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DAY 1 – Materials, Transducers, & 
Sustainability             
INTRODUCTION 
Mike Hayes, Tyndall, Opening Presentation 
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SESSION 1B – Transducers 
 

Mahmoud Wagih, Univ of Glasgow, RF Wireless Power 
Transfer: the enabler of large area electronics? 
 

Abstract: 

Transferring and harvesting power using radio frequency (RF) is one of the few 
“electrical to electrical” energy harvesting mechanisms. As such, it can be easily 
implemented and integrated in a variety of platforms from solid-state circuits to 
flexible and printed large-area electronics. This presentation introduces how 
rectifying antennas (rectennas) could be designed and integrated as virtual and 
scalable power supply units. Power management challenges, energy storage 
integration, including flexible and printed supercapacitor, and load optimisation 
will be holistically discussed. Emerging RF and microwave concepts that enable 
joint communication and power transfer, as well as quasi-optical power transfer 
will be discussed. For the first time, direct comparisons with ambient energy 
harvesting in energy-scarce environments will be introduced. 
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Carlos Mastrangelo, Univ of Utah, Energy Scavenging for 
Ocular Microsystems 
 

Abstract: 

A growing demand for human-to-computer interfaces has recently led to the 
development of on-the-eye low-profile ocular microsystems (LPOμS) for health 
care and information display. For example, smart contact lenses (SCLs) have 
been developed for vision correction, glucose detection, disease sensing, drug 
delivery, and disease treatment. Recently ocular based ultracompact information 
displays for augmented and virtual reality have also been demonstrated. All of 
these require reliable sources of electrical energy; however, their small volume 
(~0.5 cm3) severely limits battery capacity (~50 J). This caps the average power 
consumption to about 500 μW, assuming a daily recharge. The lack of an 
appropriate on-substrate energy source is thus a major technological challenge. 
In this paper we will discuss and compare several power scavenging mechanisms 
that supplement and recharge the LPOμS battery and we will tabulate their 
energy densities. We will also present the implementation of a power pack that 
integrates several of these mechanisms. 

 

Slides Presented: [PDF SLIDE PAGES IMMEDIATELY FOLLOW] 

 

 

  







































 

EnerHarv 2024  

18 

Meiling Zhu, Univ of Exeter, Zero Power, Large Area Rail 
Track Monitoring Enabled by Electromagnetic Energy 
Harvesting 
 

Abstract: 

Rail infrastructure operators globally have begun moving towards smart intelligent 
network infrastructure built upon placing hundreds of thousands of sensors and 
device types on and along tracks as required for predictive and preventative 
maintenance. Deployment is currently significantly hampered by the affordability and 
maintenance liability of suitable trackside power options. Remote cable-delivered 
power is too expensive and impractical, and battery-powered devices are limited by 
battery lifetimes, which means disruptive access, cost and safety challenges of 
regular changes and the sustainability challenge of extensive battery waste. Energy 
harvesting-based power has been previously considered but has been found to 
produce too little power using approaches that could be practically implemented. 
Energy Harvesting Research Group at the University of Exeter and Encortec Ltd spin-
out company from the University of Exeter have developed a gamechanger energy 
harvesting-based power solution which solves this problem, providing an order of 
magnitude greater autonomous power supply than other energy harvesting 
approaches through a novel patented approach. Magnetic flux energy around rail 
tracks, generated from track return current by passing trains powered by overhead 
line equipment, is harvested, giving industry-leading levels of power. Thus, power can 
be supplied to sensors as the trains pass by multiple times per hour. This enables 
maintenance-free deployment of the full range of wireless sensors, which gives the 
frequency and range of sensed data required. In collaboration with Network Rail, 
proof-of-concept and technical feasibility of the energy harvesting approach has 
already been established via a £1.38 million ESPRC-funded project of "Zero power, 
large-area rail track monitoring" during 2019 and 2023. The work has developed 
cross-cutting, deployable technology demonstrators involving energy harvesting, 
power management and storage, and wireless communication sensor devices. The 
performance and functions of the harvester system have been validated in their lab 
and Network Rail's testing and operational tracks, enabling sustainable and no-
carbon emission deployment of wireless sensors required for large-scale 
geographically distributed railway line monitoring. This talk will present the project's 
key research outcomes. 
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SESSION 1C – Energy Storage 
 

Carlos Schlabitz, TDK, A Rechargeable Solid-state SMD 
Battery for the Stand-alone IoT Application 
 

Abstract: 

From simple gadgets to complex devices for industrial IoT, they all require 
compact, reliable and extremely safe power supply. TDK has developed a 
rechargeable solid-state surface-mountable battery, Ceracharge, based on 
multilayer ceramic technology (like that for MLCCs). This technology delivers a 
relatively high energy density and small volume combined with the safety and 
high-volume manufacturing benefits of ceramic multilayer components. In 
addition, the use of an oxide ceramic electrolyte rules out the risks of fire, 
explosion, or the leakage of liquid electrolyte. The SMT-compatible design results 
in further advantages such as easy placement of components and the use of 
conventional reflow soldering processes, which not only reduces the assembling 
costs, but also enables high reliability against harsh environment (like high 
temperature, vacuum, vibration, and mechanical shocks) of the devices which 
incorporate CeraCharge. 
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Christian Dietrich, FastCAP, Reflowable Supercapacitors for 
Energy Harvesting and IoT Applications 
 

Abstract: 

As many people know, supercapacitors/ultracapacitors are a way to store energy 
that is different from batteries and conventional capacitors.  In this presentation 
we will touch on our specific, patented technologies that allow energy harvesting 
applications to store energy at high temperatures (up to 150 C) and very low 
temperatures (down to -55 C).  In addition, FastCap has developed technology 
that can survive the reflow soldering process, making assembly easier. 

FastCap has developed, tested and is starting to market a low temperature 
supercapacitor technology that outperforms batteries and other EDLC 
technologies at low temperatures.  At -55 C, the product shows a very low loss in 
capacitance, approximately 15%, and low increase in ESR, approximately 25%, 
versus room temperature values.  Our unique high temperature technology has 
already been deployed for downhole oilfield drilling applications and works very 
well up to 150C.  These technologies will allow energy to be harvested in 
environments where other types of energy storage cannot operate, such as arctic 
or high-altitude environments.  We will also discuss our development in 
miniaturizing these technologies and show a small 8x11x2.3mm package that 
contains a healthy 230mF of capacitance.  Along the way, we will highlight some 
applications as well as touch upon some comparisons to batteries, tantalum 
capacitors, and other types of supercapacitors. 
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Alessandro Piovano, POLITO, The Use of Recycled Materials 
for Producing More Sustainable Li and Na Batteries 
 

Abstract: 

Polyvinyl Butyral (PVB) is used as the interlayer polymer in laminated glass. 
SUNRISE European Project is developing an innovative sorting tool to classify the 
laminated glasses depending on the composition and quality of PVB layer. In the 
framework of the SUNRISE Project, we explored new strategies for revaluing the 
fraction of recycled PVB not suitable for being reused in laminated glass, 
repurposing it into energy storage applications (either as binder for electrodes or 
as electrolyte separator). 
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SESSION 1E – Materials Panel 
 

Davide Brunelli, Univ of Trento, Plant Microbial Fuel Cells for 
Sustainable Electronics 
 

Abstract: 

The panel contribution will show how electronics can take energy from the soil 
with bacterial colonies in a Microbial Fuel Cell, boosted by plants, as a natural 
complementation for sustainable and degradable electronics.  

Such bio-electronic systems can produce locally 24/7 the power necessary for 
electronic devices everywhere. Moreover, it complies with the requirements of 
hardware that works optimally throughout its lifespan (e.g., sensing, computing, 
communication); and, at the end of the electronics, it can degrade naturally and 
convert into compost to enrich the soil instead of contaminating it as current 
electronics do. 
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Cristina Rusu, RISE, Flexible Energy Harvester System 
 

Abstract: 

A feasibility study for possibility of using energy harvesting for powering safety 
sensor on a buckle belt for vehicles. We use electromagnetic energy harvester 
converting the vertical buckle-in/-out events into rotations of a circular array of 
magnets, varying the flux through a coil. This principle was incorporated into a 
buckle by Autoliv and Revibe Energy. By manually actuating the buckle for Autoliv 
design, it was obtained an average time for buckle-in/-out of ca. 0,1s with a 
maximum measured energy output ca. 300μJ for buckle-in and 400μJ for buckle-
out. The wireless energy transmission was obtained at ca. 1m by using RF RX/TX 
Qiachip 433MHz and with Bluetooth® low energy evaluation board BLE-
SWITCH001-GEVB. 

Open-circuit voltage and peak power as function of resistive load was also 
measured for impedance matching optimization. Dual energy harvester 
generators would potentially produce up to 8mJ in 0.1 s. A buckle sensor may 
consume in microwatt range, thus this sensor could work continuously for up to 
15 min, from a single buckle event. 
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Giovanni Landi, ENEA, Challenges in Eco-friendly Sensor 
Integration in EH 
 

Abstract: 

Key challenges in integrating eco-friendly sensors for energy harvesting (EH) in 
indoor building monitoring include developing low-power, environmentally friendly 
sensors and optimizing their performance in terms of sensitivity, response time, 
linearity, and power consumption. A water-processable and low-cost 
nanocomposite material, based on gelatin and graphene, has been used to 
fabricate an eco-friendly temperature sensor. This sensor exhibits a temperature-
dependent open-circuit voltage between 260 and 310 K, effectively detecting 
subzero ice formation. It maintains a consistent temperature sensitivity of 
approximately -19 mV/K over two years, demonstrating long-term stability. To 
address the issue of voltage drift and offset, which affects measurement accuracy, 
a bias circuit electrically shorts the sensor when not in use, allowing it to achieve 
a reproducible idle state. This circuit stabilizes the open-circuit voltage and 
ensures consistent responses across multiple cycles. The low power consumption 
of the developed temperature sensor, in the microwatt range, underscores its 
suitability for practical applications in temperature monitoring and environmental 
sensing in EH systems. The capability to efficiently regenerate the electrochemical 
sensor enhances its sustainability, making it a valuable contribution to 
environmentally conscious technology. 

 

Reference: 

doi.org/10.3390/nano12132227 

doi.org/10.3390/nano14030283 
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Hani Kanaan, Dracula Tech, Printable, Lightweight and 
Flexible Organic-based EH Systems: Materials, Processes, 
and Applications 
 

Abstract: 

In this presentation, we will explore the challenges in the IoT sector and the value 
proposition of energy harvesting. We will delve into key areas for enhancing OPV 
performance to eliminate the need for battery replacements. This includes 
detailed discussions on R&D efforts in materials (Donor/Acceptor), advancements 
in manufacturing processes, and innovative designs. Finally, from a market 
applications perspective, we will highlight how OPV energy harvesting can impact 
the total cost of ownership (TCO) of deployed products. 
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DAY 2 – System Integration & Life 
Cycle Analysis             
INTRODUCTION 
Mike Hayes, Tyndall, Day 1 Quick Review 
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KEYNOTE 2A 
 

Daniela Iacopino, Tyndall, KEYNOTE: Fabrication of Green 
Electronic Materials and Components for Sustainable Energy 
Storage and Harvesting 
 

Abstract: 

In this talk I will introduce the concept of “green and bio electronics”, the 
metamorphosis of current electronics, for the realization of environmentally 
friendly electronic products. In particular, I will discuss the promise, potential and 
current limitations of such green approaches. I will then present the fabrication 
strategies currently used in my team to fabricate low environmental impact 
electronic devices, with particular focus on green supercapacitors and energy 
harvesting solutions. 
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Giovanni Landi, ENEA, Supercapacitors Based on Sustainable 
Materials from Renewable Resources 
 

Abstract: 

An environmentally friendly hydrogel based on gelatin has been investigated as a 
gel polymer electrolyte in symmetric carbon-based supercapacitors. The 
electrodes use biomaterials from renewable resources, including chitosan, casein, 
and carboxymethyl cellulose as binders, with activated carbon from coconut shells 
as the filler, ensuring full sustainability. Electrochemical properties have been 
assessed through cyclic voltammetry, galvanostatic charge/discharge, and 
impedance spectroscopy. The study explored the relationship between 
electrochemical performance and charge storage mechanisms, focusing on 
faradaic and non-faradaic processes at the electrode/hydrogel interface. The 
hydrogel supercapacitors exhibited similar energy performance to liquid 
electrolytes, with enhanced stability up to 12000 cycles when chitosan was used 
as a binder. The devices delivered approximately 5.2 Wh/kg at a high power 
density of 1256 W/kg. The replacement of the NaCl electrolyte with sodium 
acetate significantly boosted energy performance and stability, with the devices 
maintaining up to 50000 cycles. The top-performing device provided around 10.6 
Wh/kg at a high-power density of approximately 3940 W/kg. A comprehensive 
analysis of charge storage mechanisms and ageing phenomena has been 
performed, providing insights into both faradaic and non-faradaic processes. A 
model has been proposed to describe these mechanisms and the observed 
degradation during cycling. 

 

Reference: 

doi.org/10.3390/polym14204445 

doi.org/10.1002/celc.202300443 
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SESSION 2C – Materials Packaging/Integration 
 

Stefano Marchionna, RSE, High Performing Anodes for Post-
Lithium Ion Batteries 
 

Abstract: 

One of the most promising technologies to support lithium-ion batteries (LIB) to follow the 
growing demand of electrochemical- storage devices, especially for stationary applications, are 
sodium-ion batteries (NIB). One of the limiting factors in the development of this new type of 
accumulators is the development of anode materials that are capable to be synthesized in easy 
and in a fine controlled way to assure reproducible high storage performances over the time. Hard 
Carbons are currently the most exploited solution as anodes for NIBs both at the lab scale and in 
industrial products available in the next years on the market. The performance of these 
compounds is strongly linked to fine control of the synthesis process as well as to the origin of 
carbonaceous precursors. Another way to develop high-performance NIB anodes is to exploit the 
conversion/alloying processes that some compounds/elements exhibit with sodium. This approach 
has always been less promising due to strong irreversible capacity lost cycle by cycle due to the 
poor stability of the materials and the strong volumetric expansions involved. To minimize these 
phenomena, it is essential to push the grain size of electro-chemically active compounds to the 
nanometer scale. The strategy used in this work to easily produce nano-structured oxides able to 
convert/alloy with Na was based on a controlled thermal treatment in air of lamellar carbides 
known as MAX phases. Specifically, for the first time, powders of Ti3Al(1-x)SnxC2 MAXPhase 
(synthesized by Spark plasma sintering method) were oxidized treated at various temperatures at 
tested as NIB anode.  Samples obtained by varying the Sn concentration and the thermal process 
parameters were characterized both at a chemical-physical and electrochemical level in half-cells 
vs Na/Na+. XRD, SEM, EDX, TEM and Raman (in operando) measurements were used to study the 
self-nano-structuration process of the oxides on the surface of the original MAX phase [1] and to 
deeply investigate the storage mechanisms involved. To facilitate the interpretation of this last 
aspect, tests were also carried out on half-cells vs Li/Li+. The structural analysis revealed the 
presence of mixed Ti/Sn oxides with variable composition and structure depending on the process 
parameters. The aim of the study was to correlate the properties of the oxidized powders with the 
electrochemical performances in order to maximize the final accumulation properties like NIB 
anode. Preliminary tests of carbon-coated powders have led to capacity values of ≈ 170 mAh/g 
(vs Na/Na+) and ≈ 99% Coulombic efficiency. 
 

Reference: 

I. Ostroman et al., “Highly Reversible Ti/Sn Oxide Nanocomposite Electrodes for Lithium 
Ion Batteries Obtained by Oxidation of Ti3Al(1-x)SnxC2 Phases,” Small Methods, vol. 7, 
no. 10, p. 2300503, Oct. 2023, doi: 10.1002/SMTD.202300503.  
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Thomas Brown, Tor Vergata Univ of Rome, Perovskite PV for 
Flexible & Indoor Applications 
 

Abstract: 

Perovskite solar cells (PSCs) are a promising photovoltaic technology that offers 
both high efficiencies and low-cost deposition techniques from precursor inks. 
Here we address the development of PSC geared toward their use for harvesting 
light indoors and for applications like the IoT. We developed PSCs on polyethelene 
terephthalate (PET) films for easier future integration. By tuning the band gap of 
the perovskite (42% improvement), and then by interfacial engineering with 
tetrabutylammonium bromide (TBAB) (a further 26% improvement), power 
conversion efficiencies of 32.5% under white LED light were reached in the 1000-
1250 lx range. With the power outputs reported, we give examples of sizing of 
the PV devices to power a range of sensors indoors. 
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Domenico Balsamo, Newcastle University, Unlocking the 
Potential of EH-based IoT Systems through Intermittent 
Computing and Cutting-Edge Energy and Time Management 
 

Abstract: 

Emerging sensor systems on the Internet of Things (IoT) are predominantly 
battery-based, compromising their longevity and compactness. As a result, 
research has shifted focus towards replacing batteries with energy harvesting 
(EH) technologies, which convert environmental sources into electrical energy. 
Despite EH's theoretically unlimited energy, its output exhibits high variability, 
leading to frequent failures. This represents a significant barrier to the 
widespread adoption of EH-based IoT systems. This presentation explores how 
intermittent computing, with advanced energy and time management techniques, 
can unlock the potential of IoT devices powered by EH. Specifically, the emphasis 
is on solutions that enable energy-aware task-based operations and networking 
with multiple energy storage capacities and operating voltages, rather than 
depending solely on a single storage unit, while also incorporating timekeeping 
functionalities utilizing multiple energy sources for harvesting. These extend 
beyond the immediate scope and hold significance for the future of IoT, as they 
broaden the spectrum of applications towards fully energy-aware networks with 
distributed context-awareness. In the final part, a real-world application as an 
intermittent water flow sensor system will be presented to demonstrate the 
effectiveness of intermittently powered systems, particularly in scenarios such as 
environmental monitoring, where using batteries is not always feasible. 
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Bruno Damien, e-peas, Optimizing Energy Harvesting Micro-
power Design and Ecosystem Elements Choice for Better 
System Performance 
 

Abstract: 

In this session we will expose system considerations for defining an optimized 
Energy Harvesting power supply. What are the possible ways to improve 
architecture choice for getting highest power conversion efficiency in Energy? Is it 
possible to reaching 95% energy conversion efficiency with good practices? We 
will also remind developers that 4 corners validation of the use case are critical 
for getting good performance. Concepts are also illustrated on the demo session. 
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SESSION 2E – Ecosystems Panel 
 

Baoxing Chen, ADI, Fast-Tracking Sustainable IoT: 
Accelerating the Path through the Energy Harvesting 
Ecosystem 
 

Abstract: 

For sustainable IoT, energy harvesting system needs to generate more power 
than the power consumption from the load. For fast tracking adoption of energy 
harvesting system, it is desired that the system solutions are developed to 
address the interdependencies and ecosystem partnership is formed to extract 
the value for the IoT. Analog Devices provide analog & mixed signal, power 
management, RF, edge processors & sensors components and solutions for 
digitized factories, automotive, communication & cloud, digital healthcare, 
consumer as well as aerospace applications. uTEG evaluation platform and CBM 
system for fast customer adoption will be briefly reviewed. 
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Orazio Aiello, Univ of Genoa, UBIGIOT: Ultra-Low Design-
Effort, Energy-Efficient and Battery-Indifferent Sensor Node 
for the Green Internet of Things 
 

Abstract: 

An overview of the UBIGIoT project and associated ecosystem. 

 

Reference: 

https://cordis.europa.eu/project/id/101086359 
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Brian Zahnstecher, PowerRox, The Power Sources 
Manufacturer’s Association (PSMA): Where the Power 
Electronics and Power IoT Ecosystems Converge 
 

Abstract: 

An overview of PSMA, the Energy Harvesting Committee (EHC), and associated 
Power IoT ecosystem, which the EnerHarv workshop was born from. 

 

Reference: 

https://www.psma.com/technical-forums/energy-harvesting 
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Shad Roundy, Univ of Utah, ASSIST: Vigilant Health 
Monitoring through Self-powered Wearable Technologies 
 

Abstract: 

The Center for Advanced Self-Powered Systems of Integrated Sensors and 
Technologies, or ASSIST, focuses on creating self-powered sensing, computing, 
and communication systems to enable data-driven insights for a smart and 
healthy world. ASSIST is driven by compelling use-cases such diabetes, asthma, 
and atrial fibrillation. They have developed many self-powered wearable platforms 
to address these use cases and many more. A critical aspect of these technologies 
is that they are self-powered, which greatly improves the user experience and the 
ability to generate a full picture of the users’ health (i.e., users tend to not wear 
things that need to be recharged all the time). Thus, ASSIST has developed 
various wearable energy harvesting, wireless power transfer, and energy storage 
technologies. ASSIST is a collaboration of researchers across 8 universities, 
member companies, and care facilities. The center is led by North Carolina State 
University. 

 

Reference: 

https://assistcenter.org/ 
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Valeria Nico, Univ of Limerick, CONNECT: Energy Research 
for Sustainable IoT Solutions 
 

Abstract: 

CONNECT (https://www.connectcentre.ie) is the world leading Science Foundation 
Ireland (SFI) Research Centre for Future Networks and Communications. It is 
funded under the SFI Research Centres programme, which has established a 
network of SFI Research Centres focusing on key research areas in Ireland. 
CONNECT brings together world-class expertise from eleven Irish academic 
institutes to create a one-stop-shop for telecommunications research, 
development, and innovation. We engage with over 40 companies including large 
multinationals, SMEs and start-ups and local councils. CONNECT focusses on nine 
research themes and one of these is “Sustainable IoT” where researchers are 
addressing three main challenges involved in making our IoT devices sustainable: 
energy, reconfigurable platforms, and resilient networks. In terms of the energy 
context, researchers are working to develop energy harvesting devices, 
sustainable battery solutions and ultra-low-power and energy-efficient algorithms 
for IoT networks. CONNECT is also the host of the world’s first energy harvesting 
testbed for the Internet of Things. 

 

Reference: 

https://www.connectcentre.ie/ 
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Alex Weddell, Univ of Southampton, The UK Energy 
Harvesting Network 
 

Abstract: 

An overview of the EHN and associated ecosystem. 

 

Reference: 

www.eh-network.org 
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Thomas Brown, Tor Vergata Univ of Rome, The Energy 
Harvesting Roadmap 
 

Abstract: 

Ambient energy harvesting can significantly contribute to sustainable 
development by converting waste energy from processes like combustion engines 
and furnaces, reducing environmental impact and aiding in achieving net-zero 
emissions. These compact energy harvesters are essential for powering the 
expanding Internet of Things (IoT) ecosystem, enabling smart applications that 
improve life quality. Achieving these goals requires innovative materials that 
convert ambient energy into electricity through mechanisms such as the 
photovoltaic effect, thermoelectricity, piezoelectricity, triboelectricity, and 
radiofrequency power transfer. Here we will outline the efforts of a collaborative 
endeavour of experts in the field of energy harvesting that has come together to 
write down a Roadmap: V. Pecunia et al, DOI 10.1088/2515-7639/acc550 
examining recent advances, challenges, and performance metrics, and outlining 
future research directions to maximize the potential of energy harvesting 
materials for ubiquitous green energy. 

 

Reference: 

V. Pecunia et al, DOI 10.1088/2515-7639/acc550 
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DAY 3 – Real-world Applications            
INTRODUCTION 
Roberto La Rosa, STMicro, Day 2 Quick Review 
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KEYNOTE 3A 
 

Bruno Damien, e-peas, KEYNOTE: Can the Electronic Shelf 
Label (ESL) Market be a Target Application Market for EH? 
 

Abstract: 

In this session we illustrate how Energy Harvesting can be an ecofriendly energy 
source for demanding application like Electronic shelf labels (ESL). We explore 
what are the current challenges faced by this industry and end-users, and how to 
overcome them with a decent workable approach. We present 3 typical ESL form 
factors and show they all fit with indoor lighting energy harvesting conditions. 
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SESSION 3B – System Integration 
 

Michele Magno, ETH Zurich, Empowering the Future of IoT: 
Always-On Smart Sensors, Energy Harvesting, and Tiny 
Machine Learning 
 

Abstract: 

Wearable, intelligent, and unobtrusive smart sensor nodes, capable of monitoring both 
their surrounding environment and the human body, hold the potential to generate 
invaluable data across a diverse array of applications. Realizing the vision of 
unobtrusiveness necessitates these smart devices to collect and analyze data 
continuously over extended periods, obviating the need for frequent battery recharging 
and replacement. Concurrently, advancements in low-power electronics and the 
integration of tiny machine-learning techniques are ushering in a new era of IoT devices, 
endowing them with heightened intelligence for autonomous decision-making and low-
latency responsiveness. However, these devices grapple with inherent limitations in 
computational power, owing to the constraints imposed by minimal energy budgets 
aimed at maximizing battery life. Consequently, machine learning algorithms must be 
adeptly tailored to surmount these memory and computational boundaries. Moreover, in 
the quest to extend energy autonomy further, the prospect of harnessing ambient energy 
sources emerges as a promising solution to power these energy-efficient IoT devices. 
This presentation provides a comprehensive overview of the synergistic interplay 
between Tiny Machine Learning, low-power design principles, and energy harvesting, 
where feasible, in pursuing genuinely unobtrusive wireless smart IoT devices. 
Recognizing that the applicability of these devices remains strongly tied to specific use 
cases, this talk will include illustrative examples highlighting scenarios where this 
amalgamation proves to be a winning solution. These real-world applications span the 
spectrum, encompassing domains such as smart biomedical patches to scenarios 
involving autonomous vehicles where energy harvesting might be impractical, but the 
imperative of low latency and autonomy, enabled by Tiny Machine Learning, stands as a 
critical need. This talk will explore the transformative potential of these technologies, 
reshaping the landscape of self-sustaining IoT and forging a path toward a future where 
smart sensors seamlessly integrate into our daily lives, enhancing our comprehension of 
the world around us. 
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Roberto La Rosa, INNOITALY, Enabling the Future of Massive 
IoT: Overcoming Integration Challenges for Maintenance-free 
Wireless Sensor Nodes 
 

Abstract: 

This talk explores the evolution of self-sustaining sensor nodes within the massive 
IoT ecosystem, structured around four main topics: System Integration 
Challenges, Cost Considerations for Massive Deployment, Maintenance-Free as a 
Catalyst for IoT Growth, and Practical Use Cases. 
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Eoin Ahern, Tyndall, Energy Harvesting Testbed for 
Optimising Energy-constrained WSN Nodes and Networks 
 

Abstract: 

The first revision of the EnTICe Energy Harvesting (EH) Testbed makes use of 
Commercial Off-the-Shelf (COTS) parts to develop a user-configurable Bluetooth 
Wireless Sensor Network (WSN). The first versions of the testbed are powered by 
photovoltaic harvesters, further revisions will consider other energy sources such 
as vibrational, thermal and RF. The testbed gives users access to a multi-node 
network and allows them to monitor their behaviour, vary operative parameters 
and how that information is sent and stored. 
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SESSION 3C – System Integration 
 

Maria Doglioni, Univ of Trento, Harvesting Nature's Power: 
Plant-Microbial Fuel Cells & Adaptive Self-Scaling Energy 
Storage for Battery-free IoT 
 

Abstract: 

Plant microbial fuel cells (PMFCs) offer uncompromising green energy at a bargain 
price: where is the catch? In this talk, we explore the challenges of harnessing 
these green energy sources to power ultra-low, battery-free electronics.  

PMFCs are a particular type of fuel cell: they transform the chemical energy of a 
fuel (organic matter) and an oxidizing agent (typically, oxygen) into electricity 
through redox reactions.  

What singles PMFCs out is that their fuel isn't manually injected into the reactor; 
it is instead naturally provided by plant photosynthesis byproducts secreted at the 
roots of a plant. Besides this, the catalysts of the redox couples are living-and-
breathing organisms, naturally present soil bacteria, which either accept or 
donate electrons as a part of their metabolism of both plant-supplied organic 
matter and oxidizing agents.  

This surprising symbiosis between plants and bacteria can generate energy that 
theoretically lasts as long as the plant thrives. Coupled with this, bacteria can also 
enable bioremediation and carbon sequestration, as they can consume oxygen 
dioxide, methane, and even heavy metals. 

While these qualities light our hope for a truly green energy source, numerous 
research challenges need to be addressed before commercial use of PMFCs can be 
claimed.  

As an example, the generated voltage is low, typically never above 1V, so 
boosting is required to power electronics. Power densities are also low, as they 
near only 1 mW/dm^3, and scale-up through stacking isn't simple, as cell 
mismatch decreases the efficiency of an MFC serial/parallel setup. Besides, the 
startup of energy production is stochastic and aging gradually decreases the 
efficiency of the cells, which can last from months to years, depending on the 
deployment scenario.  
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We propose to use non-destructive electro-biochemical measurements such as 
Electrochemical Impedance Spectroscopy (EIS) to both aid the resolution of 
PMFCs' shortcomings and to develop collateral uses of PMFCs not only as energy 
source, but also as EIS biosensors. In particular, EIS on PMFCs can be used for 
self-powered plant health monitoring, which opens up possibilities of single-plant, 
sustainable monitoring in precision agriculture.  

We also focus on adapting classical MPPT strategies to PMFCs, which EIS 
measurement results for impedance matching can aid.  

We then present a self-scaling energy storage solution, which allows us to 
overcome the limitations of fixed-size energy storage when operating from low-
power harvesting sources such as PMFCs.  

Typically, batteryless monitoring requires a set of tasks with varying energy 
consumption: the most energy-consuming task sets the size of the storage 
capacitor, which in turn sets the charging speed. To reduce charging delays for 
the entire set of tasks, we provide a way of dynamically matching storage size to 
the tasks' rated energy consumption. 

 

Reference: 

M. Doglioni, M. Nardello and D. Brunelli, "Plant Microbial Fuel Cells: Energy 
Sources and Biosensors for battery-Free Smart Agriculture," in IEEE Transactions 
on AgriFood Electronics, doi: 10.1109/TAFE.2024.3417644 
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Gerd vom Bögel, Fraunhofer IMS, Energy Harvesting and 
Power Management for a Retrofittable Current Sensor for 
Grid Condition Analysis 
 

Abstract: 

The development and realization of a sensor system for condition monitoring of 
electrical distribution grids is addressed in this presentation. Using suitable sensor 
principles, communication and IT infrastructure components, relevant information 
about grid infrastructure elements is collected, aggregated and communicated 
from neuralgic points. This information can be used directly for highly dynamic 
grid-supportive control of loads and generators in order to ensure resilient and 
efficient use of the distribution grid, including for large-scale charging of electric 
vehicles. The main objective is the development and realization of energy self-
sufficient sensor systems for monitoring the load status in the distribution grid. 
The results of inductive energy generation and energy management are 
presented, whereby special requirements from the application, such as resistance 
to overvoltage pulses, were considered. 

The most important measuring points for overloads are transformer stations and 
distribution cabinets. The significant parameters to be measured are current and 
phase between voltage and current in each conductor. Further values can be 
derived from these basic parameters by calculation and signal processing. The 
concept for the sensors uses inductive energy harvesting and thus avoids 
contacts to the three phases. According to the concept developed, the outgoing 
feeders are equipped with energy self-sufficient wireless sensor systems, 
primarily for current and phase measurements. The data is transmitted via a 
radio interface to the grid operator's control center for further evaluation and grid 
control. 
 

Reference: 

G. vom Bögel, F. Essingholt, T. Grenter "Digitization of the distribution grid to 
support e-mobility charging infrastructure," in IEEE International Workshop on 
Metrology for Automotive, MetroAutomotive 2023. 
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Elisabetta Boco, Eagleprojects, IoT Applications for Smart 
Cities 
 

Abstract: 

In recent years, the transformation of traditional cities into Smart Cities is more 
and more widespread, aiming to improve the efficiency in the resource use and to 
decrease emissions and waste product. As defined by the European Commission, 
a Smart City is a place where the traditional networks and services are made 
more efficient with the use of digital solutions for the benefit of its inhabitants 
and business. 

In this context, the use of sensors' networks is fundamental to be able to 
measure environmental and specific application parameters, in order to take 
better decision and actions, which can be both automated or manned.  

In this presentation, an example of Smart Sensors' Network is presented  for a 
traffic monitoring application, which uses IoT technologies for the data transfer 
from the sensors to an Edge level, and then to a database in the cloud. An 
energetic evaluation is presented, in order to properly size the solar harvesting 
system to build self-powered monitoring stations in each road under study. 
Energy consumption under different level of workload and their relevancy for the 
final application are discussed, and seasonality of the energy source is taken into 
consideration using PVGIS as the simulation tool for solar energy harvesting. 
Then, the structure of the IoT Platform is presented, together with a live demo of 
the dataflow in the platform. Finally, the applicability of the same structure to a 
number of different IoT applications is mentioned, with a live demo from the 
Energy Platform (EagleFlow). 
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SESSION 3D – Future Directions Panel 
 

Luca Castellini, WisePower, From R&D to Industrial Design, 
Paving the Way to Self-Powered IoT Commercial Adoption 
 

Abstract: 

NO ABSTRACT PROVIDED 
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Corrado Boragno, Univ of Genoa, The Future of Wind/Wave 
Energy Harvesting 
 

Abstract: 

Energy Harvesting devices are becoming increasingly important for environmental 
monitoring. In this talk, a number of small devices capable of capturing energy 
from wind and wave energy are presented. These devices can be used, for 
example, in smart agriculture, in the control of HVAC systems and in coastal and 
river water monitoring. 
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Maeve Duffy, Univ of Galway, System-level Considerations 
Enable Energy Harvesting Component Optimisation 
 

Abstract: 

One of the main challenges with energy harvesting (EH) systems is managing the 
difference in EH source and load power profiles. This usually results in the need 
for several power conversion stages for supplying a combination of energy 
storage and load devices. Due to the low power levels involved, the performance 
of each power conversion stage depends closely on the EH source voltage and its 
internal impedance, which for many EH sources can be tailored by altering its 
configuration; e.g. connecting multiple solar cells in series/parallel. The potential 
for improving power delivery in EH systems by considering different source 
configurations to  enable operation at the maximum efficiency point of power 
converters is illustrated in this talk. Examples are presented for electromagnetic 
and dye-sensitised solar cells sources. In addition, it is shown that different 
optimum source configurations are identified depending on the load profile. 
Combined with developments in energy aware computing systems, optimisation 
of EH source configuration provides potential to increase the functionality of EH 
systems so that they can support truly autonomous sensor systems. 
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SESSION 1F – Poster Session 
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Maeve Duffy, Univ of Galway, Investigating Domino 
Resonators for Enabling Energy Harvesting at a Distance in 
RFID Cards 
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Ibnu Taufan, Univ of Limerick, Nonlinear Piezoelectric 
Vibrational Energy Harvester Using an Ortho-Planar Spring 
and an H-I Structure for Powering IoT Sensors 
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Julia Cipo, Fraunhofer ISIT, Towards Integrated 3D Micro-
Batteries Using PowderMEMS Technology 
 

Poster Presented: PDF OF POSTER EMBARGOED BY AUTHOR DUE TO CURRENT 
PAPER REVIEW PROCESS, PLEASE CONTACT DIRECT FOR MORE INFO. 

 

  



 

EnerHarv 2024  

61 

Nouman Ghafoor, Univ of Limerick, Planar Electromagnetic 
Vibrational Energy Harvester for IoT Applications 
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Eugen Vambolt, TU Nuremberg, Performance Enhancement 
of a Thermoelectric Generator Using a 2D-simulation and a 
Physics-informed Neural Network for Autonomous-Level 
Monitoring of Motorized Vehicles 
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Ningning Wang, Hangzhou Dianzi University, Electromagnetic 
Vibration Energy Harvesters for WSNs Applications 
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Ningning Wang, CPSS, Introduction of CPSS and Energy 
Harvesting Research Activities in China 
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Sebastian Bader, Mid Sweden Univ, Six-phase Variable 
Reluctance Energy Harvester for Smart Bearing Hub Units 
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Eoin Ahern, Tyndall, Energy Optimisation Using the EnTICe 
Energy Harvesting Testbed with Cloud Access 
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Mario Costanza, Tyndall, Power Optimization of Energy 
Harvesting Wireless Sensor Node Systems Via a Simulation 
Tool 
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Gabriele Perna, UNIPG, 3D-printed Piezoelectrets Based on 
Foamed PLA for Energy Harvesting Applications 
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Paola Tinivelli, UNIPG, An Autonomous Sensing System for 
Monitoring Dissolved Carbon Dioxide of Natural Waters for 
Geochemical Applications 
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Valentin Daniel Paccoia, UNIPG, Chipless RFID for 
Environmental Monitoring 
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Daniel Woodward, Tyndall, Ultra-wide Timing Range DTC for 
Ultra-Low-Power PMIC 
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Michael Benegiamo, UNIPG, Design and Implementation of a 
WPT System for Industrial Application 
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Mirco Lo Monaco, POLITO, One and Two-degrees-of-freedom 
Gravitational Energy Harvester Designs for Ultra-Low-Power 
IoT Applications 
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Cristina Rusu, RISE, Energy Harvesting Feasibility for Safety 
Buckle Belt 
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Alessandro Piovano, POLITO, New Binders and Separators 
with Recycled PVB: From Waste to Li- and Na-ion Batteries 
 

Poster Presented: [PDF OF POSTER IMMEDIATELY FOLLOWS] 

 

  





 

EnerHarv 2024  

76 

Wenyu Peng, TU Delft, Front-end Triboelectric Nanogenerator 
(TENG) & Back-end Power Management IC Design 
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Hugo Cruz, Tyndall, Development of an Ultra-Low-Power 
Digital Energy-harvesting PMIC Platform 
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Gabriel Christmann, CSEM, Solar Harvesting Solutions at 
CSEM 
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Marco Privitera, Univ of Catania, Sub-μW Oscillator-Less WiFi 
Backscattering Transmitter Reusing RF Signal for Harvesting 
and Sensor-Less Motion Detection with Battery-Less Smart 
Tag Demonstration 
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Daire Joyce, Boston Scientific, Boston Scientific Medical 
Device Factory Asset Tracking 
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Séamus Hickey, DePuy, Long Life Geolocation Solution for 
Orthopaedic Surgical Loaner Kits 
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James Rohan, Tyndall, Microbattery Materials and Future 
Directions 
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SESSION 1D – Demo Session 
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Lorandt Fölkel, Würth Elektronik, enOcean Multi Sensor / 
Light Switch / Prototype Switch 
 

Demo Overview Presented: 
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Lorandt Fölkel, Würth Elektronik, Window Handle with 
Wireless Transmitter 
 

Demo Overview Presented: 
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Lorandt Fölkel, Würth Elektronik, Shower Water Temperature 
Display 
 

Demo Overview Presented: 
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Lorandt Fölkel, Würth Elektronik, TEG-powered Hot Surface 
Sensor 
 

Demo Overview Presented: 

 



 

EnerHarv 2024  

92 

Lorandt Fölkel, Würth Elektronik, Energy-Harvesting-to-Go 
Kit 
 

Demo Overview Presented: 
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Eoin Ahern, Tyndall, EnTICe: Energy Harvesting Testbed with 
Remote Access 
 

Demo Overview Presented: 
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Mario Costanza, Tyndall, Optimization of Energy Harvesting-
Wireless Sensor Nodes Via a Simulation Tool 
 

Demo Overview Presented: 
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Wenyu Peng, TU Delft, On-chip Power Management Interface 
for Sliding Triboelectric Nanogenerator 
 

Demo Overview Presented: 
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Roberto La Rosa, INNOITALY, Energy Autonomous Wireless 
Sensor Node for Ammonia Monitoring with LoRa Connectivity 
 

Demo Overview Presented: 
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Roberto La Rosa, INNOITALY, Energy Autonomous Wireless 
Sensor Node for Oxygen Monitoring with LoRa Connectivity 
 

Demo Overview Presented: 
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Yongli Wang, TDK, Smart Energy Solution for Standalone 
Beacons 
 

Demo Overview Presented: 
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Bruno Damien, e-peas, Bluetooth v5.4 Large ESL Powered 
with Energy Harvesting 
 

Demo Overview Presented: 
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Bruno Damien, e-peas, Perovskite-PV-powered Small ESL 
 

Demo Overview Presented: 
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Hani Kanaan, Dracula Tech, OPV, a Photodiode and Energy 
Source to Power the STM32U0 Microcontroller 
 

Demo Overview Presented: 
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Joshua Wright, Ambient Photonics, Indoor PV Application 
Development Kit with Consumer Application Examples 
 

Demo Overview Presented: 
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Pietro Firpo, Univ of Genoa, Energy Autonomous Wireless 
Sensor Node for Light Monitoring with LoRaWAN Connectivity 
 

Demo Overview Presented: 
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Duy-Hieu Bui, Vietnam National Univ Hanoi, Ultra-Low-Power 
Energy-harvesting Beat Sensors with Security Features 

 

Demo Overview Presented: 
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Filippo Nicora, Univ of Genoa, Wave Energy Harvester for IoT 
Sensor Node 
 

Demo Overview Presented: 
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Closing 
 

Thanks so much to all the hard work and dedication that made EnerHarv 2024 a great success!!! 

From the organizers to all supporting committee to the world-class group of presenters and 
participants, we have an amazing and growing Power IoT ecosystem. 

We also thank all our Technical, Commercial, and Media Co-sponsors for their support and making 
the workshop possible. 

We hope you enjoyed these proceedings and look forward to seeing you at EnerHarv 2026! 
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