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The	  informa.on	  contained	  in	  this	  presenta.on	  is	  confiden.al	  and	  is	  not	  to	  be	  shared	  with	  third	  par.es	  without	  the	  prior	  wriBen	  
consent	  of	  ERI@N	  management.	  	  

Your	  coopera.on	  is	  much	  appreciated.	  	  	  



Energy	  Research	  InsMtute	  @	  NTU|	  
hTp://erian.ntu.edu.sg	   REIDS	  Offshore	  -‐	  IWS_MARE	  –	  Aug	  4,	  2014	  	  

*	   Renewable	  Energy	  Integration	  Demonstrator	  
Singapore	  
REIDS	  

Vision	  
-‐  Foster	  technology	  development	  and	  commercializaMon	  efforts	   	  in	  the	  broad	  energy	  market	  in	  

support	  of	  Singapore	  corporate	  stakeholders,	  thereby	  strengthening	  their	  posiMon	  within	  the	  
rapidly	  growing	  renewable	  energy	  and	  micro-‐grid	  markets.	  

-‐  Support	  Singapore’s	  commitment	  to	  a	  path	  towards	  a	  broader	  energy	  mix,	  including	  a	  growing	  
renewable	  energy	  porMon,	  and	  a	  more	  raMonal	  energy	  end-‐use.	  

Objec1ves	  
-‐  Test	   and	   demonstrate,	   at	   a	   large-‐scale	   level,	   the	   proper	   integraMon	   of	   a	   broad	   range	   of	  

renewable	   energy	   producMon	   -‐	   onshore	   and	   offshore	   -‐,	   energy	   storage	   and	   raMonal	   energy	  
end-‐use	  technologies	  to	  provide	  for	  the	  supply	  of	  a	  wide	  paleTe	  of	  industrial,	  commercial	  and	  
residenMal	  loads.	  	  

-‐  Provide	  a	  unique	  plaeorm	   for	  private	  and	  public	   sector	  enMMes	   in	   support	  of	   their	  on-‐going	  
R&D	  efforts,	  as	  required	  for	  early	  tesMng,	  followed	  by	  large	  scale	  demonstraMon	  and	  eventually	  
show-‐casing	  all	  along	  the	  usually	  long	  energy	  technology	  and	  product	  development	  cycle	  
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*	   Key	  Challenges	  in	  Energy	  TransiMon	  
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Providing electricity to isolated islands and villages remains one of the core challenges.	

The solution can only be by way of micro-grids.	


Micro-grid main applications:	

	
- Island systems 	
 	
 	
 	
 	
- Remote village systems	

	
- Emergency situations (earthquakes, tsunamis, refugee camps)	

	
- Fringe networks 	
 	
 	
 	
 	
- Military temporary bases 	


	

	


Two-‐pronged	  R&D	  approach:	  	  
•  Over-‐the-‐horizon	  research	  to	  imagine	  tomorrow’s	  energy	  technologies	  and	  systems	  
•  Large-‐scale	  energy	  producMon,	  storage	  and	  end-‐use	  demonstraMon	  projects	  to	  comfort	  the	  

public	  at	  large	  and	  public	  authoriMes	  that	  «yes	  we	  can»	  already	  to-‐day.	  	  
	  

Yellow	  PV	  
Blue	  Wind	  

The	  major	  challenge	  for	  broad	  and	  large-‐
scale	  integraMon	  of	  PV	  and	  Wind	  energy	  is	  
system	  integraMon	  and	  energy	  storage	  

ERI@N	  
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While challenging, energy transitions also represent formidable 
technology and economic development opportunities for export-

oriented industries. 
	  

Economic	  development	  opportunity	  

  

  

  

    

World’s top five fastest growing electricity production regions from 
 2010 to 2030  
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Targeted	  Technologies	  

Solar	  Renewables	  

Wind	  	  
Renewables	  

Marine	  
Renewables	  

-‐  Solar	  PV	  
-‐  Solar	  Thermal	  Electric	  
	  

-‐	  Small	  to	  Intermediate	  	  
-‐	  Onshore	  &	  Offshore	  	  

-‐	  In-‐stream	  Tidal	  	  
	  

Renewable	  	  
Energy	  Genera.on	  

Energy	  Storage	  

-‐	  BaTeries	  –	  Li-‐ion,	  Redox	  
Flow,	  Super-‐capacitor	  	  

-‐	  Flywheel	  
-‐	  Compressed	  Air	  

Fuel	  Cell	  

-‐	  H2	  

Bio	  Energy	  

-‐	  Non-‐food	  crops	  
-‐	  Algae	  

Loads	  

-‐  On	  Island	  Loads	  	  
	  	  	  	  	  (residenMal,	  	  commercial,	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  	  	  	  	  	  SME’s)	  
-‐  ConnecMon	  to	  neighboring	  	  
	  	  	  	  	  	  Islands	  
-‐	  	  	  	  DesalinaMon	  
-‐  H2	  ProducMon	  
-‐  ……….	  

-‐  Remote	  
Monitoring	  &	  
Control	  

-‐  AC/DC	  

Hybrid	  	  
Micro-‐grid	  

Diesel	  Gen	  

-‐Diesel	  	  

Hybrid	  
Micro-‐grid	  

Energy	  
Sources	   Loads	  

Storage	  

Hybrid	  
Micro-‐grid	  

Energy	  
Sources	   Storage	  

Loads	  

ERI@N	  

Grid	  
Connec.on	  	  
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3D	  rendering	  of	  REIDS	  

ERI@N	   6	  
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*	  

REIDS	  Offshore	  
Marine	  Renewable	  Energy	  Scale-‐Up	  Test	  Facility	  
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*	   Marine	  Renewable	  Energy	  Project	  Plans	  
Global	  PerspecMve	  

Source:	  	  	  
Bloomberg	  New	  Energy	  Finance,	  Feb	  2013	  
-‐Project	  plans	  from	  major	  technology	  developers	  

World	  Tidal	  Barrage	  Capacity:	  
516MW	  (2012)	  to	  732MW	  (2020)	  

World	  Wave	  Capacity:	  
1MW	  (2012)	  to	  74MW	  (2020)	  

World	  Tidal	  Stream	  Capacity:	  
1MW	  (2012)	  to	  167MW	  (2020)	  

ERI@N	  
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*	   Regional	  Market	  PotenMal	  	  
South	  East	  Asia	  

Sources:	  mainly	  from	  local	  Government	  set	  targets	  	  

Country	   Poten.al	   Installed	   Planned	  
Brunei	  Darussalam	  
	  	  

335	  kW/yr	  (Mdal	  energy)	  
66MW/yr	  (wave)	  

	  	  
	  	  

	  	  
	  	  

Indonesia	  
	  	  
	  	  
	  	  

160	  GW	  (Mdal)	  
510	  GW	  (wave)	  
57	  GW	  (OTEC)	  

3kW	  
	  	  
	  	  
	  	  

1MW	  Mdal	  (2014)	  
1MW	  wave	  (2014)	  	  
600MW	  (2050)	  

	  	  

Malaysia	  
	  	  
	  	  

4,800MW	  (Mdal)	  
1,200MW	  (wave)	  
43,000MW	  (OTEC)	  

1	  kW	  
	  	  
	  	  

10	  kW	  (2013)	  
100kW	  (2015)	  
2MW	  (2019)	  

Myanmar	  
	  	  

11.5	  to	  23GW	  (wave)	  
28.92	  to	  64.58	  GW	  (salinity	  gradient)	  

	  	  
	  	  

	  	  
	  	  

Philippines	  
	  	  
	  	  

170,000MW	  
80GW	  (Tidal)	  

	  	  

	  	  
	  	  
	  	  

10MW	  OTEC	  (2015)	  
35.5MW	  (2020)	  
70.5MW	  (2025)	  

Singapore	  
	  

300	  GWh/yr	  (Mdal)	  
100	  GWh/yr	  (salinity	  gradient)	  

	  
1kW	  	  

Thailand	   	  	   0MW	   3MW(2021)	  

Vietnam	   1,118	  GWh/yr	  (Mdal)	   	  	   	  	  

ERI@N	  
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*	   Marine	  Renewable	  Energy	  Value	  Chain	  

Standards	  
Development	  

	  

Insurance	  /	  
Power	  

Certainty	  

Quality	  
Systems	   SOPs	   SOPs	  

Technology	  
Development	  
• R&D	  
• Pilot	  Scale	  TesMng	  
• Full	  Scale	  TesMng	  

Project	  
Development	  
• Feasibility	  
• Planning	  
• Consent	  

Manufacture	  
• ConstrucMon	  of	  
turbines,	  supports	  
&	  grid	  
infrastructure	  

InstallaMon	  
• Subsea	  turbines	  
• Subsea	  cables	  
• Subsea	  sub-‐grid	  
• Grid	  connecMon	  

OperaMons	  &	  
Maintenance	  
• Performance	  
monitoring	  
• Maintenance	  

Su
pp

or
t	  A

ct
iv
it
ie
s	  

P
ri
m
ar
y	  
	  A
ct
iv
it
ie
s	  

*SOP	  :	  Standard	  OperaMng	  Procedures	  

ERI@N	  
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*	   Marine	  Renewable	  Energy	  
Global	  Test	  Sites	  

Ref:	  	  OES	  2012	  Report.	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Only	  1	  Planned	  Test	  Sites	  in	  Tropical	  Region	  	  
	   	   	   	  Poten.al:	  ~2,000	  GW	  

ERI@N	  
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*	   Why	  scale-‐up	  test	  facility	  in	  Singapore	  ?	  

Ideal	  as	  ORE	  Hub	  
•  MariMme	  Hub	  
•  Financial	  Hub	  
•  Gateway	  to	  Asia	  
•  Links	  to	  regional	  

partners/countries	  

Experience	  Supply	  Chain	  
•  Marine	  &	  Offshore	  

experMse	  
•  Ease	  of	  transiMon	  with	  

exisMng	  supply	  chain	  
	  	  	  	  	  	  -‐	  Marine	  RE	  equipment	  	  
	  	  	  	  	  	  -‐	  LogisMcs	  	  

Business	  	  
•  Ease	  of	  Business	  Setup	  	  
•  Financial	  Assistance	  
•  Ease	  of	  IP	  applicaMon	  &	  

IP	  security	  	  

Knowledge	  
•  CollaboraMon	  with	  	  

ERI@N	  
•  RA	  and	  MSP	  services	  	  
•  Close	  collaboraMon	  with	  

SEACORE	  for	  Marine	  RE	  
updates	  

ERI@N	  
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*	  
REIDS	  Offshore	  

Marine	  Renewable	  Energy	  Scale-‐Up	  Test	  Facility	  

13	  

Objec1ves	  
-‐  Create	  HUB	  for	  tropical	  &	  Southeast	  Asia	  Marine	  Renewable	  Energy	  TesMng	  
-‐  Provide	  accessible	  scale	  up	  test	  site	  in	  Singapore	  (with	  LIVE	  performance	  monitoring)	  
-‐  First	  movers	  for	  Marine	  RE	  industry	  in	  SEA	  –	  Opportunity	  for	  Singapore-‐based	  companies	  

to	  be	  part	  of	  the	  value	  chain	  in	  this	  nascent	  growth	  industry	  
	  	  

-‐  Technology	  maturity	  enhancement	  
-‐  Resource	  Assessment	  &	  Environment	  Impact	  Assessment	  (Regional)	  
-‐  CerMficaMon	  of	  all	  developments	  within	  the	  facility	  

-‐  Build	  Marine	  RE	  experMse	  and	  regional	  links	  (SEACORE)	  
-‐  Facilitate	  full	  scale	  test	  sites	  with	  regional	  partners	  
-‐  Link	  technology	  developers	  to	  regional	  partners	  with	  full	  scale	  test	  sites	  
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*	  

Semakau	  
Landfill	  

St.	  John	  ‘s	  
Island	  

Tekukor	  

Sentosa	  

Shell	  Bukom	  

Sebarok	  

Monthly Energy Density (MegaWatt-hours / sq. m)	

-2.5 	
  0 	
 0.25      0.5        0.75          1	
 Est.	  Peak	  Power	  =	  

250MW	  

Southern	  Singapore	  

ConfidenMal	  
REIDS	  Offshore	  

Marine	  Renewable	  Energy	  Scale-‐Up	  Test	  Sites	  

ERI@N	   15	  
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REIDS	  Off-‐shore	  test	  facility	  layout	  

Peak:1.6-1.9 m/s	


SCADA System	


1x200kW & 4 x 50kW Cable Capacity	


Dump Loads:	

1x 200kWp; 5x 50kWp;1x  5kWp	


2x	  Triaxys	  Buoys	  
-‐  ADCP	  (Current)	  
-‐  Wave	  Climate	  
-‐  Water	  Temp/Salinity	  

ERI@N	   16	  

Phase	  1	  
-‐Development	  &Setup	  
-‐OperaMon	  

Phase	  2	  
-‐	  ConnecMng	  to	  substaMon	  
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*	   Feasibility	  Study	  on	  Proposed	  Sites	  

v A	  feasibility	  study	  is	  crucial	  to	  the	  planning	  and	  development	  of	  a	  marine	  
test	  site	  

v ERI@N	  working	  together	  with	  EMEC	  and	  relevant	  companies	  experience	  
with	  handling	  the	  FS	  scope	  of	  work	  

v Overall	  feasibility	  study	  grouped	  into	  4	  major	  studies;	  
§ Site	  &	  Resource	  Assessment	  
§ Impact	  Studies	  &	  Risk	  Assessment	  
§ Tidal	  In-‐Stream	  Site-‐Device	  Studies	  	  
§ Over-‐all	  Project	  Feasibility	  Study	  	  

	  

Duration:	  18	  months	  	  

Collabora.on	  Partner:	  

ERI@N	  
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*	   Marine	  RE	  Applied	  Research	  

•  Tidal/Wind	  Turbine	  Device	  Research	  
–  Novel	  Aero/hydrofoil	  shape	  &	  Rotor	  design	  
–  Low	  inerMa	  drive	  train	  research	  
–  Light	  weight	  faMgue-‐resistant	  material	  research	  
–  MulM-‐funcMonal	  coaMng	  research	  
–  Structural	  health	  monitoring	  Sensing	  system	  

•  Support	  Structure	  Research	  
§  Turbine	  Wake	  Field	  Studies	  
§  Fluid-‐structure	  interacMon	  research	  for	  Mooring	  /	  SupporMng	  

Structure	  
§  FloaMng	  plaeorm	  Under	  Wind-‐Wave	  InteracMon	  

•  Research	  Against	  Environmental	  Impact	  
–  Effects	  on	  Marine	  Ecosystem	  	  
–  Seaweed	  /	  Debris	  Effect	  on	  Propeller	  Rotor	  
–  AnM	  Bio	  Fouling	  and	  Marine	  Corrosion	  coaMng	  
–  Underwater	  AcousMc	  noise	  

•  Grid	  integra.on	  studies	  	  
–  Research	  for	  Weak	  Grids	  &	  Fault	  Ride-‐Through	  Systems	  
–  Distributed	  	  grid	  System	  IntegraMon	  
–  Energy	  storage	  system	  research	  

Seaweed	  trapped	  around	  Rotor	  

Floa.ng	  Plaeorm	  Design	  

Surface	  Bio-‐Fouling	  

ERI@N	  
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*	   Challenging	  site	  condiMons	  

§  Different	  Tropical	  Environmental	  Challenges	  such	  as	  
•  Prolific	  Marine	  Growth	  and	  different	  Bio-‐fouling	  Species	  
•  Different	  types	  of	  fauna	  
•  Seaweed	  Growth	  
•  Slime	  FormaMon	  
•  Warm	  Water	  

	  

§  One	  Possible	  Study:	  High	  Level	  of	  Turbidity	  and	  SedimentaMon	  Effects	  
on	   Tidal	   Stream	   Turbine	   Systems	   due	   to	   coastal	   development,	   land	  
reclamaMons	  and	  regular	  dredging	  works	  

ERI@N	  



Energy	  Research	  InsMtute	  @	  NTU|	  
hTp://erian.ntu.edu.sg	   REIDS	  Offshore	  -‐	  IWS_MARE	  –	  Aug	  4,	  2014	  	  

*	   PotenMal	  types	  of	  technology	  that	  could	  be	  tested	  	  

Floa.ng	  Support	  Structure	  Designs	  

Non-‐Floa.ng	  
Support	  Structure	  Designs	  

S u p p o r t 	   S t r u c t u r e s 	  

Axial	  
Tidal	  Turbines	  

T i d a l 	   S t r e a m 	   T u r b i n e 	   D e s i g n s 	  

Cross	  Flow	  
Tidal	  Turbines	  

Screw	  Type	  
Tidal	  Turbines	  

Reciproca>ng	  
Tidal	  Energy	  Devices	  

Shrouded	  
Tidal	  Turbines	  

Underwater	  Kite	  
Tidal	  Turbines	  
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*	   Regional	  Offshore	  Energy	  Research	  CollaboraMon	  
SEACoRE	  

Objec.ves:	  
•  CollaboraMve	  Research	  in	  Low	  

flow	  tropical	  marine	  energy.	  
•  To	  support	  SEA	  countries’	  

Regional	  Energy	  Security.	  
•  Knowledge	  sharing	  of	  offshore	  

renewables:	  Technology,	  
InnovaMon,	  Industry	  and	  policies.	  

Ac.vi.es:	  
•  Tropical	  Marine	  Energy	  Centers	  
•  Marine	  SpaMal	  Planning	  
•  Environmental	  Impact	  

Assessment	  
•  Training	  Programs/R&D	  

CollaboraMons	  
•  Standards	  and	  CerMficaMon	  

Government	  
Agencies/	  
InsMtuMons	  

Academic/	  
Research	  
InsMtutes	  

Industry/	  
Company	  

Collaborators	  

ExisMng	  
InternaMonal	  
OrganizaMon	  
/Networks	  

Dept. of 
Energy 

Dept. 
of S&T 

ERI@N	  
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*	  

Thank	  you!	  

ERI@N	  


