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Overview
• Microgrid drivers
• Three big benefits
• Market growth
• Successes and Barriers

And, the Realities As We Know It
 Reliability is not differentiated and may be getting worse…
 An “outage” is 3 – 5 minutes (really!!)
 Storms are bigger, driving the need for more resiliency
 System Load factor is decreasing
 Peak conditions occurring ≤ 1% of the time
– Lots of infrastructure investment to serve a small period
– Significant system vulnerability during this period
 Uncertainty and more complexity
 Markets are developing for ancillary services
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Growing Infrastructure Vulnerabilities
Climate Change: Weather related power outages have increased
significantly n the last five years: water levels, wildfires, flooding,
drought, intense storms…

Cyber-security: Increasing threats on energy installations.
Physical Threats: Continued increase of highly visible attacks.
Need designs and improved supply chains for key components.

Interdependencies: The interdependencies of the
electric and fuel infrastructures greatly complicate emergency response
and recovery.

Supply/demand Shifts: The lack of pipeline
infrastructures has resulted in large-scale flaring of gas, in amount
sufficient to be seen from space. Also constraints have created
significant spikes in market prices and threatened electric reliability
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Resilience
• Resilience: “..ability to prepare for and adapt to changing
conditions and withstand and recover rapidly from disruptions..”*
• For distribution systems, resilience means the ability to withstand
Blackout in Manhattan caused by Sandy
major disturbances.
– Natural disasters: Earthquake,
tsunami, hurricane, flood, forest
fire, ice storm, etc.
– Major events:
• Superstorm Sandy, US, 2012
• East Japan earthquake, March 11, 2011
• Ice storm in Québec, Canada, 1998
*

Source: Beth Buczynski, “What Hurricane Sandy Taught Us About
America's Crumbling Infrastructure”, http://inhabitat.com/whathurricane-sandy-taught-us-about-americas-crumblinginfrastructure/

Presidential Policy Directive 21 – Critical Infrastructure Security and Resilience [Online]. Available: http://www.whitehouse.gov/thepress-office/2013/02/12/presidential-policy-directive-critical-infrastructure-security-and-resil
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Enhancing resilience in Distribution Systems
• Nearly 90% of power outages occur in distribution systems.*
• Natural disasters cause large‐area and extended outages for
electricity services, resulting in huge losses.
Downed utility poles and wires after hurricane

Source: Rebecca Smith, “Getting 'Smart' on Outages”,
http://online.wsj.com/news/articles/SB100014240529702047554045781
01591971017814

*

Power poles pulled down by ice storms

Source: “Thousands in the dark after ice storms cut power lines in US, Canada”,
http://eyebuster.com/thousands-in-the-dark-after-ice-storms-cut-power-linesin- us-canada/

H. Farhangi, “The path of the smart grid,” IEEE Power & Energy Magazine, vol. 8, no. 1, pp. 18-28, Jan. 2010.
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U.S. Vulnerability to Climatic Conditions
Lower water levels:
Reduced hydropower

Cooling water
intake or
discharge too
hot: Shutdown
and reduced
generation from
power plants
Intense storms:
Disrupted power
generation, distribution
and oil /gas operations

Wildfires: Damaged
transmission lines

Flooding: Impacts on
inland power plants

Water restrictions due
to drought: Limiting
shale gas and power
production

Lower river levels: Restricted
barge transportation of coal
and petroleum products

Source: U.S. DOE (2013), U.S. Energy Sector Vulnerabilities to Climate Change and Extreme Weather.

Grid Resiliency Now a Major Issue in United States

Concern: US Grid Resiliency
U.S. Power Outages Affecting 50,000
Customers Caused by Extreme Weather

(Source: National Oceanic and Atmospheric Administration)
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Cost of Electric Service
• $363 billion is annual electric bill in
US (2013)
• $200 billion is paid by commercial
and industrial firms
• Business losses is $80 ‐ $150 billion
annually due to interrupted service
– Source: LBNL and EPRI studies)
– Uses the ICE Calculator

Topical Report on DOE Smart Grid ARRA Micro Grid Projects, Steve Bossart, April 2014

Distributed Generation Costs Trends
Solar PV and Diesel Technology Power Cost Trends: 2001-2013

(Source: HOMER Energy )
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Change: Technology, Price, Behavior
Rate of Solar installations per minute in
the
US
is declining
Map
Snapshot
Ikea
MoreGoogle
Electric
Vehicles
are of
Coming
Storage costs
are
following
solar
Frisco, Texas

2014: One installation every 2.5 minutes

Incremental capacity is coming from customers

Drivers for Microgrids
Microgrid Benefits
Security and
Resiliency

Efficiency and
Optimization

Green Integration
and Operations

Customer Challenges
Impacts of loss of power:
•

Outages and catastrophic events have
a clear impact on economic output and
impact on social services

•

Declining reliability of grid (or lack of)

Cost of electricity:
•

High cost of energy at remote locations

•

Harvest more bi-directional value

•

Market development ie ancillary services

•

Increasing electrical rates

•

Solar PV and diesel fuel price trends

Sustainability and operational ease:
•

Mandated public policy

•

Increasing renewable penetration

What is a Microgrid in the US?
Microgrid Key Attributes:
• Grouping of
interconnected loads
and distributed energy
resources
• Can operate in island
mode or grid‐connected
• Can connect and
disconnect from the grid
• Acts as a single
controllable entity to
the grid

Fault

Local
Community

Primary
Source
Alternate Source(s)

Islanded Grid

Changes How We…
Make Energy:
• More distributed supply
• Accommodate growth

•
•
Move Energy:
•
• Flexible, intelligent, resilient •
• Increase visibility
•
•
•
Use Energy:

• Integrate end‐use activity
• Empower customers

Technologies:
Energy storage
Power electronics
Distributed intelligence
Adaptive protection
Layered architecture
Self‐diagnostic, healing
Data, cyber, analytics

Source: IEEE GridVision 2050

Old Grid

Vision: Integrated Grid

©2015 S&C Electric Company, Inc. All rights reserved.

MicroGrid Forecast for US
Total Microgrid Generation Capacity (existing and planned) by End-User and Region

Microgrids… “expected to grow the market opportunity by over 3.5 times
between 2015 and 2020, to over $829 million annually.”
Source: North American Microgrids 2015: Advancing Beyond Local Energy Optimization, Omar
Saadeh, Green Tech Media

Oncor Anticipates Market Development

David Chiesa – Explains Oncor Microgrid
Leverages ERCOT market signals to improve
DER economics

Source: David Treichler, ONCOR “ONCOR Energy Storage and Microgrid” for DOE in June, 2015

ONCOR Microgrid
• Utilizes distributed generation
– two solar photovoltaic arrays
– a microturbine
– two energy storage units
– four generators
• Energy storage is the backbone

A showcase to promote utilities to rate base energy storage batteries
for distribution system support and wholesale market services

Distributed Intelligence with Oversight
Difficult to Manage Centrally

•

Emerging conditions
– Multi-directional power flow
– More uncertainty
– Less time to react
– Pressure to reduce outages
– More inter-connections
– More dynamic operations

•

Distributed intelligence is key

S&C IntelliRupter® PulseCloser
Distributed intelligence
Two-way sensing, adaptive protection

Microgrid Components
Alternate Energy
Energy Storage
Fault Isolation, Protection, Restoration
• Other
– Communications, smart meters and sensors
– Power electronics, smart inverter, grid interface
– Smart Controller that merges needs, loads,
system capability, markets and priorities

Examples of S&C Microgrid Experience
Application
Dyess
Ft. McNair
Cyber Innovation
IIT
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Learnings
• Selecting the optimal technologies is critical to project success
– Requires front‐loaded design incorporating steady state and
dynamic state studies
• Design the control system during the planning stage to ensure
the complex networks deliver the expected benefits – both
financially and operationally.
– Must maintain system stability, optimally balance supply and
demand and respond in real‐time
– Mitigate any potential safety risks
• Select project partners with strong track records, proven
abilities and skills to design and integrate

Opportunities Remain
• Regulatory, ownership, price issues
• Re‐defining the roles

Bulk Power
System

Distribution
Operations

• Standards for interoperability
• Workforce competencies

Energy
Financial
Services

Customer

• Dynamic operations
• Utilize lots of data with varying
time domains
• Cyber‐security obscurities

Energy
Provider

Energy
Device
Firms

Energy
Related
Services

Processes and coordination needed
across multiple entities

In Closing…
• Recognize the trends and drivers
• Enable the future by looking forward...
– Make it
– Move it
Wanda Reder
– Use it
Chief Strategy Officer
S&C Electric Company
• Distributed intelligence, renewables,
Wanda.reder@sandc.com
storage are key
(773) 381-2318
• Future workforce opportunities
• IEEE Smart Grid is a resource
• Get involved!
Candidate for 2017 IEEE President-Elect
www.wandareder.com

