Transition in Power Systems
- Smart Grid and Renewable Energy

= Introduction to electrical power industry

= New developments in power systems
= Distributed generation & renewable energy
= Smart grid

Power Industry — Early Days

= At the beginning of electric power industry 130 years
ago, generators were small and services were local

» The Parliament Building was lit by electric lamps in
1884 — early adopter of new technology
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Power Industry — Yesterday

» Larger generators, longer distances and higher voltages
- rapid expansion of “electrification”

= Power systems - a sophisticated, reliable, vertically
integrated, man-made network

W Hydro Power

Power Industry - Today

= Generation, transmission, distribution and consumption

» ~25% of Canadian energy consumption, 22%
greenhouse gas (GHG) in Canada

= Industry in transition: more players, GHG reduction,
expectation for return on investment, new technologies
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Power Industry in Transition
= More small, renewable energy based generators
= Vertically integrated network - Mesh network
_ Wind energy: 6% electricity needs

Distributed generators
are connected to
distribution systems

Vertically Integrated Systems->
Mesh-Networked Systems
Established: In development:
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Increased Distributed Generation
Impact of Renewable Energy o~ | _
_ = Distributed generation provides about 45% of
= CA (USA): Solar-> Valley at noon, high ramp rate electricity in Denmark
Centralized production in the mid 80's Decentralized production of today
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Analogy: large computers <> personal computers 8
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New Challenges in Power Systems

» Additional flexible system resources — where are they from??
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Courtesy of B. Kirby, Oak Ridge National Laboratory

Utility Energy Storage Market

- Developing Rapidly

Capacity Share of ESS Categories

W Pumped Hydro ® Electrochemical ™ Electromechanical = Hydrogen ™ Liquid Air ®Thermal




Storage Technologies are Still Expensive
- Where is the low hanging fruit

Capital Cost of ESS

Operating Cost of ESS
T
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Alternative Energy Storage?

Electric Vehicles

Industrial Loads

Fossil Fuel Plant

Low Hanging Fruit?

-Distributed Resources
Wind/Solar DGs

Distributed Gen.

Smart Grid - Integrating Two
Large Man-Made Infrastructures

Information infrastructure
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Empowering Increasing
efficiency

consumers

Reducing CO,
emissions

4

Control Intelligence —  ——,

s Creating
values

Improving
reliability

Electrical infrastructure

Embracing
renewables

Increasing
productivity

A New Electric Grid

Smart Appliances

Can shut off in response to
frequency fluctuations

SMART GRID

A vision for the future — a network
of integrated microgrids that can
monitor and heal itself.

Demand Management

7\ Use can be shifted to oft-peak
. times to save money

Solar Panels

/" Disturbance
in the Grid

Execute special protection é Detect fluctuations and \y
schemes in microseconds. 'y disturbances, and can signal \
as to be isolated. ‘l
.
» v -
Energy generated at off- »

peak times could be

Wind Farm

Energy from small generators
and solar panels can reduce

“Upgrading the grid,” Nature, vol. 454, pp. 570-573, 30 July 2008.




Loads as Energy Storage Devices
Similar to Dispatchable Generators?

Wholesale

5% Space Heating & Cooling

Industrial w\Water Heating
Transmission

31% Appliances, Lighting, 4% Lighting

13% /
Street Lights
1% ‘
Industrial Water Heating Space I-u_. ting
Distributio &c:;;;. q
5% o

sidential . -
7% Typical household

electricity usage in NB,
My

Shifting Power without Negative ©®
Impact to End Use — from Demand
Response to Direct Load Control

ENERGY

Overall System Structure

+ ELECTRICITY
FLF( TRICITY 5 g T T

7 Generation

,’ Substatlonl —
/

] 5 i
N 777\ pisco e
ENERGY UELET METER

CONTROL -
CENTRE /
2 @y
}
* A

Multi-Agent | TCP/ 'F'.._.,
Controller

NETWORK RADIO
CONTROLLER TOWER

RESIDENTAL
—

— 19

COMMERCIAL

PowerShift System Structure

UAL
st |RT ﬂ,GGHEGIﬂm"

Wind Foreca
pDWE
- PLANT @ --j
L- N

“ ESIDENTIAL
_E.!' h L R ‘ .

- L
SYSTEM B — '-}

GREGATOR

CgmMEREIAL

= System Operator — energy and service dispatch

= Virtual power plant — similar to a large controllable storage unit
» Load aggregators — groups of residential and commercial loads
= Customer loads (with storage capacity)

= Control, communication and management (tap into smart grid

infrastructures)




Virtual Power PIant (VPP)
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= Optimize load profile based on
system resources

= Shifting load power without
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- UNB Load Aggregators
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PSA Server at UNB (psa.ece.unb.ca)
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= Real-time power system |
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= Ancillary services '
(eg 10-minute reserve) « Fully utilize existing smart grid infrastructures
Modeling, Forecast & Control ® Aggregated DEWHs (pllot) ®
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EVs as Energy Storage Devices

Schedulable capacity forecasting (SCF)

Model of real-time
SCF by Spark
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Emera’s Strategic Focus

Higher Carbon

Customers count on us for energy to power every moment of every
day, and for solutions to power a sustainable tomorrow.

BARBADOS

ATLANTIC
OCEAN

Barbados

ATLANTIC OCEAN

Population of nearly 300,000
166 square miles

Supportive Government and
receptive and engaged public

Donor and Multilateral
Lending agencies are very
engaged

15" highest population density

in world

6™ highest road density in
world

GDP per capita approximately
equal to Thailand and Costa
Rica ($16K/person)




Transformation of Barbados
Electricity Market and Economy

Carbon Free = Renewable Energy + Electrification

(Replacement of vehicle
fuels with electricity)

Barbados to be 100% Clean Energy by 2045
Barbados to be 100% Electrified by 2045

Customer Choice

Economics Jobs

Technical Solutions for Barbados

The Crystal Ball

Interconnections
- none

Hydro
generation -
none
Pumped
storage sites
= generation -
- none b
not yet
defined
Electric

domestic hot
water heating
power shift -
none

rotational
generation

EV batteries -
20% of electric
vehicles with
charge-
discharge

Industrial
storage loads -
little

Waste to
energy
rotational
generation

Load shedding -
too drastic
(normally one-
short)

EV batteries - one way
charging only for 80%
of electric veliicles.
Charged from stand-
alone Solar Charging
Yards

Time of use pricing — no, the solar is not available at night

Summary

= Electric grid in transition:
= Penetration of distributed renewable generators
= Structural change to a mesh-networked system
= Smart grid technologies as an enabler:
= Transformation of power systems
= Technology for innovation and economic benefits
= Opportunities for Canada to take the leadership
= Innovative technologies
» Full scale installations — economic development




