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Importance of Data in Marine Renewable Energy

Development

The ability to collect, ingest, condition, reduce, quality control, process,
visualize, and store data is critical at all stages of Marine Renewable Energy

(MRE) research and technology/project development
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MHKIT Solves Problems and Adds Value

A verified suite of MRE data processing functions:

* Eliminates the common code creation across the MRE field

e Offers standardized, referenceable, and readable code base

* Enables rapid data processing

e Creates a data flow of quality control (QC), analysis, and visualization

e Offers a common development platform across the MRE community where issues are
discussed, and features are expanded

e Assists developers in device certification for insurance, regulator bodies, and investors
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MHKIT is developed as a collaboration between the National Renewable Energy
Laboratory (NREL), Pacific Northwest National Laboratory (PNNL), and Sandia National
Laboratories (SNL). The core development team is listed below:

Frederick Driscoll (NREL - PI)
Rebecca Fao (NREL)

Budi Gunawan (Sandia - Pl)
Hristo lvanov (NREL)
Katherine Klise (Sandia)
Sterling Olson (Sandia)
Kelley Ruehl (Sandia)
Timothy Shippert (PNNL)
Chitra Sivaraman (PNNL - PI)

Laboratories Pacific Northwest
NATIONAL LABORATORY
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MHKIT is funded by the U.S. Department of Energy’s Water Power Technologies

Office.

https://MHKiT-Software.github.io/MHKiT/
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https://mhkit-code-hub.github.io/MHKiT/

MHKIT on GitHub

MHKIT is open-source software, developed in Python
and MATLAB, for data processing, visualization, quality
control, resource assessment, and device performance.

- MHKIiT-Python: Software developed in Python
- MHKIiT-MATLAB: Software developed in MATLAB

—
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https://github.com/MHKiT-Software

and device performance.

; MHKIT
ﬂ MHKIT is open-source software, developed in Python and MATLAB, for data processing, visualization, quality control, resource assessment,

Repositories 14 Packages People 12 Teams 3 Settings
Pinned repositories Customize pinned repositories
MHKIT-Python = MHKIT-MATLAB =
MHKIT-Pythen provides the marine renewable MHKIT-MATLAB provides the marine renewable
energy (MRE) community tools for data processing, energy (MRE) community tools for data processing,
visualization, quality control, resource isualization, quality control, resource assessment,
and device performance. and device performance.
@Python W4 ¥3 O MATLAB Y2
Type: All » Language: All ~ New

MHKIT Private Top languages

MHKIT Documentation A @ Python @ MATLAB @ Fortran

mhkit-python  mhkit-matlab  mhkit ®c++ @C

¥3 %0 Do [10 Updated3 daysago

Most used topics Manage
do|fyn mhkit mhkit-matlab
For.ked from Ikilcher/dolfyn . . ) \ mhkit-python
A library for oceanographic doppler instruments such as Acoustic Doppler
Profilers (ADPs, ADCPs) and Acoustic Doppler Velocimeters (ADVs).
@rython ¥12 ko @0 §90 Updated 3 days ago
People 12>

MHKiT-MATLAB

MHKIT-MATLAB provides the marine renewable energy (MRE) community tools
for data processing, visualization, quality control, resource assessment, and
device performance.

mhkit-matlab mhkit

@ MATLAB  &fs BSD-3-Clause ¥ 0 W2 @0 §10 Updated4 days ago
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https://github.com/MHKiT-Code-Hub

MHKIiT-Python and MHKiT-MATLAB
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MHKiT-Python and MHKiT-MATLAB are organized into the following modules:

- QC Module: Perform quality control analysis

- Wave Module: Calculate quantities of interest for wave energy converters (WEC)

- River Module: Calculate quantities of interest for river energy converters (REC)

- Tidal Module: Calculate quantities of interest for tidal energy converters (TEC)

- Power Module: Calculate quantities of interest for power production and power quality
- Loads Module: Calculate quantities of interest for mechanical loads assessments

- Utils Module: Includes helper functions

These modules provide functionality for calculating metrics needed by the MRE community as well as
those required for conformity with IEC TS and recommendations.

To ensure consistent results between MHKiT-Python and MHKIT-MATLAB, all functions are written
in Python and housed in the MHKiT-Python repository. MHKIT-MATLAB then wraps these functions so
they can be called from MATLAB.

MHKIiT-Python includes continuous integration software tests that are run using Travis CI.

https://MHKIiT-Software.github.io/MHKiT/overview.html
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https://mhkit-code-hub.github.io/MHKiT/qc.html#qc
https://mhkit-code-hub.github.io/MHKiT/wave.html#wave
https://mhkit-code-hub.github.io/MHKiT/river.html#river
https://mhkit-code-hub.github.io/MHKiT/tidal.html#tidal
https://mhkit-code-hub.github.io/MHKiT/utils.html#utils
https://travis-ci.org/MHKiT-Code-Hub/mhkit-python
https://mhkit-code-hub.github.io/MHKiT/overview.html

Interact with MHKIT
‘ using Python
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Examples

MHKIT includes examples to
demonstrate functionality:

Wave example: generate a capture
length matrix, calculate MAEP, and plot
scatter diagrams

QC example: run a simple quality control
analysis on wave elevation data

River example: calculate annual energy
produced for one turbine in the Tanana
river near Nenana, Alaska

Tidal example: calculate velocity
duration curve using 1 year of data from
the NOAA-Currents sites

Power example: calculate power
characteristics and current harmonics

Loads example: calculate damage
equivalent loads and loads statistics

Load Data

The wave elevation data used in this example includes several issues, including timestamps that are out of order, corrupt data with
values of -999, data outside expected range, and stagnant data.

The data is loaded into a pandas DataFrame using the pandas method read_csv. The first 5 rows of data are shown below, along
with a plot.

# Load data from the csv file into a DataFrame

data = pd.read_csv('data/wave_elevation data.csv’, index_col="Time')

# Plot the data
data.plot(figsize=(15,5), ylin=(-60,60))

# Print the first 5 rows of data
print(data.head ()

probel probe2 probe3

Time
10.080 24.48 28.27 1.3
10.062 34.48 40.27  -8.7

10.084 30.48 38.27 -13.7
10.086 12.48 24.27 -32.7
18.662 13.48 22.27 -21.7

-0
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Time

The data is indexed by time in seconds. To use the quality control functions, the data must be indexed by datetime. The index can be
converted to datetime using the following utiity function.

# Convert the index to datetime
data.index = utils.index_to_datetime(data.index, origin-'2619-05-26")

# Print the first 5 rows of data
print(data.head ()

probel probe2 probe3

24.48  28.27 1.3
3448 40.27 8.7
3e.48  38.27 -13.7
2019-05-20 00:00:10.086  12.48 24.27 -32.7
2019-95-20 £0:09:16.068 13.48 22.27 -21.7

Quality control tests

The following quality control tests are used to identify timestamp issues, corrupt data, data outside expected range, and stagnant
data

Each quality control tests results in the following information:

« Cleaned data, which is a DataFrame that has Nal in place of data that did not pass the quality control test

« Boolean mask, which is a DataFrame with True/False that indicates if each data point passed the quality control test

« Summary of the quality control test results, the summary includes the variable name (which is blank for timestamp issues).
the start and end time of the test failure, and an error flag for each test failure

Joint Probability Distribution
Direction and velocity can be viewed as a joint pr y

‘apolar plot. This plot help ly show the flood \d the frequency of particular directional velocities.
% Set the joint probability bit widths

width_direction = 1 ; %[degrees]

width_velocity = 0.1 ; %[n/s]

% Plot the joint probability distribution
figure(3);
plot_joint_probability_distribution(data,width_direction,width_velocity);

Joint Probability [%]

Rose Plot
Arose plot information as the
plot can be more readable when using larger bins sizes.

now the r-axis, and ty is the contour value. As compared to a joint probabilty distribution piot, a rose

% A rose plot is more readable using larger bin sizes than the jpd plot
width_direction = 10; % [degrees]
width_velocity = 0.25; %[n/s]

splot the rose plot

figure(4);
plot_rose(data,width_direction,width_velocity, [flood, ebbl);
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Velocity Duration Curve

“The velocity duration curve shows the probabilty of achieving a particular velocity value. After computing the exceedance probabilty, the rank order of velocity values can be plotted as follows.
% Calculate teh exceedance probability of the data
data.Discharge = data.s; % need to change structure name for exceedance probability function
F = exceedance_probability(data);

https://mhkit-software.github.io/MHKiT/matlab.html#texamples

i
% Plot the VDC I
https://mhkit-software.github.io/MHKiT/python.html#examples ' ‘



https://mhkit-software.github.io/MHKiT/python.html#examples
https://mhkit-software.github.io/MHKiT/matlab.html#examples

Future Development

* Additional QC functionality and data transformations
e MHKIiT-Cloud for near real-time processing
 Expanded module capabilities
— River
— Tidal
— Mechanical Loads
— Power Quality
* Additional graphics and reporting functions
e WEC-Sim, wave resource, and common measurement IO functions
 Mooring Module
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https://mhkit-code-hub.github.io/MHKiT/release_notes.html
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Online Forum

Issues

Questions, feature requests, and bug reports for MHKIiT-Python and MHKIT-MATLAB should be
submitted to the GitHub Issues Page. The GitHub online forums are managed by the MHKIT

development team and users.

Submit MHKi1T-Python Issue

Submit MHKiT-MATLAB Issue
B |

Collaboration

MHKIiT-Python and MHKIT-MATLAB welcomes feedback and code contributions. Software
developers interested in contributing to the MHKIT open-source software are encouraged to use
GitHub to create a Fork of the repository into their GitHub user account. To include your additions
to the MHKIT code, please submit a pull request in the master branch of the . Once reviewed by the
MHKIT development team, pull requests will be merged into MHKIT master branch, and included in
future releases of MHKIT. Software developers, within the MHKIT development team and external
collaborators, are expected to follow standard practices to document and test new code.

Submit MHKiT-Python Pull Request

Submit MHKiT-MATLAB Pull Request

https://MHKIiT-Software.github.io/MHKiT/contact.html
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https://mhkit-code-hub.github.io/MHKiT/contact.html

Thank You!

Further Information:
* MHKIT Documentation: https://mhkit-software.github.io/MHKIiT/
* email: Rebecca.fao@nrel.gov
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https://mhkit-software.github.io/MHKiT/
mailto:Rebecca.fao@nrel.gov
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