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 Thermodynamics is the study of the effects of
work, heat and energy on a system

« All of thermodynamics can be expressed in
terms of four quantities

 Temperature (T)

- Internal Energy (U)
« Entropy (S)
 Heat (Q)

« Work (W)
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The First Law of Thermodynamics 4Asia Conference 2016

 Thermodynamics is the study of the effects of
work, heat and energy on a system

 The change in internal energy of a system is
equal to the heat added to the system minus the
work done by the system.

AU=Q-W

Adiabatic Process Q=0 No Heat Transfer
Isothermal Process Constant Temperature
Isobaric Process Constant Pressure
Isochoric Process Constant Volume
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The Second Law of ThermodynamiCSeuidaasia conference 2016

- Heat flows spontaneously from a hot object to a
cold object

 The second law of thermodynamics introduces
the notion of entropy (S), a measure of system
disorder

« U is the quantity of a system’s energy and S is
the quality of a system’s energy

A device which transforms heat into work is
called a heat engine
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A device which transforms heat into work is
called a heat engine

- Carnot Cycle (The area under the PV curve
represents the quantity of work done in a cycle)

Curve A (1 — 2): Isothermal expansion at T,
— Work done by the gas
Curve B (2 — 3): Adiabatic expansion
— Work done by the gas
Curve C (3 — 4): Isothermal compression at T
— Work done on the gas
Curve D (4 — 1): Adiabatic compression
— Work done on the gas
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 Heat engines require a hot reservoir to supply
energy (Q,) and a cold reservoir to take in the
excess energy (Q,)

« The thermal efficiency n of a heat engine is

n=1-Q./Qy
« Itis impossible for any system to have an
efficiency of 100% (n = 1)
« Itis impossible for any process to have as its
sole result the transfer of heat from a cooler
object to a warmer object.
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No system can reach Absolute Zero Temperature

MIT researchers achieved 450 pico-Kelvin in
2003 (less than /2 of one billionth!)

Molecules near these temperatures have been
called the fifth state of matter:

« Super-fluidity and super-conductivity happen
at these temperatures
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Maxwell’s Demon & Szilard's Engine Asia Conference 2016

« In 1871, J.C. Maxwell devised the idea of the
Demon to show the probabilistic nature of the
second law: an intelligent being capable of
measuring the position and momentum of the
particles in a gas could in principle violate this law,
for example by inducing a flow of heat from a cold
source to a hot one.

 The Szilard Engine was a thought experiment,
devised by Leo Szilard in 1929. It was a refinement
on some of the Maxwell's Demon models of the
time. The engine demonstrates how a possession
of information might have thermodynamic
consequences, and in principle constitutes a single
heat bath engine.
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The Second Law of Thermodynamics
(without Feedback)

W, <—AF

Heat bath eXt
(temperature 7)

« AF is the free Energy
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Maxwell’s Demon & Szilard's Engine

V V kBT

dV = kT In?2
V/2 Jvip V




13

The Second Law of Thermodynamics

(with Feedback)

Information/ &)

' } Feedback
Heat Work:
bath W

AF
* AF is the free Energy

w._.. <-AF

ext

+ kg T In2
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Maxwell’s Demon & Szilard's Engine

, — . . Heat bath
' Initial State | Partition | | Which? T
9 \d ® A
l".— \l [ )
Isothermal, | ‘ Measurement ﬁ
quasi-static \ / In2
expansion | : B
S o S | Left |
Work ® < | Feedback J
‘\ % " Right |

Entropy formula: S=kgTlog 2
where k; =1.38x10-23 joules/Kelvin is the Boltzmann constant.
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The Second Law of Thermodynamics

Conventional heat engine:

Heat = Work
. s N i@ Heat Efficiency:
TH engine TL n = M/ext/ QH I — T/TH

‘ Carnot Cycle

Wext

Information/ &’

' Feedback
Heat Work I/Ve\t <-AF +kgT In2
bath _

Szilard Engine

AF W, +AF =ky T In2

Work and Free Energy:
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Maxwell’s Demon & Szilard's Engine

[ e

Initial state

Left piston pushed Separator lifted,

In for free. molecule pushes
left piston to left
using heat from
environment.

Memory is erased,
back to initial state.
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Information Thermodynamics

Feedback

Information
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Information Heat Engine

Information

Controller Qrrnsnnnns

Feedback

L_J
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Small system
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Information Heat Engine
Measurement and Feedback
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Energy and Information Correlation

Human

> 7 - Various Information
> E - Various Energy
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C.C. Chan 2012



More Information

Energy and Information Correlation
- Towards Sustainable Energy

By C.C. Chan, F.C. Chan, and Dan Tu

The full paper can be downloaded from Open
Access at http://bit.ly/1IKA7S5zR. The paper is
published in the Journal of Electrical
Engineering on 11 Jun 2015.
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ectrical
Engineering


http://bit.ly/1KA7SzR
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Energy and Information

* First Industrial Revolution (19" Century):
Main energy source: Coal
Main IT: Telegraph

* Second Industrial Revolution (20t Century):
Main energy source: Oil & Gas
Main IT: Telephone, Radio, TV

* Third Industrial Revolution (215t Century):
Main energy source: Towards renewable energy
Main IT: Internet, Cloud Computing, Big Data Systems
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History of Information Technology

1948
1866 irs
The first 1901 eIethro:ﬂc

trans- 1887 Marconi

Computer

Atlantic Marconi  transmitted 1923 and 1969 1986
telegraph  developed radio across Invention of transistor  Birth of the
cable wireless the Atlantic television invented Internet

Mobile
telephone

1837 1876 1906 1936 1971 1988
The telegraph Invention of the Radio First First World wide
(using Morse telephone communication BBC TV microprocessor web

code) by voice broadcasts

Electronic Communication Systems Timeline
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Energy Information:

Voltage and Current Transformers

Bulld ;» ASia
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Energy and Power Flow information are derived from VT and CT

= (o f

VT Ratio

Class of VT
Voltage Factor
VT Connection

CT Ratio

CT Burden

CT Primary Current
Class of CT

Ratio Error

Phase Error

Rated Saturation Factor
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Voltage and Current Transformers

To manage the power systems network, the following information
are required after obtaining the basic data from VT and CT:

* Voltage meter

 Current meter

« Protection Relays (Overcurrent, distance etc)
 Energy meter (kWh)

 Power factor

« Maximum demand meter

* \oltage, current, power (via Transducers)

The above information was provided in analogue in nature. Not
much flexibility in further handling. Once it enters into the digital
format, a wider spread of application is further developed.

25
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Intelligent Protection, Automation, Control &
Supervision (IPACS) System

System Control
*SCADA control &

staus and Monlton@f

to '_"“ V l =

Build ” AsSia

Remote Access

*IPACS can be fully accessed
at rergqte offices
-Speed up festigation

and supply restoration

e

«* eEnhance customer services

Control
-Bay Module at individu

down

132/11kV Substation

IPACS

Distributed
Architecture

Monitoring

*On-line DGA provide data
for “ "i"rer predlctlve

3UIT UOHEDIUNWWOD

Protection

‘-Bay Module is a multi-
~funct|on relay
H-No addltlonal wir
required to alter its E
furjctlens “ | EEdl] |

Wecuntyand
Wsealability .

14Asia Conference 2016




Typical IPACS Architecture )

Build4Asia Conference 2016

System
Control
Centre

Dual Optical Fibre Network
Protection and Control Room

Bay Controllers Bay Controllers

132kV Switchgear Room 11kV Switchgear Room
27
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Phasor Measurement Unit

Substation 1

v,

Bulld ;» ASia
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Global Positioning System Signals
provide the absolute time reference

v,
v,
¥ >
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Substation 2

tht ity ts

\
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DFT or any other technique
gives:

*Magnitude

*Phase angle

With respect to GPS

GPS time synchronized pulses

Phasor Measurement Unit

o

OV

Lagging phase angles

]
@ i Leading phase angles
&' @

et Leading phase angles

S

Reference phase angle (0 Degrees)

Phasors are synchonized with
GPS signals
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Phasor Measurement Unit (PMU) i Confarenun O
GPS
receiver
Analog
Inputs Phasor

locked oscillator

Anti-aliasing 16-bit Phasor
filters A/D conv micro-
processor

Phasor Measurement Unit

PMUs provide fundamental frequency components of voltage
and current, normally with 12 sample/cycle with 16 bit A/D
converter with absolute time reference
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P M U 14Asia Conference 2016

| Phasor Data
.......... I
PMU s
m i E |
2
- o Phasor
PMU |t O . > Data Analytic Control
E § E Concentrator Function ACtion
= i £
- : 5 :
£
PMU_ Ji=§ =t Data
O | Archival
PMU at Data Input _ Mor?itor Control
Substations and Vlsua_llzaftlon Function
Management Application

Application of Phasor Measurement Unit

PMUs are placed at strategic substations with information sent

back to system control centre.
30
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PMU Applications i

4Asia Conference 2016

Dynamic State Estimation

Dynamic State

Conventional .
Estimator

Measurement

Power System
State Estimation

Phasor

_ o Measuremen_t _ _ _
Linear, Observability, Some acceptable delay — enhancing real time monitoring

of power system

Overcome the conventional deficiency in slow convergence and low accuracy
level

On-line dynamic system stability studies are possible, possibly enabling
increase in power transfer capability

Adaptive Power System Protection

Adaptive protection schemes can adjust its operating
characteristics in response to changing power system conditions

PMU opens a new spectrum for to enhance relay performance.

Travelling waves, centralized system back up protection is now
realistic
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En ergy Meter Build4Asia Conference 2016

______ha

Electromechanical
(Rotating Disk) Smart Meter
Energy Meter - Smart meter with remote
meter reading capability

« Two way communications
between supplier and
customer

« Historical data can be
stored



Smart Grid Technologies

Smart Meter plays a key role for a successful smart grid system
Control of

Appliances

Nuclear Power ’m |
Import Remote Control / :

Condition Monitoring

a

Cross-Border
Interconnection

L]
L]
L]
L]
L]
L]
L]
L]

i

(@)

—_

(

Smart Meter

& »)

Local Generation

: Grid Digital Substation Smart .

: Automation . Switch .

: : : 1 : Distributed
E P> Generation

X\

L
"?_1;1

Distributed Energy

ggzgﬁgﬁ - Management
o—y System (DEMS)
Distributed EV Charging Bﬁ?llﬁrr;[g

Points


http://images.google.com.hk/imgres?imgurl=http://www.straus7.com/carpark.gif&imgrefurl=http://www.straus7.com/broch1uk.htm&usg=__jtFy5kqRramWZ38XwG-g2oMHO2M=&h=379&w=580&sz=74&hl=zh-TW&start=231&itbs=1&tbnid=EJCifV4kf0WSjM:&tbnh=88&tbnw=134&prev=/images?q=car+park&start=210&hl=zh-TW&sa=N&tbo=1&gbv=2&imgtype=clipart&imgtbs=t&ndsp=21&tbs=isch:1
http://images.google.com.hk/imgres?imgurl=http://www.colder.com.tw/ch/new-pic/nn-007.jpg&imgrefurl=http://www.colder.com.tw/ch/air-cooled-series.htm&usg=__MBbZ6aMLy5zeNsmLKM-u9Pmf3a8=&h=180&w=180&sz=21&hl=zh-TW&start=28&itbs=1&tbnid=DsibtbHgPaMYPM:&tbnh=101&tbnw=101&prev=/images?q=chiller&start=21&hl=zh-TW&sa=N&tbo=1&gbv=2&imgtbs=t&imgtype=clipart&ndsp=21&tbs=isch:1
http://images.google.com.hk/imgres?imgurl=http://i675.photobucket.com/albums/vv117/bluestoneonline/WiFibrackets.jpg&imgrefurl=http://cgi.ebay.co.uk/WiFi-WIRELESS-USB-LAN-ADAPTER-DONGLE-for-LAPTOP-PC-NEW-_W0QQitemZ180402138004QQcmdZViewItemQQimsxZ20090831?IMSfp=TL0908311610001r22301&usg=__DxX7hEL5syzoIYM1NM7Mw67-FyQ=&h=146&w=285&sz=9&hl=zh-TW&start=246&itbs=1&tbnid=ytnC69vNQp2QYM:&tbnh=59&tbnw=115&prev=/images?q=wifi&start=231&hl=zh-TW&sa=N&tbo=1&gbv=2&imgtbs=t&imgtype=clipart&ndsp=21&tbs=isch:1
http://images.google.com.hk/imgres?imgurl=http://i675.photobucket.com/albums/vv117/bluestoneonline/WiFibrackets.jpg&imgrefurl=http://cgi.ebay.co.uk/WiFi-WIRELESS-USB-LAN-ADAPTER-DONGLE-for-LAPTOP-PC-NEW-_W0QQitemZ180402138004QQcmdZViewItemQQimsxZ20090831?IMSfp=TL0908311610001r22301&usg=__DxX7hEL5syzoIYM1NM7Mw67-FyQ=&h=146&w=285&sz=9&hl=zh-TW&start=246&itbs=1&tbnid=ytnC69vNQp2QYM:&tbnh=59&tbnw=115&prev=/images?q=wifi&start=231&hl=zh-TW&sa=N&tbo=1&gbv=2&imgtbs=t&imgtype=clipart&ndsp=21&tbs=isch:1

Buld @ Asia

Advanced Metering Infrastructure (AMlI) TR s B o
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| Meter Data
Management System

(MDMS)

A true integration of energy and information
for effective and efficient consumption of electricity
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Next Generation of Power Systems

Centralized and Distributed Power Systems

- Tomorrow

Toda

Central power station

|rE \

Photovoltaics
power plant

quality
device

plant House with domestic CHP

Factory c omme al
building



Features of Smart Grid:
Integration of Energy & Information

Power Infrastructure

Central Generajjng

Station Tra”s%rmer Information Infrastruc
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Revolution of Energy Consumptions
Smart House:

B Increase in low carbon electricity generation and reduction in peak demand
B Management of energy storage by EV and/or Lithium ion battery
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//:. ,/// Back up |
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Meter
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EV Battery (LiB)
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Appliances
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Energy Systems Development Trends

Development characteristics
- Green

« Comprehensive
- Informative
« Intelligent
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Igor Cati¢!, Maja Rujni¢-Sokele!, Borislav Dadi¢?

| + I I
. . INFORMATION INFORMATION
For the Blg Bang to occur, It MATTER ENERGY (DATA) (ORDER)

not only covers matter, energy

i
but also includes information, | SPACE : TIME !
Wthh iS lelded intO data and TECHNICAL SYSTEM
command. A question is raised STATE
“Who made the natural laws MATTER, ENERGY, INFORMATION, SPACE, TIME
that are transmitted in the form !
. . ) SPACE | ¥ TIME |

of information to energy during : .

Bia Bana?”. - INFORMATION
g 9 MATTER ENERGY (DATA)

l : i

Figure 2. Block scheme of technical systems (G. Ropohl!!).
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“The future can not be predicted,
but futures can be invented ”

==Dennis Gabor , Nobel Laureate
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Thlnk the World’ not JUSt the Thlngs lAsia Conference 2016

1. Global thinking instead of local thinking;
2. Circle thinking instead of linear thinking;

3. Closed loop thinking instead of open loop
thinking;

4. Life cycle thinking instead of partial life thinking;
5. 3R thinking (Reduce, Re-use, Recycle);
6. Harmony thinking between human and nature.
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Conclusion

From Classical Thermodynamics to Information
Thermodynamics. Szilard Engine and Maxwell
Demon would have further development and
application.

Information is linked with Energy. Information can
be interchanged with matter and energy.

The correlation of energy and information is
Important for energy from production to usage
chain.

Integration of Energy and Information should be
Included in future technology and applications
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