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Orkney’s renewable energy resources

Total = > 5,000 MW
deliverable capacity

Key A :

Onshore wind 40 MW existing/planned H\
New onshore wind  100-200 MW

Wave 500-1000 MW

Tidal 500-2,500 MW

Offshore wind 1000 MW

Wave leases 550 MW

Tidal leases 500 MW

Mirco & other 2.5 MW <
Gas & other 20 MW Dispersed

EMEC sites S+ 7 MW Dispersed and €

of electrical dermrand

1 07% in Orkney met by

renewables in 2014
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Total installed capacity (kW)

Large turbines (SOKW and greater) Small turbines (=>=50KW) P\
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Source: SEAcORE 2013
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South East Asia Potential for Ocean RE

= ~30,000 Islands (with great ORE potential)

= Singapore: ~3TWh/yr Tidal In-Stream, Wave ?

= Philippines: 170GW ORE (Phil Dept. of Energy)

= Malaysia (UTM): Wave 150kW/m, Current 14MWh/m?2/yr

" |ndonesia: 727GW ORE (INOCEAN) e [ Jomenrdrm et

" Brunei, Myanmar, Thailand, Vietham :5 LA
Wave Energy Potential ey i donesi SR

ERIGN . )



* ORE Potential: Indonesial

Potential Tidal Current | Ocean Wave Ocean
Thermal

Theoretical 160 GW 510 GW 57 GW
W Practical 4.8 GW 1.2 GW 43 GW B
& South China Sea \ . i SR
- : ~ Pacific Ocean
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- O O 8 Sea e A
sl Java Sea
O Tidal Current Energy Reserves IINOCEAN 2013
O  wave Energy Reserves

~  Contour showing water depth having > 20 °c Temp. Gradient






Legend OCEAN POWER PROJECTS‘
B Ocean Power Projects . PHITI;:?NES

* ORE Potential: Philippines (170 GW) - ik
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Wave and tidal

1G6W
2GW

Global Wave: 0 10MW 30MW 300MW
capacity Tidal: 0 20MW 200MW 900MW
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—— SING marginal cost?® SIC marginal cost?®
Diesel®*  eeeeees Diesel® - remote areas
(+27% transport costs?®)
— UK wave — UK tidal’
— — = Chile wave — — = Chile tidal

Sources:'Carbon Trust; 2°CNE; *World Bank/Bloomberg; *Chilean Ministry of Energy

Marine energy markets:

LONG TERM
Crid electricity

MEDIUM TERM
Diesel
replacement;
water pumping
and desalination
(mines)

SHORT TERM
Remote diesel
replacement
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Some Costs in South East Asia

Sinkers: $500 to $1k / ton = $100/ton
Surveys (ADCP Transect + Seabed-mounted): $100k = $30k-$50k
Barge-Based Floating Support System: $250k = $50k to $100k
Tug boats / Survey Vessels: ~$10k/day =2 s$1k - $5k/day
Feasibility Studies: $500k-600k/site = $150k - $300k/site

e Environment Compliance Certificate (5MW to <10o0MW): $50k-$100k

Deployed 2m Diameter Tidal Turbine

e Support Structure(Floating)+Mooring+Installation = $60k

Piling, Crane Barges, Cabling...
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--------------------------------------------------------------

Summary of Energy Statistics

* Diesel Cost (Aug) Energy Distribution for August 2015
¢ 18,800li x $0.89/li (Total = 33.34368 MWh)
* $16,732 = Wood
 Eff. Electricity Rate: NERS
= Wood
e $0.5/kWh Chipper 2
* Electricity Costs -gﬁ_od )
ipper
° ~$7,563 IHdUStTY = Conveyor
e ~$5,502 Residential Belts
e ~$3,667 Others = Residential
m Others
* Electricity Cost/Log: o NNRNRR
30.045 Belfs - Bulldozer
e Logs/ Month:~165k 0% - Shiploading

e 21x 7,870 logs/day



Ca Se StUdy: Hyb rid System =725n Monthly Average Electric Production 4
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= 150
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Simulation Results ?g
Systern drchitecture: B0 Kw Gen T [100KVA] 728 Kw Gen & (310 Kv4) Total MPC: $ 9,034 855 « 100
B0 KW Gien 2 100 KA] 400 KW Gen 5 (500 Kva) Levelized COE: $0.393/Kwh
F28 kW Gen 3 (910 kva) Operating Cost: § 699,805/
Cost Summary | Cash Fow {Eleciica’™] socw | a0ew | 7280w | 728w | 400w | Emissons | Houty Data |
Production Kl hyr k4 Caonsumplion Kw'h/ur % Guantity Kwhiur %
Gen 1 (100 kva] 290872 14 AC primary lnad 1.769520 100 Excess elechricity 299510 145 o
Gen 2 (100 kv4) 279858 14 Total 1,769520 100 Unmet electic oad 0.00403 0o Jan Ju Mot
Gen 3[910 kWA 989,919 47 Capacity shortage 000 oo
Gen 4 (310 kya) Z2emz N D G D ‘
Gen 5 (500 kv4) 300357 15 Henewabi“;;‘zt; . Rt Hi -100 910
Total 2069M8 100 -

U pdated Tidal Turbine Qutput

DIESEL Generators Only N .' f 'F j‘; f *1' b

200 Monthly Average Electric Production ‘ 1 B ] I Ir .
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= Gen 2 (100 KVA) = | |i 120
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_ 200 == Gen 5 {500 KVA) ? 12
2 z ’
= o ;
= 150 2
: /
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I
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LCOE
Electricity (USD/kWh)

Diesel GenSets (910kVA, 100 kVA) + Batt (720kWh)

0, (V)
+ Ul (Goalifp) 38.6% 20.1% 0.386

Diesel GenSets (910kVA, 100 kVA)+Batt.(1440kWh) 0.0 % 2.47% 0.456

Diesel GenSets (2x 910, 500, 100 kVA) 0.0 % 14.5% 0.50
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depth averaged wvelacity, magnitude (m/s)
01-Apr-2011 01:00:00
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ial Feasible Installation Areas, TN

(Applled Depth-Mask of<100m)
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: e, Multi-Criteria

4 O C e a n P [ xe I Geographic Information System

Data Analytics, Intelligence, Suitability, Decision Support

Data Analytics
Suitability Maps

RTT 2000 MatnogV4 Device Capacity Factor

Energy Density

2% RTT 2000

Lunar
126

Project Dev’t Planning
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Environmental Scores

b1
3 1245 0.02

124

Technology Library

1235

126 12605 1241 12415 1242 12425 1243 12435
Longitude (Decimal Degrees)

; A A Distance-to-Shore
Multi-Metric Scoring Tools

Resource Analysis

EnCurrent

——— HS1000 Cost Ranging

Resource Data

Decision Support
Maps

Navigation & Shipping Considerations
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Summary / Conclusions

There are Marine Renewable Energy Resources in SEA

Unique ecosystem in SEA will (hopefully) increase the
uptake of marine renewables in the region

Need for actual projects beyond R&D in SEA...

Project Pathways may take different forms: from
community-scale to commercial grid-connected projects.

Progressive Development of Sites (Phased Approach)
seems to be an attractive strategy for developers
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