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Presentation outline

Remote communities in Brazilian Amazon
Hydrokinetic turbines

Hydrokinetic turbine sustainability

-Inal Remarks
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Brazilian Amazon (IHD)

indice de Desenvolvimento Humano Municipal, 2000
Todos os municipios do Brasil

Histograma
Densidade demografica, 2000
Todos os municipios do Brasil
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Amazon communities and electricity

Percentual de pessoas que vivem em domicilios com energia elétrica, 2000

Access to EleCtHC'ty Todos os municipios do Brasil

Histograma

Legenda
2 OOO OOO . 16,55 a 74,39 [1103)
. . . ] 74,90 2 90,83 (1101)
W th t | t t l:l 90,64 3 96,52 [1106]
I O u e e C r I C I y l:l 96,53 : 99,25 [1102]
I 29,26 = 100,00 [1085]
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Hydro power plants

@ |nstalled
® Project

Amazon Region will be
an electrical energy production
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Amazon remote communities

Amazon citly
0.5 — 2 million hab

Small city — Region pole
Isolated 10-50 thousand hab 300-1000km

families © ~_

2-5 hours 5 hours — ~__
™ o i 1 week 2-5 hours Lan.d rteform
° o° projects
OOO \

5 hours

Agregated 1 week

Remote community \

4-100 Families

Indian
Necessity for local land

Energy conversion
(solar, biomass, hydro,...)
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Amazon remote communities

Typical riverine community

Localidades
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Amazon remote communities

Very low electricity needs low density

« Natural option for decentralized generation
 Role of renewable energy options

» |nstalled facilities  Diesel electrical generators

* Necessities for local production (forest products,
fishery, etc.)
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Social
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Economics

Electricity equity

* Aid to local facilities for education and health
« Community gains (lighting, entertainment, etc.)
e Individual gains

» Value empowerment of local products;
* Opportunities for new products and markets
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Emergent research targets

Model for energy “universalization”™?  Equity
 Technological challenges — Proper technologies?
e Social and environmental aspects of electricity supply

« Traditional populations (Indians, Caboclos,
Quilombolas, etc) ?

Amazonia(s)| ———-

Sustainability

Local development
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Technology spectrum

Characteristic power size for isolated communities

Solar 0.1 —10 kw
Wind 1 — 100 kW
Hidrokinetic 0.5-5 kW
Micro-Hydro 10-100 kW
Micro-Thermal 50-200 kW
Engine 10-100 kW
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Kinetic energy of water currents

Rivers { :/
O
V
e !
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Stream velocity

Tidal currents

Hydrokinetic power

Pisp = %mvo2 = % rAv,’
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Modern hydrokinetic turbines

Offshore turbines

Vertical axis — Blue energy

{EAMCT Ltd 2003

www.marineturbines.com/technical.htm

http://www.bluenergy.com/tidal.html
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Hydrokinetic Turbines — Vertical axis

Gorlov Turbine LEGI Turbine
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River turbines

UEK Turbine

http://uekus.com/Clean_Energy.html
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River tu

Kanemoto’s Turbine

Motor -
_ D
Inverter :
r Fr 2 Rotating plane
I.“.J - O ““"
v y : KF T -
Torquemeter : %am surface
Tachometer &y, ) '
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UnB Rlver Turblne

UnB model (under developing since 1986)

Axial runner
2 blades

Protection grid

Generator

_ _ _ Positioning
Generation 1 —July 1995 Correntina-Bahia (1,5 KW)
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Power coefficient

Pot
)
C P 06 Ideal

0.5r AVy

number

Ideal.

5 =
propeller type High-speed
/—NAWT
0.4 —
Betz LaW American Grumman
C, 03— muitibiade windstream
. (Fig. 11.295) Darricus
Savonius
0.2

Gorban et al. (2001) L S S TEENY B A

Speed ratio wr/V

Comar0.301 | 272 Wind turbines Cp (White, 2000)
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Diffuser enhacement

e Wind turbines with rear diffusers
e Use of the same concept for HydroK?8?

AUXILIARY SLOT

DIFFUSER SECTIONS
INLET \/'
SLoT \‘-— / CENTERBODY

Qg

- BOUNDARY LAYER LOSING

ROTOR - "~ MOMENTUM
BLADE
'?. .
AE-ENERGIZED
- \ sLoT BOUNDARY
. FLOW LAYER -

—— &
' ENLARGED VIEW

UNDISTURBED OF BOUNDARY
AIR FLOW LAYER CONTROL FLOWS
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UnB - Diffuser Enhacement HydroK

Ty BN Bl
Rotor | @'ﬂ-- ----- — | FINATEC-—-—-::-

RACNPq e

Stator

Hub

~ K.FAP MMLI;IéasdEeMEneE ia
D F nistério inas e Energia
o — L0z
Hub
Diffuser

UnB patent

Generation 2 — Correntina August 2005 (2 KW)
Maraca (Ap) October 2006 (2 KW)




Field experiences



Adantages of HydroK Technology

Low environmental impact
High capacity factor
Operation 24h/24h
Amazon communities are riverines

Operational limits  streams with
V, 3 1,0 m/s and depth greater
than 1 m




Observed Constraints

High investment cost
Heavy equipment  difficults to intallation
nstallation cost = 1.5-2.0 x Turbine cost




HydroK turbine Generation 3

Solve
Engenharia

Tip0o D Design Industrial



Plastic blades

G3 prototype

Water stream experiments

AIuinu Fiberglass
Inner structure | diffuser
and hub Fiberglass

shroud



NR&D Methodologies for G3 Turbine

PN
O

R&D — 20 reserchers
International paternship




Fluid flow simulation

4 undergraduated students
3 master degree students




Turbine shape optimization

e CFD computation

» Genetic algorithms

 Enhancement of 20% of turbine performance
* New blade design procedures

2 undergraduated students
2 master degree students

1 PhD student Cooperation: UnB- Lyon |




Wind tunnel experiments

Cooperation UnB-Arts&Metiers-ECLyon

5 undergraduated students
2 master degree students




G3 Characteristics

Power 1000 W
Rotation speed 120 RPM
Generator Permanent magnet DC

Transmission Twin planetary set
1:16

Total weight 130 kg

Diameter 700 mm

Dimensions 1000 x 1500 x 900 m (L x W x H)

Stream velocity Power Rotation
m/s (RPM)
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Sustainablility Assessment
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5 undergraduated students
2 master degree students

5 PhD student Cooperation: UNIFAP-IEPA-UFPA-CNS




Sustainability assessment

Cost

Turbine
Installation
O&M

US$ 3000 (1 kW)
US$ 1000 (1 kW)
US$ 300 (per year)

Total 0.2065 US$/kW.h

Costs

Emissions(LCA) Cost (ExternE)
CO2 (turbine 501 kg
+ installation) 11.37 gCO2eq/kW.h
Energy 5227 MJ
0.13 MJ/KW.h
Total 0.17
$cent/kW.h

($cent/kW.h)
Solar (PV) 1.1
Wwind 0.20
mhlydro 0.14




Technology comparison

Cost Emissions
(US$/MW.h) (g CO2 eg/kW.h)

Hydroelectricity (PCH) 40-60 (50-75) 10 (12)
Wind 100-125 7
Hydrokinetic G3 206 11.4
Solar 750-1500 40
Biomass 50-125 -

ANNEL (2009)



Final Remarks

Insertion of energy generation technologies in isolated communities
Synergy of electrical energy and social needs

“Pertencimento” (belongness??) concept

Participating local energy planning

Costs compatible with other technologies (wind, solar and nhydro)
Integration to the local production

Product development (reducing turbine cost)
Community participation (reducing O&M and installation costs)

Low environmental impacts compared to other hydro solutions
Low carbon emissions




New challenges

« Design for variable stream velocity (estuary rivers) (2010)
* Product development (2009)

e Layout twin (2009-
2010)

« High performance
 Mapping hydrokinetic potential in Electrical generators
Amazon region (work in progress) (2010-2011)



