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CONCEPTUAL OVERVIEW
Motivation and Background
• As falling technology costs and new PPA/market structures drive solar developers to
complement solar plants with large-scale battery energy storage systems, intelligent control
strategies become a critical component of realizing available value.
• Achieving maximum lifetime value from a PV+S plant requires pursuing multiple value streams
while managing a complex set of operating limits and requirements.
• Intelligent dispatch strategies need to consider battery degradation, PPA requirements, ITC
grid-charging constraints, equipment warranties, forecasted PV production profiles, market
pricing profiles, and more.
• The goal of this pilot project is to field-prove and evaluate a set of predictive operating modes
that make real-time dispatch decisions based on short-horizon and long-horizon PV forecasts
as well as a “mode stacking” - “algorithmic amalgamation” concept for optimizing PV+S plant
participation in multiple value streams at one time.
• Predictive operating modes at Springbok 3 take as inputs short-horizon forecasts from a
Reuniwatt sky camera located on-site and long-horizon satellite-based forecasts.
• This project also demonstrates the integration and inter-operability advantages of building
controls to the MESA (Modular Energy Storage Architecture) open standard.
• 8minute Solar Energy developed algorithms and specifications for the “mode-stacking”
amalgamation and predictive versions of MESA-ESS operating modes and approached Doosan
GridTech to implement these features as an expansion of Doosan’s DG-IC site control platform.
• The Springbok 3 MESA-ESS controls pilot project is a collaboration between 8minute Solar
Energy, Doosan GridTech, LADWP, and EPRI to implement predictive PV+S controls and mode
stacking in the field, demonstrate use cases, and evaluate the performance.
• These controls will be demonstrated using a 1.5MW/1.5MWh BESS DC-coupled to a 3MW PV
power block at 8minute Solar Energy’s Springbok 3 solar plant in the Mohave Desert.
• Following the demonstration of a series of test cases based on real-world applications, EPRI
and LADWP will evaluate performance and report on project learnings.
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CONTROL METHODOLOGY
Open Communications Standards
The Springbok 3 Pilot controls are built on Modular Energy Storage Architecture (MESA) open
communications standards. The MESA standard provides DNP3 specifications for the controls interface
with the utility and standardized structures for operating modes, schedules, and DER devices. The
standard allows for advanced proprietary features and functionalities behind a scalable, flexible, and
tested interface. Open, non-proprietary standards theoretically benefit utilities and industry in several
ways, and this pilot project aims to assess and document the advantages of the MESA standard.

Predictive Operating Modes
Predictive operating modes leverage solar forecasts to charge and discharge a battery with knowledge
of future PV availability to achieve a more intelligent solar shift. Predictive controls adjust daily charging
and discharging profiles based on forecasted PV in a way that ensures SOC targets are met while the
battery sits at high SOC for as little time as possible. This study evaluates three predictive operating
modes: Coordinated Charge/Discharge (CCD), Active Power Response (APR), and PV Ramp Rate Control
(PV-only).

Coordinated Charge/Discharge Example
Coordinated Charge/Discharge (CCD) is an operating mode designed to bring the BESS to a specified
target SOC at a specified target time. Different strategies can be employed to achieve this goal. The
following simulated one-day examples illustrate three different strategies to charge a BESS to 100%
SOC by 4 PM and discharge to 0% SOC by 10 PM and shows how predictive charging results in a lower
average SOC and smoother plant output.
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•

Greedy Charging – The BESS attempts to reach its target SOC as quickly as possible by charging all available
PV up to its nameplate power value. This strategy ensures the target is met (as long as the target is feasible
given system size and available PV). Still, it often requires hitting a target SOC well before a target time and
sitting at a high SOC, unnecessarily increasing battery degradation.

•

Average Charging – The BESS attempts to charge at the average charging power required to reach a target
SOC at a target time. This results in a constant BESS charging power value. This strategy risks missing an SOC
target if available PV drops below the calculated BESS charging power value. Spikes in PV output are passed
through and reflected in the combined PV+S plant output.

•

Predictive Charging – The BESS optimizes charging behavior by charging more when there is higher PV
generation and charging less when there is lower PV generation. The predictive charging strategy adjusts the
charging rate based on real-time PV output, forecasted PV output, and time until target. This strategy ensures
the SOC target is reached (if technically feasible), results in lower average SOC than greedy charging, and
smooths PV+S plant output.
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Operating Mode Stacking and Prioritization
In addition to predictive operating modes, the Springbok 3 Pilot aims to successfully implement and
assess the concept of operating mode “stacking” in the field. Mode stacking refers to the ability to run
multiple operating modes simultaneously to pursue multiple value streams at the same time. Operating
modes implemented for this pilot project are split into two categories: basepoint and additive
modes. At each sub-second control cycle, an amalgamation engine works to satisfy the goals of all
enabled basepoint operating modes with deference to user-defined priority while reserving capacity
for fast-responding additive modes, like Frequency/Watt and AGC. This allows the system to work
towards multiple goals at once and grid support services on top of the basepoint output. The modes
implemented at the Springbok 3 Pilot and their basepoint/additive designations are below:
Basepoint Modes

Additive Modes

•
•
•

Charge/Discharge (CD)
Active Power Limit (APL)
Coordinated Charge/Discharge (CCD)

•
•

•
•
•

Active Power Smoothing (APS)
Active Power Response (APR)
Solar Ramp Rate Product (RRP)

Frequency/Watt (FW)
AGC Signal (AGC)

Operators set up the operating mode stack by scheduling modes, inputting mode priority, and telling
the system what power capacity to reserve for additive modes. In order to determine the active power
output during each control cycle, the amalgamation engine performs the process depicted here.
Each individual basepoint mode determines the minimum, maximum, and ideal setpoint necessary
to achieve its goals. At each stage, the higher priority mode’s minimum, maximum, and ideal values
are compared with the lower priority control mode’s setpoints. If the higher priority control mode’s
setpoints are within the lower priority setpoints, then the ideal setpoint of the higher control priority
control mode is selected. If they are not compatible, then the higher priority control mode’s setpoints
take precedence. This process is continued until a final basepoint is achieved. Once the basepoint
setpoint is determined, additive mode setpoints are calculated (limited by the power capacity reserved
for additive modes) and added to or subtracted from the basepoint setpoint to determine the system
power command.
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Example Scenario
Here is an example scenario the demonstrates building an operating mode stack. The example system
here is a PV+S system with an ESS capacity of 300MW/1200MWh and a PV capacity of 600MW. The
condition is a sunny winter day. The goal is to generate a final shape where the system discharges in
the morning before sunrise to serve the morning peak, discharges in the evening to serve the evening
peak just after sunset, and charges in the middle of the day to get to 100% SOC.
This is how that scenario can be set up step-by-step:
First, we start by defining our base shape, which is a combination of 2 control modes: Active Power
Response 1 (Peak Power Limiting) and Active Power Response 2 (Generation Following). We set the
APR2 control mode to maintain 400 MW from 6:30 AM to 6 PM and stack APR1 right on top to maintain
the same 400 MW threshold, so the output does not exceed that amount.
The system is able to maintain the shape, but the battery does not charge to 100%. The end result is
a 0% SOC by the end of the day, and we can’t perform the same operation the next day if we start out
with an empty battery.
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Next, we stack another APR1 control mode with a 250 MW limit in the middle of the day to charge at a
higher rate in order to reach a higher SOC.

Finally, we add Active Power Smoothing with a ramp rate limit to smooth plant output and limit ramping
speeds.

A similar profile can be achieved through other operating modes and other prioritizations, but this
example shows how stacking and prioritization affect overall plant dispatch profile shape.
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RESULTS AND LEARNING
Field Deployment and Testing
Doosan GridTech has successfully taken 8minute Solar Energy’s predictive operating mode and modestacking algorithms from concept and simulation to field-deployed production software interfacing
with hardware devices at Springbok 3. The initial demonstration and testing phase is underway on-site,
beginning with demonstration of individual operating modes. Demonstration of stacked operating
modes will follow, taking advantage of the Fall cloud cover variability typical of the Mohave Desert. This
example shows operating data from demonstration of the Active Power Smoothing operating mode. This
mode charges and discharges the BESS to smooth overall plant output in response to reference meter
(the PV meter in this case) deviations from a moving average.

The operating mode input parameters and settings during this test are displayed below:
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Next Steps
Following the demonstration period this Fall, EPRI and LADWP will evaluate operational data. Useful
quantitative metrics to assess the value intelligent controls create for a PV+S plant include:
1.
2.
3.
4.
5.

Average State of Charge %
Average state of charge of the ESS (lower is better)
Average Depth of Discharge %
Average depth of discharge performed by the ESS (lower is better)
Number of Cycles
Number of Cycles performed by the ESS (lower is better)
Max Ramp Rate %
Maximum Ramp Rate of PV+S plant output power (lower is better)
Ramp Rate RMS %
Root Mean Square of the PV+S system ramp rate (lower is better)

Key Learnings
While we look forward to the results of the quantitative performance analysis following the completion
of the testing and demonstration period, we can share the following key learnings from development
and deployment of the Springbok 3 Pilot controls:
• Building controls on open standards reduces vendor, developer, and utility integration costs, time,
and headache. Control interfaces built on open standards mean operators receive all expected
control functionality, interface points and structure are well-designed and tested, and control points
behave as expected.
• Remote access to the site network and controls computing hardware, efficient remote software
deployment and update processes, and Doosan’s cloud-based platform to process and makeavailable operational data at full resolution in near real-time have been instrumental for efficient
troubleshooting and testing. These assets have been particularly helpful in enabling successful
software deployment, testing, and updates without traveling to site during the Covid-19 pandemic.
• Flexible controls that can adjust power commands and charge/discharge strategy in real-time to
account for unexpected changes in system operational status or PV output are crucial to realizing
available plant value. Through limited testing, the Springbok 3 pilot controls have already
demonstrated the ability to hit SOC targets and achieve operating mode goals when hardware
failures take portions of the system offline, when the PV forecast changes significantly during the
course of a day, or when actual PV output differs significantly from a forecast.
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