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The Problem of Climate Change 
Is a Problem of Energy 

Absaloko coal mine, Montana LA Freeway (Ansel Adams)

Fossil fuel combustion accounts for more than 75%
of the increase in atmospheric CO2
since preindustrial times.

(IPCC Fourth Assessment Report)



World Energy Sources
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2006 data from International Energy Agency

87% Fossil Fuels 
(Coal, Oil, Natural Gas)



World Electricity Sources

2006 data from International Energy Agency

Renewable Electricity Sources
(excluding hydro)



Montana Electricity Sources

2007 data from “Understanding Energy in Montana” (DEQ/ETIC)



Lifecycle Greenhouse Gas 
Emissions for Electricity Generation

Based on Sovacool 2008
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Other Benefits of Renewable Energy

• Reduces dependence on foreign energy sources

• Ease pressure on the electric grid (small systems)

• Reduce vulnerability to volatile fossil fuel prices

• Reduce air and water
pollution

• Create jobs
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All the world’s wind contains 
35 times more power than we need.



There is enough 
wind in readily 
accessible 
locations to 
power the world 
5 times over.

Jacobson and Delucchi, 2009

All the world’s wind contains 
35 times more power than we need.



Turbine Technologies

Small Wind
10 kW

Really Big Wind
7 MW

Big Wind
1.5 MW

Vertical Axis



Improving Technology



American Wind Energy Association 2009

Montana wind 
resource ranks among 
the top 5 in the 
nation…

…but we rank 18th

in terms of installed 
wind capacity



Montana Wind Farms
• Judith Gap: 135 MW
• Glacier: 210 MW
• Diamond Willow: 19.5 MW
• Horseshoe Bend: 9 MW

“As many as 50 wind power projects are 
in various stages of development in 
Montana” (DEQ/ETIC)



All the sun striking earth 
contains 8,000 times more 
power than we need.



There is enough 
solar radiation in 
readily 
accessible 
locations to 
power the world 
50 times over.

Jacobson and Delucchi, 2009

All the sun striking earth 
contains 8,000 times more 
power than we need.



Solar Photovoltaic Energy

Waldpolenz, Germany: 40 MW

There are more than 800 
grid-tied solar PV 

installations in Montana

PUT MONTANA PHOTOS HERE!Eureka, Montana: 2.1 kW
Photo: Lincoln Electric Co-op/Thirsty Lake Solar

Victor, Montana: 7.9 kW
Photo: Sunelco



Photovoltaic Technologies

• First Generation: 
crystalline silicon
– Market share: 86%
– Typical efficiency: 13-18%

• Second Generation:     
thin-film
– Market share: 14%
– Typical efficiency: 6-10%
– Cost: 10-30% below 

crystalline silicon



Solar Power Towers 
Seville, Spain

Fresnel Reflectors
Prototype

Parabolic Trough
SEGS, California

Dish-Stirling
Prototype

SOLAR THERMAL



Solar Thermal Power 
Plants in California

Nearly 4,000 MW Approved; 
up to 20,000 MW Proposed

SEGS, 354 MW 
(completed 1991)

Victorville 50 MW solar trough

Beacon, 250 MW solar trough

Ivanpah, 370 MW 
solar tower

Imperial Valley, 
709 MW Stirling engine

Solar Millennium Blythe, 
1,000 MW solar trough

Calico, 664 MW Stirling engine

Abengoa, 250 MW solar trough

Genesis, 250 MW solar trough



Solar Water Heating

Perlin/Butti Solar Archives REN21 Renewables 
Global Status Report: 
2009 Update

Residential solar water heating system near Bozeman (Liquid Solar Systems)



Geothermal Energy
Thermal Applications: space heating, 

water heating, hot springs

Power Plants: Dry steam, Flash steam, 
Binary cycle

Montana has 50 geothermal areas and 
15 high-temperature sites

The Geysers in California: 725 MW, the world’s largest geothermal power plant



Enhanced (Engineered) 
Geothermal Systems

Source: U.S. Department of Energy Geothermal Technologies Program



Geothermal Heat Pumps

Photo: Intermountain Heating, Helena

Source: US DOE



Biomass Energy
Uses:
• Heating
• Electricity Generation
• Transportation Fuel

Biomass boiler at Darby Schools
Biomass
Feedstocks:
• Forest residues
• Mill residues
• Crop residues
• Energy crops
• Animal waste
• Municipal waste



Montana Biomass Potential?



Hydropower

Other
hydropower
technologies: 
• Run-of-the-river
• Ocean Power

– Tidal
– Wave
– Thermal energy 

conversion

Libby Dam, Montana

Big dams provide 16% of worldwide electricity; 33% in Montana



Lester Brown: Plan B



Global Wind Capacity
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0.7% of global
electricity generation



The Plan B Goal: 
3,000 GW Wind in 2020
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Data: Global Wind Energy Council, Lester Brown



The Plan B Goal: 
3,000 GW Wind in 2020
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The Wind Industry Forecast

Data: Global Wind Energy Council, Lester Brown



Renewable Electricity Costs



The Learning Curve

Source: Dan Kammen



US Wind Resource
Source: NREL



US Solar Resource



US Geothermal Resource

Source: NREL





The Challenge: Transmission

• High cost

• Environmental and 
regulatory challenges

• Long construction time

• Modernization needed



Proposed Montana 
Transmission Projects

• Montana-Alberta Tie Line: Great 
Falls to Alberta, Canada

• Mountain States Transmission 
Intertie : SW Montana to SE 
Idaho

• Chinook Transmission Project: 
Montana to Las Vegas

• Wind Spirit Project: Northern 
Plains to Nevada and California

Proposed Chinook Transmission Project 
(image: MT Dept of Commerce)



The Challenge: Intermittency

from Jacobson and Delucchi, 2009

“CALIFORNIA CASE STUDY: To show the power of combining resources, Graeme 
Hoste of Stanford University recently calculated how a mix of four renewable sources, 
in 2020, could generate 100 percent of California’s electricity around the clock, on a 
typical July day. The hydroelectric capacity needed is already in place.”



The Challenge: Environmental Impacts

Dual land use: Rio Vista Wind Farm, California



Policies to Promote Renewables

• End Fossil Fuel Subsidies

• Put a Price on Carbon 

• Renewable Portfolio Standard

• Financial Incentives
– Net Metering
– Feed-In Tariffs
– Tax Credits



Fossil Fuel Subsidies

Source: Environmental Law Institute



Fossil Fuel Subsidies



Putting a Price on Carbon

• The key to increasing renewable energy 
development

• Possible mechanisms: carbon tax, cap 
and trade, cap and dividend…

Colstrip, Montana (image: MEIC)



Renewable Energy Standard
Requirement on retail electricity providers (e.g. utilities) to supply 

a minimum percentage of their load with renewable energy.

Source: Renewable Portfolio Standards in the United States, Lawrence Berkeley National Laboratory 2008



Net Metering
• Requirement that utilities 

connect small renewable 
systems to the grid and 
“buy” excess power 
generated at the regular 
retail rate

• In Montana, net metering 
is available for 
NorthWestern Energy 
customers for systems up 
to 50 kW 50 kW solar system in Missoula (Oasis Montana)



Feed-In Tariffs
• Fixed, long-term above-market price to eligible 

renewable generators

• Common in Europe 
– Found by the European Commission to be the most 

successful policy mechanism for increasing 
renewable development

Denmark 21%
Spain 12%
Germany 7%

Wind Penetrations



Tax Credits Work

…but continuity is needed



What You Can Do

• Reduce your energy 
consumption
– Replace your lightbulbs
– Buy efficient appliances
– Weatherize your house

• Invest in a renewable 
energy system

• Buy Green Power

Independent Power Systems



Contact
Diana Maneta
Executive Director
Montana Renewable Energy Association
(406) 214-9405
dmaneta@montanarenewables.org

www.montanarenewables.org


