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Brookfield Renewable Power

Unique power operations focused on renewable energy

Brookfield Renewable Power is a leading producer and developer
of renewable energy focused on hydroelectric and wind
technologies

Over US$12 billion of assets owned and under management

Approximately 1,000 employees in North America and Brazil
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Brookfield Renewable Power

Leader in hydroelectric power in North America and Brazil
Hydroelectric Portfolio Total Output Capacity
Markets Stations MW
United States

New England 20 841

New York 75 705

PIM/MISO 4 168

Louisiana 1 192
Canada

Quebec 6 286

Ontario 21 897

British Columbia 5 135 B Hydroelectric
Brazil 32 532 [ wind

164 3,756 [ Other

95% of our production is sourced from renewable energy
Generating assets on 64 river systems

Over 100 years of power generating experience
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The Electricity System

Electricity system is complex, dynamic, and pressed for change
Electricity typically has been:

— consumed as it is needed

— generated to match consumption
Supply must always be instantly matched with demand
Load varies with time, natural events, and human activity
Electricity prices vary with time (supply-demand economics):

— Higher demand  higher cost, lower demand  lower cost
Many parameters must be simultaneously managed
Assets are often inefficiently used
How can the system benefit from storage?
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Typical Load Curve
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Power System Requirements

Generation
— Must instantaneously follow load
— Some renewable sources are variable, and must be “firmed”
— Variable output lowers efficiency and increases costs
Transmission & Distribution (T&D)
— Must be capable of maximum load, and often underloaded or overloaded
— Poor utilization of assets  lower efficiency, lower reliability, higher costs
— Power guality considerations
Utilization
— Loads are variable and sensitive
— Similar issues to generation and T&D
Ancillary Services
— Capacity (standby and reserve)
— Load following
— Frequency control and regulation
— Voltage (reactive power) support
— Black-start service
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Energy Storage (ES)

ES: transformation of surplus energy to a form that can be stored, then
reversal of the process to release energy to the electricity system
— Energy is stored during periods of excess production, and discharged
when it is needed
— Bulk energy storage and distributed (feeder level) energy storage are
required
The electricity system needs storage:

— ES can mitigate many of the problems of power system operation,
extend its capabilities, improve its efficiency, and enhance the use of

renewable resources
— ES is an “enabling technology” (Baxter)
ES traditionally used for peak shaving, resource optimization, and backup;
now used more and more for power quality, enhancing renewables,
deferring investment

— Wide range of capabilities are needed — from a few kW to more than
one GW, with discharge times from milliseconds to hours or even days

ES may be a lower cost alternative to new plants or lines
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ES for Energy Supply/Optimization

Balance supply and demand (effectively load shifting and “generation
shifting”)

Offset peaking generation requirements

Capture energy revenue from on-peak /off-peak energy price
differentials

Lower value off-peak generation can be stored and converted to higher
value peak capacity

Arbitrage of low-cost energy into high-cost regions

Use available baseload and mid-merit generation to charge ES
Reduce cycling and dispatch of conventional power plants
Optimize the use of T&D plant

Improve capacity factors, and defer capital investment

Reduce energy losses and emissions

ES can respond very quickly to provide ancillary services

ES can provide emergency power and “ride-through” or “bridging”, improve
power quality, and improve security of supply
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Effect of ES on Generation/Load Profile
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ES for Renewables

Renewable sources (“renewables”) include hydro, wind, solar,
biomass, geothermal, and others

Many renewables are naturally variable, as output is determined by
the processes of nature:

— Generation does not follow consumer demand

— Such renewables alone are “unscheduled”

— When demand is low, available energy production is “spilled”

— When demand is high, production cannot be increased
Avallability and capacity factors of wind are relatively low
Variable renewables need backup or firming capacity

Allowable penetration of wind and solar energy is limited, without
corresponding investment in firm generation, T&D, or ES.
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Benefits of ES to Renewables

ES allows variable renewables to be more fully used, and may allow
them in effect to be “scheduled”

Energy supplies from systems that include variable renewables and
distributed generation must become at least as continuous and
reliable as energy supplies from conventional power systems — ES
contributes to that requirement

The capacity factors of wind energy must be raised to much higher
levels to make it more cost-effective - ES can effectively increase
these capacity factors
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Interaction of ES with Renewables
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Types of ES

Mechanical

— Pumped storage hydro (PSH)
— Compressed air (CAES)

— Flywheel (FES)
Electrical/Magnetic

— Supercapacitors (SCES)

— Superconducting magnetic energy storage (SMES)
Chemical

— Regenerative fuel cells

— Batteries

— Hydrogen

Thermal
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Applications of ES Technologies
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PSH
CAES
FB
MAB
SSB
LAB
NCB
LIB
HES
OAB
LDF
HPF
HPS
SMES

Pumped Storage Hydro
Compressed Air Energy Storage
Flow Batteries

Metal-Air Batteries

Sodium Sulfur Batteries
Lead-Acid Batteries

Nicad Batteries

Lithium lon Batteries
High-Energy Supercapacitors
Other Advanced Batteries
Long-Duration Flywheels

High Power Flywheels

High Power Supercapacitors
Superconducting Magnetic Energy Storage
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Efficiency and Cost of ES

Graphics courtesy of
Electricity Storage Association
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ES in Canada

Canada has not focused on the development of ES, due mainly to the
preponderance of storage hydropower and the nature of our system.

Large-scale storage:
— Japan 10%

— USA 2.5%

— Europe 5%

— Canada <0.1%

The Report of the National Advisory Panel on Sustainable Energy Science
and Technology, Office of Energy Research and Development, Natural
Resources Canada, 2006:

— Recognized inherent energy storage capacity of hydro systems

— lIdentified advanced T&D and storage systems as a high-priority
technology area for Canada

NRCan “Decentralized Energy Production Initiative”

Several manufacturers in Canada are making important advances in
developing ES and bringing it to commercial success
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Hydropower and ES

Hydropower plants with reservoirs inherently provide storage
Water stored in hydro reservoirs provides:

— energy production, flood control, irrigation, recreation, drought
management, or other uses

— Rapid response and load changes

— Load following and cycling

— Backup

— Optimization for less flexible forms of generation

Conventional hydropower is also one of the renewable energy
options with the lowest greenhouse gas emissions and the highest
energy payback ratio

Most of these attributes are shared by pumped storage hydro

17

i)



Pumped Storage Hydro (PSH)

Pumped storage hydro is based on conventional hydropower concepts

— Water is cycled through a pumping-generating plant, between an upper
reservoir and a lower reservoir

— Potential energy of water is converted to electrical energy during
generation phase, and vice-versa

PS plants provide energy balancing and ancillary services: voltage and
reactive power support, capacity reserve, black start, regulation, and other
services

PSH has advantages at the bulk supply level, is a proven technology, and
the most widely used ES today

Global PSH — over 90 GW in approximately 380 PS plants in service
worldwide

USA PSH - 38 plants, 19.5 GW (approximately 2.5% of total installed
generating capacity)

Canada - one plant, 122 MW (approximately 0.1% of total installed
generating capacity)!
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Operating U.S. Pumped Storage Plants

Source: Platts Power Map
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Typical PSH Plant and Pump-Turbine

Source: Voith Siemens Hydro

Source: Alstom
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Main Features of PSH

PSH requires a site for an upper reservoir and a lower reservoir, a
relatively high head (typically >200 m), and access to the bulk
transmission grid.

PS plants range in size from less than 30 MW to 2400 MW, with new
plants typically in the range of 500 MW to 1500 MW

Most plants use reversible pump-turbines/motor-generators, with unit
sizes in the range of 200 MW to 500 MW

Most PS plants operate on a daily cycle, generating from four to ten
hours per day, and pumping during evenings and weekends

Rapid start from standstill (one to four minutes), and reversal from
pumping to generation (as quickly as four minutes)

Cycle efficiency is an important measure: ratio of energy generated
to energy consumed each cycle — typically in the range of 70% to
80%
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Development of Hydropower and PSH

Conventional hydropower has an essential role in the energy supply
system, and development proceeds - 130 GW under construction in
100 countries (10 GW in Canada), with 350 GW to 450 GW planned

Many PSH plants were built 20 to 40 years ago, and will benefit from
rehabilitation and upgrade.

— Existing PS facilities are being rehabilitated to give higher power
and efficiency.

— New developments (e.g. variable speed operation, better cycle
efficiency) may improve economics.

New PSH construction requires special site conditions; however,
construction is underway on many PSH plants - worldwide >40
plants proposed, total of 33 GW.
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Future for ES

“Energy storage is a precondition of any sustainable energy policy.”
(Leonhard and Grobe, 2004).

Interest and development work in ES are increasing, driven by its
contributions in several areas of concern: reliability, load growth,

Infrastructure reinvestment, environment, and the rise of renewables.

Many stakeholders realize that ES is an essential component in the
electricity supply system, and are taking steps to ensure that it will
play a role of increasing importance in our power systems.

A full range of ES technologies is needed, and with its many
advantages hydropower will continue to fill a need for large-scale
bulk storage.
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Cockwell PGS

Cockwell PGS
Massachusetts, USA
Capacity: 600 MW
Storage: 3000 MWh

Head: 720 feet
(220m)
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Questions?

David Youlen
Senior Vice President
david.youlen@brookfieldpower.com

(315) 413-2899
www.brookfieldpower.com
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