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Identify problem and its nature

Prepare hierarchical structure for problem
evaluation

Select of appropriate MADM method for
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Collect relative weights/score of each
criterion for each alternative

Determine the best alternative based on
aggregated values of relative weights
corresponding to chosen alternatives
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RQ.1 Based on current knowledge, which MRE resources have the higivesst
densityboth for different regions and globally?

RQ.2 How does thgpower densityof MRE as understood today compare to historic
averages?
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. . Horizontal Tidal Average
Region Wave Wind Currents Range OTEC by Region
Coastal Asia -0.36 -0.12 099 25 -0.33 -0.39 -0.30
0.12 0.29 ' ' 0.17 0.06 0.16
EasermNorth | 9.7 0.13 Los 1o | 028 ] 0.14
0.13 0.42 ' ' 0.07 0.20
castern Mo 1 0.2 0.21 Les ap 008 | 0.19
0.12 0.24 ' ' 0.03 0.13
Mederranea | 0,35 0.05 66 10 |- ] 0.19
0.05 0.24 ' ' 0.14
Southern
Hemispheric -0.35 -0.20 106 28 -0.42 -0.42 -0.35
Waters 0.12 0.69 ' ' 0.02 0.04 0.22
el North | 5,30 0.01 076 1o | 018 034 | -021
0.08 0.38 ' ' 0.09 0.19 0.19
Average by
-0.32 -0.08 -0.26 -0.38
Resource Type 0.10 0.38 143 23 0.08 0.10
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Region Wave Wind Horizontal Tidal OTEC e by
Currents Range ;
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Southern
Hemispheric 18.77 -0.20 106 28 -0.42 -0.42 4.43
Waters 35.84 0.69 ' ' 0.02 0.04 0.38
X\{Esrftei;” North | g 54 -0.01 076 19 0.18 0.34 2.25
10.9 0.38 ' ' 0.09 0.19 0.20
Average by
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Resource Type 0.11 0.38 143 23 0.08 0.10
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RQ. 1 Based on current knowledge, which MRE resources have the higivesst
densityboth for different regions and globally?
RQ3 Will climate change increase or decreasetbever densityfor MRE resources

and which MRE resources will change the most?
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Recentresearchquantifying the power density available from a renewable energy
perspectiveof wavesis frequently calculatedin a singledimension,in units of KW/m
(Amiruddinet al.,2019;Portillaet al.,2013a) Toconvertresultsto representan energyflux
over a square unit of area, the minimum device spacingof a typical wave energy
converter was used as a proxy to transform the typical theoretical power density
guantifiedin onedimension(Spaldinget al.,2025) Thetwo dimensionsveretakenasthe
ratio betweenthe capturewidth andthe minimumspacingrequirementof a reference
wave energyconverter, representingthe usableareaof a farm of the referencewave
energyconverter(Varin,2023) Becausehis study aimedto obtain a theoretical power
densityindependentof anytechnicallimitations from specificturbines, the newly two-
dimension theoretical power density was divided by the reference (i dzND &tafesl Q &

capacityfactor to accountfor the technicalefficiencyof the particulardevice

Equation4-6 showshow this two-dimensiontheoretical power densitywas calculated.
The standardtheoretical power density (Eq.4-6) was divided by the ratio of capture

width to devicespacingandthe representativewave energyconverterscapacityfactor

(ye!

o —0Y (—— — (Eq.4-6)



Wherethe capturewidth andthe minimumspacingequirementsof the referencewave
energyconverterin the x and y-axesare w i @ andd& respectively Thereference
wave energyconverterusedwasPowerBouyasit is a commerciallyprovendeviceand
has a smallerfootprint comparedto other wave energy converters,thus providing a

smallerratio and more conservativgpower densityresults(Sarokhar& Stewart,2017)
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OTEGQIoesnot havea singleset of units that are commonlyusedto quantify the power
density (Nihous,2005a; NOAA,2014; VanZwietenet al., 2017d) To calculatethe power
densityin standardisedunits, the power availableto the OTEGystem(Eq.4-5) in KW
wasdivided by the crossareaof where the water flows through the system,givingan
estimateof energyper squarearea(kW/m?). Forthis study, the crosssectionalareaof
the intake pipe wasusedasit is the first segmentof the entire OTEGystem,affecting
the productionof everysubsequenpart of the OTEMlant. Basedon existingliterature
on existingand proposedOTE(Olants, a diameter of 8 metreswasusedasthe intake
pipe sizefor this study (Chiles2009; Cunningharret al., 2010; Nihous,2005b;NOAA 2014)

Thesimplifiedequationfor OTE@ower densityis shownin Equation4-7:
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Solar Wind Wave
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Results Category (kW/m?)
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Wind 0.049
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Data Type MRE Resource
O Forecast M Marine Current
O Hindcast 11l oTEC

+ Insitu ' Solar
X Multiple Il Tidal Range
% NAN B wave
< Remote Sensed M Wind
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Spatial Resoultion (km2) MRE Resource

0 [ Marine Current
° 10 [ oTeC
o 20 Solar
o 30 [ Tidal Range
o 40 [ wave
© 250 B Wind
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Temporal Resolution (hours) ~ MRE Resource
0.0 & Marine Current

[0 oTEC

* 100

o 200 [ solar
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i Input Variables
Data Type:___ Spatial Resolution:___ Temporal Resolution:___ Length of Data:___
Resource Type: Reported Energy:
e i, ii. \
B. Data Type Matrix . '_b_l 7
Remote Not N 1 + I—_—I — f,
Sensed  Hindcast  In-situ  Reported Forecast ’V-_ _ 1+ I_ | —
wind | -0.230 | 0.105 | 0.007 | -0.005 | 0.152 I'b I |_b_|
wave | -0.269 | -0.039 | -0.041 | 0.670 | -0.557 - ~ - X
Tidal Renge| -0.906 -0.367 | 1.193 + g e ! )
Currents | 0.627 | -0.472 | -0.251 | -0.283 | 0.283 -- 1+ [Pl _ f,
orEC -0.368 | 0.652 | 0.028 | 0.344 : c., 1+ | T
Solar I - - L I_'_D
+ X
. . . - e |— | N
C. Spatial Resolution Matrix (km?) I'd I ] d.,
Not 1 50 | —=—= | - f
Reported  >50  >258<50<258&>10 <10&>5 <58&>3 <38&>1 <18&>0 0 - 1 1+~ = 3
wind | -0.180 | -0.452 | -0.039 | 0.110 | 0.310 | 0.385 | -0.054 | 0.382 | 0.026 + \ |_d'_|
wave | 0.295 | 0.306 | -0.308 | -0.149 | -0.279 | -0.169 | -0.185 | 0.182 | -0.015 e P < X
Tidal Range| 1.045 -0.906 | -0.328 1 & e !
Currents | 0.051 -0.715 | -0.528 -0.342 | 0.162 | -0.252 — 1+ N P — f
orec | 0.031 -0.368 -0.326 | 0.987 - 1+|| e || -1
Solar | Ig’_ L) —
\ F./
D. Temporal Resolution Matrix (hours)
Not 720< &
Reported >48 >48 <48 & >24 24< & >12 12<&>5 5<&>1 1<&>0 0
wind | -0.105 | -0.370 | -0.269 | 0.310 | -0.084 | 0.096 | 0.513 -0.105 -
Wave | 0.149 -0.557 | -0.774 | -0.068 | -0.042 | -0.050 | 0.195 | 0.149 v. h
Fidal Range| -0.055 | 18.661 | -0.998 -0.055 Al =lr Ix gi+/)1
Currents | 0.035 | -0.773 | -0.940 -0.405 | 0.269 | 0.009 0.035 ’
OTEC | 0.106 | -0.096 | -0.451 -0.359 0.106
\ J
Solar l
vi N
E. Lengt:oct)f Data Matrix (hours) E, — E | x| A
Reported >50 <50 & >40 <40 & >30<30 & >20<20 & >10 <10 &>5 <5&>1 <1
wind | -0.150 | 0.272 | -0.021 | 0.095 | 0.177 | 0.082 | -0.249 | -0.144 | -0.201 . J
Wave | -0.199 | 0.484 | 0.139 | -0.398 | -0.148 | -0.189 | 0.774 | 0.419 | 1.096
Tidal Range| 0.182 -0.975 | -0.998 | 1.466 | -0.986 vii
Currents | -0.191 -0.641 | -0.582 | 0.674 | -0.053 :
oTec | 0.032 -0.370 -0.536 | -0.130 | 0.184 | -0.683 R. = | E |-]|E,
Solar
o /
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i Input Variables
Data Type: Hindcast Spatial Resolution: 25km? Temporal Resolution: 6 hours Length of Data: 27 years
Resource Type:  Wind Reported Energy: 0.4 kWm?
- i, i, N
B. Data Type Matrix e |'o 1'05" M
Remote Not N 1+ _I _ — 1.09
Sensed  Hindcast _ In-situ__ Reported Forecast "L- — 1+ |_ - —I -
wind | -0.230 | 0.105 | 0.007 | -0.005 | 0.152 T s -
wave | -0.269 | -0.039 | -0.041 | 0.670 | -0.557 -- ~ - X
Tidal Range| -0.906 -0.367 | 1.193 + 4 [ 1] 0
currents | 0.627 | -0.472 | 0.251 | -0.283 | 0.283 - 14 |—t==i| 0 | 110
1 1 == —_— ’
oTEC -0.368 | 0.852 | 0.028 | 0.344 |_°_'”_I T+ o111
Solar \_ I =1
- X
: : - —— )
C. Spatial Resolution Matrix (km?) 1 9006 ! 0.096 |
Not L__I 14| —t==t | — | 100
Reported  >50  >25&<50<25&>10 <10&>5 <5&>3 <38&>1 <1&>0 0 1+ I_ - _I —
wind [ 0180 | -0.452 | -0.03¢ | 0.110 | 0.310 | 0.385 | -0.054 [ 0.382 | 0.026 + I Y
wave | 0.285 | 0.306 | -0.308 | -0.149 | -0.279 | -0.169 | -0.185 | 0.182 | -0.015 i X
‘ Loarz " m=me )
Tidal Range| 1.045 -0.906 | -0.328 - - 1 0177 1
Currents | 0.051 -0.715 | -0.528 -0.342 | 0.162 | -0.252 —_— 1+ |—==2_| _
— e — 1.15
oTEC | 0.031 -0.368 -0.326 | 0.987 g 1+ |l 0477 1
Solar \_ | B 1y, —
h 5 =
\ 1.51/
D. Temporal Resolution Matrix (hours)
Not 720< &
Reported >48 >48 <48 & >24 24< & >12 12<&>5 5<&>1 1< &>0 0
wind | -0.105 | -0.370 | -0.269 | 0.310 | -0.084 | 0.096 | 0.613 -0.105 -
Wave | 0.149 -0.557 | -0.774 | -0.068 | -0.042 | -0.050 | 0.195 | 0.149 v. F. g N
lidal Range| -0.055 | 18.661 | -0.998 -0.055 151 | = |1.51 (x| (#
Currents | 0.035 | -0.773 | -0.940 -0.405 | 0.269 | 0.009 0.035 i
OTEC | 0.106 | -0.096 | -0.451 -0.359 0.106
\. J
Solar l
(V. N
E. Length of Data Matrix (hours) 06 | = |04 |x|151
Not
Reported >50 <50 & >40 <40 & >30<30 & >20<20 & >10 <10 & >5 <5&>1 <1
wind | -0.150 | 0.272 | -0.021 | 0.095 | 0.177 | 0.082 | -0.249 | -0.144 | -0.201 N S
Wave |-0.199 | 0.484 | 0.139 | -0.398 | -0.148 | -0.189 | 0.774 | 0.419 | 1.096
Tidal Range| 0.182 -0.975 | -0.898 | 1.466 | -0.986 vii
Currents | -0.191 -0.641 | -0.582 | 0.674 | -0.053 :
OTEC | 0.032 -0.370 -0.536 | -0.130 | 0.184 | -0.683 0.2 = | 0.60 |- |0.40
Solar
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Case Study 1Cozumel Mexico

Location 1

Resource Type

Data Type

Spatial Resolution
Temporal Resolution
Length Data
Adjustment factor

Initial Energy

Adjusted Energy Bound

iKS

Wind

Hindcast

25kn?

6 hours

27years

1.289
0.400kW/nr?
0.516kW/n¥

LikelyPower densitpivergence
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Location 2
Resource Type Wave
Data Type Hindcast
Spatial Resolution 1.3875kn?
Temporal Resolution | 24hours
Length Data 10years
Adjustment factor -1.589
Initial Energy 0.330kW/n
Adjusted Energy Bour|] 0.0 kW/m

LikelyPower densitfRange

Lower Bound
Upper Bound
Variability Range

0.000 kWm?
0.330kWm?
0.330kWm?

Lower Bound 0.400kW/m?
Upper Bound 0.602kW/m?
Variability Range 0.202kW/m?
Location 3

Resource Type Marine Currents
Data Type Hindcast
Spatial Resolution 25kn?
Temporal Resolution 6 hours
LengthData 27years
Adjustment factor 1.276

Initial Energy 0.200kW/n¥
Adjusted Energy Bound| 0.255kW/n?
LikelyPower densityRange

Lower Bound 0.200 kW/m
Upper Bound 0.255 kW/m
Variability Range 0.055 kW/m
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Case Study 2 Result®\ustralia

Location 1 Location 2

Resource Type Marine Currents Resource Type Marine Currents
Data Type In Situ Data Type Hindcast
Spatial Resolution 0.000km? Spatial Resolution 15kn?
Temporal Resolution 0.083hours Temporal Resolution | 24hours
LengthData 0.417years LengthData 2years
Adjustment factor 0.914 Adjustment factor -0.017

Initial Energy 0.850kW/n¥ Initial Energy 0.500kW/n?
Adjusted Energy Bound| 0.777kW/n¥ Adjusted Energy Bound 0.000kW/n?
LikelyPower densityRange LikelyPower densityRange

Lower Bound 0.777 kW/m Lower Bound 0.000 kW/m
Upper Bound 0.850 kW/m Upper Bound 0.500 kW/m
Variability Range 0.073 kW/m Variability Range 0.500 kW/m
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MRE Resource Remote Sensec Hindcasts In Situ Forecasts
wind 206 289 200 61
Wave 105 895 309 38
Tidal Range 7 0 32 0
Marine Currents 44 2 105 115
OTEC 0 11 8 1
Solar 0 2 2 0
¢l 0.fmBubdzYo SN 2F aididzRASa Ay RIGFLolFasS 8RRy abkd | ¢
RFEGFolFasSsy ANRAzZLISR 6& aw9 NBaz2dz2NDOS
MRE Resource >50 > 25 <25 <10 <5 <3 <1 0
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& & & & & &
<50 > 10 >5 >3 >1 >0

wind [ 108 46 8 59 61 206 35 190
Wave| 87 31 7 224 35 315 172 295
Tidal Rangd 0 0 0 0 0 0 7 30
Marine Currents| 0 0 12 13 0 19 120 80
OTEQ o 0 0 0 13 6
Solar| 0 0 0 1 0 1 0

¢l ()A.fmﬁjub,sz('JSNAJ 2 F él‘jdzlv?j\véé AY RI [']I-Aé I as o0& 0SYLR N
UKS RFEOGFOFA&SET 3ANRdAzZLISR 0€& aw9 NBaz2dzZNOS
720< 24< & 12<& 5<& 1< &
MRE Resource >720 &>24 >12 >5 >1 >0 0 >720
Wind 12 15 12 6 227 204 46 0
Wave 0 18 18 17 316 502 49 63
TidalRanggd 0 0 0 0 0 1 1 0
Marine Currents| 10 22 22 0 3 29 74 0
OTEQ 0 0 10 0 0
Solar 0 0 6 0
djl-é.ﬂrlﬁ)pbszOSNJ 2T alddzRASa Ay RFEGFOlIAS o0& fSy3adk
RFGIFIolFasSY IANRAzZISR 6& aw9 NB&2dz2NDS
50 < 40 < 30<
& & & 20<& 10<& 5<&
MRE Resource > 50 > 40 > 30 > 20 >10 >5 >1 <1
Wind 6 53 129 55 263 85 152 7
Wave 24 95 252 156 386 90 248 46
Tidal Range 0 0 0 0 3 1 8 3
Marine Currents 0 0 0 0 19 25 99 261
OTEC 0 0 2 0 1 1 19 1
Solar 0 0 1 1 2 0

¢l ofmBpy t SNOSY2 gCKI REYFERUBR (2 GKS aw9 ol aStAay:s
8L dzasSR
Remote Not
MRE Resource Sensed Hindcast Insitu Reported Forecast




wind -23% 11% 1% 15% -21%

Wave -27% -4% -4% -56% 304%
Tidal Rangd -91% N/a -37% N/a N/a
Marine Currents|  63% -47% -25% 28% 6%
OTEC N/a -37% 65% 34% N/a
Solar N/a N/a N/a N/a N/a

¢l ofmBut SNOSY LRGN BB Y BN NBR (2 (GKS aw9 o6FasStAys
NEazfdzom2zy dzaSREY YEKB ARIERI alyas$ y
> 25 <25 <10 <5 <3 <1
& & & & & &
MRE Resource >50 <50 >10 >5 >3 >1 >0 0
Wind | -45% -4% 11% 31% 39% -5% 38% 3%
Wave| 31% -31% -15% -28% -17% -18% 18% 2%
Tidal Rangd  N/a N/a N/a N/a N/a N/a -91% -33%
Marine Currents|  N/a N/a -72% -53% N/a -34% 16% -25%
OTEQ N/a N/a N/a -37% N/a N/a -33% 99%
Solar|  N/a N/a N/a N/a N/a N/a N/a N/a

¢l ofmy ut SNOSY (LIOKI NIIRE Wik N& R [‘12 GKS aw9 ol asStj
A A

f
GSYLR2NI}t NBazftdze2y dz&aSR> YSI adz J‘sﬁe Yy K2dzZNB AY
720< 24<& 12<& 5<& 1<&

MRE Resource >720 &>24 >12 >5 >1 >0 0 >720
Wind -37% -27% -33% 31% -8% 10% 61% N/a
Wave N/a -56% -56% -17% -71% -4% -5% 19%

Tidal Range N/a N/a N/a N/a N/a 1866% -100% N/a

Marine Currents| -77% -94% -94% N/a -41% 27% 1% N/a
OTEC -10% -45% -45% N/a N/a -36% N/a N/a
Solar N/a N/a N/a N/a N/a N/a N/a N/a
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<50& <40& <30& <20& <10& <5&>

MRE Resource >50 > 40 > 30 > 20 > 10 >5 1 <1
wind | 27% 2% 9% 18% 8% -25% -14% -20%
Wave | 48% 14% -40% -15% -19% 77% 42% 110%

Tidal Rangq  N/a N/a N/a N/a -98% | -100% | 147% | -99%
Marine Currents|  N/a N/a N/a N/a -64% -58% 67% -5%
OTEQ N/a N/a -37% N/a -54% -13% 18% -68%

Solar| N/a N/a N/a N/a N/a N/a N/a N/a
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