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" Global warming
" Greenhouse gases

" CO, from fossil fuel
energy sources
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380
370
360
350
340
330
320
310
300
290

- = ]
-
4 :g K
[ h

CO2 Concentration

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000




Europe Renewable Commitment

Proportion d'énergies renouvelables
dans le bllan d’énergle des pays de I'UE

EU Renewable target: 20% by 2020
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. US 1s Awaken

March 2009
MN: 25% by 2025 VT: (1) RE meets any increase ME: 30% by 2000
(xCe.l- 30% by 2020) in retail sales by 2012; 10% by 2017 - new RE
WA - 2) 20% RE & CHP by 2017
WA: 15% by 2020 @ y [3 NH: 23.8% in 2025
ND: 10% by 2015 WI: requirement varies by
- utility; 10% by 2015 goal
OR: 25% by 2025 (large utilities) MT: 15% by 2015}
5% - 10% by 2025 (smaller utilities) :

2t MA: 15% by 2020

+ 1% annual increase

*MI: 10% + 1,100 MW G ((17:‘;3 'bF;e;Z";a(;"FS)
by 2015 y IR

SRR | CT: 23% by 2020 |

[3% NY: 24% by 2013 ]

| 3¢ NJ: 22.5% by 2021

[Xf PA: 18%** by 2020]

* 200
¥ NC: 12.5% by 2021 (IoUs) [ MD: 20% by 2022
10% by 2018 (co-0ps & munis)

2t *NV: 20% by 2015

S
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Lt OH: 25%** by 2025 3

R . 0 -.-'-'.'-'-'.:--.-
¥ CO: 20% by 2020 (1oUs) IL: 25% by 2025 :
*10% by 2020 (co-ops & large munis

CA: 20% by 2010

3 MO: 15% by 20214558

It AZ: 15% by 2025

¥ NM: 20% by 2020 (I0Us)
10% by 2020 (co-ops)

[ *DE: 20% by 2019

o [¥f DC: 20% by 2020]
| HI: 20% by 2020 |

[ *VA: 12% by 2022 |
TX: 5,880 MW by 2015 28 states have
'.‘.‘ [l state RPS an RPS;
s O Solar hot water eligible =
¥t Minimum solar or customer-sited RE requirement State Goal S states have
* Increased credit for solar or customer-sited RE an RE goal
** Includes separate tier of non-renewable “alternative” energy resources




Changing Grid

" More smaller generation " Renewables are under-
" More variable resources de.V.eloped and under-
(wind and solar) utilized

» US has 960MW installed
capacity, average used
capacity 1s only 440MW

" More customer interaction




Smart Grid Concept

/

N—

Smart gird plan (2005

»

EU

ETP

US

= EPRI IntelliGrid

e \ = “
53 L " Standards
SR
&
N #
us

2007 DOE Modern Grid Strate
2009 Obama stimulus plan

n




What is a Smart Grid?




Smart Grid

“Smart Grid” 1s an aggregate term for a set of
related technologies.

It 1s a modernized electricity network

It applies new information and communication
technologies to traditional power grid.

It 1s a upgrade of the power grid to optimize its
operations and to fully accommodate renewable
energy resources.




Enabling Technologies

" Enabling technology

» Information and

communication
technology (ICT)

» Advanced power
system monitoring and
control

= Smart grid applies
such technologies to
power system
operation




Visions of Smart Grid

Accommodate all generation (including
renewables) and storage.

Enable active participation by consumers.

Optimize asset utilization and operational
efficiency.

Provide power quality for the digital age.

Anticipate & respond to system disturbance (self-
healing)

Operate resiliently against attack and natural
disaster.

Enable new products, services, and markets.




Real-time Control of Power Systems
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EMS Control Center 5 Power Station
E E = ﬁ Mostly no real-time control and
% Be e rely instead on manual control
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= Start from Smart Meters,
AMI

» Demand response

" Distribution side
» Distribution network

» Substation
" Transmission side

» Power flow control

» Transmission system
operation

\

Development of Smart Grid

Metering

Communication

Sensors
IT, GIS

Visualization

Computation
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'vanced control
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Advanced Metering Infrastructure (AMI)

" In the 80’s large industrial consumers
started the automated meter reading (AMR)
system, which was later developed 1nto
AMI 1n late 90’s.

" AMI consists of smart meters and a
communication network.




AMI

" Passive load becomes active customer, microgrid

" More 1nfo for power

grid monitoring

» Traditional operation
info

» Market info.

" May incorporate
other distribution
automation
functions




World Map of AMI
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Economic Benefit of AMI

" Depends on demand response, reliability
requirement, incorporation of other
functions, etc.

" Survey of 38 US power companies

» AMI reduces 11% electricity consumption at
peak hours.




Smart Home

" Extension to home, smart home, smart appliances.
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Smart Substation

" A digitalized platform
" PMU replaces RTU

» Time-stamped
measurements LLocal area
network

" Self-healing

" Data management and
visualization

" Standards




Smart Transmission

" Phase measurement units (PMU) and wide-
area measurement systems (WAMS).

" Flexible AC transmission system (FACTS)

" Power line conditioning measuring systems




Smart Grid: Functional View
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Smart Smart Smart Smart Smart
Generation Transmission Substation Distribution Home
" Wind, solar * FACTS = SCADA = DA ®" Demand
and other = WAMS = DMS = AMI response
renewables ® [ ipe " Microgrid ® DER - Intel}igent
= Storage condition appliances
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Smart Grid: ICT View

Application

® Risk-limiting dispatch

Information
Management

®  Data model standardization
" Distributed data service 88 u I

(

Communicatiof
Infrastructure

"  Optical fiber/ wireless

®  Communication network
protocols

—

Monitoring anc
Control

" Embedded intelligent
SeNsors

=71 " Sensor network technology

Power
system

components




EMS and AMI Integration
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comr]

A multi-layer structure Optic Fiber
hunication network is needed Backhaul

Microwave
Backhaul

" Wide area network




Smart Grid Challenges

HKU Smart Grid Lab Testbed

Primanyd Substation

Demand-side response
Energy optimization

Secondary
E S SUbRgmIN Wireless
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Power line carrier

Flow Control
FACT Monitor

Super Conductor Visualization
Fault detection Communication
Sensor network Sensors

Control Centeyop nfo-
Bettex strategies

Differpnt concept




Will Smart Grid Make a Ditference?

Without a smart grid

<13% renewable
penetration

5% demand response

<1% consumer generation
used on the grid

47% generation asset
utilization

50% transmission asset
utilization

30% distribution asset
utilization

With a smart grid

>30% renewable
penetration

15% demand response

10% consumer generation
used on the grid

90% generation asset
utilization

80% transmission asset
utilization

80% distribution asset
utilization




Summary

® Smart grid promises

» Integrate and fully utilize renewable resources and
demand participation

» Optimal operation and resiliency against attack
" Enabling technologies

» Information and communication technology

» Power electronics

® Unleashing innovation for

» New sensors, smart appliances, new devices, new
products, .....
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