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Research Objective

Objective: Reduce battery
operation in PV-smoothing
systems by novel control
schemes.

Smoothing PV power with a
coordinated battery and
gas genset reduces the
required battery capacity
and increases battery life.
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Simulations demonstrate a reduction in battery operation (SOC range)
when the battery is paired with a gas engine-generator (GE).
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Uncoordinated, Distributed PV Smoothing s
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Coordinated, Distributed PV Smoothing s
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Challenges with the Demonstration

PV Power PI Signals at PNM and MdS

—PPV PI data saved at Prosperity
—PPV Pl signal recieved at MdS BEMS
---va Pl signal returned to Prosperity
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1-2 second communication latency in
the PI-PI link.

PV Power PI Signals at PNM and MdS

—PPV Pl data saved at Prosperity
_PPV Pl signal recieved at MdS BEMS
---PPV Pl signal returned to Prosperity
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200~ Step changes from Pl server settings.
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Data compression and exception rules at the

MdS PI server caused the step changes in the
BEMS Py, profile.
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Data Dropouts between the MdS PI Server and BEMS
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Lots of dropouts!
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Influence of Data Dropouts on GE and GE Setpoint

GE setpoint response —GE Power (kW)

to the dropout.
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Ppy communication errors between the MdS Pl server and
BEMS. The dropouts occur when P, = 0.
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Smoothing PV on a high variability day

PV Power, Smoothing Target from the Low Pass Filter, and Total Output Power

[

—— Experimental PP\/ on 25-Oct

- —-Simulated Psmooth from PPV

—— Experimental PP\/ + PGE + Pbat (Coordinated)

Real and simulated GE are above nominal for nearly 30 minutes.

Sandia
National _
Laboratories

1:00 PM

Battery and Genset Power for Coordinated (Experimental) and Uncoordinated (Simulated) Controls

——Coordinated Battery (Experimental)
—Coordinated Genset (Experimental)
Simulated PGE

—— Simulated Pbat Coordinated

—— Simulated Pbat Uncoordinated

Coordinated Battery SOC (Experimental)
===Uncoordinated Battery (Simulated)
H ===Coordinated Battery (Simulated)

2:30 PM

Coordinated control has a larger SOC range!




Battery SOC range study ).

Higher frequency PV power output leads to SOC drift with the coordinated
control. Therefore, in certain cases the coordinated controller does not
reduce the SOC range of the battery as originally expected.

Two simulations with Pp,, square waves.

GE reaches GE,,,,, each cycle.

1075 AM
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lhatily

GE stays below GE,,,, so P, is always biased positive.

=

3 _4 |~ Coordinated control requires a SOC range of 4.917%
—L i ntrol requires a SOC range of 0.772%

10:45 AM 1:00 PM

Low frequency PV power allows the GE to reset and the
coordinated battery SOC range is smaller.

High frequency PV power doesn’t allows the GE to reset
and the coordinated battery SOC range is larger.
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Conclusions, Impact, and Future Work .

The team successfully demonstrated
a coordinated, distributed controller

. . . Jay Johnson, Kimio Morino, Atsushi Denda,
which reduces the variability of John Hawkins, Brian Arellano, Takao Ogata,
renewable energy resources With Takao Shinji, Masayuki Tadokoro, and

Abraham Ellis, “Experimental Comparison of

less battery energy th roughput. PV-Smoothing Controllers using Distributed
Generators” Sandia Technical Report

In certain high variability situations, =~ SAND2014-XXXX, Feb 2014.
the coordinated control used more ;
battery SOC range.

Full results and discussion in:

SAND2014 -XXXX

The team found that Pl systems are i bl i
historians and not meant for real-
time control with ~1 sec updates.
They have slow update rates,
communication latency, and
bandwidth issues.

Thanks to all the partners who made

this project successful! i kit




Sandia

Coordinated vs Uncoordinated Controls .
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PV Power, Smoothing Target from the Low Pass Filter, and Total Output Power

—— Experimental va oh 21-Oct
- —-Simulated PSmooth from va
—— Experimental va + PGE + Pbat (Coordinated)

| —— Experimental va + PGE + Pbal (Uncoordinated) |
1:45 PM 2:00 PM
Battery and Genset Power for Coordinated and Uncoordinated Controls

—Coordinated Battery
Coordinated Genset
—Uncoordinated Battery
——Uncoordinated Genset
—-—=-Simulated PGE

Experimental reduction in battery | ---SmuiatedP,, Coordinated
. . - . === Simulated Pbat Uncoordinated
operation with coordination.
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Theoretical (simulated) reduction in
battery operation with coordination.
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Battery SOC for Coordinated and Uncoordinated Controls

Ll ——Uncoordinated Battery SOC (Experimental)

A ===Uncoordinated Battery (Simulated)

Coordinated Battery SOC (Experimental)

===Coordinated Battery (Simulated)
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Battery Throughput Analysis ke

Magnitude of Perror to Battery with Coordination minus Magnitude of Perror to Battery without Coordination (simulated PGE)

Il Coordinated control yieids less battery operation, sum is -7.554 kWh Simulation: Total
Il Coordinated control yields more battery operation, sum is 0.002 kWh energy th roughput

B reduction from using
the coordinated
controller is 7.554 kWh

Signal to Battery (kW)
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'

Difference in P

| |
1:30 PM 1:45 PM

Magnitude of Perror to Battery with Coordination minus Magnitude of P to Battery without Coordination (real PGE)

error

Il Coordinated control yieids less battery operation, sum is -3.822 kWh Experiment: TOtaI
Il Coordinated control yields more battery operation, sum is 3.198 kWh energy th roughput

| | reduction from using
the coordinated
controller is 0.624 kWh
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The blue area is where the coordinated battery The red area means the coordinated battery is

is “working less” than the uncoordinated “working harder” than the uncoordinated
battery. battery.




