CNRS) from Paris-Saclay University. She received her Ph.D.
degree in Physics in 2004. After a post-doctoral position at the Laboratory of Physics of
Nanostructures – EPFL – Lausanne, Switzerland, she joined the C2N-CNRS in 2006. From
2011, her research activities are centered on the growth of III-N NWs by Plasma Assisted
– molecular beam epitaxy and their characterization for Nano-Energy applications, with an
emphasis on the development of a new generation of nano/piezo-generators. She is today an
expert in the III-N NWs growth and the piezoelectric phenomena involving at nanometer scale.
NG has coordinated the “Surface Nanostructuration” axis (2013-2016) and the “Properties
and application of epitaxial systems” axis (2017-2020) of the French research group PULSE
dedicated to epitaxy of semiconductor systems. She is currently the chair of the European
COST Action OPERA – “European Network for Innovative and Advanced Epitaxy” dedicated
to the development of more efficient and cheaper devices and the development of new devices
with new functionalities. Author of 100 publications, her H-index is 22 (24) from Publon
(Google Scholar).
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Methodology of Building a Water Heater Aggregated
Model for Evaluating Energy Flexibility for Domestic
Hot Water
Nguyen Quynh Mai*, Xavier Le Pivert*, Gilles Guerassimoff**
CEA-INES, 50 Avenue du Lac Leman, 73370 Le Bourget du Lac, France
Center for Applied Mathematics, Mines Paristech PSL, Sophia Antipolis, France
*
Corresponding Author E-mail: Quynh-mai.nguyen@cea.fr
*

**

Abstract
Purpose/Objectives

Domestic hot water (DHW), due to their correlation with energy storage, can act as an effective
tool to gain the flexibility-oriented power system services such as primary frequency control,
voltage balancing or power call from grid. Its flexibility brings the equilibration and the
stability to the electricity system. Thus, it is important to have an aggregated model, which
represents a large number of domestic hot water systems instead of repeating unit model of
only one system. The contribution of this paper is to develop a methodology to construct an
aggregated model for domestic hot water’s demand, which is equivalent to numerous models
of water heater units.

Materials/Methods

The two different types of water heaters are investigated: electric water heater (water heater
using a resistance element) and thermodynamic water heater (water heater using a heat pump),
in order to test the methodology. First, a single-layer model with uniform temperature inside the
water tank and a multi-layer model with stratified temperature inside the water tank were built
and were simulated for each type of water heater. Second, the aggregated model is simulated
by applying the mentioned methodology

Results

The results obtained present that the methodology of building an aggregated model represents
well the behavior of energy consumption used for domestic hot water and create a premise to
build the flexibility model of the energy consumption.

Page- 16

albedo

ENERGYMEET2022

INTERNATIONAL MEET ON POWER AND ENERGY ENGINEERING

JUNE 20, 2022 | Virtual

...let's reflect knowledge

Model type
Single-layer model
Multi-layer model

Number of
layers
1 layer
2 layers
3 layers
4 layers

60
houses
10.7
8.2
7.8
7.7

600
houses
6.2
5.2
4.7
4.3

1200
houses
5.9
4.7
4.2
3.9

2400
houses
5.4
4.4
3.7
3.5

Table 1: Normalized Root Mean Squared Error (r.m.s.e.) in percentage of the aggregated
model with single-layer model and multi-layer model, compared to the unit model in different
spatial scales (%)
Table 1 shows normalized Root Mean Squared Error (r.m.s.e.) of the aggregated model with
single-layer model and multi-layer model, compared to the unit model in different spatial
scales (60 houses, 600 houses, 1200 houses and 2400 houses). Here, the multi-layer water tank
model is considered with 2 layers, 3 layers and 4 layers. This table demonstrates that with the
methodology applied, the aggregated model using multi-layer model is more accurate with
lower r.m.s.e. compared to that using single-layer model and the ones using 4-layer model
shows better performances with the lowest r.m.s.e. With the number of houses increasing,
the value of normalized r.m.s.e. decreases. This shows that the methodology for generating
aggregated model is more accurate with larger spatial scales.

Conclusions

The generated aggregated model allows to evaluate and to quantify the flexibility for the
aggregation of multiple water heater units by testing different control strategies on it. It helps
to measure the impact of these control strategies on domestic hot water energy consumption
and can be applied at different spatial scales, from a district to a city then to a region with less
time-consuming and more efficient computation.

Keywords

Domestic Hot Water; Energy Flexibility; Demand Response; Energy Model
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Evolving Landscape of Integrated Power and Energy
Management
Anmol Sharma

Analog Power Products, Texas Instruments Inc., Santa Clara, USA
anmol@ti.com

Abstract

Since the invention of first Integrated Circuit by Jack Kilby in 1958, several Electrical systems
have followed the path of Integration. Integration is the key to present day handheld equipments
like Mobile phones and miniaturized electronics used in a wide range of applications from
Internet of things to Biomedical Instrumentation. Power Circuits of today have followed the
path of Integration with first Power IC uA723 in 1967 to complex Power Management unit in an
iPhone or in an Electric car. The Integrated Power Management (aka IPM) has seen significant
growth both in the Semiconductor Market segment and academics in the last two decades. The
first part of the talk will talk about the latest trends in Integrated Power and the new areas of
Innovation it is opening up. These areas relate to various Power Processing Functions whose
details would be provided as to what is fueling the growth in Power Integration. First area of
innovation is Power Switches where an introduction to alternative Semiconductor Technologies
(GaN, SiC) would be given in this context. Second area of innovation is Switching Frequency
where various tradeoffs between switching frequency, efficiency, ripple and size of power
transfer elements would be discussed. A case for high switching frequency would be made. Third
area would relate to further integration of Power transfer elements. In this regard innovation in
IC packaging and Integration of Magnetic Elements directly onto semiconductor manufacturing
processes would be discussed. Fourth area would deal with specific Performance requirements
of Power Supply Components. Two key topics in this would be low Quiescent Current and
Electromagnetic Interference (EMI).The second part of the talk would delve into challenges
of Integrated Power Management. Three key challenges would be discussed. First challenge is
Thermal Management of the Power Circuit Integrated in an IC Package. Most of the losses of an
Integrated Power Converter occur inside the Package. A methodology to address this challenge
would be discussed in terms of Thermal Modelling and available tools. The second challenge
in Integrating Switching Converter onto a Monolithic Substrate is the substrate Noise. Power
Converter not only is composed of fast Switching Power Transistor and Magnetic or Energy
storage elements but also sensitive Analog precision elements like Bandgap references which
are accurate to single digit milli-volts accuracy. Real world examples and solutions related
to noise would be presented. The third challenge would be reliability of Power elements
e.g. Power Switches which are many times integrated onto standard semiconductor processes
which are often not optimized for Power elements.
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Anmol Sharma is currently Senior Member of Technical Staff at Texas Instruments where he has
been working since last 21 years across worldwide locations mainly in Germany and presently
at Santa Clara, USA. He received Master’s Degree in Electrical Engineering from Indian
Institute of Technology, Madras. His main focus area is in Integrated Circuit Design. Within this
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of IEEE, member of Technical Committee of Power and Energy Circuits and Systems Society
and a Distinguished Lecturer at IEEE Circuits and Systems Society iDLP program.
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Power Grid Hardening Recommendations for Extreme
Hurricanes - A Resilient Design Perspective
Shen-En Chen1

University of North Carolina at Charlotte, USA
*Corresponding Author E-mail: schen12@uncc.edu

Abstract

Climate change has become an increasing concern to the global population with several extreme
climate disaster scenarios including hurricanes, forest fires, winter storms, draughts and severe
flooding. To adapt to extreme climate effects, many resilience enhancement strategies have
been proposed to the electric energy sector. Most of these strategies focus on longer term
solutions such as increasing the share of renewable energies and the use of large-scale energy
storage (i.e. microgriding), and at the same time, hoping that these proposed technology
solutions can reach maturity to counter the power shortage or blackout issues during extreme
climate events. Such strategies are not helpful to communities such as the Caribbean islands
that are already facing extreme climate events. Puerto Rico, for instance, has been exposed to
multiple natural disasters during recent years, first the 2018 hurricane Maria and then the 2019
earthquakes. The results are repeated shut downs of the power grid.
Understanding the vulnerability of a local grid is imperative, allowing for investigation of
optimal technology and management strategies for improving the power systems. In this
presentation, the vulnerability of power systems in association with climate change is addressed
with a focus on the island of Puerto Rico after hurricane Maria. By reconciling details of the
weather events with characteristics of the power systems, grid designs and disaster mitigation
strategies can be established to improve the resilience of the grid and improve assessment
management. To quantify the vulnerability of Puerto Rico against the 252 km/h windspeed
storm, we delineated the storm effects by correlating the individual storm effect again structural
damages of the residential structures on the island.
Based on the vulnerability analysis, several physical transmission structure design
recommendations are made that can help improve the resilience of the Puerto Rico power
grid. The recommendations include modifying existing single-point support structures to four
legged structures, which can significantly improve the resistance of the truss towers against
strong wind. Other recommendations include the adoption of prestressed concrete poles.
Because it will take time to modify the Puerto Rico power grid to more adaptive technologies
such as smart grid and microgrid. The hardening of the physical transmission structures is
imperative to the island’s risk of facing another extreme climate event for the next five years. A
hardening strategy would be to establish a strong “backbone” system for the core transmission
line on the island.
Finally, the geospatial correlations between hurricane Maria storm effects and the grid
responses are difficult because the entire island experienced total blackout within a few hours
after Maria made landfall. Such scenario makes the powerline analysis inadequate to pinpoint
weaknesses within the power grid.
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Shen-en is a professor in Civil Engineering at the University of North Carolina at Charlotte (UNCCharlotte). Prior to UNC-Charlotte, he taught at the University of Alabama at Birmingham.
His research focuses on non-destructive health monitoring of power transmission and bridge
systems using remote sensing techniques, such as 3D terrestrial LiDAR, laser vibrometry
scanners and small format aerial photography. His other energy-related research includes
carbon capture and storage, ceramic candle filter testing for emission gas filtration during
coal fire testing and more recently, study of power system resilience during extreme climate
events. He is a Fulbright Scholar and is a member of the Forensic Engineering Division of the
American Society of Civil Engineering and has led the US team to investigate the aftermath
of Supertyphoon Haiyan (landfall wind speed of 180 mph) in the Philippines, super cyclone
Hudhud in India and hurricane Maria in the Puerto Rico. At UNC-Charlotte, he leads the
innovative rail propulsion technology group that are currently working on wireless power
charging technologies for battery locomotives, lithium-ion battery fire detection and hydrogenpowered locomotives. He has more than 200 peer-reviewed publications including 98 peerreviewed journal papers. He graduated nine PhD students and forty MS students.
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Non-Invasive Magnetic Resonance Technology for
Imaging Small Blood and Lymphatic Vessels in the
Brain
Jun Hua1,2
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2
F.M. Kirby Research Center for Functional Brain Imaging, Kennedy Krieger Institute,
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*Corresponding author, E-mail:jhua1@jhu.edu
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Abstract

In the brain, small pial arteries and arterioles with diameters up to 100-150 microns is the
primary regulator of local tissue perfusion for the delivery of oxygen and nutrients to meet
the metabolic demands from neurons and other cells. Most existing perfusion MRI techniques
provide a lump sum measure of total cerebral blood volume (CBV) and flow (CBF), which
reflects the sum of signals from all microvascular compartments including arterial, capillary
and venous vessels. However, different types of blood vessels have intrinsically different roles
in physiology and pathology. In this talk, I will describe advanced MRI techniques that we
developed for imaging small pial arteries and arterioles in the brain.
Cerebral lymphatic vessels have been identified in the dura mater alongside blood vessels in
the brain. These small vessels are believed to be a critical component of the central nervous
system (CNS) as a waste clearance pathway for the cerebrospinal fluid (CSF) and interstitial
fluid (ISF), which may play a crucial role in many brain diseases. Non-invasive imaging
techniques are very limited for the cerebral lymphatic vessels. Due to the small sizes of the
lymphatic vessels, high spatial resolution is required, which leads to a temporal resolution of
several minutes in most existing approaches. Such temporal resolution is usually not sufficient
to detect the dynamic signal changes in the lymphatic vessels. In this talk, I will introduce
a recently developed MRI sequence for the measurement of dynamic signal changes in the
cerebral lymphatic vessels with a sub-millimeter spatial resolution, a temporal resolution of
<10s, and whole brain coverage.
Lastly, I will discuss the application of these MRI techniques in several brain diseases to
study associated neurovascular abnormalities. I will show our main findings in several
neurodegenerative diseases such as Huntington’s disease, Alzheimer’s disease, and Parkinson’s
disease; and mental disorders such as schizophrenia.
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Biography

Dr. Hua’s research has centered on the development and application of novel MRI technologies
for in vivo functional and physiological imaging in the brain. These include the development of
human and animal MRI methods to measure functional brain activities, cerebral perfusion and
oxygen metabolism at high (3 Tesla) and ultra-high (7 Tesla and above) magnetic fields. He is
particularly interested in novel MRI approaches to image small blood and lymphatic vessels
in the brain. Collaborating with clinical investigators, these techniques have been applied
to detect functional, vascular and metabolic abnormalities in the brain in neurodegenerative
diseases.
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Power Distribution Analysis of A PEM Fuel CellBattery Powered Electric Vehicle
Susanta K. Das1*, Jinsu Kim2

Department of Mechanical Engineering, Kettering University, 1700 University Avenue,
Flint, Michigan 48504, United States of America.
*Corresponding Author E-mail: sdas@kettering.edu
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Abstract
Purpose/Objectives

The development and usage of fossil fuels based internal combustion engine (ICE) technology
in transportation and other utility vehicles around the world have caused serious problems
for human life and environment pollution [1]. As an alternative of ICE, fuel cell and battery
powered electric vehicles have shown the most promising among others for low emission, high
efficiency and long operational life [2]. Hybridization of fuel cell system with an energy storage
device such as lithium-ion battery pack can improve the dynamics and uninterrupted power
supply issues for the smooth operation of electric vehicles. Hybridization allows optimization
of fuel-cell and battery power system to achieve better fuel economy and performance. The
optimization of this hybrid system is accomplished through an energy management strategy
(EMS) that distributes the load power among fuel cell stack and battery pack. The design of
such an EMS should be made to achieve an optimal fuel economy while ensuring that each
energy source operates within its limits. Primary objectives of this investigation are to analyse
the power distribution strategy through implementation in a fuel cell and battery hybrid electric
vehicle simulation model.

Materials/Methods

The complete vehicle simulation model is comprised of six parts: drive cycle source, driver
block, energy management system (EMS) block, electrical subsystem block, driveline block,
and vehicle dynamics block. With the help of MATLAB and Simulink software package,
major vehicle components and control strategies were designed in each individual subsystem
block and connected to each other to form a complete vehicle simulation model. By employing
MATLAB and Simulink software, a mathematical vehicle simulation model was designed
for the model validation purpose. The optimization of fuel cell and battery power was then
performed under different operating conditions to understand the effect of various parameters
on the vehicle performance and improve the fuel economy.

Results and Conclusions

The lithium-ion battery pack in the model acts as an auxiliary power source to assist the PEM
fuel cell stack power supply as well as it also acts as an energy storage system to restore the
energy from regenerative braking or store surplus fuel cell energy. A step-down DC/DC
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converter (or buck converter) was connected to the fuel cell since the fuel cell voltage is higher
than the DC bus voltage. For a vehicle with hybrid powertrain, therefore, an energy control
strategy is required to accurately distribute the power between different power sources. The
model simulation results show that the vehicle speed, battery SOC, and power distribution
between battery and fuel cell depends on the pedal position input. The baseline vehicle model
was validated by running the simulation with US EPA standard driving schedules - UDDS
(city) and HWFET (highway). The simulated 7.5 miles of travel distance shows the city
fuel economy rating as 50 mi/kg-𝐻2.  The  power  control  strategy  implemented  in  the  model 
successfully distributed the power between the fuel cell and battery. The fuel economy of the
vehicle model was also shown to be improved by the fuel cell and battery optimization processes.
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Comparative Study and Experimental Test Bench of
a DC Micro-Grid for an Isolated Stand-Alone Site at
High Altitude
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Abstract

In the context of climate change, it is urgent that island territories achieve energy autonomy.
Today mainly dependent on fossil fuels such as coal and fuel oil, the island of Reunion located
in the Indian Ocean nevertheless has a strong solar potential. Despite the significant increasing
use of electricity produced by solar panels, the energy losses due to transport and the multiple
conversions of sources from direct current to alternating current and vice versa, considerably
reduce the electrical yield. If we go back to Edison’s proposal, the DC architecture for local
energy production and consumption has many advantages in the case of solar energy. The
analysis carried out presents a comparative study on the energy and financial level, for the
renovation of an isolated mountain refuge at high altitude. Self-consumption of the refuge
thanks to solar panels is encouraged and managed according to different priorities between the
consumption needs of users and the storage of energy by batteries (lithium iron phosphate).
The main constraint lies in the management of the solar resource without being backed up by
a solution such as generators, based on a predictive control model. The comparison is made
on the electrical architecture of the existing refuge (DC-AC-DC) and after development of
an electrical architecture in direct current (DCDC). In order to precisely quantify these data,
the results present the measurements obtained in the laboratory, within the framework of an
experimental measurement bench making it possible to supply direct current directly by solar
panels to various equipment (lighting, heating, storage). Indoor and outdoor environmental
sensors and drivers are used to identify energy consumption forecasts. The differences in
quantities of converters, quantities of cabling, ease of control, overheating of equipment, cost
and energy consumption are also presented, to analyze the gains or losses obtained according
to two management solutions for the unbacked solar resource.
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Reunion Island energy distribution mainly depends on fossil energy despite significant solar
energy resource potential. One objective of her PhD is to deploy DC electrical architecture
to demonstrate the energy efficiency proposed by local DC microgrids versus AC electrical
network distribution reliability in tropical area. She will manage different electrical elements
connected to the DC bus solar panel and storages: batteries LiFEPO4 and Hydrogen to optimize
electrical efficiency (Direct Current without any DC to AC and AC to DC converters losses).
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