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•More renewables?

• Reduce demand?

• Smarter control systems?

• Smarter grid?

• Demand side control?

• Good economics?

• Safety/accessibility?

• Scalability?

• Resiliency?

• Better distribution/penetration?
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Where have we been?

What’s happening now?

What’s next?
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Why has storage been so hard to do?

• Cost
• Technology Options
• Familiarity
• Comfort and safety
• Data acquisition/Load Profiles
• Scalability
• Lack of Control Systems
• Technical Complexity
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“What happens when solar and batteries join forces? 

Together they can make the electric grid optional for many 
customers—without compromising reliability and increasingly at prices 
cheaper than utility retail electricity.”
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The Smart Grid: storage from a generation perspective
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“reduction in the output of a generator from what it could otherwise 
produce given available resources”

“During 2015, China installed some 33 gigawatts of wind turbines, 
which was more than half of new wind installations worldwide. But, in 
the same year, government statistics show “33.9 billion kilowatt-hours 
of wind-powered electricity was wasted … equivalent to the electricity 
consumed by 3 million American households a year,”

The problem of curtailment
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The end-user (demand-side): reasons for storage

UPS: Have power when there’s a utility outage 

Peak Shifting/Time of Use: Taking advantage of shifting your solar power into 
times of greater usage (e.g. morning and late afternoon) for economic reasons

Grid-defection: Going net-zero - getting off the grid for personal or 
environmental reasons
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The problem of unmanaged demand
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Lead-Acid
• Been around for 100+ years and so is “well-understood”

• Easiest to use

• Still life in them with newer “advanced” lead-acid with carbon-infused 
negative plate

• Full charge controllers support
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Nickel: Ni-Cad
• Also been around for 100+ years and so is “well-understood”

• Vented flooded (wet) cells are used for large capacities

• Very common in aviation, rail, mass-transit, backup power for telecom, and engine starting 
for backup turbines.

• Requires maintenance every few months

• Tolerates deep discharges

• Can suffer from a “memory” effect

• Cost effective
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Nickel: Nickel-Iron (NiFe)
• Also been around for 100+ years but went out of favor for a long time

• Used mainly in European mining operations because of their ability to withstand vibration, high temperatures, 
and other physical stress. Also used in railway vehicles.

• Very common in aviation, rail, mass-transit, backup power for telecom, and engine starting for backup turbines.

• Very long life (in backup situations for more than 20 years if charged continuously)

• Traditionally it has had low specific energy, poor charge retention, and high cost of manufacture.

• However, the slow charge and discharge has been sped up 1000-fold by use of graphene and carbon.

• Iron-Edison has 500Ah (1.2Vdc) batteries. Energy density is improving.
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Lithium-Ion Family
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Flow Battery



Spec sheets are typically 2-
pages with the cover page 
promoting the benefits of 
the battery/cell
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Second page provides 
the electrical and 
mechanical 
characteristics
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Standard Grid-Tie system
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Sizing up a system with:

https://solarresilient.org/
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Application: Distributed Energy / Microgrids

Technology: inverter types (multiport power, 
hybrid, etc)

Technology: control systems

Technology: battery types (flow batteries, cathode 
materials, etc)

Integration: more completely packaged solutions 
(including V2G)
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DISTRIBUTED ENERGY
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Microgrids
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A microgrid is a small-scale power grid that can operate independently or in conjunction with 
the area's main electrical grid. Any small-scale localized station with its own power resources, 
generation and loads and definable boundaries qualifies as a microgrid.

“A local energy system capable of balancing captive supply 
and demand resources to maintain a stable service within a 
defined boundary”
-Microgrid Institute
-http://www.microgridinstitute.org/
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A 3-phase Microgrid System
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What is a multiport inverter?
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Some Providers
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GELI and Microgrid Control/Analysis
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Integrated Solution: Sonnen

• 16 kWh storage (LFP)

• Usable at 80% 12.8 kWh

• 8 kW power output (battery 
inverter – Outback Radian)

• 10,000 cycles
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STORAGE AND NEC 2017
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Industry Acceptance

Equitable Regulatory Environment

Applications / Microgrids

Technology, Reliability, Safety, Scalability

Cost
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Thank You

Sol Haroon
sol@openstreamdesign.com
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