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Marine energy technologies harness energy from waves, currents, and ocean thermal gradients to generate clean, renewable energy.

~J

Dynamics and Controls Code Development for S|mulat|on & AnaIyS|s

Incorporating Develop and maintain open
reactive control source code for marine

experts from renewable energy applications,
robotics, including resource assessment,
defense, energy environmental effects analysis,
systems, and device performance,
aerospace. hydrodynamic response,
extreme conditions, and others.

Experimental Testing
A decade of experience

in hydrodynamic load
measurements, and

MHK sites and . Pl =

laboratory testing » = e Pl R 4
facilities. ‘ \ P

30 éz,f:\\j

20 *€
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Longitude

Marine Power & Load Characterization & Assessment

High-resolution hindcast modeling, methods and tools for
characterizing marine power and load characteristics

80

Materials and Coatings
Prevention of corrosion &
biofouling, composite
performance, composite
manufacturing,
materials/coatings reliability.

International Marine Energy Standards

Development of standards for resource characterization and
assessment, device testing, power performance and design.

Sandia National Laboratories

JE&JQ
Ay

Design Load Case Generator
Graphical mapping & statistics tool to analyze
design load cases for marine energy systems

Powering the Blue Economy

Supporting the development, simulation ,and testing
of devices for aquaculture, desalination, ocean
instrumentation, and with energy storage or for
microgrid applications.
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characterization
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Wave site characterization
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River & tidal site characterization
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Mhean Velacily
Turbulence

Inflow
Conditions

Device Simulation Tool

T fu. = 130 expl- =D
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Flow Field
Mean Flow Profle
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vertical profiles cfmenn velocity, normal Reynalds stressesreported far depth

imited burbulent boundary layer ows. Neary, ¥. 5. B Gunavien, and DLC. Sale

(2013). Turbulers inflaw characteristicsfar hydroiiretc enes
Renewohie and Sustminable Energy Rewews, 26, 437-325
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USDOE Instrumented Tidal Turbine Test Platform

Structural Health
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Tidal Energy Conversion System

Environmental Sensors
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Resource data and information disseminatio 768 /<( coq:
— W - A > N SN A N = =
Marine Energy Atlas I
: Q\l)e?’!lgg g?]F]aurQF\Eg{S’egnonthly dVerages and = Seasonal variations (monthly averages)
- Hs(50, 5, 1-year)
o 200_300 m reSO|Ut|On W|th|n US EEZ 2nd Edition & [ iaazsss s gl POt os TaTe R et
> Includes shallow nearshore waters
Hindcast Data Repository e Je

- 2D spectra, O(100) points each region

o Partitioned bulk parameters, 0(1,000)
points each region

o |EC parameter time series, O(1M) points

US WEC Test Sites Catalogue

- Standard & consistent methods for
processing, presenting and cataloguing test
site information for WEC developers

o https://www.energy.gov/eere/water/downloads/
characterization-us-wave-energy-converter-test-
sites-catalogue-met-ocean-data.
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Sea state scatter plots
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https://www.energy.gov/eere/water/downloads/characterization-us-wave-energy-converter-test-sites-catalogue-met-ocean-data
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Design Load Case Generator
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Project 1 RM3WEC

Quantify conditions using one of the following approaches Study Site L. pesignioad
L

/

Project 1 Project 1 RM3WEC lni @

Rose Lodge

ncolriCity/

PACWAVE South /'

i * 1t S Uncoln Beach I I I Y
Valsetz T T @
Depoe Bay B 1 15 2 & s

aiterRock Load Response Results Summary

PacWave site, OMAE2020 model

Legend (z29) 50-yr IFORM (5) (T,) (m)
o =D @ 164 T e contour 4 ) o (T, (m) RM3 WEC Float v
Q Eddyyile 1]+ ousive contour a 297 12 13.94
R Port/ Test Site Spar
- 5 4.6 13 14.35 Heave
Measured Data En
z 6 6.27 1 14.17
& NDBC Buoy i g s . Excitation Force ETO
Lozd 0 Tiees 210 7 7.83 15 13.14 e
‘ ¢ CDIPBuoy PQE( 5:\”*4': ses A b - Case (DLC) Compressive (, = 1.18] | 36,278
i . | tatitude 4a. H
Idpor ) 8 934 16 1115
Modeled Data Longitude 124.229 W PO eaten = Standard | Characteristic
POR:Jan 1979 — Dec 2010 5 Surge Range Mean Partial Safety Factors Applied
*  Hindcast NOA/ . - Ga) Alse L g 10.76 17 8.39 Daviation Extreme
& Water depth:80 m - =
5
Natlonal Forest s, 0 120 . 24D Excitation Force oic: ;=135 | 7488
- B *Mooring Force | (2.79%10%) — 5544 | 1.016 | 0.779 5.544 Material: Tension (y,, = 1.05) | 5.821
D A (MN) Compression (1 =1.18) | 6.542
S5 carose Beach
Save
Triang| 0

4 6 8 10 12 14 16 18
Spectral peak period (s)

Confirm

( 20k |

1. Find and select wave resource, power and load data. 3. Compute extr

sea state stats. 5. Design loads for IEC type-certification.

Project 1 RM3WEC IIL: 9

e Sandia National Laboratories

Project 1 RM3WEG lii @

Review Data Selection / Quality Control

Start Date End Date
SR St Dates—>  sept1, 2010 £ Dec.31, 2010
i Design Wave Summary Wave Surfave Elevation, Ramp Time 100 (s)
Data Quality 8 | Min:Lorw7m =+ =
. MmTseTm
g | [Menizen S ol | Huax (M) Huy (m)
£ . 24.866 0112
2 | B
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o
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Max: 15 4252
i ic 13 15

T
=
H
H
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T et ()
3

911710 1020 1710 121m0 JONSWAP

ot b el Design Load Case Generator

@ pownloadresuts Graphical mapping & statistics tool to analyze
design load cases for marine energy systems

Tels)
EE)
s
wh
B

o 2000 4000 6000 8000 0000 12000
Perform Statistical Time (8)
‘Analysis / 9/110 107120 110 1210

2. QA/QC data. 4. Compute design load case wave train.



RENEV\/ABLE ENERGY TECHNOLOGIES @

Contact: vsneary@sandia.gov



EXT RA S LI D ES RENEWABLE ENERGY TECHNOLOGIES @

A " +« 0O B ¥




S o’

" - A
RENEWABLE ENERGY TECHNOLOGIES ()

” > 5 _./ — f,
F-v. W (& O]

36—. |
'/:p\~ I‘
2 |

Resource metrics: IEC parameters, f(x, y, t) [IEC 626
B/ \ A R

Omnidirectional ] =pg Zi,j Cg,iSij AfiAQj [kW/m]

wave power, J

e Total wave energy flux at point of interest
e Directionally unresolved

Directionally
resolved wave ]9 = pyg Zi,j C ,iSijAfiAgj COS(Q — 91)5 [kW/m]

power, J,

e Wave energy flux vector through vertical plane of unit width

Direction of max
) Oimax [deg] e
* Bearing where most of the incident wave power coming from :: )
'- S = 35— 40+
Directionality d=—"-= [] TR - & -
coefficient, d )i Bmax /m —Aie
Oimax ~300 deg. - souTH. mo_s

...........

e Measure of directional spreading
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Resource metrics: [EC parameters f(x y, t) [IEC 626
Se= AN

-
[=]

1 1 1 | |
n H . ——— o0 | [ 1 1 1 1T 1 ¥ [ [ 1
o . f. . A . —]-—--Mean = 0.0165]"
Spectral moments m, = X fi"SiAf; mo Mo | Sea state scatter plot
o
= 7 0.01 32; gg: Z:: — 0.02 =
ko) 6 005 | 011 | o171 | 008 | 001 | 0.02 F* 48
. . . . 2 0.02 | 016 | 0177] 0.13 | 0.08 | 0.02 A <
- =
e Used to derive |mp0rta Nt wave statistics T 5 B 3
= a7 43 ©
g‘“ 4 029 | 1204 1.20 | 075 | 0.41 u‘g-'d.u 0.04 o
-— 0.03 | 0.81 b (54 1.68 | 0.83 0&5“0 23 | 0.11 | 0.03 | 0.01 | 0.01 B‘n-
% 0.20 | 163 | 255 | 2.35 }37‘ 0.67 | 0.21 0.15 | 0.01 0.04 ) 2
_“g 3 0.04 U.§9‘ 245 154 | 054 037 | oo8 o005 Joos| | |..--{---""
& 5 0.13 150 3.08 | 146 | 062 | 027 [ 011 | 008 [ f
- L 2] 02 | o E .57 | 02" 0. I
Significant wave Hyo = 4ym [m] - L o o il
mO 0 1 = ]e07] 037 | 0sp.}-+18-] 703 | 085 [ 063 [ 022 [ 011 | 002
— 1 -] ]
0 0

height

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Energy Period, Te [s]

Te

e Proxy for H,, combined with T, to define sea states in scatter plots

_ m_q Environmental contours
. Te — T_10 = [S] 1t )
Energy period mo Hpo o 4l 4
14} g
. . . 12t 35%
e Centroid of wave power spectrum, with H,  to define sea states - 03
E F
mom " o8
. - Qlit—2 6} 2
Spectral width €o = \/—mz —1 [-] J 3
-1 10
2 5
0

e Characterizes relative spreading of wave energy in spectra with frequency. °
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Extreme wave

Hgs0)

height

Hgs)

[m]

Relative risk ratio

[-]

e Characterizes risk relative to opportunity [Neary et al. 2017]
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Resource metrics: IEC parameters, f(x, y, t) [[EC 62600-101:2015-06]

L o © B HL -

~ i | 7 R
a) NOAA WWIII - Coarse grid
60°N ,
s Hs [m]
59°N - ane 4.0 | b
3.5 . § Washington DC ');.
58°N
- 3.0
57°N ! J .I
154°W 152°W 150°W I
- 2.0
60)N - 1.5
59°N 1.0
58°N - 0.5
o 0.0
154°wW 152°W 150°W
Significant wave height near Kodiak, Alaska, SWAN model grid for U.S. East Coast (a) and
simulated by NOAA WWIII (a) and SWAN (b) [Yang zoomed-in near the Chesapeake Bay region (b)

& Neary 2019] [Allahdadi et al. 2019, Yang & Neary 2019]
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- Open source tools-information: 6 IEC parameters at wave site (hourly time series)

500 T T T T T T T T T T T 1 T T T T T T T T T T T
wol J(RW/m) 08| €

R "
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Open source tools-information: : Occurrence of sea states and energy distribution

~. VT | | VA

LAY s —— — — T
9 : — — 95% = 0.0291 6
| |-—-—Mean=0.0165 o,
N i a % Occurrence of Sea States
= 0.01 | 0.05 5
2 0.04 | 0.05 | 007 | 0.04
= 7 0.01 | 0.08 [ 0.05 [0.04 0.02 - .
2 . 005 [ 011 |71 [o0s | 0ot [ 002 L 143 Most sea states have wave heights 1-2
2 0.04 [ 0.16 [ 0.177] 0.13 [ 0.09 [ 0.02 . s . .
I 011 | 024|530 | 022 | 014 | 00s [ — = m, with 8-10 second penods
o 0.05 [ 042 | 957 [ 060 [ 0.30 [ 0.16 | 0.08 | 663 L 158
g 0.29 ﬁw.w 0.41 | 0.2240.14 | 0.04 O
> 4 0.03 [ 081} T84 | 168 [Jo.93 [ 0.65470.23 | 0.11 [ 0.03 | 0.01 [ 001 R
§ 3 0.20 | 163 || 2.55 | 235 [[1,87] 067 [ 0.21 | 0.15 | 0.01 | 0.04 1o
= 0.04 | 0.69] 245 325|154 | 0.54 | 037 | 0.08 [ 005 | 0.05 |
5 0.13 ] )3.03 []J1.46 | 062 [ 027 [ 011 [oos [ ...-f--7 i
o 2 0.02_| 0%8 2> 1.37 | 057 |.020-{-0027[ 0.01 | 002 "
| efe | 1.1 23645777056 [ 0.11 | 0.05
== 0o .0e.L 0.85 | 063 [ 0.22 [ 0.11 0.0z
N 55 S |
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Energy Period, T_[s]
10 ”
Average annual energy density - 35
. . . 9 322,250 kWh/m R ’
Wave energy distribution _ 5 Wave power density 36.8 kW/m o ;
= 0.10 | 0.57 08
2 0.36 | 0.49 | 0.34 | 0.49
. = 7 0.09 | 0.22 | 0.40 036 0.20 1 Lo >
Most energy in sea states 2-4.5 m, £ . 502 | 030 [ 069 | o8 [ 05 | oe [ 0.5 S
2 0.19 [ 0.82 | 0ee| 082 | 061 | 0.15 | 0.02 A 5
and 9-11 Seconds T 5 041 | 1.01 {440 | 1.14 | 0.74 | 0.34 . — rq2 =
o i 29 | 1.26 [ 070 [ 013 J.ed43 [ 0.04 5
g 134 | 0.8y }054 [ 045 | 008 =
. z 4 16647063 | 0.35 [ 0.00 | 0.03 | 0.04 | 0.0 e g
Sea states with most energy S 5 131 | 045 | 032 | 003 | 009 0.01 °
. = 0.03 0.76 | 056 [ 0.12 [ 0.09 [ 0.10 [ 0.01 oo R
(RECTANGLE) not those occurring 5 006 059 | 028 [ 013 | 010 | _for
2 | 077 J/1.06 [235 | 207 f 1.05 [ 071 | 0.32 ] gae-f-0.02” 0.02
most often (ELLlPSE) o0t | o.7/}st | 129 | 142 [ 0.56 Jesg {7015 [ 0.03 | 0.02 r 105
1 A~ _|—-"7 0.02\0.06.l o4++<f010 | 0.09 | 0.08 | 0.03 | 0.02
e —
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Energy Period, TE [s]
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Open source tools-information: Cumulative frequency distributions
— Planning offshore operations & maintenance (O&M)

100 | ._
~
90+t Summer | ]
H,., <3 m~98% ) . '
m N 77 Operational Risk: Annual
0 7 i . —
801 Hm0>3m 2% _ Wave heights exceed _
oL [ | operationalimits, | —Spring ||
0 I , N es, Hpo=3m - = Summer
° : / i
o B0+ A | Y i
= Y/ @ - .
T 5ol Y/ | Winter
= J* Winter : ' '
= S HpeS3mess% ]
8 K Hoo >3 m~45% ' ' |

Maintenance Risk: Percéntage time on average

3 4 5 6 7 8
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