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Renewable Resource Options
Wind

Geothermal

Biomass

Hydro

Solar



What is Resource Assessment?

Understanding the spatial and temporal 
variations of renewable energy resources:

» Solar Radiation
» Wind Power
» Bioenergy
» Geothermal
» Hydrological

For supporting:
• Production of electricity, heat, fuels and other products 

generally derived from non-renewable sources
• Energy efficiency opportunities (e.g., buildings, 

transportation, etc.)
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Partly Cloudy Sky

Direct 
(Beam)

Global 
(Total)

Diffuse 
(Sky)

http://www.nrel.gov/srrl



Fixed Tilt and Tracking

Fixed Tilt Facing Equator tilt=latitude
tilt<latitude for summer gain
tilt>latitude for winter gain

One Axis Tracking around axis tilted 
or flat

Two Axis Tracking both azimuth and 
altitude of sun around two axes



Daily Average Solar Resource



Solar OptionsSolar Thermal Water & Air
PV PV

July

January





Technology Challenges: Nocturnal Jet
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Wind Turbine Sizes and Applications

Small (≤10 kW)
Homes
Farms
Remote Applications 

(e.g. water 
pumping, telecom 
sites, icemaking)

Intermediate
(10-250 kW)
Village Power
Hybrid Systems
Distributed Power

Kotzebue

Large (250 kW – 2+ MW)
Central Station Wind Farms
Distributed Power

St. Paul



Carbon Dioxide - The Biosphere
and the Earth's Atmosphere
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Biomass & Bioenergy Flows

Process Residues
black liquor

sawdust
bark

Bioenergy
stalks & straws
harvest residues
forest slash
forest harvest for energy
plantations

Energy
Services

heat
CHP
electricity

Biomass

pulp
paper
lumber
plywood
cotton

Materials

Consumers
MSW clean fraction
yard trimmings
constr. & demolition
wood
non-recyclable

organics

Crops, Animals

Process Residues
dung

bagasse

charcoal
biogas
ethanolBiofuels

Food

Fiber



Benefits of Using Forest Biomass
• Sustainable renewable

fuel source
• Local and regional

economic development
• Positive action on      

climate change
• Low cost fuel
• Restoring forest 

health

Biomass Heating
Combined Heat & Power

Biogas Engine
Microturbine

Fuel Cell



Hydro Power Resource Assessment

Power (kW) = 10 x flow (m3/s) x fall (m) x η





Small Hydro Power Options

http://hydropower.inl.gov/prospector/

Small Hydro Run of River Hydro



Building Design



Energy Efficiency 1ST

Then Renewables
• Every $ spent on efficiency saves at least as 

much as $2 spent on renewables
• Climate sensitive design (passive solar)
• Long axis of building faces south, south glass 

with overhangs, 7 – 12% glass area of building 
floor area

• Limit east, west and north glass

Passive



Geothermal Options



Geothermal Heat Pump Characteristics
“Using Mother Nature Effectively”

• Highly energy efficient
• High level of comfort
• Typically ~70% renewable energy
• Suitable for residential, commercial or industrial
• Typically 15-25 year life
• Environmentally beneficial with no combustion
• Higher first costs, but lower life cycle costs
• Multiple ways to install, with suitability for almost all 

geographic locations
• Proven technology

Ground-Source Heat Pumps



Electric Heating
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Importance of Life-Cycle Costing

http://www.efficiencymaine.com/business/pdfs/Life-Cycle-Costing-SAW.pdf



http://www.efficiencymaine.com/business/pdfs/Life-Cycle-Costing-SAW.pdf



Oil – A Changing Global Landscape
~$77.30/bbl

($1.84/gal)

7/14/06



Propane and Heating Oil Cost

Cost of
Delivered

Heat

~$20/MBTU

~$28/MBTU

0

50

100

150

200

250

300

Ja
n-94

Ja
n-95

Ja
n-96

Ja
n-97

Ja
n-98

Ja
n-99

Ja
n-00

Ja
n-01

Ja
n-02

Ja
n-03

Ja
n-04

Ja
n-05

Ja
n-06

C
en

ts
/G

al

Propane

Heating
Oil

Source: DOE-EIA



After a decade of low prices, natural gas prices 
are now more volatile at a higher level.
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The Age of Oil
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Heating Option Price Comparison
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NAEMI RE Analysis & Economics Workshop

RETScreen

HOMER

Energy 10

Tuesday

Wednesday

Thursday



RETScreen Family of Tools

http://www.retscreen.net/



http://www.nrel.gov/homer/



http://www.sbicouncil.org/store/e10.php
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