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Article 706 Energy
Storage Systems

_

+

Energy storage technologies may include pumped hydro,
compressed air energy storage, various types of batteries,
flywheels, electrochemical capacitors

Why Energy Storage?
•
•

Recently, enormous focus has been placed on expanding the energy storage infrastructure.
The benefits of energy storage are driven by several dynamic factors.

•

In February 2013, the California Public Utilities Commission (CPUC) determined that Southern California Edison
must procure 50 MW of energy storage capacity by 2021 in Los Angeles area. Other States are looking to the
example that California is setting, and Congress has introduced two bills that establish incentives for storage
deployment.

Source: Energy Storage Solutions
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Grid Balancing & Load Leveling

Source: Energy Transition

EDF Renewable Energy

Energy storage can play a significant role in improving the operating capabilities of the grid, lowering cost and ensuring high reliability, as
well as deferring and reducing infrastructure investments. It can also be instrumental for emergency preparedness because of its ability
to provide backup power as well as grid stabilization.

Reliability & Resiliency

Source: L.A. Times

The expansion of the electrical system can be accelerated by the widespread deployment of energy
storage, since storage can be a critical component of grid stability and resiliency.
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Infrastructure Benefits of Energy Storage
• Adding Energy Storage:
• Reduces the need for new grid construction and system upgrades
• Augments the performance of aging transmission and distribution assets:
–
–
–
–

DOE Estimates:
70% of transmission lines are more than 35 years old
70% of transformers are more than 35 yeas old
60% of circuit-breakers are more than 40 years old

• Improves grid security, reliability and resiliency
• Reduces peak demand stress on transmission and distribution lines
• Extending the capability of the transmission grid by positioning energy storage on the load
side of transmission constraint points makes the grid more secure, reliable, and responsive.
• Additionally, energy storage can reduce line-congestion and line-loss during peak times. By
reducing peak loading (and overloading) of transmission and distribution lines, energy
storage can extend the life of existing infrastructure.

7

Supporting Renewables by Mitigating
Intermittency

An intermittent energy source, such as wind and PV power generation, that is not continuously available due to some
factor outside direct control. Effective use of intermittent sources in an electric power grid usually relies on using the
intermittent sources to displace fuel that would otherwise be consumed by non-renewable power stations, or by
storing energy in the form of renewable energy storage systems.
8

For Reference of NECA 2019 Las Vegas
Attendees Only

4

Customer Side of the Meter Storage
•
•
•
•
•
•

ESS Technology is changing consumer needs and requirements
The “Smart grid” enables consumers to enhance their electric utilization with consumer storage systems
The “Smart grid” contributes to improved grid reliability and performance
New increased role of consumer storage in grid functionality
The deployment of EV’s is another form of customer storage of electricity, this is permitted where installed
to comply with NEC 625.48.
Increasingly, deployment of new ESS technologies on the customer side of the meter is changing the
electrical nature of customer requirements. The evolution of the “smart grid” is enabling customers to
shape their requirements to improve their own utilization of electricity, while also contributing to improved
grid reliability and performance. These developments create an opportunity for customer storage to play an
increasing role in grid services.
Energy Storage Systems should not be confused with UPS systems. A
UPS is used to provide alternating-current power to a load for some
period of time in the event of a utility power failure. In addition, it may
provide a more constant voltage and frequency supply to the load,
reducing the effects of utility voltage and frequency variations. In the
development of UL 1778, it was not anticipated to be for continuous use
in the applications where an energy storage systems are intended to be
used.
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Energy Storage Technologies
• Various energy storage technologies are being used or explored
across the different applications, including:
– Electrochemical – such as batteries and electrochemical capacitors
– Chemical – such as hydrogen supplied equipment combined with a fuel
cell power system
– Mechanical - such as compressed air, pumped water or fly wheel
technologies
– Thermal – such as a system that uses heated fluids
– Currently, the primary focus of the expansion and deployment is batterybased energy storage systems, and the primary technology for these
systems is Lithium ion
11

Energy Storage Technologies
• Electrochemical Energy Storage System - Consists of a secondary battery,
electrochemical capacitor, flow battery or hybrid battery-capacitor system that stores
energy and any associated controls or devices that can provide electric energy upon
demand.
• Chemical Energy Storage System - Consists of hydrogen supply equipment or other
fuel supply equipment combined with a fuel cell power system or generator to
convert the fuel to electrical energy.
• Mechanical Energy Storage System - Consists of a mechanical means to store
energy such as through compressed air, pumped water or fly wheel technologies
and associated controls and systems, which can be used to run an electric
generator to provide electric energy upon demand.
• Thermal Energy Storage System - Consists of an system that uses heated fluids
such as air as a means to store energy along with associated controls and systems,
which can be used to run an electric generator to provide electrical energy upon
demand.
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Energy Storage Technologies
•

Various energy storage technologies are being
explored:
– Lithium ion; and

– Redox flow
 Redox flow battery (after reduction–oxidation), is a type of
rechargeable battery where rechargeability is provided by
two chemical components dissolved in liquids contained
within the system and separated by a membrane. Ion
exchange (providing flow of electrical current) occurs
through the membrane while both liquids circulate in their
own respective space.

Source: US DOE

Source: Redflow Ltd

Current Technologies for Energy Storage Systems

Electrical-chemical Systems, such as Battery systems:
• Lead acid
• Nickel cadmium or Nickel metal hydride
• Lithium ion
• Sodium Sulfur or Sodium Nickel Chloride
• Vanadium Redox Flow Batteries
• Zinc Bromine Flow Batteries
• Ultracapacitor or battery/ultracapacitor hybrid systems
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Potential Hazards Associated with Energy
Storage Systems

Energy
• Fire
• Explosion
• Burns

Electrical
• Electric shock
• Arc Flash
• Electrical burns

Mechanical
• Pressure
• Noise
• Moving parts
• Sharp edges

Chemical
• Toxic or hazardous
substance exposure/
concentrations

Code Requirements
• 2017 NEC Article 480 Storage Batteries
• 2017 NEC Article 706 Energy Storage Systems
• 2015 International Building Code Table 509 Incidental Uses
• 2015 International Building Code 907.2.23 Battery Rooms
• 2015 International Fire Code 105.7.2 Battery Systems
• 2015 International Fire Code Section 608 Stationary Storage Battery Systems
• 2015 International Fire Code 907.2.23 Battery Rooms
• 2015 International Fire Code Table 1105.3 Incidental Uses in Existing Group I-2
Occupancies
16
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Code Requirements
•
•
•
•
•
•
•
•
•
•
•

2018 International Building Code Table 509 Incidental Uses
2018 International Building Code 907.2.22 Battery rooms.
2018 International Fire Code 907.2.22 Battery rooms.
2018 International Fire Code 1206 Electrical Energy Storage System
Permits
Fault condition (Hazard Mitigation)
Vehicle impact protection
Location and construction
Separation
Stationary battery arrays
Signage
(Max, 50 kWh each)
Outdoor installations
Means of egress
Walk-in units
Maximum allowable quantities
Mixed battery systems
Energy management system
17

Code Requirements
• Listings
1.
2.
3.

•
•
•
•
•
•
•
•
•
•

Storage batteries shall be listed to UL 1973.
Prepackaged and pre-engineered shall be listed to UL 9540.
Exception: Lead-acid batteries are not required to be listed.

Inverters
Battery chargers
Thermal runaway
Spill control and neutralization
Specific battery-type requirements
Lead-acid
Lithium-ion
Nickel-cadmium
Flow
Other battery technologies
Fire-extinguishing and detection systems
Prepackaged and pre-engineered systems

Sodium-beta
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Article 480 Storage Batteries
•

480.1 Scope. This article applies to all stationary installation of storage batteries.

•

480.3 Equipment. Storage batteries and battery management equipment shall be
listed. This requirement shall not apply to lead-acid batteries.

19

Article 706 Energy Storage Systems
Part I. General 706.1 Scope.
This article applies to all permanently installed energy storage systems (ESS) operating at
over 50 volts ac or 60 volts dc that may be stand-alone or interactive with other electric power
production sources.

20
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Article 706 Energy Storage Systems
Part I. General 706.2 Definitions (in part)
• Container
• Electrochemical Battery
• Energy Storage System (ESS)
• Energy Storage System, Self-contained
• Energy Storage System, Pre-engineered of Matched Components
• Energy Storage System, Other
• Flow Battery
21

Article 706 Energy Storage Systems
Part I. General 706.3 Other Articles.
• Wherever the requirements of other articles of this Code and Article 706 differ, the requirements of
Article 706 shall apply.
• 706.4 System Classification. ESS shall be classified as one of the types described as follows (see
706.2 for definitions):
• (1) ESS, self-contained
• (2) ESS, pre-engineered of matched components
• (3) ESS, other

Utility
Interactive
Inverter

Charge
Controller

Engineered Matched Components

Self‐Contained
22
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Article 706 Energy Storage Systems
706.5 Equipment.
Monitors, controls, switches, fuses, circuit breakers, power conversion systems, inverters and
transformers, energy storage components, and other components of the energy storage system
other than lead-acid batteries, shall be listed and labeled. Alternatively, self-contained ESS
shall be listed as a complete energy storage system.

23

Article 706 Energy Storage Systems
706.6 Multiple Systems. Multiple ESSs shall be permitted to be installed in or on a single
building or structure.

24
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Article 706 Energy Storage Systems
706.7 Disconnecting Means.
(A) ESS Disconnecting Means. A disconnecting means shall be provided for all ungrounded conductors
derived from an ESS. A disconnecting means shall be readily accessible and located within sight of the
ESS.

(B) Remote Actuation. Where controls to activate the disconnecting means of an ESS are not located
within sight of the system, the disconnecting means shall be capable of being locked in the open
position, in accordance with 110.25, and the location of the controls shall be field marked on the
disconnecting means.
25
25

Article 706 Energy Storage Systems
706.7 Disconnecting Means.
(D) Notification. The disconnecting means shall be legibly
marked in the field. The marking shall meet the requirements of 110.21(B) and shall
include the following:
Nominal ESS voltage
(2) Maximum available short-circuit current derived from the

ESS

(3) The associated clearing time or arc duration based on the
available short-circuit current from the ESS and associated
overcurrent protective devices if applicable
(4) Date the calculation was performed
Exception: The labeling in 706.7(D)(1) through (D)(4) shall not be required if an arc flash label is
applied in accordance with acceptable industry practice.
26
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Article 706 Energy Storage Systems

Energy Storage System
Nominal Voltage
VDC
Max Short‐Circuit
Current

500

20 kA

Clearing Time
Sec.

.008

Fuse Class

J

Date Calculated

10/10/17
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Article 706 Energy Storage Systems
706.7 Disconnecting Means.
(E) Partitions and Distance. Where energy storage system
input and output terminals are more than 5 feet from connected equipment, or where
the circuits from these terminals pass through a wall or partition, the installation shall
comply with the following:
(1) A disconnecting means shall be provided at the energy
storage system end of the circuit. Fused disconnecting
means or circuit breakers shall be permitted to be used.
(2) A second disconnecting means located at the connected
equipment shall be installed where the disconnecting means required by
706.7(E)(1) is not within sight of the
connected equipment.
28
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Article 706 Energy Storage Systems
706.7 Disconnecting Means.
(E) Partitions and Distance.
(3) Where fused disconnecting means are used, the line terminals of the disconnecting
means shall be connected toward the energy storage system terminals.
(4) Disconnecting means shall be permitted to be installed in energy storage system
enclosures where explosive atmospheres can exist if listed for hazardous locations.
(5) Where the disconnecting means in (1) is not within sight of the disconnecting
means in (2), placards or directories shall be installed at the locations of all
disconnecting means indicating the location of all other disconnecting means.
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Article 706 Energy Storage Systems
706.10 Energy Storage System Locations. Battery locations shall conform to 706.10(A), (B),
and (C).
(A) Ventilation. Provisions appropriate to the energy storage technology shall be made for
sufficient diffusion and ventilation of any possible gases from the storage device, if present, to
prevent the accumulation of an explosive mixture. A pre-engineered or self-contained ESS shall
be permitted to provide ventilation in accordance with the manufacturer’s recommendations
and listing for the system.
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Article 706 Energy Storage Systems
706.10 Energy Storage System Locations.
(C) Spaces About ESS Components. Spaces about the ESS shall comply with 110.26.
Working space shall be measured from the edge of the ESS modules, battery cabinets, racks,
or trays.
For battery racks, there shall be a minimum clearance of 1 inch between a cell container and
any wall or structure on the side not requiring access for maintenance.
ESS modules, battery cabinets, racks, or trays shall be permitted to contact adjacent walls or
structures, provided that the battery shelf has a free air space for not less than 90 percent of its
length.
Pre-engineered and self-contained ESSs shall be permitted to have working space between
components within the system in accordance with the manufacturer’s recommendations and
listing of the system.
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Article 706 Energy Storage Systems
706.10 Energy Storage System Locations.
(D) Egress. A personnel door(s) intended for entrance
to and egress from rooms designated as ESS rooms
shall open in the direction of egress and shall be
equipped with listed panic hardware.
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Article 706 Energy Storage Systems
706.10 Energy Storage System Locations.
(E) Illumination. Illumination shall be provided for working spaces associated with
ESS and their equipment and components.
Luminaires shall not be controlled by automatic means only.
Additional luminaires shall not be required where the work space is illuminated by an
adjacent light source.
The location of luminaires shall not do either of the following:
(1) Expose personnel to energized system components while performing maintenance
on the luminaires in the system space
(2) Create a hazard to the system or system components upon failure of the luminaire
35

36

For Reference of NECA 2019 Las Vegas
Attendees Only

18

Article 706 Energy Storage Systems
706.11 Directory. ESS shall be indicated by 706.11(A) and (B).
The markings or labels shall be in accordance with 110.21(B).
(A) Directory. A permanent plaque or directory denoting all electric power sources on or in the
premises shall be installed at each service equipment location and at locations of all electric
power production sources capable of being interconnected.
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Article 706 Energy Storage Systems
706.11 Directory.
(B) Facilities with Stand-Alone Systems. Any structure or building with an ESS that is not
connected to a utility service source and is a stand-alone system shall have a permanent
plaque or directory installed on the exterior of the building or structure at a readily visible
location acceptable to the authority having jurisdiction. The plaque or directory shall indicate
the location of system disconnecting means and that the structure contains a stand-alone
electrical power system.
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Questions?
For more Information Contact Mark C. Ode at:
Pearson Engineering & Associates
8825 N. 23rd Ave in Phoenix AZ 85021
mode@peaeng.com
neccode7@gmail.com
919-949-2576 or 602-264-0807

Complete the Online Evaluation
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