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Deriva Energy — Our Company @riva

* Formerly known as Duke Energy Renewables

* \We manage approximately 5,900 MW of operating and under-
construction capacity at over 80 projects in 16 states.

» Deriva Energy is a portfolio company of Brookfield Renewables,
one of the world's largest owners and operators of renewable
power and climate transition assets.

99 conneqt!




Deriva Energy Site Locations @riva
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Addressing the Challenge

CHALLENGE

SOLUTION

RESULTS

The U.S. Fish and Wildlife Service requires us to curtail
for northern long-eared bats at all wind sites. We need a

ts)c:(t)rec:ard to prove that we are effectively curtailing for
ats.

Utilize Seeq Data Lab to scale the calculations
needed for our entire wind fleet

An automated Power Bl report that will produce a
bat curtailment compliance score per wind site

@riva
Energy
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What is Curtailment? @Qﬁg{iva

Curtailment is the reduction of output of a renewable resource
below what it could have otherwise produced. At wind sites,

turbine blades will angle parallel to the wind to slow or stop them
from turning while curtailment is active.

We currently curtail for bats at all 21 wind sites. We have special

conditions that need to be met for bat curtailment to occur. These
conditions include:

* No daylight
* Windspeed is below cut-in speed
* Time of year
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Why Curtail for Bats? @Qﬁg{iva

The U.S. Fish and Wildlife Service provides guidance for
curtailment of turbines while northern long-eared bats are
migrating during low wind speeds.

There have been a total of 35 northern long-eared bat fatalities
recorded at wind facilities in the U.S. due to collision with wind
blades.

This species is listed under the Endangered Species Act as of
2015.
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The Criteria for Bat Curtailment Deriva

Energy
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The Calculation for Bat Curtailment @riva

Calculation Hierarchy \

Our calculation for bat
curtailment looks at Duration of Exception

Bat N-C Over 10 Minutes

perIOdS Wlth no dayllght 00 Bat Curtailment Non-Com

liance Any Reason

while the rotor is Bat Curtailment Aciv
stopped. meaning tha e

the turblne |S JJ Bat Curtailment Required
successfully curtailed. 00 Daylight Condition

00 @ Wind speed under threshold

s Power Curve Minimum

M, Wind speed 10 min rolling average

07 |&a 10 minute period refreshed every 2 minutes - NEW
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The Calculation for Exception @riva

Our calculation for Calculation Hierarchy
exception looks at where Duration of Exception
bat Cu rtal ment Should Bat N-C Over 10 Minutes

00 Bat Curtailment Non-Compliance Any Reason

have Occurred bUt falled . Bat Curtailment Active

It takes Wlndspeed1 09 Daylight Condition

day“ght, and cut-in B 00 & Rotor stopped

Speed iInto account. This 00 Bat Curtailment RegLIir-ed

: 09 Daylight Condition

calculation tells us the e SERREEE

‘ 00 @ Wind speed under threshold
tlmeframes We need to - Power Curve Minimum
Investigate to improve M, Wind speed 10 min rolling average

our processes 07 |8 10 minute period refreshed every 2 minutes - NEW
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Workbench Analysis Results Deriva

Energy

My Folder » Bat Curtailment
Bat Curtailment Tool - Master

We are able to get scorecard

o~ o~ 22z e ¥l
. f . Rows  Columns  Headers Striped N Copy
m et rI C re S u I tS O r m u I t I p I e Start Time Duration of Exception Average Rotor Speed Average Wind Speed Ambient Temp (degree C) Duration of Bat Curtailment Assets

= = U Apr1,9:40PM - - - - 670 min CampbellHill.T15
turbines in a table view by nae | . . . —
Apr1,9:40PM - - - - 670 min CampbellHillLT51
u ti I i Z i n th e a S S et Swa Apr1,9:40PM - - - - 670 min CampbellHillLT57
g p Apr1,9:48PM - - - - 3.1068 min CampbellHill.T41
Apr1,9:52PM - - - - 1.5436 min CampbellHill.T41
fe a t u re . Apr1,10:20PM - - - - 567.76 min CampbellHill.T41
Apr1,11:41PM - - - - 11.287 min CampbellHill.T40
Apr2,12:25AM - - - - 452,65 min CampbellHill.T40
Apr2,2:51AM - - - - 17.903 min CampbellHill.Tos
. Apr2,4:25AM - B - B 3.142min CampbellHill.T24
S e e q D a ta L a b g I Ve S u S th e Apr2,4:30AM - . . . 3.1393 min CampbellHill T2
Apr2,4:35AM - B - B 15.277 min CampbellHill.T24

98.019 min CampbellHill.Tos

2.7518 m/s - CampbellHill.T03

option to scale further to all e

wind sites s o | - v
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Why use Seeq Data Lab? @Qg{iva

Data Lab Project

Develop scripts in a Jupyter notebook using Python, Dataframes and the Spy module to quickly build

time series analytics and visualizations

Seeq Data Lab enables us to calculate capsule start time and end time
for each instance of bat curtailment occurring or failing.

The calculation is done at the turbine level, but we need timeframes for
all turbines at all sites. This can be achieved in Data Lab projects, using

Python to scale the calculation.
The code runs automatically, adding new capsules each day.

After the capsules are created for each turbine at all wind sites, they can
be added to a Workbench Analysis and exported through OData into

Power Bl.
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Writing and Scaling the calculation in DataLab

my_items

"Name " :
'Rot
" Amb
"Pow
'Day
'win

# get th

= pd.DataFrame({

[

or_Speed’,

ient_Temp',

er Curve Minimum',
light',

dspeed_ms - Regression’

: f'DER Unregulated Wind >> Non Regulated Generation >> Wind >> Wind Sites >> {site}’

e metadata and ids for all the signals we're interested in at this site

site_signals = spy.search(my_items)

# for ea
for turb
try:

ch turbine at this site
ine in wind_sites[site]:

# get the metadata for the signals just for this turbine
my_signals = site_signals.loc[site_signals['Asset’] == turbine]
# pull the actual data values

data = spy.pull(my_signals, start=data_start, end=data_end, grid=data_grid, header="Name')

# this was coming through as a string for some reason
data[ 'Power Curve Minimum'] = pd.to_numeric(data['Power Curve Minimum'])
# set up a place holder and default vaule for our calculated signal
data[ 'Bat Curtailment Non-Compliance'] = False
data[ 'Duration Bat Curtailment'] = False
# define where it's true
data.loc[(data[ 'Rotor_Speed'] >= 2) &
(data[ 'Daylight'] == 0) &
(data[ 'windspeed_ms - Regression'] < data['Power Curve Minimum']),
‘Bat Curtailment Non-Compliance'] = True
# Duration of Bat Curtailment is when Daylight = False and Rotor_Speed <= 2
data.loc[(data[ 'Rotor_Speed'] <= 2) &
(data[ 'Daylight'] == @),
‘Duration Bat Curtailment'] = True

# pull off just our calculated signal and when it's true from our big data frame
bat = data.loc[data['Bat Curtailment Non-Compliance']==True, 'Bat Curtailment Non-Compliance']
durbat = data.loc[data[ 'Duration Bat Curtailment']==True, 'Duration Bat Curtailment']

# convert it from a signal to a capsule format for Seeq

# (see function definition for how to manipulate gap_tolerance and min_duration)

cap_dfl = df_to_capsule(bat, gap_tolerance=6.25, min_duration=8.1)
cap_df2 = df_to_capsule(durbat, gap_tolerance=8.25, min_duration=0.1)
# the name here needs to match what's in your asset tree
cap_dfi['Name'] = f'Duration of Exception Signal --- {turbine}’
cap_df2[ 'Name'] = f'Duration of Bat Curtailment --- {turbine}’

|

Deriva

Energy

Define the signals that we need from each
turbine

Define each step of calculation

Push capsules to all defined turbines
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Returning to Workbench Analysis

My Fold _—
My Folder L o Wadl o4 3 Share @ Jordan =

Bat Curtailment Test - From Data Lab

0 e fllz jw % @ o A

Compare Onelane  OneY-Axis  Reset  Labels  Gridlines  Summary  Dimming

3 7733133:-'0,'«:71\50} o 7 « 4 103days p B M

[ 112
4 7712023 10.9 days 7/18/2023
[#a Details f Customize M capsules Q =

+ x O s Name & Assets $ Lane * ) 0 Start 7y

£ 0x 0N Duration of Exception Signal --- To1 1 O Jul 7,2023 3:40 AM

£ 06x 0N Duration of Exception Signal --- T02 2 O M Jul7,20234:20AM

£ 6 x 0N Duration of Exception Signal --- s sm.TO3 3 O M Jul7,20239:10PM

s 06x 0N Duration of Exception Signal --- 'To1 4 - O M Jul7,2023 10:10 PM

s 6x 0N Duration of Exception Signal --- 1T02 5 O M Jule,20238:50 PM

4 06 x O 0 Duration of Exception Signal --- 1103 6 O M Jule,20238:50 PM

4 06 x O 0 Duration of Exception Signal --- TJo1 7 O W Jule, 20238:50PM

£ 0x0ON Duration of Exception Signal --- T02 8 O M Jule,20239:20PM

4 O x 0O Duration of Exception Signal --- T03 9 O Jul 9,2023 3:30 AM

Page: 1 Show: 100

Deriva

Energy

Data Lab will export
to a new Workbench
Analysis

Multiple signals for
multiple sites
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Exporting the Results Deriva

Energy

= # & X
hots fouts oursst Export to an OData client

# Overview » Import/Export » Export to OData
OData Service URL

§ Export to OData

https:// )
v Name Export Name
Bat Curtailment Test Bat_Curtailment_Test_Export_ A

OData Sample Table Endpoint
v Timerange options @ https:// &

Foed AL OData Capsule Summary Table Endpoint

https:// g‘ﬂ
v  Timerange
7/7/2023 3:40 AM - 7/18/2023 2:00 AM OData Export Instructions
[ 10.9days ] Excel
Tableau
US/Eastern
Spotfire >
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Scorecard in Power Bl @Periva
nergy

The final scorecard in Power Bl is Bat Curtailment Scorecard

calculated by weighing total time in
bat curtailment against total time in

_ _ . Site gcorecard
bat curtailment plus missed periods rontiers 99 659
of bat curtailment. Maryneal 98.95%
This is a sample of some of our wind s 95.78%
. ’ Mesquite Creek 95.76%
sites’ scorecard performance. s T

113 conneqt!




Impact and Value @riva
nergy

Our Bat Curtailment Tool provides:

Ensuring compliance with the U.S. Fish and Wildlife Services

« Automating of internal checks

» List of turbines and timeframes to troubleshoot where
curtailment fails

 Template to scale other projects within Seeq Data Lab
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Conclusion @periva
nergy

As we grow our wind fleet, we can ensure that we're doing our part
to reduce the impact on this bat species.

Seeq Data Lab can be utilized to scale calculations across an
asset tree.

This project is a collaboration between our Performance Services
and Data Science teams.

The team at Seeq Office Hours was very helpful in getting us in the
right direction.
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