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) Rural Electrification Options

« Traditional Rural Electrification
— Grid extensions, diesels or micro-hydro

« New and Renewable Alternatives
— Small-Scale Individual DC Systems
o 12-48V PV and/or Wind Systems

— Hybrid AC Power Systems
 Wind, PV, Biomass, pu-Hydro, Battery, Gen-sets
e Mini-grids, Micro-Enterprise Zones, Motor Loads

— Distributed Generation Grid-Connected



-
‘g&*l‘l?:'.

Small Scale Individual DC
Systems

Examples
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Solar Home Systems

._f fli' N

l:..

Brazil




-
&_&*N'\':L

Public Area
Lighting

Africa
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e Schools
Lights
Computers
VCRs

Distance Learning
Adult Education

South Africa
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Health Clinics
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Rural Telephony
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) Why AC Renewable Hybrids for
Village Power?

Higher Availability
e Hybrids reduce daily & seasonal resource variations

Lower Cost of Energy
 Resource diversity minimizes battery size and fuel
usage

Higher Power Motor Loads
* Refrigeration, grain grinding, carpentry

Existing Diesel & Distribution System Investment

Higher “Quality” of Service (maybe 24 hour)
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Renewable Hybrid Village Power
Systems

 Power Spectrum of Interest
e 10’s of W, to 100’s of kW,
 Technical Configuration
» Parallel operation (generation diversity)
e Most Utilities are Hybrid Power Systems
e Single resource utilities (diesel, hydro) have higher
supply risks
 Technical maturity is not the deployment constraint
e But reliability and integration need additional work
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Power System
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Hybrid Power System Examples:
“Communications”
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w.‘, Hybrid Power System Examples:
“Parks”

Sleeping Bear Dunes Nat.
Lakeshore, Ml (11 kW)

Dangling Rope Marina, Lake Powell, UT (160 kW)



SHunem  Hybrid Power System Examples:
Xcalac, Mexico
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60 kW -Wind, 12 kW PV, 40 kW Inverter



Senez  Hybrid Power System Examples:
- Campinas, Brazil
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50 kW PV
50 kVA Inverter
300 kWh Batteries
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Remote fishing & tourism community of 400 people

San Juanico

Power System
e 17 KW PV
70 kW wind

80 kW diesel generator
100 kW power converter/controller
Advanced monitoring system
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Wind Turbines
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CPC’s 5to 25kWe
Small Modular Biopower System
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Distributed Generation

Hybrid Power System
Parker Ranch HI
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< pheaL Village Power Hybrids
Simulation Models for Options Analysis

Wind PV

Inverter

Diesel
Fuel Cell

Rectifier

Bio-Power Wind

M-Hydro

M-Turbines

losses
M Y
Bank

Rate Structure




Diesel Retrofits: Options Analysis
70 kWh/day
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FPhilippines - Model Average Global Horizontal Solar Radiation
for Selected High and Low Insolation Periods

Mar.. Apr., May ; Mov., Dec., Jan.
-




Philippines - Northern Luzon
Most Favorable Wind Resource Areas

Renewable Resource
Options: Wind

PHILIFFINES

Philippines - Wind Electric Potential
Good-to-Excellent Wind Resource (Utility Scale Classification) Area
118° 120° 122° 1249 126° L

LUZON STRAIT
# BATANES

PHILIPPINE
SEA

PALAWAN -

SULU SEA

1200 ’ 1220

T suLu cgbggfs MINDANAO Wind Power Classification 2010 0 20 40 60 B0 100 Kilometers

i 40 N ™ . . s
120° 1220 124¢ 126 Resource Potential Wind Power Wind Speed 8| The wind resource classification is specific for
Density at 30m at30m both utility scale and rural applications and
100 200 300 400 Kilometers Utility Rural Wim2 m/fs applies to areas with low surface roughness.

Philippines Total - 76,600 MW The following assumptions were used N
in ealculating the total potential wind Marginal Moderate 100- 200

electric capacity installed: Moderate Good 200- 300
Wind Electric Potential Minimum wind power - 300 Wjm2 US Dept. of Energy - National Good Excellent 300- 400
Megawatts Turbine size - 500 kW Renewable Energy Laboratory Excellent 400- 600
<100 Hub height - 40 m 600 - BOO
i Rotor diameter - 38 m -
Yo 5D Side-to-side spacing - 190 m NREL contacts: 800 - 1200
1,000 - 2,000 10D Front-to-back spacing - 380 m M”ms 1o

a
20003000 Swept ares - 1134 m2 arc Schwartz Wind speeds are based on a Weibull k value of
/000 - 5. 3.

Capacity/km2 - 6.9 MW SR Haymes O1-MAR-1998 15.2
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Wind & Solar Counter-Correlation
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Micro- Hydro Resource Potential (100% System Efficiency)
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Philippines - Northern Luzon
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Renewable Resource
Options: Hydro

Philippines - Annual Rainfall Map
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Micro-Hydro
Resource Classification
Kilowatts

B 1- 50

L A AN A G N LAY §0-100
Legend . R, o1, v o 100-300
4 Rainfall Station - | Suned ) | g r'.'_ i e — 0=l

500+

125°

U.5. Department of Energy

U.S. Department of Energy MNational Reneawable Energy Laboratory

National Renewable Energy Laboratory
DM Heimiller 14-SEP-20002.1.3 O Hedmiller 18-0CT-2000 1.1
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Renewable Resource
Options: Biomass
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«Q,;»N?E'_ Integration of Resource, T&D,
v and Technology Options Analysis

Stand-alone, hybrid, or

Automated siting knowing resource . ;
grid connection?

availability, T&D investments and constraints

south Dakota - Wind Sesouce Map

Transparent |§&
Options =
Analysis
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Lessons Learned

Institutional Aspects Pilot Project Characteristics

* Performance
* Energy efficiency
* Quality of Service
* Replication mind-set
* One-of-a-kind demonstrations
 Loads
* Diesel retrofits
 Performance monitoring
e Buy-down

» Partnering
 Maintenance
e Tariff design (grid systems)
» Tariff design (stand-alone systems)
« Development coordination
e Planning tools
« Economics
 Language

Implementation Process Technology & Development Needs
» Political will * Hybrid systems
e Duration » Controls
« Commercial replication e Lightning/corrosion
* Needs-drive approach * Meters
* Local Administration * Resource data

* Integrators/packaged systems



:_;>FI?EL Hybrid Power Systems
Lessons Learned

* Nothing is maintenance-free. A maintenance support infrastructure
must be established and nurtured from the very conception of a
project.

* Repairing equipment in remote locations is difficult and expensive.
Multiple systems in a region are required to develop and sustain a
cost-effective support infrastructure.

» Retrofitting expensive hybrid power systems in a village without first
addressing end-use appliances, metering and switches is a mistake.

» Hybrids have large swings in short-run marginal costs. Tariff
structures or load management can be important tools.

* In pilot projects, robustness and reliability are more important than
energy conversion efficiency.
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Lessons Learned

» Resist the temptation to field the “latest and greatest” until it has
been thoroughly tested under controlled conditions.

* The transition from the pilot phase to commercial replication can be
difficult. The more the pilot project can be set up to look and act
like a business, the easier the transition.

e It Is often more economic to install a new, appropriately sized diesel
than to use the existing, oversized, poorly maintained one.

* There is no substitute to a dedicated, influential, local champion.
* The time from initial interest in renewables to commercial
replication takes 4-6 years, in a positive institutional climate.

« Hybrid systems are a potentially significant solution to rural ac
electricity needs, but further technology development, systems
Integration, simplification, and industry expansion will be required.
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N

Technology In-Country
- 25 years of research Marketi
- manufacturing expansion ) ar_ e Ir_lg
Distribution
Sales/Financing
Service Billions

Maintenance gy Cost-Effective

Revenue collection L
INFRASTRUCTURE Applications

Financing Joint Ventures
- IFC (SDC, REEF)

- W.B. country loans
- UNDP development assistance

Integrated Applications

- GEF environmental buy-downs Products
- Foundations ===

- Private Investors Training
- Country $$ Standards

A large enough quantity of equipment, in a geographically tight
enough area, to reach the cash flow needed for local business viability.



/,’A
L

« MNREL

Possible Institutional Pathways

Retailers, Individual Entrepreneurs (manufacturer-linked?)

“McSolar” (Franchise Model)

Traditional Rural Electric Cooperatives (member owned)

Local or Municipal Power Association

Rural Energy Service Companies (very small to very large)

National Utility — Diesel Group

Non-Government and Private Voluntary Organizations



