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Introduction — Industry 4.0

 Industry 4.0 Broad Definition !

— "industry 4.0" factories have machines which are augmented with
wireless connectivity and sensors, connected to a system that can
visualize the entire production line and make decisions on its own.

e Key concepts
— Smart Manufacturing
— Smart Factories

o Key Enablers
— Digital Twin
— Artificial Intelligence / Machine Learning
— Industrial Internet of Things
— Sensors and Actuators

1.  https://en.wikipedia.org/wiki/Industry_4.0 3



Opportunity & Tyndall

National instijute

100 Billion connected devices, 1 trillion sensors by 20251
CAGR 12.6%, with spending forecast to reach $1.1 trillion in 2023
One Third of spend will be Commercial industries

” <«——Industry 4.0

— Transportation
Key Applications
— Condition Monitoring
— Energy and process efficiencies
— Asset Tracking
What’s needed
— Sensors and Actuators
— Cost effective

— Battery powered in many cases especially the retrofit case
» Deploy and forget
* Low maintenance

1.  P.Diamandis, M.D. Singularity University,
https://singularityhub.com/2015/05/11/the-world-in-2025-8-predictions-for-the-next-10-years/
2. IDC marketing report June 2019 https://www.idc.com/getdoc.jsp?containerld=prUs45197719




Challenges - Power Tyndall

tational Instfnte

Wireless, battery driven, deploy and forget sensors most suited to retrofit.

Replacing batteries is expensive.
— Cost of labour to replace

— Cost and Impact of maintenance schedules
* Production down time
» Hard to access
» Often replace batteries not yet depleted

— Cost of battery

— Environmental costs
The power challenge

— Autonomously power the wireless sensor from ambient energy.

— OR to make the battery outlive the sensor.

— WHILST at the same time ensuring a continuous reliable supply of power!

The power challenge is getting harder all the time for Industry 4.0 as they
tend to require

— Low latency control systems

— Pushing intelligence towards the sensor




Challenges - Interoperability & Tyndall

Mational Institute
Mgt Maisants

An energy harvested power systemis a
complex system

To enable development of these complex
systems a number of functionsare
required.

Tools
Effective design requires all parts to be

easily integrated, this requires / Power \

standardised interfaces and models Manage
Design Components
- . . Ener,
Interoperability and co-ordination of all Storage

Wireless
these elements enables | —
— Higher performing designs E‘ Eherey
— Easier design development and evaluation \ i
— Acceleration of state of the art. /

Enablers for interoperability Characterise Simulation
— Standardised characterisation methods
— Common simulation tools and interfaces
— Common design methodologies
— Standardised component libraries
— Early collaboration



%$%°°MP°S'"°N Some use cases - EU FoF project & Tyndall
Ecosystem for COllaborative Manufacturing PrOceSses — Intra- and
Interfactory Integration and AutomaTION

» Creating a digital automation framework (IIMS) that optimizes the manufacturing
processes by exploiting existing data, knowledge and tools to increase productivity
and dynamically adapt to changing market requirements.

* Developmentof middleware that enables inter-operably between systemswas
pivotal to the project (several of the partners are here today)

« Tyndall role: Supply expertise in WSN at component, device and system
integration level for both modelling and real time operation of the use cases
(particularly retrofit of self-powered sensors for inter-factory use cases)

e Gave us opportunities to show value add of wireless sensors with 2 use cases
= SLOTL-
7 Fraunhofer  SCiEiiilic \® [elNet & o )

i shitute
Co-ordinator KLEEMANN ATLANTIS
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(Grant AgreementNo 723145)
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Condition Monitoring (CM) Scientific

Advancing science for life™

» Retrofit of wireless acoustic sensors that ‘listen’ to the oven blowers
(fans) — detection of failure.

Industry 4.0 Uses Case Tynda!l

\at (}1"!3 !ﬁstiiiﬁﬁ

Algorithms developed to accurate calculation of risk of fan failure to
weeks/months

Just 5 sensors need to monitor a cluster of 32 fans

Move from Scheduled to Predictive Maintenance

Estimate cost of a fan failure during productionis ~ €40K
(material waste + downtime)

In future projects

 Make the sensor self powered or at least make the battery last longer
* Look at ‘roaming’ CM system applications
(rather than static)
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Industry 4.0 Uses Case € Tyndall

National Instijute
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Asset TraCki n g Advancing science for life™

» Ability to quickly track assets, e.g. inspection microscopes, using off the
shelf sensors

« Tyndall expertise used to select and install hardware, feed required data
to other COMPOSITION partners

» Retrofitted PV Energy Harvesting to Beacons that doubled battery life
from 260 to 550 days

In future projects
« Self-power the sensors - eliminate battery maintenance

* Integrate emerging technologies that enable size reduction

« e.g. fit on trays or unobtrusively into equipment
» (RF protocols, power management, sensors, batteries)

* Integrate emerging technologies that improve range/accuracy




Tyndal

Commercial Buildings Example

& Tyndall

AtaaE i

USB Connector for
Expert System

Enargy Harvesiar
Power Management Layer

Ta AE Sensors (Amplifier/Filter ADC)

Multi source harvester
Use light, vibration or heat from compressor to self-power a ‘diagnostic unit’
Does predictive maintenance on cold room compressor & food storage rooms

10



i Industry 4.0/ < Tyndal
Commercial Buildings Example

Zone Ambient sensor data

MOEEBIUS

Occupancy Bullding
Light management
Temperature layer

Humidity

Alr quality u pdav

Sensor data and
actuation

Dccupant control input
commands

Indoor solar powered ‘Nod’
Interactive sensor to help optimize comfort in an office/factory

60% battery life extension achieved
Could become self powered as RF and air quality sensor technologies evolve

11



Ideas for other Industry 4.0 Use Cases € Tyndall

Matipnal Instifute
st Maisiantn

Bin fill monitoring

Done by CERTH, ELDIA & Kleeman as a COMPOSITION use case é‘s@f w
5 |

Humidity  Status PIR/Motion

Improved data granularity to feed to control systems ﬂ ﬂ

Temp  Light
Monitor of other physical & electrochemical attributes |::le 8

i

People Acoustic Airflow

Holistic plant visualisation / Digital Twine.g.
Bottleneck detection
Scenario investigations
Equipment set up optimization
Time and motion studies
Optimisation of systems & processes

Solution

SIEMENS

Dynamic assessments
Integration of robotics, drones, AVs

tti
neineerin:

Image source: pattiengineering.com 12



< Tyndal
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|deas for other Industry 4.0 Use Cases

Renewable energy integration
Heat pumps solar panels, battery banks, wind turbine, etc.

Air quality monitoring
Product quality, operative work environment

Regulatory compliance
Temp, lighting, noise, air quality, humidity, etc.

Security/Safety

Contextualize temperature, air quality, noise, vision systems

PPE

Integrate into personnel protection equipment

13
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The ‘Power loT’ Challenge

Industry challenge: . (‘;@m
. . - g
How do we make the batteries outlive these 1 trillion 10T sensors? z\ 9\ i@
@0 g”"”
. Sy
Solution: —

Collaboratively and concurrently develop application orientated & optimised solutions
» Get academic and industry developers of energy harvesting components
and systems as well as 10T devices to work together
» Accelerate & optimise development of parts and systems
« Parts should be standardised and interoperable

Tyndall doing this via internal and external collaborations
External collaborations spearheaded by
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EU infrastructure project EnﬂBLES

EU Project 730957

Builds an ecosystem to power the internet of things
Driving system level thinking & optimization

* Via collaboration, inter-operability, standardization
Its Transnational Access program™ gives |

» Free of charge access to expertise & laboratories

 Feasibility studies

(paper, simulation, characterisation, proto)

Sign Up and enquire at www.enables-project.eu

Joint Research Activities™ are creating

 System optimised, application orientated solutions , S
: : , , (S ST

* De-risked & standardised methodologies & library parts * s i

| PN 1
. [ A 5 ’I.-_ l
A4 D l\j-‘h(:«f
i

* Open to industry and academic applicants worldwide
** Done by project partners listed below

UNIVERSITY OF

Southampton




Technology - Energy harvesting = vndal
Replacing the function of a battery is not easy
= Complexarray of stuff to be integrated

Non-rechargeable battery?

WSN Load

min.,,,.- Re-chargeable storage device
L}

el

Sensors + Interface
Microcontroller
RF

Intelligent switching between ambient
energies + battery + storage devices
Cold start

Voltage conversion

Impedance matching

Charge management

Peaks, transients

Status monitoring

*Power Management IC

Ambient energies
(sporadic, low power levels)

16



Tyndall has an Ecosystem of Pls

Generators D

to address this

~Xy—

Brendan O’ Flynn :

Storage \

WSN

Mike Hayes
Energy Harvesting systems

Paul McCloskey
Magnetics

e

| lvan O’ Connell
i/PMIC, ULP Processing

7

lvana Savic

TEGs

R
Saibal Roy
i EM Vibrational
Humberto Campanella

&

Oskar Z Olszewski
Piezo Vibrational /

- Aidan Quinn
D\ Supercaps

James Rohan
Micro-batteries /

/

Materials ‘ Devices \

Systems n

< Tyndall

Natipnal Instilute

17



A One Stop Shop -
Tyndall Energy Harvesting & Storage

Tyn dail
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Control _
Power Management ICs & Circuits

Multi-source
Self-start
High efficiency

Storage
Supercaps on Silicon :

Flexible batteries
Micro-batteries
Nanotube high density

Generation

Generatorson silicon g
Wide bandwidth vibration |+-—( \"
(Electromagnetic & piezo) | Ll i

High density MEMS
IC integrated highest efficiency TEG materials

18



Material, Device & System Integration & Tyndall
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Embedded Magnetics
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Simulation
GeTe _éjh

Rhombohadral

O O
©  ©
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*
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' Peierls
58 o Distortion
o, 00,00 10.52,0.52,0.52)

Atomic/material Physical/mechanical Design/Deployment tool
Circuits (discrete & CMQS)

The Power of Collaboration

System application optimised parts & devices e.g.
Harmonise methodologies & specifications
Compatibility:- Process, Electrical, Packaging

19
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Some Application System Integration Examples

Miniaturisation:- Implantable Energy Harvester
15

—nig

0 20 0 40 50 160 170 180 180 200 210 220
Frequency (Hz) Frequency (Hz)

Silicon

" Energy Harvester

Sorin Copyrights used with permission

éiTynda"

Natsmai ms ﬁte

Performance enhancement:- Wide bandwidth Vibrational Energy Harvesters

Qe

Circuit and system innovation:- Indoor solar energy harvester

Mz P Call
.\

Tyndad Mate

Referance PV (o

Porwed Management Cin

With MPPT |

ke peritatite

~ Superl up

. 20



“MISCHIEF” World leading Multi-source Tyndali
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energy harvesting PMIC . MEEI
Superior in key parameters outlined below ° ENTERPRISE
IRELAND
Parameter MISCHIEF* Best Commercial | Commentary

Min. input Voltage | 20mV 50mV Also has extremely wide input and
output voltage range

<100nA 330nA Reduces drain on battery

 MODULAR circuit blocks methodology enables FAST TRACK LOW RISK development

* Notjust for energy harvesting, also for any low power application, particularly good at
Interfacing with ‘smart switchingloads’ to extend battery life

* Based on extracted simulation, proto testing Q4 2020
22
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@lERC

International Energy Rescarch Cenre

RoWBUST Battery life Assistance Tool

Help installers select hardware components for a potential energy harvesting deployment
No Energy Harvesting or wireless sensors expertise needed

Dasign a netwark load & network log Run a simulation Live data

Duty cycle  Power management Cell size SC size Light Time

08:00 :;*: Start: 19 May 2014125525 § |x|
. i = Start Simulation
End: 23 May 2014 12:55:25 ||

1800 2 |v| Step: 12 5]

o hferm wndGirn oo o

a5 Charue/discharu on supercap 1200
. 2 . Hage :
gz& 5: ]
4 %’
g Z
Select components to ensure charge/discharge £ %
stays above cut-off g :
4.3
Energy Harvesting source - Indoor light on Tine £mﬁ B 22



ReCOST ReCO2ST battery life tool < Tyndal

EHistithnidg Malnans

ReCO.ST
Y IERC

International Energy Rescarch Cenre

Newest version of ROWBUST on EU ReCO2ST project will also give overall battery life estimate

-u:u-l-_-m

o
Fid ESt View ‘Winddw Hip
m Energy Harvester Energy Storage DC-DC Converter m

Cevice Lifetima

Emnrrgy Harveading: Supercapaciior:

Wailts

Wk

Al

Energy harvested and stored when lights are on
Reduces drain on primary battery

CFF A5 8E%

Dynamic visual aid to see charge and discharge on supercap when lights are on/off

23



TyN n dall Links to PSMA .s M n

e
Technology Roadmaps [@
Perennial contributors to PSMA’s PTR A
Led the 3D Power Packaging roadmap study part |

PSMA Packaging Committee

Technical Committee activity e

. 2019 PSMA POWER
Energy Harvesting (co-founder) " TECHNOLOGY ROADMAP
Energy management
Packaging
Magnetics
Reliability

Conferences and workshops

Co-founders of PwrSoc...power supply on chip http://pwrsocevents.com/
Co-founders of EnerHarv, started in 2018 www.EnerHarv.com

Annual contributors to APEC industry sessions
F=>uil
=
s ®
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PSMA Energy Harvesting
Committee (EHC) Ps M n
MISSION:- To create a power [oT ecosystem

Currently has 48 members, new members welcome (you do not need to join PSMA)
Contact Michael.hayes@tyndall.ie or Brian Zahnstecher bz@powerrox.com

Ambient

Energies EHC Ecosystem

loT applications

other PE

Groups & synergies

27



Our Ecosystem of Stakeholders PSM ﬂ

Presented at £ 4 EnerHarv 2018 §



EnABLES

IoT WEBINAR
Announcement

“Micro-energy management for energy
harvesting loT devices”

Host: Dr Peter Spies
Fraunhofer IS - Germany

Tuesday 16" June 2020, 15:00 CEST (UTC+2)

Registration is now OPEN

Tyndall and University of Bologna will also present
You can register here:-
http://www.enables-project.eu/webinar-registration/

Previous webinars are here:-
http://www.enables-project.eu/webinars/

29



Our power sources industry ecosystem for
the benefit of stakeholders

Discuss
Progress
Enhance
Educate

Inform

Guide
Connect
Publish Resource
Fund

7
&

Capacitor

Magnetics

O

Safety &
Compliance

@ Manufacturers
Developers
Education Energy Harvesting Energy 1
Management Suppllers
&5, H Educators
—- @ —
e Integrators
Packaging & Power Technology Reliability Use 'S
Manufacturing Roadmap
Funders
@ Regulators

Semiconductor Transportation

PowerElectronics

PTRs, special studies (15t copy) and webinar material free

to all members

https://www.psma.com/membership/joining-information#memb

PSMA




Our power sources industry ecosystem for
the benefit of stakeholders

Manufacturers
Developers
Capacitor Education Energy Harvesting Energy 1
Management Suppllers
5, H Educators
1O =
4 Integrators
Magnetics Packaging & Power Technology Reliability Use 'S
Manufacturing Roadmap
Funders
@ Regulators
Safety & Semiconductor Transportation
Compliance PowerElectronics

PTRs, special studies (15t copy) and webinar material free

to all members
https://www.psma.com/membership/joining-information#memb
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