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Friday 14 May 2pm (Manila Time)

Harnessing Marine Renewable Energy
By Dr Michael Abundo

Marine Renewable Energy (MRE) is a necessary step towards
decarbonization and the growth of the Blue Economy. Mike
will share his insights into the economics of various MRE
technologies, resources available, choosing sites, and the
drivers for MRE industry development.

Dr Michael Abundo is Managing Director of OceanPixel Pte
Ltd, Singapore. He has extensive experience in marine
energy applications and R&D in loT, Drones, all forms of MRE
and the Blue Economy.
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Energy Research Institute @ NTU

OceanPixel is a Singapore start-up that was incorporated in 2014, having
spun-off from the Energy Research Institute at NTU.

The core team has combined expertise in sustainable energy research,
development, demonstration, project development and experience in the
relevant industry ecosystem, business, finance, policy and education.

OceanPixel believes in the development of Sustainable Ecosystems, and
supports these efforts by offering Data Management technologies and
services coupled with Suitability Analytics, data catalogues, report products
and technical services. OceanPixel has various global involvements, but is
currently focused in South East Asia, handling projects in Singapore,
Philippines and Indonesia.

With OceanPixel’s capabilities, we provide Multi-Site, Multi-Device, Multi-Criteria GIS Decision Approach to
project development.
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« Resource Data
¢ Integration
¢ Processing
o Analysis
+ Device Database
¢ Mechanical Specs
¢ Electrical Specs
¢ Cost
«+ Installation
¢ Distance to Port
¢ Distance to Shore (Grid)
« Constraints
¢ Navigation & Shipping
¢ Marine Protected Areas
¢ Depth Constraints
« Suitability Scoring
¢ “Best Site” Nomination
o “BestTechnology”
¢ “Best Device™"
¢ Least Cost Analysis

Sustainable Transformations &

Sustainability through Data Intelligence
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Provides intelligence to the sustainability ecosystem
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e ‘Oceans’ of Data.
* Multiple ‘Ecosystems’.
e Visualized and Understood.




& Marine Renewable Energy (MRE)

“Renewable energy production
which makes use of marine

resources or marine space.”* SCHOTTEL
_ ' SIT250 70kW
*European Science Foundation generators

Ocean Renewable Energy

(ORE) MRE ;’: ORE

Currents (Ocean Current, Tidal
. Offshore Wind Currents/In-Stream)

- et el Tides (Tidal Range) ORE is a subset

* Marine biomass Wa.vc.es . .
(micro- and macro-algae) Salinity / Osmotic Gradient

Thermal Gradient
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Ocean Renewable Energy

OceanPixel

5 Ocean Renewable Energy Resources*®

Tidal / Marine Current

800+ TWh/yr

P’
e

Waves

80,000 TWh/yr

Salinity Gradient

2,000 TWh/yr

Ocean Current / Tidal In-Stream energy is harvested by
Current/Hydrokinetic turbines placed underwater where
fast-flowing currents turn the generator blades similar to
what wind does with wind turbines.

Tides (Tidal Range) Tidal Barrages utilize the potential
energy from the difference in height between high and
low tides.

Wave energy is produced from the surface motion of
ocean waves or from pressure fluctuations below the
surface.

Ocean Thermal energy conversion (OTEC) uses the
temperature difference between the surface seawaters
(warm) and the deep seawaters (cool) to drive a heat
engine to produce electricity.

Salinity Gradient power is the available energy (or
chemical potential) from the differences in salt
concentration between the fresh water and seawater.

o

Tides or

Tidal Range (Barrage)
300+ TWh/yr

Thermal Gradient
(OTEC)
10,000 TWh/yr

*International Energy Agency -Ocean Energy Systems (IEA-OES)



Marine Renewable Energy:
Technology Readiness

OceanPixel

Marine Floating Solar

Offshore Wind

Deep Ocean Current

Very few active concepts being
developed; laboratory-scale tank
testing has occurred

(" Wave Energy A

Converters

Full-scale prototypes being
tested. Many leading WEC
designs have remained at this

\ stage for some time /

/ Tidal Stream )

Leading developers testing
individual prototypes in
locations representative of
potential commercial sites,
generating grid-connected
electricity. Demonstration in

4 Tidal Range )

Most mature of the ocean
energy technologies, with a
proven frack record stretching
back to the 1960s but limited

\ deploymentto date /

Salinity Gradient

A handful of university-based
research projects have been
conducted, as well as small-scale
system operation

\ arrays sfill lacking /

OTEC

A few test faciliies
(mostly pilot-scale)

trialed, but no long-term
operation

N 4

7]

7]

L 2 3 4 5 6 7 8 9

5 X Basic Technology Analytical and Technology Laboratory scale, Engineering/ pilot-  Full scale or prototype  Actual system Technology

§ ®  principles concept andior experimental (system or with similar system  scale, with prototype technology completedand ~ operational, over

‘e 3 observed and application critical function components) validationin a systemormodel  demonstrationinan  qualified ready for full range of

E reported formulated and/or proof of validated in a realistic working demonstrated in an actual working deployment expected lifetime

= concept laboratory environment actual working environment through test and conditions
experiment environment demonstration

Source: IRENA

Increasing Maturity



Marine-related RE Options

Thermal Gradient

(OTEC)

Tidal / Marine Current

. 800+ TWh/yr 80,000 TWh/ 10,000 TWh/yr
Very High  Uptoa L
Chance of  certain
Feasibility  depth Resource: H Resource: H Resource: H

TRL*: High TRL: Med TRL: Med
*TRL = Technology Readiness Level

Tides or Salinity Gradient

Tidal Range (Barrage)
300+ TWh/yr

Present Technologies - Good for Energy Recovery for Desalination
need >4m to be - Still Too Expensive w/o co-application
economically viable

2,000 TWh/yr



Sustainable Energy =islands Example

|

Total = > 5,000 MW
deliverable capacity

Key \\%J
Onshore wind 40 MW existing/planned Hl\
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
of electrical derrand Orkney Islands
> )
%
1 07 o I Orkney met by = North Scotland, UK

renewables in 2014

Total installed capacity (kW)

S N
P P~ P~ R~
8 " Vol o, ¥

Large turbines (SOKW and greater) Small turbines (=50KW)
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Wave Power 180 10400-10600
& Tidal Currents 130 3000
= Tidal and Ocean Currents 5
N — Salinity Gradient 50
ORKMNEY
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RESOURCE INSTALLED CONSENTED Wave Power 115
CAPACITY (kW) PROJECTS (kW) [
ANADA Wave Power 3730 40000
R INSTALLED CONSENTED Tidal Currents 5600 96000
CTAPACITY. (kW) PROJECTS (kW) BELGIUM
Tidal Currents. 20450 SESOURCE INSTALLED CONSENTED
Tidal Drussar 20000 s CAPACITY (kW) PRGIECTS (kW)
Wave Power Up to 20000 NORWAY
- INSTALLED CONSENTED
FOR( E . CAPACITY (kW) PRGIESTS (k)
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g CAPACITY (kW) PROIECTS. (kW)
Wave Power 350 2860
Tidal Currents 170 4500
Tidal Power 3900 200
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- i T CAPACITY (ki) PROJECTS (kW)
CAPACITY {kW) PROJECTS (kW) Wave Power 500 300
Wave Power 1365 Tidal Currents 1000 1300
Tidal Currents 1350 Tidal Power 1000 1300
OTEC 220 1000
PORTUGAL
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Wave P 700 SINGAPORE
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Developing

%BE 10W'E 12190'E  12112E
longitude (deg) =

Brunei
Offshore Wind

Tow Tanks
(eg UTM, MMU, NTU)

Source: SEAcORE 2013

Myanmar
Tidal Barrage

Vietham
Tidal Turbine Drive Train

Philippines
Tidal Barrage

Indonesia
Tidal Current Test

Malaysia
OWC Test

Singapore
Tidal Turbine Testing

Europe, N. America, Australia
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S eon

2003/4

2006/7

2008/9

ountries’ Initiatives

2009/10

2010/11

2011/12 2013 onwards



What is a Cushion Roller?

Cushion Rollers are components that hold floating platforms in place
while absorber impacts that the platforms experience.

Ridng Waves Towards Sustainable Maritime Ecosystems
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Technology Zones

Hs> 1m

Medium Energy
Medium Risk
Array Approach

Huge Waves

High Energy

High Risk

Offshore Challenges

‘Dry Setup’
Low Risk
Easier Maintenance




Technology Innovation — Competitive Edge

As a Cushion Roller

%
* First cushion roller to be able to produce electricity Technology Zones

* Translate to cost savings

Hs>1m

* Impact absorbing mechanism has potential for extended pgim cee

Medium Risk

lifespan Array Approach 7
Huge Waves
As a Wave Energy Device i

Hs<0.5m Offshore Challenges

* Device is completely above water Multifunction Device ™
 Translate to reduced corrosion Low Wave! Resource Capture U
* Easier access for installation, maintenance and repair

* Able to generate under small waves conditions § Dy Setupf
* Translate to greater range of application MBS Easier Maintenance Confidential

Ridng Waves Towards Sustainable Maritime Ecosystems




TIDAL IN-STREAM ENERGY DEMONSTRATION IN SG (50kW)

Client: Envirotek Pte Ltd Collaborators: Schottel Hydro, OceanPixel, LitaOcean, Sentosa, Aquatera,

Orcades Marine, ITP, Braemar Offshore
Start: November 2015  Deployment: February 2017 End: February 2018
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Envirotek Tidal Demo Project in Singapore (~3mins)

Singapore Tidal Energy
Demonstration Project

BB NANYANG :
re SIS https://vimeo.com/212361278
: 93y UNIVERSITY

Energy Research Institute @ NTU Lita Ocean Pte Ltd
ENVIROTEK www.litaocean.com



https://vimeo.com/212361278
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BUMWI’s mangrove
chipping operation in
West Papua is the first
~ of its kind to receive
J - sustainability
" certification from the

“Forestry tewardship
Council (FSC®).

The carbon footprint of the plant
is now set to be reduced by
harnessing power from nearby
tidal currents.

The BUMWI facility is located
on the southern side of Bintuni
Bay, West Papua, Indonesia

Source: Google Maps

\\

Tidal power in West Papua,
In‘donesia

Initiated by: PT. Bintuni Utama
y ?ﬂgf EEST Murni Wood Industries

TECHNOLOGY (BUMW|)
Supported by: . G N NG
OceanPixel =5 Gaguatera 9 Kogir:

environmental services and products

HYDRO Energy Research Inslilute‘@ I\\J



The project approach combines appropriate technology with local
content and know-how.

The tidal turbine is suspended below a floating barge in a simple and
robust arrangement which allows for straightforward inspection and
maintenance and can be easily replicated.

| The project has proven the capability of
a multi-company team to develop,
| implement and successfully deploy a
tidal turbine in one of the most remote
‘c | and areas of Indonesia.

The installation of Schottel Hydro’s 50kW
turbine in West Papua is a significant
step on the journey to use marine
renewables to de-carbonise energy
supplies across the region.




/teu%n Island Micro-Grids

Case Study: Hybrid System

Simulation Results

System Architecture: B0 KW Gen 1 [100 k'aA] 728 Kw Gen 4 (910 kva)
B0 KW Gen 2 [100 ki) 400 kv Gen 5 (500 kivA)
T28 kW Gen 3 (910 kVA)

Total MPC: 9,034,855
Levelized COE: § 0.393/Kwh
Operating Cost: § 693,805/

Production Kuwhdyr % Caonsumption Kw'h/ur b4 Cuantity Kwhiyr k4
Gen 1 (100 kia) 290872 14 AL primary load 1,769,520 100 Ercess electricity 299510 145
Gen 2 [100 kva) 279858 14 Total 1,768,520 100 Unmet electric load 0.00409 o]
Gen 3 (910 kWA) 983,919 47 Capacity shortage 0.00 0o
Gen 4 (310 kWA) 228012 1N Quantiy Valus
Gien 5500 k¥A) 3038715 Renewable fraction 0.00

Tatal 2063018 100

DIESEL Generators Only

Monthly Average Electric Production

- Gen 1 (100 kVA)
— Gen 2 (100 kvA)

250 = Gen 3 {910 KVA)
— Gen 4 (310 KVA)
200 - Gen 5 (500 KVA)
z
3 15
H
&

Hour of Day

Maonthly Average Electric Production

May hun hul Aun Mow

Updated T|da| Turbme Qutput

Power System Config.

Excess

Diesel GenSets (910, 100 kVA) + Batt (576kWh)
+ Solar (300kWp) + Tidal (200kWp)

Electricity

12.6%

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

() ()
» Saller (Gealtiis) 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% 0.5G J

18



fluid . energy ., intelligence
Summary data gathered for each stage of deployment, and

each technology type
CAPITAL COSTS
Deployment . . EVE Tidal OTEC
¢ Devices Stage MR SIS Min Max Min Max  Min  Max
. . Project
* Foundations/Moorings First Capacity MW 1 3 0.3 10 0.1 5
» Connections array/First  |CAPEX  |$/kW 4,000] 18,100 5100 | 14,600| 25,000] 45,000
i Project S/kw per
* Installation OPEX year 140 1,500 160| 1160| 800| 1.440 .
* Project Costs Project Project Keys to Success:
L Capacity MW 1 10 0.5 28 10 20
* Decemmissioning CAPEX __ [s/kW 3,600 15,300 4300|8700 15,000 30,000
Second S/KW per
array/Second OPEX____|year 100 500 150 530 480 950  Need/Demand/End-Use
ANNUAL Project Availability % 85% 98% 85% 98%| 95%| 95%
Capacity .
OPERATING COSTS ENERGY Factor ;A) 30%|  35%|  35%|  42%| 97%|  97% (Market Existence)
LCOE /MWh 210 670 210 470] 350 650
*Maintenance PRODUCTION Project
. Capacity _[Mw 2 75 3 90 100 100 :
*Operations ¢ Site Resource CAPEX __ [s/kW 2700 9,100 3,300] 5600| 7,000] 13,000 Good Site and Resource
*|nsurance ; First S/kW per
* DeviceEnergy | Comesorc jes™ | m  eu o a0 e e
.. vallapiity 0 o 0 o 0 o o H
eTransmission Charges Capture Capacity Approprlate Technology
T Factor % 35% 40% 35%|  40%|  97%|  97%
Availability LCOE S/MWh 120 470 130 280 150 280
Source :OES, International Levelised Cost of Enery for Ocean Energy Technologies, May 28, 201

Source : Sl Ocean, Ocean Energy : Cost of Energy and Cost Reduction Opportunities, May 2013

What does this table mean???




Wave and

tidal

Global Wave: 0 10MW 30MW 300MW 1GwW
capacity Tidal: 0 20MW 200MW 900MW 2 GW
70
< 60
E 50
z
¢ 40
(=]
2 30
=4
%, 20
o 10
0 PRI
2000 2005 2010 2015 2020 2025 2030
—— SING marginal cost? SIC marginal cost?
Diesel®*  eeeeee Diesel® - remote areas
(+27% transport costs®?)
— UK wave — UK tidal’
— — = Chile wave — = = Chile tidal

Sources: 'Carbon Trust; 2CNE;

*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

Hydrogen

In the HYBRID!
2016, a diesel

“Energy Observer” is currently touring the world to demonstrate

the potential of hydrogen as a power source.




Ocean Energy - Configuration Options
(Tidal In-Stream Energy Device example)

h g :"*“r‘-l-%%v--)-{é-_;f .
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* Jetty-based / fixed structure (e.g. bridges)
* Floating

* Submerged (neutrally-buoyant)

* Seabed-mounted

* Others? - Vessel-mounted?

OceanPixel



Project Desigh — Some Deployment+|nsta||at|on

Options

rollers

1 pontoon =8 rollers : ~“2kW (ave)
Total Annual Energy: ~17.5MWh/yr

WEC Power Output

(Watts)[1]
0.1

Wave Height, H
(m)

150

241W Output @ 0.3m Wave Height, 4s Wave Period

https: ) .gov.sg/assets/rnd/e-bulletins/issue2/html/index4.html

All Renewable Energy Options should
be explored if possible:

Solar, Wind, Tidal, Wave, etc

Sizing Combinations are Flexible and
Scalable

- E.g. Tidal Turbines Systems Small
to Large: 3.5kW, 5kW, 20kW,
70kW, and more, up to 2MW

Various Deployment & Installation
Options should also be explored:

« Seabed-mounted
« Seaport-attached
« Jetty-based
* Floating Stand-alone
* Floating-Integrated
(to offshore structure, or Vessel, etc)
« Mobile, Floating
Mobile, Underwater

And more!


https://www.mpa.gov.sg/assets/rnd/e-bulletins/issue2/html/index4.html

Example for 10kW* Load — Some Technology Options

Marine Floating Solar Tidal Current Turbine/s Hybrid Floating Solar + Tidal

« Resource Availability: * Resource Availability:  Size (Solar): ~10 kW
of the time ~30% to 40% of the «  Size (Tidal): ~20 to 60 kWp
. Size: time (in a month)
 Size: ~40to 100 kWp

« Surface Space: . Surface Space: » Surface Space:

~140 sgm ~35 to 70 sqm ~70 sgm
« Costs**; e  Costs**:  Costs**:
» Project Dev’t + CapEx . Project Dev't + CapEx * Project Dev't + CapEx

~S$150k to S$200k ~S$200k to S$350k ~S$175k to S$300k

« Annual OpEXx « Annual OpEXx * Annual OpEx

~S$10k to S$20k ~S$10k to S$25k ~S$10k to S$20k

*Electrical Load: 10kW Power with 8 hours per day operation,
assumed daily load energy requirement = 80kWh/d

-
** May include a feasibly-sized energy storage system (e.g. battery) Ocea n Plxel



RESOURCE calr:‘fgr:'bli?m vmsc[T:T:EkDm
Wave Power
B Tidal Currents 130 3000
EMEC ..~ S
ORKMNEY
he European warine energy conre o (GG
oney | mwim | wmom, |
ANADA Wave Power 3730 40000
e | NS | e Tl Coments = =
Tidal Currents 20450
Tidal Drussar 20000

FORCE

Fundy Ocean Research Canter for Encrgy

RESOURCE IRSTALLED CONSENTED
S0 CAPACITY (kW) PROJECTS (iW)
Wave Power 115

BELGIUM

INSTALLED CONSENTED
s CAPALITY (kW) PROIECTS (kW)
Wave Power 180 10400-10600
Tidal and Ocean Currents 75

INSTALLED CONSENTED
SOURC
e CAPACITY (kW) PROIECTS (kW)
‘Wave Power Up to 20000

NORWAY

INSTALLED CONSEXTED
v

FeaE CAPACITY (kW) PREIETS (ki)
Wave Power 200

INSTALLED CONSENTED
RESQURCE CAPACITY (kW) PROZECTS (W)
Wave Power 1365
Tidal Currents 5
PORTUGAL
= INSTALLED CONSENTED
RESOURCE CAPACITY (kW) PROJECTS (kW)
Wave Power 700
" INSTALLED CONSENTED
RESOURCE CAPACITY (ki) PROJECTS (W)
Wave Power 296 300

SUSTAINABL
MARINE ENERGY LTD

A
ATLANTIS

RESOURCES.

MEYGEN

LOCKHEED MARTIN

/4\

U

SINGAPORE
i INSTALLED COMSENTED
BESOURCE CAPATSTY (W) PROIECTS (kW)
Wave Power 16
Tidal and Ocean Currents 25

Wave Power 350 2860

Tidal Currents. 170 4500

Tidal Power 3900 200

REPUB OF KOR

Wave Power 500 300
Tidal Currents 1000 1300
Tidal Power 1000 1300
OTEC 220 1000

\. >1,000 Sites

200MW each

OceanPixe
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Philippines’ Tidal In-Stream (Current) & Wave Energy Potential

fluid . energy . intelligence

The Philippines has
substantial Ocean
Renewable Energy (ORE)
resource (the Department
of Energy has estimated it

Philippines has more than 7 thousand islands, including remote islands which
either do not have electricity access or rely heavily on diesel power
generation. Some of these areas are suitable for tidal in-stream and wave
energy power generation development.

Philippines’ tidal in-stream and wave energy potential

No Province / Region Electrification Population
/ Reg e riihon) to be 170GW, and some
BEN cagayan/m 91.8% 1.20 studies have estimated
Catanduanes / V 88.7% 0.26
sorsogon/ v o 079 that around 80GW+ are
Northern Samar / VIII 87.2% 0.63 from tidal currents / tidal
Southern Leyte / VIII 87.2% 0.42
streams).
- Surigao del Norte / XIII/Caraga 93.8% 0.49 )
Basilan / ARMM 38.7% 0.35
Sulu / ARMM 38.7% 0.82
Tawi-tawi / ARMM 38.7% 0.39
E Palawan / Iv-B 82.2% 0.85
Batangas / IV-A 96.3% 2.69
Occidental Mindoro / IV-B 82.2% 0.49
Oriental Mindoro / IV-B 82.2% 0.84

D identified tidal current energy reserves
QO identified wave energy reserves

* electrification rate are identified in Region level
Source: Energy Research Institute at Nanyang Technolegical University, Philippines Department of Energy, Philippines Statistics Authority, OceanPixel

Deloitte Consulting and OceanPixel SEA(2017).
Marine Renewable Energy: Unlocking The Hidden Potential Southeast Asia (SEA) Market Assessment,
Singapore: OceanPixel.




Tidal In-Stream Energy - Potential Technology for Archipelagic Countries
(like the Philippines, Indonesia, etc)

fluid . energy . intelligence




100 MW

Total Project (20-Years)

~USD 378M

~USD 560M

~USD 984M

CapEx=$233.2M  OpEx = $6.63M/yr

CapEx =$406.5M  OpEx =5$6.63M/yr

CapEx =$810.2M  OpEx = $6.63M/yr

FIT (PhP/kWh)

USD 2M/ MW (LCOE =$ 0.11/kWh)

USD 4M/ MW (LCOE = $ 0.17/kWh)

USD 8M/MW (LCOE = $ 0.3/kWh)

10 ROI =95% IRR =14% ROI =32% IRR = 6%
Profit =~USD 358M Payback =~6.5yrs | Profit="USD 177M Payback =~11yrs
135 ROl =163% IRR=21% ROI =78% IRR=11% ROl =1% IRR=3%
Profit=~USD 616M  Payback =~5yrs Profit =~USD 434M Payback =~7.6 yrs || Profit =~USD9M Payback =~16.2 yrs
ROI = 232% IRR = 28% ROI =124% IRR = 15% ROI =27% IRR =5%
17 Profit =~USD 873M Payback =~3.5yrs | Profit=~USD 691M Payback =~6.3 yrs |Profit =~USD 267M Payback =~12 yrs
Total Project Cost (20-Years)
200 MW ~USD 753.5M ~USD 1,117.3M ~USD 1,966.3M

CapEx =$465.3M  OpEx =5$13.25M/yr

CapEx =5811.8M  OpEx =513.25M/yr

CapEx =51,620.3 M OpEx =5$13.25M/yr

FIT (PhP/kWh)
10

13.5

17

USD 2M/ MW (LCOE = $ 0.11/kWh)

USD 4M/ MW (LCOE = $ 0.17/kWh)

USD 8M/MW (LCOE = $ 0.3/kWh)

ROI =95% IRR =14%
Profit =~USD 718M Payback =~6.5yrs
ROI = 164% IRR=21%
Profit =~USD 1,233M Payback =~4.5yrs
ROI =232% IRR = 28%

Profit =~USD 1,748M Payback =~3.5yrs

ROI =35% IRR = 6%
Profit =~USD 354M  Payback =~11yrs
ROI =78% IRR=11%
Profit =~USD 869M Payback =~7.6 yrs
ROI =124% IRR =15%

Profit =~USD 1,384M Payback =~6.3 yrs

ROl =1% IRR =3%
Profit =~USD 20M Payback =~16.2 yrs
ROI =27% IRR =5%

Profit =~USD 535M Payback =~12 yrs

OceanPixel




BACKGROUND / CONTEXT OceanPixel
Hybrid Marine Renewable Energy System

Harnessing Energy from Tidal Currents and Solar (on land and at sea)
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Techno-Economic Modelling ( ontoone otora g )
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. Some Reference Rates and Costs of Tidal In-Stream Energy Projects

fluid .

enerqgy . intelligence

Location PPA) Rate or LCOE and term
22MW, Canada [2] Tidal In-Stream (a) FIT: CAD530/MWh (~*PhP19.63/kWh), 15 FIT rates are developmental rates called
years “COMFIT” or Community FIT. Lower rate
(b) FIT: CAD420/MWh (~*PhP15.56/kWh), 15 for projects producing >16,640 MWh
years
9MW, Canada [3] Tidal In-Stream CAD530/MWh (~PhP19.63/kWh), Project Cost: “PhP4.34B
15 years

Hybrid Tidal In- Diesel-only LCOE: USDO0.5 to USD 1 / kWh

~1-2MW), Indonesia Stream, Solar, (~*PhP24.06 to PhP48.12/kWh) Phase 1 (Test): Tidal + Diesel — completed
(West Papua) [1] Diesel in 2017

Hybrid (Tidal+Solar+Battery+Diesel) Case Study

LCOE: USD 0.25 to USD 0.368 /kWh

(~*PhP12.03 to PhP 17.71/kWh), 20 years

600kW to 5MW, Hybrid Tidal In- Diesel-Only True Cost of Generation Rate: Various Off-Grid Studies —i.e. Tawi-Tawi,
Philippines Stream, Solar, ~PhP 13.5 to 24.83/kWh Dinagat, San Antonio (N. Samar)
Diesel
Hybrid (Tidal+Solar+Battery+Diesel) LCOE: Estimated/Indicative Project Costs:
(*PhP12.03 to PhP 17.71/kWh), 20 years PhP75m-100m (600kW, no OpEx)

PhP125m-150m (1.2MW, no Opex)
~PhP500m (5MW, no Opex)

[1] Deloitte Consulting and OceanPixel SEA(2017). Marine Renewable Energy: Unlocking The Hidden Potential Southeast Asia (SEA) Market Assessment, Singapore
[2] https://energy.novascotia.ca/renewables/programs-and-projects/tidal-fit
[3] https://www.offshore-energy.biz/canada-awards-c30-million-for-9mw-tidal-energy-scheme/



https://energy.novascotia.ca/renewables/programs-and-projects/tidal-fit
https://www.offshore-energy.biz/canada-awards-c30-million-for-9mw-tidal-energy-scheme/

Hybridized Marine RE Pathway

MARES: Marine Aquaculture, Reefs, Renewable Energy, and Ecotourism for Ecosystem Services

. Grid-Connected Project Dev’t Large Scale Commercial
- - —
Off-Grid and Co-App Market (Progressive Dev’t) Grid-Tied Projects
MARES @ VARIOUS SCALES
Small Scale Pilot Increase Pilot Capacity Large Scale Grid-Connected and Other
. . ) —f R . .
(Off-Grid and (Progressive Dev’t) Islands’ Micro-Grid Projects
Micro-grid) \ I

Outer Islands’ Projects
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SUSTAINABLE
DEVELOPMENT

GOALS

A SUSTAINABLE BLUE ECONOMY:

Restores, protects and maintains the Is based on clean technologies
diversity, productivity, resilience, core renewable energy, and circular material
functions, and intrinsic value of marine flows to secure economic and social
ecosystems — the natural capital upon stability over time, while keeping within
which its prosperity depends. the limits of one planet.

N

Provides social and economic benefits
for current and future generations by
contributing to food security, poverty
eradication, livelihoods, income,
employment, health, safety, equity, and
political stability
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ocean.panda.org
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Electrification: More than just electricity supply

* Electrification of Transportation

* Electrification of Vessels

* Electrification of Ports
 Automation of Processes

* Energy Storage Systems
 Aquaculture Applications

 Water Production (e.g. Desalination)
* Ice Making

* Digitalization

e Others?




Sustainable Integrated Development for Islands & Coa

{
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Renewable Energy + Green Transport
+ Aquaculture + Water Production

+ Freezing/Cooling + Local Content

+ Other Sustainable Initiatives

OceanPixel



Building the Sustainable Future Blue Economy

Enabling MARES
(Marine Aquaculture, Reefs,

Long-Term Sustainability

Renewable Energy, & Ecotourism Global Competltlvene-ss
for Ecosystem Services) New Products & Services

Inward Investment ﬁ *
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Capability Dev’t
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Various Efforts
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Regenerative Marine Industries

Hydrogen Economy

Marine Impact-Driven Projects
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Logistics
Clean Tech

Energy
@ Intelligence




Potential Pilot Projects

Ocean/Marine Renewable Energy: Marie Solar, Offshor Wid, Tidal In-Stream, Wave

Systems and Eco-Systems’ Integration

Testbedding
Other Innovations
Technologies
Business Models
“Learn by Doing”

OceanPixel

Transportation Ice

Lo Vo

Ports/Marinas/Bays Water Production

Aquaculture

Offshore

Mussel
aquaculture

farming

Fish pen
farming

Reef Restoration,
Marine Area Monitoring



Summary / Conclusions /
Recommendations

» Marine Renewable Energy Options Exist
» Floating Solar, Offshore Wind (both already commercially viable)
» Waves and Currents, maybe OTEC and Salinity Gradient

» Need for a Resource Inventory Review and Suitability Studies for Pilot Projects

» Green Marine and Maritime Ecosystem

» Lower Hanging Fruits - Green Vessels, Green Ports
» Electrification of a Suite of Applications - Transport, Aquaculture, Water, Ice, Others?

» Detailed planning of a Sustainable Integrated Development for Islands and Coasts

» Progressive Development Approach Towards a Blue Economy
» Leverage the Marine/Maritime Ecosystem of the Country/Region(s)
» Capability Development - Local Supply Chain (especially Services)

» Demonstration and Pilot Projects can accelerate the uptake

>

Hybrid Systems and Co-Application will be key to success
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