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Market Structure

ALBERTA
* Competitive

* Energy-only
wholesale
electricity market

Techno-economics of
Energy Storage

Comparison of battery, compressed air and power to gas
Briich energy storage technologies in the Alberta context

* All energy
transacted through
the power pool.
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Electricity Generation in Canada
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Energy Storage for Grid Security

and Modernization
Program Overview
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Program Scope

Strategic
Support and
Analysis

Demonstration
& Validation

Client Driven
R&D

Techno-Economic
Assessments

Technical Support of Codes
& Standards

Technology Roadmaps

Technical Support of Demo
Projects

System Integration
Component Validation

Manufacturability
Material Improvement
Accelerated Testing

v'Cost
v'Durability

v'Market
Acceptance

Defer
infrastructure
investment
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Program Goals

To demonstrate at TRL7, an installed cost reduction from the current
~$1000/kWh to under $500/kWh and from the current ~$2500/kW to less than
$1250/kW, while increasing the operating lifetime to >15 years from today’s 5-
7 years and strengthening the Canadian Energy Storage supply chain.

* Resource - Batteries (flow, < Smart-grid » Engineering « Utilities
extraction li-ion, lead interfaces firms * Independent
* Materials acid, metal-air) < Inverter « System power
processing  CAES » Control system integrators producers
« H2 storage * Installers » Micro-grids

ENABLERS: capital, business / technology experts, incubators, regulators, gov't




Application / Technology Alignment
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Application / Technology Alignment

System Power Ratings
1
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Publicly Funded Storage Demonstrations & Pilots in Canada
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Publicly Funded Grid Storage

Demonstrations

Hydrogen [N

Hydraulic il :EEEMC \ Smart Grid in Canada
Flywheel ecoEll . 2012-2013:

Compressed.. = SDTC L T Www.nrcan.gc.ca/smart-
= h2EA U
Battery _— | grid-in-canada-201213
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Fund Investments in Projects Millions
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> 17 projects -
> $70 M invested, > $179 M in project valug®™

(Includes projects announced 2004-2013, does not include utility-
funded or privately-funded projects)

of



http://www.nrcan.gc.ca/smart-grid-in-canada-201213
http://www.nrcan.gc.ca/smart-grid-in-canada-201213
http://www.nrcan.gc.ca/smart-grid-in-canada-201213
http://www.nrcan.gc.ca/smart-grid-in-canada-201213
http://www.nrcan.gc.ca/smart-grid-in-canada-201213
http://www.nrcan.gc.ca/smart-grid-in-canada-201213
http://www.nrcan.gc.ca/smart-grid-in-canada-201213
http://www.nrcan.gc.ca/smart-grid-in-canada-201213
http://www.nrcan.gc.ca/smart-grid-in-canada-201213

Development of failure diagnostic tools and testing

protocols
Testing protocols Codes & standards CAN/BNQ1784000
* F:.:\ilure _ * Hydrogen Release in an Underground (Hydrogen installation)
diagnostics tools Parking Facility

e Dynamic testing

e Gap Analysis on the Codes and B N ( —‘
protocols for PEM P y . o

Standards Related to the Storage of
electorlyzers teati
y Hydrogen-Fuelled Vehicles Bureau de "°'"g:fgsuaétl‘;;2

http://www.tc.gc.ca/eng/programs/environment-etv-menu-eng-
2698.htm




Policy Instruments

Feed-In Tariff (FIT) is “technology specific”

FIT advocates for various types of available technology options on the
market.

FIT may kill competition among energy storage technology developers
FIT is “dis-incentivizing deployment of energy storage technologies in the
grid”.

Ontario

Ontario’s current FIT scheme prevents a multi-level scheme for FIT
implementation

Storage technologies added in energy procurement process ( 50 MW).
Former feed-in-tariff procurement process for renewable generation
projects (>500 kW) will be replaced with a competitive procurement
model.

Time of use pricing

Enabling value stacking

Ownership structure and eligibility



|. Business Model

T eeq
ESO
Fixed
pay off Run project
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Variable pay off
Administrative Capital

control investment




H2-Storage
ll. Transportation vs. Grid Services
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Questions?

Kourosh Malek

Program Technical Lead, Energy Storage for Grid Security and Modernization
Tel: 604-221-3000

Kourosh.Malek@nrc-cnrc.gc.ca
http://www.nrc-cnrc.gc.ca/eng/solutions/collaborative/es_index.html
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