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Outline

1. Review: What’s in an Energy Storage System (ESS)

2. Successful ESS Integration Requires Interconnection & Interoperability

Referencing Standards – one tool to help avoid unintended barriers to used and 
useful adoption

3. Dealing with Rapid Pace of Technical Innovation,

ES with smart inverters support multi-use applications

Bulk Power Impacts from DER Relevant to microgrids too

4. Conclusion



ESS Major Sub Systems: BESS Example

Identify:

Area EPS

(utility)

Local EPS

PoC

PCC (or PoI)

Source, AEP

From, SANDIA REPORT, Installation of the First Distributed Energy Storage System (DESS) at American Electric Power (AEP), SAND2007-3580, June 2007



ESS Interconnection: BESS Example

Source, AEP

From, SANDIA REPORT, Installation of the First Distributed Energy Storage System (DESS) at American Electric Power (AEP), SAND2007-3580, June 2007



ESS Integration: Integrated System or ‘Sum of Parts’?
Opportunity for Controls-Based Power Rating @ PCC

What’s the interconnection rating and/or requirement at the PCC?

Who determines?  On what basis? 

IEEE 1547-2018’s recognition of “system” based compliance helps.

Versus depending on listed-equipment based compliance only. 
(However, the simple ‘nameplate capacity’ approach remains a useful ‘fast-track’ interconnection review screen, for smaller simple ESSs).

One of several reasons for AHJs’ to reference revised IEEE 1547-2018.  
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ESS Integration: Interconnection Topic
Controls-Based Power Rating @ PCC, Colorado Convention Center

This controls approach opens up potential for multi-use ESS applications on networked distribution.

Including using ESS to allow PV on networked distribution (renewables integration application).

Source, NREL

Source, NREL



ESS Integration: Interoperability Topic,
What languages does your ESS speak? Modbus?, SEP2? DNP3?

Source, IEEE P2688 Working Group



ESS Integration: Interoperability Topic,
These languages(protocols) are required by 1547-2018

One of several reasons for AHJs’ to reference revised IEEE 1547-2018.  



Technical/Policy Overlap & Multi-Use Applications, 
CA AB2514 Example

DNV-KEMA’s CA AB2514 Report has guidance on 1) evaluating ESS using util. ‘avoided cost’ type analysis 2) quantifying ESS project  stacked value streams.



Cost Recovery Discussion Point: 
ESS T, D, (and)or G?  See FERC Order 784.

Source, FERC

Policy that allow flexibility in investment recovery support full range of ESS multi-

applications to be monetized, and thus used.



Power of Smart Power Electronics

ES + ‘smart’ grid forming (GFM) inverters: a pathway to 90%+ renewables contribution.

Use SiC switches in the smart inverters and solve the other NERC-identified DER impact to BPS.

Source, PNNL, HH, WD



High DER Penetration Impacts to BPS

These are also relevant to microgrid planning and operations

Source, NERC



Conclusion

Don’t re-invent the wheel for integrating ESS, just improve the wheel 

▪ Existing tools and processes used for generation interconnection, e.g. IEEE 1547 std’s 
for DER/distribution through FERC SGIP/LGIP process for wholesale interconnection, 
are applicable to ESS with manageable considerations & some enhancements

▪ Be as consistent as possible when setting technical criteria across T&D.  The lines 
between T&D are blurring in terms of resource location, relative aggregate capacity, 
and Bulk Power System (BPS) performance impact

▪ Simulation based interconnection tools & processes work for ‘T’, now apply them to ‘D’.   
What if online automated ‘hosting capacity’ tools could also do automated Feasibility 
Studies? What if an ESS project increases utility’s PV hosting capacity?
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