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• Moderator
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Xiaohong Peng, Aston University, UK
Nicola Fabiano, Studio Legale Fabiano, Italy
Wael Bazzi, American University in Dubai, Dubai
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 Towards Energy Storage

• Need for balancing regular energy and clean energy

• Energy storage technologies

Picks (balancing)

Reliability (back-up)

Cost optimization and uniform consumption

• Cost for stored energy (dollar/euro/kilowatt)

• Cost

Regular energy + transportation

Stored energy + transportation

(Regular || Stored) energy + transportation
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Energy Storage is Here

• Small scale

Solar computers

Wearable devices

Solar stations

• Medium scale

Computers

Highway panels

• Large scale

Hospitals

Emergency activities

Inter-grids for wireless base-stations wireless

Inter-solar-power units
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Energy Storage Technologies

• Solid State Batteries - a range of electrochemical storage solutions, including
advanced chemistry batteries and capacitors

• Flow Batteries - batteries where the energy is stored directly in the electrolyte
solution for longer cycle life, and quick response times

• Flywheels - mechanical devices that harness rotational energy to deliver
instantaneous electricity

• Compressed Air Energy Storage - utilizing compressed air to create a potent
energy reserve

• Thermal - capturing heat and cold to create energy on demand

• Pumped Hydro-Power - creating large-scale reservoirs of energy with water

• http://energystorage.org/energy-storage/energy-storage-technologies
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Energy/Power
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Consumption balancing
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Case study: Skylar

• Energy Markets [Skylar Energy: American Way, May 2016]

• Supply Mix (renewable energy sources, such as solar
and wind)

• Renewable energy sources are intermittent (not
consistently, at demand)

• Power storage (utility scale battery systems)

• Energy storage market ~ 2% in USA

• Battery costs will drop by 40% through 2020

• System 2MW –> 150 MW



888

Example 1

http://energystorage.org/energy-storage/case-studies/aes-energy-storage-angamos-battery-energy-
storage-system-bess

AES Energy Storage Angamos Battery Energy Storage System (BESS)

544MW thermal power plant in the town of Mejillones in Northern Chile
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Example 2

• Earning Revenue via Multiple Value
Streams: Kaheawa Windfarm Dynamic
Power Resource (DPR®) Energy Storage

First Wind built a second phase to the Kaheawa
Wind Project (KWP II) adding an incremental 21 MW
of wind generation on the island of Maui on the
Maui Electric Company’s 69 kV electric system.

In order to mitigate the effects of wind volatility on an
island grid, Xtreme Power designed a 10 MW Dynamic
Power Resource® (DPR) to integrate with the
21 MW KWP II facility operating on a 80-200 MW grid.



101010

Example 3

• Long-Duration Energy Storage on a Grid Scale: Highview Power
Storage LAES

• Liquid Air Energy Storage (LAES) is sometimes referred to as Cryogenic Energy Storage
(CES). The word “cryogenic” refers to a gas in a liquid state at very low temperatures.
The working fluid is Liquefied Air or Liquid Nitrogen (78% of air). The systems share
similar performance characteristics to pumped hydro and can harness industrial low-
grade waste heat/waste cold from co-located processes, converting it to power. Size
range extends from around 5MW/15MWh to >50MW/250MWh and with capacity and
energy being de-coupled, the systems are very well suited to long duration applications.
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Statistics i
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Statistics ii
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Technologies and costs i

TECHNOLOGIES
http://www.iec.ch/whitepaper/pdf/iecWP-energystorage-LR-en.pdf

COST FOR EVERGY STORAGE: $/KW

http://prod.sandia.gov/techlib/access-control.cgi/2011/112730.pdf

http://www.osti.gov/scitech/servlets/purl/453759/

http://www.sciencedirect.com/science/article/pii/S0306261914010290
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Technologies and costs ii

• Long-duration storage,
frequent discharge, storage: 4-8 h, 1 cycle/day x 250 days/year

Long-duration storage,

• infrequent discharge, storage: 4-8 h, 20 times/year

Short-duration storage,
frequent discharge, storage .25-1h , 4 x 15 minutes of cycling x (250 days/year = 1000
cycles/year)

Short-duration storage,
infrequent discharge, storage .25-1h , 20 times/year

• ? ROI + 5, 10, ? Years

• Environmental impact | cost of maintenance

• Health impact | cost of health insurance

• Costs of energy storage systems depend not only on the type of technology, but also on
the planned operation and especially the hours of storage needed. Calculating the
present worth of life-cycle costs makes it possible to compare benefit values estimated
on the same basis.
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Challenges

• Costs

Technology

Applications

• Social acceptance

Environmental studies

Ecology

Health

• Governmental enforced regulations

Green certificate

Cost compensation
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WWW.IARIA.ORG

Thanks

Thanks
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Why IoT and Blockchain?



Blockchain as a service



Blockchain

• The Regulations

• The blockchain applications
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Jean-Pierre Richard

Do you have any problem with

communication/computational delays in the loops?

And if any, how do you cope with it?

ICWMC/VEHICULAR PANEL

« Challenges on mobility with IoT and Big Data – 26 June 2018 - Venice

EMETTEUR 00 MOIS 2011
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 Some situations and problems ( me)

 Your situations, problems, way you solve them? ( you) 

Overview
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Situation 1: networked control ;)
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Situation 2: computation time…

+
-
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RTT (40km)

Mean =  82 ms

Maxi  = 857 ms

Mini   =     1 ms

Lille-Lens (France, 40 km) – Source: PhD WJ. Jiang 2008

France - France 

one week of RTT…

Situation 3: Internet transmission delay
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One week of RTT…

Tunis-Lille (1640 km) – Source: S. Belhaj, ENSIT 2009

RTT (1640km)

Maxi  = 415 ms

Mini   =   70 ms

RTT (1640km)

Maxi  = 415 ms

Mini   =   70 ms

France – North-Africa 

one week of RTT…

Situation 3: Internet transmission delay
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Some idea about comm. delay values 

unshared CAN 2m: 200 µsec

bluetooth 2m: 40 msec

Internet:  100-400 msec

orbital stations: 0.4-7 sec

underwater 1.7km: >2 sec

Other RTT approximated values
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transmission + sampling + packet losstransmission + sampling + packet losstransmission + sampling + packet loss

Measurement

channel

1 - Controller 2 - PlantActuating

channel

Communication

Situation 4: Wireless control loops
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Situation 5: Asynchronous sampling

Continuous

Process
Computer

A/D

Converter

D/A Converter

+ ZoH

x(t) x(nT)

u(t)=u u*(nT)
n

Continuous

process

Remote

or non prioritary

computing

A/D

Converter

D/A Converter

+ZoH

x(t)

u(nT(t))

communication network

+ task scheduling,

+ packet loss...

Integration, z-transform, everything’s ok, etc.
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Situation 5: Asynchronous sampling

[Zhang, Branicky, Phillips. - IEEE Ctrl.Syst.Mag. 2001]
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Situation 5: Asynchronous sampling

[Gu, Kharitonov, Chen - Birkhauser 2003]
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+
-

Internet + Hub with/without QoS

Situation 6: bilateral teleoperation
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Constant RTT

< 200 msec

Distance:

17 000 km

Com. cost ≈ 160k$/month

« The only restriction to the development of long-distance tele-surgery has to do, still today, with its

cost. For tele-surgery, you must use a transcontinental ATM line, that you have to book during 6

monthes, at the price of about 1 million dollars. » Prof. J. Marescaux, Le Monde, January 6, 2010

Business class 

solution
(Lindbergh operation,

07/09/2001)

Situation 6: bilateral teleoperation

http://www.planete-plus-intelligente.lemonde.fr/sante/la-chirurgie-de-demain-c-est-la-chirurgie-assistee-par-un-robot_a-11-131.html
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+
-

Non-dedicated networks with variable QoS (Internet)

Situation 6: bilateral teleoperation

Low cost

solution
(Lille, 2012)

Our solution: Time-Delay Systems + Lyapunov theory
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Situation 7: vehicles

V2I vs V2V feedback communications (VANET, etc.)

© Prof. XiaoHong Peng
… yesterday @ Vehicular
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Situation 7: vehicles

Platooning
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Your situations?

Your problems?

Your solutions?
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Some refs…
• A survey of recent results in Networked Control Systems

J.P. Hespanha, P. Naghshtabrizi, Y. Xu, Proc. of the IEEE, 95 (1), 2007

• Trends in Networked Control Systems

S. Zampieri, 17th IFAC World Congress, Seoul, 2008

• A switched system approach to exponential stabilization through com. network 

A. Kruszewski, WJ. Jiang, E. Fridman, J.P. Richard, A. Toguyeni, IEEE CST, 20 (4) 2012

• A novel control design for delayed teleoperation based on delay-scheduled LKF
B. Zhang, A. Kruszewski, J.P. Richard, Int. J. Control, 87(8) 2014

• Recent developments on the stability of syst. with aperiodic sampling: an overview
L.Hetel, C.Fiter, H.Omran, A.Seuret, E.Fridman, J.P.Richard, S.I.Niculescu, Automatica, 2017

+ in French…


