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Disclaimer 
 The information in these materials is based on information currently available to Toronto Hydro Corporation and its affiliates 

(together hereinafter referred to as “Toronto Hydro”), and is provided for information purposes only.  Toronto Hydro does not 
warrant the accuracy, reliability, completeness or timeliness of the information and undertakes no obligation to revise or update 
these materials.  Toronto Hydro (including its directors, officers, employees, agents and subcontractors) hereby waives any and 
all liability for damages of whatever kind and nature which may occur or be suffered as a result of the use of these materials or 
reliance on the information therein. These materials may also contain forward-looking information within the meaning of 
applicable securities laws in Canada ("Forward-Looking Information"). The purpose of the Forward-Looking Information is to 
provide Toronto Hydro’s expectations about future results of operations, performance, business prospects and opportunities and 
may not be appropriate for other purposes. All Forward-Looking Information is given pursuant to the "safe harbour" provisions of 
applicable Canadian securities legislation. The words "anticipates", "believes", "budgets", "could", "estimates", "expects", 
"forecasts", "intends", "may", "might", "plans", "projects", "schedule", "should", "will", "would" and similar expressions are often 
intended to identify Forward-Looking Information, although not all Forward-Looking Information contains these identifying words. 
The Forward-Looking Information reflects the current beliefs of, and is based on information currently available to, Toronto 
Hydro’s management.  The Forward-Looking Information in these materials includes, but is not limited to, statements regarding 
Toronto Hydro’s future results of operations, performance, business prospects and opportunities. The statements that make up 
the Forward-Looking Information are based on assumptions that include, but are not limited to, the future course of the economy 
and financial markets, the receipt of applicable regulatory approvals and requested rate orders, the receipt of favourable 
judgments, the level of interest rates, Toronto Hydro’s ability to borrow, and the fair market value of Toronto Hydro’s investments.  
The Forward-Looking Information is subject to risks, uncertainties and other factors that could cause actual results to differ 
materially from historical results or results anticipated by the Forward-Looking Information. The factors which could cause results 
or events to differ from current expectations include, but are not limited to, the timing and amount of future cash flows generated 
by Toronto Hydro's investments, market liquidity and the quality of the underlying assets and financial instruments, the timing and 
extent of changes in prevailing interest rates, inflation levels, legislative, judicial and regulatory developments that could affect 
revenues, and the results of borrowing efforts.  Toronto Hydro cautions that this list of factors is not exclusive. All Forward-
Looking Information in these materials is qualified in its entirety by the above cautionary statements and, except as required by 
law, Toronto Hydro undertakes no obligation to revise or update any Forward-Looking Information as a result of new information, 
future events or otherwise after the date hereof. 



Toronto Hydro-Electric System Limited 

Grid Modernization  
2006 - 2012 

3  |  Community Energy Storage   January 19, 2012  
 

Value 

Intelligence 

Integration 

Component 

Presenter
Presentation Notes
Context: THESL SG Update and transition to storage
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Pumped Hydro 98% 

> 125 GW, 2010 

2% Advanced 
Energy Storage, 
Other 

Source: Electric Advisory Committee, May 2011 

Presenter
Presentation Notes
Reference: http://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/FINAL_DOE_Report-Storage_Activities_5-1-11.pdf
Transition from overall to case for THESL
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INCREASE 
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DEFER INVESTMENTS 
 

IMPROVE ASSET 
UTILIZATION 

ENHANCE 
POWER QUALITY 

AND  
RELIABILITY 

FACILITATE 
INTEGRATION 

Presenter
Presentation Notes
- Why THESL is doing it ?
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Presenter
Presentation Notes
Concept of CES – distributed, group of customers, secondary voltage
Consortium partnership, Customized for THESL, 750 kW total
250 kW/kWh, 600 V, Li-polymer
Small footprint
Intelligence/control 
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Battery Management System 
 

Battery Enclosure 
 

Central Controller 
 

THESL 

 600 V 
 

- Power  
- Communication 

Power Conditioning System 
 

Presenter
Presentation Notes
Defining requirements
Standards
Operation, work procedures, practices
Cross department collaboration, change
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“… to steer the world towards a cleaner, cleverer and more 
competitive energy system” – World Energy Organization, 2008 

Presenter
Presentation Notes
Reference: http://www.iea.org/textbase/nppdf/free/2008/weo2008.pdf
Our vision
Summarize key next steps
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Presentation Notes
TH Priorities:
1) CES�2) Business Case
3) Fleet 
4) Power Quality



Industry Shift 

 
Centralized Energy 
 
Black Box Model 
 
Aging, Constrained Black Box 
 
Trends Stressing Black Box 
 
Power Management Model 
 
Green Power 
 
Centralized Intelligence 
 
Digital On/Off Management 
 
Supply/Demand Side Management 

  
 Decentralized Energy 
 
 Advanced Sensing and Monitoring  
 
 Extra Variable of Control: Storage 
 
 Renewable Energy and EV as Base 
 
 Energy Management Model 
 
 Green Electrons 
 
 Decentralized Intelligence 
 
 Analog Active Energy  
 (Supply/Demand/Storage)  
 Management and Microgrid 
 

ENERGY  
STORAGE 

AS LINCHPIN 



Community 
Energy 
Storage 

Uses of Storage in the Smart Energy Ecosystem 

Distribution 
Substation 

Distributed 
Generation 

Electric 
Vehicles 

Home 
Automation 

Distribution 
Automation 

Centralized Generation & 
Transmission 

• Peak shaving, load leveling 
• Volt/var optimization 
• Capacity relief 
• Power quality mitigation, harmonic injection 
• Ancillary services, stability 

• Dispatchability 
• Buffer intermittency 
• Firm capacity 
• Power quality mitigation 

• Buffer intermittency 
• System relief 
• Power quality mitigation 

• DG/EV integration 
• Peak shaving, TOU mitigation  
• Energy security, off-grid 

power, ride-through 
• Power quality mitigation 

• Peak shaving, load leveling 
• Volt/var optimization 
• Load transfer, capacity relief, 

feeder restoration 
• Supply/demand/storage energy 

management 
• Phase balancing, asset utilization 
• Power quality 

mitigation, harmonic 
injection 

• Microgrids 

Advances in storage technology, intelligence, and grid integration 



Community Energy Storage:  
Toronto Smart Grid Community Demonstration 

• Peak shaving and valley filling 
• Capital deferral 
• Reliability improvements 
• Buffering intermittency between 

new generation and loads (e.g. EV) 
• Optimal management of 

supply/storage/demand resources 
• System loss reduction 
• Power quality improvement 
• Support potential microgrid and 

backup power applications 

Grid Objectives 

• Battery performance optimization 
• Battery management system 
• Thermal and battery life 

management 
• Smart inverter technology 
• Control, Protection, Power 

Management (CPPM) technology 
• Distributed intelligence 
• Grid-aware charging/discharging 
• Standards-driven communications 

with the grid 

Development Objectives 

• Storage technology agnostic 
• Optimized manufacturing process 
• Reduced $/kWh 
• Modularity and scalability 
• Safety, reliability, robustness 

 

Production Objectives 

Design, development, and deployment of three 250kWh/250kW 
community energy storage units to be demonstrated in  
Toronto Hydro’s Smart Grid Community 



• State-of-the-art lithium polymer 
cells by Dow Kokam 

• Cells key characteristics: safety, 
reliability, cycle life, power/ energy 
design temperature performance 

• Expected 5000+ cycle under 
planned operational scheme 

• Discharge temperature range -30°C 
to 60°C 

• Multi-level protection 
• Patented thermal management 

scheme, built into module pack 
design, ability to operate in utility 
outdoor applications 

• Innovative construction to reduce 
$/kWh  

• Flexible, modular design for scaling 
 

• Distributed logic 
• Electrical and 

environmental 
controls 

• Protection, cell 
optimization, 
communications 

• Controller 
redundancy 
 

• Grid-aware” storage unit 
operation 

• Optimization engine 
• Adaptive control functions 
• Scalable to a 1MWh+ unit 

operation 
• Data logging and 

processing functions, ultra-
high speed decision making 

• Key enabler for microgrid 
and other transformative 
grid applications 

• Substation automation-like 
LAN technology 

• NPT-IGBT, PWM, direct DC-AC 
bidirectional inverter/converter 

• Smart inverter, capable of 
harmonic and unbalanced 
current injection, LV and LF 
ride-through, essentially a 
distribution feeder DSTATCOM 

• Active/reactive power 
injection, selected P/Q priority 

• Grid-connected, standalone, 
standby operating modes with 
black-start capabilities,  
anti/intentional islanding 

• Configuration grid interface, 
controllable fault-contribution 

• Relay-driven system protection 
• Local human-machine interface 

(HMI) 
• Scalable to multi-MW units 

(e.g. wind/solar farms, 
industrial applications) 

Project Innovations 

Battery Array 
Battery 

Management 
System 

Control, Protection, 
Power Management Power Conversation System 



Joshua Wong, Director of Engineering, eCAMION 
Joshua.wong@ecamion.com 
 
Aisha Bukhari, Grid Solutions Engineer, Toronto Hydro 
abukhari@torontohydro.com 

QUESTIONS? 
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