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Executive Summary: 
With the diversity of testing to be performed to 
meet the project objectives, and the diversity 
of project participants, a research plan is 
necessary for coordination.  We also need to 
ensure that the data needed for proper 
analysis is identified up front so that it can be 
collected and made available to the analysts 
– whether from the battery, the wind turbines 
or from the grid.  Other variables that the 
analysts need involve multiple modes of 
operation for the battery, and reflecting 
seasonal, weekly, and daily variations in 
operating conditions as would be encountered 
over the course of a typical year. Therefore, a 
schedule needed to be developed so that the 
battery will be operated in each combination 
of mode and operating condition such as to 
gather the variety and quantity of data needed 
by the analysts.  

Milestone 4 was kicked off in June 2008 and 
completed in October 2008.  All project 
participants responsible for ensuing analysis 
of battery system performance and economic 
benefits participated in the development of a 
coordinated research plan. Participants 
included the University of Minnesota, the 
National Renewable Energy Lab, and Xcel Energ

 
Technical Progress: 

 A matrix was developed to identify, for each v
metrics and data requirements, type of analy

 Data collection points in the system’s physica
availability to researchers, as was data neede
electric system. 

 A meeting between the researchers and NGK
better understand the battery design and ope
Project Objectives 
Areas of testing that Xcel Energy will perform during the 
demonstration period include: 
 Evaluation of the ability of large-scale battery-storage 

technology to effectively ‘firm’ wind energy, enabling a 
shift of wind-generated energy from off-peak to on-peak 
availability.  

 Evaluation of the ability of battery-storage technology to 
reduce the need to compensate for the variability and 
limited predictability of wind generation resources. 

 Evaluation of the optimal ratio of energy storage to total 
wind capacity that would allow the wind energy storage 
system to be a viable peak-load resource. 

 Evaluation of whether or not the battery is responsive 
enough to meet the qualifications of spinning reserve, 
and evaluate any special relay requirements for a 
spinning reserve frequency response characteristic. 

 Evaluation of the potential for battery-storage technology 
to support the transmission and distribution grid system 
and therefore allow the system to more effectively 
integrate wind into system operations. This includes the 
ability of the battery discharge and recharge process to 
be used to buffer and/or smooth the wind generation 
output ramp rates; the optimal mix of battery uses 
between demand shaping, generator leveling and 
contingency reserve response; the ability to provide 
reactive load support and frequency support. 

 Assessment of cold weather effects on the performance 
and integrity of the NaS Battery system. 
y Commercial Operations. 

alue proposition, the testing methodology, 
sis and responsible party. 

l construction plans were confirmed to ensure 
d from the wind turbines and the NSPM 

 engineers was held to help the researchers 
rating characteristics. 



 A detailed description of the modes of operations was developed and a test schedule was 
mapped out to ensure that enough data points were gathered for each mode to support the 
research plan. 

 By January 2009, NREL completed the model they would use to evaluate the impacts on the 
battery from different charging and discharging cycles and cell life. 

 By February, integration with the Gridpoint Administrator system was complete so that 
researchers could access metering data for the battery through the internet. 

 
Additional Milestones: 
Milestone 5 includes the actual analysis of system performance and economic benefits and will 
be conducted over the next 12 months with periodic progress reports. 

 
Project Status: 

 Milestone 4 is 100% complete 

 
Attachments: 
1. Research Matrix 
2. Testing Schedule 
3. W2B Primary Operation Modes 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
LEGAL NOTICE 

 
THIS REPORT WAS PREPARED AS A RESULT OF WORK SPONSORED BY PROJECT 
FUNDING PROVIDED BY CUSTOMERS OF XCEL ENERGY THROUGH A GRANT FROM 
THE 100% RATEPAYER FINANCED RENEWABLE DEVELOPMENT FUND 
ADMINISTERED THROUGH THE NORTHERN STATES POWER COMPANY, A 
MINNESOTA CORPORATION. 



Attachment 1: Research Matrix 

Value Proposition Testing Methodologies 
Testing 
Mode Metric       Data Requirements Analysis

Responsible 
Party 

Evaluate the ability of the battery to discharge 
during on-peak hours with a symmetric 
discharge profile that is centered on the 
specified peak demand time(s) Basic GS 

Percent of installed wind capacity available for 
on-peak power production with and without the 
battery by type of day (weekday/weekend) 

NSPM obligation load data at 5-min intervals; 
5-min time series meter data from NAS meter; 
5-min time series meter data from MWD meter

Statistical Analysis: Descriptive statistics for the 
discharge operation of the battery and the amount 
of on-peak energy provided based on the selected 
discharge profile, including any seasonal 
variations XE-UI    

Evaluate the ability of the battery to follow the 
specified discharge profiles Basic GS 

Number of occurrences battery is not forced to 
reduce its discharge rate due to system 
constraints (e.g., cell temperature); amount of 
energy discharged to the grid as a function of 
rate of discharge; time series data of battery 
SOC 

5-min time series meter data from NAS meter; 
NGK battery file 

Statistical Analysis: Descriptive statistics for the 
discharge operation of the battery based on the 
rate of discharge, including impacts to amount of 
delivered energy XE-UI    

Evaluate the ability of the battery to charge 
off of available wind power alone and to 
receive a full recharge during the specified 
charging period Basic GS 

Time series data of battery SOC; Number of 
occurrences that the battery reaches a full SOC 
by end of the allowed charging window; 
Charging energy provided by the wind farm; 
Charging energy delivered by the grid after the 
arrival of the "cut-off" hour 

5-min time series data from NAS meter;  5-min 
time series data from MWD Meter, NGK 
battery file 

Statistical Analysis: Descriptive statistics for 
charging performance of battery from the wind 
farm and grid for varying amounts of installed 
capacity, including the supplementary charging 
phase;  XE-UI    

Evaluate the ability of large-scale 
battery storage technology to effectively 
firm wind energy, enabling a shift of 
wind-generated energy from off-peak to 
on-peak availability 

Measure the "excess" amount of wind energy 
that is not used to charge the battery and 
passes through to the grid for varying 
amounts of installed capacity Basic GS 

MWs and MWhs of "excess" wind passed on to 
the grid during the defined allowed charging 
window 

5-min time series data from NAS meter;  5-min 
time series data from MWD Meter, NGK 
battery file 

Statistical Analysis: Descriptive statistics for 
time-of-day analysis on "excess" power and 
energy passed on to the grid XE-UI    

Evaluate the ability of the battery-PCS 
system to perform wind smoothing 

Wind 
Smoothing 

Number of "large" ramp instances from the wind 
farm before and after the installation of the 
battery-PCS system 

5-min time series data from the NAS meter; 5-
min time series data from the MWD meter 

Statistical Analysis: Descriptive statistics for the 
ability of the battery-PCS to reduce the ramping 
rates of the wind farm, evaluate the maximum 
capability of the battery-PCS system to reduce the 
ramp rate of the wind farm (i.e., what is the 
maximum amount of installed wind capacity the 
battery is capable of effectively handling) XE-UI    Evaluate the ability of battery-PCS 

system to reduce the need for the utility 
to compensate for the variability and 
uncertainty impacts of wind 

Evaluate the ability of the battery-PCS 
system to have the real-time output of the 
wind farm be equal to its day-ahead 
scheduled value 

Dispatched 
Wind 
Leveling 

frequency of the ability of the battery to keep the 
total output of the wind farm to with a specified 
% of nominal installed wind capacity before and 
after the installation of the battery-PCS system 

5-min time series data from the NAS meter; 5-
min time series data from the MWD meter, 
PCS DNP3 list 

Statistical Analysis: Descriptive statistics for the 
performance of total output of the battery-wind 
farm system to remain within a specified range 
before and after the installation of the battery-PCS 
system; evaluate the maximum capability of the 
battery-PCS system to level the wind (i.e., what is 
the maximum amount of installed wind capacity 
the battery is capable of effectively handling) XE-UI    

Evaluate the battery’s ability to provide 
reactive power support to the distribution and 
transmission system All modes 

number of instances PCS is able to successfully 
follow the requested voltage/vary setpoint 
issued by TSO; percent of total power that can 
be dispatched as reactive load 

5-min time series data from NAS meter, PCS 
DNP3 I/O points list 

Statistical Analysis: descriptive statistics on the 
performance of the battery-PCS in terms of its 
ability to provide reactive power support via 
voltage and var signal following XE    

Evaluate the ability of battery to provide 
frequency regulation support 

Dispatch to 
Serve 
System 
Regulation 

Number of occurrences the battery was able to 
fully comply w/ the requests regarding system 
regulation within the required time frame 

PCS DNP3 I/O points list, Gridpoint-EMS 
DNP3 I/O points list, real-time time series data 
from the NAS meter 

Statistical Analysis: Descriptive statistics 
evaluating the system performance of the battery-
PCS system in providing frequency regulation;  XE    

Evaluate the ability of the battery-PCS to 
provide spinning reserves  All modes 

Percent of battery capacity available for spin for 
90 mins; Available duration that the battery 
could qualify as an eligible spinning resource, 
Ability of the battery to respond within 10 mins 

NGK battery file; Gridpoint DNP I/O points list; 
5-min time series data from the NAS meter; 5-
min time series data from the MWD meter; 
mode of operation 

Statistical Analysis: Descriptive statistics 
evaluating the amount of power and energy 
available for spin XE    

Evaluate the potential for battery-
storage technology to provide anciliary 
service support to the grid 

Evaluate the ability of the battery-PCS to 
provide frequency responsive generation All modes 

system performance of PCS in response to 
fluctuations in system frequency,  

time series data from NAS meter, time-series 
grid data 

Statistical Analysis: Descriptive statistics on the 
ability of the PCS to respond to a large deviation 
in system frequency from the scheduled value XE    



Ability of the battery-PCS to follow charge-
discharge commands at the required rate, 
timing, and duration from an external 
controller as specified by a market-based 
algorithm and user-configurable parameters 

Real-time 
Dispatch 
Based on 
Price 

Financial performance of the battery at the 
MWD CPNode 

Hourly day-ahead (DA) and 5-min real-time 
(RT) locational marginal prices (LMPs) from 
MISO for the NSP.ROC_CO1 CP Node; 5-min 
time series data from the NAS meter 

Statistical Analysis: Descriptive statistics on the 
net overall revenue achieved from arbitrage at the 
MWD location XE PSCo 

check in w/ 
Liam  Assess the obtainable value of storage 

in each service territory 

Determine the optimal location for storage in 
the NSPM service territory 

Real-time 
Dispatch 
Based on 
Price 

Financial performance of the battery based on 
LMPs at various CPNodes 

Hourly day-ahead (DA) and 5-min real-time 
(RT) locational marginal prices (LMPs) from 
MISO for various CPNodes; 5-min time series 
data from the NAS meter 

Statistical Analysis: Descriptive statistics on the 
maximum amount of net overall revenue that can 
be captured with storage in the MISO energy 
market 

Ned Mohan and 
XE SPS 

check in w/ 
Liam  

Determine the round trip efficiency of the 
PCS-battery system and the battery alone as 
a function of cumulative cycle life and mode 
of operation All modes 

input and output energy for each cycle (partial 
and/or full) into the PCS; input and output 
energy for each cycle (partial and/or full) into the 
battery 

Mode of operation; internal cell temperature; 
5-min time series data from the NAS meter; 5-
min time series data from the PCS internal 
power monitors including meter data for 
auxiliary loads; cumulative charge/discharge 
cycles 

Statistical Analysis: Descriptive statistics 
evaluating the overall efficiency of the battery as 
function of mode of operation and cumulative 
battery usage; Descriptive statistics evaluating the 
overall efficiency of the PCS system as function of 
mode of operation and cumulative battery usage 

Bill Smyrl 
(battery) and 
Brad Lutz (PCS)    

Evaluate  the impacts of ambient temperature 
on the operational performance of the 
battery-PCS system, including impacts on 
reliability and system longevity All modes 

 Number of freeze/thaw cycles used; 
Comparison of battery performance for various 
weather conditions 

ambient temperature; NGK battery file; 5-min 
time series data from the NAS meter; 
Calendar life, 5-min time series data from the 
PCS internal power monitors for auxiliary 
loads; mode of operation 

Statistical Analysis/Modeling Analysis: 
evaluate the impact performance for both cold- 
and warm-weather scenarios, including transient 
and residual effects; evaluate the overall system 
efficiency as function of the ambient temperature 

Bill Smyrl 
(battery) and XE    

Determine the optimal ratio of installed 
battery capacity and energy storage to 
installed wind power capacity for varying 
penetrations of wind power All modes 

Ratio of battery energy storage to installed wind 
capacity as a function of the mode of operation; 
Ratio of battery power capacity to installed wind 
capacity as a function of the mode of operation 

5-min time series meter data from the NAS 
meter; 5-min time series data from the MWD 
meter; NGK battery file; MISO LMPs and 
MCPs; mode of operation 

Statistical Analysis: Descriptive statistics for 
storage energy to wind power ratios and storage 
power to wind power ratios                                      
Modeling Analysis: perform simulations to 
evaluate the operation of the grid with greater 
penetrations of wind energy on NSPM with and 
without storage and identify the optimal amounts 
of installed battery power capacity and amount of 
stored energy 

Paul Denholm, 
XE, Ned Mohan    

Assess the impacts (both short- and long-
term) of operating the battery under a 
strenuous duty profile All modes 

Estimate on accelerated degradation in 
predicted cycle life as a function of mode of 
operation 

NGK battery file, 5-min time series data from 
the NAS meter 

Statistical Analysis/Modeling Analysis: 
Descriptive statistics evaluating the impact on the 
properties of the battery and estimated amount of 
cumulative discharges remaining as a result of 
operating the battery under non-standard duty 
profile 

Bill Smyrl 
(battery), NREL 
(PCS), and XE    

Assessment of overall operating 
characteristics of the battery-PCS 
system, including impacts on system 
performance as a function of 
operational mode and impacts of 
external weather conditions 

Develop a battery-PCS model to simulate the 
impacts of various NGK non-standard duty 
profiles at varying stages of estimated 
remaining cycle life All modes 

Accuracy of modeled system performance 
compared to actual system performance; 
Estimate on accelerated degradation in 
predicted cycle life as a function of mode of 
operation 

5-min time series data from the NAS meter; 
NGK battery file 

Modeling Analysis: Develop an accurate 
numerical model simulating the system 
performance of the battery-PCS system, 
accounting for short-term and long-term impacts 
to the internal properties of the battery; 
VALIDATION OF RESULTS Brad Lutz    

          
 
 

 

 

 

 

 

 

 

 

 



Attachment 2: Testing Schedule 

                                       
  Sat Sun   Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun

On Peak           1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31   Jan 
Off Peak           1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31   
On Peak   1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28                 Feb 
Off Peak   1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28                 
On Peak   1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31           Mar 
Off Peak   1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31           
On Peak         1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30       Apr 
Off Peak         1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30       
On Peak             1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 May 
Off Peak             1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
On Peak     1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30           Jun 
Off Peak     1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30           
On Peak         1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31     Jul 
Off Peak         1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31     
On Peak 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31             

Aug 

Off Peak 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31             
On Peak       1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30         Sep 
Off Peak       1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30         
On Peak           1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31   Oct 
Off Peak           1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31   
On Peak   1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30             Nov 
Off Peak   1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30             
On Peak       1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31       Dec 
Off Peak       1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31       

                                                                            
                                       
COLOR KEY                                       
Season:  Mode:                                    

Winter  battery offline                                   
Shoulder  Local Mode Operation                                   
Summer  Emergency Op                                   

  Experimental Testing                                   
Day Type: UC 1 Basic GS: Wind Only                                   
Weekend   UC 2 Basic GS: Wind & Utility                                      
Weekday   UC 3 Economic Dispatch                                   
 UC 4  Regulation Reserve                                   
 UC 5  Smoothing                                   
 UC 6  Dispatched Wind Leveling                                   
 



Attachment 3: W2B Primary Operation Modes 

Wind-to-Battery Primary Operation Modes 
 

PCS Operation Universal to all Modes of Operation 
 
Xcel Energy’s Transmission System Operations (TSO) department will control VARs and 
voltage (on the low-side of the 480 V-34.5kV transformer) using the company’s Energy 
Management System (EMS). A representative of TSO will specify a VAR/voltage 
setpoint, which is then relayed through EMS to Gridpoint via a direct connection between 
Gridpoint and our EMS Minneapolis (EMS MN) department. Gridpoint will then write the 
setpoint to the Power Conversion System (PCS) using a secured VPN connection. If the 
PCS receives a kVA signal, it will attempt to provide or absorb the requested amount of 
reactive power, within its limits. If the PCS receives a voltage signal, the unit will provide 
the amount of reactive power required to hold the specified voltage, within its limits. The 
total power rating of the PCS is 1.25 MVA. If this rating is exceeded due to the 
combination of requested real and reactive power, the PCS will hold its MW output and 
reduce its VAR output until the MVA is below the maximum rating. 
  

Use Case 1: Generation Storage Mode (Wind-Charging): 
 
This mode is focused on operating the battery in a manner that will allow for the unit to 
discharge during defined peak periods and to charge during defined off-peak periods. By 
coupling a battery with a wind farm, the project is evaluating the ability of storage to 
achieve time shifting of a variable generation resource. The charging operation during 
this mode is strictly testing the ability of the battery to achieve a full recharge during the 
off-peak hours from only wind-generated electricity. Because the battery is not able to 
charge by drawing electricity from the grid, the battery may or may not attain a full 
recharge before its next discharge period.  
 

Xcel Energy will evaluate the performance of the battery while discharging it under 
multiple NGK reference duty cycles. Initially, the dispatcher will log-in to Gridpoint’s W2B 
user interface (UI) and select a pre-defined trapezoidal discharge profile. The dispatcher 
will also specify the monthly average peak demand hour for the total aggregate native 
load for Northern States Power – Minnesota (NSP-M). Aggregate load information will be 
based on 2008 historical data.  
 
In the event that the battery is not at a 100% state of charge (SOC) at the start of the 
originally requested discharge period, logic residing on the PCS system will modify the 
discharge profile to delay its start time while simultaneously expediting its end time, 
ensuring that the discharge profile is still centered on the peak demand hour. All 
discharging operation is subject to constraints specific to the battery, as determined by 
the NGK battery control and monitoring system. 
 
For battery charging, the dispatcher will specify the allowed charging period for the 
battery. Upon commencement of the charging period, the PCS system will begin to “wind 
charge” the battery, which consists of charging the battery only when power is being 



generated by the wind farm. The nominal installed capacity of the wind farm is 11.55 
MW, and the maximum allowed charging rate of the battery is 1.1 MW. When the output 
of the farm is below 1.1 MW, the battery will charge on a one-to-one basis with the 
amount of wind power available. If the output of the wind farm exceeds 1.1 MW, the PCS 
will charge the battery at 1.1 MW.  In addition, the dispatcher will specify a wind scaling 
factor that ranges from 10-100% to determine the total effective amount of wind energy 
available for charging. This will assist Xcel Energy in identifying an appropriate ratio of 
installed storage capacity to installed wind capacity.  
 
The battery charging algorithm is directly handled by the NGK-internal battery controller 
which communicates with the PCS. Towards the end of charging, somewhere between 
80% SOC and 90% SOC as determined by the controller, the battery is required to 
complete a supplementary charging process. This process initially requires a 1 MW 
charge rate, which is then gradually reduced by the battery controller as the battery 
approaches a 100% SOC. A full charge on the battery is determined by the “cut-off 
voltage”, which is calculated by the NGK battery controller. The PCS will terminate 
charging once the cut-off voltage is reached. Once the battery reaches a full charge, the 
battery will remain idle until its next defined discharge period. Revenue-grade metering 
will track the rate and total amount of energy used in recharging the battery. Gridpoint 
will archive the data and provide access to it for Xcel Energy-approved users.  
 

Use Case 2: Generation Storage Mode (Wind-Grid Charging) 
 
This mode is similar in operation to Use Case 1 except that the battery is able to charge 
at its maximum rate regardless of the output of the wind farm by drawing electricity from 
the grid. 
 
Similar to Use Case 1, the PCS will charge the batteries with “available” wind energy 
upon commencement of the allowed charging period. However, a dispatcher will specify 
a “Grid Allowed Charging Hour” to distinguish when it is acceptable for the battery to 
charge at its maximum allowed rate (1.1 MW) by drawing electricity from the grid. If the 
battery has still not reached a full SOC upon reaching this specified time, the PCS will 
begin charging at its maximum allowed rate.  Charging will still terminate when the 
specified allowed charging window has expired. The designated “Grid Allowed Charging 
Hour” for this project will vary based on the availability of the local wind resource and the 
monthly peak demand hour.  
 
Similar to Use Case 1, the battery charging algorithm is still handled by the NGK-internal 
battery controller and will still adhere to all constraints. Upon reaching a full SOC, the 
battery will remain idle until its next defined discharge period. Revenue-grade metering 
will track the charging rate and total amount of required energy to recharge the battery 
from both the wind farm and the grid. Gridpoint will archive the data and provide access 
to it for Xcel Energy-approved users. 

 

Use Case 3: Real-Time Dispatch Based on Price 
 



In this mode of operation, the PCS, within its limits, will attempt to follow a command 
signal from the Gridpoint server, which is using day-ahead and real-time wholesale 
market conditions to generate charge and discharge commands.  
 
Xcel Energy receives day-ahead awards (DA Awards), day-head locational marginal 
prices (DA LMPs), and real-time locational marginal prices (RT LMPs) from the Midwest 
Independent Transmission System Operator (MISO) for numerous commercial pricing 
nodes (CPNodes). Via an automated data pull from an Xcel Energy-hosted File Transfer 
Protocol (FTP) server, Gridpoint will receive this market info for the NSP.ROCK_CO1 
CPNode, which is the node that MinWind LLC is registered under in the MISO market.  
 
A dispatcher will login to Gridpoint’s dispatcher webpage and configure certain 
parameters that dictate charge-discharge commands for certain market and battery 
conditions. An automated algorithm designed by Xcel Energy’s Market Operations 
department will reside on Gridpoint’s remote server and use MISO market information 
and the current status of the battery to generate charge-discharge signals. The algorithm 
will dictate the charge-discharge rates along with the start and end times for the 
commands.  
 

Use Case 4: Dispatch to Serve Regulation Reserve 
 
In this mode of operation, the PCS will attempt to follow a frequency regulation signal 
from Gridpoint to the best of its ability. The battery will be available to provide regulation 
support both as a generator and as a load.  
 
A dispatcher will login to Gridpoint’s dispatcher webpage and specify parameters that 
will dictate how responsive the battery is to fluctuations in MISO’s area control error 
(ACE). When there is an over-generation condition on the system, the battery will charge 
to help alleviate the imbalance; vice versa, when there is an under-generation grid 
condition, the battery will discharge to improve the state of the grid. In addition to the 
parameters set by the dispatcher, Gridpoint will provide EMS MN with real-time status 
information from the PCS and an indicator on the status of its communication links with 
both EMS MN and the PCS. While receiving this data from Gridpoint, EMS MN will also 
receive real-time ACE values from MISO. Xcel Energy’s Automatic Generation Control 
(AGC) system will take these inputs and generate a frequency regulation signal for the 
battery every four seconds. Xcel Energy’s EMS will issue these commands to Gridpoint 
which will then relay them on to the PCS. 
 
If the charge command to be sent to the battery is greater than its maximum allowed 
limit, then the battery will be commanded to charge at its maximum allowed rate. If the 
discharge command to be sent to the battery is greater than its maximum allowed limit, 
then the battery will be commanded to discharge at its maximum allowed rate. 
 

Use Case 5: Wind Smoothing  
 
In this mode of operation, the PCS will attempt to keep the ramping rate of the scaled 
wind farm to within a dispatcher-specified limit by charging and discharging the battery 
accordingly while maintaining battery operation within its limits.  



 
A dispatcher will login to Gridpoint’s dispatcher webpage and specify the wind scaling 
factor and an allowed ramping rate (kW/min) of the wind farm. A dispatcher will specify 
the allowed ramping rate by defining a time constant that is to be used in a first-order lag 
function that resides on the PCS1. Along with the real-time output of the wind farm, the 
logic embedded in the PCS will use these parameters to generate charge-discharge 
signals that are meant to reduce the ramping rate of the scaled wind farm. During the 
testing portion of the project, the dispatcher will evaluate multiple time constants as well 
as multiple wind farm scaling factors to determine the effectiveness of the ramping rate 
reduction capabilities of the 1 MW battery for varying scenarios of installed wind 
capacity.  
 

Use Case 6: Dispatched Wind Leveling Mode  
 
In this mode operation, the PCS-battery system, will provide and absorb power, within its 
limits, based on the varying output of the wind farm. The objective in this mode is to use 
the battery to reduce the difference between the total actual power output of the wind 
farm and the scheduled amount quantified by Xcel Energy’s day-ahead and real-time 
wind power forecasts. By reducing the error between actual and scheduled power output 
of a wind farm, Xcel Energy is able to reduce the impact of uncertainty associated with 
wind power and will allow the utility to evaluate the ability of the battery to hedge against 
wind power forecast error. 
 
By 5:00 PM MST prior to the day of operation, a remote dispatcher will load a CSV file 
that specifies a day-ahead forecast for the wind farm via Gridpoint’s user interface. This 
CSV file will consist of the day-ahead forecasted/scheduled output of the site. To 
account for the inherit limitations in requesting a 1 MW resource to cover the variability 
of a 11.55 MW farm, the dispatcher will also specify a wind scaling factor that will range 
from 10%-100%. As the actual power output from the scaled wind farm deviates from its 
scheduled value, the PCS will use internal logic to generate charge-discharge 
commands. If the forecast under predicts the output of the site, the battery will charge at 
an appropriate rate to reduce the scheduling error. Conversely, if the forecast over 
predicts the output of the site the battery will discharge at an appropriate rate to reduce 
the scheduling error.  
 
In the event of significant deviation between the hourly forecasted day-ahead value and 
the actual production, the administrator will upload an updated file of forecasted values 
on Gridpoint’s server. By accounting for the output of the wind farm during the operating 
day, the updated schedule of forecasted values will be closer to the actual output of the 
scaled wind farm.  

Non-primary modes of Operation 
Test SOC mode – Test SOC Complete 
In this mode of operation, the PCS will discharge the battery to 90% SOC, and then turn 
off for 30 minutes. This allows the battery controller to re-evaluate SOC after cycling 
between charge and discharge for many cycles. When this mode is complete, the PCS 

                                            
1 The time constant is the reciprocal of the ramp rate limitation (% of installed capacity/min); therefore, a 
ramping limitation of 2%/min will require a time constant of 50 min. 



will move to the Test SOC mode complete mode. The remote dispatcher must then 
return the PCS to the desired operating mode. 
 

System Offline  
In the event of equipment malfunction, the PCS-MC shall initiate a system offline and 
controlled shutdown of the PCS by opening the main AC breaker, and both DC breakers. 
In this condition, the battery heaters will continue to have power to keep the battery 
warm. 

System Ready Mode 
During the ready mode, the PCS-MC shall maintain the PCS at or above its minimum 
operating temperature and maintain the battery state of charge.  The module controller 
will control the battery heating. 

 
Contingency Operation 
In the event that a known emergency condition is approaching (like a large storm), the 
emergency operation mode may be selected by the remote dispatcher to immediately 
begin charging the battery at the maximum rate available.  
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