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Appendix A
Description of the Colorado Climate Project
and Climate Action Panel Process
Memorandum
To:

Colorado Climate Action Panel

From: The Center for Climate Strategies
CC:

Rocky Mountain Climate Organization

Re:

Description of the Colorado Climate Project and Climate Action Panel Process

Date: November 20, 2006
Description of the Colorado Climate Action Panel Process
Purpose and Goals
On August 24, 2006 the Project Directors of the Rocky Mountain Climate Organization (RMCO)
announced the formation of the Colorado Climate Project (CCP) establishing a Climate Action
Panel (CAP) – a broad-based group of Colorado leaders who are charged with developing a
comprehensive Colorado Climate Change Action Plan. The RMCO and its Project Directors
oversee the public-private effort to secure input from all sectors regarding existing, planned, and
potential ways to reduce greenhouse gas emissions (GHGs) in Colorado; help educate the public
about such opportunities; and consider ways to save money, conserve energy, and bolster
Colorado’s economy, natural resources, and public health. The purpose of the CAP process is to
develop a strong and specific consensus for implementation of climate mitigation and adaptation
actions in Colorado.
The charge the CAP is to develop recommendations for actions that can be taken in Colorado to
reduce the state’s contribution and vulnerability to a changed climate. Those recommendations
are to include goals that can be adopted consistent with the goal of an efficient, robust Colorado
economy for statewide reductions in the amount of greenhouse gases emitted, actions that can be
taken that would achieve those goals, and actions that can be taken to prepare for and reduce the
possible adverse impacts of climate change in Colorado. The recommendations may also include
actions that can be taken by Colorado as part of international, national or regional efforts that
would reduce Colorado’s contribution and vulnerability to climate change. The panel shall, to the
extent reasonably possible with the best information available, consider the feasibility and costs
or cost savings of possible goals and actions and develop goals and actions that may achieve
additional benefits, including protecting and improving Colorado’s economy, public health, and
natural resources and avoid adverse economic or environmental impacts.
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It is up to the members of the panel to determine which actions it recommends, with no
recommendations predetermined. The CAP shall work in an open process that allows for
Colorado citizens not on the panel to observe the work of the panel and to submit in an
appropriate manner comments for consideration by the members of the panel. A report with the
recommendations of the panel is expected before the end of calendar year 2007.
The goals of the CCP process include:
1) Review and approval of a current and comprehensive inventory and forecast of GHG
emissions in Colorado from 1990 to 2020;
2) Development of a recommended comprehensive set of individual policy
recommendations to reduce GHG emissions and vulnerability to climate change in
Colorado in future years through 2020 or later; and
3) Development of recommended goals for statewide reductions in the amount of
greenhouse gases emitted in Colorado.
Final Report
A final report will be transmitted from CCS to RMCO that compiles and summarizes final
recommendations of the CAP. The report will cover the following areas:
a. Executive Summary
b. History and Status of State Actions
c. Inventory and Forecast of Colorado GHG Emissions
d. Recommended Policy Actions by Sector:
a. Energy Supply
b. Residential, Commercial and Industrial
c. Transportation and Land Use
d. Agriculture, Forestry and Waste Management
e. Emissions Reporting, Registries and Education
f. Climate Change Vulnerability and Adaptive Response
e. Technical Appendices

Timing and Milestones
The first meeting of the CAP will be held on November 20, 2006, with six additional meetings to
be held over the following year. The final report of the CAP by RMCO and CCS will be issued
following the final meeting of the CAP. At least two Policy Work Group (PWG) conference calls
per each of the five PWGs will be held between each of the CAP meetings.
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Design of the Process
The CAP process will follow the format of CCS policy development processes used successfully
in twelve current and completed state level climate action planning initiatives. The CCS
consensus building model supports informed and collaborative self-determination by a broadly
representative group of designated stakeholders and technical experts. Activities of the CAP will
be transparent, inclusive, stepwise, fact-based, and consensus driven.
The CAP process relies on intensive use of information and interaction, and requires substantial
organization and communication among facilitators, participants, and technical analysts. CCS
oversees and manages this information exchange and decisional process in partnership with
RMCO. CCS provides central coordination of CAP and PWG activities though a project director
(Tom Peterson), and a group of CCS technical facilitators and consultants. The CCS team
provides close coordination of CAP, PWG, facilitation and technical support activities.
To facilitate the process, CCS provides a series of decision templates for each step in the process
as well as meeting materials for each CAP meeting and PWG teleconference call. Materials are
provided by CCS in advance through website posting and email notice. All website materials are
reviewed by RMCO prior to posting.
The CAP process includes the following key principles and guidelines:
•

The process is fully transparent. All materials considered by the CAP and PWGs are
posted to the project website (www.coloradoclimate.org), and all meetings are open to
the public. All quantification of potential policy options is transparent with respect to the
data sources, methods, key assumptions and uncertainties used by CCS in its joint work
with participants. In addition, policy design parameters and implementation methods for
recommended actions are fully transparent, including goal levels, timing, coverage of
parties, and implementation mechanism. The transparency of technical analysis, policy
design and participant viewpoints is critical to the identification and resolution of
potential conflicts.

•

The process is inclusive. A diverse group of CAP and PWG members are chosen by
RMCO to represent a broad spectrum of interests and expertise in Colorado. They are
required by ground rule to be supportive of the process, but are free to disagree on
specific decisions within the process. The public also is invited to provide meaningful
review of and input to decisions.

•

The process is stepwise. Each step of the process builds incrementally on the former
toward a final solution. Sufficient time, information and interaction are provided between
steps to ensure comfort with decisions and quality of results.

•

The process will seek but not mandate consensus. Votes will be taken at key milestones
in the process in order to advance to next steps. Alternatives that address barriers to
consensus will be developed by the CAP with the assistance of CCS, as needed. Voting is
conducted by simple request for objection at the point of decision, followed by resolution
of conflicts with the development of alternatives, as needed, to proceed. Final votes by
the CAP include support at three levels, including: unanimous consent (no objection),
super majority (five objections or less), and majority (less than half object). Typically the
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early stages of the process proceed with unanimous consent, and supermajority if needed.
Final recommendations may include recommendations at all three levels. Typically
almost all final recommendations enjoy unanimous consent, with a few falling short. The
final report by CCS will document CAP recommendations and views on each policy
option, including alternative views as needed.
•

The process is comprehensive. The CAP will explore solutions in all sectors and across
all potential implementation methods, including a variety of voluntary and mandatory
implementation mechanisms. The total number of policies considered and recommended
by the CAP is typically 50 or more. Recommendations may include state level and multistate actions (regional and national). Mitigation of all GHGs will be examined, including
carbon dioxide, methane, nitrous oxide, and synthetic gases. Units will be expressed in
million metric tons carbon dioxide equivalent (MMTCO2e). Similarly, all forms of
energy supply and use, all forms of economic development, are open for consideration as
they relate to GHG mitigation actions. The process also considers the effects of climate
vulnerability and the need for adaptive responses.

•

The process is guided by clear decision criteria for the selection and design of
recommended actions. These include consideration of 1) GHG reduction potential; 2)
cost or cost savings per ton GHG removed; 3) co-benefits, including economic
development and energy policy improvements; and 4) feasibility issues.

•

The process is quantitative. Results of CAP decisions will include explicit description of
policy design parameters and results of economic analysis. Recommendations can
include both quantified and non-quantified actions, with emphasis on quantification of
GHG reduction potential and cost or cost savings for as many recommendations as
possible. Additional quantification needs related to co-benefits or feasibility issues will
be evaluated on a case-by-case basis pending CAP input and available resources.

•

The process covers short, medium and long-term periods of action. The time period of
analysis for emissions inventories and reference case projections includes years 19902020. Recommendations for action typically include the present to year 2020, with
estimated benefit and cost impacts being reported for intermediate years such as 2010 and
2020. These time frames can be adjusted to if needed to consider longer time horizons.

•

This process is implementation oriented. The goal of the process is ultimate adoption of
specific policies by the Colorado state government, local governments, and others based
on planning recommendations of the CAP and subsequent, more detailed analyses as
needed. As such, implementation design and feasibility issues are critical to group
consideration, but at a conceptual level appropriate to support further consideration by
the Governor, General Assembly and other local and state institutions, as opposed to the
level of detail associated with a final rulemaking.

A-4

Key Steps and Milestones
The objectives and milestones for each of the CAP meetings are listed below:
MEETING ONE
Introduction to the process, presentation of preliminary fact finding (inventory and forecast of
emissions, catalog of state actions), formation of PWGs (no votes, however, CAP members
should be prepared to select one or more work groups for participation).
MEETING TWO
Addition of potential actions to the draft catalog of state actions (by vote). Identification of
potential revisions to the draft emissions inventory and forecast (by vote if/as needed).
MEETING THREE
Review and approval of initial priorities for analysis of PWG identified policy options (by vote).
Review and approval of revisions to the emissions inventory and forecast (by vote if/as needed).
MEETING FOUR
Approval of PWG suggested straw proposals for policy design (goals, timing, coverage of
parties) (by vote). Approval of any additions to the list of priority for analysis policy options if/as
needed (by vote). Preparation for quantification phase of the process (briefing and discussion).
MEETING FIVE
Review and approval of consensus policy recommendations (by vote). Identification of specific
barriers to consensus, and potential alternatives for non consensus policy options (discussion).
MEETING SIX
Review and approval of final policy recommendations (by vote). Review of procedures for
review and input to the final report.
Participant Roles and Responsibilities
The CAP process involves a number of parties with specific roles and responsibilities, as
follows:
RMCO
RMCO will announce and convene the process, appoint members to the CAP and PWGs, receive
recommendations from the CAP process through CCS for distribution to the Governor, General
Assembly and other local and state institutions through the Project Directors of the Colorado
Climate Project. RMCO works in partnership with CCS to support timely and orderly completion
of tasks, good faith participation and resolution of issues by CAP members. RMCO enforces
ground rules, opens and closes CAP meetings, coordinates Project Director efforts and activities
related to support of the process, assists CCS by providing support for successful completion of
the process, and provides day to day assistance to CCS with coordination, communications,
logistics, and technical assistance.
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Project Directors
The Project Directors were chosen by RMCO to support the Colorado Climate Project and CAP
process through recruitment of members, funding support, communications and organization.
The Project Directors will receive the final report from RMCO following its transmission from
CCS to RMCO. They and RMCO will provide these recommendations to the public and
implementing parties, as appropriate.
Center for Climate Strategies
The RMCO and the Project Directors have asked CCS to partner in forming and conducting a
participatory statewide climate action planning process to meet the goals of the project and CAP
activities. CCS works in partnership with RMCO to achieve the overall goals of the process. In
this role CCS designs the CAP process and provides facilitation and technical support to the
CAP and its PWGs through a team of project managers, facilitators and technical analysts to
support the full spectrum of CAP needs. The CCS team is listed later in this memo.
CCS serves as a neutral and expert party and does not take positions on issues, or direct the
parties toward particular solutions. As such, CCS serves as a group mediator, but not as an
arbitrator. CCS manages and facilitates meetings and votes during meetings, schedules meetings
in coordination with the Chair, develops meeting agendas, and produces documents for CAP and
PWG consideration, and performs and presents technical analysis.
CCS abides by the Model Standards of Conduct for Mediators approved by the American
Arbitration Association, the Litigation Section and the Dispute Resolution Section of the
American Bar Association, and the Society of Professionals in Dispute Resolution. CCS also
ensures that adequate funding exists to successfully complete the process through private
sources.
Climate Action Panel
The CAP is appointed by RMCO’s Project Directors and makes final recommendations for
specific actions to RMCO, and approves a final Colorado GHG emissions inventory and
forecast. CAP members are appointed by RMCO to respond to the goals and timelines of the
process. CAP activities and votes are facilitated by CCS in an open group format. Four CoChairs have been appointed from the CAP to encourage good faith participation and support for
the process, encourage resolution of conflicts, and provide representation of the CAP to the
media and other bodies at the conclusion of the process. The Co-Chairs will participate on an
equal footing with other CAP members in the CAP’s deliberations and decisions.
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Policy Work Groups
PWG members will be comprised primarily of CAP members assigned to specific sector based
PWGs of interest by RMCO, with guidance by CCS. They may include non-CAP individuals
with technical expertise and interest of importance to the process. The PWGs provide guidance
to CAP members on decisions related to milestones in the stepwise process. PWGs also provide
assistance to CCS in the identification, design and quantification of policy recommendations.
Sector based PWGs include:
a. Energy Supply (heat and power),
b. Commercial, Industrial and Residential (energy efficiency and conservation, industrial
process and waste management),
c. Transportation and Land Use,
d. Agriculture and Forestry,
e. Cross Cutting Issues (reporting, registries, public education, goals, etc.), and
f. Adaptation and Vulnerability Response.
Government Agencies
Agency participants provide liaison to CAP and PWG meetings and related activities in support
of the RMCO and CCS team. This includes technical review and input to PWG meetings.
RMCO may also appoint agencies as CAP or PWG members.
The Public
The public is invited to attend CAP meetings and provide review and input to CAP and PWG
members.
Participant Guidelines
CAP and PWG members are expected to follow certain codes of conduct during the process,
including:
•

Participants must support the process and its concept fully and collaborate toward goals
of the Colorado Climate Project in good faith.

•

Participants must attend meetings and be responsible for keeping up with information and
decisions of the group.

•

No backsliding is allowed regarding formal decisions in the stepwise process. Once the
CAP reaches adequate consensus on a milestone by vote, it moves to the next step.

•

Participants represent only themselves when making CAP decisions.

•

Participants speak only for themselves in communications about the CAP with the media
or other political bodies.

•

Participants must refrain from personal criticisms and provide objective, fact based
comments.
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Appendix B
Members of Policy Work Groups
*Also a member of Climate Action Panel

RESIDENTIAL, COMMERCIAL, AND INDUSTRIAL
David Adamson, EcoBuild, LLC
Susan Avery, University of Colorado*
Dan Chiras, Sustainable Systems Design, Inc.
Judy Dorsey, The Brendle Group, Northern Colorado Clean Energy Cluster*
Jack Ihle, Xcel Energy (Fred Stoffel, alternate)
Paul Ira, Ameresco, Inc.
Pat Keegan, Colorado Energy Science Center
Pam Kiely, Environment Colorado
Brian Levitt, Forest City Commercial Group
Dave Newport, University of Colorado Environmental Center
Bruce Oreck, Oreck, Bradley, Crighton, Adams & Chase *
John Phelan, City of Fort Collins Utilities
Dan Richardson, Schmueser/Gordon/Meyer
Auden Schendler, Aspen Skiing Company*
Jennifer Schenk, Intrawest Colorado
Kurt Schlomberg, Denver Environmental Health
Jim Schrack, City of Aurora (Karen Hancock, alternate)
Doug Seiter, Agency Liaison, U.S. Department of Energy
Alice Napoleon, CCS, PWG Facilitator
Ezra Hausman, CCS, PWG Facilitator
Stephen Saunders, RMCO Liaison
Tom Easley, RMCO Liaison

ENERGY SUPPLY
Joe Broz, Midwest Research Institute*
Vicki Card, Colorado Springs Utilities
Craig Cox, Interwest Energy Alliance
Michael Dowling, Western Ranchland Investors*
Jack Ihle, Xcel Energy (Brett Oakleigh, alternate)
Chuck Kutscher, Colorado Renewable Energy Society*
Ron Lehr, American Wind Energy Assoc.
Dan McClendon, Delta Montrose Electric Association*
Tom McKinnon, Colorado School of Mines
Brian Moeck, Platte River Power Authority* (John Bleem, alternate)
John Nielsen, Western Resource Advocates*
Dag Nummedal, Colorado School of Mines
Barbara Roberts, Environmental Defense
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Stuart Sanderson, Colorado Mining Association* (Dianna Orf, alternate)
Isaac Silverman, Environmental Defense
Richard Smart, Smart, Mahoney & Associates
Wade Troxell, Colorado State University
Randy Udall, Community Office for Resource Efficiency*
Chris Williams, Encana Oil and Gas (USA)*
Kate Zimmerman, National Wildlife Federation
Lori Bird, Agency Liaison, National Renewable Energy Laboratory
Ezra Hausman, CCS, PWG Facilitator
Alice Napoleon, CCS, PWG Facilitator
Stephen Saunders, RMCO Liaison
Tom Easley, RMCO Liaison

TRANSPORTATION AND LAND USE
Gregg Cassarini, Colorado Environmental Coalition
Tim Gagen, Town of Breckenridge
Kelli Kammerer, American Honda
Laurie Mathews, former Director, Colorado State Parks*
Scott McCarey, Charlier Associates, Inc.
Don Parsons, Town of Dillon
Mark Ruzzin, City of Boulder, Southwest Energy Efficiency Project*
Jennifer Schaufele, Denver Regional Council of Governments
Nancy Sharpe, Denver Regional Council of Governments, Greenwood Village*
Jim Spehar, Grand Junction City Council, Colorado Municipal League, Sonoran Institute*
Penfield Tate III, Greenberg Traurig, LLP and Denver Board of Water Commissioners*
John Tayer, Roche Corporation Colorado
Gregg Thomas, Denver Environmental Health
Will Toor, Boulder County
Mike Whitaker, University of Colorado Denver Health Sciences Center
Brian Woodruff, City of Fort Collins
Vickie Putsche, Agency Liaison, National Renewable Energy Laboratory
Jeff Ang-Olson, CCS, PWG Facilitator
Lewison Lem, CCS, PWG Facilitator
Karl Hausker, CCS, PWG Facilitator
Tiffany Batac, CCS, Assistant
Tom Easley, RMCO Liaison

AGRICULTURE, FORESTRY, AND WASTE MANAGEMENT
Matt Baker, Environment Colorado
Mike Bowman, 25x'25*
Meg Collins, Colorado Livestock Association
Tom Compton, La Plata Electric Association*
John Covert, Colorado Working Landscapes
Tony Frank, Rocky Mountain Farmers Union
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Tom Fry, The Wilderness Society
Susie Gordon, City of Fort Collins (John Armstrong, alternate)
Steve Hill, Summit County
Linda Joyce, USDA Rocky Mountain Research Station
Eric Lombardi, Eco-Cycle
Robyn Nick, Coleman Natural Foods
Keith Paustian, Natural Resources Ecology Lab, Colorado State University
Mike Ryan, USDA Rocky Mountain Research Station
Will Shafroth, Colorado Conservation Trust*
Tim Sullivan, The Nature Conservancy, Colorado
Stan Zemler, Town of Vail*
John Ashworth, Agency Liaison, National Renewable Energy Laboratory
Steve Roe, CCS, PWG Facilitator
Kathryn Bickel, CCS, PWG Facilitator
Brad Strode, CCS, Assistant
Tom Easley, RMCO Liaison

CROSS-CUTTING ISSUES
Matt Baker, Environment Colorado (Amy Keegan, alternate)
Chris Crosby, Designee of National Wildlife Federation*
Jack Ihle, Xcel Energy
Elise Jones, Colorado Environmental Coalition
Helen Klanderud, Mayor, City of Aspen*
Eric Kuhn, Colorado River Water Conservation District*
Tom Looby, Town of Frisco
Tom Moore, Western Regional Air Partnership, CIRA, Colorado State University
Barbara Roberts, Environmental Defense
Nancy Sharpe, Denver Regional Council of Governments, Greenwood Village*
Isaac Silverman, Environmental Defense
Lucinda Smith, City of Fort Collins
Jim Spehar, Grand Junction City Council, Colorado Municipal League, Sonoran Institute*
Randy Udall, Community Office for Resource Efficiency*
Sarah Van Pelt, City of Boulder
Ken Colburn, CCS, PWG Facilitator
Randy Strait, CCS, PWG Facilitator
Stephen Saunders, RMCO Liaison
Tom Easley, RMCO Liaison

WATER ADAPTATION
Susan Avery, University of Colorado*
Andy Colosimo, City of Colorado Springs Utilities
Chris Crosby, Designee of National Wildlife Federation*
Judy Dorsey, The Brendle Group, Northern Colorado Clean Energy Cluster*
Ben Harding, Hydrosphere
Eric Kuhn, Colorado River Water Conservation District*
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Tom Looby, Town of Frisco, Northwest Council of Governments Committee on Water Quality and
Quantity
Bart Miller, Western Resource Advocates
Mark Pifher, Water Department, City of Aurora
David Robbins, Hill and Robbins
Brad Udall, Western Water Assessment, CIRES, University of Colorado
Marc Waage, Denver Water
Chris Williams, Encana Oil and Gas (USA)*
Veva McCaig, Agency Liaison, Colorado Water Conservation Board
Michelle Garrison, Agency Liaison, Colorado Water Conservation Board
Stephen Saunders, RMCO Facilitator
Tom Easley, RMCO Facilitator
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Appendix C
Greenhouse Gas (GHG) Emissions Inventory
and Reference Case Projections
See the report entitled “Final Colorado Greenhouse Gas Inventory and Reference Case
Projections 1990–2020,” dated October 2007, for detailed documentation. The final report is
available on the Climate Action Panel’s website (http://www.coloradoclimate.org/).
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Appendix D
Methods for Quantification
This appendix describes in brief the methods used in quantifying the greenhouse gas (GHG)
emission reductions and costs / cost savings associated with the policy recommendations, and
provides examples of the distinction between “direct” and “indirect” costs. In addition, the
combined impacts of all of the policy recommendations within and between each sector were
estimated as if all of the recommendations were implemented together. This involved eliminating
any overlaps in coverage of affected entities that would occur to avoid double-counting of
impacts. These methods are based on those widely accepted among climate change mitigation
policy analysts.

Methods for Quantifying Impacts of Policy Recommendations
•

Focus of analysis: Net GHG reduction potential in physical units of million metric tons
(MMt) of carbon dioxide equivalent (CO2e) and net cost per metric ton reduced in units of
dollars/MtCO2e.

•

Geographic inclusion: Measure GHG impacts of activities that occur within the state,
regardless of the actual location of emissions reductions.

•

Direct vs. Indirect Effects: Define “direct effects” as those borne by the entities
implementing the policy recommendation. For example, direct costs are net of any benefits
or savings to the entity. Define “indirect effects” as those borne by the entities other than
those implementing the policy recommendation. Quantify these indirect effects on a case-bycase basis depending on magnitude, importance, need and availability of data. (See additional
discussion and list of examples below.)

•

Non-GHG (ancillary) impacts and costs: Include in qualitative terms where deemed
important. Quantify on a case-by-case basis as needed depending on need and where data are
readily available.

•

Discounted and “Levelized” Costs: Discount a multi-year stream of net costs (total costs net
of any savings) to arrive at the “net present value cost” of an policy. Discount costs in
constant 2005 dollars using a 5% annual real discount rate for the period 2008 through 2020.
Capital investments are represented in terms of levelized or amortized costs through 2020.
Create a “levelized” cost per ton by dividing the “present value cost” by the cumulative
reduction in tons of GHG emissions. This is a widely used method to estimate the “dollars
per ton” cost of reducing GHG emission (all in CO2 equivalence). A “levelized” cost is a
“present value average” used in a variety of financial cost applications.

•

Time period of analysis: Count the impacts of actions that occur during the project time
period and, using levelized emissions reduction and cost analysis, report emissions
reductions and costs for specific target years such as 2012 and 2020. Where additional GHG
reductions or costs occur beyond the project period as a direct result of actions taken during
the project period, show these for comparison and potential inclusion.
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•

Aggregation of impacts: Avoid simple double counting of GHG reduction potential and cost
when adding emission reductions and costs associated with all of the policy
recommendations. Note and or estimate interactive effects between policy recommendations
using analytical methods where overlap is likely.

•

Policy design specifications: Include timing, goal levels, implementing parties, and the type
of implementation mechanism.

•

Transparency: Include data sources, methods, key assumptions, and key uncertainties. Use
data and comments provided by the Climate Action Panel (CAP) and Policy Work Groups
(PWGs) to improve data sources, methods, and key assumptions using their expertise and
knowledge to address specific issues in Colorado.

The approaches here do not necessarily take a “standard” benefit-cost perspective as used in
regulatory policy impact analysis. For instance, there is no direct/indirect distinction under
standard procedures; one takes the “societal perspective” and tallies everything, and quantifies
where possible. Regarding GHG mitigation costs, often the best available data are focused at the
level of implementation as opposed to the societal level. Regarding GHG benefits, market prices
(monetized benefits) are normally taken as good proxies of societal costs and benefits in standard
analysis unless there are market imperfections or subsidies that create distortionary effects.
Because accurate information on the dollar value of GHG reduction benefits is typically not
available, physical benefits are used instead, measured as MMtCO2e.
The “direct cost” approach described here is useful in estimating the costs (and benefits) to the
implementing entity (e.g., person, company, governmental body, etc.) “Indirect costs” (and
benefits) are those experienced by other entities in society. In examining utility demand side
management (DSM) programs for gas and electric utilities, analysts sometimes look at three
perspectives: “participant”, “non-participant”, and “societal” (the latter being equivalent to
“standard” benefit-cost perspective). Depending on program design, “direct cost” to a DSM
participant can be high or low (if the latter, it may be attributable to a shifting of some costs to
non-participants).
Note also that the “direct cost” approach does not necessarily account for market imperfections
or subsidies. Typically, a state perspective on “direct costs” takes any federal government
subsidies as a given. For example, substantial federal government subsidies exist for some
alternative fuels. If the existing market price (with subsidy) of the alternative fuel is used in cost
analysis, the option appears as relatively low cost. If the subsidy was included in the cost
analysis (i.e., looking at societal costs in the standard benefit-cost perspective), then the
alternative fuel would appear more costly.
Finally, some direct costs may look very large despite the attractiveness of the policy option for a
variety of reasons, including co-benefits. For instance, in one state a bundle of Transit/Smart
Growth/Vehicle Miles Traveled (VMT) Reductions was estimated to have a direct cost of
$280/MtCO2e – a comparatively high figure -- but stakeholders still endorsed the policy option
for the multiple benefits it would generate. In this case stakeholders also believed that a large
state investment cost would have been incurred anyway for conventional transportation
investment, and that redirection of part of this existing stream of funds to smart growth
alternatives made sense. As an alternative assumption, the cost of the existing stream of
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transportation funds could have been treated as sunk, and the true cost measured instead as the
incremental level of smart growth redirected funding over and above the BAU funding stream.
For additional reference see the economic analysis guidelines developed by the Science Advisory
Board of the US EPA available at: http://yosemite.epa.gov/ee/epa/eed.nsf/webpages/
Guidelines.html.

Examples of Direct/Indirect Net Costs and Benefits
Note: These examples are meant to be illustrative. They are not necessarily included in the
specific policy recommendations in this report.
Residential, Commercial, and Industrial (RCI) Sectors
Direct Costs and/or Benefits
•

Net capital costs (or incremental costs relative to standard practice) of improved
buildings, appliances, equipment (cost of higher-efficiency refrigerator versus refrigerator
of similar features that meets standards)

•

Net operation and maintenance (O&M) costs (relative to standard practice) of improved
buildings, appliances, equipment, including avoided/extra labor costs for maintenance
(less changing of compact fluorescent light (CFL) or light-emitting diode (LED) bulbs in
lamps relative to incandescent)

•

Net fuel (gas, electricity, biomass, etc.) costs (typically as avoided costs from a TRC or
societal perspective)

•

Cost/value of net water use/savings

•

Cost/value of net materials use/savings (for example, raw materials savings via recycling,
or lower/higher cost of low-global warming potential (GWP) refrigerants)

•

Direct improved productivity as a result of industrial measures (measured as change in
cost per unit output, for example, for an energy/GHG-saving improvement that also
speeds up a production line or results in higher product yield)

Indirect Costs and/or Benefits
•

Re-spending effect on economy

•

Net value of employment impacts

•

Net value of health benefits/impacts

•

Value of net environmental benefits/impacts (value of damage by air pollutants on
structures, crops, etc.)

•

Net embodied energy of materials used in buildings, appliances, equipment, relative to
standard practice

•

Improved productivity as a result of an improved working environment, such as
improved office productivity through improved lighting (though the inclusion of this as
indirect might be argued in some cases)
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Energy Supply (ES) Sector
Direct Costs and/or Benefits
•

Net capital costs (or incremental costs relative to reference case technologies) of
renewables or other advanced technologies resulting from policies

•

Net O&M costs (relative to reference case technologies) renewables or other advanced
technologies resulting from policies

•

Avoided or net fuel savings (gas, coal, biomass, etc.) of renewables or other advanced
technologies relative to reference case technologies resulting from policies

•

Total system costs (net capital + net O&M + avoided/net fuel savings + net
imports/exports + net transmission and distribution (T&D) costs) relative to reference
case total system costs

Indirect Costs and/or Benefits
•

Re-spending effect on economy

•

Higher cost of electricity reverberating through economy

•

Energy security

•

Net value of employment impacts

•

Net value of health benefits/impacts

•

Value of net environmental benefits/impacts (value of damage by air pollutants on
structures, crops, etc.)

Agriculture, Forestry, and Waste Management (AFW) Sector
Direct Costs and/or Benefits
•

Net capital costs (or incremental costs relative to standard practice) of facilities or
equipment (e.g. manure digesters and associated infrastructure, generator; ethanol
production facility)

•

Net O&M costs (relative to standard practice) of equipment or facilities

•

Net fuel (gas, electricity, biomass, etc.) costs or avoided costs

•

Cost/value of net water use/savings

Indirect Costs and/or Benefits
•

Net value of employment impacts

•

Net value of human health benefits/impacts

•

Net value of ecosystem health benefits/impacts (wildlife habitat; reduction in wildfire
potential; etc.)

•

Value of net environmental benefits/impacts (value of damage by air or water pollutants
on structures, crops, etc.)
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•

Net embodied energy of water use in equipment or facilities relative to standard practice

•

Reduced VMT and fuel consumption associated with land use conversions (e.g. as a
result of forest/rangeland/cropland protection policies)

Transportation and Land Use (TLU) Sector
Direct Costs and/or Benefits
•

Incremental cost of more efficient vehicles net of fuel savings.

•

Incremental cost of implementing Smart Growth programs, net of saved infrastructure
costs.

•

Incremental cost of mass transit investment and operating expenses, net of any saved
infrastructure costs (e.g., roads)

•

Incremental cost of alternative fuel, net of any change in maintenance costs

Indirect Costs and/or Benefits
•

Health benefits of reduced air and water pollution.

•

Ecosystem benefits of reduced air and water pollution.

•

Value of quality-of-life improvements.

•

Value of improved road safety.

•

Energy security

•

Net value of employment impacts

Methods for Quantifying Cumulative Impacts of Overlapping Policy
Recommendations
In addition to estimating the impacts of each individual policy recommendations, combined
impacts of the policy recommendations in each sector were estimated assuming that all were
implemented together. This involved eliminating any overlaps in coverage that would occur to
avoid double-counting of impacts. Also, some of the policy recommendations in one sector
overlapped with policy recommendations in another sector; therefore, these overlaps were
identified and the impact analysis was adjusted to eliminate double counting of impacts
associated with these inter-sector overlaps. The following identifies where these overlaps
occurred and explains the methods used to adjust the impacts analysis to avoid double counting
of impacts.
RCI Cumulative Impacts Analysis Methodology
In order to assess the cumulative emissions reductions for the policies in the RCI sectors, it is
necessary to consider any overlaps among the policies that affect similar types of energy use.
Specifically, some policies (such as RCI-1) are defined by their usage reduction goals, while
others are defined by addressing a specific type of energy use. In these cases it is important to
consider whether addressing the specific energy use would add to the overall reductions, or just
be subsumed into the more general reduction goal.
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In order to address this issue, two approaches were used to determining whether a policy
recommendation would have an incremental impact over and above the more general DSM
goals. First, it was asked whether the policy had a specific funding mechanism that would set it
apart from other measures to reduce energy use. Then, it was asked whether the sector addressed
by the measure was covered under a more general goal.
Impact of RCI-5
The issue is somewhat complicated by the presence of two independent overarching policies to
address DSM: RCI-1, general economy-wide DSM defined by specific reduction targets, and
RCI-5, which involves increasing block rates set to generate revenue to support DSM. As
written, RCI-5 is more aggressive than RCI-1, so that total DSM activity would be defined by the
funding available through this and other DSM policies.
Cumulative Impact of RCI-5
Policy
RCI-1

Interaction
Electricity component overlaps
with RCI-5; gas component is
incremental

Notes
Goals of RCI-1 would be more than met by RCI-5

RCI-2

Incremental

Has dedicated funding source (dedicated revolving
fund)

RCI-3

Incremental

Building code requirement

RCI-4

Incremental

Has dedicated funding source (tax breaks on
incremental cost)

RCI-5

Incremental

RCI-6

Incremental

Has dedicated funding source (dedicated revolving
fund)

RCI-7

Overlap

May be funded with RCI-5 funds

RCI-8

Not quantified

RCI-9

Incremental

Not a DSM program

RCI-10

Incremental

Self-funded program, much of impact is on industrial
sector & non-electric use.

RCI-11

Overlaps

Weaker version of RCI-5

Policies which affect natural gas demand
RCI-5 does not target natural gas use, so emissions associated with this energy source must be
treated separately. In this case the demand reduction goal in RCI -1 exceeds the sum of all of the
demand reductions that would be attained by the other measures considered, as demonstrated in
the following table:
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GHG Reductions (MMtCO2e)
RCI Policy Recommendation

RCI-1 gas only
RCI-2 gas only
RCI-4 gas only
RCI-6 gas only

Expanded Demand Side Management
Energy Efficiency in Buildings Owned by
State and Local Governments
Planning and Design
Retrofitting Existing Buildings for Energy
Efficiency

2012

2020

Total 20072020

0.3

1.9

9.7

0.0

0.1

0.6

0.2

0.4

3.7

0.1

0.3

1.7

Thus the cumulative gas savings depends on the specific policy design for RCI-1. If it is simply a
goal for total demand reduction, the other policies affecting gas use would be subsumed into the
overall goal and would have no incremental impact on emissions. On the other hand, RCI-1
could be specified to be incremental to the other policies and could have a dedicated funding
stream that would be used on other measures such as rebates for energy efficient appliances,
home energy audits, and other measures that would mitigate natural gas use.
Under either assumption, policy RCI-9, which is not oriented to DSM, would have an
incremental effect on gas demand.
Interaction of RCI Policy Recommendations with Other Sectors
RCI and Energy Supply:
•

The primary interaction between RCI and Energy Supply policies is that the RCI policies
decrease overall electricity demand, thereby reducing the impact of RPS programs (ES2), which are designed to serve a certain percentage of electricity sales from renewable
sources. The combined impact of the RCI policies is a 20% reduction in overall
electricity demand. This reduction in demand would also decrease the impact of
improved efficiency for existing power plants as these plants would be producing less
power. This reduction is accounted for in the ES sector adjustments

•

The CHP component of RCI-9 is more aggressive than the ES-6 CHP policy. The GHG
reductions and cost effectiveness calculations are therefore included in the RCI sector.

There are no significant overlaps between RCI and any of the other sectors.
Reductions from Recent Actions
Recent actions on the state level have, in some cases, already moved Colorado closer to the goals
of the policies proposed through this process. In the RCI sectors, two developments have moved
demand reduction efforts forward. These are Colorado State Legislature House Bill (HB) 071037, which sets DSM goals statewide, and an ongoing effort of Xcel energy to expand DSM as
part of a settlement agreement. However, there is some overlap between these two, as Xcel’s
actions are more than sufficient to meet their requirements under HB 1037. The combined
impact of these bills, taking the overlap into account, was included in revisions included in the
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final version of the Inventory and Forecast (see Chapter 2 and Appendix C). There is therefore
no need to account for those recent actions in the RCI sector cumulative impacts analysis.
Overlap Adjustments to RCI Sector
Based on the assumptions above, the cumulative RCI totals, adjusting for overlaps, would be:

2012
GHG
Reductions
(MMtCO2e)

2020
GHG
Reductions
(MMtCO2e)

2007-2020
GHG
Reductions
(MMtCO2e)

2007–2020
Costs
(Savings)
(Net Present
Value
Million $)

2007-2020
CostEffectiveness
($/tCO2e)

Totals of Individual Policies
without Adjustments for
Overlaps

7.11

24.31

149.21

–$1,7082

Not Calculated

Totals Adjusted for Overlaps
Among Policies

3.7

151

861

–$1532

Not Calculated

RCI SECTOR

1
2

1

Totals from all 9 RCI recommendations with estimated GHG reductions.
Totals from only those 7 RCI recommendations with estimated costs/cost savings.

ES Cumulative Impacts Analysis Methodology
The dominant policy recommendation for promoting renewable energy resource development is
ES-2, mandated renewable portfolio standards (RPS). Because this is an aggressive target, it is
reasonable to assume that if this policy is adopted, then any other renewable energy policy (e.g.,
ES-11, small hydro and other small renewables) would simply be a means of achieving these
goals and would not actually add to the total amount of renewable energy generated in the state.
Additional benefits would come from the combined heat and power (CHP) component of ES-6
(but not from the DG component,) from efficiency improvements at existing fossil generators
(ES-13) and from reduction of losses from oil and gas operations (ES-14). ES-15, emissions
standards for new baseload generation, would have no incremental effect because no new
baseload generation would be needed in the state during the study period. ES-13, a 2%
improvement in existing generator efficiency, translates into a 2% reduction in CO2 emissions
from these plants, which would be an incremental effect in cumulative reductions.
Interaction of Energy Supply Policy Recommendations with Other Sectors
ES and RCI:
•

As indicated in the RCI sector cumulative impact analysis, the primary interaction
between ES and RCI policies is that the RCI policies decrease overall electricity demand,
thereby reducing the impact of RPS programs (ES-2) which are designed to serve a
certain percentage of electricity sales from renewable sources. The combined impact of
the RCI policies is a 20% reduction in overall electricity demand. This reduction in
demand would also decrease the impact of improved efficiency for existing power plants
as these plants would be producing less power. The GHG reductions and cost
effectiveness calculations are therefore included in the ES sector.
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•

The CHP component of ES-6 RCI-9 is less aggressive than the RCI-9 CHP policy. The
GHG reductions and cost effectiveness calculations are therefore included in the RCI
sector.

ES and AFW:
•

In Colorado, policy AFW-10 is a landfill methane (CH4) energy program which would
count towards the RPS in ES-2. However, much of the benefit of the AFW initiative is
the conversion of CH4, a gas with a high global warming potential, to CO2, which has a
lower one. In the cumulative analysis report the impact of AFW-10 was reduced about
20% to account for this overlap. This overlap is accounted for in the AFW overlap
analysis.

ES and TLU: There are no significant overlaps between ES and the TLU sectors.
Overlap Adjustments to ES Sector:
Based on the assumptions above, the cumulative ES total, adjusted for overlaps, would be:

2012
GHG
Reductions
(MMtCO2e)

2020
GHG
Reductions
(MMtCO2e)

2007-2020
GHG
Reductions
(MMtCO2e)

2007–2020
Costs
(Savings)
(Net Present
Value
Million $)

2007-2020
CostEffectiveness
($/tCO2e)

Totals of Individual Policies
without Adjustments for
Overlaps

3.63

12.73

74.43

$7554

Not Calculated

Totals Adjusted for Overlaps
Among Policies

33

93

593

$5264

Not Calculated

ES SECTOR

3
4

Totals from all 6 ES recommendations with estimated GHG reductions.
Totals from only those 5 ES recommendations with estimated costs/cost savings.

TLU Cumulative Impacts Analysis Methodology
CCS calculated the net cumulative impact of the eleven TLU policy recommendations in order to
account for overlap and interaction among policies. The GHG reductions resulting from
individual stand-alone policies are not necessarily additive. For example, a policy that reduces
VMT will reduce the GHG benefits of a policy that improves vehicle fuel economy or reduces
fuel carbon intensity.
A spreadsheet analysis was used to calculate net cumulative impacts. The first step in this
analysis was to identify all the policies that affect VMT and determine the net VMT impact of
this subset. Two of these policies reduce only urban light-duty vehicle (LDV) VMT, two reduce
all statewide LDV VMT, and one reduces both urban and rural VMT but in different ways. The
following table illustrates this distinction.

D-9

Urban LDV VMT
Rural LDV VMT
TLU-1
Yes
Yes
TLU-3/7
Yes*
Yes*
TLU-8
Yes
Yes
TLU-9
Yes
No
TLU-10
Yes
No
* Urban and rural impacts are different

Based on input from the PWG, it was assumed that the VMT effects of these five policies are
independent (additive). VMT reductions resulting from TLU-9 and TLU-10 were calculated
using a model, producing a VMT reduction value. VMT reductions from TLU-1, the urban
component of TLU-3/7, and TLU-8 were calculated as a percentage reduction from the VMT
baseline used in the emission inventory and forecast. And the rural portion of TLU-3 was
calculated using a spreadsheet analysis, producing a VMT reduction value. These results were
summed to arrive at an adjusted statewide VMT (by vehicle class and urban/rural designation).
Then the other two policies with effects that would overlap with the LDV VMT reduction were
identified: TLU-5 and TLU-6. Using adjusted VMT described above, the statewide fuel use and
GHG emissions with the impacts of TLU-1, TLU-3/7, TLU-8, TLU-9, and TLU-10 were
calculated. The resulting GHG emissions were reduced by the impacts of TLU-5 (10% reduction
in LDV emissions in 2020) and the impacts of TLU-6 (15.5% reduction in LDV emissions in
2020).
TLU-4 affects only heavy-duty vehicles and therefore has no overlap with other policies.
Therefore, the impacts of TLU-4 were applied directly to the baseline heavy-duty vehicle
emissions.
The process described above results in baseline (business as usual) GHG emissions forecast and
an adjusted GHG emissions forecast that reflects the mitigation strategies. Comparing the two, a
percentage reduction in LDV and HDV emissions was calculated. Because it was developed
using a different methodology, the baseline in this case is not identical to the reference case
forecast developed by CCS as part of the statewide GHG inventory. Therefore, the percentage
reduction (reflecting the cumulative net impact of all TLU strategies) was applied to the
reference case forecast developed by CCS. The result is the net GHG emission reduction for the
TLU policy recommendations.
The net cumulative GHG reduction from the TLU policy recommendations (7.84 MMtCO2e) is
9% lower than the sum of the individual policy impacts.
Interaction of TLU Policy Recommendations with Other Sectors
No significant interactions between the TLU sector and any of the other sectors were identified.
Overlap Adjustments to TLU Sector:
Based on the assumptions above, the cumulative TLU total, adjusted for overlaps, would be:

D-10

2012
GHG
Reductions
(MMtCO2e)

2020
GHG
Reductions
(MMtCO2e)

2007-2020
GHG
Reductions
(MMtCO2e)

2007–2020
Costs
(Savings)
(Net Present
Value
Million $)

2007-2020
CostEffectiveness
($/tCO2e)

Totals of Individual Policies
without Adjustments for
Overlaps

2.175

8.585

55.635

–$3,1856

Not Calculated

Totals Adjusted for Overlaps
Among Policies

2.14

5

7.845

46.75

–$3,1856

Not Calculated

TLU SECTOR

5
6

Totals from all 8 TLU recommendations with estimated GHG reductions.
Totals from only those 4 TLU recommendations with estimated costs/cost savings.

AFW Cumulative Impacts Analysis Methodology
AFW-1, 3, 4, & 5
These policy recommendations present the potential for interaction, should the CAP adopt each
of these policy recommendations. AFW-4 & 5 quantify the reductions associated with increased
in-state production of biofuels. Depending on the development of biofuel feedstocks in Colorado,
these recommendations may necessitate an increase in agricultural output. This increase in
output may have an impact on the GHG reduction potential of AFW 1 (which reduces the
amount of land cultivated under conventional tillage and increases the efficiency of nitrogen
fertilizer applications) and AFW 3 (which reduces the on-farm energy consumption in
Colorado). However, these interactions were not considered in the cumulative quantification of
the AFW policy recommendations, as such a task would require a significant number of
assumptions and projections that may not be justifiable.
AFW 9 & 10
A PWG member raised the concern that the significant diversion of waste from landfills – as
proposed by AFW-9 – would eventually lead to a decrease in the volume of waste in landfills in
Colorado, and therefore a decrease in the quantity of CH4 emitted. However, as waste that is
deposited in landfills emits CH4 over a long period of time, the impacts of the diversion proposed
by AFW-9 on landfill CH4 generation are not expected to be significant over the course of the
policy period. Therefore, the interaction between the two policy recommendations is deemed to
not be significant enough to warrant counting for overlap in the cumulative analysis.
Interaction of TLU Policy Recommendations with Other Sectors
AFW-2: Manure Management and Energy Utilization: all energy produced assumed to be used
on-farm, so there should be no overlap with ES-1 & 2 renewables policies.
AFW-3: Reductions in On-Farm Energy Use: these are farm-specific energy reduction programs,
so there is no significant overlap with RCI energy efficiency policies.
AFW-4 and AFW-5: Biodiesel and Ethanol Production Policy Recommendations: As described
in Appendix H, the reductions as those felt to be incremental to the TLU-5 low-carbon fuel
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standard (LCFS) were quantified. These incremental reductions are based on two important
assumptions: (1) for ethanol used to supply the LCFS within the policy period, the assumed
source is starch-based ethanol (incremental reductions are associated with in-state production of
cellulosic ethanol); and (2) for biodiesel used to supply the LCFS within the policy period, it is
assumed that the predominant feedstock source is soybean oil (incremental reductions are based
on producing feedstocks with higher GHG benefits). The methods used to quantify the impacts
associated with the policies avoided overlap between the policies.
AFW-7 and AFW-8: Forest Health and Biomass Feedstocks for Energy Production: The biomass
generated with this policy recommendation is assumed to be consumed within the RCI sector
(e.g. residential or municipal biomass heating). There appears to be no overlap with the RCI
policy recommendations.
AFW-10: Landfill Methane Reduction Programs: There are two components of the benefits
calculation: (1) GHG reductions via control of CH4 emissions from landfills; and (2) GHG
reductions via utilization of the CH4 collected to offset fossil fuel use. There is overlap between
the second component and the ES-2 RPS policy recommendation, totaling about 1.0 MMtCO2e.
This is the only overlap between the AFW sector and other sectors, and is accounted for in the
cumulative AFW analysis.
Overlap Adjustments to AFW Sector:
Based on the assumptions above, the cumulative AFW total, adjusted for overlaps, would be:

2012
GHG
Reductions
(MMtCO2e)

2020
GHG
Reductions
(MMtCO2e)

2007-2020
GHG
Reductions
(MMtCO2e)

2007–2020
Costs
(Savings)
(Net Present
Value
Million $)

2007-2020
CostEffectiveness
($/tCO2e)

Totals of Individual Policies
without Adjustments for
Overlaps

2.2

11.5

66

$252

Not Calculated

Totals Adjusted for Overlaps
Among Policies

2.1

11.3

64.6

$252

Not Calculated

AFW SECTOR
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Appendix E
Residential, Commercial, and Industrial Sectors
Policy Recommendations
Summary List of Policy Recommendations
Policy Recommendation

GHG Reductions
(MMtCO2e)
Total
2012 2020
20072020

Costs
(Savings)
2007-2020
(Million $)

CostEffectiveness
($/tCO2e)

Climate
Action
Panel
Action
Unanimous
Consent
(Several
qualified
approvals)
Super
Majority
(1 objection)

RCI-1

Expand demand side management
programs of all electric and gas utilities,
ramped up to reduce energy use by 1%
per year by 2013.

0.6

5.2

24

–$853

–$32/ton

RCI-2

Revolving loans to reduce energy use in
state and local government buildings.

0.2

0.5

3.7

–$67

–$18/ton

0.3

2.7

13.0

N/A

N/A

Unanimous
Consent

1.0

2.4

20.4

$1,550

$76/ton

Unanimous
Consent

0.4
0.5
0.2

0.6
1.4
0.4

6.0
11.2
3.2

$348
$1,219
–$17

$58/ton
$109/ton
–$5/ton

1.6

6.7

38.2

–$1,135

–$30/ton

Majority
(7 objections)

0.5

1.8

11.7

–$334

–$28/ton

Unanimous
Consent
(2 qualified
approvals)

2.0

2.6

25.4

–$844

–$33/ton

Unanimous
Consent

N/A

N/A

N/A

N/A

N/A

Unanimous
Consent

0.3

1.4

8.3

–$25

–$3/ton

Unanimous
Consent

0.6

1.0

4.5

N/A

N/A

Unanimous
Consent

N/A

N/A

N/A

N/A

N/A

Unanimous
Consent

3.7

15

86

N/A

N/A

–$153

–$2 /ton

RCI-3

RCI-4
(total)

RCI-5

RCI-6

Upgrade the state’s energy
requirements for local building codes
every 3 years, and improve
enforcement of building codes.
Targets and programs for beyond-code
reductions in energy use in new
government, residential, and
commercial buildings.
Government subtotal:
Commercial subtotal:
Residential subtotal:
Inverted electricity block rates for all
residential and commercial consumers
to fund utility energy efficiency
programs.
Low interest loans to fund energy
efficiency retrofits for commercial and
industrial buildings.

Electricity smart metering with time-ofuse rates and in-home or in-office
displays for all residential, commercial,
and industrial consumers.
Tax credits for renewable energy
RCI-8 systems in new and existing residential,
commercial, and industrial buildings.
Promote commercial and industrial
RCI-9 combined heat and power (CHP)
systems.
Statewide program for voluntary GHG
RCI-10
reductions by businesses.
Inverted electricity block rates for all
RCI-11 residential and commercial consumers,
recovering only cost of service.
Sector GHG reduction total of 9
analyzed policies after adjusting for
overlaps among policies
Sector cost-effectiveness total of 7
analyzed policies with cost analysis
after adjusting for overlaps among
policies
RCI-7

Negative numbers indicate cost savings.
The cost (savings) shown are calculated as in terms of net present value in constant 2005 dollars using a 5% annual
real discount rate for the period 2008 through 2020. Capital investments are represented in terms of levelized or
amortized costs through 2020.
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RCI-1. Expanded Energy Efficiency and Demand Side Management

Policy Description
This policy recommendation focuses on improving energy efficiency through increased
investment in demand-side management programs. Energy efficiency is the lowest cost resource
for reductions in electricity and natural gas use by the residential, commercial and industrial
sectors. There is a long track record of cost effective energy efficiency initiatives, typically
called demand side management (DSM), at the local, state and regional levels in areas around the
country. There is vast potential for improving the energy efficiency of homes, appliances,
businesses and industry in Colorado.
A number of DSM efforts are already underway or mandated in Colorado, including those of two
significant recent actions: HB 07-1037, a new state law enacted this year, and a recent settlement
agreement mandate for Xcel Energy. The goal of this policy is to bring the total demand
reduction of those two recent actions plus new, additional DSM activities in the state to a 1%
reduction per year by 2013, and continuing at that rate through the end of the study period. These
reductions are cumulative, i.e., demand reductions in the second year are incremental to the
reductions in the first year.
Policy Design
Goals: Increase DSM activity in the state beyond two recent DSM actions ( House Bill 07-1037,
enacted in 2007, and a commitment to additional DSM action by Xcel Energy as part of a legal
settlement) so that the combined effects of these two recent actions and the new actions
contemplated by this recommendation achieve a 1% per year reduction in electricity and natural
gas use by the residential, commercial, and industrial sectors, compared to a Business-As-Usual
(BAU) forecast that does not incorporate these two recent actions.
Timing: Starting in 2008, through 2020 with 5-year ramp-in (full 1% per year by 2013)
Parties Involved: Entire state’s gas and electric producers, suppliers and customers
Implementation Mechanisms
Both electric and natural gas DSM programs are designed to be consistent with the
implementation mechanisms established by HB 07-1037. However, because roughly 40 percent
of natural gas customers are purchasing gas on wholesale markets, this policy option would
require new legislation that requires wholesale gas customers to fund their own gas efficiency
measure.
Municipal utilities and cooperatives would have the option of participating in a System Benefits
Charge (SBC).
Related Policies/Programs in Place
Several investor owned utilities (IOUs), municipal utilities (muni’s) and rural electric
cooperatives have established DSM policies and programs in place.
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HB 07-1037 directs gas and electric investor owned utilities (IOUs) to implement additional or
new energy efficiency programs. The bill requires electric companies to reduce a certain amount
of energy consumption and peak demand by 2018. The energy and demand reduction for electric
IOUs are set equal to 5% of the energy consumption and peak in 2006. Also, the bill requires gas
companies to spend 0.5% of their annual revenue on energy efficiency programs.
In pursuit of a “settlement agreement” between Colorado stakeholders and the Colorado PUC,
Xcel Energy is committed to achieve 100 GWH/yr of energy savings during the years 2006–
2013. This level of savings is equal to about 3 to 3.5% of its projected sales.
Type(s) of GHG Reductions
Reduction in GHG emissions (largely CO2) from avoided electricity production or on-site fuel
combustion
Estimated GHG Savings and Costs per MtCO2e
The impacts of HB 07-1037 and Xcel’s DSM commitment were not incorporated in the businessas-usual (or BAU) forecast used for this analysis, but instead were modeled separately as “recent
actions.”
The first row of the table below shows the combined effects of those two recent actions plus the
additional DSM actions needed to achieve a 1%/year reduction compared to that baseline. The
second and third rows show the benefits and costs of RCI-1 plus recent actions, broken out by
gas and electric programs. The combined effects of HB07-1037 and Xcel’s DSM commitments
are addressed in the fourth row. The actual net benefits and costs of RCI-1 (last row) are equal to
the total impacts of the first row less the combined impacts of the recent actions.
GHG Reductions
(MMtCO2e)
Length of ramp-in (years)

RCI–1 plus recent actions
Electric DSM
Gas DSM
Combined recent actions
Net RCI-1 only

2012

2020

Total
20072020

1.43
1.03
0.40
0.9
0.6

7.53
5.41
2.12
2.4
5.2

41.4
29.8
11.6
17.5
23.9

Net
Gross
Gross
Present
CostCosts
Benefits
Value
Effectiveness
(Million $) (Million $) 2007–2020
($/tCO2e)
(Million $)
$711
$526
$185
$354
$357

–$2,030
–$1,177
–$853
–$821
–$1,210

–$1,320
–$651
–$668
–$467
–$853

–$32
–$22
–$58
–$27
–$36

The length of the ramp-in period (years until the goal of 1%/yr energy reductions is reached) was
a controversial aspect of the policy. During the course of analysis, the PWG considered a few
different ramp-in periods. As shown below, the results vary dramatically depending on the length
of the ramp-in period. Again, these values include the two recent DSM activities.

E-3

GHG Reductions
(MMtCO2e)

Length of
ramp-in
(years)

2012

2020

Total
20072020

7
5
3
1

1.0
1.4
2.2
2.8

6.8
7.5
8.3
8.9

34.7
41.4
50.1
56.3

Net
Gross
Gross
Present
CostCosts
Benefits
Effectiveness
Value
(Million $) (Million $) 2007–2020
($/tCO2e)
(Million $)
$591
$711
$871
$987

–$1,690
–$2,030
–$2,489
–$2,819

–$1,098
–$1,320
–$1,617
–$1,831

–$32
–$32
–$32
–$33

Members of other PWGs questioned the overall consumption reduction goal as being too low.
For comparison purposes, results based on a goal of 15% cumulative reduction in consumption
by 2020 (assuming a six-year ramp-in to 1.5% per year) is presented below:
GHG Reductions
(MMtCO2e)
Goal

15% by 2020

2012

2020

Total
20072020

2.2

11.2

62.1

Net Present
Gross
Gross
CostValue
Costs
Benefits
Effectiveness
2007–2020
(Million $) (Million $)
($/tCO2e)
(Million $)

$1,068

–$3,050

–$1,982

–$32

Note that the costs associated with a 15% reduction goal are very rough, given the lack of
examples of utilities sustaining reductions of 1.5% per year for more than a few years.
Data Sources, Methods and Assumptions
Data Sources:
Electricity
• Estimated DSM potential:
KEMA 2006. Colorado DSM Market Potential Assessment, March 31, 2006, available at
www.xcelenergy.com/XLWEB/CDA/0,3080,1-1-1_1875_15056_15473-135182_171_256-0,00.html
○ The Southwest Energy Efficiency Project (SWEEP) 2002. THE NEW MOTHER LODE:
The Potential for More Efficient Electricity Use in the Southwest, November, 2002,
available at www.swenergy.org/nml/New_Mother_Lode.pdf
Cost of saved energy and other energy efficiency policy and program assumptions: Western
Governor’s Association (WGA) 2006. The Energy Efficiency Task Force Report to the Clean
and Diversified Energy Advisory Committee of the Western Governors Association, January,
2006, available at www.westgov.org/wga/initiatives/cdeac/Energy%20Efficiency-full.pdf
○

•

•

Electricity price forecast by sector: KEMA 2006. Colorado DSM Market Potential
Assessment, Appendix C and Chapter 3.
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Gas
• Cost of saved natural gas and benefit cost ratio for gas DSM programs: SWEEP 2006.
Natural Gas Demand-Side Management Programs: A National Survey, Southwest Energy
Efficiency Project, available at www.swenergy.org;
•

Gas price forecast by sector: projected gas prices for the Mountain region from EIA 2007,
Annual Energy Outlook 2007 for Mountain region

Avoided Energy Cost
• KEMA 2006. Colorado DSM Market Potential Assessment
Historical and Planned DSM activities
• Current spending on and savings through utility efficiency programs in Colorado:
Howard Geller 2004. Utility Energy Efficiency Policies and Programs in the Southwest,
September 17, 2004: SWEEP, available at www.aceee.org/conf/05ee/05eer_hgeller.pdf
○ Howard Geller 2005. “Energy Efficiency Policies and Programs in the Southwest”
presentation at the Energy Efficiency Task Force Meeting at Santa Fe, NM March 22-23,
2005: SWEEP, available at www.aceee.org/conf/05ee/05eer_hgeller.pdf
○ Peter Narog 2005. “Xcel Energy Southwest DSM Update”, a presentation on November
3, 2005: Xcel Energy, available at http://swenergy.org/workshops/2005/index.html
○

Quantification Methods:
Regional studies of gas and electricity efficiency potential and analyses/experience in other
western US states (best practices) were used to estimate efficiency savings per dollar spent on
programs, which in turn were used to calculate the spending required to reach the energy use
reduction target.
Total reductions and costs for achieving the overall goal of 1%/yr savings were calculated using
the assumptions below. The combined impacts of HB07-1037 and the Xcel settlement were then
subtracted from the total to yield the emissions reductions and costs associated solely with this
policy option.
Key Assumptions:
Parameter

Value

Notes

Avoided cost of natural gas

$6.3/ MMBtu

Based on AEO 2007 for Mountain region

Avoided cost of electricity

$56/MWh

Sales-weighted average based on Xcel’s Colorado DSM
Market Potential Assessment, March 2006 and including
energy and capacity costs

Assumed average measure
lifetime

13 years

Lifetime of an efficiency program varies significantly
depending on the type of program, which could range
from 8 to 30 years. Measures associated with building
envelopes typically last longer, while appliances last
shorter.

Real discount rate for levelized
cost of natural gas savings

5%

Consistent with utility operation of program
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Parameter
Cost of saved electricity

Value

Notes

2.5 cents/kWh (2005$ •
levelized)
•

•

•

•

From WGA 2006. $25/MWh of saved energy is slightly
higher than other estimates reviewed but is
reasonable given the timeframe for this analysis. Other
sources identified include:
NorthWestern Energy cited $21/MWh (nominal dollars,
presumably 2005) in its filing before the MT PSC
(Montana PSC Docket No.: D2005.5.88 07/12/06,
available at
http://psc.mt.gov/eDocs/DocketsAndOrders/D2005-588_6682d.pdf
City of Fort Collins Utilities implements DSM at
$11/MWh of saved energy (Phelan, John 2007. “City
of Fort Collins Utilities Demand Side Management,”
available at
www.marketdevelop.com/docs/wapa_power_to_save_
012307.ppt)
Colorado Springs Utilities’ DSM program costs at $17
per MWh of saved energy on average according to
Simon Baker, Senior Conservation Specialist at
Colorado Springs Utilities
SWEEP (2002) assumed $20/MWh

Electricity savings per $ of
program investment

4.1 MWh per $1000
investment

Based on (1) levelized cost of $25/MWh, (2) a 13 year
average program lifetime and, (3) 5% real discount rate

Natural gas savings per $ of
program investment

72,700 MCF/yr per
$million

Based on the average cost of a number of gas DSM
programs reported in SWEEP 2006. Natural Gas
Demand-Side Management Programs: A National
Survey, Southwest Energy Efficiency Project,
www.swenergy.org.

Cost of saved gas

$1.35 per MMBtu

Based on (1) natural gas savings per program investment
above, (2) a 13 year average program lifetime, (3) 5%
real discount rate

Target electricity and natural gas 2008: 0.1%
efficiency savings
2009: 0.2%
2010: 0.4%
2011: 0.6%
2012: 0.8%
2013–2020: 1%

Electricity emissions factors

Near-term (<2012):
0.92 tCO2e/MWh
Long-term (>2012):
0.79 tCO2/MWh

Smooth 5 year ramp-in rates from 2008 to 2012 before
reaching 1% of energy sales savings in 2013 as
proposed by the working group.
The 1% target is based on the analysis of best practices
and of other efficiency potential studies in the Western
US (see WGA CDEAC EE , 2005), which found 0.8 to 1.0
percent total savings per year. Other electric companies
have achieved savings equal to 1% or more per year,
including Efficiency Vermont and Sacramento Municipal
Utility, and investor owned utilities in California,
Connecticut, and Massachusetts.
Leading natural gas companies are achieving 1% per
year energy savings (see SWEEP 2006)
Based on the Inventory and Forecast

•

Energy savings are assumed to continue until 2020 with no decay of program effects,
because the study period is less than the average lifetime of energy efficiency measures.

•

Annualized program costs (amortized over a period of 13 years or longer, consistent with the
life of the asset) are included in the analysis through 2020.
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Key Uncertainties
The impact of HB07-1037, an existing law that mandates certain levels of DSM in Colorado, is a
key uncertainty. This has been accommodated as a “recent action” in the summary table at the
top of this document.
Additional Benefits and Costs
•

Reducing dependence on imported fuel sources

•

Reducing energy price increases and volatility

•

Reducing peak demand and improving the utilization of the electricity system

•

Reducing the risk of power shortages

•

Supporting local businesses and stimulating economic development

•

Enabling avoidance of energy supply projects

•

Reducing water consumption by power plants

•

Reducing pollutant emissions by power plants and improving public health

Feasibility Issues
It may be difficult to implement 1% per year in the early years of the program, while
infrastructure is being set up. This is especially likely to be the case for rural cooperatives or
municipal utilities with no existing DSM programs. (This was the basis of the ramp-in period
discussed above.)
Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
Several CAP members qualified their votes of approval based on a range of concerns such as the
mandatory structure of this policy, the attainability of the goal, and the goal not being ambitious
enough.
Barriers to Consensus
None identified.
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RCI-2. Energy Efficiency in Buildings Owned by State and Local Governments

Policy Description
Revolving loan funds are proven and effective tools for promoting energy efficiency in state and
local government facilities. This policy would facilitate investment by public agencies in energy
efficiency improvements by providing zero interest loans. Utility cost savings would provide
cash flow for repaying principle, with the cost of program limited to interest payments and loan
administration.
Policy Design
Goals: 20% reduction in energy use by buildings owned by state and local governments,
including schools, through use of a revolving fund providing zero-interest loans.
Timing: Reductions in individual facilities to be implemented in stages over a five-year period.
Program would start in 2008 with a goal of reaching 50% of state buildings by 2015.
Coverage: All buildings owned by state and local governments are eligible to participate.
Implementation Mechanisms
The Governor’s Office or State Legislature would establish low- or no-interest loans from
revolving state energy efficiency fund for businesses.
Low- or no-interest loans will fund implementation of measures to reduce energy use (lighting,
HVAC, insulation, weatherization, improved pumps and fans, etc.). Subject to implementation of
these measures, low- or no-interest loans may also cover 1) assessment costs including vendor
fees for time spent conducting assessments and providing recommendations; 2) measurement
and verification costs including data collection, program monitoring, efficiency measure support
and troubleshooting; and 3) analysis and reporting of results.
Work conducted by performance contractors would be eligible for loans. The program would be
subject to third party oversight.
Related Policies/Programs in Place
•

Greening of State Government, Executive Order D-0011-07 (April 16, 2007), D-0012-07
(April 16, 2007), and D-005-05 (July 15, 2005)

•

Greening of State Government Buildings, Senate Joint Resolution 06-032 (May 8, 2006)

Type(s) of GHG Reductions
Reduction in GHG emissions (largely CO2) from avoided electricity production or on-site fuel
combustion
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Estimated GHG Savings and Costs per MtCO2e
GHG Reductions
(MMtCO2e)
2012 2020
RCI-2

0.2

0.5

Net
Gross
Gross
Present
CostCosts
Benefits
Effectiveness
Value
Total
($/tCO2e)
2007- (Million $) (Million $) 2007–2020
(Million
$)
2020
3.7

$119

–$186

–$67

–$18

Data Sources, Methods and Assumptions
Data Sources:
•

% Commercial floor space by building type (i.e., state and local government) and number of
commercial buildings by building type in the Mountain Region: 2003 Commercial Buildings
Energy Consumption Survey (CBECS), Detailed Tables, dated October 2006 and published
by EIA, www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/pdf2003/alltables.pdf

•

Commercial floor space projection for the Mountain Region: EIA AEO 2006

•

Number of commercial buildings in the Mountain Region in 2003: 2003 Commercial
Buildings Energy Consumption Survey (CBECS), Detailed Tables, dated October 2006 and
published by EIA, www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/
pdf2003/alltables.pdf

•

Cost of saved electricity: Western Governor’s Association (WGA) 2006. The Energy
Efficiency Task Force Report to the Clean and Diversified Energy Advisory Committee of
the Western Governors Association, January, 2006, available at www.westgov.org/
wga/initiatives/cdeac/Energy%20Efficiency-full.pdf

•

Cost of saved natural gas: Based on the average cost of a number of gas DSM programs
reported in Natural Gas Demand-Side Management Programs: A National Survey, Southwest
Energy Efficiency Project. January 2006. Available at: www.swenergy.org./pubs/
Natural_Gas_DSM_Programs_A_National_Survey.pdf

Quantification Methods:
Benefits: Estimates of government floor space and electricity and natural gas consumption were
used to determine average consumption levels per square foot. These consumption levels were
then used to determine the amount of consumption savings that needed to be achieved per square
foot. The consumption savings per square foot was multiplied by the number of buildings
targeted and an assumed average square footage per commercial government building to arrive at
the total required energy savings. Reductions from individual facilities were not modeled.
Costs: Studies of the cost of saved gas and electricity for commercial space were used to estimate
$ spent on programs per unit of energy saved which in turn, was used to translate energy savings
targets into required spending levels.
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Key Assumptions:
Parameter

Value

Notes

Ratio of electricity and natural gas
consumption per unit of floor area
for state/state-funded buildings
relative to average of commercial
buildings in Colorado

1.00

PWG assumption

Number of government buildings in
2015

18,532

Total floor space of government
buildings in 2015

417,877,767

Based on regional data, broken out into
government and nongovernment using
proportions from CBECS and scaled to Colorado
based on population

Number of commercial government
buildings reached w/ policy

9,266

Average annual consumption

70 MBtu/sq. ft

Average sq. ft. per government
building

22,691

Based on average between 2008 and 2020

Cost per unit of saved electricity for
the public sector

4.74 cents/kWh

Levelized

Cost per unit of saved natural gas
for the commercial sector

1.4$/MMBtu

Levelized

Emissions factors

Electricity all times
near-term (2008-2011):
269 tCO2e/billion Btu
Electricity all times
long-term (2012-2020):
231 tCO2e/billion Btu
Natural gas: 52.79
tCO2e/billion Btu

Based on the Inventory and Forecast

Avoided cost of fuel

Avoided cost of
commercial electricity:
$56/MWh
Avoided cost of natural
gas: $6.3/MMBtu

Electricity: Electricity avoided costs are based on
Xcel’s Colorado DSM Market Potential
Assessment, March 2006 and include energy
and capacity costs.
Natural Gas: Based on AEO 2007 for Mountain
region

•

Assumed an even ramp in to achieve goals in 2015

•

Energy savings are assumed to continue until 2020 with no decay of program effects,
because the study period is less than the average lifetime of energy efficiency measures.

•

Annualized program costs (amortized over a period of 13 years or longer, consistent with the
life of the asset) are included in the analysis through 2020, while the program itself ends in
2015.

Key Uncertainties
•

Total government buildings and building space in Colorado (regional estimates used)

•

Fraction of commercial buildings that are government-owned (proportion from 2003 for the
Mountain Region used)
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•

Some of the savings, costs and benefits of this policy may overlap with savings, costs and
benefits anticipated from Xcel’s current DSM efforts and from implementing HB07-1037.
Actual benefits and costs of RCI-2 may be lower, depending on the details (e.g., specific
measures and populations targeted) of how RCI-2, HB07-1037, and the Xcel DSM programs
are implemented.

Additional Benefits and Costs
•

Reducing dependence on imported fuel sources

•

Reducing energy price increases and volatility

•

Reducing peak demand and improving the utilization of the electricity system

•

Reducing the risk of power shortages

•

Enabling avoidance of energy supply projects

•

Reducing water consumption by power plants

•

Reducing pollutant emissions by power plants and improving public health

Feasibility Issues
Contingent upon state approval and financing of the loans.
Status of Group Approval
Approved by those CAP members present and voting with one objection.
Level of Group Support
The objection was to the policy design of replacement in 5 years, rather than replacement on asneeded basis.
Barriers to Consensus
None Identified.
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RCI-3. Strengthening and Enforcement of Building Codes

Policy Description
Stronger building energy codes can be an effective way to eliminate the least efficient energy
approaches in new or renovated buildings. The International Energy Conservation Codes (IECC)
have become a widely accepted standard. These codes are updated every three years through an
exhaustive consensus process involving a large number of code officials and building experts.
Many Colorado jurisdictions have adopted the 2003 IECC standard, and more will do so as a
result of legislation (HB07-1146) recently signed by the Governor. The IECC must be enforced,
however, and enforcement can be spotty in many building jurisdictions. Building code
jurisdictions need to be encouraged to enforce the IECC with training, technical support and
education. Enforcement is a critical element in the success of any code, but it may be particularly
important for the success of policies that must be undertaken during planning and construction,
such as RCI-4.
This policy assumes a gradually increasing energy efficiency code for new construction in
Colorado following the progress of the IECC, backed up by strong, consistent enforcement
measures.
Policy Design
Goals: Adhere to the periodic upgrades of the IECC standards, as described under “key
assumptions.” Spend $1 million per year in training and technical support to improve energy
code enforcement.
Timing: First energy code upgrade to occur in 2010. Begin funding in 2008.
Coverage: Covers new residential and commercial buildings plus retrofits in the 70% of
Colorado that is subject to building energy codes.
Implementation Mechanisms
HB 1146 includes a provision for the Governor’s Energy Office to apply the periodic IECC
upgrades as the standards that municipalities and counties with building codes must adopt.
Enforcement incentives will take the form of state-sponsored training and technical support for
the inspectors, plan reviewers, and code officials, as well as education for builders and
contractors. This approach can have the added benefit of educating local governments and the
contractors and builders about the programs that encourage beyond code construction.
Related Policies/Programs in Place
Some areas are already “beyond code.”
HB 1146 requires county and municipal boards that have building codes to adopt standards at
least as stringent as the 2003 International Energy Conservation Code (IECC).
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Type(s) of GHG Reductions
Reduction in GHG emissions (largely CO2) from avoided electricity production or on-site fuel
combustion
Estimated GHG Savings and Costs per MtCO2e
The table below shows the emissions reduction benefits from updating codes.
Net
Present
Gross
Gross
CostValue
Costs
Benefits
Effectiveness
Total
2007–
($/tCO2e)
2012 2020 2007- (Million $) (Million $)
2020
2020
(Million $)
GHG Reductions
(MMtCO2e)

RCI-3

0.3

2.7

13

N/A

N/A

N/A

N/A

Discussions with industry experts and literature review suggest that increased and sustained
funding for training and enforcement will be critical to achieving the energy and emissions
savings indicated above.
Data Sources, Methods, and Assumptions
Data Sources:
•

# of households: RECS 2001 Households by Census Division (including single family, multi
family and mobile home units). March 2006. Found at:
http://www.eia.doe.gov/oiaf/archive/aeo06/assumption/pdf/residential_tables.pdf

•

New housing stock: AEO2006 from a spreadsheet entitled EIA-RES-SF-2007-07-02.xls from
John Cymbalsky at EIA

•

% Commercial floor space by building type (i.e., state and local government) and number of
commercial buildings by building type in the Mountain Region: 2003 Commercial Buildings
Energy Consumption Survey (CBECS), Detailed Tables, dated October 2006 and published
by EIA, www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/pdf2003/alltables.pdf

•

Number of commercial buildings in the Mountain Region in 2003: 2003 Commercial
Buildings Energy Consumption Survey (CBECS), Detailed Tables, dated October 2006 and
published by EIA, www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/
pdf2003/alltables.pdf

•

Commercial floor space projection for the Mountain Region: EIA AEO 2006

Quantification Methods:
Compare total commercial and residential energy use in the state under stronger building codes
vs. reference case.
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Key Assumptions:
Parameter

Value

Notes

Share of new buildings affected by
new energy codes

40% between 2008
and 2009; 70%
between 2010 and
2020

Building Code Assistance Project (BCAP)
estimates that 40% of new construction in CO
will be affected by the code upgrade mandated
by HB07-1146. The other 60% will not be
affected by the law because some cities and
counties (about 35 counties ~30% of the state)
have already adopted building codes equal to or
exceeding IECC 2003 standards, and some
jurisdictions (~30%) have no pre-existing codes
and are exempt from the law. The share of new
construction affected by new codes will increase
to 70% starting in 2010 because those cities or
counties that have voluntarily adopted IECC
2003 will have to upgrade their code for new
buildings to the stronger energy code (i.e., IECC
2006).

Colorado specific energy savings
based on HB-1146 baseline (IECC
2003)

5% for residential
buildings; 15% for
commercial buildings

Assumptions from BCAP. The percentages are
relative to respective prevailing energy
consumption.

Energy savings between IECC
2003 and IECC 2006

2% for residential
buildings; 8% for
commercial buildings.
IECC 2006 to be
adopted in 2010.

Assumptions from BCAP. The percentages are
relative to IECC 2003.

Energy savings for future building
codes (e.g., IECC 2009)

5% decrease in energy
use every three years
for both residential and
commercial buildings

The Southwest Energy Efficiency Project
(SWEEP)

Emissions factors

Electricity all times
near-term (2008-2011):
269 tCO2e/billion Btu
Electricity all times
long-term (2012-2020):
231 tCO2e/billion Btu
Natural gas: 52.79
tCO2e/billion Btu

Based on the Inventory and Forecast

Key Uncertainties
Travel time figures prominently into the cost of making more inspections, which could be
instrumental in improving insulation installation. The cost of adding an insulation inspection into
the process will vary widely by the size of the jurisdiction and corresponding travel times.
On-the-job training may be more effective than courses; however, the costs of mentoring (in
terms of lowered productivity for the mentor) could vary widely by jurisdiction.
Additional Benefits and Costs
•

Reducing home heating and cooling costs

•

Reducing dependence on imported fuel sources
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•

Reducing energy price increases and volatility

•

Reducing peak demand and improving the utilization of the electricity system

•

Reducing the risk of power shortages

•

Enabling avoidance of energy supply projects

•

Reducing water consumption by power plants

•

Reducing pollutant emissions by power plants and improving public health

Feasibility Issues
Many building inspectors see energy codes as an additional obligation, one that has generally not
come with an increase in department budget and that is secondary to what they perceive as the
primary function of building inspection: maintaining health and safety, comfort and durability.
There is resistance to changing enforcement processes among building inspectors. As a result of
this and other market failures, changes in codes may achieve only a fraction of the intended
benefits (e.g., Fort Collins’ 1996 code revisions produced only about half of the anticipated
natural gas savings). This inertia is being overcome in some jurisdictions, but only with
dedicated leadership by head inspectors. Difficult-to-quantify organizational factors will be key
in the success or failure of any program to enhance energy code enforcement.
Although additional staffing resources might help to step up enforcement efforts, code
professionals have emphasized the importance of sustained funding.
Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
No objections.
Barriers to Consensus
None identified.
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RCI-4. Planning and Design

Policy Description
This policy seeks to mandate building design to a very high efficiency standard for governmentowned buildings and aggressively encourage voluntary efforts to design residential homes and
nongovernment commercial buildings to very high efficiency standards. This policy will ensure
that the next generation of buildings in Colorado produces much lower GHG emissions per unit
of utility.
Since Colorado is a home rule state, mandates for buildings owned by home rule local
governments will need to originate with their governing bodies.
Policy Design
Goals:
•

Mandate that of all new construction and major renovations of government-owned buildings,
including schools and publicly-owned hospitals, 30% reduce energy consumption 37%
consistent with LEED™ Gold and the other 70% reduce energy consumption 30% consistent
with LEED Silver.

•

For residential: Voluntary efforts will result in attainment of a 15% reduction in energy
consumption by 70% of new homes consistent with the EnergyStar “high performing”
standard (see HPH100.org for definition).

•

Commercial: Voluntary efforts will result in attainment of a 50% to 70% reduction in energy
consumption by 70% of new buildings consistent with the Architecture 2030 standards,
which increase in stringency over time.

Timing:
•

For Government buildings, applies to new structures and major renovations for which design
begins after December 31, 2007

•

For residential, 70% by 2015

•

For commercial, 70% meet standards by 2015

Coverage: See above
Implementation Mechanisms
For government buildings, different approaches will be utilized to gain participation by state and
local governments.
For residential: full property tax credit based on the assessed property value of new, private
residential units that achieve the Energy Star “high performing” standard; capped at 1 year.
Residential units include new or rehabilitated apartment structures with four or more units but do
not include detached residential structures.
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For commercial: partial county property tax credit based on the incremental construction cost for
new, private commercial buildings that achieve Architecture 2030 standards; capped at 10 years.
Related Policies/Programs in Place
•

US Green Buildings Council’s LEED New Construction (NC), LEED Existing Buildings
(EB), LEED Core and Shell (C&S), and LEED Homes (H) (expected launch of LEED for
Homes in Fall 2007)

•

Colorado Homebuilders Association Built Green

•

EPA Energy Star and HPH100

•

Architecture 2030

•

State of Colorado:
Energy Performance Contracting to Improve State Facilities, Executive Order D-014-03
(July 16, 2003)
○ State-Owned Facilities—Energy Conservation, Colorado Revised Statute 24-82, Part 6,
Sections 601-602—required energy performance goal (1982)
○ Outdoor Lighting Fixtures, Colorado Revised Statute 24-82, Part 9, Sections 901-902—
standards (1982)
○ Senate Bill 07-051 (impact not known)
○

Type(s) of GHG Reductions
Reduction in GHG emissions (largely CO2) from avoided electricity production or on-site fuel
combustion
Estimated GHG Savings and Costs per MtCO2e
GHG Reductions
(MMtCO2e)
Total
2012
2020
20072020
RCI–4 Total
Government
Commercial
Residential

1.0
0.4
0.5
0.2

2.4
0.6
1.4
0.4

20.4
6.0
11.2
3.2

Net
Gross
Gross
Present
CostValue Effectiveness
Costs
Benefits
(Million $) (Million $) 2007–2020 ($/tCO2e)
(Million $)
$2,614
$654
$1,777
$183

–$1,065
–$307
–$557
–$201

$1,550
$348
$1,219
–$17

$76
$58
$109
–$5

Data Sources, Methods and Assumptions
Data Sources:
•

For government (LEED):
○

% Commercial floor space by building type (i.e., state and local government) and number
of commercial buildings by building type in the Mountain Region: 2003 Commercial
Buildings Energy Consumption Survey (CBECS), Detailed Tables, dated October 2006
and published by EIA, www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/
pdf2003/alltables.pdf
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Commercial floor space projection for the Mountain Regions: EIA AEO 2006
○ Enermodal Engineering, Inc. 2007. The Costs and Benefits of LEED-NC in Colorado,
prepared for Colorado Governor’s Energy Office, March 2007, available at
www.colorado.gov/rebuildco/services/highperformance/leed_cost/index.htm
○ Gregory H. Kats 2003. Green Building Costs and Financial Benefits: A Report to
California’s Sustainable Building Task Force, available at www.cap-e.com/
ewebeditpro/items/O59F3481.pdf
For commercial (Architecture 2030):
○

•

% Commercial floor space by building type (i.e., non government) and number of
commercial buildings by building type in the Mountain Region: 2003 Commercial
Buildings Energy Consumption Survey (CBECS), Detailed Tables, dated October 2006
and published by EIA, www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/
pdf2003/alltables.pdf
○ Commercial floor space projection for the Mountain Regions: EIA AEO 2006
○ Architecture 2030 website: www.architecture2030.org/
For residential (EnergyStar “High Performing” Homes):
○

•

○
○
○
○

○

Number of and average floor space projections of residential starts in the Mountain
Region: EIA AEO 2006
Total residential homes and survival rate of existing homes in 2001 in the Mountain
Region: EIA AEO 2006
% of Mountain Region population in Colorado: Census 2000
Reduced energy consumption of new homes vs. older homes: Comparison of Newer and
Older California Homes Energy Use (http://aceee.org/conf/06et/st2_friedmann.pdf) and
Efficiency Measures Saturation and the California Statewide Residential Appliance
Saturation Study (http://websafe.kemainc.com/RASSWEB/uploads/
Volume%202,%20sections%201%20and%202.pdf)
EnergyStar High Performing Homes website: www.energystar.gov/
index.cfm?c=bldrs_lenders_raters.nh_features

Quantification Methods:
Benefits: For policies affecting the commercial sector, energy savings were quantified based on
estimated percent energy reductions per sq. ft, reach, average square footage per building, and
average consumption per square footage. For the residential sector, energy savings were
quantified based on estimated percent energy reductions per home, reach and average
consumption per home.
Targeted buildings would be required to obtain points from the energy and atmosphere category
in order to achieve the assumed average energy reductions for LEED Gold and LEED Silver.
Credits from site, water efficiency, materials and resources, and indoor environmental quality
can be obtained but would be incremental to energy requirements.
Costs: Costs were quantified for all policies using an average cost per sq. ft. for new construction
(i.e., this cost was applied to residential and commercial policies) for LEED. The cost premium
for LEED was based on actual data. Cost premiums were extrapolated for Architecture 2030 and
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Energy Star “High Performing” Homes based on the energy reductions and cost premiums for
LEED. The incremental costs were calculated for the commercial policies using the amount of
annual incremental square footage from 2008 forward and the cost premium per sq. ft. The
incremental costs were calculated for the residential sector using the number of incremental
homes built from 2008 forward and the cost premium per square foot, as well as an assumption
about the average square footage per home in Colorado.
Cross-Sector Key Assumptions:
•

Assumed an even ramp in to achieve goals in 2015

•

Energy savings are assumed to continue until 2020 with no decay of program effects,
because the study period is less than the average lifetime of energy efficiency measures.

•

Annualized program costs (amortized over a period of 13 years or longer, consistent with the
life of the asset) are included in the analysis through 2020, while the program itself ends in
2015.

•

All units built in 2008 and after are assumed to be new.

Based on the Inventory and Forecast, the emissions factors for displaced energy are as follows:
•

Electricity all times near-term (2008–2011): 269 tCO2e/billion Btu

•

Electricity all times long-term (2012–2020): 231 tCO2e/billion Btu

•

Natural gas: 52.79 tCO2e/billion Btu

Government Sector Policy Key Assumptions:
Parameter

Value

Notes

Forecasted number of new and
renovated government buildings
(2008-2015)

7,347

Based on regional data, broken out into
government and nongovernment using
proportions from CBECS and scaled to Colorado
based on population

Number of commercial
government buildings reached w/
policy

7,347

Average annual consumption

70 MBtu/sq. ft

Average sq. ft. per government
building

22,691

Based on average between 2008 and 2020

Ratio of renovated government
buildings to new government
buildings

1.00

PWG assumption

Ratio of electricity and natural gas
consumption per unit floor area for
state/state-funded buildings
relative to average commercial
building in Colorado

1.00

PWG assumption

Energy use reductions due to
energy efficiency in a LEED gold
building

37%

Above standard code

Energy use reductions due to
energy efficiency in a LEED silver

30%

Above standard code
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Parameter

Value

Notes

building
Standard new construction cost
w/o LEED implementation

$169/sq. ft.

Average across 11 CO projects; data from
hospitals was not present in the sample from
which this assumption was made

Loan period

30 years

Consistent with life of asset

Real discount rate

5.0%

Consistent with government financing

LEED construction cost premium

6%

Study group member contribution based on a
study by the Weidt Group on LEED conducted for
the City of Henderson, NV; average of LEED
Silver and LEED Gold incremental costs

Avoided cost of fuel

Avoided cost of
commercial electricity:
$56/MWh
Avoided cost of natural
gas: $6.3/MMBtu

Electricity: Electricity avoided costs are based on
Xcel’s Colorado DSM Market Potential
Assessment, March 2006 and include energy and
capacity costs.
Natural Gas: Based on AEO 2007 for Mountain
region

Commercial Sector Policy Key Assumptions:
Parameter

Value

Notes

Forecasted number of new
commercial buildings (2008–2015)

16,102

Based on regional data, broken out into
government and nongovernment using
proportions from CBECS and scaled to Colorado
based on population

Number of commercial
nongovernment buildings reached
w/ policy

11,271

Average annual consumption

70 MBtu/sq. ft

Average sq. ft. per commercial
building

14,851

Based on average during forecast period

Architecture 2030 Annual
Consumption Target (2015)

21,000 Btu/sq. ft

Adjusted to provide for some ramp in given that
reductions were slated to begin in 2005 according
to Architecture 2030

Loan period

30 years

Consistent with life of asset

Real discount rate

8.0%

Consistent with commercial financing

Construction cost premium

15%

Study group member contribution based on a
study by the Weidt Group on LEED conducted for
the City of Henderson, NV; representative of the
LEED Platinum incremental cost

Avoided cost of fuel

Avoided cost of
commercial electricity:
$56/MWh
Avoided cost of natural
gas: $6.3/MMBtu

Per the Common Factors

E-20

Residential Sector Policy Key Assumptions:
Parameter

Value

Notes

Forecasted residential starts
(2008–2015)

395,729

Based on regional data and scaled to Colorado
based on population

Number of new residential homes
reached w/ policy

277,010

Average annual consumption

50 MBtu/sq. ft

% Energy reduction to account for
focus on new homes vs.
new/existing homes

15%

Based on a dataset comparing energy
consumption of new vs. existing homes in
California

% Energy reduction goal beyond
that for new homes for Energy
Star “high performing” homes

15%

Stated goal

Average sq. ft. of a new residential
home

1,973

Based on average between 2008 and 2020

Loan period

30 years

Consistent with life of asset

Real discount rate

7.0%

Consistent with residential financing

Construction cost premium

0.5%

Program estimate

Avoided cost of fuel

Avoided cost of
residential electricity:
$68/MWh
Avoided cost of natural
gas: $6.3/MMBtu

Per the Common Factors

Key Uncertainties
•

Most of the policy working group believes that it is unlikely that 70% of the commercial
sector can achieve Architecture 2030 targets under a voluntary program; it is unclear whether
70% of the commercial sector would be reached with the implementation mechanism
proposed.

•

A construction cost per square foot that is specific to the residential sector could be different
than the commercial construction cost per square foot that is currently being used.

•

Some policy working group and CAP members believe that the savings from reduced energy
use relative to construction costs may be much higher than is reflected in the commercial and
government building analyses, and that cost savings would be a more likely outcome.

•

Some of the savings, costs and benefits of this policy may overlap with savings, costs and
benefits anticipated from Xcel’s current DSM efforts and from implementing HB07-1037.
Actual benefits and costs of RCI-4 may be lower, depending on the details (e.g., specific
measures and populations targeted) of how RCI-4, HB07-1037, and the Xcel DSM programs
are implemented.
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Additional Benefits and Costs
•

Reducing dependence on imported fuel sources

•

Reducing energy price increases and volatility

•

Reducing peak demand and improving the utilization of the electricity system

•

Reducing the risk of power shortages

•

Supporting local businesses and stimulating economic development

•

Enabling avoidance of energy supply projects

•

Reducing water consumption by power plants

•

Reducing pollutant emissions by power plants and improving public health

Feasibility Issues
Not all parties were able to agree that the aggressive and likely costly goal of 70% voluntary
participation for the Commercial sector could be achieved.
Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
No objections. However, some CAP members believe the result of positive costs for energy
efficiency measures is counter-intuitive. The overall positive cost reflects the 15% cost premium
for application of LEED platinum standards in the commercial sector. The residential sector
shows negative costs for achieving the policy goals.
Barriers to Consensus
None identified.
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RCI-5. Inverted Block Rates to Fund Energy Efficiency

Policy Description
This option uses tiered, increasing surcharges to simultaneously provide a source of funding for
energy efficiency and a financial incentive to adhere to high energy efficiency (low energy
intensity) standards. Unlike a traditional public benefits charge, the surcharge grows with
increasing use above target levels. High efficiency consumers will pay no surcharge.
Policy Design
Goals: Standard rates up to the first threshold (set at 50% of the Architecture 2030 energy
consumption reduction targets), 2 cents/kWh surcharge for kWh above the first threshold up to
the second threshold (set at twice the first threshold), and 5 cents/kWh surcharge for all kWh in
excess of the second threshold. Proceeds are to be used to fund energy efficiency programs in the
Residential and Commercial sectors.
These thresholds are based on recent investor owned utility (IOU) experience with inverted
block rates in California.
Timing: Starting in 2010.
Coverage: Rates are applicable statewide for the Residential and Commercial sectors.
Implementation Mechanisms
Implementation to be consistent with the implementation mechanisms established by HB071037. Municipal utilities and cooperatives would have the option of participating in a System
Benefits Charge (SBC).
Related Policies/Programs in Place
Inverted block rates in California as documented in: SCE. Residential Baseline Allocation,
available at http://www.sce.com/NR/rdonlyres/DF137120-E263-459E-96F40B4F4BA60520/0/597R0906ResidentialBaseline.pdf
Type(s) of GHG Reductions
Reduction in GHG emissions (largely CO2) from avoided electricity production
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Estimated GHG Savings and Costs per MtCO2e
Net
Present
Gross
Gross
CostValue
Costs
Benefits
Effectiveness
Total
2007–
($/tCO2e)
2007- (Million $) (Million $)
2020
2020
(Million $)

GHG Reductions
(MMtCO2e)

RCI-5

2012

2020

1.6

6.7

38.2

$690

–$1,825

–$1,135

–$30

Data Sources, Methods, and Assumptions
Data Sources:
•

Price elasticity of electricity: EIA, Price Responsiveness in the AEO2003 NEMS Residential
and Commercial Buildings Sector Models, available at
www.eia.doe.gov/oiaf/analysispaper/elasticity/index.html and
www.eia.doe.gov/oiaf/analysispaper/elasticity/table1.html

•

Electricity prices: same sources as used for RCI-1.

•

Return on investment in efficiency measures: same sources as used for RCI-1.

The California Public Utilities Commission requires IOUs to establish inverted block rates for
residential customers. In this rate structure, the baseline consumption or threshold that covers
basic needs of residential customers are set higher than those originally set for RCI-5 based on
Architecture 2030. The baseline consumption allocation typically covers 60-70% of the average
residential energy use in each region.1
Quantification Methods:
Estimate base electricity consumption levels that are not subject to surcharges based on 50% of
Architecture 2030 energy consumption reduction targets (first threshold). Per capita annual
electric consumption for residential and per square foot annual electric consumption are used to
estimate the base consumption levels. Estimate electricity consumption levels that are equal to
twice the first consumption threshold (second threshold). Allocate projected total electricity
consumption by residential and commercial sectors among (1) base consumption (less than or
equal to the first threshold); (2) above the first threshold but less than or equal to the second
threshold; and (3) greater than the second threshold. Project change in electricity consumption
based on price elasticity and revenues available for energy efficiency programs. Estimate energy
savings based on price elasticity as well as new energy efficiency programs funded by inverted
block rates. (See the data sources, quantification methods, and assumptions for RCI-1 for an
explanation of the analysis of RCI-5’s enhanced energy efficiency benefits)
The Architecture 2030 energy consumption reduction targets are defined as 60% of the Year
2003 regional or national average electricity consumption during the period between 2010 and
2014, 70% of the Year 2003 average consumption between 2015 and 2019, and 80% of the Year
2003 consumption in 2020. Thus, 50% of the Architecture 2030 energy consumption reduction

1

SCE. Residential Baseline Allocation, available at http://www.sce.com/NR/rdonlyres/DF137120-E263-459E96F4-0B4F4BA60520/0/597R0906ResidentialBaseline.pdf
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targets equals 30% of the Year 2003 regional or national average electricity consumption
between 2010 and 2014, and 35% between 2015 and 2019, and 40% in 2020.
Key Assumptions:
Parameter

Value

Notes

Price elasticity of electricity:

–0.2 Residential,
–0.1 Commercial

Source: Short-term price elasticity from EIA,
www.eia.doe.gov/oiaf/analysispaper/elasticity/tab
le1.html. In reality, price elasticity differs widely
among consumers. For simplicity, we assume
that these price elasticity data used by EIA
represent price elasticity for the entire residential
sector and the entire commercial sector.

50% of Architecture 2030
Challenge Site EUI energy
consumption reduction targets

30% in 2010,
35% in 2015,
40% in 2020

Architecture 2030 calls for reduction in fossil fuel
energy use in all buildings by 60% by 2010, by
70% by 2015, and by 80% by 2020. For this
policy option, base electric consumption is set at
twice these targets (half the reduction) on a per
capita basis for residential and per square foot
basis for commercial use for the first threshold.
The second threshold is twice the first.

Substitution effect for heating fuel
(cross price elasticity)

none

This effect was not considered for this analysis.
EIA reports that cross-price elasticity for
electricity to natural gas for the residential sector
is 0.01; for the commercial sector, it is 0.01.
(AEO2003)

Assumed cost of implementation of
inverted-block tariffs

$0/MWh

In practice, there will be some costs associated
with implementing inverted-block tariff structures,
including program administration costs and
changes to billing systems. These costs are not
explicitly accounted for in this analysis, but are
likely to be quite small relative to the electricity
cost savings achieved through the policy.

Avoided electricity cost (residential
and commercial)

$61/MWh

Electricity avoided costs are based on Xcel’s
Colorado DSM Market Potential Assessment,
March 2006 and include energy and capacity
costs.

Levelized cost of electricity savings

2.5 cents/kWh (2005$
levelized)

See notes under RCI-1.

Electricity savings per $ of program
investment (first year savings)

4.1 MWh/$1000 spent,
or $247/MWh 1st yr
savings

See notes under RCI-1.

Retail electric rates

9 cents/kWh for
residential and 7.5
cents/kWh for
commercial

Colorado average retail price in 2006 from EIA
“Current and Historical Monthly Retail Sales,
Revenues, and Average Retail Price by State
and by Sector (Form EIA-826)” available at
www.eia.doe.gov/cneaf/electricity/epa/
epat7p4.html

Electricity emissions factors

Near-term (<2012):
0.92 tCO2e/MWh
Long -term (>2012):
0.79 tCO2/MWh
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•

Energy savings are assumed to continue until 2020 with no decay of program effects,
because the study period is less than the average lifetime of the program measures.

•

Annualized program costs (amortized over a period of 13 years or longer, consistent with the
life of the asset) are included in the analysis through 2020.

Key Uncertainties
PUC, consumers, and utilities may be averse to adopting steep inclining block rates. Provisions
for low income consumers may be required (e.g., PG&E has separate tiered rates for low income
schedules.)
Additional Benefits and Costs
•
•
•
•
•
•
•

Reducing dependence on imported fuel sources
Reducing energy price increases and volatility
Reducing peak demand and improving the utilization of the electricity system
Reducing the risk of power shortages
Enabling avoidance of energy supply projects
Reducing water consumption by power plants
Reducing pollutant emissions by power plants and improving public health

Feasibility Issues
For IOUs, this policy must go through a regulatory process. For utilities not under PUC
authority, this policy may require legislation.
As constructed, this policy has received objections from some PWG members representing
utilities. Cost recovery for energy supply could be difficult and complex under this policy where
additional charges for higher consumption are used to fund energy efficiency, which in turn has
the effect of reducing energy sales. An alternative policy construction that includes a cost-based
inverted block rate consistent with ratemaking principles may find stronger support among the
PWG.
This policy is mutually exclusive to RCI-7 and RCI-11.
Status of Group Approval
Approved by those CAP members present and voting, with seven objections.
Level of Group Support
Objections concerned feasibility issues on the one hand, and concerns that the policy is
insufficiently aggressive with the given targets on the other. One CAP member objected on the
basis that the policy is essentially structured as an electricity use tax.
Barriers to Consensus
Utility representatives do not support a rate structure that is designed to recover more than the
cost of service. Proponents of the policy support it as an effective price signal to consumers.
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RCI-6. Retrofitting Existing Buildings for Energy Efficiency

Policy Description
This option is designed to improve the energy efficiency of existing privately owned (e.g., nonmunicipal) commercial and industrial buildings through a variety of energy-efficiency upgrades
and improvements in day-to-day operations. Existing commercial and industrial buildings
account for roughly 20% of GHG emissions. Because many buildings are extremely inefficient,
small efficiency upgrades can result in dramatic reductions in GHG emissions and economic
savings.
This proposal would provide short-term, low- or no-interest loans from the state (paid back by
energy savings) to businesses to offset the initial costs and thus encourage energy-efficiency
upgrades. It could also create low- or no-interest loans to energy service companies who contract
with commercial and industrial clients to implement energy-savings measures.
Policy Design
Goals: By 2017, reach 5% per year of existing commercial nongovernment (including
institutional) and industrial buildings with low interest loans from revolving fund – recipients to
achieve 25% reduction in energy use on a per square foot basis over five years.
Timing: Begin in 2008, continuing for 5 years. Renewed every 5 years, based on satisfactory
outcome.
Coverage: Commercial, industrial and institutional properties
Implementation Mechanisms
The Governor’s Office or State Legislature would establish low- or no-interest loans from
revolving state energy efficiency fund for businesses.
Low- or no-interest loans will fund implementation of measures to reduce energy use (e.g.,
lighting, HVAC, insulation, weatherization, improved pumps and fans). Subject to
implementation of these measures, low- or no-interest loans may also cover 1) assessment costs
including vendor fees for time spent conducting assessments and providing recommendations;
2) measurement and verification costs including data collection, program monitoring, efficiency
measure support and troubleshooting; and 3) analysis and reporting of results.
Work conducted by performance contractors would be eligible for loans. The program would be
subject to third-party oversight.
Related Policies/Programs in Place
State Partners for Energy and the Environment program for inspectors to identify energy
efficient potential during their regular inspections; Colorado Business Energy Partnership helps
Colorado companies identify cost-effective strategies to boost energy efficiency; EPA’s Energy
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Star program offers free tools to property owners to assess energy efficiency potential; Industrial
Assessment Center/DOE offer free energy audits for small- and medium-sized businesses.
Colorado Bill 07-1037 was passed in May, 2007, and directs the Public Utilities Commission to
adopt rules establishing funding and cost recovery mechanisms for natural gas distributors to
engage in conservation and energy efficiency programs, and directs distributors of natural gas
and electricity to develop and implement cost-effective energy efficiency programs once such
rules are adopted.
Type(s) of GHG Reductions
Reduction in GHG emissions (largely CO2) from avoided electricity production or on-site fuel
combustion
Estimated GHG Savings and Costs per MtCO2e
GHG Reductions
(MMtCO2e)

RCI-6

2012

2020

0.5

1.8

Net
Gross
Gross
Present
CostCosts
Benefits
Value
Effectiveness
Total
2007- (Million $) (Million $) 2007–2020 ($/tCO2e)
(Million $)
2020
11.7

$184

–$518

–$334

–$28

Data Sources, Methods, and Assumptions
Data Sources:
•

Percent of commercial floor space by building type (i.e., state and local government) and
number of commercial buildings by building type in the Mountain Region: 2003 Commercial
Buildings Energy Consumption Survey (CBECS), Detailed Tables, dated October 2006 and
published by EIA, www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/
pdf2003/alltables.pdf

•

Commercial floor space projection for the Mountain Regions: EIA AEO 2006

•

Industrial floor space and establishments in the US: EIA 2002 Manufacturing Energy
Consumption Survey, www.eia.doe.gov/emeu/mecs/mecs2002/data02/pdf/table9.1_02.pdf

•

Ratio between the number of industrial firms in Colorado vs. the US: 2003 US Census,
www.statemaster.com/graph/ind_tot_num_of_ind_fir-industrial-firms-total-numberestablishments

•

Cost data: Colorado DSM Market Potential Assessment Final Report to Xcel Energy,
Prepared by KEMA, Inc. with assistance from Quantum Consulting, March, 31, 2006. Found
at: www.swenergy.org/news/Xcel_DSM_Potential_Study.pdf and
http://swenergy.org/news/Xcel_DSM_Potential_Study_Appendices.pdf

Quantification Methods:
Benefits: The electricity and natural gas usage per square foot of commercial and industrial was
reduced based upon how many years the building participants had been involved in the program.
Participants involved in the program longer were tasked with generating greater energy usage
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reductions over the course of the 5 year period that they participated in the policy. This reduced
usage was then multiplied by the number of buildings reached by this policy and the average
estimated square footage of those buildings, to determine how much energy could be saved.
Costs: Cost assumptions per the energy savings achieved were developed. These were based on
estimated program administration and participant implementation dollars spent and assumed that
incentives would be provided that would fully cover the participant implementation cost.
Key Assumptions:
Parameter

Value

Notes

Existing commercial buildings in
state

66,953

As of 2008
Commercial buildings were based on regional data,
broken out into government and nongovernment using
proportions from CBECS and scaled to Colorado
based on population

Existing industrial buildings

4,833

As of 2008
Industrial buildings were based on national data and
scaled to Colorado using an estimate of the
percentage of industrial firms in Colorado

Number of commercial
buildings reached w/ policy

33,477

Number of industrial buildings
reached w/ policy

2,417

Average annual consumption:
commercial buildings

70,000 Btu/sq. ft

Average annual consumption:
industrial buildings

40,000 Btu/sq. ft

Average sq. ft. per commercial
building

14,851

Average sq. ft. per industrial
building

86,458

Total interest cost

$40,722,163

Total capital cost

$143,002,620

Loan period

13 years

Consistent with life of asset

Real discount rate

4.5%

To reflect state financing

All-hours emissions factor for
electricity

Near-term (<2012)
269 tCO2e/ BBtu
Long-term (>2012)
231 tCO2e/ BBtu

Based on the Inventory and Forecast

Emission factor for gas

52.79 tCO2e/BBtu

Avoided cost of electricity

$48/MWh

Electricity avoided costs are based on Xcel’s Colorado
DSM Market Potential Assessment, March 2006 and
include energy and capacity costs.

Avoided cost of gas

$6.3/MMBtu

Based on AEO 2007 for Mountain region

Financed at 4.5%
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•

Assumed an even ramp in to achieve goals in 2017

•

Participants who began the program in 2014 or later continued to increase reduction goals
annually to achieve the 25% goal; even if this goal was achieved after 2017

•

Energy savings are assumed to continue until 2020 with no decay of program effects,
because the study period is less than the average lifetime of energy efficiency measures.

•

Annualized program costs (amortized over a period of 13 years or longer, consistent with the
life of the asset) are included in the analysis through 2020, while the program itself ends in
2018.

Key Uncertainties
Some of the savings, costs and benefits of this policy may overlap with savings, costs and
benefits anticipated from Xcel’s current DSM efforts and from implementing HB07-1037.
Actual benefits and costs of RCI-6 may be lower, depending on the details (e.g., specific
measures and populations targeted) of how RCI-6, HB07-1037, and the Xcel DSM programs are
implemented.
Additional Benefits and Costs
•
•
•
•
•
•
•
•

Reducing dependence on imported fuel sources
Reducing energy price increases and volatility
Reducing peak demand and improving the utilization of the electricity system
Reducing the risk of power shortages
Enabling avoidance of energy supply projects
Reducing water consumption by power plants
Reducing pollutant emissions by power plants and improving public health
Improves profitability of participating facilities

Feasibility Issues
•

Most if not all PWG members agreed that in order to attain its full potential, this policy
should address the Residential sector as well as the Commercial and Industrial sectors.

•

Contingent upon state approval and financing of the loans

Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
Two CAP members qualified their votes of approval because of reservations about the policy’s
viability for commercial buildings.
Barriers to Consensus
None identified.
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RCI-7. Pricing and Purchasing

Policy Description
Adopt smart metering, combined with time-of-use rate schedules and in-home displays, to enable
electricity consumers to better manage energy use.
Initial expectation is to reduce electricity consumption 4% to 15%.
Policy Design
Goals: Implement time of use rates with smart meters and in-home displays of energy use, cost,
and associated GHG emissions for 100% of electricity customers in Colorado (including
customers of investor-owned utilities, cooperatives, and municipal utilities).
Timing: Start up in 2009, targeting 10% of industrial, commercial, and residential consumers,
ramping up to 100% by 2013.
Parties Involved: All industrial, commercial, and residential electricity customers in Colorado.
Implementation Mechanisms
•

A legislatively-prescribed Colorado Public Utilities Commission study of a mandatory
investor-owned utility program combining advanced metering infrastructure, time-of-use
electricity rates, and end-user energy displays. The study would weigh the energy cost
savings, peak reduction benefits, and greenhouse gas benefits against the cost of the program.
Costs would be considered from both the customer and the utility perspective. The study
would use Colorado-specific assumptions to determine the most cost-effective technologies
and programs to apply by customer class, and

•

Based upon the results of the study, adoption of mandatory time-of-use rates for all
commercial and industrial customers, as well as residential customers, and

•

Installation of advanced metering infrastructure with two way communications (smart
meters), and

•

Installation of end-user energy displays with hourly usage, pricing, and greenhouse gas
emissions display capabilities, and

•

Allowing full recovery for the costs of the program through the utility ratemaking process if
the program is proven cost-effective.

Related Policies/Programs in Place
Xcel’s Critical Peak Pricing pilot and Saver’s Switch program
Type(s) of GHG Reductions
Reduction in GHG emissions (largely CO2) from avoided electricity production
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Estimated GHG Savings and Costs per MtCO2e
GHG Reductions
(MMtCO2e)

RCI-7

2012

2020

2.0

2.6

Net
Gross
Gross
Present
CostCosts
Benefits
Effectiveness
Value
Total
2007- (Million $) (Million $) 2007–2020 ($/tCO2e)
(Million $)
2020
25.4

$347

–$1,191

–$844

–$33

Data Sources, Methods, and Assumptions
Data Sources:
Impacts of Different Types of Smart Metering:
• “Smart Metering Study Summary” (smart-metering-append.pdf) compiled by CU Denver for
the City and County of Denver
•

Primen, Inc. 2004. California Information Display Pilot Technology Assessment,
www.ucop.edu/ciee/dretd/documents/idp_tech_assess_final1221.pdf

•

Summit Blue Consulting, Inc. 2006. Evaluation of the 2005 Energy-Smart Pricing PlanSM,
prepared for Community Energy Cooperative, August 2006, available at
www.energycooperative.org/pdf/ESPP-Evaluation-Executive-Summary-2005.pdf and
www.energycooperative.org/energy-smart-pricing-plan.php

Cost of Metering
• Primen, Inc. 2004. California Information Display Pilot Technology Assessment,
www.ucop.edu/ciee/dretd/documents/idp_tech_assess_final1221.pdf
•

Idaho Power 2005. Phase One AMR Implementation Status Report under IPC-E-02-12,
December 30, 2005

•

CA PUC 2006. Advanced Metering Infrastructure (AMI) Update, available at
www.cpuc.ca.gov/Static/hottopics/1energy/ami_update+june+2006.pdf

Quantification Methods: Cost will be based on costs of smart metering experienced by other
states/localities. Economic savings in reduced energy use will also be estimated.
Key Assumptions:
Parameter
Cost of smart meters and in-home
displays

Value

Notes

$250

The Cost of smart metering infrastructure appears to
range from $200 to $300 per meter. This range is
based on the following studies:
The Primen, Inc. 2004. California Information Display
Pilot Technology Assessment, www.ucop.edu/ciee/
dretd/documents/idp_tech_assess_final1221.pdf
Idaho Power 2005. Phase One AMR Implementation
Status Report under IPC-E-02-12, December 30,
2005
CA PUC 2006. Advanced Metering Infrastructure
(AMI) Update, available at www.cpuc.ca.gov/Static/
hottopics/1energy/ami_update+june+2006.pdf
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Parameter

Value

Notes

Economic life of smart meters and inhome displays

20 years

Assumes equipment lasts for 20 years.

Energy reduction due to real time
pricing and in-home display

5%

Primen (2004) cites studies documenting that useful
feedback can result in energy reduction by 4% to
15%. “Smart Metering Study Summary” (smartmetering-append.pdf) compiled by CU Denver for
the City and County of Denver indicate that savings
differ widely from 0% to 26%. Five percent savings is
a conservative or reasonable estimate given that
some of these studies might be only reporting peak
energy use or demand reduction.

Real discount rate for levelized cost
of natural gas savings

5%

Consistent with utility operation of program

Emissions factors

Electricity nearterm (2008–
2011): 0.92
tCO2e/MWh
Electricity longterm (2012–
2020): 0.79
tCO2/MWh

•

Energy savings are assumed to continue until 2020 with no decay of program effects,
because the study period is less than the average lifetime of the program measures.

•

Annualized program costs (amortized over a period of 13 years or longer, consistent with the
life of the asset) are included in the analysis through 2020.

Key Uncertainties
The level of energy savings is uncertain. Since 5% savings is a conservative estimate, actual
savings might be higher.
Technological progress in this field is very fast and cost-effectiveness (benefit-cost ratio) of each
technology is uncertain. Thus stakeholders, utilities, and the public utility commission need to be
careful about the choice of technology.
Time-of-Use rates tend to encourage consumers to shift electricity usage to off-peak times. A
policy that moves consumption from peak to off-peak times may or may not decrease GHG
emissions, depending on whether the generation avoided during times of reduced consumption
has lower emissions than the generation that is dispatched when consumption is increased.
Additional Benefits and Costs
•

Reducing peak demand and improving the utilization of the electricity system

•

Electric utilities can save operating and maintenance expense through this measure.
Examples include (1) reduced labor cost due to remote meter reading, (2) better outage
management, and (3) more accurate meter reading and consumption forecasting.

•

Consumers may be able to have more flexible retail choice under this program.
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•

Reducing the risk of power shortages

•

Reducing energy price increases and volatility

•

Enabling avoidance of energy supply projects

•

Reducing water consumption by power plants

•

Reducing pollutant emissions by power plants and improving public health

Feasibility Issues
Implementing meters and in-home displays for all electric customers will cost ratepayers
significantly. Some consumer groups might oppose this program.
This policy is mutually exclusive to RCI-5 and RCI-11.
Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
No objections.
Barriers to Consensus
None identified.
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RCI-8. Renewable Energy Systems on New and Existing Buildings

Policy Description
This policy option will promote wider use of active and passive renewable energy systems on all
buildings through education and financial incentives in the form of tax credits to businesses,
homeowners and residential rental property owners who install proven and reliable renewable
energy systems on property owned or operated by them.
Systems to be included in the mix of renewable energy technologies include passive solar
heating, solar hot water, concentrated solar thermal, photo-voltaic solar (PV) on buildings not
already covered by the existing renewable portfolio standards (RPS), and geothermal (groundsource heat pumps), and possibly other emerging technologies. Proposed tax incentives will be
awarded only to individuals and businesses that have significantly reduced energy consumption
prior to or concurrent with system installation.
An educational campaign will be created to assist individuals and businesses in understanding
the renewable energy options and requirements of the program. In addition, short-term, lowinterest loans from the state and/or tax credits will be available to businesses, and tax credits will
be available to homeowners and residential rental property owners, for energy-efficiency
upgrades (to enlarge the pool of homeowners, residential property owners, and businesses
eligible to take advantage of the renewable energy system tax credit).
Policy Design
Goals:
1. Expand the use of renewable energy by creating tax incentives to individuals and businesses
who install proven and reliable renewable energy systems on property owned or operated by
them. The incentive will be a 30% tax credit for passive solar heating, solar hot water,
concentrated solar thermal, PV on buildings not already covered by the existing RPS,
geothermal (ground source heat pumps), and possibly other emerging technologies, all of
which have to meet the performance standard under (2), below, to qualify.
2. Create a complementary energy efficiency requirement that prior to applying for renewable
energy tax credits, building owners must demonstrate a 20% reduction in energy
consumption following installation of the renewable energy system. .
Timing: Start up in 2008, continuing for 5 years, with additional 5-year renewals based on
success of program. Program should include periodic assessment of program performance with
legislative policy adjustments, if required.
Parties Involved: (1) Homeowners, (2) Commercial Sector, (3) Industrial Facilities, and (4)
Rental property owners in all sectors.
Other: Systems that qualify for tax incentives should significantly reduce energy use when
combined with energy efficiency measures. Businesses will have short-term, low-interest loans
from the state and/or tax credits available to them for energy efficiency upgrades; tax credits will
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be available to homeowners and residential rental property owners for energy efficiency
upgrades.
Implementation Mechanisms
Establishment of a tax incentive program by the Colorado State Legislature as well as regulations
regarding verification of efficiency measures and energy performance estimates by the installer.
Successful operation of the renewable energy system (metered separately) must be demonstrated
over a period of time to get the tax credit.
The Governor’s Energy Office would set up an audit program (audits are to be outsourced).
Wisconsin’s performance based system may serve as a model for implementation of this policy.
Related Policies/Programs in Place
Amendment 37 requires major public utilities to provide rebates to residential and business
customers of utility companies that install solar electric systems. HB 07-1281 has since doubled
Amendment 37’s renewable portfolio standard, effectively doubling the set-aside for generation
by customer-sited solar electric systems.
Federal incentives are available for individuals and businesses that apply energy conservation
measures and install solar electric, and domestic solar hot water.
Type(s) of GHG Reductions
Reduction in GHG emissions (largely CO2) from avoided electricity production or on-site fuel
combustion
Estimated GHG Savings and Costs per MtCO2e
The benefits and costs of this policy were not analyzed.
Data Sources, Methods and Assumptions
Data Sources: Not applicable.
Quantification Methods:
As written, this policy option cannot be analyzed quantitatively. Benefits of providing financing
for renewables may be amenable to quantification, although this would not be consistent with the
option as defined by the PWG and approved by the CAP.
Key Assumptions:
Key Uncertainties
How many customers (by building type) are willing to reduce energy consumption by 20%?
Among those meeting this requirement, how many would be interested in installing the system?
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Additional Benefits and Costs
•

Reducing dependence on imported fuel sources

•

Reducing energy price increases and volatility

•

Reducing peak demand and improving the utilization of the electricity system

•

Reducing the risk of power shortages

•

Supporting local businesses and stimulating economic development

•

Enabling avoidance of energy supply projects

•

Reducing water consumption by power plants

•

Reducing pollutant emissions by power plants and improving public health

Feasibility Issues
Costs could be very high for monitoring and verification.
Contingent upon state approval and appropriation of funding for this effort
Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
No objections.
Barriers to Consensus
None identified.

E-37

RCI-9. Energy Delivery

Policy Description
Combined heat and power (CHP) refers to any system that simultaneously or sequentially
generates electric energy and utilizes the thermal energy that is normally wasted. Western
Governors Association analysis shows that CHP is an affordable, efficient, clean, and reliable
piece of the puzzle for meeting the Western region’s energy needs while substantially reducing
carbon emissions. CHP is sometimes called “recycled energy” because the same energy is used
twice. The recovered thermal energy can be used for space heating, hot water, steam, air
conditioning, water cooling, product drying, or for nearly any other thermal energy need. The
end result is significantly more efficient than generating electric and thermal energy separately.
In fact, many CHP systems are capable an overall efficiency of over 80 percent – double that of
conventional systems.
In addition to tremendous efficiency gain, increased adoption of CHP in the West would save
literally billions in new capital investment, reduce power costs, reduce security vulnerabilities,
improve reliability and power quality, avoid transmission losses, reduce water used by power
plants, cut fossil fuel use, cut greenhouse gas emissions, and cut other pollutants. Combined heat
and power, using proven and affordable technologies, significantly improves every key outcome
from power generation.
Policy Design
Goals and Timing: 50% of the economic potential of CHP (defined below), interpreted as 350
MW of CHP statewide by 2020
Coverage: Statewide
Implementation Mechanisms
Further study should be conducted by the Governor’s Energy Office on in-state CHP potential.
Implement WGA’s recommendations (modified) to states to promote CHP implementation:
1. PUC undertakes a thorough review of policies affecting CHP.
2. Adopt recently enacted FERC standards for interconnection agreements.
3. Seek CHP solutions to T&D-constrained areas.
4. Undertake a review of electricity rates, including standby rates, to make sure they are not
discriminatory toward CHP. Incorporate policies that will appropriately promote CHP in
state utility Least Cost Planning and Integrated Resources Plans.
5. Consider adding CHP to Demand Side Management and other energy efficiency programs.
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6. Consider mechanisms to remove utility disincentives for CHP.
7. Adopt simplified, streamlined, and consistent permitting for CHP systems. Offer state-funded
training and technical assistance programs for local code officials.
8. Ensure that renewable portfolio standards, environmental portfolio standards, advanced
energy portfolio standards, and other renewable energy laws include the full range of
renewable CHP options, including waste heat recovery and spent pulping liquor.
9. Call on CHP Regional Application Centers (DOE) for help in policy, programs, and analysis.
10. Wherever possible, adopt consistent, region-wide policies. (WGA 2006)
Related Policies/Programs in Place
Xcel’s existing interconnection standards, net metering tariff, and standby rates
Type(s) of GHG Reductions
Reduction in GHG emissions (largely CO2) from avoided electricity production or on-site fuel
combustion, reduction in transmission losses, improvements in overall energy use efficiency
Estimated GHG Savings and Costs per MtCO2e
GHG Reductions
(MMtCO2e)

RCI-9

2012

2020

0.34

1.37

Net
Present
Gross
Gross
CostValue Effectiveness
Costs
Benefits
Total
2007- (Million $) (Million $) 2007–2020 ($/tCO2e)
(Million $)
2020
8.3

$729

–$754

–$25

–$3

Data Sources, Methods, and Assumptions
Data Sources:
CHP Technical Potential:
• WGA 2006. Combined Heat and Power White Paper to the Clean and Diversified Energy
Initiative of the Western Governors Association, January 2006, available at
www.westgov.org/wga/initiatives/cdeac/CHP-full.pdf.
•

Energy and Environmental Analysis, Inc. 2003. Market Potential for Advanced Thermally
Activated BCHP in Five National Account Sectors.

•

Resource Dynamics Corporation 2004. Combined Heat and Power Market Penetration for
Opportunity Fuels, August 2004, prepared for U.S. DOE

CHP Economic Potential:
• Energy and Environmental Analysis, Inc., EPRI Solutions, Inc., and Energy and
Environmental Economics, Inc. 2005. Assessment of California CHP Market and Policy
Options for Increased Penetration. July 2005, prepared for Electric Power Research Institute
and California Energy Commission’s Public Interest Energy Research Program
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•

EEA 2004. Assessment of Large Combined Heat and Power Market. April 2004, submitted
to Oak Ridge National Laboratory.

•

EEA 2004. Combined Heat and Power in the Pacific Northwest: Market Assessment: Task
1–Final Report, submitted to Oak Ridge National Laboratory, August 2004

•

EEA 2003. Natural Gas Impacts of Increased CHP, submitted to U.S. Combined Heat and
Power Association, October 2003

•

Institute for Sustainable Energy at Eastern Connecticut State University 2004. Distributed
Generation Market Potential: 2004 Update/ Connecticut and Southwest Connecticut

Cost and Performance of CHP and DG:
• WGA 2006. Combined Heat and Power White Paper to the Clean and Diversified Energy
Initiative of the Western Governors Association, January 2006, available at
www.westgov.org/wga/initiatives/cdeac/CHP-full.pdf.
•

Navigant Consulting 2006. “Energy Cost Savings Module for customer-sited DG” prepared
for the Massachusetts DG Collaborative, available at
http://masstech.org/renewableenergy/public_policy/DG/EnergyCostSavingsModuleJan202006.zip

•

GRI and NREL 2003, Gas-Fired Distributed Energy Resource Technology Characterizations
– Bringing you a prosperous future where energy is clean, abundant, reliable, and
affordable, available at www.eea-inc.com/dgchp_reports/TechCharNREL.pdf.

Quantification Methods: Emissions benefit of increased overall energy use efficiency of CHP
will be multiplied by target penetration rate. Cost of CHP investments and economic potential
for CHP were determined from public sources. Energy cost savings associated with greater
efficiency to be estimated based on forecast energy prices in Colorado.
Key Assumptions:
Parameter

Value

Notes

CHP technical potential in
Colorado

1,578 MW

WGA 2006

CHP economic potential
under an advanced scenario
(not a BAUscenario)

30% of the technical CHP
potential (473 MW in 2003)

It is assumed that CHP economic potential is
roughly 30% of the CHP technical potential.
This takes into account many factors
influencing economics and feasibility of CHP,
including customer payback period, electricity
price, natural gas price, standby rates,
customer awareness and interest in CHP,
availability of streamlined permitting process,
capital availability, and natural gas availability.
CHP economic potential studies often conduct
scenario analysis which includes a business as
usual scenario and another scenario (advanced
scenario) with favorable policies for CHP
implementation. The 30% figure is based on
CHP studies for advanced scenarios.

Annual growth in CHP
potential

2.3%

Based on growth in electricity use in the
commercial and industrial sectors.
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Parameter
Policy goal

Cumulative new CHP
Installation

Value

Notes

50% of the economic potential
of CHP by 2020 (350 MW)

The economic potential adjusted upward for
electric consumption growth in the commercial
and industrial sectors reaches 700 MW by
2020. Half of this potential, 350MW is the CHP
target for Colorado by 2020.

Year

Cumulative
Capacity

2008

15 MW

2009

30 MW

2010

50 MW

2011

70 MW

2012

90 MW

2013

120 MW

2014

150 MW

2015

180 MW

2016

210 MW

2017

245 MW

2018

280 MW

2019

315 MW

2020

350 MW

Smoothed ramp-in

Technology of new CHP
capacity

Natural gas – 85%–90%
Biomass – 10%–15%
Coal – 0%

By 2020, Biomass is assumed to increase to
15% of new capacity

Avoided cost of electricity

$56/MWh

Sales-weighted average based on Xcel’s
Colorado DSM Market Potential Assessment,
March 2006 and including energy and capacity
costs.

Avoided cost of natural gas

$7.42/MMBtu

The simple average of commercial and
industrial natural gas prices for Mountain region
in AEO2007 The industrial sector uses more
natural gas than the commercial sector.
However, because more CHP potential exists
in the commercial sector, we use the simple
average of fuel prices for CHP applications.

Avoided cost of coal

$1.9/MMBtu

AEO 2007 forecast for Industrial users in the
Mountain region.

Avoided cost of fuel oil

$12.5/MMBtu

The simple average of commercial and
industrial distillate oil prices. AEO 2007 forecast
for Electric generation in the Mountain region.

Real discount rate for
levelized cost of natural gas
savings

5%

Consistent with utility operation of program

Interest rate

8%

Interest rate for commercial and industrial
customers

Economic life of CHP and

20 years
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Parameter
DG measures
Capital costs for CHP ($/kW)

Average net heat rate by fuel
(Btu fuel input/kWh electricity
output)
Fraction of CHP heat output
displacing thermal energy by
fuel

Value

Notes

Source

2010

2020

Natural gas

1300

1040

Biomass

2000

1400

Natural gas

10,000

Biomass

13,000

Natural gas

80%

Biomass

0%

Coal

4%

Electricity

10%

Oil

6%

Placeholder estimates. Heat rates vary by the
type of generator.

Based on (1) EIA, AEO2007 National Energy
Modeling System run AEO2007.D112106A,
obtained from Erin Boedecker at the
Commercial Energy Demand Division at EIA
and (2) EIA 2002 Energy Consumption by
Manufacturers. Table 5.8 - By Region with
Total Consumption of Electricity (trillion Btu),
available at www.eia.doe.gov/emeu/mecs/
mecs2002/data02/shelltables.html

Usable cogenerated heat
output as a fraction of fuel
energy input

Natural gas CHP: 40%
Biomass CHP: 40%

Fraction of usable heat
output replacing
space/water/process heat
use

90%

Net efficiency of displaced
boiler/heater thermal energy
by fuel

Natural gas

85%

Biomass

80%

Coal

80%

Electricity

92%

Oil

80%

Natural gas

$10.00

Biomass

$20.00

Estimated average non-fuel
operating and maintenance
costs by system type
($/MWh)

Capital costs for CHP are incremental to the
cost of regular space and water heating
systems because CHP systems are assumed
to replace space or water heating systems or
both. The costs of regular space and water
heating systems are assumed to be around
$1500. Incremental costs for natural gas
systems are assumed to be $1300 and to
decrease to $1040 by 2020, and the
incremental costs for biomass DG systems
(including wood and biomass) is assumed to be
$2000 and decrease to $1400 by 2020. The
cost reduction the study period is around 20%
based on EIA’s DG cost projection in
AEO2007. The capital costs in 2010 are close
to the weighted average capital cost of
equivalent DG systems in “Self-Generation
Incentive Program Data” by the San Diego
Regional Energy Office.

Placeholder assumption

Placeholder assumption

Source: O&M costs for natural gas systems are
based on GRI and NREL 2004. Gas-Fired
Distributed Energy Resource Technology
Characterizations. O&M for other fuels are
assumed to be higher than natural gas.
$20/MWh for biomass is a placeholder
assumption.
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Parameter
Emissions factors

Value

Notes

Electricity near-term (20082011): 0.92 tCO2e/MWh
Electricity long-term (20122020): 0.79 tCO2/MWh,
Natural gas: 52.79
tCO2e/billion Btu
Biomass: 6.79 tCO2/MWh,
Coal: 92.65 tCO2e/billion Btu,
Oil: 71.58 tCO2e/billion Btu

From Inventory and Forecast

Key Uncertainties
•

Economic potential of CHP in Colorado

•

How load growth would affect emissions reductions from policy

Additional Benefits and Costs
•

Reducing energy price increases and volatility.

•

Reducing peak demand and improving the utilization of the electricity system.

•

Reducing the risk of power shortages.

•

Enabling avoidance of energy supply projects.

•

Reducing water consumption by power plants.

•

Reducing pollutant emissions by power plants and improving public health.

Feasibility Issues
Permitting of new CHP plants under existing air emissions rules.
Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
No objections.
Barriers to Consensus
None identified.
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RCI-10. Implementing Climate Wise Statewide

Policy Description
This option builds on the success of Fort Collins’ “Climate Wise” program, a voluntary business
program featuring free technical assistance and continuous support as a means for reducing
carbon emissions through reductions in energy, water, transportation, and solid waste, by
expanding this concept to the entire state of Colorado.
This option complements many of the energy efficiency options listed in this document and
would implement a state-wide clearinghouse to provide support for start-up of similar outreach,
technical assistance, and recognition programs as requested by cities, counties, or agencies statewide.
Policy Design
Goal: Ramp up to 1 million tons CO2/yr reduction in emissions by 2015 by replicating the Fort
Collins program statewide, with free on-site technical assistance.
Timing: Begin in 2008, and ramp up to 1 million tons annual avoided emissions by 2015.
Parties Involved: Enterprises throughout the state
Implementation Mechanisms
The Fort Collins Climate Wise program has dedicated staff performing outreach, education,
administration, evaluation and facility assessment tasks. The statewide program would mimic
this effort by providing technical assistance to promote voluntary GHG reduction programs with
a focus on energy, water, solid waste, and transportation. This program may ultimately be linked
to existing and future efforts managed by the Governor’s Energy Office.
Related Policies/Programs in Place
Fort Collins Climate Wise Program
Type(s) of GHG Reductions
Reduction in GHG emissions (largely CO2) will be from avoided electricity production and onsite fuel combustion (via energy efficiency and renewable energy), avoided transportation
(VMT), and waste-related emissions (CO2 and methane). The program will have GHG-reduction
benefits from water conservation, but the benefits have been such a small contribution to the total
Fort Collins program to date that they were not analyzed.
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Estimated GHG Savings and Costs per MtCO2e
Net
Present
Gross
CostValue
Benefits
Costs
Effectiveness
Total
(Million $) 2007–
($/tCO2e)
2007- (Million $)
2020
2020
(Million $)

GHG Reductions
(MMtCO2e)
2012 2020
RCI-10

0.6

1.0

4.5

N/A

N/A

N/A

N/A

Total costs cannot be pinpointed with accuracy. At a minimum, costs would include salaries and
office space for coordinating staff and technical experts.
Data Sources, Methods, and Assumptions
Data Sources: Information provided by Fort Collins program staff.
Quantification Methods: GHG emission goals and average reductions achieved by businesses
participating in the Fort Collins program were used to back out the average number of companies
that would need to participate in the program to reach the emission reduction goal.
Key Assumptions:
Parameter

Value

Notes

Estimated Average CO2e
Reduction per New Partner
per Year

1,474 tCO2e

Based on data from the Fort Collins
Climate Wise Program

% MMtCO2e Saved by
Activity Type

Energy Efficiency: 16.9%
Renewable Energy: 21.6%
Solid Waste Diversion: 61.2%
Transportation: 0.3%

Based on data from the Fort Collins
Climate Wise Program

# of Participants

678 companies

Estimated based on emissions goals
and estimated average CO2 reduction
per new partner per year

Breakout of
Small/Medium/Large
Companies

48% small (1-99 employees),
26% medium (100-499 employees),
26% large (500+ employees)

Based on data from the Fort Collins
Climate Wise Program

Key Uncertainties
Costs:
•

Costs to Fort Collins participants are not necessarily reflective of costs to participants in
other areas of the state, especially since participants in other areas may be interested in
implementing different measures. This level of flexibility and customization is an asset of the
program. However, it prevented the quantification of participant or incentive costs.

Data Quality:
•

Performance data are generally less reliable during the first few years following program
start-up due to lack of program structure (which will be crucial in planning a state-wide
effort) and limited staff resources. In Fort Collins’ case, little to no performance reporting
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was available from the first 3 years (2000-2002). Until 2006 when new tools, resources, and
a new structure were implemented, participants did not consistently report data on the
reductions achieved in each of the program areas (energy efficiency, renewable energy,
transportation, waste, and water use). While cost data reporting increased recently (88%
between 2006 and the present), a complete set of participant costs across all measure
categories are not available at this time.
Overlap with AFW-9:
•

Due to the fact that 60% of current reductions are coming from solid waste diversion, the
reductions from this policy will likely overlap with reductions achieved by AFW-9.

Other:
•

The Fort Collins program is quite small for a thorough state-wide analysis at this time. For
example, it is unknown what the appropriate staff level would be for a larger program. In
Fort Collins, a staff of 1.5 employees managed 48 partners as of 2006 and 70+ partners in
2007. A larger program could experience greater efficiencies due to staff specialization and
an implemented budget which finances support from existing trained consultants state-wide.

•

The voluntary nature of this program may present a challenge in attracting participants with
resources available to fund efficiency measures with high emissions reduction potential.

•

Major benefits of this type of program for participants are associated with reputation and
networking. Businesses that perceive that consumers will respond positively to Climate Wise
“branding” will be more likely to invest their time and money in voluntary measures.
Community buy-in and word-of-mouth promotion will greatly facilitate the success of the
program. Participation rates are likely to vary across the state.

Additional Benefits and Costs
•

Supporting local businesses and stimulating economic development.

•

Reducing water consumption by businesses and power plants.

•

Reducing waste and landfill diversion rates.

•

Reducing dependence on imported fuel sources.

•

Reducing energy price increases and volatility.

•

Reducing vehicle miles traveled and road congestion.

•

Reducing peak demand and improving the utilization of the electricity system.

•

Reducing the risk of power shortages.

•

Enabling avoidance of energy supply projects.

•

Reducing pollutant emissions by power plants and improving public health.

•

Climate Wise at the state level could help build participation in other programs, thus
resulting in additional indirect emissions reductions.
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Feasibility Issues
Contingent upon state approval and appropriation of funding for this effort.
Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
No objections.
Barriers to Consensus
None identified.
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RCI-11. Cost of Service Inverted Block Rates

Policy Description
This option is an increasing block rate design that would solely be structured to recover cost of
service, as in traditional ratemaking. Such a policy might encourage greater levels of energy
efficiency based on a price elasticity effect, but would provide no excess funds to specifically
promote energy efficiency programs.
Policy Design
Goal: Consider implementing inverted block rates to encourage the efficient use of electricity .
Timing: Starting in 2010.
Parties Involved: Rates are applicable statewide, Residential and Commercial sectors.
Implementation Mechanisms
For IOUs: Inverted rate applied to cost of service as approved by the PUC.
For other load serving entities: Inverted rate applied to cost of service as approved by the
relevant authority.
Statewide implementation would likely require legislative change.
Related Policies/Programs in Place
None noted.
Type(s) of GHG Reductions
Reduction in GHG emissions (largely CO2) from avoided electricity production or on-site fuel
combustion.
Estimated GHG Savings and Costs per MtCO2e
Not applicable.
Data Sources, Methods, and Assumptions
Data Sources: Not applicable.
Quantification Methods: This policy was not analyzed.
Key Assumptions: Not applicable.
Key Uncertainties
None noted.
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Additional Benefits and Costs
Potential additional benefits:
•

Reducing dependence on imported fuel sources.

•

Reducing energy price increases and volatility.

•

Reducing peak demand and improving the utilization of the electricity system.

•

Reducing the risk of power shortages.

•

Enabling avoidance of energy supply projects.

•

Reducing water consumption by power plants.

•

Reducing pollutant emissions by power plants and improving public health.

Feasibility Issues
For IOUs, this policy must go through a regulatory process. For utilities not under PUC
authority, this policy would require approval by other authorities.
This policy is mutually exclusive to RCI-5 and RCI-7.
Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
No objections.
Barriers to Consensus
None identified.
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Appendix F
Energy Supply
Policy Recommendations
Summary List of Policy Recommendations
Policy Recommendation

ES-1

ES-2

ES-3
ES-4

Tax credits and incentives to finance renewable
energy generation facilities.
Increase renewable portfolio standards to 30% for
investor-owned electric utilities and 15% for
municipal and co-op utilities, with no more than
85% of renewable energy from centralized wind
power.
Consider adoption of Xcel’s clean energy portfolio
standard on a state, regional, or national basis.
Require all electric utilities to plan cooperatively for
electricity transmission infrastructure investments
that support renewable resources.

GHG Reductions
Costs
Cost(MMtCO2e)
(Savings) EffectiveTotal 2007–2020
ness
2012 2020 2007– (Million $) ($/tCO e)
2
2020

Climate
Action
Panel
Action

Benefits are quantified in policy ES-2.

Unanimous
Consent

1.9

4.9

34

$524

$16/ton

Non-specific policy was not quantified

Majority
(9 objections)

Non-quantitative policy proposal analyzed

Unanimous
Consent

ES-5

Consider applying a price to CO2 emissions (such
as cap and trade or tax) on a state, regional, or
national basis.

Non-specific policy not quantified

ES-6

Assess a public benefit charge on all electric utility
bills to fund renewable energy programs.

Policy not quantified

ES-7

ES-8

ES-9

ES-10

ES-11
ES-12
ES-13
ES-14

ES-15

Adopt structural changes to facilitate large
businesses and universities to invest in combined
heat and power (CHP) and distributed generation
(DG) systems.
Work with neighboring states to form a regional
CO2 transportation and sequestration collaborative.
Low interest loans to Colorado companies and
universities for research and development of
carbon emissions reduction technology, funded at
$100M/yr through surcharge on all electricity bills.
Evaluate and, if appropriate, seek funding for
advanced fossil fuel generation with carbon capture
demonstration project.
Statewide mapping & development of small hydropower, geothermal, and biomass renewable power
sources.
Review costs and emission reduction potential of
nuclear power.
Adopt policies to promote a 2% increase in
efficiency of existing power generators by 2020.
Reduce GHG emissions from oil and gas
operations 35% by 2020.
Establish a CO2 emissions performance standard of
no more than 1,100 lbsCO2/MWh for new nonpeaking power plants and those older than 60
years.
Sector totals of 6 analyzed policies (including ES13) after adjusting for overlaps among policies
Sector totals of 5 policies with cost estimates (not
including ES-13) after adjusting for overlaps

0.4

0.0

Super Majority
(3 objections)
(1 qualified
approval)

1.1

7.3

$110

Super Majority
(1 objection)
(1 qualified
approval)
Super Majority
(3 objections)
(1 qualified
approval)
$15/ton

Unanimous
Consent

Non-quantitative proposal not quantified

Unanimous
Consent

R&D benefits not quantified

Unanimous
Consent

Non-specific policy not quantified

Unanimous
Consent

0.8

3.1

$123

$40/ton

Non-specific policy not quantified
Costs not quantified – savings ca. 1 MMtCO2/yr by
2020
0.8

2.6

16

$12

$0.8/ton

0.5

2.3

13

–$14

–$1/ton

3

9

59

N/A

N/A

$526

$10/ton

Unanimous
Consent
Unanimous
Consent
Unanimous
Consent
Unanimous
Consent
Super
Majority (5
objections)

GHG = greenhouse gas; MMtCO2e = million metric tons of carbon dioxide equivalents; MWh = megawatt hours.
Negative cost numbers indicate cost savings. The cost (savings) shown are calculated as in terms of net present
value in constant 2005 dollars using a 5% annual real discount rate for the period 2008 through 2020. Capital
investments are represented in terms of levelized or amortized costs through 2020.
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ES-1. Renewable Energy Incentives

Policy Option Description
Resource maps of renewable energy in Colorado developed by the U.S. Department of Energy’s
(US DOE’s) National Renewable Energy Laboratories (NREL), based in Golden, Colorado,
show that Colorado is well-endowed with renewable resources. Wind is prevalent in the
northeast and southeast corners of the state. Biomass is available in the northeast. Photovoltaics
can be deployed throughout the state. Concentrating solar power can be tapped in the San Luis
Valley. Deep geothermal resources exist in the southern portion of the state. Solar and wind
alone may have the potential to produce 100 times the electricity currently used in Colorado,
even after reasonable filters are applied. However, renewables are generally more costly than
today’s conventional energy supplies. Financial incentives can greatly accelerate the deployment
of renewables and allow time for learning curves, economies of scale, and R&D to lower their
costs.
Mechanisms include an investment tax credit, an energy production tax credit, a tax incentives,
and incentives to help support financing of projects. Production tax credits are generally
preferred by renewable energy providers that can produce electricity at under about 10 cents per
kWh (wind and geothermal), whereas investment tax credits are generally preferred for more
expensive technologies (concentrating solar power). Key to the success of these incentives is that
they be guaranteed for a period of at least 5 years to allow time to raise financing and build
projects.
Financial incentives that encourage utilities to deploy or purchase renewable energy should also
be considered. Finally, R&D aimed at solving Colorado-specific issues can be funded at state
universities and NREL. These issues include resource assessment and performance-cost analysis.
Policy Option Design
Goal: Financing and/or tax incentives to meet goals in ES-2
Timing: 2009
Coverage: First 2000 MW capacity in state
Other: Not applicable.
Implementation Mechanisms
SBC or other funds are distributed as investment tax credits, production tax credits and/or other
financial incentives.
Related Policies/Programs in Place
Federal production tax credit for wind energy and investment tax credit for photovoltaic (PV)
systems.
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Type(s) of GHG Reductions
Decreased fossil generation resulting from replacement with renewable generation.
Estimated GHG Savings and Costs per MtCO2e
Benefits are quantified in companion policy ES-2.
We found one attempt specifically to quantify the benefits of investment incentives—in the
report, Exploring the Economic Value of EPAct’s PV Tax Credits by Bolinger, et al. In this
report, the authors use a cash-flow model to calculate the “grant-equivalent benefit” to PV
owners of the EPAct 2005 investment tax credit for PV. As seen in their chart (below), they find
the benefit to be equivalent to grants in the range of $1.75 to $2.75 per Watt for very small
systems. The value falls rapidly with increasing system size for residential owners, but much less
rapidly for commercial owners. (Graphic taken from Bolinger, Wiser and Ing, page 8.)
Figure F-1. The Benefits of the EPAct Tax Credit for Photovoltaic Owners

Data Sources:
Bolinger, Wiser, and Ing, Exploring the Economic Value of EPAct’s PV Tax Credits, Lawrence
Berkeley National Laboratory, February, 2007.
Cameron Brooks, et al., A Guidance Document on Debt and Equity Investment Mechanisms for
the Clean Energy States Alliance, November, 2003.
Brooks, Milford and Schumacher, Global Clean Energy Markets: the Strategic Role of Public
Investment and Innovation, a report for the Clean Energy Group, May 2004.
Quantification Methods:
Quantified with companion policy proposal ES-2.
Key Assumptions
None identified.

F-3

Key Uncertainties
None identified.
Additional Benefits and Costs
None identified.
Feasibility Issues
None identified.
Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
No objections.
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ES-2. Mandated Portfolio Standards

Policy Option Description
A Renewable Portfolio Standard (RPS) is a requirement that utilities must supply a certain
percentage of electricity from an eligible renewable energy source(s). For example, an RPS of
5% would mean that for every 100 kWh that a utility supplies, 5 kWh must be generated from
renewable resources. About 20 states currently have an RPS, including Colorado. Colorado’s
current RPS requires investor-owned utilities to provide 20% renewable energy by 2020 and
other load serving entities to provide 10%, also by 2020. In some states, utilities can also meet
their RPS (or EPS) by purchasing certificates from eligible energy projects, typically referred to
as Renewable Energy Certificates (RECs).
Policy Option Design
Goal: 30% of total energy for Investor-Owned Utilities (IOUs), and 15% for municipal utilities
and cooperatives, to come from renewables; no more than 85% of this from utility-scale wind
projects. The requirement may be satisfied through the purchase of RECs following the
guidelines of the existing Colorado RPS, except that in-state RECs shall be weighted equally to
out-of-state RECs.
Eligibility of efficiency improvements at large hydropower projects for generating RECs should
be considered.
Wildlife values and sustainability issues should be taken into account for siting of new wind and
hydro facilities.
Timing: by 2020
Coverage: All retail electric suppliers, including municipally owned and co-ops.
Implementation Mechanisms
Mandate applicable to all IOUs, municipal utilities and cooperatives.
Related Policies/Programs in Place
The existing RPS in Colorado requires 20% renewables for IOUs and 10% renewables for
cooperatives and municipal utilities (with +40,000 customers) by 2020. IOUs must meet 4% of
their annual target with solar, half of which must be located on-site at customers’ facilities.
In-state renewable resources receive favorable treatment. Each kilowatt-hour (kWh) from
eligible in-state renewable projects receives 125% credit for RPS-compliance purposes. Certain
community-based projects can receive 150% credit under cooperatives and eligible municipal
utilities, and solar projects online by 2015 receive 300% credit.
Utilities are entitled to recover prudent cost of complying RPS through retail rates. Utilities may
comply with the RPS by purchasing RECs.
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Type(s) of GHG Reductions
Reductions come from reduced fossil-fueled generation relative to the reference case.
Estimated GHG Savings and Costs per MtCO2e
GHG Reductions
(MMtCO2e)
ES-2

Mandated
Portfolio
Standards

2

5

34

Gross NPV
Net Present
Cost
NPV Savings
Value
2007–2020
2007–2020
2007–2020
(Million $2005) (Million $2005) (Million $2005)
$1,992

$1,468

$524

CostEffectiveness
($2007/tCO2e)
$16

Note also that costs shown include only the projected costs of the renewable energy and avoided
cost of displaced generation; we have not included any administrative costs.
Data Sources:
Data from the following sources were used in this analysis.
Black and Veatch; research performed for the US DOE, NREL and American Wind Energy
Association, unpublished draft report.
Colorado Springs Utilities, unpublished research on biomass fuel and technology costs in
Colorado.
KEMA 2006. Colorado DSM Market Potential Assessment, March 31, 2006.
NREL, Comparison of Cost-Based U.S. Operational Impact Studies, 2007.
Synapse Energy Economics and Tellus Institute, A Balanced Energy Plan for the Interior West, a
report for Western Resource Advocates, 2004. Available at: www.westernresourceadvocates.org.
Stoddard, et. al., Economic, Energy and Environmental Benefits of Concentrating Solar Power in
California, NREL, May 2005–April 2006, NREL/SR-550-39291.
US EIA, Annual Energy Outlook 2007, Assumptions to the AEO, Electricity Market Module.
Available at: http://www.eia.doe.gov/oiaf/aeo/assumption/index.html.
Western Governor’s Association (WGA) Solar Task Force, Clean and Diversified Energy
Initiative, Western Governor’s Association, January, 2006.
Wiser and Bolinger, Report Summary, Annual Report on U.S. Windpower Installation, Cost and
Performance Trends, 2006, US DOE, May 2007.
Wiser, et. al., Letting the Sun Shine on Solar Costs: An Empirical Investigation of Photovoltaic
Cost Trends in California, LBL, January, 2006, LBNL-59282.
Quantification Methods:
The PWG working group provided the following guidelines:
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•

Large wind projects could not account for more than 85% of the renewable energy
requirement,

•

Each of the following resources provides three percent of the renewable energy requirement:
solar thermal, small scale solar PV, small hydro, biomass and geothermal.

We first reviewed a number of sources to develop cost assumptions for each of the eligible
renewable technologies over the study period. We next calculated the amount of each type of
new renewable technology needed to meet the policy goal in 2020, and interpolated the growth
of each technology from current levels to the 2020 levels. (See discussion of this below.) We
balanced supply and demand in each year by backing off coal- and gas-fired generation in a ratio
of 75% coal and 25% gas. We first backed off any fossil generation added in that year, and when
new generation reached zero, we began backing off generation from existing fossil units.1
Generation from existing coal-fired plants was reduced by 2% in 2008 and 6% in 2020.
Generation from existing gas-fired plants was reduced by 2% in 2008 and 7% in 2020. As a final
step we calculated avoided GHG emissions as a result of the decreased fossil fuel generation.
We calculated the cost of the RPS by calculating total costs for each technology in each year.
When the cost of a technology changed over time, previously installed capacity continued to
operate at its original levelized cost, while new capacity from that point forward used the
updated levelized cost. The total cost of the new renewable energy was then summed for each
year and compared to the total avoided cost, calculated with a real avoided cost figure of $56 per
MWh throughout the study period. This avoided cost figure is based on from Xcel’s 2006 DSM
market assessment.
Key Assumptions:
Although the policy would only place a single constraint on the types of renewable energy
sources that are eligible (no more than 85% of the requirement to be met from large wind
sources), the PWG determined that for analysis purposes, a much more detailed requirement for
distribution of technologies would be assumed as shown in Table F-1. This required mix of
generating technologies fundamentally drives the cost of this option. A similar RPS program
with looser technological diversity requirements might have significantly lower costs.
Major assumptions affecting this analysis are
•

the mix of renewable technologies meeting the RPS;

•

the cost of these technologies;

•

the avoided cost of fossil fuel generation; and

•

the type of generation displaced by new renewable generation.

The percentage of total RPS energy generated from each renewable technology is shown in
Table F-1 along with total renewable generation. The figures for 2007 are based on projected
1

Generation from existing coal-fired plants was reduced by 2% in 2008 and 6% in 2020. Generation from existing
gas-fired plants was reduced by 2% in 2008 and 7% in 2020.
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2007 generation from existing renewable facilities, and the RPS is assumed to take effect in
2008. We assume that 10% of existing hydro generation is eligible to meet the RPS.
Table F-1. Assumed mix of generation meeting the proposed RPS
2010
91%
1%
1%
5%
0%
1%
2%
0%
2,800

Wind
Solar PV
Solar Thermal
Existing Hydro
New Hydro
Biomass Co-firing
Other Biomass
Geothermal
Total RPS GWh

2015
87%
3%
3%
2%
0%
3%
1%
2%
10,200

2020
84%
3%
3%
2%
1%
3%
1%
3%
16,000

Percentages may not sum to 100 due to rounding.

The levelized cost of each technology over the study period is shown in Table F-2 along with
relevant sources. Note that the costs used are reported net of the federal production tax credit and
investment tax credit. The production tax credit is assumed to extend through 2014, while the
investment tax credit is assumed to extend through the study period.
Table F-2. Assumed levelized cost of renewable technologies (2005$/MWh)
Wind
Solar PV
Solar Thermal
Small Hydro
Biomass Co-firing
Other Biomass
Geothermal

2010
50
263
133
--1
48
---

2015
72
177
94
105
20
63
71

2020
68
135
89
105
20
63
71

Relevant Sources
Wiser and Bolinger; Black and Veatch
PWG assumption.
Stoddard et al., WGA solar task force
PWG assumption.
Colorado Springs; Synapse
Colorado Springs; Synapse
Scaled up from EIA; Black and Veatch

Wiser and Bolinger. These costs were compared to a number of other estimates, most notably the
data recently developed by Black & Veach for DOE, NREL and AWEA. Current costs are high
based on high demand for equipment. The PV costs used are consistent with residential scale PV
systems—in the range of 2 kW in size. Capital costs are assumed to be $6,000/kW through 2014.
falling to $4,000/kW through 2019, and $3,000/kw in 2020. The capacity factor is assumed to be
20%.
Small hydro is assumed to cost $3,000/kW with total O&M costs of $5.00/MWh. The assumed
capacity factor is 35%. Projects are depreciated over 40 years; the capital recovery factor is
10.2%.
Biomass co-firing costs are estimated to range from $15 to $25 per MWh depending on fuel
costs and whether or not fuel handling equipment is purchased. Fuel costs are the key driver of
costs and they appear to vary widely—from around $1.00/mmBtu to over $2.00/mmBtu. We
assume $20/MWh throughout the study period. However, because this resource is eligible for the
PTC, the net cost is $1/MWh prior to 2015.

F-8

Other biomass energy is assumed to be provided by fluidized bed plants with capital costs of
$2,400/kW, total O&M of $28.50/MWh. The assumed capital recovery factor is 12.6%. Capital
costs are assumed to fall 5% by 2015 due to technology development and learning.
The geothermal cost estimate used here is highly speculative. We found very little data on the
cost of developing deep geothermal resources such as those in Colorado. We have taken the
EIA’s estimate for developing shallow resources and scaled it up to account for the depth and
untested nature of the Colorado resource. EIA’s capital cost is $2,260/kW: we assume capital
costs of $4,000/kW and use EIA’s O&M cost of $77/kW-yr. Capital costs are assumed to fall by
10% in 2015 due to technological improvements and learning.
In addition to these costs, we added system integration costs to wind energy. These costs rise as
wind generation becomes a larger portion of total, as shown in Table F-3. These assumed costs
are based on an NREL review of wind integration cost studies.
Assumed Wind Integration Costs (2005$)
Wind integration costs are indicated in Table F-3. See the discussion under “Key Uncertainties”
for more detail.
Table F-3. Wind integration costs
Wind Integration Costs ($/MWh)
Penetration Threshold (% energy)
0%
5%
$1
$3
Cost per MWh:

10%
$5

15%
$8

20%
$11

Key Uncertainties
In terms of emissions, the key uncertainty is what fuels are backed off as new renewable
generation is added to the system. We have assumed that both new plant additions are deferred
and existing plants are utilized less in the ratio of 75% coal and 25% gas. In reality, each new
resource type will affect the system differently, based on its pattern of generation, and the
dynamics differ significantly in the short run and the long run. Further, the ability of new
renewable resources to meet peak load requirements in the state must be assessed.
Hourly dispatch modeling might help to shed more light on these dynamics in this study.
In terms of cost, the costs assumed for wind energy and the avoided cost have the largest impact
on estimated RPS costs. There are large uncertainties in these costs, and there may be some
distortion associated with using values from dissimilar sources. For example, avoided costs of
new generation were based on EIA forecasts, whereas costs for renewable resources were based
on other sources as noted.
Wind Integration Costs
One significant area of uncertainty in projecting a large role for nondispatchable, variable output
resources such as wind power is the additional cost imposed on the system in order to maintain
reliability standards in the face of their unpredictable output. With current technology and
experience, many believe that these “wind integration” costs could reach up to $20/MWh or
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higher as wind penetration levels approach 25% of system capacity. However, there are a
number of factors that might mitigate against such high cost as the system and operating
practices adjust to accommodate higher contribution of wind. Some of these include:
•

Participation in a larger control or balancing area with active energy markets, such as
WestConnect

•

Better technology for new generating resources used for ramping, including better heat rates,
wider operating ranges, and better quick start capabilities

•

Changed operation of existing hydro resources, including those operated by Western Area
Power Authority, to accommodate wind

•

Better wind forecasting

PWG members provided the following sample trajectories for possible wind integration costs on
their system with increasing contribution of wind to total energy production. However, PWG
members do not consider these trajectories to span the entire range of possible costs (i.e., the
high and low cases do not represent maximum and minimum), nor do they represent these as
indicative of costs for all of or any particular region of Colorado.
Table F-4.

Wind Integration Costs ($/MWh)
Penetration Threshold (% energy)
0-4%
5-9%
10-14%
15-19%
20-25%
Low Case: $
$
1 $
2 $
3 $
5
Mid Case: $
1 $
3 $
5 $
8 $
11
High Case: $
1 $
4 $
9 $
12 $
17

Choosing a row from this range of integration cost trajectories would impact the results of this
analysis as indicated in Table F-5.
Table F-5.
GHG Reductions
Net Present
Gross NPV
(MMtCO2e)
NPV Savings
Value
Cost
Total
2007–2020
2007–2020
2007–2020
2012 2020 2007–
2020 (Million $2005) (Million $2005) (Million $2005)

CostEffectiveness
($2007/tCO2e)

Low Case

1.9

4.9

34

$1,836

$1,468

$367

$11

Mid Case

1.9

4.9

34

$1,992

$1,468

$524

$16

High Case

1.9

4.9

34

$2,123

$1,468

$655

$19

Additional Benefits and Costs
Transmission costs for serving wind resources are not included in this analysis. (See discussion
in ES-4.)
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Policy would have other air emissions benefits and water use savings benefits not quantified
here.
Feasibility Issues
Current RPS requirement for municipal utilities and cooperatives is lower than for IOUs—10%
by 2020. This policy may be especially burdensome for these entities.
Status of Group Approval
Approved by CAP members present and voting with three objections.
Level of Group Support
One objection concerned the 85% ceiling on central station wind.
Two objections were that Colorado should gain experience with the existing RPS program before
increasing the requirement. One of those two objectors also included concerns about the lack of
any state’s experience with a 30% standard, lack of cost studies for integration of renewables at
that level, and a belief that government should not be mandating fuel supply.
One CAP member’s vote of approval was qualified, on the basis that additional analysis is
needed on the quantification of costs.
Barriers to Consensus
None identified.
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ES-3. Clean Energy Portfolio Standards

Policy Option Description
This is a variant on the portfolio standard that is more broadly defined to include energy
efficiency, clean coal, new nuclear resources, and carbon offsets, as well as renewable energy,
and is based on a proposal by Xcel energy for a nationwide portfolio standard. Xcel’s analysis
and that of EIA can provide insight into the potential of a Colorado-only program.
Policy Option Design
Goal: Consider Xcel’s proposed “clean energy portfolio standard” on a state, regional, or
national basis.
Timing: Not specified.
Coverage: Not specified.
Implementation Mechanisms
Implementation following Xcel proposal.
Related Policies/Programs in Place
RPS program in Colorado.
Type(s) of GHG Reductions
Avoided emissions based on displaced conventional fossil fuel generation.
Estimated GHG Savings and Costs per MtCO2e
Non-specific policy was not quantified.
Data Sources:
EIA, ICF
Quantification Methods:
Not quantified as part of this process; however, this has been quantified as a possible national
policy initiative by the U.S. Energy Information Administration (EIA), which projected a total
cost of $7.8 billion NPV from 2006 through 2030, and reductions of 186 MMtCO2 in 2020, on a
national basis.
Key Assumptions:
•

Other assumptions as contained in Xcel proposal and/or EIA analysis.

•

Costs of generating technologies in the NEMS electricity model
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Key Uncertainties
•

Uncertainties in the projected costs of new nuclear and IGCC units are substantial.

•

Safety valve cost cap renders emissions reductions uncertain

•

Cost estimates from NEMS for nuclear technologies are considered highly optimistic by
several members.

Additional Benefits and Costs
None identified.
Feasibility Issues
None identified.
Status of Group Approval
Accepted by CAP with simple majority, with 9 objections out of 22 members present and voting.
Level of Group Support
The following are some of the objections:
•

Could get in the way of other, more effective policies.

•

Not pertinent for this panel to even consider something that was so controversial on national
level.

•

Uncertainty of emissions reduction under this plan, given the “safety valve” price.

•

Would be more acceptable if undertaking in concert with a national or regional cap.

•

Concerns about inclusion of nuclear energy, considering waste issues and potentially very
high cost.

Barriers to Consensus
Those CAP members raising objections expressed strong opinions in opposition to the policy, as
reflected in the objections listed above.
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ES-4. Transmission Infrastructure for Renewables

Policy Option Description
SB 100 provides that utilities regulated by the Public Utilities Commission are required to file
maps of generation resource areas that need transmission, and transmission plans to serve those
areas, for approval by the PUC by October 31 of each odd-numbered year. This new law changes
the goal of transmission planning and investments by requiring planning and investment for
transmission to serve resource areas, rather than for single generators as had been the case in the
past. This will break the “chicken and egg” dilemma for new renewable energy projects in the
state, where transmission to serve potential wind-power resources could not be built without
generators to serve, but no wind project developer could develop a project in an area without
transmission already in place.
The mitigation option proposed here is to expand the coverage of SB 100 to all Colorado utilities
to achieve a seamless, coordinated transmission network solution to support renewable resources
statewide, instead of limiting transmission planning to areas served by investor owned and PUC
regulated utilities.
The proposed solution is to plan for phased expansion based on the magnitude of the wind
resource, along with attention to engineering, cost, statewide and regional transmission needs,
and benefits associated with transmission investments including consumer savings from adding
diverse resources to utility generation portfolios.
As a guide, this proposal includes full implementation of the National Wind Coordinating
Collaborative (NWCC)/Western Governors’ Association (WGA) Leadership Forum Draft Action
Plans: Implementing Transmission Recommendations in the West. Information on these plans
can be found on the following Web sites:
•

Press release: http://www.westgov.org/wga/press/plenary1-pr.htm

•

Policy resolution: http://www.westgov.org/wga/policy/06/clean-energy.pdf

•

Report: http://www.westgov.org/wga/meetings/am2006/CDEAC06.pdf

•

General Web site: http://nationalwind.org/events/transmission/western/2006/default.htm

Policy Option Design
Goal: Require joint planning and cooperation and to design “expandable” transmission to serve
renewable energy resource zones (i.e., providers & renewable energy developers working
together.)
Timing: Pass legislation amending SB 100 in the 2008 legislative session.
Coverage: Statutory changes will directly affect utilities and renewable resource developers
regulated by the Public Utilities Commission (PUC). Locally controlled and regulated utilities
and federal power marketing agencies will be encouraged to participate.
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Implementation Mechanisms
Requirement on transmission providers as discussed above.
Renewable energy technologies face a barrier to development that conventional fossil-fuel
energy technologies do not—namely, many renewable energy technologies (e.g. wind,
geothermal) must be built where the energy source is best which is often far from existing
transmission lines and load centers. Under current Federal Energy Regulatory Commission
(FERC) rules, interconnecting generators, such as new wind farm developers, pay the full cost of
the tie-lines from the generator to the first point of interconnection with the grid.2
FERC rules also determine who pays for upgrades needed for the transmission grid to serve new
renewable energy generators:
Network upgrades are defined as the additions, modifications, and upgrades to the transmission system at
or beyond the point of connection to the grid to accommodate generators to the system. The full cost of
network upgrades for generator interconnection is borne by and rolled into transmission rates of
transmission owners. Transmission owners, however, may require interconnecting generators to provide
upfront funding for network upgrades and then credit the funds, with interest, back to generators over time
following commercial operation of generators.3

Some states—notably Texas, Minnesota, and California—have adopted policies to reduce the
transmission barriers to renewable energy development. All three states provide cost recovery
incentives for utilities or financing options for smaller power plant owners to facilitate
construction of transmission to meet renewable portfolio standards goals. A similar policy would
have to be adopted in Colorado before this policy could be cost effective.
Related Policies/Programs in Place
SB 100.
Type(s) of GHG Reductions
Lower CO2 emissions associated with displaced fossil fuel-based electricity generation.
Estimated GHG Savings and Costs per MtCO2e
Non-quantitative policy proposal not amenable to analysis.
Quantification Methods:
Not applicable.
Key Assumptions:
The following sources could be used to support an assumption of between $1,000 to
$2,000/MW-mile for the cost of transmission infrastructure for renewables:
2

Western Governors’ Association (WGA) Clean and Diversified Energy Initiative. Draft Report of the Transmission
Task Force. March 2006. Available on the Internet at:
www.awea.org/policy/regulatory_policy/transmission_documents/WGA_TransmissionReport_3-2-06.pdf
3

WGA. Draft Report of the Transmission Task Force, ibid
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For its Wind Deployment System (WinDS) Model, NREL assumes a $1,000/MW-Mile cost of
transmission with scenarios for $700 and $1,400/MW-Mile as well. This data is available at:
http://www.nrel.gov/analysis/winds/transmission_cost.html.
The report Tackling Climate Change in the US: Potential Carbon Emission Reductions from
Energy Efficiency and Renewable Energy by 2030 also uses $1,000/MW-Mile as the cost
assumption for new transmission in its modeling. This report is available at:
http://www.ases.org/climatechange/climate_change.pdf.
The report by the Western Governors’ Association’s Geothermal Task Force Report assumes a
transmission cost of $1,000/MW-Mile with an alternate case assumption of $2,000/MW-Mile.
This report is available at: http://www.westgov.org/wga/initiatives/cdeac/Geothermal-full.pdf.
The presentation Wind Power in the US to 2030: An Industry Perspective in Texas.
The Western Governors’ Association’s Wind Task Force Report assumes a cost for new
transmission of $1,000/MW-Mile. This report is available at:
http://www.westgov.org/wga/initiatives/cdeac/Wind-full.pdf.
Key Uncertainties
Location of and cost of providing transmission access to wind resource areas in the state
Additional Benefits and Costs
Ancillary benefits of expanded transmission infrastructure; economic opportunities and
employment in Colorado.
Feasibility Issues
PUC does not have the authority to compel municipal utilities and cooperatives to participate.
Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
No objections.
Barriers to Consensus
None identified.
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ES-5. Cost for CO2 Emissions (Cap-and-Trade or Tax)

Policy Option Description
Establishing a cost for CO2 emissions is an alternative, and complementary,
GHG-control method relative to direct regulations such as energy efficiency standards. The
concept is to internalize the externality, allowing the marketplace find the most efficient
reductions. Pricing CO2 emissions has two primary effects. First, it increases the cost of carbonbased energy to encourage conservation and energy efficiency. Second, it provides an economic
advantage to non-carbon-based or lower emissions energy technologies.
There are two basic approaches: cap and trade (C&T) and carbon taxes. The cap and trade
approach has largely been based on the success of the C&T system for acid rain in the United
States. A cap is placed on total GHG emissions, with each unit of emissions represented by a
permit that can be traded to find the lowest cost compliance. Typically the caps begin somewhat
high (close to current emissions levels) and ratchet down on a pre-determined schedule.
Under the carbon tax approach, the government collects a tax per unit of GHG emissions. The
tax collection can be done either upstream (e.g., wellhead, power plant) or downstream (e.g., gas
pump, electricity bill). A carbon tax can be designed to be net revenue neutral. That is, the
carbon tax revenue collected would be offset dollar-for-dollar by a reduction of some other tax.
The revenue offset can be designed to mitigate impact on lower income or vulnerable ratepayers
without negating the incentive for conservation.
Hybrid schemes are possible, such as a tax and trade system where an entity facing a large tax
liability could offset their taxes through investments in reducing the GHG footprint of another
with no or low liability.
Policy Option Design
Goal: Consider applying a price to carbon emissions on a state, regional or national basis.
Timing: 2007
Coverage: United States.
Implementation Mechanisms
There are a number of possible implementation mechanisms for this policy:
•

Join a regional, market-based initiative (such as the Western Climate Initiative) to reduce
carbon emissions

•

Implement a statewide carbon tax

•

Advocate for national market-based greenhouse gas regulations or a carbon tax with sciencebased reduction targets
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Related Policies/Programs in Place
There are currently no mandatory carbon pricing policies affecting Colorado. Colorado
consumers can and do participate in voluntary programs such as the Chicago Climate Exchange.
(http://www.chicagoclimatex.com/)
Type(s) of GHG Reductions
Most economically efficient emissions reductions to be identified by marketplace in response to
highly focused economic signals.
Estimated GHG Savings and Costs per MtCO2e
Factors that affect projections of carbon cost
Results from a range of studies highlight certain factors that affect projections of future carbon
emissions prices. In particular, the studies provide insight into whether the factors increase or
decrease expected costs, and to the relationships among different factors. A number of the key
assumptions that affect policy cost projections (and indeed policy costs) are discussed in this
section, and summarized in Table F-6.
Here we only consider these factors in a qualitative sense, although quantitative meta-analyses
do exist.4 It is important to keep these factors in mind when attempting to compare and survey
the range of cost/benefit studies for carbon emissions policies so the varying forecasts can be
kept in the proper perspective.
1. Base case emissions forecast
Developing a business-as-usual case (in the absence of federal carbon emission regulations) is a
complex modeling exercise in itself, requiring a wide range of assumptions and projections
which are themselves subject to uncertainty. In addition to the question of future economic
growth, assumptions must be made about the emissions intensity of that growth. Will growth be
primarily in the service sector or in industry? Will technological improvements throughout the
economy decrease the carbon emissions per unit of output?
In addition, a significant open question is the future generation mix in the United States.
Throughout the 1990s most new generating investments were in natural gas-fired units, which
emit much less carbon per unit of output than other fossil fuel sources. Today many utilities are
looking at baseload coal due to the increased cost of natural gas, implying much higher
emissions per MWh output. Some analysts predict a comeback for nuclear energy, which despite
its high cost and unsolved waste disposal and safety issues has extremely low carbon emissions.
A business-as-usual case which included several decades of conventional base load coal,
combined with rapid economic expansion, would present an extremely high emissions baseline.
This would lead to an elevated projected cost of emissions reduction regardless of the assumed
policy mechanism.

4

See, e.g., Carolyn Fischer and Richard D. Morgenstern, Carbon Abatement Costs: Why the Wide Range of
Estimates? Resources for the Future, September, 2003. http://www.rff.org/Documents/RFF-DP-03-42.pdf
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2. Complementary policies
Complementary energy policies, such as direct investments in energy efficiency, are a very
effective way to reduce the demand for emissions allowances and thereby to lower their market
price. A policy scenario which includes aggressive energy efficiency along with carbon
emissions limits will result in lower allowances prices than one in which energy efficiency is not
directly addressed.5
3. Policy implementation timeline and reduction target
Most “policy” scenarios are structured according to a goal such as achieving “1990 emissions by
2010” meaning that emissions should be decreased to a level in 2010 which is no higher than
they were in 1990. Both of these policy parameters have strong implications for policy costs,
although not necessarily in the intuitive sense. A later implementation date means that there is
more time for the electric generating industry to develop and install mitigation technology, but it
also means that if they wait to act, they will have to make much more drastic cuts in a short
period of time. Models which assume phased-in targets, forcing industry to take early action,
may stimulate technological innovations so that later, more aggressive targets can be reached at
lower cost.
4.

Program flexibility

The philosophy behind cap and trade regulation is that the rules should specify an overall
emissions goal, but the market should find the most efficient way of meeting that goal. For
emissions with broad impacts (as opposed to local health impacts) this approach will work best
at minimizing cost if maximum flexibility is built into the system. For example, trading should
be allowed across as broad as possible a geographical region, so that regions with lower
mitigation cost will maximize their mitigation and sell their emission allowances. This need not
be restricted to CO2 but can include other GHGs on an equivalent basis, and indeed can
potentially include trading for offsets which reduce atmospheric CO2 such as reforestation
projects. Another form of flexibility is to allow utilities to put emissions allowances “in the
bank” to be used at a time when they hold higher value, or to allow international trading as is
done in Europe through the Kyoto protocol.
One drawback to programs with higher flexibility is that they are much more complex to
administer, monitor, and verify. 6 Emissions reductions must be credited only once, and offsets
and trades must be associated with verifiable actions to reduce atmospheric CO2. A generally
accepted standard is the “five-point” test: “at a minimum, eligible offsets shall consist of actions
that are real, surplus, verifiable, permanent and enforceable.”7 Still, there is a clear benefit in
terms of overall mitigation costs to aim for as much flexibility as possible, especially as it is
5

A recent analysis by ACEEE demonstrates the effect of energy efficiency investments in reducing the projected
costs of the Regional Greenhouse Gas Initiative. Prindle, Shipley, and Elliott; Energy Efficiency’s Role in a Carbon
Cap-and-Trade System: Modeling Results from the Regional Greenhouse Gas Initiative; American Council for an
Energy Efficient Economy, May 2006. Report Number E064.

6

An additional consideration is that greater geographic flexibility reduces potential local co-benefits, discussed
below, that can derive from efforts to reduce greenhouse gas emissions.

7

Massachusetts 310 CMR 7.29.
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impossible to predict with certainty what the most cost-effective mitigation strategies will be in
the future. Models which assume higher flexibility in all of these areas are likely to predict lower
compliance costs for reaching any specified goal.
5.

Technological progress

The rate of improvement in mitigation technology is a crucial assumption in predicting future
emissions control costs. This has been an important factor in every major air emissions law, and
has resulted, for example, in the pronounced downward trend in allowance prices for SO2 and
NOx in the years since regulations of those two pollutants were enacted. For CO2, looming
questions include the future feasibility and cost of carbon capture and sequestration, and cost
improvements in carbon-free generation technologies. Improvements in the efficiency of coal
burning technology or in the cost of nuclear power plants may also be a factor.
6.

Reduced emissions co-benefits

Most technologies which reduce carbon emissions also reduce emissions of other criteria
pollutants, such as NOx, SO2, and mercury. This results in cost savings not only to the generators
who no longer need these permits, but also to broader economic benefits in the form of reduced
permit costs and consequently lower priced electricity. In addition, there are a number of cobenefits such as improved public health, reduced premature mortality, and cleaner air associated
with overall reductions in power plant emissions which have a high economic value to society.
Models which include these co-benefits will predict a lower overall cost impact from carbon
regulations, as the cost of reducing carbon emissions will be offset by savings in these other
areas.
Table F-6.
Assumption
“Base case”
emissions forecast
Complimentary
policies

Policy implementation
timeline
Reduction targets
Program flexibility

Increases Prices if…
Assumes high rates of growth in the
absence of a policy, strong and
sustained economic growth
No investments in programs to reduce
carbon emissions

Delayed and/or sudden program
implementation
Aggressive reduction target, requiring
high-cost marginal mitigation strategies
Minimal flexibility, limited use of trading,
banking and offsets

Technological
progress

Assume only today’s technology at
today’s costs

Emissions co-benefits

Ignore emissions co-benefits

Decreases Prices if…
Lower forecast of business-as-usual”
emissions
Aggressive investments in energy
efficiency and renewable energy
independent of emissions allowance
market
Early action, phased-in emissions limits.
Minimal reduction target, within range of
least-cost mitigation strategies
High flexibility, broad trading
geographically and among emissions
types including various GHGs,
allowance banking, inclusion of offsets
perhaps including international projects.
Assume rapid improvements in
mitigation technology and cost
reductions
Includes savings in reduced emissions
of criteria pollutants.

Because of the uncertainties and interrelationships surrounding these factors, forecasting longrange carbon emissions price trajectories is quite complicated and involves significant
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uncertainty. Of course, this uncertainty is no greater than the uncertainty surrounding other key
variables underlying future electricity costs, such as fuel prices, although there are certain
characteristics that make carbon emissions price forecasting unique.
One of these is that the forecaster must predict the future political climate. As documented
throughout this paper, recent years have seen a dramatic increase in both the documented effects
of and the public awareness of global climate change. As these trends continue, it is likely that
more aggressive and more expensive emissions policies will be politically feasible. Political
events in other areas of the world may be another factor, in that it will be easier to justify
aggressive policies in the United States if other nations such as China are also limiting emissions.
Another important consideration is the relationship between early investments and later
emissions costs. It is likely that policies which produce high prices early will greatly accelerate
technological innovation, which could lead to prices in the following decades which are lower
than they would otherwise be. This effect has clearly played a role in NOx and SO2 allowance
trading prices. However, the effect would be offset to some degree by the tendency for emissions
limits to become more restrictive over time, especially if mitigation becomes less costly and the
effects of global climate change become increasingly obvious.
Data Sources:
Synapse Energy Economics, “Climate Change and Power: Carbon Dioxide Emissions Costs and
Electricity Resource Planning,” Revised as of June 2006. http://www.synapseenergy.com/Downloads/SynapsePaper.2006-06.0.Climate-Change-and-Power.A0009.pdf
Energy Information Administration, Analysis of S. 139, the Climate Stewardship Act of 2003,
EIA June 2003, SR/OIAF/2003-02; Energy Information Administration, Analysis of Senate
Amendment 2028, the Climate Stewardship Act of 2003, EIA May 2004, SR/OIAF/2004-06
Sergei Paltsev, John M. Reilly, Henry D. Jacoby, A. Denny Ellerman, Kok Hou Tay. Emissions
Trading to Reduce Greenhouse Gas Emissions in the United States: the McCain-Lieberman
Proposal. MIT Joint Program on the Science and Policy of Global Change; Report No. 97; June
2003.
Bailie et al., Analysis of the Climate Stewardship Act, July 2003; Bailie and Dougherty, Analysis
of the Climate Stewardship Act Amendment, Tellus Institute, June 2004. Available at
http://www.tellus.org/energy/publications/McCainLieberman2004.pdf
Utility resource planning that incorporate carbon prices (e.g., Xcel Energy, Idaho Power, and
Pacificorp)
Quantification Methods:
We will review and summarize these policy developments and literature relating to the costs and
benefits of cap and trade and carbon tax regulation options in the United States.
There have been numerous federal GHG emission reduction policies proposed in Congress over
the past 3 to 4 years. There are studies that estimate the impact of some of the federal proposals
including price per ton of carbon.
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There are also state and regional initiatives such as California’s Global Warming Solutions Act,
Regional Greenhouse Gas Initiative (RGGI) in the Northeast, and Western Regional Climate
Action Initiative. Further, some utilities are predicting and incorporating carbon prices in their
resource planning.
Key Assumptions:
None.
Key Uncertainties
Not applicable.
Additional Benefits and Costs
None identified.
Feasibility Issues
Imposition of a carbon tax in Colorado would face a statewide ballot initiative.
Status of Group Approval
Approved by those CAP members present and voting with one objection .
Level of Group Support
•

One member objected as being philosophically opposed to such approaches; and that a cost
mechanism would drive up the cost of electricity; citizens tend to oppose any new taxes; an
emissions cap in the absence of a technology to capture and store carbon drives electricity
generation to more natural gas, increasing risk of volatile gas prices and uncertain supply;
and higher costs under a cap and trade system could have greater impact on the poor,
according to a Congressional Budget Office study.

•

One member’s vote of approval was qualified because of a concern about the high costs
associated with such programs.

Barriers to Consensus
None identified.
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ES-6. Public Benefit Charge Funds

Policy Option Description
A system benefits charge (SBC) is a small monthly fee assessed on utility bills. The money that
is collected is used to fund “public benefits,” which typically include low-income weatherization
programs, appliance efficiency rebates, renewable energy rebates, energy efficiency programs,
and demand-side management programs. More than twenty states currently assess such charges
under a variety of names, including system and public benefits charge, wires charge, access
charge, universal service charge and distribution charge. The current proposal is focused on
using SBC funds to support renewable energy development.
The goal of SBCs, in the context of climate policy, is be to accelerate the implementation of cost
effective efficiency measures and the deployment of renewable resources. The charge may range
from one to five percent of the monthly bill. In Europe, more than 50 municipal utilities collect
fees to promote solar energy installations. In Germany, which has adopted a goal of achieving
20% of its electricity from renewable energy, a typical household may pay up to $15 more each
month. In the United States these charges have typically been much smaller.
In Wisconsin, for example, Madison residential customers pay about 10 cents a day, or $3 per
month. Wisconsin’s public benefits charge collects about $70 million statewide each year. For
small business customers, the charge is a maximum of $6 per month per meter. For more
information on the Wisconsin program see www.focusonenergy.com
In Colorado, some utilities already assess SBCs to fund energy efficiency programs, and the
proposal is to expand this. Natural gas utilities can also collect such funds, and a bill to require
this has been introduced in the Colorado legislature in past sessions.
Policy Option Design
Goal: 2 ($0.002) or 4 mills ($0.004)/kWh charge. Each mil corresponds to about $10 per capita
per year, or just under $48 million/yr. Money to be spent on renewable energy resources.
Timing: 2008
Coverage: All retail electric bills.
Implementation Mechanisms
SBCs can be assessed as a percentage of the monthly bill, or as a fixed monthly fee that varies by
customer class. The funds can be managed by the utilities that collect them, by a nonprofit set up
to do so, or by a state agency.
A public benefits charge funding renewable energy has a goal very similar to that of a renewable
portfolio standard (RPS). Thus, it is important to consider the strengths and weaknesses of these
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two tools—and ways they might complement one another or result in an inefficient use of
resources.
An RPS establishes a target amount of new renewable energy and relies on market forces to
determine which specific projects are developed. Projects receive the subsidy retrospectively
(i.e., after they begin generating energy), and cost caps are often included to limit RPS costs to
ratepayers. With an SBC, funds are collected and distributed, based on project milestones, by a
centralized office. The strengths and weaknesses of the two policies are summarized below.
Table F-7. Conceptual comparison of RPS and SBC approaches
Characteristic
Ability to define/control the amount of new renewable energy targeted.
Ability to define/control the cost of the subsidy to ratepayers. Originally, this
was seen as a strength of SBC funding, but with the advent of RPS cost
caps it is no longer a significant distinction.
Use of market forces to distribute funds. In SBC programs, bid review and
project selection take up a considerable portion of the administrative
budget. Further, centralized processes are subject to the abuse of unfair
influence or access to decision makers.
Funding certainty. With an RPS the funding level is uncertain until after
completion of project. Project developers—and potential lenders and
investors—must rely on estimates. With an SBC the developer knows early
on how much will be paid at each project milestone
Ability to support pre-commercial technologies and non-cost barriers to
renewables.

RPS
Strength

SBC
Weakness

—

—

Strength

Weakness

Weakness

Strength

Weakness

Strength

Based on these strengths and weaknesses, the RPS should target market-ready technologies,
while the SBC should target pre-commercial technologies and other market barriers.8 Experience
to date suggests that significant barriers to renewables remain even in the context of an RPS. For
example, perceived risks and other dynamics often raise the cost of capital to renewable energy
developers considerably. Subsidies targeting the financing stage can play a critical role.
(Financial incentives for renewable energy are also proposed under ES-1.)
Related Policies/Programs in Place
City of Boulder currently has a Public Benefits Charge in place.
Type(s) of GHG Reductions
Reductions would come from displaced fossil-fueled generation.
Estimated GHG Savings and Costs per MtCO2e
We have not quantified the potential impacts of ES-6.
A number of studies focus on SBC implementation issues and the kind of investments states
have made (e.g., different types of loans versus equity positions in projects); however few of
8

There is considerable literature documenting the funding challenges facing technologies past the basic R&D stage
but not yet market ready. See for example: Murphy and Edwards, Bridging the Valley of Death: Transitioning from
Public to Private Sector Financing, NREL, May 2003, NREL/MP-720-34036.
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these studies attempt to quantify the impacts of SBC funding. One useful data point comes from
a review of 10 state clean energy funds by Bolinger and Wiser.9 Table F-8 shows data from this
study on the amount of funding currently committed by each state and the number of MWs
represented by recipient projects.
Table F-8. SBC funding and project MW by state
State
CA
IL
MA
ME
MN
NH
NJ
NY
OR
PA
Total

Funding
(million$)
190.0
8.4
32.8
5.6
107.7
2.7
14.7
10.5
3.8
21.4
397.5

MW
1,227
113
52
19
252
50
18
50
122
347
2,249

$/kW
155
74
631
295
427
54
817
210
31
62
177

From Bolinger and Wiser’s data (in the first three columns) we have calculated the cost per kW
of new capacity. The ratios range from $817/kW in New Jersey to $31 in Oregon. The ratio
across all states is $177/kW. However, these numbers only include funds committed to
projects—they do not include administrative costs of the SBC program. Further work would be
needed to identify administrative costs in each state and add them to these numbers. Thus
$177/kW dollars appears to be a low boundary of potential SBC impacts.
The analysis of the RPS proposed in ES-2 is a useful reference point in gauging the potential
effects of an SBC without an RPS in Colorado. GHG reductions from ES-2 are estimated to cost
$16/tCO2e. However, this comparison ignores administrative costs and program ramp-up
periods. As discussed above, the administrative costs of an SBC are likely to be higher than those
of an RPS, while program ramp rates are likely to be longer with an SBC than with an RPS.
Finally, note that the cost of either approach will be driven by the assumption about the mix of
new renewable technologies built or supported under the policy. To use these numbers as a
benchmark one must assume that each would result in the same mix of new renewable energy
resources.
Data Sources:
Bolinger and Wiser, The Impact of State Clean Energy Fund Support for Utility-Scale
Renewable Energy Projects, Lawrence Berkeley Laboratory, May 2006.
Bolinger and Wiser, Utility-Scale Renewable Energy Projects: A Survey of Clean Energy Fund
Support, Lawrence Berkeley Laboratory, 2002, LBNL-496667.
9

Bolinger and Wiser, The Impact of State Clean Energy Fund Support for Utility-Scale Renewable Energy Projects,
Lawrence Berkeley Laboratory, May 2006. Data shown here are taken from Table 1.
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Brooks, et al., A Guidance Document on Debt and Equity Investment Mechanisms for the Clean
Energy States Alliance, prepared for the Clean Energy States Alliance, November 2003.
NJ PIRG Law and Policy Center, Renewables Work: Job Growth from Renewable Energy
Development in the Mid-Atlantic, Spring 2004.
Quantification Methods:
Not quantified at this time. Cost is expected to be comparable to ES-2 on a per-ton CO2e basis.
Key Assumptions:
None identified.
Key Uncertainties
The amount of new renewable capacity and generation produced by a given amount of SBC
funding.
Additional Benefits and Costs
Several reports have been published investigating the local employment impacts of renewable
energy.10
Feasibility Issues
Local control issues may be of concern.
Status of Group Approval
Approved by those CAP members present and voting with three objections.
Level of Group Support
Objections include:
•

Too high of a goal in terms of charges.

•

Uncertainty in how the funds would be used.

One member’s affirmative vote was qualified, on the belief that decisions such as this are better
made at the local level.
Barriers to Consensus
None identified.

10

NJ PIRG Law and Policy Center, Renewables Work: Job Growth from Renewable Energy Development in the
Mid-Atlantic, Spring 2004.
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ES-7. Incentives for CHP and DG

Policy Option Description
Financial incentives for combined heat and power (CHP) and distributed generation (DG) can
include: (1) direct subsidies for purchasing/selling systems given to the buyer/seller; (2) tax
credits or exemptions for purchasing/selling systems given to the buyer/seller; (3) tax credits or
exemptions for operating systems; (4) feed-in tariff, which is a direct payment to CHP/DG
owners for each kWh of electricity or Btu of heat generated from a qualifying system; and (5) tax
credits for each kWh or Btu generated from a qualifying system.
In addition, the availability of net metering would substantially increase the value of certain
kinds of DG resources, as any excess energy produced could effectively be sold to the grid at the
retail price to offset the cost of purchasing power when additional energy is needed.
Barriers to these resources include inadequate information, institutional barriers, high transaction
costs for small projects, high financing costs because of lender unfamiliarity and perceived risk,
“split incentives” between building owners and tenants, and utility-related policies like
interconnection requirements, high standby rates, and exit fees. The lack of Standard Offer or
long-term contracts, payments at avoided cost levels, and lack of recognition of the value of
reduced carbon emissions also create obstacles to widespread implementation.
Policies to remove these barriers include:
•

Improved interconnection rules,

•

Improved pricing and rates policies, including net metering,

•

Streamlined permitting,

•

Procurement policies, and

•

Education/outreach.

Policy Option Design
Goal: Ramp up CHP/DG to 2% of total fossil fuel generation; ½ CHP and ½ other DG
Timing: Achieve 2% by 2020
Coverage: Large industrials, commercial, universities, or anyone with a heating or steam load
Implementation Mechanisms
The following implementation mechanisms suggested for related policy RCI-9 are recommended
for adoption here.
Implement (modified) WGA’s recommendations to states to promote CHP implementation:
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1. PUC undertakes a thorough review of policies affecting CHP.
2. Adopt recently enacted FERC standards for interconnection agreements.
3. Seek CHP solutions to Transmission-constrained areas.
4. Undertake a review of electricity rates, including standby rates, to make sure they are not
discriminatory toward CHP. Incorporate policies that will appropriately promote CHP in
state utility Least Cost Planning and Integrated Resources Plans.
5. Consider adding CHP to Demand Side Management and other energy efficiency programs.
6. Consider decoupling or other mechanisms to remove utility disincentives for CHP.
7. Adopt simplified, streamlined, and consistent permitting for CHP systems. Offer state-funded
training and technical assistance programs for local code officials.
8. Ensure that renewable portfolio standards, environmental portfolio standards, advanced
energy portfolio standards, and other renewable energy laws include the full range of
renewable CHP options, including waste heat recovery and spent pulping liquor.
9. Call on CHP Regional Application Centers (DOE) for help in policy, programs, and analysis.
10. Wherever possible, adopt consistent, region-wide policies. (WGA 2006).
Related Policies/Programs in Place
Colorado Net Metering Law:
Colorado has 2 MW capacity limit on system size under its statewide net metering law, which
applies to utilities with +40,000 customers. The information is available at: http://www.dsireusa.
org/library/includes/incentivesearch.cfm?Incentive_Code=CO26R&Search=TableType&type=N
et&CurrentPageID=7&EE=0&RE=1
Some municipal utilities also have established their own net metering rules. See
http://www.dsireusa.org/library/includes/statesearch2.cfm?State=CO&back=fintab&CurrentPage
ID=7&Search=TableState&EE=0&RE=1
Type(s) of GHG Reductions
Improved energy use efficiency associated with expanded use of CHP and increased generation
by renewable DG systems which include PV, landfill gas, biomass, and biogas-based DG
systems.
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Estimated GHG Savings and Costs per MtCO2e

Policy Option

ES-7 Incentives for
CHP, DG,
Smart Grid

GHG Reductions
(MMtCO2e)
Gross NPV
Net Present
Cost
NPV Savings
Value
Total
2007–2020
2007–2020
2007–2020
2012 2020 2007–
2020 (Million $2005) (Million $2005) (Million $2005)

0.4

1.1

7.3

$557

$447

CostEffectiveness
($2007/tCO2e)

$110

$15

Data Sources:
CHP Technical Potential
• WGA 2006. Combined Heat and Power White Paper to the Clean and Diversified Energy
Initiative of the Western Governors Association, January 2006, available at
http://www.westgov.org/wga/initiatives/cdeac/CHP-full.pdf.
•

This report estimated 1,578 MW of technical CHP potential in Colorado. The report
mentions that the appendix to the report details this analysis. (However, the appendix is not
available on their website http://www.westgov.org/wga/initiatives/cdeac/cdeacreports.htm#TaskForceReports).

Cost and Performance of CHP and DG:
• San Diego Regional Energy Office 2007. “Statewide Self-Generation Incentive Program
Data” (updated April 2007, 2.3 MB XLS), available at http://www.energycenter.org/
ContentPage.asp?ContentID=279&SectionID=276&SectionTarget=35
•

The database has cost/kW installed data for several DG technologies. It is not clear from the
database that those technologies are used for CHP applications.

•

GRI and NREL 2003, Gas-Fired Distributed Energy Resource Technology
Characterizations—Bringing you a prosperous future where energy is clean, abundant,
reliable, and affordable, available at http://www.eea-inc.com/dgchp_reports/
TechCharNREL.pdf.

•

This is the most comprehensive report (although it is getting outdated) on cost and
performance of gas-fired CHP technologies.

•

Western Resource Advocate 2004. A Balanced Energy Plan for the Interior West, prepared
by Synapse Energy Economics and Tellus Institute, available at
http://www.westernresourceadvocates.org/energy/bep.php

•

Navigant Consulting 2006. “Energy Cost Savings Module for customer-sited DG” prepared
for the Massachusetts DG Collaborative, available at http://masstech.org/renewableenergy/
public_policy/DG/EnergyCostSavingsModule-Jan202006.zip (5.5 MB zip file)

•

This workbook provides cost and performance data for several CHP applications including
gas turbines, reciprocating engines and micro-turbines.

•

Colorado Office of Consumer Counsel 2005. Initial Comments of the Colorado Office of
Consumer Counsel under Docket No. 05R-112E in the Matter of the Proposed Rules
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Implementing Renewable Energy Standard 4 CCR 72303, available at
http://www.dora.state.co.us/occ/Cases/05R-112E_Amendment37_Rulemaking/
InitialCommentsFinal.pdf
•

Synapse 2005. Feasibility Study of Alternative Energy and Advanced Energy Efficiency
Technologies for Low-Income Housing in Massachusetts, prepared for The Low-Income
Energy Affordability Network, Action for Boston Community Development, and Action Inc.

Quantification Methods:
Estimate annualized cost of CHP and DG systems
Deduct cost savings associated with reduced fuel use for space and water heating and avoided
cost of electricity;
Estimate emission reductions associated with greater energy use efficiency at end-use and with
renewable energy generation.
Key Assumptions:
The many assumptions regarding cost, technical parameters, and technology choices that were
required to analyze this policy include
•

Average capacity factor of 60% for all CHP systems

•

Avoided cost of electricity: $56/MWh. This includes energy & capacity costs. Based on
KEMA 2006. Xcel’s Colorado DSM Market Potential Assessment, March 2006.

•

Avoided cost of natural gas: $7.42/MMBtu. The simple average of commercial and industrial
natural gas prices for Mountain region in AEO2007 The industrial sector uses more natural
gas than the commercial sector. However, because more CHP potential exists in the
commercial sector, we use the simple average of fuel prices for CHP applications.

•

Avoided cost of coal: $1.7/MMBtu from AEO 2007 forecast for Industrial users in the
Mountain region.

•

Avoided cost of fuel oil: $12.5/MMBtu. The simple average of commercial and industrial
distillate oil price forecasts from AEO 2007 forecast for the Mountain region.

•

Allocation of DG system capacity is as follows:
Residential PV Systems
Commercial and Industrial (C&I) PV Systems
Customer-sited Landfill Gas
Customer-sited Biomass
Customer-sited Biogas

•

35%
35%
10%
15%
5%

Average net heat rate by fuel (Btu fuel input/kWh electricity output):
Natural Gas

10,000

Biomass

13,000

This is a placeholder estimate. Heat rates vary by the type of generator and other factors.
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•

Fraction of CHP heat output displacing thermal energy by fuel
Natural Gas
Biomass
Coal
Electricity
Oil

80%
0%
4%
10%
6%

Fraction of fuel usage was developed based on the following two tables.
Fuel consumption for commercial space and water heating (trillion Btu) for Mountain Region
(average between 2005 and 2020)

Electricity
Natural Gas
Fuel Oil

Consumption
14
196
9
219

Share
6%
89%
4%
100%

Source: These tables were created based on the table for EIA, AEO2007 National Energy Modeling System run
AEO2007.D112106A. The original data was obtained from Erin Boedecker at the Commercial Energy Demand
Division at EIA

Fraction of industrial fuel use for process heat and HVAC for West Census Region
Electricity
Fuel Oil
Natural Gas
LPG
Coal

13%
1%
71%
1%
13%

Source: EIA 2002 Energy Consumption by Manufacturers. Table 5.8 - By Region with Total Consumption of
Electricity (trillion Btu), available at http://www.eia.doe.gov/emeu/mecs/mecs2002/data02/shelltables.html

•

Net efficiency of displaced boiler/heater thermal energy by fuel
Natural Gas

85%

Biomass

80%

Coal

80%

Electricity

92%

Oil

80%
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•

Usable cogenerated heat output as a fraction of fuel energy input is assumed to be 40% for
both natural gas and biomass fired CHP

•

Fraction of usable heat output replacing space/water/process heat use is assumed to be 90%

•

Estimated average non-fuel operating and maintenance costs by system type ($/MWh)
Natural Gas

$10.00

Biomass

$20.00

Source: Rough Estimates of O&M costs: O&M costs for natural gas systems are based on GRI and NREL 2004. GasFired Distributed Energy Resource Technology Characterizations. O&M for other fuels are assumed to be higher than
natural gas.

•

•

Capital costs for CHP are incremental to the cost of regular space and water heating systems
because CHP systems are assumed to replace space or water heating systems or both. The
costs of regular space and water heating systems are assumed to be around $1500.
Incremental costs for natural gas systems are assumed to be $1300 and to decrease to $1040
by 2020. The incremental costs for biomass DG systems (including wood and biomass) is
assumed to be $2000 and decrease to $1400 by 2020. The cost reduction the study period is
around 20% based on EIA’s DG cost projection in AEO2007. The capital costs in 2010 are
close to the weighted average capital cost of equivalent DG systems in “Self-Generation
Incentive Program Data” by San Diego Regional Energy Office.
2010

2020

Natural Gas

$1300

$1040

Biomass

$2000

$1400

Capital cost for renewable DG systems are as follows:
2010

2020

PV

$6,000

$3,000

Landfill Gas

$3,000

$2,400

Biomass

$3,300

$2,640

Biogas

$4,000

$3,200

The costs of PV systems are taken from the appendix to Western Resource Advocate 2004.
Estimated capital costs for landfill gas and biogas based DG by 2010 are close to weighted
average of the capital costs for these systems in the Self-Incentive Generation Program Data by
San Diego Regional Energy Office. The cost of biomass based DG system (for wood) is assumed
to be around the midpoint cost between natural gas system and biogas system. The costs are
assumed to decrease by 20% by 2020. This cost reduction is based on EIA’s assumption on DG
costs in its AEO2007.
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•

Capacity factors for these technologies are
Residential PV Systems
Commercial and Industrial (C&I) PV Systems
Customer-sited Landfill Gas
Customer-sited Biomass
Customer-sited Biogas

25%
25%
90%
85%
90%

PV capacity factor of 25% is from Colorado Office of Consumer Counsel 2005. Capacity factors
for other systems are based on RPS cost impact studies in other states.
•

Renewable DG systems are assumed to have the following power generation share in each
year:
Residential PV Systems
Commercial and Industrial (C&I) PV Systems
Customer-sited Landfill Gas
Customer-sited Biomass
Customer-sited Biogas

15%
15%
20%
30%
20%

More wood biomass generation is assumed because its potential should be larger than other
landfill gas and biogas sources. PV generation is set at only slightly lower rates because their
capacity factor is lower but it has significant potential.
•

Economic lifetimes of all systems are 20 years.

•

Interest rates: 7% for residential customers and 8% for commercial and industrial customers

•

The Federal Solar Investment Tax Credits (ITC) (applied to system cost) is set at 30% for
solar PV investments. See http://www.seia.org/getpdf.php?iid=21. We assume the Solar Tax
Credits will be extended until the end of the study period.

•

The Federal Production Tax Credits (PTC) are set at $10/MWh for landfill gas plants and
$19/MWh for biomass and biogas plants. Renewable generators that become online prior to
2015 receive PTC for the first 10 year operation.

•

Value of avoided energy purchases.

Key Uncertainties
While we have set allocations among different renewable DG systems, the technology
composition of currently installed DG systems is unknown. The performance and financial
characteristics we have assumed are also subject to a wide range of uncertainty.
Additional Benefits and Costs
DG provides additional benefits in terms of security of supply and reduced load on the
transmission & distribution system. Other benefits include economic opportunities and diversity
of supply.
Feasibility Issues
None identified.
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Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
No objections.
Barriers to Consensus
None identified.
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ES-8. CO2 Capture and Transport Infrastructure

Policy Option Description
Carbon dioxide capture and sequestration (CCS) in conjunction with advanced fossil fuel
generation may represent one option to significantly reduce the carbon dioxide emissions
associated with electricity generation in the future. One barrier to implementation of CCS on a
wide scale is the absence of a pipeline infrastructure to carry carbon dioxide to suitable
sequestration sites. Another barrier to CCS implementation is regulatory uncertainty in key areas
such as ownership of underground sequestration resources, regulations, and long-term liability
against carbon dioxide leakage. There are also uncertainties and concerns over potential adverse
environmental impacts of carbon dioxide capture, transportation and storage. This policy
recommendation seeks to address these barriers through policies to encourage the investigation
of a regional pipeline infrastructure for CO2 transport to suitable sequestration sites, and to
reduce regulatory uncertainties that today hinder the planning and development of CCS projects.
Policy Option Design
Goal: Work with neighboring states and the Western Governors’ Association (WGA) to analyze
options for a regional CO2 transportation and sequestration collaborative. Create a workshop
process resulting in a written report by state agencies to address various regulatory and
environmental uncertainties associated with CCS.
Timing: As soon as possible. This has to start soon as utilities are making plans for new coal
plants and should be able to count on CCS if it will become a reality.
Coverage: Governor’s office, legislature, state agencies.
Implementation Mechanisms
The Climate Action Panel recommends that Governor Ritter assign the Oil and Gas Conservation
Commission and the Colorado Department of Health and the Environment to investigate major
regulatory and environmental issues related to CCS and to pipeline development necessary for
implementation of CCS. These issues include but are not limited to appropriate government
agencies to regulate sequestration sites, ownership of pore space for sequestration, regulations
needed to protect public health and the environment from the full range of impacts associated
with CCS and pipeline development, long-term liability for CO2 storage, appropriate methods
and procedures to monitor the fate of the captured and sequestered carbon dioxide, unitization of
ownership of pore space rights, possibility of eminent domain for pipelines, the possible need for
a state or regional carbon dioxide pipeline authority, and other issues. The agencies could
consider whether and how federal EPA Underground Injection Control provisions might apply to
CO2 and how state agencies could implement them. The agencies could also consider a Joint
Review process to streamline approvals across multiple state agencies. The agencies should be
required to write a report to the Governor with its recommendations.
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Related Policies/Programs in Place
None.
Type(s) of GHG Reductions
Facilitate CO2 capture and permanent storage before reaching atmosphere, thus reducing the
impact of coal combustion on the atmosphere.
Estimated GHG Savings and Costs per MtCO2e
This is a non-quantitative policy proposal.
Data Sources:
School of Mines report on CCS opportunities in Colorado;
MIT study on “the Future of Coal” (http://web.mit.edu/coal/)
Quantification Methods:
This option will not be quantified as it relates only to a regional infrastructure research initiative.
Key Assumptions:
Existence of significant potential for cost-effective, permanent CO2 storage in region; cost and
economic feasibility of constructing transport infrastructure to access these sites.
Key Uncertainties
Cost and extent of infrastructure needed, ultimate potential for permanent CO2 storage in region.
Also:
•

Ownership of “pore space” or the right to sequester carbon dioxide underground

•

Regulatory authority for key questions related to CCS, including appropriate government
agencies to regulate sequestration sites, ownership of pore space for sequestration, long-term
liability for CO2 storage, unitization of ownership of pore space rights, possibility of eminent
domain for pipelines, and other issues.

•

Environmental and public health impacts of carbon capture, transportation and storage.

•

Permanence of underground carbon dioxide storage.

Additional Benefits and Costs
None identified.
Feasibility Issues
None identified.
Status of Group Approval
Unanimous consent of those CAP members present and voting.
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Level of Group Support
No objections.
Barriers to Consensus
None identified.
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ES-9. R&D for Carbon Emissions Reducing Generating Technology

Policy Option Description
Research and development (R&D) funding can be targeted toward a particular technology or
group of technologies as part of a state program with a mission to build an industry around that
technology in the state and/or to set the stage for adoption of the technology for use in the state.
For example, an agency could be established to help develop and deploy energy storage
technologies. R&D funding can be made available to any renewable or other advanced
technology through an open bidding procedure (driven by bids received rather than by a focused
strategy to develop a particular technology). Funding can also be given for demonstration
projects to help commercialize technologies that have already been developed but are not yet in
widespread use.
Policy Option Design
Goals: 0.2 cent/kWh charge = $20/capita-year, $100 million for low-interest loans to Colorado
research companies and universities, toward carbon emissions reducing technology.
Timing: First funding cycle in 2009; Requests for Proposals (RFPs) circulated in 2008
Coverage: Colorado universities and businesses
Implementation Mechanisms
Low-interest loans to CO research companies & universities to be funded by a per-kWh charge
on electricity use, to be made available for in-state R&D on low- or non-carbon emitting sources
of electricity, such as advanced solar, fuel cells, wind power, etc. The fund would not be
available support to generating technologies which depend on carbon capture and sequestration
to become low-emitting.
Related Policies/Programs in Place
SB 246, just passed by the state legislature, provides funding for renewables and efficiency
R&D.
Type(s) of GHG Reductions
GHG reductions would occur over time as the enhanced R&D led to faster market penetration of
GHG-reducing technologies.
Estimated GHG Savings and Costs per MtCO2e
R&D benefits not quantified.
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Data Sources:
Committee on Benefits of DOE R&D on Energy Efficiency and Fossil Energy, Energy Research
at DOE: Was It Worth It? Energy Efficiency and Fossil Energy Research 1978 to 2000, National
Academy Press, Washington D.C., 2001.
Quantification Methods:
We have not attempted to quantify the emissions benefits of investments in energy R&D in
Colorado. However, one useful framework for this type of quantification was developed by a
National Research Council committee (the committee) formed in 2000 to assess the benefits of
DOE spending on R&D. The committee assessed benefits in three areas: economic,
environmental and security. They reviewed 17 energy efficiency programs, (representing $1.6
billion of the total $7.3 billion energy efficiency R&D expenditures) and 22 fossil energy RD&D
programs (representing nearly $11 billion of the $15 billion appropriated to the Office of Fossil
Energy for RD&D between 1978 and 2000).
The committee came to a number of qualitative and quantitative conclusions. Among the
quantitative findings were the following (all costs given in 1999$):
•

Total net realized economic benefits associated with the energy efficiency programs
reviewed were approximately $30 billion, compared to the roughly $7 billion in total energy
efficiency R&D investment over the 22-year life of the programs. (In the energy efficiency
area, most of the realized economic benefits to date are attributable to three relatively modest
projects in the building sector carried out in the late 1970s and 1980s and continuing into the
1990s.)

•

Economic benefits of fossil programs instituted from 1986 to 2000 were estimated to be $7.4
billion, compared to the $4.5 billion cost of the programs during that period. Benefits
associated with fossil energy programs instituted from 1978 to 1986, estimated at $3.4
billion, were less than the cost of this period’s fossil energy programs ($6.0 billion).

•

The committee had difficulty assigning a monetary value to environmental benefits, but
“conservatively” estimated the environmental benefits of both R&D programs at $60 to $90
billion.

•

The committee did not quantify security benefits.

In addition to these conclusions, the committee emphasized that the benefits of programs varied
considerably across the programs studied. The committee writes: “by an order of magnitude, the
largest apparent benefits were realized as (1) avoided energy costs in the buildings sector in
energy efficiency and (2) avoided environmental costs from the NOx reductions achieved by a
single program in fossil energy. This result is not surprising given the balanced research
portfolio, which also includes its share of failures and modest successes.”11
Key Assumptions:
Not applicable.

11

Committee on Benefits of DOE R&D, page 6.

F-39

Key Uncertainties
The areas of R&D that should be subsidized and the eventual benefits of these subsidies.
Additional Benefits and Costs
An added benefit of enhancing R&D and building a renewable energy industry is the creation of
jobs in Colorado. A report published in February 2007 (Madsen, et al. “Energy for Colorado’s
Economy: Creating Jobs and Economic Growth with Renewable Energy”, Environment
Colorado Research & Policy Center) shows that doubling Colorado’s renewable energy standard
(RPS) to 20% will create a net increase of 4,100 person-years of employment through 2020. It
will benefit total wages paid to workers in the state by a net cumulative total of $570 million
over this timeframe. This is four times the employment impact and twice the wage impact of the
original Amendment 37. Augmenting this report is a July 2007 study from The Union of
Concerned Scientists that states that a 20% renewable standard would create 4,100 new jobs in
Colorado from renewable energy development bringing $2.5 billion in new capital investment
and $331 million in income to farmers, ranchers and rural landowners. Consumer savings are
estimated to be $510 million in lower electricity and natural gas costs to Colorado consumers.
In addition to the in-state benefit, Colorado has the opportunity to become the leading state for
renewable energy development and training of the national technical workforce required to meet
U.S. renewable energy and energy efficiency goals. A 2007 report from the American Solar
Energy Society shows that a moderate (mid-range) estimate of national renewable energy
employment created by 2030 would be 3.1 million new jobs with a national annual revenue of
$227 billion (Bezdek, R.H., SOLAR 2007, Cleveland, OH). Colorado could seek to capture the
education and training of this national workforce to its positive economic benefit; capturing even
a few percent of this workforce demand in-state could possibly double the impact from the
current RPS.
Feasibility Issues
Feasibility of additional per-kWh charges on customer bills. May have to be approved by voters
of CO.
Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
No objections.
Barriers to Consensus
None identified.
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ES-10. Promote Advanced Fossil Fuel Generation
With Carbon Capture, Including IGCC

Policy Option Description
Advanced fossil fuel generation technologies, in combination with carbon dioxide capture and
sequestration (CCS), may offer one option to reduce the carbon dioxide emissions associated
with fossil-fuel based electricity generation. While coal-based generation is the largest source of
carbon dioxide emissions in the state, CCS may provide a cost-effective pathway to reduce
carbon emissions from coal power plants while continuing to rely on an abundant, domestic
source of energy. Coal generation with CCS could be based on integrated gasification combined
cycle (IGCC) technology, pulverized coal technology, or some other approach yet to be
determined.
Under this proposal, the Climate Action Panel recommends that:
•

Governor Ritter carefully consider and evaluate the costs, GHG emission reductions, and
other aspects of the Colorado IGCC with CCS project as reflected in Xcel Energy’s
application the Colorado Public Utilities Commission and, based on this evaluation, support
such a project if appropriate.

•

Governor Ritter and Colorado’s federal legislators work to obtain meaningful federal funding
for the Colorado IGCC with CCS project. Federal funding would leverage the benefits of
advanced coal with CCS for the entire nation, mitigate the technology risk of the project
borne by Colorado utilities and ratepayers, and directly benefit Colorado’s electric customers
by reducing the cost of an IGCC with CCS project to ratepayers.

Policy Option Design
Goals: In addition to the goals outlined above,
•

Direct PUC to re-evaluate rules for demonstration projects and technology
commercialization.

•

Involve the state’s research universities.

•

Broaden policy to include advanced technologies, not just IGCC.

Timing: Xcel Energy is expected to propose an IGCC with CCS project in 2007 that would be
operational sometime between 2013 and 2015.
Coverage: One generating plant
Implementation Mechanisms
State study and, if appropriate, support for proposed project and efforts to secure federal funding
to help offset the cost to state ratepayers.
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Related Policies/Programs in Place
This option is somewhat covered by existing legislation that already directs the PUC to consider
approval of an IGCC plant, and to waive some of its rules on seeking least cost production.
HB 06-1281 concerns the establishment of a program to demonstrate the use of breakthrough
advanced coal technology to promote low-emitting coal-fueled electricity generation.
Type(s) of GHG Reductions
If the project is built and successfully implements permanent sequestration of a significant
portion of CO2 from the effluent stream, GHG reduction would be the avoidance of adding these
emissions to the overall atmospheric burden.
Estimated GHG Savings and Costs per MtCO2e
Not quantified.
Data Sources:
Not applicable.
Quantification Methods:
The costs and emissions benefits for this have not been quantified.
Key Assumptions
Existence of significant potential for cost-effective, permanent CO2 storage in region.
Key Uncertainties
Significant uncertainty in cost and benefits; potential for permanent storage of CO2 in region also
unknown. In addition, proposal requires infrastructure to transport CO2 to suitable sequestration
site (addressed in policy ES-8).
Additional Benefits and Costs
Economic and employment benefits in the state, including R&D benefits associated with early
implementation of technology.
Feasibility Issues
•

Additional risk of power plant development related to use of western coals with IGCC

•

Additional risk of IGCC at higher altitude

•

Additional risk of operational reliability of IGCC with CCS

•

Uncertainties surrounding the permanence of the captured carbon dioxide being sequestered
from the atmosphere and any potential adverse environmental impacts from geologically
sequestering carbon dioxide.
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Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
No objections.
Barriers to Consensus
None identified.
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ES-11. Small New Hydro and Efficiency Improvements at Existing Hydro,
Identifying Other Small Renewables and Removing Barriers Thereto

Policy Option Description
Currently, existing hydroelectric plants in Colorado produce about 1,200 GWh of electric energy
per year. This energy is produced from plants built in the early 1920s and before as well as
relatively newer units. Older plants present opportunities for improvements in efficiency and
production including more efficient turbines, upgraded generator windings and replacement of
mechanical controls with solid state equipment. The improvement in efficiency and plant
production can range from 1%–2% to as high as 25%–30%.
In addition, several studies have suggested there may be 1000 MW or more of hydroelectric
potential in Colorado at existing dams and water impoundments, diversions and conveyance
structures. Research suggests that the capacity and generation efficiency of many existing hydro
projects could be increased. The U.S. Bureau of Reclamation has uprated 50 units since
beginning its uprate program in 1978, at an average cost of $68 per new kW.12 In addition to this
capacity, we believe the potential for new, small hydroelectric projects is considerable, but more
work needs to be done to characterize this resource. Sites for potential projects include existing
impoundments and diversions as well as networks such as municipal water systems. Most
municipal water systems include numerous pressure release valves, and these valves can be
replaced by small turbines that generate electricity.
Depending on site-specific factors, small hydroelectric projects may be cost competitive with
both fossil-fueled and other renewable power sources. With the recent enthusiastic acceptance of
wind energy programs, it is reasonable to expect that small hydroelectric energy programs based
on local resources would also be favorably received by customers.
There are also sites in Colorado suitable for developing pumped storage hydro facilities, which
allow off-peak generation to be shifted to peak periods. However, from the perspective of GHG
emissions it is important to consider both the loss of efficiency associated with pumped storage
and what energy source is used to power the pumping. If coal, the effective emission rate of the
pumped storage energy is actually higher than that of the coal plant due to pumping losses.
However, storage of renewable energy in a pumped storage facility could be an effective GHG
mitigation strategy. Use of pumped storage to take full advantage of intermittent wind generation
is particularly attractive.
The primary barrier to development of hydroelectric facilities is that the water facilities are
owned and operated by entities without expertise in power production. Also, the generation
potential of each site is usually small and often overlooked by power providers. In fact, all small
renewable resources face barriers similar to these: the site owner rarely has experience in power
generation, and power production per site is relatively small, making it more difficult to justify
12

U.S. Bureau of Reclamation, Generator Power Uprate Program Report, July 2000. Available at:
www.usbr.gov/power/data/uprate/uprate.html.
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the investment in feasibility studies and other up-front costs. However, when considered as a
whole, these small sites may represent a significant amount of zero-carbon energy. More
research is needed to identify and remove barriers to small, distributed renewable generators.
Policy Option Design
Goals: Begin with statewide mapping of unexploited potential of geothermal, small hydro, and
biomass (expanded SB-91). Follow with:
•

Address institutional barriers to small renewables;

•

Seek to add 50 MW of new, small hydro resources per year beginning in 2014;

•

Consider transferring oversight from FERC to the state in order to streamline permitting.
Permitting should include environmental certification, based on models DOE already has in
place.

Establish a work group to research barriers to small renewable energy facilities and propose
solutions.
Timing: Mapping and small renewables work group to begin immediately.
Coverage: Statewide.
Implementation Mechanisms
Mapping could be coordinated by the Governor’s Energy Office—utilizing experts from State
agencies, federal agencies, water resource groups, consulting firms and/or small hydro
owners/operators. Developers of small hydro projects would have access to any subsidies that are
established and revenue from energy credits under an RPS. The small renewables work group
could be led by the Governor’s Energy Office.
Related Policies/Programs in Place
SB-91: Existing statewide mapping program.
The U.S. Bureau of Reclamation has uprated 50 units since beginning its uprate program in
1978, at an average cost of $68 per new kW.
Type(s) of GHG Reductions
CO2 emissions reductions associated with avoided fossil-fueled generation.
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Estimated GHG Savings and Costs per MtCO2e

Policy Option

ES-11 Small New
Hydro and
Efficiency
Improvements
at Existing
Hydro,
Identifying
Other Small
Renewables
and Removing
Barriers

GHG Reductions
(MMtCO2e)
Gross NPV
Net Present
Cost
NPV Savings
Value
Total
2007–2020
2007–2020
2007–2020
2012 2020 2007–
2020 (Million $2005) (Million $2005) (Million $2005)

0.0

0.8

3.1

$264

$141

CostEffectiveness
($2007/tCO2e)

$123

$40

The PWG agreed to assume a cost of $3,000/kW for all new small hydro resources in the state
and a capacity factor of 35%. We assume a 40-year economic life for these facilities and a capital
recovery factor of 10.2%, yielding a nominal cost of $105/MWh. The sensitivity of the cost of
these resources to these assumptions is shown in Table F-9 under “Key Assumptions,” below.
We evaluated the addition of 50 MW per year of small hydro between 2014 and 2020. Assuming
that 75% of the energy from these projects displaces coal-fired generation and 25% of it
displaces gas-fired generation, each 50-MW block of capacity would eliminate roughly 111,000
metric tons of CO2 emissions annually. In 2020, the entire 350-MW block would be displacing
approximately 774,000 tons annually—or about 1.5% of total state emissions in the reference
case.
The NPV (2007) of the cost of this program is calculated as $123 million, and the total avoided
emissions during this period would be 3 MMtCO2e. This yields a per-ton avoided cost of
approximately $40 through 2020.
Data Sources:
Hydro mapping efforts at the national level include the following:
•

US DOE, Feasibility Assessment of the Water Energy Resources of the United States for
New Low Power and Small Hydro Classes of Hydroelectric Plants, DOE-ID-11263, January,
2006,

•

Idaho National Engineering and Environmental Laboratory, Estimation of Economic
Parameters of U.S. Hydropower, INEEL/EXT-03-00662, June 2003.

•

James Francfort, U.S. Hydropower Resource Assessment for Colorado, DOE/ID-10430, May
1994.

However, these studies use GIS databases and other models to estimate the developable hydro
capacity within a state. They provide little of the information needed to assess the cost and
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feasibility of a site for a small hydro project. Thus, a state mapping effort, using tools that can
provide this information, is critical.
Quantification Methods:
•

Start with the revised reference case;

•

Use “small hydro” as a proxy for all unexploited small renewable resources;

•

Add in 50 MW per year of hydro capacity at $3000 per kW and a 35% capacity factor;

•

Assume the hydro energy displaces 75% new coal-fired generation and 25% new gasfired generation and that the long term avoided cost of generation is $56/MWh.

Key Assumptions:
•

The assumptions of a “flat supply curve” at $3,000 per kW and a 35% capacity factor
drive the cost estimate in this analysis. For context, the cost matrix below shows the
estimated cost of a two-MW hydro energy at different capital cost points and capacity
factors.

Table F-9.

MWh/yr:
Cost ($/kW)

Principal ($M)

$1,000
$2,000
$3,000
$4,000

$2.00
$4.00
$6.00
$8.00

30%

Capacity Factor
50%
70%

5,256

8,760

12,264

90%
15,768

Levelized Cost ($/MWh)
$43.91
$82.82
$121.73
$160.65

$28.35
$51.69
$75.04
$98.39

$21.68
$38.35
$55.03
$71.71

$17.97
$30.94
$43.91
$56.88

•

We assume that 350 MW of small hydro capacity can be installed at certified
environmentally acceptable sites by 2020, at existing federal and non-federal
impoundments and diversions

•

We assume the existence of up to 500 MW of accessible but unexploited small hydro.

•

We assume institutional, structural, and jurisdictional barriers can be overcome at
reasonable cost.

Key Uncertainties
Total capacity is available at feasible, undeveloped sites
Supply curve of small hydro and other small renewables capacity—i.e., how much capacity is
available at what price?
Distribution of capacity factors and operating costs of actual small hydro and other small
renewable projects.
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Additional Benefits and Costs
Small hydro and other small renewable energy projects provide landowners with an additional
revenue stream; other economic benefits including employment benefits.
Feasibility Issues
What would a mapping project that could provide the needed information look like? Who is best
suited to do it?
Actual technical and economic potential of small renewables on CO;
Jurisdictional, ownership, and zoning issues;
Transmission availability and access for small power projects.
Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
No objections.
Barriers to Consensus
None identified.

F-48

ES-12. Nuclear Energy

Policy Option Description
In 2005, electricity generation accounted for 37% of Colorado’s gross greenhouse gas emissions
on a consumption basis, or about 43 million metric tons on a CO2-equivalent basis (MMtCO2).
Of that, coal-fired plants emit 35 MMtCO2e. Since nuclear plants also produce base load power,
they are potentially a direct replacement for coal-fired plants.
Nuclear power provides about 20% of U.S. electricity, and is the largest single source of lowcarbon power in the electric sector. During operation, nuclear plants generate no GHGs, although
there are GHG emissions associated with the mining, refining, and transport of nuclear fuel and
the construction and decommissioning of plants. The feasibility of new nuclear power plants in
the U.S. clouded by several serious and interrelated issues relating to costs, safety, management
of radioactive waste and the proliferation of nuclear materials. Colorado’s sole nuclear reactor,
located at St. Vrain, operated between 1976 and 1989. Due to frequent outages and reliability
problems, it was decommissioned in 1992. In 1996, the St. Vrain plant was refurbished with
natural gas turbines.
Worldwide, there are about 435 nuclear power plants. Electric utilities in the U.S. are
contemplating building new reactors at existing power plant sites in the South, but no incumbent
Colorado utility currently has any plans to add nuclear capacity. Since it has been decades since
a new reactor was ordered in the United States, the costs of building one are highly uncertain.
Estimates are that it might take at least ten years to design, site, permit, finance, and construct a
new nuclear power plant.
Some 30 new reactors are under construction in various countries around the world. The price of
their uranium fuel has soared in recent years, from $7 a pound in 2000 to more than $120 in
2007. Since Colorado is relatively rich in uranium ore, a number of companies are actively
prospecting for uranium on the Western Slope. One new mine has also been proposed in Weld
County.
Although Colorado’s experience with nuclear power was costly, the facts are clear: to stabilize
atmospheric concentrations of carbon dioxide, global emissions must eventually fall to the level
of U.S. emissions today. Achieving this in the face of continued population and economic
growth will be a monumental challenge and all potentially viable options deserve consideration.
In any “wedge” analysis of possible reduction opportunities, nuclear power must be evaluated as
one option, since it currently provides the largest share of low-emitting power. The CAP, like the
public at large, is divided about the benefits and liabilities of nuclear power. However, since the
scale of total carbon reductions needed is so monumental, since future technological
developments are uncertain, and since the electric sector will be central to any successful
resolution of the climate challenge, policymakers should not discard the nuclear option until we
learn more about the cost, viability and contribution that other low-emitting options can make,
including carbon capture and sequestration, solar photovoltaics, wind, energy storage,
transmission enhancements, conservation, and improvements in energy efficiency.
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Policy Option Design
Goals: literature review of costs of new nuclear power plants
Timing: Not applicable.
Coverage: Not applicable.
Implementation Mechanisms
Not applicable.
Related Policies/Programs in Place
Not applicable.
Type(s) of GHG Reductions
New nuclear generation in Colorado would reduce the operation of existing coal-fired plants
and/or defer the need for new ones.
Estimated GHG Savings and Costs per MtCO2e
Non-specific policy not quantified.
Data Sources:
Massachusetts Institute of Technology, The Future of Nuclear Power: An Interdisciplinary MIT
Study, 2003, ISBN: 0-615-12420-8.
The Keystone Center, Nuclear Power Joint Fact-Finding, June 2007.
U.S. Energy Information Association, Assumptions to the Annual Energy Outlook, 2007, April
2007, Report #: DOE/EIA-0554(2007).
Quantification Methods:
We have not quantified potential costs and emission reductions associated with this policy due to
considerable uncertainties around the cost and feasibility of new nuclear capacity. We found two
studies that assess the potential costs of new nuclear capacity in the U.S. and the uncertainties
surrounding it. The first is an interdisciplinary study from the Massachusetts Institute of
Technology (MIT study), and the second is the report of a stakeholder research group brought
together by the Keystone Center (Keystone study). Both studies focus on uncertainties in four
main areas. The MIT authors write:
•

Costs—nuclear plants have higher overall lifetime costs than gas- and coal-fired plants;

•

Safety—nuclear power has perceived adverse safety, environmental and health effects;

•

Proliferation—nuclear power entails potential security risks; and
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•

Waste—nuclear power has unresolved challenges in the long-term management of
radioactive wastes.13

Estimates of the cost of energy from new nuclear units are highly uncertain. Table F-10 shows
three cost estimates. The first estimate is from the MIT study; the second is from the Keystone
study; and the third is the cost that the U.S. Energy Information Agency (EIA) uses in its energy
modeling. (The levelized cost of energy in the EIA model falls from 6.3 to 5.8 ¢/kWh over the
period 2015 to 2030.) The MIT Study assumes a capacity factor or 85% and assumes that nonfuel O&M costs for a new plant can be reduced by 25% relative to the current fleet average.
Since their O&M costs are quite close, it seems that EIA has made a similar assumption about
O&M costs.
Table F-10. Projected costs of new nuclear energy in the United States (2005$)
14

Overnight cost ($/kW)
Debt/Equity ratio
Cost of debt/equity
Construction period (yrs)
Economic life (yrs)
Fuel (¢/kWh)
O&M (¢/kWh)
Fuel + O&M (¢/kWh)
Levelized energy cost (¢/kWh)

15

U.S. EIA
2,081
unknown
unknown
6
40
0.5–0.6
0.9
1.4–1.5
6.3–5.8

MIT Study
2,100
50/50
8%/15%
5
25–40
unknown
unknown
1.6
7.0–7.4

Keystone Center
3,420–3,800
50/50
8%/15%
5–6
30–40
1.2–1.6
2.3–3.0
3.5–4.7
7.9–0.6

Costs are presented in 2005 dollars. Dollars from the MIT and Keystone studies have been converted from
2003 and 2007, respectively.

While there is some uncertainty around all cost components, the uncertainty around the terms of
plant financing is particularly large. The current fleet of nuclear plants in the U.S. was built
within a heavily regulated industry, and as the MIT authors note, “many of the risks associated
with construction costs, operating performance, fuel price changes and other factors were borne
by consumers rather than suppliers.” It is unclear whether capital markets will be willing to take
on the perceived risks of merchant nuclear plants in today’s competitive bulk power markets—
and if they are, they may well demand risk premiums considerably higher than those assumed in
the MIT study.
However, as the Keystone study notes, “competitiveness cannot be gauged entirely by comparing
financial numbers,” and questions about nuclear costs may prove to be small compared to
concerns about safe plant operation, safety of the fuel cycle and the proliferation of nuclear
materials represent major barriers. In a post-9/11 world, concerns about the security of nuclear
plants and fuel processing facilities may loom as large in the public mind as concerns about
reactor safety and waste containment. In short, is not at all clear that these issues could be
resolved to the satisfaction of public officials and the public at large. Further, the resolution of

13

Massachusetts Institute of Technology, The Future of Nuclear Power: An Interdisciplinary MIT Study, 2003,
ISBN: 0-615-12420-8, p. 2.
14

Massachusetts Institute of Technology, p. 42-43.

15

U.S. EIA, Table 38, p. 72.
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these issues might well place additional costs on prospective plant owners, adding to the
economic challenge.
Finally, when considering nuclear energy as a GHG-reduction strategy, the issue of lifecycle
emissions becomes important. There is considerable fossil fuel combustion in the mining,
enriching and transportation of nuclear fuel and the decommissioning of plants, and this fuel use
is not well documented. Nuclear fuel-cycle emissions probably constitute a fraction of the perkWh emissions from a coal-fired plant, but more work needs to be done to quantify these
emissions.
Key Assumptions
Costs and emission reductions not quantified.
Key Uncertainties
•

The cost of a new nuclear plant in Colorado.

•

The actual emissions benefit of nuclear energy over coal-fired generation fossil,
accounting for emissions associated with fuel processing.

Additional Benefits and Costs
None identified.
Feasibility Issues
•

Can a new nuclear plant be sited and licensed in Colorado? The siting and licensing
proceedings (and potentially voter referenda) will be the battleground for safety,
proliferation and waste management issues.

•

Are capital markets willing to invest in a merchant nuclear plant at terms that do not
impose unacceptable costs?

•

Waste storage issues.

Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
No objections
Barriers to Consensus
None identified
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ES-13. Efficiency Improvements for Existing Generators (Includes Heat Recovery)

Policy Option Description
Making efficiency improvements at existing generation stations has a number of benefits such as
offsetting the rising cost of fuel, reducing overall emissions and improving plant reliability. This
can be done through improvements in both the combustion and steam cycles, as well as with
waste heat recovery.
Efficiency improvements at existing generating stations may be hampered by federal regulation,
lawsuits and uncertainty. New Source Review (NSR) and New Source Performance Standard
(NSPS) regulations need to be clarified and should encourage, not discourage, efficiency
improvements such as turbine upgrades, motor, pump, fan and drive improvements, control
system upgrades and recovery of waste heat. Though these are Federal programs, the State of
Colorado may be able to help mitigate potential regulatory issues associated with such
improvements. Public policy could specifically encourage the State to utilize its regulatory
discretion to streamline the process of evaluating a plant’s NSR and NSPS requirements. Reform
of NSR could be addressed in any carbon control regulations to encourage plant efficiency. One
option is to reinstate the pollution control project (PCP) exemption and broaden it to include
significant plant upgrades such as turbine replacements. Another option is to require issuance of
construction permits for efficiency projects on a more timely basis (e.g. permits processed within
12 months).
Efficiency improvements at existing generating stations may also be hampered by lack of
regulatory cost recovery certainty for regulated investor-owned utilities under the jurisdiction of
the Colorado Public Utilities Commission (PUC). Public policy could specifically encourage the
PUC to allow for the recovery of costs for efficiency improvements at existing generators. These
efficiency improvements could reduce customer energy costs as well as carbon dioxide
emissions.
Policy Option Design
Goals: Adopt policies that would result in a 2% overall improvement in generator efficiency by
2020
Timing: Utilities report total heat input/total MWh output in 2008; first year of reduction is
2011. Use imputed value for purchases unless specific data are provided.
Parties involved: All generation owners in CO.
Other: As needed, identify incentives that encourage plant efficiency improvements and
utilization of new technology to reduce emissions.
Implementation Mechanisms
No specific implementation mechanism for this policy option has been identified.
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Related Policies/Programs in Place
None specified.
Type(s) of GHG Reductions
Efficiency improvements on plants; replacement of coal with gas over time.
Estimated GHG Savings and Costs per MtCO2e
This policy would avoid about 1 MMtCO2 emissions per year by 2020.
Data Sources:
Colorado Inventory & Forecast as source for business as usual (BAU) generation sources in
Colorado.
Quantification Methods:
Assume policy achieves 2% reduction in CO2 emissions from fossil generating plants in
Colorado.
Key Assumptions:
Costs not to include additional costs associated with NSR regulations, if applicable.
Technical and economic feasibility of reaching goal.
Key Uncertainties
•

Potential for and cost of efficiency improvements at existing plants.

•

Heat rates of future generating technologies.

•

Efficiency improvements at existing generating stations may be hampered by federal
regulation, lawsuits and uncertainty

•

New Source Review (NSR) regulations could raise the cost of meeting this goal.

•

Availability and price of natural gas

Additional Benefits and Costs
Lower overall cost of producing electricity at more efficient plants; economic opportunities and
employment.
Feasibility Issues
The Policy Work Group estimates that a 2% improvement for existing generators is possible over
this time period.
Status of Group Approval
Unanimous consent of those CAP members present and voting.
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Level of Group Support
No objections
Barriers to Consensus
None identified
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ES-14. Oil and Gas Operations

Policy Option Description
There are a number of ways in which Greenhouse Gas (GHG) emissions in the oil and gas
industry, particularly CO2 and methane, can be mitigated. Methane is a potent GHG, so any leaks
during production, processing, and transportation/distribution should be addressed. Eliminating
these leaks can be economically beneficial because it prevents the waste of valuable product. The
EPA Natural Gas STAR program offers numerous methods of preventing leaks.
Policy Option Design
Goals: 35% reduction below 2004 levels in GHG emissions from methane relative to baseline
case.
Also reduce uncertainty in methane losses (target for increased accuracy)
Timing: Achieve level of reduction by 2020
Parties involved: Colorado oil and gas permittees.
Implementation Mechanisms
This policy aims to reduce methane emissions from gas and oil operation gradually, starting in
2009 and reaching a 35% reduction relative to 2004 emission by 2020.
The CAP recommends that Colorado focus attention on reducing GHG emissions from fuel
combustion in the oil and gas industry through education, financial incentives, mandates and/or
standards—coupled with cost and investment recovery mechanisms, if appropriate.
Related Policies/Programs in Place
In 2006, EnCana installed emission control units to control VOC flash emissions associated with
condensate storage tanks. The company installed 172 emissions control units at $20,000 per unit.
The company has not finished its emission inventory, and thus has not identified the amount of
methane reduction from this measure. EnCana reported that this measure reduced its VOC
emissions from 2004 to 2006 by approximately 40%. (Personal communication with PWG
member Chris Williams of EnCana in July 2007)
Type(s) of GHG Reductions
Reduced methane emissions from oil & gas operations.
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Estimated GHG Savings and Costs per MtCO2e

Policy Option

ES-14 Oil and Gas
Operations

GHG Reductions
(MMtCO2e)
Gross NPV
Net Present
Cost
NPV Savings
Value
Total
2007–2020
2007–2020
2007–2020
2012 2020 2007–
2020 (Million $2005) (Million $2005) (Million $2005)

0.8

2.6

16

$12

$0

$12

CostEffectiveness
($2007/tCO2e)

$0.8

Data Sources:
Cost of Methane Reduction:
•

U.S. EPA. “EPA Natural Gas STAR Program,” available at: www.epa.gov/gasstar/ and
http://www.epa.gov/gasstar/techprac.htm

Quantification Methods:
Cost of reduced methane based on the data available from US EPA’s Natural Gas Star Program
is used to estimate the level of investment that is necessary to achieve the policy target.
Key Assumptions:
Table F-11.
Parameter

Value

Notes
This figure is based on (1) 20 year average lifetime of
methane reduction measures, (2) 5% real discount rate,
and (3) the average cost of saved methane based on
performance by a number of methane reduction projects
under US EPA Gas Star Program.

Cost of Saved
Methane

$0.487 per Mcf of
methane

Methane Emission
Rate

0.404 ton of CO2e per US EPA. Natural gas methane unit converter, available at
www.epa.gov/gasstar/pdf/unitconverter_final.pdf
Mcf of CH4

Mcf = million cubic feet

Key Uncertainties
Cost and feasibility of reaching target.
Additional Benefits and Costs
Recovery of valuable product.
Avoidance of methane emissions to the atmosphere, which contributes to the production of
pollutants such as NOx and O3.
Feasibility Issues
Further study and analysis of the approaches recommended above by the Colorado Department
of Public Health and Environment and other appropriate agencies may suggest changes in goals
and determinations regarding the economic and technical feasibility of these approaches.
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Status of Group Approval
Unanimous consent of those CAP members present and voting.
Level of Group Support
No objections.
Barriers to Consensus
None identified.
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ES-15. CO2 Emissions Standards for Power Plants

Policy Option Description
A carbon dioxide emissions performance standard is an emissions standard requiring that all new
non-peaking power plants located in Colorado or serving Colorado electricity customers have
carbon dioxide emission no greater than 1,100 pounds of CO2 per megawatt-hour. In addition, to
ensure that power providers have the necessary incentives to invest in new low- carbon dioxide
emitting facilities rather than continue to operate aging high-carbon dioxide emitting plants the
standard would also apply to existing facilities once they reach 60 years of age. The 1,100
pounds per megawatt-hour standard is based on the level of emissions of a new efficient natural
gas plant.
Mitigation Option Design
Goal: Establish a power plant carbon dioxide emission standard of 1,100 pounds CO2 per
megawatt-hour for non-peaking plants. (Peaking is defined as having a capacity factor of less
than 10%) Applies to new power sold in the state of Colorado, or 60+ year-old plants
Timing: As soon as possible.
Coverage: Would apply to all new non-peaking power plants, or those that have operated for 60
year or more, that are located in Colorado or that provide power to Colorado electricity
customers.
Implementation Mechanisms
Implementation to be in the form of a regulatory requirement to all producers or purchasers of
wholesale electricity in the state that no new power plant shall be built or operated, and no plants
in excess of 60 years old shall be operated, unless it can achieve a total emissions rate of no more
than 1,100 pounds of CO2 per MWh output. This means that for any new coal plant to be built or
operated it will have to be coupled with some form of operating, permanent carbon capture and
storage technology. The same requirement applies to any power purchased from out of state from
new resources. There is to be no provision for offsets for meeting this requirement.
This requirement does not apply to new power plants that have an annual average capacity factor
of less than 10%.
This regulation is to be adopted as a regulation at the state level.
Given the lead time of constructing new fossil fuel plants, a standard established today would
impact new plants that come on-line after 2011 and any that have been in operation for 60 years
or more.
Related Policies/Programs in Place
None identified.
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Type(s) of GHG Reductions
Displaced emissions associated with overall improvement of generating fleet efficiency relative
to baseline scenario..
Estimated GHG Savings and Costs per MtCO2e

Policy Option

ES-15

ES-15a

CO2 Emission
Standards for
Power Plants
Assuming
Central Station
Solar as
alternative

GHG Reductions
(MMtCO2e)
Gross NPV
Net Present
Cost
NPV Savings
Value
Total
2007–2020
2007–2020
2007–2020
2012 2020 2007–
2020 (Million $2005) (Million $2005) (Million $2005)

0.5

2.3

13

0.9

4

23

N/A

N/A

CostEffectiveness
($2007/tCO2e)

($14)

($1)

$297

$13

Note that capital cost savings from building natural gas instead of coal plants more than offsets
the higher cost of natural gas relative to coal, according to EIA technology cost projections. As
an alternative, the cost of implementing this policy by replacing coal with concentrating solar
thermal stations is shown above. In this case the emissions reductions would be significantly
greater, as would the cost per avoided ton of CO2 emissions.
Data Sources:
Colorado Inventory & Forecast (I&F), industry standard estimates of delivered plant costs. EIA
Annual Energy Outlook for 2007.
Quantification Methods:
Policy design is to replace all new coal plants in baseline I&F, as well as all plants over 60 years
old, with a portfolio of resources including energy efficiency, renewables, perhaps some gas and
IGCC or other advanced coal technologies that meets the emission standard.
The analysis shown is limited to estimating cost and emissions impact of replacement of all new
coal generation (heat rate 9000 Btu/kWh) in the reference case with natural gas combined cycle
generation (heat rate 7000 Btu/kWh).
The EIA projections for the all-in, levelized cost of new natural gas and coal plants are as
follows:
Inputs
2007

2008-10

2011-14

2015-19

2020

Cost of new coal ($/MWh)

56.07

56.07

56.07

56.1

56.1

Cost of new gas ($/MWh)
Cost of New Solar Thermal
($/MWh)

55.24

55.24

55.24

55.2

55.2

133

133

133

94

89

Source: EIA Annual Energy Outlook 2007.

F-60

The costs for new coal and gas are from Table 16 in AEO 2007:

The cost of solar thermal technology is as discussed under ES-2.
The following graph from the same page compares a larger set of technologies:

Although not stated explicitly, these levelized costs are implicitly based on, and consistent with,
the assumptions and energy price forecasts associated with AEO 2007.
The assumptions used for the concentrating solar analysis are based on technology cost data from
the MARKAL model, as provided by SGB Engineering Consulting, LLC.
An alternative approach is to meet the policy goal through energy efficiency initiatives. This
would be consistent with policy RCI-1 considered and analyzed by the Residential, Commercial
and Industrial Working Group, which found a net savings of $32 per avoided ton of CO2
emissions.
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Key Assumptions
Cost of new plants & fuel unaffected by altered investment strategy.
Key Uncertainties
Future costs of natural gas and coal; availability and cost of generating technology..
Additional Benefits and Costs
None identified.
Feasibility Issues
Trying to apply this standard to non-Colorado facilities may violate interstate commerce clause.
This may be rectifiable if the requirement is for portfolio of power purchased by LSEs. (This
issue has been discussed extensively in the RGGI process.)
Status of Group Approval
Approved by those CAP members present and voting with five objections:
Level of Group Support
Objections include:
•

as designed, policy is too rigid;

•

would drive state towards increased natural gas use, and it is too premature for “clean coal,”

•

not market based;

•

premature, doesn’t consider availability of gas and cost; and

•

policy is short-sighted, does not recognize need for additional generation between now and
time “clean coal” from plants with carbon capture is available.

Barriers to Consensus
The noted objections reflect positions that are not conducive to reaching consensus.

F-62

Appendix G
Transportation and Land Use
Policy Recommendations
Summary List of Policy Recommendations
GHG Reductions
(MMtCO2e)
Policy Recommendation

TLU-1

TLU-2

TLU-3
TLU-4
TLU-5
TLU-6
TLU-7
TLU-8
TLU-9
TLU-10
TLU-11

Reduce light-duty vehicle miles traveled 2% by
2020 by promoting “smart growth” land use
planning and development. Require that GHG
emissions be considered in long-range
transportation plans by 2010.
Incentives for the purchase of low-GHG vehicles.
[An alternative if the TLU-6 clean car standards are
not implemented.]
Reduce light-duty vehicle miles traveled 6% by
2020 by improving transit service quality and
funding expansion of transit infrastructure.
Reduce heavy-duty vehicle idling.
Adopt a low carbon fuels standard that will reduce
carbon intensity of passenger vehicle fuels by 10%
by 2020.
Adopt California GHG emission standards for cars
and trucks.
Expand transit use marketing and employersponsored transit fare programs.
Move toward basing motor vehicle insurance on the
distances vehicles are driven.
Local parking management programs to encourage
alternative travel choices and transit-oriented
development.
Require employers with more than 100 employees
to offer commuter benefits programs.
Incorporate vehicle maintenance, operation, and
transportation choice GHG reduction information in
driver training and education.
Sector GHG reduction total of 8 analyzed policies
after adjusting for overlaps among policies

2012

2020

0.08

0.47

Costs
CostClimate
(Savings) EffectiveAction Panel
Total 2007–2020
ness
Action
2007- (Million $) ($/tCO2e)
2020

2.43

Less than Less than
$0
$0/ton

Unanimous
Consent

Unanimous
Consent

Quantified as part of TLU–6

0.17

0.97

5.09

N/A

N/A

Unanimous
Consent

0.07

0.11

0.91

–$123

–$134/ton

Unanimous
Consent

0.38

2.21

16.1

N/A

N/A

Unanimous
Consent

0.70

3.40

18.8

–$1,880

–$100/ton

Quantified as part of TLU–3
Less than Less than
$0
$0/ton

Unanimous
Consent
Unanimous
Consent
Unanimous
Consent

0.32

0.94

7.19

0.03

0.03

0.34

–$37

–$110

Unanimous
Consent

0.42

0.45

4.77

–$1,145

–$240/ton

Unanimous
Consent
Unanimous
Consent

Not quantified
2.14

Sector cost-effectiveness total of 4 analyzed
policies with cost estimates after adjusting for
overlaps among policies

7.84

46.7

N/A

N/A

–$3,185* –$141/ton*

GHG = greenhouse gas; N/A = not applicable.
* Cumulative Net Present Value and Cost-Effectiveness values reflect policies 4, 6, 9, and 10 only. Cumulative Net
Present Value and Cost-effectiveness values for all policies cannot be quantified.
Negative cost numbers indicate cost savings.
The cost (savings) shown are calculated as in terms of net present value in constant 2005 dollars using a 5% annual
real discount rate for the period 2008 through 2020. Capital investments are represented in terms of levelized or
amortized costs through 2020.
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TLU-1. Smart Growth and Related Planning

Policy Description
Implement land use planning, development, and analysis that supports protection of natural and
cultural resources, strengthens communities, creates more compact development, and reduces
growth in driving and emissions.
Policy Design
Goals:
•

Support and promote public and private planning and development practices, including smart
growth planning and infrastructure provision that reduce the number and length of trips and
expand travel modes in Colorado.

•

Reduce light-duty vehicle miles traveled (VMT) by 2% statewide by 2020.1

•

Require that Colorado Department of Transportation (CDOT) and metropolitan planning
organizations (MPOs) quantify and report greenhouse gas (GHG) emissions from long-range
transportation plans by 2010, provided that financial and technical assistance is provided as
needed.

Timing: See above.
Parties Involved: Municipal elected officials; local and regional planning commissions and
staffs; CDOT and other state agencies which have programs/projects that have land use impacts;
private developers and contractors; planning, land use, and engineering professionals; public and
private organizations with land use, transportation, and environmental interests.
Implementation Mechanisms
•

Provide incentives to developers for density and mixed use.
To help balance any reluctance the market may display toward acceptance of higher
density or mixed use, relax some design requirements (such as parking minimums) or
provide fee credits (e.g., against road impact fees).
Improve techniques for estimating reductions in vehicle trip generation for land uses with
mixed use developments. (internal capture)
○

•

○

1

Mixed use developments have shown to have reduced VMT and VT due to increased
access to goods and services. Traditional traffic generation estimates are based upon
suburban models and require mixed use developers to pay for impact fees that may be
unnecessary and may render these projects infeasible. Inaccurate traffic generation
estimates may also overemphasize the need to increase vehicle capacity on the
surrounding roadway network to the detriment of the pedestrian environment.

VMT reduction goal of 2% is based on DRCOG modeling of “compact urban footprint” scenario.
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•

Include reductions in estimated traffic generation as a result of intelligently located
development. (infill)
New development located in established urban areas results in reduced VMT and VT due
to shorter average trip distances and higher potential for alternative mode use. Traffic
generations forecasts should take location of development into account when estimating
vehicle trip generation.
Implement a concurrency management system or adequate public facilities requirement.
○

•

Concurrency standards or requirements affect the timing of development and the
provision of transportation infrastructure. If implemented using multimodal strategies and
district or area-based measurement, they can support infill, compact development and
transit use.
Encourage the use of intergovernmental agreements to implement urban growth boundaries.
○

•

Urban growth boundaries are difficult to implement unilaterally and may be meaningless
in effect if other nearby cities annex the land outside the adopting city’s boundary.
Intergovernmental agreements are an appropriate means of resolving where in a given
county urban growth will be allowed to occur.
Providing a means for local governments to share local sales tax proceeds.

○

•

Eliminating competition between local governments of commercial development would
reduce existing pressures that discourage growth management.
Implement interjurisdictional planning and/or regional review of local plans.
○

•

Because local governments face fiscal and other challenges, and because the land use
decisions of one local government will affect other jurisdictions around it, local efforts to
manage growth responsibly could be bolstered by requiring interjurisdictional planning or
regional oversight over some aspects of local planning.
Program infrastructure investments so as to encourage and reward compact development.

○

•

Compact urban development patterns require supportive infrastructure investmentsespecially high capacity transit systems. If state transportation funds were targeted to
encourage and reward compact growth and infill development, that could reinforce
improved growth management efforts by local governments.
Undertake local planning for local street patterns prior to development.
○

•

Discussion: True street grid systems will require a street network that goes beyond the
bounds of any one development. Frequently, much of the connectivity problem is caused
by poor connections between subdivision projects. Cities in Colorado currently identify a
network of arterial and collector streets which are formalized through a “master streets
plan.” To facilitate the development of a more connected street system, cities could also
extend the concept to include local streets and a local street grid layout.
Increase property owners’ awareness of conservation easements in Colorado.
○

•

Conservation easements give land owners tax breaks for agreeing to restrict development
on their land. Efforts to increase the extent of conservation easements on private lands
could help focus development to urbanized areas.
Promote Brownfield development through rebates of property taxes to offset cleanup costs.
○

•
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Tax rebates for Brownfield development often pay for themselves after a few years with
increased property tax revenue.
Increase funding for a Conservation/Land Protection Fund
○

•

Often parcels of land are put on the market and sold before conservation organizations
have an opportunity to collect enough funds to buy the parcel. The Conservation/ Land
Protection Fund, already active in Colorado, is a revolving load fund that will provide
conservation organizations with access to immediate financial resources so desirable land
can be purchased once available. (http://www.cclt.org/)
By executive order or legislative direction, require that CDOT and MPOs quantify and report
GHG emissions from long-range transportation plans by 2010, provided that financial and
technical assistance is provided as needed.
○

•

Related Policies/Programs in Place
A variety of local policies and programs are in place throughout Colorado to promote smart
growth.
Type(s) of GHG Reductions
Net reduction in CO2 emissions.
Estimated GHG Savings and Costs per MtCO2e
GHG Emission Savings
Net Present Value (2007–2020)
Cumulative Emissions Reductions (2007–2020)
Cost-Effectiveness

2012

2020

Units

0.08

0.47

MMtCO2e

<$0
2.43
<$0

$ Million
MMtCO2e
$/MtCO2e

Data Sources: DRCOG Metro Vision 2035 land use scenarios.

For cost information, a variety of literature finds that integrated transportation and land use
planning produces net savings on the total costs of buildings + land + infrastructure +
transportation. However, some components may be higher even though total costs are reduced.
The preponderance of literature suggests net savings overall (see U.S. Environmental Protection
Agency, Our Built and Natural Environments: A Technical Review of the Interactions Between
Land Use, Transportation, and Environmental Quality, 2001). A National Academy of
Sciences/Transportation Research Board review found substantial regional and state-level
infrastructure cost savings from more compact development (see Robert Burchell, et al., The
Costs of Sprawl—Revisited (TCRP Report 39), Transportation Research Board, Washington, DC,
1998). An analysis of the New Jersey State Plan found that municipalities, counties, and school
districts would save an estimated $160 million from 2000 to 2020 by pursuing smart growth
patterns (see Robert Burchell, et al., The Costs and Benefits of Alternative Growth Patterns: The
Impact Assessment of the New Jersey State Plan, Center for Urban Policy Research, Rutgers
University, 2000).
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Quantification Methods: Assume 2% reduction in light-duty vehicle VMT with full
implementation, consistent with Compact Urban Footprint and Compact Urban Footprint Plus
Transit scenarios (Denver Regional Council of Government (DRCOG) Metro Vision 2035 land
use scenarios).
Costs cannot be quantified due to the broad scope of this policy recommendation and the
uncertainty in how it would be implemented by local governments. Research suggests that the
policy will result in net cost savings. (See Data Sources above).
Key Assumptions:
• 2% reduction projected for the Denver area is achievable on average across Colorado’s urban
and rural areas.
•

Implementation: 10% in 2010, 50% in 2015, 100% in 2020.

Key Uncertainties
Achieving the target reduction in VMT depends on implementation of the policy initiatives at all
levels of government. It is possible that required planning could be done in a way that does not
change development patterns, and thus does not reduce VMT and emissions. That is, the policy
language does not require these outcomes.
External forces can have a significant effect on VMT and land development patterns, which
creates additional uncertainty regarding the impacts of this policy recommendation. For example,
fuel prices affect vehicle use. A major increase in fuel prices would help to encourage use of
alternative travel modes, and might increase the benefits of this policy. Conversely, a reduction
in fuel prices would make it more difficult to reduce VMT through smart growth and multimodal
transportation planning efforts. Land development patterns are strongly influenced by regional
and state macroeconomic forces. The ability of governments to influence land use patterns
depends to some extent on developer demand.
Additional Benefits and Costs
Land use policies such as the densification of developed land, mixing of compatible land uses
and other urban design measures have beneficial spin-offs for other strategies. Land use based
policies further mode switching policies because these policies help create an environment that is
easier served by transit, biking and walking.
Benefits include reduced infrastructure costs noted above, avoided health care costs from
reduced air pollution and increased walking/biking, and other quality-of-life aspects.
There will be front-end costs of program development and implementation, and a successful
program requires dedicated resources.
Feasibility Issues
Land use changes will not have a large impact on transportation systems and GHG emissions
over the short term. However, over longer time spans, land use changes aimed at creating denser,
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mixed-use settlements may offer important opportunities to reduce vehicle use and GHG
emissions.
Smart growth strategies targeting densification and land use mix will affect primarily urban
areas, since they have the characteristics to address densification. The effectiveness of these
policies also depends upon the willingness of local governments—largely in urbanized areas—to
implement land use policies and regulations. In addition, policies that affect land use and
transportation take a long time not only to implement, but also a long time to accrue their effects.
Typically, transit oriented-development strategies take more than 20 years to implement.
Status of Group Approval
Completed.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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TLU-2. Incentives for Purchase and Operation of Low-GHG Vehicles

Policy Description
This policy includes several policies and programs to encourage purchase of low GHG emission
vehicles through monetary and convenience rewards and incentives throughout the state.
•

Feebates—This is a study policy rather than an implementation policy. The state would
participate in a multi-state study of the feasibility and effectiveness of a regional feebate
system with other western states. The feebate study would be conducted through a multi-state
cooperative agreement for greater impact and could be implemented through the recently
formed Western Regional Climate Action Initiative.

•

Tax Credits for Low-GHG Vehicles—Amend the current income tax credit program for
hybrid, alternative fuel, and low-emission vehicles so that it continues in its present form
beyond 2010.

•

Operating Incentives for Low-GHG Vehicles—Maintain current preferential state-controlled
infrastructure (high-occupancy vehicle [HOV] lanes) access for alternative fuel vehicles
(natural gas, propane, 100% electric). Possible provision of “green license plates” to
designate alternative fuel vehicles.

Tax-funded, non-tax paying entities (state and municipalities) shall be required to purchase the
lowest GHG vehicle suitable for their usage.
Policy Design
Goals:
•

Feebate program would be developed as part of multi-state study of regional feasibility and
effectiveness. This policy would be considered as a contingency in the circumstance where
the clean car standards (TLU-6) were not to be implemented.

•

Income tax credits as defined in state statute but would continue at present levels beyond
2010.

•

Access to HOV lanes for alternative fuel vehicles would continue as current policy.

Timing: The feebate program and extension of tax credits would require legislative approval.
Goal of implementation before 2010.
Parties Involved: State legislature, state and municipal fleet managers, Governor (and
administration), tax-paying Colorado motor vehicle owners, residents and business, especially if
subject to Colorado’s tax payer bill of rights (TABOR) voter approval requirement.
Implementation Mechanisms
The proposed policies and programs in this policy will need to be passed through the legislative
process and will be subject to TABOR if revenue growth is anticipated through the Feebate
segment. Implementation of the Feebate will be channeled through the Colorado Department of

G-7

Motor Vehicles. The other policies, tax credits and incentives are already in place to some degree
and will simply need to be modified from time to time to meet the new criteria as technology
changes.
Related Policies/Programs in Place
While feebates are set as a new proposal, they are not completely unlike the application of
existing taxes such as vehicle sales tax and gas guzzler tax. The difference is the method of
calculation. In the case of feebates, the calculation will be on vehicle ‘green rating’ and can
adopt the green house gas scores for vehicles as determined by the U.S. Environmental
Protection Agency (http://www.epa.gov/greenvehicle/)
Currently there are tax credits in place for alternative fuel vehicles (including hybrids) and
alternative fuel refueling facility installations. These credits are outlined by the Colorado
Department of Revenue, Taxpayer Service Division (http://www.revenue.state.co.us/fyi/
html/income09.html).
Currently, an incentive for access to HOV lanes is in place for vehicles that meet the EPA
inherently low emission vehicle (ILEV) classification and have a gross vehicle weight rating of
26,000 pounds or less. These vehicles may be operated in HOV lanes regardless of the number of
occupants and without payment of a special toll or fee. A special sticker must be obtained from
the state Department of Transportation. At this time, hybrid electric vehicles do not qualify as
ILEVs because they use conventional gasoline fuel and cannot receive the HOV exemption
decal. (Reference Colorado Revised Statutes 42-4-1012).
Type(s) of GHG Reductions
Net reduction in CO2 emissions.
Estimated GHG Savings and Costs per MtCO2e
2012
2020
Quantified as part of TLU-6
Quantified as part of TLU-6
Quantified as part of TLU-6
Quantified as part of TLU-6

GHG emission savings
Net present value (2006–2020)
Cumulative emissions reductions (2006–2020)
Cost-effectiveness

Units
MMtCO2e
$ Million
MMtCO2e
$/MtCO2e

Data Sources: See TLU-6
Quantification Methods: See TLU-6
Key Assumptions: See TLU-6
Key Uncertainties
Both the United States Department of Energy (US DOE) and the Canadian Transport Ministry
have studied the potential impacts of national level feebate programs in recent years. While these
studies have informed the debate about the advantages and disadvantages of national feebate
programs, there remains considerable uncertainty about the potential benefits and costs of stateor multistate-level feebate programs. There is an important need for a greater understanding of
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the potential effects of single state or multistate feebate programs on the types of vehicles that
manufacturers put into the marketplace and on the purchasing decisions that consumers make.
Additional Benefits and Costs
None identified.
Feasibility Issues
Requires multistate cooperation for regionally consistent feebate program.
Status of Group Approval
Completed.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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TLU-3. Improve and Expand Transit Service

Policy Description
Improvements to existing transit service and expansion of transit routes can shift passenger
transportation from single-occupant vehicles to public transit, thereby reducing emissions. This
mitigation policy involves a number of actions to be undertaken by state government, local
government, and transit agencies.
Policy Design
Goals: Implement transit investments that encourage greater use of public transportation, such as
the following:
•

Improve service frequency on selected existing transit routes.

•

Support and encourage improvements in intercity bus service.

•

Reduce travel times on selected existing transit routes (signal prioritization, exclusive lanes,
etc.).

•

Improve service quality on selected existing transit routes (safety, cleanliness, improvements
to shelters/stations).

•

Expand transit service and infrastructure (commuter rail, light rail, bus, bus rapid transit
[BRT]).

In conjunction with TLU-7, this policy will reduce light-duty vehicle urban VMT by 6%
compared with 2020 VMT under a baseline scenario.2 As a result, between 2007 and 2020, lightduty urban VMT would grow by 22% instead of by 28%.
Timing:
• Many programs are in place and are therefore can be immediately expanded and
implemented. Enhancement and continuation can begin short-term.
•

Infrastructure improvements will take 3–5 years at a minimum.

Parties Involved: CDOT, transit agencies, metropolitan planning organizations, municipalities,
counties
Implementation Mechanisms
•

Create a reliable statewide funding source for transit systems. The Colorado Transportation
Finance and Implementation Panel (“blue ribbon panel”) is currently exploring funding
options for Colorado’s transportation system. Encourage the panel to include transit funding
set-asides in any funding mechanism that is recommended by the panel.

2

VMT reduction goal of 6% based on recent modeling by Professor Robert Johnston of University of California,
Davis.
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•

CDOT and state MPOs should maximize use of federal discretionary transportation funds
that can be use for public transit capital projects and/or operating assistance.

•

All new large residential developments should include a resident travel plan that will achieve
a 20% transit mode share, with developments that are unable to achieve this goal making a
cash-in-lieu payment. If the State has the authority to implement this provision, it should
require the use of travel plans by developers. If not, the State should incentivize local
governments to make use of such plans.

•

Create a statewide transit plan.

•

Monitor and support the activities of the Rocky Mountain Rail Authority and Colorado Rail
Association.

•

I-70 Corridor: Support the mediation facilitated by the Keystone Center to resolve issues and
build trust for stakeholders along the I-70 corridor.

Related Policies/Programs in Place
In Boulder, travel plans to encourage alternative mode share are a standard part of proposals for
large new residential and commercial developments.
Type(s) of GHG Reductions
Net reduction in CO2 emissions.
Estimated GHG Savings and Costs per MtCO2e
GHG emission savings
Net present value (2006–2020)
Cumulative emissions reductions (2006–2020)
Cost-effectiveness

2012
0.17

2020
0.97
N/A
5.09
N/A

Units
MMtCO2e
$ Million
MMtCO2e
$/MtCO2e

Data Sources:
•

I-70 corridor: CDOT Traffic Data by Route

Quantification Methods: Reduce light-duty urban VMT by 6% compared to baseline scenario.
Further reduce light-duty VMT by 8–10 million VMT annually to reflect bus service between
Denver and ski resorts on I-70. (Calculated as a 1% reduction in non-truck VMT along the
route).3
Key Assumptions:
•

3

Implementation: 10% in 2010, 50% in 2015, 100% in 2020.

Source: I-70 Mountain Corridor Draft PEIS, Appendix B, B.1.5.1
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Key Uncertainties
Achieving the VMT reduction goals for this policy recommendation will require supporting land
use policies. Higher density and pedestrian-oriented development patterns encourage use of
public transit. Thus, the success of this policy recommendation depends in part on the success of
policy TLU-1.
Additional Benefits and Costs
There is a broad literature on the role of transit as a part of a modern economy and as a key
contributor to creating and maintaining certain aspects of quality of life and a healthy, efficient
economy. Overarching reviews of that literature are done only periodically; one of the most
comprehensive is Public Transportation and the Nation’s Economy: A Quantitative Analysis of
Public Transportation’s Economic Impact, Cambridge Systematics, Inc., 1999. This report lists
the following additional types of benefits from transit investments. This list is not intended to
imply that Colorado would necessarily see all these impacts, but to support the conclusion that
transit investments can have significant ancillary benefits.
•

“Transit capital investment is a significant source of job creation. This analysis indicates that
in the year following the investment 314 jobs are created for each $10 million invested in
transit capital funding.

•

“Transit operations spending provides a direct infusion to the local economy. More than 570
jobs are created for each $10 million invested in the short run.

•

“Businesses would realize a gain in sales three times the public sector investment in transit
capital; a $10 million investment results in a $30 million gain in sales.

•

“Businesses benefit as well from transit operations spending, with a $32 million increase in
business sales for each $10 million in transit operations spending.

•

“Business output and personal income are positively impacted by transit investment, growing
rapidly over time. These transportation user impacts create savings to business operations,
and increase the overall efficiency of the economy, positively affecting business sales and
household incomes. A sustained program of transit capital investment will generate an
increase of $2 million in business output and $0.8 million in personal income for each $10
million in the short run (during Year 1). In the long term (during Year 20), these benefits
increase to $31 million and $18 million for business output and personal income respectively.

•

“Transit capital and operating investment generates personal income and business profits that
produce positive fiscal impacts. On average, a typical state/local government could realize a
4% to 16% gain in revenues due to the increases in income and employment generated by
investments in transit.

•

“Additional economic benefits which would improve the assessment of transit’s economic
impact are difficult to quantify and require a different analytical methodology from that
employed in this report. They include “quality of life” benefits, changes in land use, social
welfare benefits and reductions in the cost of other public sector functions.
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•

“The findings of this report complement studies of local economic impacts, which carry a
positive message that builds upon the body of evidence that shows transit is a sound public
investment. Local studies have shown benefit/cost ratios as high as 9 to 1.”

Feasibility Issues
Like any class of investment, the fact that empirically and on average the investment produces
net returns does not guarantee that a given investment will do so. Transit investment and
operation, and transit promotion, need to be tailored to the communities they serve, and be well
planned, implemented, and run to produce the maximum return on investment (ROI).
Status of Group Approval
Completed.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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TLU-4. Heavy-Duty Vehicle Idle Reduction

Policy Description
This policy focuses on reducing idling from diesel and gasoline heavy-duty vehicles, buses, and
other vehicles through a combination of statewide anti-idling regulations and by promoting and
expanding the use of technologies that reduce heavy-duty vehicle idling. These technologies
include truck stop electrification as well as vehicle equipment modifications such as auxiliary
power units, direct fired heaters, and automatic engine shut down/startup system controls.
Policy Design
Colorado would develop and implement a statewide regulation banning extended idling by
heavy-duty vehicles in most situations. The anti-idling regulation should be designed to be easily
enforceable by state and local agencies and supported with dedicated state funding for
enforcement for this measure to be successful in reducing vehicle idling and GHG emissions.
The regulation should limit exemptions as much as possible for easy enforcement. However,
idling that occurs for public health and safety reasons (such as emergency vehicles) should be
exempted from these requirements.
Colorado would encourage and support the establishment of truck stop electrification stations at
key truck stops and rest areas throughout the state. Such efforts would include working with the
US EPA, US DOE, truck stop owners, and equipment vendors to securing funding for truck stop
electrification.
Colorado would also promote reduced idling through programs aimed at increasing voluntary
adoption of idling reduction technologies. Components of such an effort should include
collaborative outreach and education timed with the implementation and enforcement of a
statewide anti-idling regulation and seeking funding for pilot projects and demonstrations as well
as funds available though any federal or other programs to evaluate the effectiveness of various
idle reduction technologies.
Goals:
•

Adopt statewide regulation on extended heavy-duty vehicle idling by 2009.

•

Development of truck stop electrification at 2 locations by 2012 and all major Colorado truck
stops by 2020.

•

Implement state incentives for purchase of heavy-duty vehicle auxiliary power units (APUs)
by 2012.

•

Reduce fuel consumption from extended (overnight) idling of heavy-duty vehicles 50% by
year 2012 and 95% 2020.4

4

Goals assume that alternatives to extended engine idling (like truck stop electrification and APUs) are not widely
available in 2012 but are widely available by 2020.)
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Timing: See above.
Parties Involved: Trucking industry, Colorado Motor Carriers Association, CDOT, truck stop
owners/operators, school districts, municipalities, and counties
Implementation Mechanisms
Information and education—Provide information to fleet carriers, shippers, retailers, bus
companies, school districts, local governments and others involved in the diesel fleet industry
indicating the economic benefits, as well as the environmental benefits, of reducing or
eliminating idling. Emphasize the fuel savings benefits, reductions in toxic emissions, and
reduced engine wear associated with reducing idling. Also, identifying best practices within the
industry and recognizing companies with these best practices in place within Colorado should be
used to encourage companies to select these carriers for their shipments. Develop outreach
materials with cost benefits information and toxic diesel health impacts. Outreach materials
should also be geared toward making the general public aware of the GHG, toxics and fuelsaving benefits of eliminating idling on personal vehicles, as well as on trucks and buses.
Technical assistance—Coordinate with anti-idling product manufacturers to organize
workshops/outreach programs to regulated community to let them know of technological options
that provide alternatives to the need for idling including products for cabin comfort, power for
other functions (e.g., refrigerated trucks), and engine warm-up.
Funding Mechanism and/or incentives—Identify funding source to partially fund idling
technology loan and/or grants for innovative truck stop electrification and other idling reduction
technologies in the State focusing in high idling areas. Explore any available tax credits or other
funding that may be available for idle reduction programs. Dedicated funding stream also needs
to be identified to support enforcement of anti-idling laws that may be adopted as well as
education and outreach. New transportation revenue sources (currently being explored by
Governor Ritter’s blue ribbon commission) could provide funding.
Voluntary and or negotiated agreements— Work with regulated entities to promote voluntary
compliance through distribution of materials, staff training, etc. Encourage participation in
EPA’s SmartWay Transport partnership (or similar programs).
Codes and standards—Develop a statewide regulation banning idling by heavy-duty diesel
commercial trucks, buses and other vehicles. It may make sense to model Colorado regulation on
adjacent states regulations so some uniformity of regulations occurs on a regional basis.
Pilots and demos—Investigate availability of funding for pilot projects on idling reduction
technologies from the U.S. Environmental Protection Agency, Department of Energy, and
Department of Transportation, particularly in the areas of truck stop electrification. Evaluate the
effectiveness of the pilot program before implementing on a broader scale.
Enforcement and reporting—Phased enforcement program to initially conduct outreach
(phase I), warnings for a limited period of time (phase II), then issuance of tickets (phase III)
coupled with enforcement should be system for tracking violation so the state can determine
compliance rates and benefits achieved from the regulation.
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Related Policies/Programs in Place
There are currently no known laws in place in Colorado related to this proposal. The neighboring
states of Arizona and New Mexico have either put in place or are in the process of adopting antiidling laws which could serve as a model for Colorado regulations. In addition, Maricopa
County, Arizona has idling restrictions in place. Arizona also has a school bus idling pilot project
that can be referenced. A check should also be made to see if any Colorado shippers/carriers/
retailers are participating in the EPA’s SmartWay Transport Program and using best practices for
idling reduction.
Type(s) of GHG Reductions
Net reduction in CO2 emissions.
Estimated GHG Savings and Costs per MtCO2e
GHG emission savings
Net present value (2006–2020)
Cumulative emissions reductions (2006–2020)
Cost-effectiveness

2012
0.066

2020
0.112
–$123
0.912
–$134

Units
MMtCO2e
$ Million
MMtCO2e
$/MtCO2e

Data Sources:
Truck Stop Electrification
• Number of truck stop parking places in state: www.truckstopinfoplus.com
•

Number of truck stops with truck stop electrification (TSE): www.epa.gov/smartway

•

Idling hours per truck per night: Literature finds that sleeper trucks idle an average of
5.9 hours per night.5

Truck Idling Regulation
• Staff Report: Initial Statement of Reasons for Proposed Rulemaking. Airborne Toxic Control
Measure to Limit Diesel-fueled Commercial Motor Vehicle Idling. California Air Resources
Board, July 2004.
Quantification Methods:
Truck Stop Electrification
• Idling hours reduced = No. of affected spaces × estimated occupancy × 5.9 hours/night ×
365 nights/year
Truck Idling Regulation
•

California Air Resources Board (CARB) report provides average hours of idling reduced per
vehicle per day by the regulation.

5

Nicholas Lutsey, Christie-Joy Broderick, Daniel Sperling, Carollyn Oglesby, “Heavy-Duty Truck Idling
Characteristics—Results from a Nationwide Truck Survey,” paper submitted for the 2004 Annual Meeting of the
Transportation Research Board, 2004.
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•

CARB report provides heavy duty vehicle population figures for California. Figures for
Colorado are scaled based on the relative size of economy-wide employment in Colorado.

Cost is calculated as the sum of equipment costs, savings on fuel, and cost to government for
outreach and enforcement of the regulations.
Table G-1. NPV of program costs to 2020
Component
Equipment
Fuel savings
Government outreach and enforcement
Total

$ Millions

38.2
-162.8
2.0
-122.6

Key Assumptions:
Truck Stop Electrification
• Overnight idling is eliminated at truck stops with TSE.
•

2 truck stops have TSE by 2012.

•

All truck stops with 5 or more spaces have TSE by 2020.

Truck Idling Regulation
• Regulation prohibits idling for more than 5 consecutive minutes by commercial diesel-fueled
heavy duty vehicles. Compliance is primarily achieved by drivers manually switching off
engines.
•

100% implementation is achieved by 2010.

Key Uncertainties
•

Number of overnight truck parking spaces in Colorado.

•

Utilization of overnight truck parking spaces.

•

Effectiveness of policy at reducing idling.

Additional Benefits and Costs
Reducing idling by heavy-duty vehicles and locomotives would reduce particulate matter
emissions. Many scientific studies have linked breathing particulate matter (PM) to a series of
significant health problems, including aggravated asthma, difficult breathing, chronic bronchitis,
heart attacks, and premature death. Diesel PM is of specific concern because it is likely to be
carcinogenic to humans when inhaled.
Feasibility Issues
No major feasibility issues identified.
Status of Group Approval
Completed.
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Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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TLU-5. Low Carbon Fuels Standard

Policy Description
This policy seeks to utilize a broader fuel-neutral strategy to reduce GHG emissions by
decreasing the carbon intensity of all passenger vehicle fuels sold in Colorado. This fuel-neutral,
market-based and performance-based strategy would culminate in a low carbon fuels standard
(LCFS). Low carbon fuels could include biodiesel, cellulosic ethanol, hydrogen, compressed
natural gas, liquefied petroleum gas, electricity, and low carbon blends such as E10 or E85, but
the program does not mandate that any particular fuel be used to meet the performance standard.
The elements of a strategy to reduce carbon intensity in motor fuels would include
•

Fuel quality standards,

•

Reduced carbon intensity fuel standards,

•

State government fleet ‘leadership’ programs for adoption of low carbon fuels,

•

Low carbon fuel infrastructure development, and

•

Options for compliance.

The LCFS will require all fuel providers in Colorado to ensure the mix of fuel they sell into the
Colorado market meet, on average, a reduced standard of carbon intensity compared with the
present time for GHG emissions, as measured in CO2e grams per unit of fuel energy sold. The
standard will also be measured on a life cycle basis in order to include all emissions from fuel
production to consumption.
Fuel providers (defined as refiners, importers, and blenders of passenger vehicle fuels) will need
to demonstrate on an annual basis that their fuel mixtures provided to the market meet the goals
and timetables for the LCFS. Options for compliance may include blending or selling increasing
amounts of lower carbon fuels, using previously banked credits, and purchasing credits from fuel
providers who earned credits by exceeding the standard. Penalties for noncompliance will be
determined during the implementation process.
Policy Design
Goal levels: Create an LCFS for transportation fuels sold in Colorado that would reduce carbon
intensity of Colorado’s passenger vehicle fuels by at least 10% by 2020. Wildlife values and
sustainability criteria should be taken into account regarding sources of fuels used to meet the
LCFS.
Timing: Following design period, program would be implemented prior to 2020. Fuel providers
would be required to meet 10% reduction standard no later than 2020. Program design would
include a ramp-up period that is determined to be feasible following consultation with fuel
providers.
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Parties Involved: Fuel providers, State Department of Agriculture, State Department of
Revenue, State Department of Public Health and Environment.
Compliance Pathways: Fuel providers could meet the required reduction through the use of a
variety of alternative fuel blends and vehicle technologies. For example, Table G-2 illustrates
three possible scenarios through which the State of California has envisioned that it could meet
the LCFS being developed there. In California, a group of professors and energy research experts
associated with the University of California (Berkeley and Davis campuses) have conducted
additional analyses which show the feasibility of alternative scenarios for meeting the LCFS
goals on the timetable that has been established in that state.
Table G-2. LCFS compliance scenarios for California
Scenario Number
Total Petroleum Displaced by Low-Carbon Fuels (B gal)
Low-Carbon Fuels
Total Ethanol Demand (B gal)
Number of Flex Fuel Vehicles (millions)
Number of Plug-in Hybrids (millions)
Number of Hydrogen Fuel Cell Vehicles (millions)

1
3

2
3.1

3
3.2

2.7
3
4.1

3.8
6
1.7

4.7
8.5
0

0.5

0.5

0.2

Source: Office of the Governor (State of California), “The Role of a Low Carbon Fuel Standard in Reducing
Greenhouse Gas Emissions and Protecting Our Economy.” White Paper. January 8, 2007.

http://gov.ca.gov/index.php?/fact-sheet/5155/

Various fuel types and vehicle technologies reduce GHG emission by different degrees. Table
G-3 provides reduction estimates.
Table G-3. Estimated impacts of alternative fuels on GHG emissions
Fuel/Technology
Ethanol
Ethanol
Ethanol
Ethanol
Plug-in hybrid
Electric
Hydrogen fuel cell
Biodiesel
Biodiesel
Compressed natural gas
Liquefied natural gas

Blend
E10
E10
E85
E85
–
–
–
B20
B100
–
–

Feedstock
corn
cellulosic
corn
cellulosic
–
–
–
–
–
–
–

Estimated Reduction
(grams of GHGs per mile)*
1.5%
7.2%
17.6%
83.2%
35.7%
31.9%
46.6%
9.9%
53.9%
13.2%
13.6%

* All reductions relative to gasoline with the exception of biodiesel, which is calculated relative to diesel fuel.
Source: GREET v1.7 outputs

Implementation Mechanisms
The policy components described below could be implemented to increase low carbon fuel use.
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Carbon Fuel Accounting—All of the policy recommendations being considered would be
evaluated on the basis of full life cycle or net accounting that measures the net carbon emission
per usable unit of energy delivered. In the case of traditional fuels, this includes ‘upstream’
carbon emissions of harvesting, mining, processing, transportation, and other energy inputs and
carbon outputs from production to consumption. Biofuels should undergo the same net carbon
accounting, including fertilizer, fuel used on the farm for seeding and harvesting, processing, and
transportation.
Low Carbon Fuel Standard—A benchmark for promotion of low carbon fuels should be based
on energy output per volume of GHG generated, allowing policy to promote fuels with a
favorable GHG energy ratio. The LCFS will require all fuel providers in Colorado to ensure the
mix of fuel they sell into the Colorado market meet, on average, a reduced level of the carbon
intensity of GHG emissions, as measured in grams of CO2e per unit of fuel energy sold. The
standard will also be measured on a full life cycle basis in order to include all emissions from
fuel production to consumption.
The LCFS is market-based and performance-based, allowing averaging, banking and trading to
achieve lowest cost and consumer-responsive solutions. A LCFS is also fuel neutral where fuel
providers will choose which fuels to sell and in what volumes. This provides flexible options for
compliance including: blending or selling increasing amounts of lower carbon fuels, using
previously banked credits and purchasing credits from fuel providers who earned credits by
exceeding the standard.
A Governor’s Executive Order would initiate the process for development of the LCFS, followed
by a detailed report and rule-making proceedings that would involve consultation before
implementation. The appropriate state agencies will undertake a study to develop the framework
for the LCFS. Once the study is completed, it would be introduced to the State’s legislative
proceedings, at which point the appropriate state agency will conduct public hearings on the
proposal. The final report is expected to be finalized by 2010 and upon the adoption of this
report, an appropriate state agency will initiate a rule-making proceeding, establishing and
implementing the LCFS.
Credits for Compliance—Fuel providers, defined as refiners, importers, and blenders of
passenger vehicle fuels, would demonstrate on an annual basis that their fuel mixtures provided
to the market met the target by using credits previously banked or purchased. Providers that
exceed the performance target for the compliance period will be able to generate credits in
proportion to the degree of over performance and quantity of fuel provided. These credits can be
used for future use or sold to other regulated fuel providers. Penalties for noncompliance will be
determined during the Implementation Process.
Contingency Option for Fuel Feebate System—Strategies for incentivizing and providing market
signals that would affect consumer demand shifts may be considered as a contingency for
successful implementation, if other implementation measures for LCFS is not anticipated to meet
the goals on the timetable set by the legislature. The fuel feebate system would be revenue
neutral, and would place a higher surcharge on higher carbon intensity fuels and provide a rebate
to consumers for the use of lower carbon intensity fuels. The fuel would also be measured on a
life cycle basis in order to include all emissions from fuel production to consumption. The fuel
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feebate system would provide a market-motivated incentive for both producers and consumers to
move towards fuels with lower carbon intensity. As an alternative to a revenue-neutral system,
the program may be structured to generate an appropriate amount revenue for a State Carbon
Mitigation Trust Fund. Net revenues collected could finance loans, incentives, and rebates for
direct investment in research by Colorado institutions, infrastructure for transportation
alternatives, and in-state production of lower carbon fuels.
Since there can be much political controversy linked to a new tax or “fee,” this policy
recommendation is considered as a contingency that would be considered as an option in the
future. The fuel feebate system could be implemented through a new fuel tax infrastructure
whereby the tax might need to be collected at the refinery level (as opposed to the distribution
level). Revenues can directly move other goals, favorably shift the market towards low carbon
fuels, and assist with funding programs.
State and Local Government Fleet ‘Leadership’ Programs—State and local government agencies
can show leadership by initiating programs to demonstrate how feasible the purchase of low
carbon fuels or alternative fuel vehicles in contracts would be. The award of construction
contracts is another area in which the state can immediately have an effect on GHG emissions.
After these programs are implemented, the benefits of GHG emission reductions, as well as
lower fuel costs should be documented. The appropriate state agencies would publish reports
showing and demonstration the benefits of such program so that other public and private
organizations can learn from the experiences.
Carbon Reduction Requirements—Reduction in carbon-intensive fuels can also be achieved
directly through voluntary or mandated goals. Options include a specific mandate (e.g., 10% of
fuel used in Colorado markets will be either ethanol or biodiesel by 2025) or flexible mandates
(e.g., by 2020, the total amount of GHG emissions from fuel consumption will be 90% of current
levels), or a yearly reduction by current producers. Legislative action will put these goals in
place. Policy will also be designed to avoid a situation similar to the flex fuel dilemma whereby
ethanol-capable vehicles were purchased for compliance, but no ethanol had been used.
Transportation Alternatives—State agencies would calculate the carbon reduction benefits of
alternative transportation vehicles such as hydrogen, natural gas, and electricity, including
neighborhood electric vehicles (NEVs) and other specialized transportation. Policy would be
created to provide incentives for these vehicles and infrastructure for their use based on the
achievable GHG reductions.
Biofuels Sustainability Criteria—The state should ensure that in-state production of biofuels
feedstocks do not adversely affect wildlife. The state should develop sustainability criteria for
biofuels sourcing.
Related Policies/Programs in Place
California is in the process of finalizing their report for an LCFS. Implementation of the LCFS is
expected by the end of 2008. Other states, including those in the western United States, are
currently considering the adoption of LCFSs.
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HR 6, the Energy Security Act of 2005, established a renewable fuel standard that requires that
4 billion gallons of ethanol and/or biodiesel be used in 2006 nationally and increasing to at least
7.5 billion gallons in 2012.
Type(s) of GHG Reductions
Net reduction in CO2 emissions.
Estimated GHG Savings and Costs per MtCO2e
GHG emission savings
Net present value (2006–2020)
Cumulative emissions reductions (2006–2020)
Cost-effectiveness

2012
0.38

2020
2.21
N/A
16.14
N/A

Units
MMtCO2e
$ Million
MMtCO2e
$/MtCO2e

Data Sources: The estimate of GHG emissions reductions from the LCFS is based upon a 10%
reduction in carbon intensity taken off of a baseline from the Colorado Inventory and Forecast of
GHG emissions.
Quantification Methods: The result of the 10% reduction in carbon intensity is based upon the
current carbon intensity for light-duty vehicle fuels in Colorado and the forecast levels of
gasoline consumption for the horizon year. A ramp-up period is estimated so that the 10% goal
would be reached at the horizon year, 2020.
Key Assumptions:
• Program starts in 2009, first year of emission reduction
•

Program reaches 2% carbon intensity reduction goal by 2010

•

Program reaches 10% carbon intensity reduction goal by 2018

•

Program only applies to fuel for light-duty vehicles, replacing current gasoline fuel.

Key Uncertainties
Transportation fuel providers would need to undertake changes in their production and
distribution methods in order to achieve the goals. Because the policy does not prescribe
particular technology pathways, there is uncertainty surrounding which fuels and technologies
fuel providers will use to meet the standard. The program assumes that providers will use the
most cost-effective options to meet the standard, but compliance costs are unknown at this time.
Additional Benefits and Costs
Additional air quality impacts may result from changes in the sources and types of transportation
fuels.
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Feasibility Issues
A recent report released by UC Berkeley analyzed California’s LCFS for technical feasibility. It
found that a 10% reduction in carbon content of fuels is ambitious, but achievable by 2020.6
Status of Group Approval
Completed.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.

6 Alexander E. Farrell et al., “A Low-Carbon Fuel Standard for California Part 1: Technical Analysis,” May 29,
2007. UC Berkeley Transportation Sustainability Research Center. Paper UCB-ITS-TSRC-RR-2007-2.
http://repositories.cdlib.org/its/tsrc/UCB-ITS-TSRC-RR-2007-2
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TLU-6. Clean Car Program for Autos and other Light-duty Vehicles

Policy Description
Colorado would adopt the State Clean Car Program in order to reduce GHG emissions from new
light-duty vehicles. Under the current federal law, states have the option of choosing between the
federal standard for air pollution emissions and the state standard. This policy assumed the
standards, which must still be approved by US EPA, would take effect in Colorado beginning
with Model Year 2011 (calendar year 2010). Other Clean Car Program elements can include
standards requiring reductions in smog- and soot-forming pollutants, and promoting introduction
of very low-emitting technologies into new vehicles.
New cars and light trucks in all states must comply with Federal emission standards, and,
generally speaking, states have the choice of adopting a stronger set of standards applicable in
California. In 2005, California finalized a set of GHG standards for new light-duty vehicles,
phased in from 2009 to 2016. States that already have adopted or stated an intention to adopt the
Clean Car Program standards include, at least, Arizona, California, Connecticut, Florida, Maine,
Massachusetts, Montana, New Jersey, New Mexico, New York, Oregon, Pennsylvania, Rhode
Island, Utah, Vermont, and Washington.
Policy Design
Goal levels: Adopt GHG emission standards for light-duty cars and trucks equivalent to those
established by the California Air Resources Board (CARB). The California standards phase in
during the 2009 through 2016 model years. When fully phased in, the near term (2009–2012)
standards will result in about a 22% reduction per-mile GHG emissions as compared to the 2002
fleet, and the mid-term (2013–2016) standards will result in about a 30% reduction.
Timing: To meet federal compliance, a rule writing process would take place by the appropriate
agencies so that Colorado can implement the California standards. Regulatory program could
begin with vehicle model year 2011.
Parties Involved: Applies to model year 2011 new cars and light trucks. The law would directly
affect automobile manufacturers, car dealers, and consumers.
Other: The California standards currently are being litigated. The timing may be affected by the
date of enactment of legislation, likely litigation, and the regulatory process.
Implementation Mechanisms
Institute a regulatory program beginning with vehicle model year 2011.
Related Policies/Programs in Place
More than 12 other U.S. states have adopted or are considering adoption of these car emissions
standards.
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Estimated GHG Savings and Costs per MtCO2e
2012
0.7

GHG emission savings
Net present value (2006–2020)
Cumulative emissions reductions (2006–2020)
Cost-effectiveness

2020
3.4
–$1,880
18.8
–$100

Units
MMtCO2e
$ Million
MMtCO2e
$/MtCO2e

Data Sources:
• CCS, Draft Colorado GHG Inventory and Reference Case Projections.
•

California Air Resources Board, “Economic Impacts of the Climate Change Regulations:
Technical Support Document for Staff Proposal Regarding Reduction of Greenhouse Gas
Emissions from Motor Vehicles,” August 6, 2004.

•

California Air Resources Board, “Regulations To Control Greenhouse Gas Emissions From
Motor Vehicles: Final Statement of Reasons,” August 4, 2005.

•

CARB Staff Presentation, “Public Hearing to Consider Adoption of Regulations to Control
Greenhouse Gas Emissions from Motor Vehicles,” September 23, 2004.

•

Diane Brown and Elizabeth Ridlington, Cars and Global Warming: Policy Options to Reduce
Arizona’s Global Warming Pollution from Cars and Light Trucks, Arizona Public Interest
Research Group (PIRG) Education Fund: February 2006,
http://www.arizonapirg.org/AZ.asp?id2=22371.

•

Elizabeth Ridlington, Tony Dutzik, and Christopher Phelps, Cars and Global Warming:
Policy Options to Reduce Connecticut’s Global Warming Pollution from Cars and Light
Trucks, Spring 2005.

Quantification Methods:
• The CARB, the PIRGs, and a coalition of New England States have all calculated the impact
of the Pavley standards on GHG emissions. CCS reviewed and compared results of these
analyses of clean car programs, and found all three modeling efforts to be reasonable and
valid. The PIRG model has been applied in Connecticut, Arizona, and New Mexico. The
model estimated a 13.7% reduction in GHG emissions from passenger vehicles by 2020 in
Arizona and a 12% reduction in Connecticut. Both CARB and the New England states
estimated higher reductions, in the range of 18%–19%. The primary sources of variation in
these modeling efforts are 1) the future mix of VMT by passenger vehicle type and 2) the
fleet penetration rate.
•

CCS assumes the effects of the Clean Car Program in Colorado will be greater than the PIRG
model results for Connecticut and Arizona, and less than the results of the California and
New England modeling efforts. CCS estimates the effect on Colorado GGH emissions in
2020 to be the median of the lower and upper bounds of prior modeling efforts, or 15.5%.

•

Estimation of cost to consumers includes a conservative price of $1.74 per gallon of gasoline,
well below current prices. A higher price would yield even greater projected savings to
consumers from the clean car program. As a result, the net cost-effectiveness to society
would be even greater than projected, if higher fuel price projections were used.
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Key Assumptions:
• The prior modeling efforts have established a valid and reasonable method of projecting
GHG emissions reductions from this policy. The CCS comparison of the three modeling
methods provides some independent professional validation of the models and their results.
The key assumption of the emissions reduction projected by CCS is that the most likely
scenario for emissions reductions is one that would fall between the more conservative
scenario projected by the PIRG model and the more optimistic scenario projected by the
California and the New England models.
Key Uncertainties
The net emissions impact of this policy depends on fleet turnover rates for light-duty vehicles
and future patterns of consumer purchase choices between passenger cars and light-duty trucks.
Additional Benefits and Costs
A thorough analysis of the Clean Car standards conducted by the State of California found that
approximately $4 in benefits to the state economy for every $1 in cost. In year 2020, the annual
savings are estimated to be $5.3 billion and the annualized costs estimated to be $1.2 billion. The
net positive impact to the economy was shown to include increase in state income, jobs, number
of businesses, net savings to consumers, and no adverse impact to state competitiveness.
Analysis by the California Air Resources Board suggests that the near term regulations (20092012) would increase the average retail prices of passenger cars and small trucks by $17 to $367.
Mid-term regulations (2013-2016) would increase the car and light truck prices by $434 to
$1,064. These increased costs will be more than offset by operating cost savings over the lifetime
of the vehicle. According to the California Air Resources Board: “Using the average increase in
vehicle prices associated with the fully phased-in regulation (2016), and an assumed fuel price of
$1.74 per gallon, staff calculated that the increased vehicle payment minus the reduction in
operating cost would result in a monthly savings of about $3.50 to $7.00. At higher fuel prices,
the monthly savings increase.”7
Feasibility Issues
Implementation of this policy can only occur if the California standards are enacted. To date, the
US EPA has not granted California the waiver necessary to enact the standards.
In defining the Clean Car Program, the CARB analyzed a range of vehicle technologies that auto
manufacturers can employ to meet the standards.8 All technologies are either readily available or
have been demonstrated by manufacturers in at least prototype form. The Clean Car Program
does not mandate the use of any specific technologies to reduce CO2 emissions, but rather
encourages the use of the maximum feasible and cost-effective technologies. As a result, CARB
analyzed various technology development scenarios for the 2009 model year and beyond.
7

California Air Resources Board, “Regulations To Control Greenhouse Gas Emissions From Motor Vehicles: Final
Statement of Reasons,” August 4, 2005.
8

California Environmental Protection Agency Air Resources Board. Regulations to Control Greenhouse Gas
Emissions from Motor Vehicles: Initial Statement of Reasons. August 6, 2004. Available at:
http://www.arb.ca.gov/regact/grnhsgas/isor.pdf
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Technologies that showed particular potential for reductions in CO2 emissions at favorable costs
include
•

Discrete variable valve lift,

•

Dual cam phasing,

•

Turbocharging with engine downsizing,

•

Automated manual transmissions,

•

Camless valve actuation, and

•

Improvements in air conditioning systems.

Automakers are likely to use these technologies in new cars to comply with the Clean Car
Program.
Status of Group Approval
Completed.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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TLU-7. Transit Marketing, Promotion, and Pricing Incentives

Policy Description
This policy would promote greater use of public transit and a reduction in automobile travel
through various forms of marking and pricing incentives. Travel patterns are affected by public
knowledge and attitudes; therefore marketing becomes an important tool in order to increase
transit usage. Instead of merely advertising its availability, transit marketing could be an ongoing
dialogue between community partners and transit agencies. Employer-provided transit benefit
programs encourage commuting by transit (see TLU-10). Public transit can be made more
affordable by offering other price incentives, such as group discounts or discounted pricing for
multi-modal purchases.
Policy Design
Goals:
• Expand participation in employer-sponsored annual transit passes (e.g., Eco Pass, PassFort).
By 2012, 10% of employees in Colorado’s urban areas would be offered annual transit
passes; by 2020, 25% of urban area employees would be offered annual transit passes.
•

Expand number of employers offering Commuter Checks (pre-tax transit fare program). Goal
of 25% transit commuters in state metropolitan areas will use Commuter Checks by 2012 and
50% by 2020.

•

Work with transit agencies to develop and implement new transit marketing programs in
metropolitan areas.

•

In conjunction with TLU-3, this policy will reduce light-duty vehicle urban VMT by 6%
compared to 2020 VMT under a baseline scenario.9 Thus, between 2007 and 2020, light-duty
urban VMT would grow by 22% instead of 28%.

Timing: New marketing programs and discounted fare programs implemented by 2009.
Parties Involved: Transit agencies, CDOT, MPOs.
Implementation Mechanisms
Regulatory mechanisms
• Regulatory requirement that employers over a certain size threshold must provide transit
passes to employees if located within a jurisdiction that offers them; STATE LAW
•

9

Require transportation demand management (TDM) plans, including transit pass provisions,
as a condition of development approvals for commercial and residential developments over
some size threshold if located within a jurisdiction that offers ecopasses. (Boulder generally
does this as part of the development review process for anything requiring discretionary
approval.) LOCAL GOVERNMENT ORDINANCE
VMT reduction goal of 6% based on recent modeling by Robert Johnston of University of California, Davis.
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•

Require all public employers located within jurisdictions that offer transit passes to provide
them to employees. STATE LAW

•

Require all public educational institutions at middle school, high school, community college
and university level to provide transit passes to students. STATE LAW

•

Pass a state law or regulation that has State agencies opt out of doing transit passes.
(Assumes State agencies can now only opt in to such programs.)

Incentives mechanisms
• Provide matching funds to employers to start transit pass programs. (Boulder and Boulder
County currently have programs which provides a subsidy during the first year, the subsidy is
reduced the second year, and eliminated the final year.) STATE DOT FUNDING
•

Provide matching funds to residential neighborhoods to start transit pass programs. LOCAL
GOVERNMENT FUNDING

•

Provide a state tax incentive for employer transit pass programs. STATE LAW

Transit agency mechanisms
• Ensure that all major transit systems in Colorado offer employer-provided transit passes.
•

Transit agencies should offer special amenities to attract a broader range of commuters such
as real time arrival information, WiFi on vehicles, and measures to increase the comfort of
passengers both at waiting facilities and during transit.

Related Policies/Programs in Place
Employer-provided transit passes are already available through Denver RTD (EcoPass) and Fort
Collins Transfort (PassFort).
Colorado Springs’ Mountain Metro provides WiFi access on some buses. The Roaring Fork
Transportation Authority (RFTA) of Pitkin County has achieved increases in bus ridership by
making its commuter buses more comfortable.10
Type(s) of GHG Reductions
Net reduction in CO2 emissions.
Estimated GHG Savings and Costs per MtCO2e
Quantified as part of TLU-3.
Key Uncertainties
See TLU-3.

10

TCRP Report 46, The Role of Transit Amenities and Vehicle Characteristics in Building Transit Ridership:
Amenities for Transit Handbook and The Transit Design Game Workbook. 1999.
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Additional Benefits and Costs
See TLU-3. Any reduction in miles driven results in a net savings to drivers, due to savings on
gas and vehicle maintenance. The value of this benefit is in the range of $600 per ton of GHGs.
Feasibility Issues
None identified.
Status of Group Approval
Completed.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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TLU-8. Variable Priced Automobile Insurance

Policy Description
Variable priced insurance transfers some of the fixed cost of annual auto insurance premiums to
a variable basis, thereby providing an incentive vehicle owners to drive less. One form of this
concept is “pay-at-the-pump insurance,” whereby insurance premiums are paid as a fuel tax
surcharge. Another form is Pay-As-You-Drive (PAYD) insurance, whereby a portion of vehicle
insurance payments as assessed on a per-mile basis. Variable priced insurance has been
promoted by a variety of groups for reasons that include emissions reductions, safety (through
decreased driving) and fairness (by changing insurance costs to more closely track the portion of
individuals’ risk that is created by miles driven).
Several companies in the United States offer PAYD insurance today:
•

Progressive Insurance is implementing an initial 5,000-car pilot in Texas, which has seen
reductions in driving of about 20%.11 A similar pilot in Minnesota filled up its 4,800 spots
quickly, and Progressive has since rolled out the program in Michigan and Oregon.12

•

GMAC Insurance and OnStar vehicle services have designed a new mileage discount
program that will allow motorists who own GM Vehicles with OnStar service to earn an
extra discount based on the miles they drive. This program is currently available in Arizona,
Indiana, Illinois, and Pennsylvania with plans to expand the program to additional states in
the near future.

•

King County Metro (Seattle) is in negotiations with an insurance company to run a 5-year
pilot program offering PAYD insurance to some of its 150,000 Transit Pass holders. King
County is seeking $2.2 million from the government and partner agencies to fund a statewide
PAYD pilot program.

Any of these programs or pilots could be useful sources of models for a Colorado pilot project.
Policy Design
The State of Colorado would change insurance regulations to allow the provision of the PAYD
insurance policy, and initiate and promote a pilot program of PAYD. Following a successful
implementation of PAYD on a pilot basis, and after PAYD has been demonstrated to effectively
reduce emissions, Colorado would then require that Colorado insurance providers offer PAYD as
a choice and an option for all consumers. An alternative to a requirement that PAYD would be
offered would be a more slow, market driven process where successful adoption of PAYD
insurance could also happen. It is anticipated that competition within the insurance industry
would build increasing pressure in the business environment whereby increasing numbers of
companies offer it in order to stay competitive.

11

For mid-program summaries of the Texas initiative, see: www.nctcog.org/trans/air/programs/payd/index.asp

12

See https://tripsense.progressive.com/
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Rates can be set—as most insurance rates are—for classes. PAYD rates would be charged within
classes, so that a driver in that class (for example, “rural”) traveling the average distance would
pay the same under PAYD as before.
The necessary equipment for remote mileage readings is standard on GM OnStar-equipped
vehicles. Add-on equipment to relay mileage automatically has been added in several pilot
projects for several hundred dollars. All model year 1996 vehicles and newer have on-board
diagnostics (OBD) that already electronically monitor mileage. This data can be quickly
downloaded via transponders. Also, current odometers are sufficiently tamper-proof to support
yearly mileage readings with no additional technology. A system would need to be set up to
manually read odometers where VMT cannot be monitored electronically.
Goals: Assuming a pilot program is successful and the State mandates insurance companies to
offer PAYD, market penetration could increase to 50% by 2020.
Timing: See above.
Parties Involved: Insurance companies, State Legislature, Colorado citizens, Governor.
Implementation Mechanisms
Change insurance regulations to enable PAYD in Colorado. Conduct a pilot project to evaluate
effectiveness of PAYD insurance to reduce VMT. Assuming the pilot is successful, change
insurance regulations to require that Colorado insurance providers offer PAYD among their other
options for consumers. All consumer would have the choice and the option to opt into PAYD
insurance as an alternative to their existing type of policy.
Related Policies/Programs in Place
None.
Type(s) of GHG Reductions
Net reduction in CO2 emissions.
Estimated GHG Savings and Costs per MtCO2e
GHG emission savings
Net present value (2006–2020)
Cumulative emissions reductions (2006–2020)
Cost-effectiveness

2012
0.32

2020
0.94
<$0
7.19
<$0

Units
MMtCO2e
$ Million
MMtCO2e
$/MtCO2e

Data Sources:
The Arizona PIRG Education Fund analyzed the potential GHG savings from a PAYD
automobile insurance policy. The strategy for a PAYD policy analyzed assumes that insurers are
required to offer mileage-based insurance for certain elements of vehicle insurance, including
collision and liability. The PIRG Education Fund assumes the PAYD policy is required, phased
in over time, and that all drivers in Arizona are eventually covered.

G-33

To calculate GHG savings, the Arizona PIRG Education Fund converted Arizona state
automobile collision and liability insurance expenditures to an insurance cost per mile (6.4 cents/
mile). If insurance consumers pay 80% of their collision and liability insurance on a per-mile
basis, then drivers would be assessed a charge of about 5.1 cents/mile. This per-mile insurance
charge would reduce VMT by about 8%.13 (To put this charge in context, at 20 mpg, 5.1
cents/mile = ~$1/gallon of gasoline.)
CCS compared the PIRG Education Fund results for estimated reductions in vehicle miles of
travel with other studies of PAYD policies, including those produced by the Economic Policy
Institute and Resources for the Future (RFF). CCS found that the Arizona PIRG estimates were
comparable with other estimates, which ranged from 8% to 20%. The 8% reductions estimates
CCS used for estimated reductions in VMT and GHG emissions reductions fell within the lower
range of the comparable estimates.
Quantification Methods:
• 2010 Reduction = LDV VMT × 10% of drivers × 8%
•

2020 Reduction = LDV VMT × 50% of drivers × 8%

Key Assumptions:
The PAYD program is voluntarily adopted by drivers. 50% of drivers drive less than the average.
These drivers stand to benefit monetarily from participating in PAYD without changing their
driving habits. Therefore at maximum implementation, 50% of drivers will participate.
The cost-effectiveness and net present value was estimated for this policy on a qualitative basis.
The costs of compliance for an environmental standard are usually estimated by looking at the
three potential categories of costs: (1) cost to complying business, (2) cost to consumers, and (3)
cost to government. The net cost-effectiveness is estimated to be less than zero (a net savings to
society) because the cost to government is negligible and there is a net cost savings to the
consumers that choose the option of PAYD insurance. It is not expected that there will be a
significant cost to the insurance industry to offer and provide the insurance product, but further
consultations with the affected industry would be advised as the policy is considered by the
legislature.
Key Uncertainties
The key uncertainty in this policy is the extent to which insurance companies will make PAYD
insurance available to consumers, and the extent to which consumers demand the policies.
Although several small-scale offerings of this type of insurance exist, there has been no largescale introduction of PAYD insurance to date.

13

Elizabeth Ridlington and Diane E. Brown, A Blueprint for Action: Policy Options to Reduce Arizona’s
Contribution to Global Warming, Arizona Public Research Interest Group Education Fund, April 2006, pp. 25–26.
http://www.arizonapirg.org/AZ.asp?id2=23683. See also: http://www.serconline.org/payd/links.html, which links to
a wide variety of PAYD studies and materials.
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Additional Benefits and Costs
A reduction in vehicle travel would mean a reduction in criteria pollutant emissions, with
associated air quality and public health benefits. This policy might also reduce vehicle crashes.
Feasibility Issues
Although variable priced insurance can be designed to have no relative impact on high-mileage
classes such as rural drivers, concerns about potential disproportionate impacts on high-mileage
classes will remain until detailed implementation proposals are developed.
Status of Group Approval
Completed.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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TLU-9. Parking Management

Policy Description
The location, supply, and pricing of parking can have a major impact on travel decisions,
including choice of mode. Parking management refers to policies and programs that result in
more efficient use of parking resources. Managing parking by restricting parking availability or
encouraging market rate pricing can encourage more transit usage, ridesharing, bicycling, and
walking. Reducing requirements for parking supply can also encourage infill and transit-oriented
development by lowering the cost of such projects.
Policy Design
This policy would encourage innovative parking management by local governments as a way to
reduce automobile use and encourage infill and transit-oriented development. Local governments
influence the supply and/or management of most public and private parking. When appropriately
applied, parking management can significantly reduce the number of parking spaces required in a
particular situation, providing a variety of economic, social, and environmental benefits. Specific
action items are listed below.
Employer-to-Commuter Parking Incentives to Encourage Mode Shift (see TLU-10)
• Parking cash-out—Commuters who are offered subsidized parking can choose cash instead.
•

Discounted or preferential parking for rideshare (carpool and vanpool) vehicles.

•

Bicycle parking and changing facilities increase the convenience and security of bicycle
transportation.

Market Based Incentives
Unbundled Parking means that parking is rented or sold separately, rather than automatically
included with building space. Developers can make some or all parking optional when selling
buildings.
Example: An apartment that normally rents for $1,000 with two parking spaces could be
unbundled to $800 plus $100 per parking space.
Policies/Regulations
• Parking tax reform includes various tax policies that support parking management, including
commercial parking taxes (a tax on parking rental transactions) and per-space parking levies
(a special property tax applied to parking facilities).
•

Improve Enforcement and Control—Ensure that parking regulation enforcement is efficient,
considerate, and fair.

•

Address spillover parking—Use management, enforcement and pricing to address spillover
problems, such as undesirable use of nearby parking facilities.
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•

Parking requirements—Reduce or eliminate requirements for minimum number of parking
spaces at new development; establish parking caps for new development.

•

Charging facilities—If plug-in hybrid vehicles become a significant part of the fleet mix,
government owned parking facilities would offer charging stations.

Goals:
• By 2010, establish a state program to encourage local governments to voluntarily revise
parking policies in accordance with the actions outlined above.
•

By 2010, state lead by example by adopting parking incentives to encourage mode shift (as
outlined above) for state-owned parking facilities.

Timing: As described above
Parties Involved: Local governments, public and private sector businesses, developers.
Implementation Mechanisms
Parking pricing in most instances does not require a vote of the people. Code changes often
require public meetings to be held to adopt/revise ordinances, giving the public the opportunity
to provide input. Parking policies should primarily be customer oriented— not revenue- or
violator-oriented.
A phased implementation strategy is recommended. Depending on the parking supply already
available, local governments may skip some of the steps if they have already been incorporated
as part of an integrated parking management and transportation plan.
Zoning Code Changes—Most municipal codes require developers and employers to provide a
certain number of parking spaces for every built square foot of space, or for a certain number of
employees or customers at the site. Local governments can amend parking requirements to limit,
rather than require a minimum number of parking spaces per floor area or employee. This
approach encourages development density, preserves land for other uses, and makes it easier for
employers to adopt parking mgmt programs to reduce the demand for driving.
Shared Parking Facilities—Shared parking facilities serve multiple users or destinations. This is
most successful if destinations have different peak periods. Developers could be charged “in lieu
fees” to help fund public parking facilities instead of providing private facilities that serve a
single destination. This tends to be more cost-effective and efficient. It can be mandated or
optional.
Unbundle Parking—Unbundling means that parking is rented or sold separately, rather than
automatically included with building space. This is more equitable and efficient, since occupants
only pay for parking they need. Location-efficient mortgages can incorporate unbundled parking.
Smart Growth (see TLU-1)—A general term for development policies that result in more
efficient transportation and land use patterns, by creating more compact, development with
multi-modal transportation systems. These land use patterns, in turn, tend to reduce vehicle
ownership and use, and so reduce parking requirements. They allow more sharing of parking
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facilities, shifts to alternative modes, and various types of parking pricing. Effective parking
management is a key component of smart growth.
Congestion Parking Pricing—Local municipalities can charge more during peak driving hours
for on-street parking using advanced parking meters. This encourages drivers with flexibility to
drive during less congested hours, spreading parking demand more evenly throughout the day,
and reducing local traffic congestion.
Parking Tax Reform—Parking tax reform includes tax policies that support parking management,
including commercial parking taxes on parking rental transactions and per-space parking levies
applied to parking facilities. These can help reduce parking supply and increase parking prices,
as well as providing revenues for public programs.
Improve Enforcement and Control—Improving enforcement and control supports parking
management by increasing regulatory and pricing effectiveness. As parking management
activities expand, so too should enforcement activities. Occasional “amnesty” notices should be
part of any enforcement program. Parking policies should primarily be customer oriented—not
revenue or violator oriented.
Improve User Information and Marketing—Provides information to travelers about parking
availability, regulations, price, and about travel options, such as walking, ridesharing and transit.
User information can be provided by signs, maps, brochures, Web sites, and electronic guidance
systems.
Financial Incentives—Travelers (mainly commuters) are offered financial benefits for reducing
their automobile trips; basically the benefits represent the cost savings that result from reduced
parking demand. Parking cash-out means that commuters who are offered subsidized parking
can choose cash instead. Another incentive is to provide discounted or preferential parking for
carpool/vanpool vehicles. In urban areas commuters tend to shift to walking and transit. In
suburban areas they tend to shift to cycling and ridesharing.
Related Policies/Programs in Place
No related Colorado policies or programs were identified. California has a parking cash-out law
that requires employers with 50 or more employees who provide free or subsidized parking on
leased spaces (with a few exceptions) to offer a parking cash-out option. The law has been
effective since 1998.
Type(s) of GHG Reductions
Net reduction in CO2 emissions.
Estimated GHG Savings and Costs per MtCO2e
GHG emission savings
Net present value (2006–2020)
Cumulative emissions reductions (2006–2020)
Cost-effectiveness
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2012
0.03

2020
0.03
–$40
0.34
–$110

Units
MMtCO2e
$ Million
MMtCO2e
$/MtCO2e

Data Sources:
Parking cash-out
• Employees by firm size: County Business Patterns 2005
•

The number of parking spaces subject to the regulation is estimated using the national
percentage of employees with access to free parking (Donald Shoup, “Congress Okays Cash
Out,” Access Fall 1998 No. 13) and the percentage of free parking spaces that are leased
rather than owned by employers (California Legislative Analyst’s Office, “Extra Cash or
Free Parking,” 2002).

•

Average monthly parking cost in Denver: Downtown Denver 2006 Parking Inventory

•

Average monthly parking cost in Boulder:
http://www.bouldercolorado.gov/index.php?option=com_content&task=view&id=3546&Ite
mid=1273

Parking surcharge
• Parking inventories for Boulder and Denver14
Quantification Methods:
Parking cash-out
• We modeled the program after California’s parking cash-out law, which requires employers
with 50 or more employees that provide free parking on leased spaces to provide a cash-out
program. (Employers who own their parking facilities can also voluntarily join the program,
but these are not included in the quantification.)
•

We used the EPA’s Commuter model to assess the impact of an employer parking cash-out
program on light-duty VMT. Major inputs include the number of affected employees (36,000
in Denver and 11,100 in Boulder) and the amount of the parking subsidy ($5.90/day in
Denver and $3.10/day in Boulder).

Parking surcharge
• We estimated the total number of public parking spaces in downtown Denver, Boulder, Fort
Collins, and Colorado Springs based on data from Denver and Boulder.
•

Reduction in VMT = No. of parking spaces × vehicles per space per day × average vehicle
round trip length × increase in parking charge × elasticity of demand

In terms of cost, we consider only the first order costs and benefits of the two policies. For the
parking cash out program, there is a simple transfer of cash from employers to employees.
Employers save some money on taxes as a result, but also incur some administrative fees. Total
cost to employers is about $30/ton. Total cost to employees is about –$140/ton.15 We did not
consider the foregone state and federal tax revenue. The net cost of the parking surcharge is

14

Downtown Denver 2006 Parking Inventory ; City of Boulder Parking Best Practices Review, Final Report, Nov. 7
2005

15

Caculated using the Best Workplaces for Commuters Business Savings Calculator.
http://www.bwc.gov/resource/calc.htm
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effectively zero. A surcharge represents an additional cost to drivers, which is offset by
additional local government revenue.
Key Assumptions:
Parking cash-out
• The parking cash-out program applies to employers with 50 or more employees that provide
free parking on leased spaces.
•

Results presented are based on implementation in downtown Denver and Boulder only. The
amount of employer subsidized leased spaces in other cities is presumed to be negligible.

Parking surcharge
• A parking surcharge of 10% goes into effect in 2010.
•

Each parking space accommodates an average of 2 vehicles per day, with an average roundtrip length of 21 miles.

•

We assume an elasticity of –0.2. Vaca and Kuzmyak (2005)16 found that the price elasticity
of vehicle travel with respect to parking pricing ranges from –0.1 to –0.3 (meaning that a
10% increase in parking price would typically be expected to reduce vehicle trips by 1%–3%,
depending on the location, availability of transit and HOV options, and demographics.

Key Uncertainties
This policy depends on implementation by local governments.
Additional Benefits and Costs
Any reduction in miles driven results in a net savings to drivers, due to savings on gas and
vehicle maintenance. The value of this benefit is in the range of $600 per ton of GHGs.
Feasibility Issues
None identified.
Status of Group Approval
Completed.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.

16

Vaca and Kuzmyak, 2005. “Parking Pricing and Fees” Chapter 13, TCRP Report 95, Traveler Response to
Transportation System Changes, Transit Cooperative Research Program, Transportation Research Board.
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TLU-10. Commuter Benefits Programs

Policy Description
Employers can significantly reduce automobile travel by their employees when they offer
commuter benefits programs. Such programs often include free or low cost transit passes, strong
telework programs, carpooling matching and vanpool subsidies, guaranteed ride home services,
parking cash-out, amenities for bicyclists, and other benefits. State and local government
agencies can offer these programs to their employees and can encourage private employers to
offer such programs. The state can also require that large employers to participate in an
employee trip reduction program.
Policy Design
The ultimate goal of this policy is to shift commuters from single-occupancy vehicles (SOVs) to
alternative modes of transportation. Commuter benefits programs should be part of a larger
Colorado Corporate Climate Challenge, which would tie in with the Residential, Commercial,
and Industrial (RCI) sector program(s) to also encourage energy conservation and minimize
waste. It could be a stand-alone program or serve as a menu item in the Corporate Climate
Challenge.
•

Ensure employer support and participation.

•

Have state commit $10M dollars to the program by 2010 (possible funding through creation
of Clean Energy Fund, if approved in 2007).

•

Commuters can only shift to modes other than driving alone to the extent that other modes
are available, practical, and convenient. There is a need for dedicated funding to support
infrastructure for walking, biking, transit, and rideshares, among other options. The Colorado
Transportation Finance and Implementation Panel (“blue ribbon panel”) is currently
exploring funding options for Colorado’s transportation system. Encourage the panel to
dedicate funding for alternative modes.

Goals: By 2010, all employers in Colorado served by a transportation authority or district with
more than 100 employees will offer a commuter benefits program. To reach this over-all goal:
•

By 2010, 300 employers in Colorado will participate in the national Best Workplaces for
Commuters program. (Currently, approximately 160 Colorado employers participate.)

•

By 2010, all state agencies, all colleges and universities, and all local governments (over 100
employees) who are served by a transportation authority or district will offer a commuter
benefits program with benefits no less than those established for the national Best
Workplaces for Commuters program.

•

By 2010, the state would adopt an employee trip reduction act and require that employers
with more than 100 workers (per location) participate in an employee trip reduction program.

Timing: Full implementation by 2010. 2008 for legislation for a potential vote in 2008 or 2009
to be effective sometime in 2010.
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Parties Involved: CDOT, MPOs, municipalities, regional transportation districts or authorities,
employers, state legislature.
Implementation Mechanisms
Issuance of an executive order mandating that all state agencies, state universities, and local
governments with greater than 100 employees in one location implement a commuter benefits
program meeting the Best Workplace for Commuters National Standard of Excellence
(www.bwc.gov).
Drafting of a State Bill mandating that all private employers and private colleges/universities
with more than 100 employees in one location and served by a transportation authority
implement a commuter benefits program meeting the Best Workplace for Commuters National
Standard of Excellence.
Scoping of a guidance document for how program funds will be distributed as incentives to state
agencies, local governments, colleges/universities, and private employers.
The policy could also be implemented as part of a cross-cutting corporate climate challenge for
the State of Colorado. This would involve developing specific benchmarks for single-occupancy
vehicle trip reduction as well as benchmarks in other sectors. Tax incentives could be given to
private entities that earn points by meeting reduction goals across sectors. The initial corporate
climate challenge participation could require conducting a GHG inventory and registering with
the multistate climate registry that will begin in Colorado in 2008 (www.theclimateregistry.org).
The corporate climate challenge participation could be either mandatory or voluntary for
employers with more than 100 employees at one location and could be incentivized with
program funds.
Related Policies/Programs in Place
The EPA’s Best Workplace for Commuters National Standard of Excellence (www.bwc.gov)
provides guidance, standards, and resources for entities to develop commuter benefit programs.
Several states have implemented commuter benefits programs/ordinances: http://www.nctr.usf.
edu/clearinghouse/statestatutes.htm#AZTRO
Type(s) of GHG Reductions
Net reduction in CO2 emissions.
Estimated GHG Savings and Costs per MtCO2e
2012
0.42

GHG emission savings
Net present value (2006–2020)
Cumulative emissions reductions (2006–2020)
Cost-effectiveness
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2020
0.45
–$1,140
4.77
–$240

Units
MMtCO2e
$ Million
MMtCO2e
$/MtCO2e

Data Sources:
• Number of employees affected: County Business Patterns 2005 and Current Employment
Survey (Bureau of Labor Statistics), May 2007.
•

Average daily VMT per employee: EPA’s Commuter model

Quantification Methods:
• VMT reduction = affected employees × average daily commute VMT × 250 days/year × –
11.50%
We consider the first order costs and benefits of commuter benefits programs. Cost to employers
includes any cash incentives to employees, as well as administrative costs and some small capital
costs. Employers save money on parking facilities and, in the case of telecommuter incentives,
on office space. The net cost to employers is around –$100/ton for the scenarios considered. Cost
to employees is simply the value of cash incentives. The average was –$140 per ton. We did not
consider any foregone state and federal tax revenue.17
Key Assumptions:
• Average reduction in employee VMT by employers participating in the Best Workplaces for
Commuters program is 11.5%. (Assumption based on average results of several possible
program configurations, as determined by EPA’s Commuter model.)
•

All commercial establishments with 100 or more employees will provide benefits that meet
the Best Workplaces for Commuters standards.

•

All state and federal agencies as well as the local governments of Denver, Boulder, Fort
Collins, and Colorado Springs will provide benefits that meet the Best Workplaces for
Commuters standards.

Key Uncertainties
If no state-level requirement is adopted, this option depends on the voluntary actions of private
companies.
Additional Benefits and Costs
Any reduction in miles driven results in a net savings to drivers, due to savings on gas and
vehicle maintenance. The value of this benefit is in the range of $600 per ton of GHGs.
Feasibility Issues
•

Can the State of Colorado mandate the implementation of Best Workplace for Commuter
programs for all state agencies and local governments?

•

How can Colorado get large employers to participate and buy-in to the program? Should the
program be mandated or voluntary?

17

Calculated using the Best Workplaces for Commuters Business Savings Calculator.
http://www.bwc.gov/resource/calc.htm
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•

Should the commuter benefit program be instituted as a stand-alone program or as part of a
larger Colorado Corporate Climate Challenge?

•

How should limited program funds be distributed as incentives to all potential participants?

Status of Group Approval
Completed.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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TLU-11. Driver and Consumer Education

Policy Description
Education is the first step to successful implementation. Drivers will voluntarily reduce fuel use
and GHG emissions from their activities when they have the information necessary to make
proper decisions.
The option would involve development and implementation of a curriculum that addresses the
limiting of GHGs in transportation through
•

Improved vehicle maintenance—regular vehicle tune-ups, fuel efficient tires, coolest
temperature fueling, and use of tire pressure monitoring systems;

•

Improved vehicle operation—turn off vehicle while parked, observe speed limits, eliminate
jack-rabbit starts;

•

Improved transportation choice—low-GHG emitting vehicles, right-size vehicle, carpooling
use of alternative fuels, walking, biking, telecommuting, or mass transit.

This curriculum would be a requirement for all driver training programs with questions pertinent
to training included on the written/driving portion of private and commercial driver licensing
tests. (There are currently driver training programs in Utah and Arizona incorporating this type
of curriculum in classroom settings.) In addition, programs including this curriculum are to be
mandated for both state and municipal fleet operators. All GHG saving application methods
included in the curriculum would be enforced at state and municipality fleet levels. In the interest
of time and expense, it is recommended that existing curriculum from such entities as DOE or
National Energy Foundation be examined for application and modified as needed.
This option would also involve a state marketing program for fuel efficient replacement tires and
energy efficient driving practices and devices, and training for state and municipal fleet
operators.
Policy Design
Goals:
•

Reduce transportation GHG emissions through education to promote intelligent
transportation purchasing choices and vehicle operation.

•

Consumer information program would begin in 2008, with program expansion as resources
are made available.

•

By 2009, the State or appropriate agency would develop a marketing program for fuel
efficient replacement tires and energy efficient driving practices and devices (including tire
pressure monitoring systems).

•

By 2010, the State or appropriate agency would ensure that a training be delivered for all
state and municipal fleet operators.
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•

By 2010, private and commercial driver licensing tests would be modified to incorporate
information about fuel saving driving practices.

Timing: See above.
Parties Involved: Driver training programs; Department of Motor Vehicles (DMV); State,
commercial, and municipal fleets
Implementation Mechanisms
It is recommended to solicit help for curriculum development by such nonprofit organizations as
Colorado’s Clean Cities Coalitions, American Lung Association, and Colorado Energy Science.
US DOE Grant funding may be available to aid in the development. Once developed, the
information can be disseminated throughout state driver training programs, both private and
public. It can be delivered to all State fleet groups and can be used by DMV to select pertinent
questions for license testing.
Related Policies/Programs in Place
At present, there is curriculum being delivered in High School Driver Training Programs at
Amphitheater School District in Tucson, Arizona with contact there Marc Lappitt and at Jordan
School District in Salt Lake County, Utah with contact being Jim Hinckle.
Type(s) of GHG Reductions
Net reduction in CO2 emissions.
Estimated GHG Savings and Costs per MtCO2e
GHG emission savings
Net present value (2006–2020)
Cumulative emissions reductions (2006–2020)
Cost-effectiveness

2012
Not quantified

2020
Not quantified
Not quantified
Not quantified
Not quantified

Units
MMtCO2e
$ Million
MMtCO2e
$/MtCO2e

Data Sources: Not applicable.
Quantification Methods: Not quantified.
Key Assumptions: Not applicable.
Key Uncertainties
None.
Additional Benefits and Costs
Maintaining proper tire pressure provides operating cost savings to vehicle owners, as well as
safety benefits.
Feasibility Issues
None.
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Status of Group Approval
Completed.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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Appendix H
Agriculture, Forestry, and Waste Management
Policy Recommendations
Summary List of Policy Recommendations
GHG Reductions
(MMtCO2e)
Policy Recommendation
2012

Costs
Cost(Savings) EffectiveTotal 2007–2020
ness
2020 2007– (Million $) ($/tCO2e)
2020

AFW-1

Achieve no-till operation of half of croplands by
2020 and increase nitrogen fertilizer efficiency by
20%.

AFW-2

Implement methane capture and energy recovery
on manure management projects on 80% of animal
feeding operations by 2020.

0.01

0.32

1.8

AFW-3

Reduce on-farm petro-diesel use 20% by 2020,
and reduce electricity use from fossil fuels 40%
through energy efficiency and on-site renewable
sources generation.

0.14

0.64

3.8

AFW-4

Incentives for the production of biodiesel fuel from
oilseed crops, waste vegetable oil, or other sources
to offset 40% of fossil diesel fuel use by 2020.

AFW-5

Increase in-state ethanol production, using GHGsuperior feedstocks and production methods, to
400 million gallons per year above BAU by 2020.

0.39

3.1

15

AFW-6

Preserve forest lands (line 1) and grasslands (line
2) to reduce the rate of conversion to developed
uses by 25% by 2020.

0.10
0.05

0.24
0.14

AFW-7

Increase the use of biomass from forest health and
fire risk treatment for energy production, using 20%
of harvested wood by 2020.

0.08

AFW-8

Divert 75% of wastes from landfills by 2020 through
source reduction, enhanced recycling, and
composting programs.

AFW-9

Control or capture landfill methane to achieve 50%
reduction from BAU by 2020.

AFW-10

Plant 3.4 million new trees statewide by 2020
through expanded urban forestry programs.

0.03

0.08

0.59

Sector Total of Analyzed Policies After Adjusting
for Overlaps

2.2

11.5

66

Climate
Action
Panel
Action

–$7/ton

Unanimous
Consent

$66

$36/ton

Unanimous
Consent
(1 qualified
approval)

–$150

–$40/ton

Unanimous
Consent

$12/ton

Unanimous
Consent
(3 qualified
approvals)

$58

$3/ton

Unanimous
Consent
(3 qualified
approvals)

1.7
1.0

$44
$31

$26/ton
$32/ton

Unanimous
Consent

0.20

1.4

–$104

–$75/ton

Unanimous
Consent

0.48

4.6

24

$311

$13/ton

Unanimous
Consent

0.33

1.2

7.5

–$0.1

–$0.02/ton

Unanimous
Consent

$40

$79/ton

Unanimous
Consent
(1 qualified
approval)

$252

$4 /ton

0.57

0.02

0.78

0.22

7.7

1.1

–$57

$13

Negative numbers indicate cost savings.
The cost (savings) shown are calculated as in terms of net present value in constant 2005 dollars using a 5% annual
real discount rate for the period 2008 through 2020. Capital investments are represented in terms of levelized or
amortized costs through 2020.
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AFW-1. Agricultural Crop Management

Policy Option Description
The amount of carbon stored in the soil can be increased by crop management practices that
increase carbon inputs to soil and/or reduce soil organic matter decomposition rates. Adoption of
conservation tillage, in particular no-till, can increase soil carbon stocks. Reducing mechanical
soil disturbance reduces the oxidation of soil carbon compounds and allows more stable
aggregates to form. Other benefits of conservation tillage include reduced wind and water
erosion, improved soil structure and crop water use, reduced fuel consumption, and improved
wildlife habitat. On non-irrigated cropland, increased cropping frequency to reduce or eliminate
summer fallow goes hand in hand with adopting no-till practices. Improved nutrient management
(e.g., better timing, application rates based on soil test, and advanced fertilizer formulations) of
both fertilizer and manure can increase nutrient use efficiency and reduce addition rates, thereby
reducing nitrous oxide emissions and potentially fossil fuel use. For some production systems,
organic farming practices result in lower net GHG emissions. Application of biochar (i.e., stable
organic residues from biomass pyrolysis) to soils is a potential practice to capture and sequester
atmospheric carbon dioxide (CO2).
Policy Option Design
Goals:
• No-till goal: approximately 15% of total annual cropland is currently managed under notill (most with reduced summer fallow). Achieve 50% no-till by 2020.
• Nutrient goal: Increase nitrogen fertilizer efficiency by 20% through the use of best
management practices by 2020.
Timing:
• No-till goal: 30% no-till on annual croplands by 2012; achieve the full goal by 2020.
• Nutrient goal: Increase fertilizer efficiency by 10% by 2012; achieve the full goal by
2020.
Parties Involved: Colorado Dept. of Agriculture, Rocky Mountain Farmer’s Union, Colorado
State University (CSU) Agriculture Extension.
Other: Current (2005) Colorado cropland: 1,923,000 hectare (ha) dryland; 924,000 ha
Conservation Reserve Program (CRP); 1,000,000 ha irrigated cropland (~50% as hay).1

1

Data provided to Center for Climate Strategies (CCS) by Keith Paustian (Colorado State University) of the
Agriculture, Forestry, and Waste Management (AFW) PWG. 2005 data.
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Implementation Mechanisms
•

•
•

•

Increased extension/outreach (a good field-day program for dryland systems, through
CSU researchers. This program has been developed over the past several years and could
benefit from more resources). Extend the program to include nutrient management.
State incentives—for example, favorable property tax rating for “high conservation
management.”
Research and development (R&D) support for cropping systems research—for example,
selection/field studies on profitable oil seeds for inclusion in dryland rotation (cross
reference to biodiesel incentives).
Incentives for water conservation/more flexible water allocation could likely play in
some way.

Related Policies/Programs in Place
•
•
•

Federal Conservation Compliance programs (but probably don’t specifically award for
no-till and reduced summer fallow); possible upcoming provisions in US Farm Bill.
Market-based incentives—e.g., Chicago Climate Exchange (CCX ) project with the
Rocky Mountain Farmer’s Union (RMFU).
CDPHE, EPA and the NPS are participating in developing a Rocky Mountain National
Park Nitrogen Deposition Reduction Plan.

Types of GHG Reductions
CO2: Reducing tillage and soil disturbance slows the breakdown of plant material on the soil
surface and in the root zone, accelerating the microbial processes that stabilize carbon and
protecting carbon from oxidation, inhibiting the release of carbon back into the atmosphere.
Additionally, reducing the amount of nitrogen fertilizer needed will reduce CO2 emissions that
result from the fertilizer manufacturing process.
N2O (nitrous oxide): Increasing the efficiency of nitrogen fertilizer application is expected to
reduce N2O emissions.
Improved cultivation methods will reduce all GHG emissions that result from the combustion of
distillates and other fossil fuels related to the use of farm equipment. This reduction is captured
under this option, rather than AFW-3. AFW-3 examines energy efficiency measures, rather than
fuel conservation techniques, such as no-till cultivation.
Estimated GHG Savings and Costs per MtCO2e
GHG Reduction Potential in 2012, 2020 (MMtCO2e):
• Total: 0.57, 0.78
• No-till: 0.64, 0.69
• Nitrogen fertilizer efficiency: 0.06, 0.10
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Net Cost per MtCO2e (note that negative numbers are cost savings):
• Total: –$7.33
• No-till: –$4.37
• Nitrogen fertilizer efficiency: –$27.62
Note: The metric unit hectare (ha) is used in the analysis of this option, rather than the standard
unit, acres. The GHG reductions above and costs below do not reflect the organic production
incentives elements of this option. Because agricultural soils will only accumulate carbon up to a
certain level before tapering off, the GHG benefit related to no-till soil carbon accumulation
decreases in the post-2020 period before ceasing in 2025. The remaining benefit, which is
permanent, is associated with lower fossil fuel consumption under no-till management practices
compared to conventional tillage. It is also important to note that the estimates for fertilizer
efficiency programs do not capture the full life-cycle benefits.
Data Sources:
Quantification of the no-till portion of this option is based upon 2,923,000 ha of agricultural land
in Colorado (referenced above). This land is comprised of dryland and irrigated land. Using
standard unit conversions, the soil carbon accumulation rate of 1.37 MtCO2/ha-year was
calculated from the midpoint of the range provided by Naderman et al.2 The estimated cost
savings ($14.33/ha) related to the adoption of no-till farming was derived from an article by Tim
McAlvay of Texas A&M.3 The reduction in fossil diesel fuel use from the adoption of
conservation tillage methods is 3.5 gallons/acre.4 From the Colorado Inventory & Forecast
(Colorado I&F), the fossil diesel GHG emission factor is 10.07 MtCO2e/1,000 gallons.
The historical quantity of fertilizer used is consistent with the Agriculture module of the
Colorado Draft Inventory & Forecast. This forecast also provides the resulting N2O emissions
and carbon equivalent emissions. Data regarding the cost savings associated with an increase in
the efficiency of fertilizer use is taken from an average of the cost of common fertilizers in the
spring of 2004.5
Quantification Methods:
No-till Cultivation
Based on the policy design parameters, the schedule for acres to be put into conservation
tillage/no-till cultivation are shown in Table H-1. The mid-point of the estimated range for
carbon sequestration–2.47 Metric tons carbon per hectare (MtC/ha)–in agricultural soils was
used to estimate the total amount of carbon to be sequestered. Based on the Naderman et al.
2

G. Naderman, B.G. Brock, G.B. Reddy, and C.W. Raczkowski, “Long Term No-Tillage: Effects on Soil Carbon
and Soil Density Within the Prime Crop Root Zone,” Project Report, January 2006.
3
Tim McAlvay. AgNews News and Public Affairs: Texas A&M University System Agriculture Program, April 27,
2005, accessed July 11, 2007 from http://agnews.tamu.edu/dailynews/stories/AGEC/Apr2705a.htm. Actual estimate
is –$5.80 per acre. Converted here to metric units.
4
Reduction associated with conservation tillage compared to conventional tillage, at www.ctic.purdue.edu/Core4/
CT/CRM/Benefits.html, accessed August 2006.
5
2004 Fertilizer Use and Cost. Accessed on July 19, 2007 from www.ers.usda.gov/Data/FertilizerUse/Tables/
Fert%20Use%20Table%207.xls.
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study referenced above, it was further assumed that this additional carbon would be sequestered
in the soil over a period of 6 years (after 6 years, no further carbon is stored). The resulting
annual carbon accumulation rate was converted into its CO2 equivalent yielding 1.37 MtCO2/hayear.
To estimate carbon stored each year, the annual accumulation rate was multiplied by the number
of acres in the policy program each year. After 6 years, the crop acres that entered the program
were assumed to not store additional carbon. Results are shown in Table H-1.
Additional GHG savings from reduced fossil fuel consumption were estimated by multiplying
the fossil diesel emission factor and diesel fuel reduction per acre estimate provided above.
Results are shown in Table H-1 along with a total estimated benefit from both carbon
sequestration and fossil fuel reductions.
Table H-1. GHG benefits for no-till cultivation

Year
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Hectares in
Program
87,690
175,380
263,070
350,760
438,450
511,525
584,600
657,675
730,750
803,825
876,900
949,975
1,023,050

Hectares Still
Accumulating
Carbon
87,690
175,380
263,070
350,760
438,450
511,525
496,910
482,295
467,680
453,065
438,450
438,450
438,450

MMtCO2e
Sequestered
0.120
0.240
0.360
0.480
0.600
0.700
0.680
0.660
0.640
0.620
0.600
0.600
0.600

Diesel
Saved
(1,000 gal)
758
1,516
2,274
3,032
3,790
4,422
5,054
5,686
6,317
6,949
7,581
8,213
8,844

MMtCO2e
From Diesel
Avoided
0.0076
0.0153
0.0229
0.0305
0.0382
0.0445
0.0509
0.0573
0.0636
0.0700
0.0763
0.0827
0.0891

Total
MMtCO2e
Saved
0.1277
0.2554
0.3831
0.5109
0.6386
0.7450
0.7313
0.7177
0.7040
0.6904
0.6767
0.6831
0.6895

Costs savings were estimated by multiplying the estimated savings per acre cited above ($14.33)
by the number of acres in the program each year. This savings estimate takes into account budget
changes for the cost of fuel, labor, chemicals, and equipment. Two studies that cited the need to
provide a financial incentive to generate more widespread adoption of no-till cultivation—
despite the expected cost savings of the practice—were consulted. The midpoint ($7.9/ha) of the
incentive needed for wheat ($4/acre)6 and corn ($2.4/acre)7 was multiplied by the total quantity
of land entering the cultivation program each year. The resulting cost-effectiveness of no-till
cultivation is a cost savings of –$4.37/MtCO2e. The result is a net cost savings for the no-till
cultivation program with a net present value of –$36.48 million.

6

S. Brooks and R.N. Elliot. “Agricultural Energy Efficiency Infrastructure: Leveraging the 2002 Farm Bill and
Steps for the Future. American Council for an Energy Efficient Economy. Report No. IE072. July 2007.
7
L. Kurkavola, C. Kling, and J. Zhao. “Green Subsidies in Agriculture: Estimating the Adoption Costs of
Conservation Tillage from Observed Behavior.” Center for Agricultural and Rural Development; Iowa State
University. Working Paper 01-WP 286. April 2003
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The projected business-as-usual (BAU) fertilizer use is determined by extrapolating the trend in
historical fertilizer use (1990–2002) with Excel’s projection tool. The application of this tool
results in a projected moderate annual growth in fertilizer use in Colorado. The target efficiency
improvements laid out in this policy are applied to the BAU fertilizer use projection to determine
how much fertilizer use will be avoided for the years 2007–2020.
Nitrogen Fertilizer Efficiency
The nitrous oxide emission factor for fertilizer use is calculated by multiplying the carbon
equivalent emissions in the Colorado Draft I&F by the standard carbon to CO2 conversion of
44/12. Then, the CO2e emission factors for the years 1990–2002 are averaged to provide an
estimated emission factor (5.47 × 10–9 MMtCO2e/kg N) that is used to calculate the avoided
GHG emissions from the proposed increase in fertilizer efficiency. The results of the calculations
detailed in the preceding discussion are displayed in Table H-2. Note that this approach does not
capture the avoided life cycle GHG reductions that would occur through fertilizer efficiency
programs (emissions associated with the production, transport, and energy consumption during
application).
Table H-2. Fertilizer reduction targets and avoided emissions

Year
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Total BAU
Fertilizer Use
(kg N)
117,844,490
115,837,438
113,830,386
111,823,334
109,816,282
107,809,230
105,802,178
103,795,127
101,788,075
99,781,023
97,773,971
95,766,919
93,759,867
91,752,815

Policy Target
0%
2%
4%
6%
8%
10%
11%
13%
14%
15%
16%
18%
19%
20%

Target Fertilizer
Reduction
(kg N)
–
2,316,749
4,553,215
6,709,400
8,785,303
10,780,923
11,902,745
12,974,391
13,995,860
14,967,153
15,888,270
16,759,211
17,579,975
18,350,563

Avoided GHG
Emissions
(MMtCO2e)
–
0.01
0.02
0.04
0.05
0.06
0.07
0.07
0.08
0.08
0.09
0.09
0.10
0.10

The cost savings associated with using less fertilizer is calculated by multiplying the total
fertilizer reduction in each year by the average cost of fertilizer in the spring of 2004.8 The nondiscounted cost savings from 2007 to 2020 of this option is $40 million.
The program costs of nutrient management were estimated as the sum of fertilizer savings
(negative cost); costs for soil testing; costs for staff, overhead, and travel; and guidance
document preparation costs. Soil testing would be required for each crop field once every
4 years. The total number of harvested hectares were divided by the assumed average field size
of 75 acres (30.3 ha) and divided by 4. The cost for each soil test was estimated to be $10, for a
8

2004 Fertilizer Use and Cost. Accessed on July 19, 2007, from www.ers.usda.gov/Data/FertilizerUse/Tables/
Fert%20Use%20Table%207.xls.
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total cost of $241,000/year for soil testing. Costs for 2 full-time equivalents (FTEs) of additional
staff, overhead, travel, lab, and associated costs was estimated at $250,000/year, and preparation
of guidance documents was assumed to be $75,000 in the first year.9
The net cost of programs to increase fertilizer efficiency has a net present value of cost savings at
–$24 million over the course of the policy period. The total net cost of AFW-1 is a cost savings
of –$7.33/MtCO2e with a net present value of –$56.52 million. Table H-3 provides a summary of
the data used to calculate the program costs and cost-effectiveness.
Table H-3. Fertilizer efficiency program costs and cost-effectiveness

Year

Total Cost
Savings
($MM)

Total Avoided
GHG Emissions
(MMtCO2e)

Cost of Programs
($MM)

2008

–$ 1.86

0.01

$1.26

–$ 0.60

2009

–$ 3.70

0.15

$1.88

–$ 1.73

2010

–$ 5.51

0.29

$2.57

–$ 2.67

2011

–$ 7.31

0.43

$3.26

–$ 3.50

2012

–$ 9.09

0.57

$3.96

–$ 4.22

2013

–$ 10.43

0.70

$4.53

–$ 4.62

2014

–$ 11.75

0.82

$5.11

–$ 4.95

2015

–$ 13.06

0.81

$5.69

–$ 5.24

2016

–$ 14.36

0.80

$6.27

–$ 5.48

2017

–$ 15.65

0.79

$6.84

–$ 5.68

2018

–$ 16.92

0.78

$7.42

–$ 5.83

2019

–$ 18.18

0.77

$8.00

–$ 5.95

2020

–$ 19.43

0.78

$8.58

–$ 6.04

7.72

$ 65.37

–$ 56.52

Totals

Discounted/
Levelized Cost
($MM)

Discounted/Levelized
Cost-Effectiveness
($Mt)

–$ 7.33

Key Assumptions: The cultivation portion of the option does not explicitly differentiate between
no-till and conservation tillage. Estimates of the GHG reduction potential and cost-effectiveness
for GHG-superior cultivation practices are based on no-till cultivation. The nutrient management
portion of this option only specifically applies to nitrogen fertilizer, and does not account for any
other potential GHG implications of other elements of fertilizer. Since N2O emission data is
limited (and difficult to collect), CCS assumed that the N2O emission factor would be consistent
with emission factors displayed by the Colorado I&F.
Key Uncertainties
•

•
•

9

Data on N2O emissions is still sparse; current estimates do not account for life cycle
fertilizer reduction savings (those associated with fertilizer production, transport, and
energy use during application).
Need for low-intensity “in field” soil carbon monitoring to decrease uncertainty (i.e.,
benchmark sites) in soil carbon sequestration estimates.
The increased need for energy-intensive herbicides and chemicals may be necessary to
maintain crop output under a no-till cultivation strategy. The quantity and selection of

Brian Hurd, NMSU Agricultural Economics, personal communication with H. Lindquist, CCS, June 2006.
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•

chemicals is uncertain and therefore the life cycle energy content of these chemicals
cannot be included in this analysis.
The current landscape of Colorado agriculture is subject to change in the near future, as
water compacts with neighboring states may cause an adjustment in the types of crops
produced in the state.

Additional Benefits and Costs
•

Erosion reduction, air and water quality, wildlife habitat, increased net returns.

Feasibility Issues
Although research shows that a net savings to farmers is to be expected, surveys and literature
show a risk aversion to altering cultivation and fertilization practices in the absence of a financial
incentive. Additionally, concerns over water rights with neighboring states may change the
landscape of Colorado agriculture in the future, making a long-term change in farming practices
less attractive.
Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
Not applicable.
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AFW-2. Manure Management and Energy Programs

Policy Option Description
The methane emissions inherent from the anaerobic decomposition process of manure and other
wastes may be captured and used as an energy source. Methane and nitrous oxide emissions can
occur at several different places in the manure management process. Management techniques can
also reduce GHG emissions and, with energy recovery, offset fossil-based energy. This option
covers producer incentives to adopt programs to increase the number of methane capture and
energy recovery projects or other manure management techniques that reduce methane and
nitrous oxide emissions.
Policy Option Design
Goals: Implement manure management and energy programs (where feasible for adoption by the
facility) on 80% of animal feeding operations (AFOs) by 2020.
Timing: Implement programs on 10 AFOs by 2012; achieve the full goal by 2020.
Parties Involved: Department of Natural Resources, Colorado Department of Agriculture,
Colorado Livestock Association.
Other: Currently, one housed commercial swine feeding operation utilizes a methane digester to
produce power for facility use and one additional AFO is developing a manure energy recovery
strategy.
Implementation Mechanisms
•

•
•

Work with the Governor’s Energy Office to develop a pilot program to help fund manure
energy recovery systems that are specific to the site and the operation. The pilot program
would include a confined animal feeding operation (CAFO), a dairy and a swine
operation.
Development of net metering programs to provide a financial incentive and long-term
risk reduction to CAFO operators undertaking electricity generation programs.
Create a market for “green” natural gas by allowing CAFO operators to scrub captured
methane and insert it into natural gas pipelines, where feasible.

Related Policies/Programs in Place
•

Colorado Department of Public Health and Environment (CDPHE), U.S. Environmental
Protection Agency (EPA), and the National Park Service (NPS) are participating in
developing a Rocky Mountain National Park Nitrogen Deposition Reduction Plan. Part of
the plan utilizes current best management practices (BMPs), as well as ongoing research
into additional BMPs that can be used to reduce nitrogen emissions from livestock
operations.
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•

Recent state legislation that requires local cooperatives to purchase power generated from
renewable resources could provide markets for energy generated from CAFOs.

Types of GHG Reductions
Methane (CH4): methane is captured and typically combusted in an energy recovery system or
flare. Small amounts of N2O and CH4 are emitted from the combustion process.
CO2: carbon dioxide is reduced when the methane is converted to energy and that energy is used
to offset fossil-based energy (e.g., electricity, natural gas). Small amounts of N2O and CH4 are
also reduced from the fossil-based energy that is offset.
Estimated GHG Savings and Costs per MtCO2e
GHG Reduction Potential in 2012, 2020 (MMtCO2e): 0.01, 0.32
Net Cost per MtCO2e: $36
The cost per ton is the weighted average for dairy ($25) and swine ($58). For beef feedlots, the
cost-effectiveness estimate is much higher ($1,500; due to much lower methane emissions/head),
so the Policy Work Group (PWG) does not recommend adopting this policy to address feedlots.
These cost estimates include the effects of grants for renewable energy projects from the Federal
Farm Bill but do not include the effects of other existing federal and state tax incentives.
Data Sources: Colorado GHG I&F data, digester and engine generator set cost data from US
EPA and the literature, assume 75% of methane generated at AFO is collected, value of
generated electricity ($0.05/kW-hr). The total number of animal feeding operations for dairy,
beef feedlots, and swine were provided by the Colorado Livestock Association.10 In 2005, there
were 660 dairy operations, 260 beef feedlots, and 700 swine AFOs.
Quantification Methods:
GHG Benefit
Methane emissions data from the Draft Colorado I&F were used as the starting point to estimate
the GHG benefits of capturing and controlling the volumes of methane targeted by the policy and
to add in the additional benefit of electricity generation using this captured methane (through
offsetting fossil-based generation). For 2012 and 2020, the GHG benefit for capturing methane
was estimated by multiplying the methane emissions from dairy, feedlot, and swine operations
by the applicable goal and then by an assumed collection efficiency of 75%,11 and converting to
CO2e. The goal was expressed as a fraction of the population, based on the average number of
livestock in each category of CAFO (dairy, feedlot, or swine).

10

Livestock Industry Practices. Information provided by PWG member M. Collins to B. Strode, CCS, on July 19,
2007.
11
The collection efficiency is an assumed value based on engineering judgment. No applicable studies were
identified that provided information on methane collection efficiencies achieved using manure digesters (as it relates
to collection of entire farm-level emissions).
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The second portion of the GHG benefit for offsetting fossil-based electricity generation was
estimated by converting the methane captured in each year to its heat content (in British thermal
units [Btu’s]) and then multiplying by an energy recovery factor of 17,100 Btu/kW-hr to estimate
the electricity produced (assumes a 25% efficiency for conversion to electricity in an engine and
generator set). The CO2e associated with this amount of electricity in each year was estimated by
converting the kW-hrs to MW-hrs and then multiplying this value by the Colorado-specific
emission factor for electricity production from EIA data (0.877 Mt/MW-hr).12
The total GHG benefit was estimated as the sum of both portions of the benefit described above.
Costs
For swine, costs were estimated using annualized costs for the Barham Farm study, which was
part of the North Carolina State University (NCSU) technology determinations referenced in the
footnote below. Data from this study indicate a range of annualized costs from $18 to $45/head
to cover installation and operation of a digester and an engine-generator set/flare. Annual
operations and maintenance costs from this study were $8/head. These costs provide an estimate
for the implementation of digester and energy projects at swine farms toward the upper end of
the range for U.S. projects with documented costs.13 Capital costs per head were about $72 for
Barham Farm compared to an average of $52/head for seven U.S. swine digester-to-energy
projects.
For dairies and feedlots, data from the US EPA methane-to-markets report and Gallo Farms
studies referenced below provided an average cost of $450/head for digesters and enginegenerator sets (dairies >1,000 head). From the New Mexico Dairy Producers report, capital costs
for regional digesters (those serving multiple nearby operations) were estimated to be $190/head.
It is not clear based on available data how well regional digesters could be implemented in
Colorado, as they require several dairies in close proximity. Therefore, the average of $450/head
was used.
CCS assumed that the 25% Farm Bill grant would be available to each project initiated as a
result of this policy.14 After adjustment of the capital costs, annualized costs per head were
estimated assuming a 5% interest rate and a 15-year project life, annual operations and
maintenance costs of $38/head were taken from the Gallo Farms Study, and the value of the
electricity produced was assumed to be $0.05/kW-hr. Additional incentives to the farmer from
the Renewable Energy Production Incentives were not included but could have a small effect on
the estimated costs (about $1/MtCO2e reduced). The annualized per head cost estimates were
multiplied by the head of livestock to be controlled in each year to estimate total costs.

12

Emission factor derived from “2002 Voluntary Greenhouse Gas Reporting Program”; accessed July 24, 2007, at
www.eia.doe.gov/oiaf/1605/e-factor.html
13
M. Moser, “A Dozen Successful Swine Waste Digesters,” RCM Digesters, Inc., accessed February 2007 at
http://rcmdigesters.com/images/PDF/ADozenSuccessfulSwineWasteDigesters.pdf
14
More information on the program is also available at www.rurdev.usda.gov/rbs/farmbill/index.html. The
application of this grant incentive was considered a reasonable assumption based on CCS discussions with EPA
AgSTAR Program staff; Kurt Roos, personal communication with S. Roe, CCS, March 2007.
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Key Assumptions: That the cost data for the studies cited is representative of actual costs: 75%
collection efficiency for farm-level methane emissions for the digester. Farm Bill grant will be
available to all projects in subsequent cycles of the Farm Bill through 2020. The $0.05/kW-hr is
the assumed value to the farmer for the electricity produced (either to offset on-farm use or to
sell back to the grid); this is a conservative estimate. Higher values for this electricity would
translate into a lower cost-effectiveness estimate and a faster return on investment for the farmer.
Key Uncertainties
•

•

The minimum cost for developing a manure energy recovery system on an AFO facility
is one million dollars. Without significant federal or state government assistance (50%–
100%) in developing the generation infrastructure, developing an energy recovery system
for an AFO is not feasible for most operators.
The operator needs to have a buyer for the power generated or needs to receive a price
per kilowatt for the power generated that provides an reasonable rate of return on the
investment.

Additional Benefits and Costs
Reductions in emissions of ammonia, volatile organic compounds, and odors (sulfur compounds)
are achievable. Reductions occur when anaerobic digesters and energy utilization are used to
capture emissions that would have occurred from the lagoon surface. Note that these reductions
occur at the lagoon surface and that there is a potential for increased ammonia emissions during
application of digester effluent to fields due to high ammonium concentrations, if measures are
not taken to avoid these emissions. Ammonia emissions are important in the formation of fine
particulate matter and nitrogen deposition to sensitive water sheds. Also, there will be an
increase in emissions of nitrogen and sulfur oxides during the combustion of biogas. Both of
these pollutants are also fine particulate matter precursors, and oxides of nitrogen are a precursor
of ozone.
Measures to reduce both air and water pollution impacts could include the use of
nitrifying/denitrifying systems to reduce the ammonium concentration prior to application. In
these systems, ammonium is converted to nitrogen, which is released instead of ammonia. (Care
must be taken to avoid excessive nitrous oxide emissions, however.) The other option is to
identify and produce marketable products from the digester effluent, which would have to be
trucked off the farm. The increased GHG emissions associated with transporting any such
products have not been factored in to the analysis conducted for this option.
Feasibility Issues
The current lack of net metering in Colorado removes an incentive for CAFO operators to
implement electricity generation technologies that is currently available in other states. The
analysis shows that CAFO energy utilization programs have a long return on investment, which
is exacerbated by poor grid interconnection availability.
Status of Group Approval
Complete.
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Level of Group Support
Unanimous consent of those CAP members present and voting. One CAP member’s vote of
approval was qualified on the basis of uncertainty about the implementation of net metering by
cooperative rural electric associations.
Barriers to Consensus
Not applicable.
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AFW-3. Reductions in On-Farm Fossil Energy Use

Policy Option Description
This option seeks to develop and implement cost-effective programs for renewable energy
(biofuels, renewable electricity generation) and energy efficiency technologies for farmers and
ranchers. Reductions in fossil fuel consumption reduce emissions of carbon dioxide, methane,
nitrous oxide, and black carbon.
Policy Option Design
Goals:
• Fossil fuel reduction goal: 20% reduction in petro-diesel use by 2020.
• Electricity reduction goal: 40% includes reductions from electricity efficiency and onsite generation using renewable energy (solar, wind, hydro).
Timing:
• Fossil fuel reduction goal: Achieve 5% reduce consumption by 2012. Achieve the full
policy goal by 2020.
• Electricity reduction goal: Achieve 10% reduce consumption by 2012. Achieve the full
policy goal by 2020.
Parties Involved: Colorado Rural Electric Associations (REAs), State agriculture organizations,
Governor’s Energy Office, Colorado Department of Agriculture, businesses providing energy
efficiency and renewable energy equipment.
Other: As needed, identify incentives that encourage the growing and supply of feedstocks, and
the utilization of ethanol in transportation markets across the state.
Implementation Mechanisms
Colorado state government and others should work with rural electric associations in developing
programs or businesses for services and products to increase energy efficiency and conservation.
Develop group purchasing options and coordinate installation of products to lower costs.
Develop state standards for ownership renewable energy credits (RECs) to be utilized by rural
electric associations for upfront incentives in the form of rebates (e.g., $2 per watt of installed
renewable energy generation on a farm or ranch). The REA’s ownership of RECs would allow
REAs to count the production over the life of the project toward the 10% renewable energy
standard under HB 1281.
Develop three or four case studies of energy efficiency measures taken on various agriculture
operations (e.g., farm, ranch, feedlot, dairy) to present around the state.
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Colorado state government should create incentives to upgrade REA distribution systems to
“smart grid” technologies that can better take advantage of the benefits of distributed generation
installed on farms and more sophisticated energy tracking devices on farms and businesses.
REAs, Tri-State, and Colorado state government should consider and develop net metering
standards above 25 kW in capacity that ensures the economic viability of REAs.
Related Policies/Programs in Place
•

•

•

•

Colorado Department of Agriculture’s Renewable Energy Grant Program under the
Colorado Agriculture Development Authority. Provides grants to agriculture producers
for on-farm renewable energy production. Includes grants for implementation up to
$100,000 and feasibility study grants up to $25,000.
US Department of Agriculture (USDA) Farm Bill 9006 Renewable Energy/Energy
Efficiency Grant and Guaranteed Loan Program. Provide grants up to 25% of the cost for
renewable energy, biofuels production, and energy efficiency products.
CCX methane offset allows producers with anaerobic digester generating power to
receive income from sell of credits based on MtCO2 equivalent for methane collection
and combustion. The global warming potential of methane is 21 [Intergovernmental
Panel on Climate Change (IPCC) Second Assessment Report]. At the current price of an
MtCO2 on the exchange at $3.30, a metric ton of methane would sell for more than $69.
Net metering up to 25 kW with REA service territories and new interconnection
standards for all 22 REAs from HB 07-1169.

Types of GHG Reductions
CO2: GHG reductions that occur as a result of a decline in on-farm energy use are largely
composed of CO2, which is the byproduct of combustion of diesel fuel to run farm equipment,
such as tractors, and the indirect byproduct of the generation of electricity that is used for
irrigation pumps, lighting, food processing, and other agricultural processes.
CH4 and N2O: These gases are also emitted through the different forms of combustion that
create energy for use on farms. The greenhouse effects of these gases are normalized and
included in the GHG reduction potential calculations that are expressed as CO2e.
Estimated GHG Savings and Costs per MtCO2e
GHG Reduction Potential in 2012, 2020 (MMtCO2e):
• Total: 0.14, 0.64
• Diesel: 0.02, 0.07
• Electricity: 0.12, 0.56
Net Cost per MtCO2e:
•
•
•

Total: -$39.67
Diesel: -$82.23
Electricity: -$33.47
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Data Sources: Consumption of distillate fuel by the agriculture sector in Colorado was projected
from historical data provided by the Energy Information Administration (EIA).15 The petro-diesel
emissions factor used is consistent with the Colorado I&F (10.07 MtCO2e/1,000 gal). The
agricultural sector electricity consumption was derived from the National Agriculture Statistics
Service (NASS)16 and historical electricity prices from the EIA.17 The cost-effectiveness
estimates are based on various sources throughout the literature. Colorado-specific data and case
studies were used whenever possible.
Quantification Methods:
The BAU distillate fuel use for the Colorado agricultural sector was projected from historical
(1984–2005) data retrieved from the EIA. Based upon the projected BAU distillate use, the target
distillate reduction was calculated. Multiplying the target GHG reduction by the life cycle GHG
emissions factor for distillate fuel yielded the incremental GHG benefit from a reduction in the
use of distillate fuel.
The baseline electricity consumption on farms in Colorado was estimated by dividing the total
expenditures on electricity in 2005 by the 12-month average of the monthly average retail price
of electricity in Colorado.18 The projected on-farm electricity use is based on the projections of
total Colorado electricity consumption found in the Colorado I&F. Assuming that the electricity
used by the agricultural sector will grow at the same rate as the total electricity consumption, the
baseline on-farm electricity consumption estimate for 2005 is multiplied in each year by the
annual change in total projected energy use to yield BAU electricity consumption projection.
The Colorado electricity emission factor (EF) is calculated using the same methods as AFW-2.
This EF is multiplied by the target electricity reduction (the product of the target efficiency
increase and BAU electricity consumption) to determine the incremental GHG benefit.
The results of these analyses are displayed in Table H-4.

15

Energy Information Administration. “Colorado Total Distillate Sales/Deliveries to Farm Consumers.” 1984–2005.
Accessed on July 17, 2007, at http://tonto.eia.doe.gov/dnav/pet/hist/kd0vfmsco1a.htm
16
National Agricultural Statistics Service. “Colorado Agriculture: A Profile.” 2005 data. Accessed on August 20,
2007, at www.nass.usda.gov/Census/Pull_Data_Census
17
Energy Information Administration. “Current and Historical Monthly Retail Sales, Revenues, and Average Retail
Price by State and by Sector (Form EIA-826).” Table accessed on July 17, 2007, at www.eia.doe.gov/cneaf/
electricity/page/sales_revenue.xls.
18
See notes 16 and 17 for references.
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Table H-4. On-farm energy reduction targets and associated GHG savings

Year

BAU
Distillate
Use
(1,000 gal)

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

49,047
48,135
47,222
46,310
45,397
44,485
43,572
42,660
41,747
40,835
39,922
39,010
38,098
37,185

Target
Distillate
Reduction

Incremental
GHG Benefit
from Distillate
Reduction
(MMtCO2e)

BAU Electricity
Consumption
(MWh)

Target
Electricity
Reduction

Incremental
GHG Benefit
from Electricity
Reduction
(MMtCO2e)

0
445
890
1,335
1,779
2,224
2,876
3,527
4,179
4,831
5,482
6,134
6,785
7,437

0.000
0.004
0.009
0.013
0.018
0.022
0.029
0.036
0.042
0.049
0.055
0.062
0.068
0.075

1,213,459
1,243,401
1,273,343
1,303,285
1,333,227
1,363,169
1,393,111
1,423,053
1,452,995
1,482,937
1,512,879
1,542,821
1,572,763
1,602,705

–
27,263
54,527
81,790
109,054
136,317
199,413
262,508
325,604
388,699
451,795
514,891
577,986
641,082

–
0.024
0.048
0.072
0.096
0.120
0.175
0.230
0.286
0.341
0.396
0.452
0.507
0.562

The following paragraphs explain how the net cost of reducing on-farm petro-diesel use was
estimated. These calculations are based on a suite of energy efficiency strategies that reduce the
amount fuel necessary to accomplish the same tasks as before implementation of this option.
The cost savings related to the reduction in on-farm diesel fuel use (Table H-5) was calculated by
multiplying the annual target diesel (used interchangeably with the term “distillate”) reduction by
the projected average annual price of distillate fuel.19 In order to reach this target, three costeffective practices to reduce the diesel fuel consumed on farms are considered: optimization of
tractor tire pressure, increased efficiency of diesel irrigation pumps, and reducing the revolutions
per minute (rpm) on tractors running at less-than-full capacity by using a lower gear (known as
“Gear-Up, Throttle-Down” [GUTD]).
Tire Pressure: The diesel savings that result from a reduction in average tractor tire pressure
from 20 pounds per square inch (psi) to 10 psi were cited to be 0.614 gallons/acre.20 The total
number of acres were found in the 2002 Agriculture Census conducted by the USDA. Based on
the annual reduction in harvested cropland shown by the Colorado National Resources Inventory
(NRI) data, the total number of acres from the 2002 Census were reduced by 1.01% annually
until 2020.21 This annual total was multiplied by the number of acres to determine the maximum
diesel reduction that could be achieved through a program to promote optimal tire pressure for
19

Energy Information Administration. Annual Energy Outlook Projection of Petroleum Prices to 2030. Accessed on
August 30, 2007, at http://www.eia.doe.gov/oiaf/aeo/excel/aeotab_12.xls
20
J. Fyck, Farmers Can Save Big Money on Fuel, Agtech Innovator, Alberta Government, April 23, 2001. Accessed
on August 30, 2007, at http://www1.agric.gov.ab.ca/$department/newslett.nsf/all/agin147
21
National Resources Inventory; National Resources Conservation Service. 1982–2003 data. Accessed and inserted
by K. Bickel. Consistent with data used in AFW-6.
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farm tractors (Table H-6). The cost savings of the program is imbedded in the total cost savings
calculation described above. The administration cost of this program is assumed to be 1 FTE at
$75,000/year, increasing by 5% annually. This salary (assumed to include benefits and office
space) is used to administer an education program to disseminate information regarding the large
potential cost savings that is possible through a simple adjustment of their tractor’s tire pressure.
Table H-5. Cost savings from reduced on-farm diesel use

Target

Projected
Commercial Diesel
Price
($/gal)

2007

–

$2.12

$–

2008

444,849

$1.99

$(0.89)

Year

Annual Cost
Savings
($MM)

2009

889,698

$1.86

$(1.65)

2010

1,334,548

$1.75

$(2.34)

2011

1,779,397

$1.65

$(2.94)

2012

2,224,246

$1.56

$(3.48)

2013

2,875,840

$1.50

$(4.30)

2014

3,527,435

$1.47

$(5.19)

2015

4,179,030

$1.48

$(6.18)

2016

4,830,624

$1.50

$(7.24)

2017

5,482,219

$1.51

$(8.26)

2018

6,133,814

$1.52

$(9.32)

2019

6,785,408

$1.56

$(10.56)

2020

7,437,003

$1.56

$(11.64)

Diesel Pumping: Dividing the total fuel expenses for diesel irrigation pumps in 2003
($2.4 million)22 by the 2003 price of diesel in Colorado ($1.058/gal) yields the gallons used in
2003 (2,237,240 gal). The gallons used for irrigation pumping in each year of the policy period
are projected assuming that diesel irrigation pumping maintains a constant share of on-farm
diesel use in the BAU scenario. The quantity of diesel consumed by irrigation pumps in each
year is multiplied by the expected efficiency improvement (41.4%) after retrofit.23 The diesel
reduction from irrigation pumping does not exceed the difference between the target and the
reduction from tire pressure for the years 2014 through 2020. Therefore, the assumed reduction
for pumping is equal to this difference, or the maximum reduction potential, whichever is less.
The assumed pumping reduction is multiplied by the annual cost per gallon saved

22

USDA; National Agricultural Statistics Service. 2003 Farm and Ranch Irrigation Survey. Table 20: Energy
Expenses for On-Farm Pumping of Irrigation Water by Water Source and Type of Energy: 2003 and 1998. Accessed
on August 29, 2007, at http://www.agcensus.usda.gov/Publications/2002/FRIS/tables/fris03_20.pdf
23
J. Weddington and P. Canessa. “Diesel Pumping Efficiency Program: Final Project Report.” California State
University Fresno, Center for Irrigation Technology. October 31, 2006. Accessed on September 2, 2007, at
http://www.pumpefficiency.org/About/literature/Final%20Diesel%20Pumping%20Efficiency%20Report,%20USEP
A.doc
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($1.53/gallon).24 The sum of this number and the annual cost of pump tests (250 per test, test
every 5 years) to determine the program cost.25 The cost savings are imbedded in the total cost
savings for on-farm diesel fuel reduction calculated above.
Table H-6. Reductions in on-farm diesel fuel consumption from efficiency improvements

Year
2007
2008

Target Diesel
Max tire
Fuel
pressure
Reduction
improvement
(gal)
(gal)
–
444,849

Assumed tire
pressure
improvement
(gal)

Max
pumping
reduction
(gal)

Assumed
Pumping
Reduction
(gal)

Assumed
Tractor
consumption
reduction
(gal)

2,536,940

–

–

–

–

2,511,317

444,849

985,656

–

–

2009

889,698

2,485,952

889,698

966,971

–

–

2010

1,334,548

2,460,844

1,334,548

948,286

–

–

2011

1,779,397

2,435,990

1,779,397

929,601

–

–

2012

2,224,246

2,411,386

2,224,246

910,916

–

–

2013

2,875,840

2,387,031

2,387,031

892,231

488,809

2014

3,527,435

2,362,922

2,362,922

873,546

873,546

2015

4,179,030

2,339,057

2,339,057

854,861

854,861

985,112

2016

4,830,624

2,315,432

2,315,432

836,176

836,176

1,679,016

2017

5,482,219

2,292,046

2,292,046

817,491

817,491

2,372,682

2018

6,133,814

2,268,897

2,268,897

798,806

798,806

3,066,111

2019

6,785,408

2,245,981

2,245,981

780,121

780,121

3,759,306

2020

7,437,003

2,223,296

2,223,296

761,436

761,436

4,452,270

–
290,967

Tractors (GUTD): The GUTD estimation assesses the diesel fuel savings potential gleaned by
running the engine at a lower power and higher gear when not operating at the full rated capacity
of the engine. The baseline tractor fuel consumption was found by taking the product of the
number of farms with tractors in Colorado (25,564),26 the hours per year a tractor operates
(411),27 the weighted average potential power output for tractors in Colorado [69.21 power takeoff (PTO)-hp],28 the average fuel consumption (0.048 gal/hr/PTO-hp),29 and the average
percentage of maximum horsepower used (60%).30 The maximum annual fuel consumption was
24

J. Weddington and P. Canessa. “Diesel Pumping Efficiency Program: Final Project Report.” California State
University Fresno, Center for Irrigation Technology. October 31, 2006. Accessed on September 2, 2007, at
http://www.pumpefficiency.org/About/literature/Final%20Diesel%20Pumping%20Efficiency%20Report,%20USEP
A.doc
25
Ibid.
26
USDA; National Agricultural Statistics Service. “2002 Census of Agriculture.” Vol. 1, Chapter 1: Colorado State
Level Data. Table 45: Selected Machinery and Equipment on Operation: 2002 and 1997. Accessed on August 30,
2007, at http://www.nass.usda.gov/census/census02/volume1/co/st08_1_045_046.pdf
27
M. Wang, C. Saricks, and H. Lee. “Fuel-Cycle Energy and Emission Impacts of Ethanol–Diesel Blends in Urban
Buses and Farming Tractors.” Center for Transportation Research; Argonne National Laboratory. July 2003.
Accessed on September 2, 2007, at http://www.transportation.anl.gov/pdfs/TA/280.pdf
28
Weighted average from estimates provided in note above: 2002 Census of Agriculture, Table 45.
29
H.W. Downs and R.W. Hansen. “Estimating Farm Fuel requirements.” Colorado State University Extension–
Agriculture. No. 5006. Updated on June 25, 2007. Accessed on August 30, 2007, at http://www.ext.colostate.edu/
pubs/farmmgt/05006/html
30
Ibid.
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found by multiplying the baseline tractor fuel consumption by the efficiency improvement
resulting from GUTD (25%).31 As before, assumed fuel reduction is the lesser of the target that
has not been met and the maximum annual fuel reduction. After GUTD has been implemented in
2014, no further efficiency measures are needed to achieve the target. The cost of the program is
assumed to be 1 FTE ($75,000; increasing by 5% annually), as in the tire pressure program.
The reduction in on-farm electricity use suggested by this option is achieved through improved
efficiency of electric irrigation pumps, improved lighting fixtures, and on-site renewable
electricity generation. The calculations for the cost of these individual programs are detailed
below in their respective sections. The cost savings for reduced on-farm electricity consumption
is calculated by multiplying the variable price of electricity by the quantity of electricity that the
farmer does not have to buy from the grid. This variable price is different, however, depending
on whether the electricity is being used for irrigation, buildings and houses, or other farm-related
uses. Most farmers pay a demand charge that is based on the capacity that must be online to meet
their historical demand. Farmers then pay a per kW-hr fee. It is this variable fee that is
considered in the cost savings calculation, as the demand charge is assumed to be a fixed cost.
The variable electricity cost in this calculation is $0.045 per kW-hr for irrigation and $0.065 per
kW-hr for lighting.32 It is assumed that any electricity generated on-site from renewable sources
yields $0.045 per kW-hr. Energy costs are assumed to escalate at 5.5% per year.33 The cost
savings calculations are detailed in Table H-7.
Table H-7. Cost savings from reduced fossil-based on-farm electricity consumption
Efficiency
Year from Lighting
(MW-hr)

Cost for
lighting

Efficiency
from Pumping
(MW-hr)

Cost for
Pumping

Renewable
generation
(MW-hr)

Cost savings
renewable

Net cost
renewable
($MM)

2008

3,730

$85,468

2009

3,820

$87,526

23,533

$988,941

–

$–

$–

50,707

$1,521,047

–

$–

$–

2010

3,910

2011

4,000

$89,584

77,880

$2,053,154

–

$–

$–

$91,643

105,054

$2,585,260

–

$–

$–

2012
2013

4,090

$93,701

132,227

$3,117,366

–

$–

$–

4,179

$95,759

195,233

$4,351,131

–

$–

$–

2014

4,269

$97,817

258,239

$5,584,897

–

$–

$–

2015

4,359

$99,875

321,245

$6,818,662

–

$–

$–

2016

4,449

$101,933

354,637

$7,472,534

29,614

$(2.16)

$(0.36)

2017

4,539

$103,991

361,797

$7,612,749

85,459

$(6.57)

$(1.40)

2018

4,628

$106,049

368,958

$7,752,964

141,305

$(11.46)

$(2.94)

2019

4,718

$108,108

376,118

$7,893,178

197,150

$(16.87)

$(5.00)

2020

4,808

$110,166

383,279

$8,033,393

252,995

$(22.84)

$(7.65)

31

R. Grisso and R. Pitman. “Gear Up and Throttle Down—Saving Fuel” Virginia Cooperative Extension.
Publication No: 442-450, posted October 2001. Accessed on August 29, 2007, at http://www.ext.vt.edu/pubs/bse/
442-450/442-450.html
32
These numbers are reasonable assumptions based on the rural electric rates provided by the Southeast Colorado
Power Association (http://www.secpa.com/rates.htm) and the Highline Electric Association
(http://www.hea.coop/billing.htm).
33
Personal communication from T. Frank of the Rocky Mountain Farmer’s Association and B. Strode, CCS. August
27, 2007.
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Table H-8. Annual price of electricity ($/kW-hr)

Year

Escalated pumping
cost/ renewable
savings

Escalated lighting
cost

2007

$0.045

$0.065

2008

$0.047

$0.069

2009

$0.050

$0.072

2010

$0.053

$0.076

2011

$0.056

$0.081

2012

$0.059

$0.085

2013

$0.062

$0.090

2014

$0.065

$0.095

2015

$0.069

$0.100

2016

$0.073

$0.105

2017

$0.077

$0.111

2018

$0.081

$0.117

2019

$0.086

$0.124

2020

$0.090

$0.130

Lighting: Lighting is assumed to account for 1% of total farm electricity consumption.34 The
cost of electricity for lighting (different cost than irrigation pumping) is assumed to be
$0.065/kW-hr.35 The annual cost of upgrades is $0.023/kW-hr (72 W for conventional fixture (24
hr/day, 365 days/year); $20 per fixture for upgrade. Replace bulbs every 2 years).36 The
efficiency improvement for advanced lighting is 30%.37 As the most cost-effective option for
renewable, this option was assumed to be adopted to its maximum potential, reducing 4,808
MWh by 2020 (Table H-9).
Electric irrigation pumping: The MWh used for irrigation pumping was determined by taking
the quotient of the total 2002 electricity expenses for irrigation pumping ($52 million)38 and the
average retail electricity price for that year ($67.6/MWh).39 The annualized capital cost of
retrofits was found to be $0.020/kW-hr. This figure was calculated based on an estimated retrofit
cost of $12,000 per pump, annualized over the policy period, divided by the average potential

34

E. Brown and R.N. Elliott. “On-Farm Energy Use Characterizations.” American Council for an Energy-Efficient
Economy. Report No: IE052. Accessed on August 15, 2007, at http://www.aceee.org/pubs/ie052full.pdf
35
Based on the rural electric rates provided by the Southeast Colorado Power Association
(http://www.secpa.com/rates.htm) and the Highline Electric Association (http://www.hea.coop/billing.htm).
36
Alliant Energy; T8 Fluorescents: Overview. Accessed on June 30, 2007, at http://www.alliantenergy.com/docs/
groups/public/documents/pub/p012398.hcsp
37
Ibid.
38
USDA; National Agricultural Statistics Service. 2003 Farm and Ranch Irrigation Survey. Table 20: Energy
Expenses for On-Farm Pumping of Irrigation Water by Water Source and Type of Energy: 2003 and 1998. Accessed
on August 29, 2007, at http://www.agcensus.usda.gov/Publications/2002/FRIS/tables/fris03_20.pdf
39
Energy Information Administration. “Current and Historical Monthly Retail Sales, Revenues, and Average Retail
Price by State and by Sector (Form EIA-826).” Table accessed on July 17, 2007, at www.eia.doe.gov/cneaf/
electricity/page/sales_revenue.xls
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savings of retrofits.40 The cost savings is based on an assumed variable cost of electricity (the
cost exceeding the demand charge) of $0.045/kW-hr.41 The electric irrigation pumping strategy
described here is assumed to be implemented to meet the remaining target reduction after the
maximum lighting efficiency is reached. In year 2014, the maximum potential reduction from
electric irrigation pumping efficiency is reached. From this point forward, the maximum
reduction potential for electric irrigation pumping efficiency is applied.
Table H-9. Reductions in on-farm electricity use

Year

Electricity
Savings Target
(MWh)

Efficiency
From Lighting
(MWh)

Efficiency From
Pumping
(MWh)

Renewable
Generation

2007

–

–

–

–

2008

27,263

3,730

23,533

–

2009

54,527

3,820

50,707

–

2010

81,790

3,910

77,880

–

2011

109,054

4,000

105,054

–

2012

136,317

4,090

132,227

–

2013

199,413

4,179

195,233

–

2014

262,508

4,269

258,239

–

2015

325,604

4,359

321,245

–

2016

388,699

4,449

354,637

29,614

2017

451,795

4,539

361,797

85,459

2018

514,891

4,628

368,958

141,305

2019

577,986

4,718

376,118

197,150

2020

641,082

4,808

383,279

252,995

Renewable Generation: The renewable generation sources that are assumed to have potential on
farms in Colorado are wind, solar photovoltaics (PV), solar thermal, and geothermal. The tables
below demonstrate the cost (before any incentives) and assumed market share of each
technology.42 CCS used these shares to determine how much generation would be needed from
each resource in order to meet the target remaining after pumping and lighting efficiency
measures have been implemented. Renewable generation is assumed to have a value of
$0.05/kW-hr, consistent with the value used in AFW-2. Tables H-10 and H-11 depict the
annualized cost of each generation technology, and the share of generation from each source.

40

J.C. Loftis and D.L. Miles. “Irrigation Pumping Plant Efficiency.” Colorado State University Extension–
Agriculture. No. 4.712. Accessed on August 24, 2007, at http://www.ext.colostate.edu/PUBS/crops/04712.html
41
Midpoint of variable rates exceeding the demand charge provided by Southeast Colorado Power Association
(http://www.secpa.com/rates.htm) and the Highline Electric Association (http://www.hea.coop/billing.htm). Figure
confirmed by T. Frank via personal communication with B. Strode on August 29, 2007.
42
The figures in these tables are consistent with data and assumption used by the ES PWG in their analysis of ES-2.
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Table H-10. Annualized cost of renewable generation

Year

Annualized
Wind Cost
(2005$/MW-hr)

2010

50

576

254

–

2011

49

543

252

–

2012

48

509

250

–

2013

47

476

247

–

2014

46

442

245

–

2015

45

409

243

78

2016

45

409

243

77

2017

45

409

243

76

2018

45

409

243

76

2019

45

409

243

75

2020

45

409

243

74

Annualized
Annualized
Annualized
PV Cost
Solar Thermal Cost Geothermal Cost
(2005$/MW-hr)
(2005$/MW-hr)
(2005$/MW-hr)

Table H-11. Assumed mix of generation
Year

Share of
Wind

Share of
Solar PV

Share of
Solar Thermal

Share of
Geothermal

2007

83%

0%

1%

0%

2008

86%

0%

1%

0%

2009

88%

1%

1%

0%

2010

91%

1%

1%

0%

2011

90%

1%

1%

0%

2012

90%

2%

2%

1%

2013

89%

2%

2%

1%

2014

89%

3%

3%

2%

2015

88%

3%

3%

2%

2016

87%

3%

3%

2%

2017

87%

3%

3%

2%

2018

86%

3%

3%

3%

2019

86%

3%

3%

3%

2020

85%

3%

3%

3%

The estimated net present value (NPV) of this option is a savings of –$150 million, with a
levelized cost-effectiveness of about $40 per MMtCO2e.
Key Assumptions: This analysis assumed that the most cost-effective strategies of reducing onfarm fossil energy use through efficiency measures would be implemented to their full potential,
with less cost-effective strategies implemented thereafter to meet the policy goal. The other
major assumption is that on-farm renewable generation use the same share of resources as
predicted by the ES PWG. This analysis does not take into account any potential benefits from
the sales of excess electricity generated through a net metering program.
Key Uncertainties
With regard to the irrigation pumping aspect of this analysis, it is unknown what the availability
of water will be for the remainder of the policy period (see Key Uncertainties for AFW-1).
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Additional Benefits and Costs
•
•
•

Reduced grid demand and therefore a reduction in other non-GHG pollutants related to
electricity generation.
Reduced non-GHG pollutions caused by the combustion of diesel fuel.
Many of the strategies discussed in this section are shown to save water, labor hours, and
equipment wear.

Feasibility Issues
Improving the availability of information to farm operators regarding the adjustments in
equipment or practices that can have a large impact on fuel savings (i.e., tire pressure). Some of
the strategies that require initial capital investment may prove difficult to implement if financing
and/or incentives are not made available.
Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
Not applicable.
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AFW-4. Biodiesel Production

Policy Option Description
Provide incentives for the production of biodiesel from oilseed crops, waste vegetable oil, or
other sources. Biodiesel use will offset diesel fuel derived from petroleum and will lead to
decreased fossil fuel-based CO2 emissions.
Policy Option Design
Goals: Produce enough biodiesel fuel to offset 20% of the state diesel fuel demand by 2020
using GHG-superior feedstocks.
Timing: Produce enough in-state biodiesel to offset 2% of Colorado’s petro-diesel consumption
by 2012 and 20% by 2020.
Parties Involved: Governor’s Energy Office, Colorado Department of Agriculture, Rocky
Mountain Farmers Union, Colorado Farm Bureau, Colorado Livestock Association.
Other: Colorado’s distillate fuel usage in 2002 was 0.73 billion gallons and is projected to be
1.25 billion gallons by 2020 (transportation diesel use was 0.57 billion gallons in 2002;
1.0 billion gallons by 2020).
Implementation Mechanisms
Colorado agriculture producers and private industry should be encouraged to build and operate
biodiesel facilities within Colorado using local resources and providing locally-available
product.
Colorado state government should actively evaluate the benefits and costs of incentive programs
for new businesses entering the state for biodiesel production [For example, a particular plant
may plan to use soybean oil not produced in the state and would likely need to be transported
1,000 miles or more to the site]. The costs should include the impacts to the environment as a
whole as the fuel production cycles change, also the impacts to local and regional agricultural
businesses (farming, feedlots, dairies) as the demand for feedstock crops increase and additional
meal cake for livestock is available. In short, biodiesel production incentives should be
established with consideration for the life cycle of the fuel source in economic and
environmental terms.
Colorado state government should consider a renewable fuels standard (RFS) by volume of retail
sales beginning at 2% and escalating to 5% in the short term. Increases in the RFS could be
based upon local production levels.
Colorado state government should consider a retail tax credit for sale of B20 fuel. The tax credit
value could increase with great retail volume sold [similar to Iowa retail incentive].
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Implementation will likely require that oilseed crops be produced on land already in cultivation.
Some conversion of idle land to new cropland could also occur which could decrease the overall
carbon benefit to be gained from producing biodiesel [as soil organic carbon and soil nitrogen (as
N2O), both GHG sources, will be lost to the atmosphere when the land is converted to new
cultivation].
Related Policies/Programs in Place
•

•
•
•

Colorado Department of Agriculture’s Renewable Energy Grant Program under the
Colorado Agriculture Development Authority for grants up to $100,000 for new biodiesel
production facilities; $25,000 for biodiesel feasibility studies; and $50,000 for research.
grants funded through 2009.
The Colorado Clean Energy Fund under the Governor’s Energy Office with [$7 million
in annual revenue] for project development.
The renewable fuels standard from the Energy Policy Act of 2005 requires 7.5 billion
gallons of renewable fuel in the U.S. by 2012, including biodiesel.
USDA Farm Bill grant and guaranteed loan program for biodiesel facilities and research.

Types of GHG Reductions
CO2: Life cycle emissions are reduced to the extent that biodiesel is produced with lower carbon
than conventional (fossil) diesel fuel. Feedstocks used for producing biodiesel can be made from
crops, which contain carbon sequestered during photosynthesis (e.g., biogenic or short-term
carbon). The primary feedstocks are vegetable oils (e.g., soy, canola, sunflower, algal) and
alcohols (either methanol or ethanol). From a recent report by Hill et al. (2006),43 biodiesel from
soybeans contains 93% more useable energy than its petroleum equivalent and reduces life cycle
GHG emissions by as much as 41%. Higher oil production potential of different feedstocks (e.g.,
other oil crops, algae) will likely adjust the lifecycle GHG emissions further downward as they
are developed as biodiesel sources. Local production of biodiesel also decreases the embedded
CO2e of biodiesel compared to importation of out of state vegetable oil supplies.
Estimated GHG Savings and Costs per MtCO2e
GHG Reduction Potential in 2012, 2020 (MMtCO2e): 0.02, 0.22
Net Cost per MtCO2e: $12
Data Sources:
Data from the Colorado Draft I&F were the starting point for quantifying the benefits of
offsetting fossil diesel consumption with biodiesel produced within the state (these do not
incorporate future reductions in consumption due to TLU options). Fossil diesel consumption
estimates are shown in Table H-12 (under BAU).

43

Hill et al., “Environmental, Economic, and Energetic Costs and Benefits of Biodiesel and Ethanol Biofuels,”
Proceedings of the National Academy of Sciences, 103:11206–10, July 25, 2006.
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Table H-12. BAU diesel consumption
Year
2012
2020

Diesel Consumption
(MMgal/year)
828
1,009

The policy design calls for 2% of the fossil diesel consumption to be offset by 2012 from in-state
production and 20% offset by 2020. In-state BAU production is estimated to be 6 MMgal/year in
2012 and 9.5 MMgal/year in 2020. Therefore, incremental in-state biodiesel production targets
are as shown in Table H-13.
Table H-13. Biodiesel production needed to meet policy goals
Year
2012
2020

Biodiesel Production Needed
(MMgal/year)
(828 MMgal – 6 MMgal) x 0.02
16.4
(1,009 MMgal – 9.5 MMgal) x 0.20
200

The BAU biodiesel production is based upon the current and planned biodiesel capacity of
Colorado. A capacity factor of 50% is assumed. See Table H-14 for the existing and planned
facilities in Colorado.44
Table H-14. Current and planned biodiesel production facilities in Colorado
Facility Name
American Agri-Diesel
Bio Energy of America
Bio Energy of America
San Juan Biodiesel
San Luis Valley
Kiowa County
Rocky Mountain Sustainable Enterprises
Holyoke Community Biodiesel

Status
In-production
In-production
In-production
Planned
Planned
Planned
Planned
Planned

Capacity
(1,000 gal)
6000
10000
8000
5000
1000
1000
5000
2000

Feedstock
O-S Soy
O-S Soy
O-S Soy
Veg Oil (Sunflower)
Veg Oil (Canola)
Veg Oil, I-S Soy
Waste Grease, I-S Soy
I-S Soy

The CO2e emission factor for fossil diesel used in the inventory and forecast is 10.04 Mt/1,000
gallons. The life cycle fossil diesel emission factor is 12.3 Mt/1,000 gallons.45
Quantification Methods:
GHG Reductions
A new study on life cycle GHG benefits for biodiesel production and use was used to estimate
the CO2e reductions for this option.46 This study covered biodiesel production from soybean
production, which is currently the predominant feedstock source for biodiesel production in the
44

Personal communication from T. Frank to B. Strode. E-mail sent on July 24, 2007.
Hill et al., 2006.
46
Ibid.
45
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United States and is assumed to remain that way for the purposes of this analysis (it is also the
predominant feedstock of biodiesel production in Colorado). Life cycle CO2e reductions (via
displacement of fossil diesel with soybean-derived biodiesel) were estimated by Hill et al. to be
41%. This value is being used by the TLU Policy Work Group (PPWG) to estimate the benefit of
the biodiesel component of the TLU biofuels option. Hence, this analysis focuses on incremental
benefits of in-state feedstocks production with the focus on vegetable oils.
For this option, the incremental benefit of in-state production is derived from the lower carbon
content of biodiesel feedstocks (vegetable oil) avoided from having to transport the feedstocks
from their likely source region. For this assessment, the likely source regions for soybean or
canola oil are the U.S. midwest or northern plains regions. Using South Dakota as a potential
source region, rail transport would require shipments to central North Carolina of about
650 miles.47 Rail fuel consumption is about 400 ton-miles/gallon.48 The density of vegetable oil is
about 3,700 tons/MMgal. From these inputs, a GHG emission rate of 130 MtCO2/MMgal oil was
calculated.
When combined with the other feedstocks needed to produce biodiesel (e.g., either methanol or
ethanol),49 a gallon of vegetable oil will produce slightly more than one gallon of biodiesel. For
the purposes of this estimate, each gallon is assumed to produce one gallon of biodiesel.
In addition to soybean oil, other oil feedstocks included in this analysis include animal oils
(yellow grease, poultry fat, lard, and tallow), canola, and algal oils. It is assumed that technology
advances will occur during the policy period that will allow for commercial scale production of
algal oil to make up the shortfall (e.g., in the post-2015 period). With sufficient technology
advancement, another option could be Fischer-Tropsch biodiesel from cellulose.
For oil sources other than soybean oil, the benefit for substituting in-state biodiesel for fossil
diesel is estimated starting with the life cycle soybean emission factor (7,261 MtCO2e/MMgal
from the Hill et al. study). As mentioned previously, the benefits of the biodiesel component of
the TLU biofuels option is based on displacement with soybean-based biodiesel. Hence, this
analysis was designed to only account for the incremental benefit of in-state feedstock (oil)
production using GHG preferential feedstocks. These include vegetable oils that produce greater
volumes of oil per unit of energy input (e.g., canola), animal fats, and, in the future, algal oils.
Canola produces oil at 127 gallons/acre compared with soybeans at 48 gallons/acre. Assuming
canola production energy inputs are not significantly greater than soy, the life cycle emission rate
for canola would be 7,261 × 48/127 or 2,744 MtCO2e/MMgal. So the incremental benefit of
canola over soy is 7,261 – 2,744 = 4,517 MtCO2e/MMgal.

47

Mapquest directions, North Dakota to Colorado; www.mapquest.com
U.S. National Atlas, at http://nationalatlas.gov/articles/transportation/a_freightrr.html
49
While the analysis here focuses on the primary feedstock for biodiesel, vegetable oil, the policy should also
promote the production and use of alcohol feedstocks produced from renewable resources (e.g., starch or cellulosic
ethanol, renewable methane to methanol).
48
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For animal fats and algal oils, CCS assumes that these have negligible embedded energy. So the
incremental benefit over soy equals the lifecycle fossil diesel EF (12,306 MtCO2e/MMgal)
minus the soybean based EF (7,261 MtCO2e/MMgal), which is 5,045 MtCO2e/MMgal.
Table H-15 provides the mix of oil feedstocks assumed in this analysis to meet the in-state
production goals for 2012 and 2020. The assumed mix relies heavily on new technologies (e.g.,
algal oil) to produce feedstocks in the post-2012 period.
Table H-15. Assumed mix of oil feedstocks*
Year
2012
2012
2012
2012
2012
2012 Total
2020
2020
2020
2020
2020
2020 Total

Oil Feedstock
Soy (out-of-state)
Soy
Canola
Animal
Algal

Fraction of New
Production
0.63
0.13
0.17
0.07
0

Soy (out-of-state)
Soy
Canola
Animal
Algal

0
0.35
0.20
0.20
0.25

MMgal/year
Needed
10.2
2.1
2.8
1.1
0
16
0
69.3
39.6
39.6
49.5
198

*Excludes BAU production estimated to be 6,000 MMgal/year in 2012 and 9,500 MMgal/year in 2020.

GHG reductions were estimated by multiplying the production of each oil feedstock by the
applicable incremental benefit (e.g., by oil type). Total reductions in each year were estimated by
summing the incremental benefit for each oil type.
Costs
Costs were estimated using information from an analysis of biodiesel production costs from the
U.S. Department of Energy (US DOE).50 The value of incentives needed is assumed to be
equivalent to the difference in the costs of producing fossil diesel and soy-based biodiesel
($0.34/gallon). This value is very close to the incentive offered in a State of Missouri incentives
program.51 This program offers production incentives of $0.30/gallon to producers up to
15 million gallons of production/year. The incentive grants last for 5 years. Hence, CCS only
applied the incentives costs to the first 5 years of the policy period.
CCS assumed a similar incentive structure and that these would cover the costs of all grants or
tax incentives associated with this policy (all other implementation mechanisms are assumed to
be achieved within existing programs). The cost estimates are based on multiplying the amount
of biodiesel produced in each year by the production incentive. This assumes that all production
occurs at production facilities of less than 15 million gallons/year. The production incentive runs
out after 5 years of production.
50

See www.eia.doe.gov/oiaf/analysispaper/biodiesel/index.html; accessed January 2007.
Information on the Missouri Program from www.newrules.org/agri/mobiofuels.html#biodiesel, accessed January
2007.

51
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Key Assumptions: Life cycle GHG emission factors utilized/derived for this analysis are
representative for each feedstock and for fossil diesel. Production incentives offered by this
option are sufficient to drive production of GHG-superior feedstocks (e.g., superior to soybeans)
and to increase the level of research and development needed for non-crop based feedstocks
(e.g., algal biodiesel, Fischer-Tropsch biodiesel).
Key Uncertainties
Similar to the ethanol production option (AFW-5), the key uncertainties associated with the level
of benefits estimated for this option relate to its linkage to the low carbon fuel standard option in
the TLU sector. To estimate the benefits for in-state production of biodiesel using GHG-superior
feedstocks, one must make an assumption of what the source of low carbon fuel will be to lower
the carbon content of diesel-powered vehicles within the policy period. For the purposes of this
analysis, CCS assumed that soybean based biodiesel will remain the primary feedstock for
supplying the low carbon fuel to lower the carbon content of fuels consumed by diesel vehicles.
Hence, the benefits of this option are based on the incremental GHG reductions achieved by
production of feedstocks with lower carbon (i.e., higher oil producing crops).
Additional Benefits and Costs
Increased in-state economic activity; new opportunities for farmers (oilseeds as rotational crop);
increased transportation energy security with shorter transport distances and on-farm use of fuel
produced; reduced reliance on imported petroleum.
Feasibility Issues
Sourcing of feedstocks and the size and location of facilities (both crushing and biodiesel
production) must be addressed for optimization and planning. Trade-offs between food and fuel
crops will be an important issue. For example, canola may be one of the crops with higher value
markets than for biodiesel. Canola oil has very favorable nutritional and culinary qualities. As
demand for trans-fat-free vegetable oils increases, demand for canola oil and other healthy oils
grown in Colorado will increase.
There may be an overlap among agricultural options that seek to increase/maintain crop acreage
in no-till production or in conservation management programs. This could be in conflict with the
higher levels of crop production proposed in this option.
Global warming may also impact the choice of oilseed crops and the relative amounts of oil that
can be produced. Additional warning could favor warmer climate crops like sunflower and
safflower to replace the cold climate crops, but these crops need more water which may not be
available.
Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting. The CAP expressed concern that
the policy option is not market-based. While this policy option description used an assumed mix
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of crop oil production and emerging technology to meet the policy goals, the policy should not
be seen as favoring one feedstock/production approach over another. Incentive programs should
be developed to reward producers based on the carbon content of the biodiesel or other biofuel
produced. Three CAP members’ votes of approval were qualified because of concerns that
development of some starch-based feedstock sources might tend to convert high value plant and
wildlife habitat into croplands.
Barriers to Consensus
Not applicable.
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AFW-5. Ethanol Production

Policy Option Description
Trees, crops and other plants convert atmospheric carbon to carbohydrate or fiber stocks that can
be converted to liquid fuels, such ethanol. The use of these renewable, biological fuels can offset
fossil fuel use and reduce associated net carbon dioxide emissions. Production incentives for the
conversion of crops, forest sources, animal waste and other sources to ethanol through existing or
new technologies can increase the level of ethanol use in future markets. In-state production of
ethanol using GHG-superior feedstocks and processes (e.g., cellulosic technologies) offer the
highest GHG benefits and complement policies to increase ethanol consumption (e.g., TLU-5).
Policy Option Design
Goals: Increase in-state ethanol production using GHG-superior feedstocks and production
methods to 400 million gallons/year above BAU by 2020.
Timing: Add additional ethanol production capacity of 50 million gallons/year by 2012 and
achieve the full policy goal by 2020.
Parties Involved: Suppliers of feedstocks, ethanol producers and distributors.
Other: Colorado’s gasoline consumption was 1.9 billion gallons in 2002 and is projected to be
2.2 billion gallons by 2020.
Implementation Mechanisms
Pilots and Demonstrations: Pilot projects on the use of different forestry and agriculture
residues for ethanol production are needed.
Provide Tax Incentives: Incentives to reduce the capital costs of ethanol production and
transport. This could include tax reductions in state sales tax for a wide variety of biomassrelated equipment, including but not limited to biomass harvesting/collection and production
equipment. Gross receipts exemptions for ethanol production facilities, project construction and
related equipment and materials are also recommended.
Source Reduction: Reduce the amount of open slash pile burning on all land ownerships and/or
provide viable alternatives to open burning. Discourage open burning through alternatives to
burning provided under the BACT as defined in the Administrative Rules of Colorado, through
revised DEQ Air Quality Permits when permits are needed, and by using local programs to
encourage alternatives to burning.
Financial Assistance: Tax breaks or grants for ethanol producers.
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Research and Development: Focusing on feedstock supplies (biomass from agricultural
residues, municipal solid waste, forestry residue) and production processes (cellulosic processes
or starch-based processes achieving similar net GHG benefits).
Information and Education: For target audiences.
•
•
•

Education programs for livestock producers to utilize feed co-products;
Education programs for feedstock producers;
Consumer education programs to link demand-side mechanisms under TLU-6 to the
benefits associated with fuels produced in-state (e.g., fossil fuel dependence, benefits for
in-state agriculture).
Permitting Process: Streamlined permitting process with coordination between all entities
issuing permits for land, water and air impacts for production facilities.
Business Development: Recruitment of cellulosic/advanced starch-based ethanol producers to
locate facilities in Colorado.
Related Policies/Programs in Place
None identified.
Types of GHG Reductions
CO2: Life cycle emissions are reduced to the extent that ethanol is produced with lower carbon
than conventional (fossil) gasoline. Feedstocks used for producing ethanol can be made from
crops or other biomass, which contain carbon sequestered during photosynthesis (i.e., biogenic or
short-term carbon). There are two different methods for producing ethanol based on two different
feedstocks. Starch-based ethanol is derived from corn or other starch/sugar crops. Cellulosic
ethanol is made from the cellulose contained in a wide variety of biomass feedstocks, including
agricultural residue (e.g., corn stover), forestry waste, purpose grown crops (e.g., switchgrass),
and municipal solid waste. Local production of ethanol also decreases the embedded CO2e of
ethanol compared to importation from the current U.S. primary ethanol producing regions.
Current research indicates cellulose-based ethanol production provides up to 72%–85%
reduction in GHGs compared to gasoline, whereas an 18%–29% reduction is measured from
starch-based ethanol production compared to gasoline.52
Estimated GHG Savings and Costs per MtCO2e
GHG Reduction Potential in 2010, 2020 (MMtCO2e): 0.2, 3.1
Net Cost per MtCO2e: $3
Data Sources: The target for ethanol production requires a fixed quantity of production above
BAU, rather than a percentage increase. Therefore, it is not necessary to project the BAU ethanol
production in Colorado to quantify the cost-effectiveness and GHG reduction potential of
52 Well-to-Wheels Analysis of Advanced Fuel/Vehicle Systems—A North American Study of Energy Use,
Greenhouse Gas Emissions, and Criteria Pollutant Emissions, General Motors, Argonne National Lab, and Air
Improvement Resource, Inc., May 2005.
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AFW-5. The targets set forth in this option (50 MMgal/year by 2012, 400 MMgal/year by 2020)
are reached by increasing the quantity of ethanol produced in Colorado by equal increments in
the years leading up to the target years. The in-state production targets are shown in Table H-16.
Table H-16. In-State ethanol production targets
Ethanol Production Schedule
(MMgal/year)
2007
–
2008
10
2009
20
2010
30
2011
40
2012
50
2013
75
2014
100
2015
150
2016
200
2017
250
2018
300
2019
350
2020
400

Emission factors from gasoline, starch-based ethanol and cellulosic ethanol are based on the
Argonne National Laboratory (ANL) Greet Model.53 The production cost differential for
cellulosic versus starch-based ethanol is derived from analysis completed by the Energy
Information Administration (EIA).54
Quantification Methods:
GHG Reductions
The benefits for this option are dependent on developing in-state production capacity that
achieves benefits above the levels of existing and planned (BAU) starch-based production in the
U.S. (the benefits of using ethanol from starch-based production are already accounted for under
TLU-5). Emission factors for reformulated gasoline, starch-based ethanol, and cellulosic ethanol
were taken from a General Motors/ANL study.55 These emission factors incorporate the GHG
emissions during the entire life cycle of fuel production (e.g., for gasoline: extraction, transport,
refining, distribution, and consumption; for ethanol: crop production, feedstock transport,
processing, distribution, and consumption). These life cycle emission factors are referred to as
“well-to-wheels” emission factors:

53

Ibid.
DOE EIA analysis can be found at www.eia.doe.gov/oiaf/analysispaper/biomass.html, accessed January 2007.
55
Well-to-Wheels Analysis.
54
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Table H-17. Life cycle emission factors for gasoline and ethanol
Emission Factor
(grams CO2e/mi)
552
451
154

Fuel
Reformulated gasoline
Starch-based ethanol
Cellulosic ethanol

In addition to cellulosic ethanol production, the other types of ethanol production processes
targeted by this option include starch-based processes that achieve similar levels of life cycle
GHG reductions to cellulosic ethanol. These would be starch-based plants that use renewable
fuels, such as biomass, biogas, landfill gas, or other renewable fuels. While CCS is not aware of
any lifecycle emission factors for these types of plants (although several have been proposed in
the United States), CCS assumes that reductions similar to cellulosic ethanol can be achieved.
Based on the emission factors shown in Table H-17, the incremental benefit of the production
targeted by this policy over conventional starch-based ethanol is 66% (reduction of CO2e by
offsetting gasoline consumption). This value was used along with the life cycle emission factor
for gasoline56 and the production in each year to estimate GHG reductions.
Costs
Costs for the incentives needed by this policy option are based on the difference in estimated
production costs between conventional starch-based ethanol and cellulosic ethanol. The DOE
EIA estimated that the cost to produce starch-based ethanol is $1.10/gal compared to $1.29/gal,
or a difference of $0.19/gal (in $1998).57 In 2006 dollars, the difference is $0.23/gal. These
incentives are considered necessary in the near term (up to 2015) to help commercialize
technologies that produce ethanol from cellulose or produce starch-based ethanol using
renewable fuels. The incentives should also help to establish the infrastructure to deliver biomass
to biorefineries, since producers will seek the local feedstocks or renewable fuels for their
operations.
By 2015, it is assumed that advances in cellulosic ethanol production (e.g., enzyme costs,
production processes) will make cellulosic ethanol production cost competitive with starch-based
production. Hence, the incentives are discontinued beginning in 2015. Note that there is currently
federal legislative proposal to offer cellulose an incentive of $0.765/gallon compared to the
$0.51/gallon currently offered for ethanol production.58 If enacted, this $0.255/gallon premium
could cover the additional incentives that are assumed to be needed by the State of Colorado.
Obviously, the federal incentives do not assure that production facilities would locate in
Colorado. These federal incentives have not been factored into the cost estimates for this option.
The costs for this option were estimated using the $0.23/gal incentive multiplied by the
production needed in each year. By 2015, it is assumed that these incentives will no longer be
56

In the study mentioned above, the average fuel economy used was 21.3 miles/gallon or 100 miles/4.7 gallons.
Multiplying this value by the emission factor of 552 grams/mile yields 11,745 grams/gallon.
57
DOE EIA analysis can be found at www.eia.doe.gov/oiaf/analysispaper/biomass.html, accessed January 2007.
58
D. Morris, Making Cellulosic Ethanol Happen: Good and Not So Good Public Policy, Institute for Local SelfReliance, January 2007, at www.newrules.org/agri/cellulosicethanol.pdf, accessed January 2007.
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needed as cellulosic ethanol technologies become fully commercialized. Below is the assumed
schedule for these incentives:
Table H-18. Incentives cost and benefits for ethanol production
Year
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

New Capacity
(MMgal)
–
10
20
30
40
50
75
100
150
200
250
300
350
400

Incentives Cost
(MM 2006$)
$0.00
$2.3
$4.6
$6.9
$9.2
$11.5
$17.3
$23.0
$0.0
$0.0
$0.0
$0.0
$0.0
$0.0

GHG Benefit
(MMtCO2e)
0
0.08
0.15
0.23
0.31
0.39
0.58
0.77
1.16
1.55
1.93
2.32
2.71
3.09

After discounting and leveling the costs from 2007–2020, the cost-effectiveness is just under
$3.50/MtCO2e and the NPV of the 2007–2020 costs is $58 million.
Key Assumptions: Starch-based ethanol production using renewable fuels achieves equivalent
GHG lifecycle benefits as cellulosic ethanol; cellulosic production or starch-based production
with renewable fuels can achieve the production levels in the near term (2014 production of 310
MMgal/year) required by this policy option; Federal tax incentives do not preclude the need for
the additional state incentives assumed for the cost estimate.
Key Uncertainties
The key uncertainty with this option is in estimating the incremental benefit above what is
achieved with the low carbon fuel standard. To estimate benefits for in-state production of
ethanol using GHG-superior technologies and feedstocks, one must make critical assumptions
about what types of fuels will supply the low carbon fuel standard within the policy period. For
the purposes of this analysis, CCS has assumed that the primary low carbon fuel that will be used
to lower the carbon content of gasoline-powered vehicles will be starch-based ethanol. The
incremental benefit is based on the higher GHG benefits associated with producing ethanol instate using cellulosic ethanol technology and feedstocks. To the extent that this technology is
widely employed within the policy period and acts as a significant supplier of fuel to meet the
low carbon standard, the incremental benefits estimated here could be overstated.
Additional Benefits and Costs
Economic opportunities for ethanol producers in Colorado; additional value added in agricultural
crops or crop residue; stimulation of potential markets for other biomass feedstocks (forest
treatment biomass, municipal solid waste fiber).
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Feasibility Issues
Implementation of this option requires additional research and development in cellulosic ethanol
production methods, development of feedstock collection and delivery infrastructure, successful
negotiations with cellulosic technology leaders to establish pilot and commercial-scale plants in
the state. Also, both AFW-4 and AFW-5 could result in additional crop acres coming into
production from lands that are currently in conservation programs or in natural cover; however
water availability is expected to limit the amount of land conversion.
Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting. The CAP expressed concern that
the policy option is not market-based. While this policy option description used cellulosic
ethanol as an example to meet the policy goals, the policy should not be seen as favoring one
feedstock/production approach over another. Incentive programs should be developed to reward
producers based on the carbon content of the ethanol or other biofuel produced. Three CAP
members’ votes of approval were qualified because of concerns that development of some
starch-based feedstock sources might tend to convert high value plant and wildlife habitat into
croplands.
Barriers to Consensus
Not applicable.
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AFW-6. Preserve Lands with Carbon Storage Value

Policy Option Description
Reduce the rate at which high carbon lands (i.e., existing grassland and forested land) are
converted to developed uses. The carbon stored in soils and aboveground biomass is typically
higher in these lands than in developed land uses. Each year, developed areas also typically
sequester less carbon dioxide than forested areas. Policies are needed to protect working farms
and forests from unwise and unplanned development. Indirectly, this option also supports
important policies in the transportation and land use sector by promoting more efficient
development patterns (e.g., TLU-1).
Reduce the rate at which permanent grassland in the USDA Conservation Reserve Program is
converted to cultivated cropland (not quantified). Soil carbon stored in retired agricultural land
that has been maintained as grassland is reversed when lands are put back to cultivation,
resulting in net carbon emissions.
Policy Option Design
Goals:
• Reduce the rate of conversion of high carbon value lands by 25% by 2020 (high carbon
value lands include forests and grasslands).
Timing: Reduce the rate of conversion of high carbon value lands by 10% by 2012. Achieve the
full goal by 2020.
Parties Involved: State Agencies (e.g., Department of Wildlife and Department of Parks and
Recreation), County and local governments (e.g., Open space programs), and statewide and local
land trusts.
Other: Data from the Natural Resources Conservation Service (NRCS) National Resources
Inventory (NRI) show the following losses of lands between 1982 and 1997 to the “urban builtup” and “rural transportation” categories (Table H-19).59 In addition, data provided by CSU
experts indicate that 1,011,090 acres will be converted to developed uses from 2000–2030, or
approximately 33,703 acres/year (Dr. David Theobald, personal communication with PWG
member).

59

See www.co.nrcs.usda.gov/technical/nri/tables/table5.pdf for conversion rates between 1982 and 1997. The NRI
annual acreage lost to development can be compared to an estimate from David Theobald of CSU of 33,700
acres/year on average from 2000 to 2030.
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Table H-19. Loss of crop and forest lands, 1982–1997
Land Cover/Use
Cultivated cropland
Non-cultivated cropland
Pastureland
Rangeland
Forest land
Totals

103 Acres Lost
1982–1997
89.9
36.1
46.9
176.9
66.6
416

Annual Average Loss
3
(10 acres)
6.0
2.4
3.1
11.8
4.4
27.7

Implementation Mechanisms
Additional funding above current levels for land protection.
Incentives that reward protection of high carbon land:
•

Establish a fund to provide additional incentives (e.g., tax credits) above those currently
granted for donated portions of easements, based on the avoided carbon emissions
potential of the development rights being retired. Easement transactions include an
appraisal of the value of the development rights forgone. Based on the amount of land
disturbance associated with those rights, and the carbon storage value of the land in
question, an avoided carbon emission value can be calculated. The fund would provide
additional incentives based on the amount of avoided emissions associated with the
transaction, thus rewarding landowners who protect the highest amount of carbon (or
avoid highest potential carbon emissions). The value of the incentive can be set based on
a portion of the value of a ton of avoided carbon emissions based on current markets for
offsets (only a portion is appropriate since landowner has already been compensated for a
portion of their donation of an easement from existing sources).
• Establish a fund to pay for contracts with landowners who are not able to get expiring
CRP acres back in to the system to maintain grass cover on their expired CRP acres.
Least-cost policy mechanism would be for a bid-in process with contracts awarded in
terms of CO2e cost-benefit (presuming some lands have higher carbon values associated
with maintenance of grass cover). If there is not a significant difference in carbon value,
contracts would be evaluated solely on basis of cost and length of contract.
Linking land protection to growth policies:
•

Ramping up the pace of land protection by increasing funding sources, combined with
coordinated growth management strategies, could significantly reduce the pace of land
conversion in the state. Land conservation organizations in Colorado have identified an
additional 3 million acres of land as priorities for protection in the next ten years.
Meeting this goal would require additional funding above existing sources. Targeting
these acres in ways that maximized both the conservation values (e.g., open space,
wildlife habitat) and growth management strategies (e.g., maintaining buffers between
communities, protecting untilled landscapes on urban fringe, consolidating public lands
holdings) would change baseline projections of land conversion associated with future
population growth.
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•

In conjunction with growth management strategies developed as part of a climate
strategy, identify priorities for land protection that would help implement those strategies.
Direct a significant portion of new resources to those priorities, by making climate
mitigation and growth management priorities of state funding sources.
Incentives to prevent land in the CRP from reverting back to cultivation:
•

Colorado currently has 2,469,041 acres of land under CRP contract. 1,690,190 acres of
those contracts are due to expire by 2011. Some percentage of these lands will be
ineligible for a new contract (due to new rules and limits at the national level for CRP) or
will have an economic incentive to re-convert to dry-land crops rather than re-enroll in
CRP (particularly if dry-land biofuel crops become a feasible land use in Colorado). The
cost of paying landowners to maintain permanent grass cover, particularly if grazing is
permitted as a land use providing some economic return, is likely to be low, with
demonstrable carbon benefits. This policy would create a program to target either
permanent or long-term contracts to maintain expired CRP acres in grass cover either
with or without use as grazing lands. (Note: this portion of the option is not quantified
explicitly; some benefits may be captured under the quantification for avoided conversion
of grasslands to developed uses).

Related Policies/Programs in Place
Great Outdoors Colorado (GOCO); http://www.goco.org/
Local open space programs
Programs led by private land trusts, e.g., the Colorado Coalition of Land Trusts (CCLT);
http://www.cclt.org/
State income tax credit for land preservation (see CCLT Web site for more details)
Types of GHG Reductions
•
•

Avoided emissions from land use change
Maintenance of annual carbon sequestration potential

Estimated GHG Savings and Costs per MtCO2e
GHG Reduction Potential in 2012, 2020 (MMtCO2e):
• Grassland: 0.05, 0.14
• Forests: 0.04, 0.11
• Total: 0.10, 0.24
Net Cost per MtCO2e:
• Grassland: $32
• Forests: $17
• Total: $26
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Data Sources: Natural Resources Conservation Service data on CRP acres expiring during the
policy period, NRI data on agricultural/range/forest land lost to urban development, data on
above and below ground soil carbon levels from CSU, US Forest Service (USFS), and the
scientific literature, costs for conservation easements on ag/range/forest land in Colorado.
Data Sources (Forests): “USFS Methods for Calculating Forest Ecosystem and Harvested
Carbon with Standards Estimates for Forest Types of the US,” General Technical Report NE-343
(also published as part of the US DOE Voluntary GHG Reporting Program). Data on forest
conversion to developed uses from NRCS NRI data. Data on forest types from USFS Forest
Inventory Analysis. T.F. Strong, 1997, “Harvesting Intensity Influences the Carbon Distribution
in a Northern Hardwood Ecosystem,” USFS Research Paper NC-329. “The Intersection of Land
Use History and Exurban Development: Implications for Carbon Storage in the Northeast”
Master’s Thesis, K. Austin, 2006).
Quantification Methods:
Grasslands. The analysis for grasslands is displayed in Tables H-20 below. CCS used the
baseline conversion estimates of 14,396 acres/year. These conversion estimates are multiplied by
the targets (10% by 2012 and 25% by 2020) to yield the averted conversion in the target years.
Conservation programs are assumed to increase at a linear pace to reach the targets. The carbon
value of grasslands that is lost due to conversion is 0.023 MMtC/1,000 acres. The cost of
easements for both forests and grasslands is assumed to be $1,960/acre.
Table H-20. Benefits and costs for grassland protection

Year

Grassland
Saved
(Acres)

MMtCO2e Saved

Costs
$–

Discounted
Costs

2007

0

0.000

2008

260

0.011

$510,384

$510,384

2009

521

0.022

$1,020,768

$972,160

$0

2010

781

0.033

$1,531,152

$1,388,800

2011

1,042

0.044

$2,041,536

$1,763,556

2012

1,302

0.055

$2,551,920

$2,099,471

2013

1,546

0.065

$3,030,405

$2,374,402

2014

1,790

0.075

$3,508,890

$2,618,388

2015

2,034

0.085

$3,987,375

$2,833,753

2016

2,279

0.095

$4,465,860

$3,022,670

2017

2,523

0.106

$4,944,345

$3,187,169

2018

2,767

0.116

$5,422,830

$3,329,147

2019

3,011

0.126

$5,901,315

$3,450,377

2020

3,255

0.136

$6,379,800

Totals

23,111

1.0

Levelized Costeffectiveness

$3,552,511
$31,102,787

$2.32

Forests
Baseline rates of forest conversion to developed uses during 2008–2020 were estimated to be
5,368 acres/year, based on data from NRI and data provided by CSU. NRI data give a total
annual rate of land conversion to developed uses (including all land uses) of 27,700 acres/year
and an annual rate of forest conversion to developed uses of 4,400 acres/year for 1982–1997.
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Data provided by CSU project that 33,703 acres/year (including all land uses) will be converted
to developed uses from 2000–2030 (33,703 acres/year). The CSU estimate is 22% greater than
the NRI estimate for all land converted to development, which probably reflects an increasing
rate of development pressure more recently and into the future. The baseline amount of forest
conversion to developed uses for 2008–2020 was inferred by scaling up the NRI estimate of
4,400 acres/year by 22%. Applying the goal levels to this baseline rate of forest conversion to
developed uses amounts to avoiding the conversion of 536 acres/year by 2012 and 1,342
acres/year by 2020 of forests to developed uses.
Carbon savings from this option were estimated from two sources: the amount of carbon that
would be lost as a result of forest conversion to developed uses (i.e., “avoided emissions”); and
the amount of annual carbon sequestration in the forest area that is not converted to development
under this option (i.e., “protection of carbon sequestration potential”).
The forest carbon stocks (tons of carbon/acre) and annual carbon flux (annual change in tons of
carbon/acre) data are based on default carbon sequestration values for lodgepole and ponderosa
pine forest types in the Southern Rocky Mountain Region (USFS GTR-343). These forest types
were chosen because of there relative dominance in Colorado. For both forest types, average
forest carbon stocks (including biomass and soils) were based on coefficients for 65-year-old
stands and annual rates of carbon sequestration (tons of carbon sequestered per year) were
calculated by subtracting total carbon stocks in forest biomass of 65-year-old stands from total
carbon stocks in forest biomass of new stands and dividing by 65. An average for 65-year-old
stands was used to take reflect the average age structure of forests. Soil carbon density was
assumed constant and is not included in the annual carbon flux calculations because default
values for soil carbon density are constant over time in USFS GTR-343.
Table H-21. Carbon stocks and annual sequestration rates for lodgepole pine and ponderosa pine
forests in the Southern Rocky Mountain Region
Stand Age
(year)

Biomass
Stock
(MtC/acre)

Soils
Stock
(MtC/acre)

Lodgepole pine
0
65
Annual flux
(MtC/acre/year)

16.1
30.3

0
65
Annual flux
(MtC/acre/year)

15.5
31.7

0.22

10.9
10.9
0.00

Ponderosa pine

0.25

9.8
9.8
0.00

MtC – Metric tons of carbon

Loss of forests to developed uses results in a large one-time loss of carbon. In this case, it was
assumed that 53% of carbon stocks in biomass and 35% of carbon stocks in soils would be lost in
the event of forest conversion, with no appreciable carbon sequestration in soils or biomass
following development. The biomass loss assumption is based on research that shows heavy
levels of individual tree removal results in the harvesting of 53% of carbon in aboveground
biomass (Strong, 1997). The soil carbon loss assumption was based on a study that shows about
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a 35% loss of soil carbon when woodlots are converted to developed uses (Austin, 2006).
Therefore, to estimate avoided emissions, the total number of acres protected in a year for each
forest type was multiplied by the percent-adjusted carbon stock value for loss of biomass and soil
carbon stocks. It was assumed that the area protected was 50% lodgepole and 50% ponderosa
pine. Results were converted to units of million metric tons CO2 equivalent (MMtCO2e) and are
provided in Table H-22.
Table H-22. Summary of carbon savings from avoided emissions

Year
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Lodgepole
Forest acres not
(tons carbon)
converted to
development
Biomass
Soils
107
862
205
215
1,724
410
322
2,586
614
429
3,448
819
537
4,310
1,024
637
5,118
1,216
738
5,927
1,408
839
6,735
1,600
939
7,543
1,792
1,040
8,351
1,984
1,141
9,159
2,176
1,241
9,967
2,368
1,342
10,776
2,560

Ponderosa
(tons carbon)
Biomass
902
1,804
2,706
3,608
4,509
5,355
6,200
7,046
7,891
8,737
9,582
10,428
11,273

Soils
184
368
552
736
921
1,093
1,266
1,438
1,611
1,784
1,956
2,129
2,302

Total
(tons carbon)
2,153
4,306
6,459
8,611
10,764
12,782
14,801
16,819
18,837
20,856
22,874
24,892
26,910

Total
avoided
emissions
(MMtCO2e)
0.01
0.02
0.02
0.03
0.04
0.05
0.05
0.06
0.07
0.08
0.08
0.09
0.10

Forests that are protected from conversion in one year continue to sequester carbon in subsequent
years, which is carbon sequestration that would not have occurred under business as usual rates
of forest conversion to development. Thus, annual sequestration estimates are based on the
cumulative forest acres that were not converted to development as a result of the policy. Annual
carbon sequestration was calculated each year by multiplying cumulative acres by the average
annual carbon flux for lodgepole and ponderosa pine, assuming 50% of each forest type is not
converted to development (Table H-23).
Table H-23. Summary of carbon savings from protecting the annual carbon sequestration
potential in forests

Year
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

Cumulative
Lodgepole
Ponderosa
Total
Acres
(tons carbon/year) (tons carbon/year) (tons carbon/year)
107
12
13
25
322
35
40
75
644
70
80
151
1,074
117
134
251
1,610
176
201
377
2,248
246
280
526
2,986
326
372
698
3,825
418
477
894
4,764
520
594
1,114
5,804
634
723
1,357
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Annual
Carbon
Sequestered
(MMtCO2e)
0.0001
0.0003
0.0006
0.0009
0.0014
0.0019
0.0026
0.0033
0.0041
0.0050

Year
2018
2019
2020

Cumulative
Lodgepole
Ponderosa
Total
Acres
(tons carbon/year) (tons carbon/year) (tons carbon/year)
6,945
759
865
1,624
8,186
894
1,020
1,914
9,528
1,041
1,187
2,228

Annual
Carbon
Sequestered
(MMtCO2e)
0.0060
0.0070
0.0082

Costs of implementing the option were assumed to be $1,960 for every acre not converted, based
on average costs of conservation easements in New Mexico. The analysis does not take into
account potential cost savings from forest products revenue on working forest lands that are
protected under this policy. Annual costs were estimated by multiplying the number of forest
acres protected from conversion to development by the cost per acre. Annual discounted costs
were then estimated using a 5% interest rate. The sum of annual discounted costs provides an
estimate of the NPV of this option, which amounts to $12.8 million. The cumulative costeffectiveness of the total program was calculated by dividing the NPV by cumulative carbon
sequestration, yielding $17/ton CO2e (Table H-24).
Table H-24. Summary of carbon savings and costs for forests

Year
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
Total

•

Acres
Protected
107
215
322
429
537
637
738
839
939
1,040
1,141
1,241
1,342
9,528

Avoided
emissions
0.01
0.02
0.02
0.03
0.04
0.05
0.05
0.06
0.07
0.08
0.08
0.09
0.10

Annual
Sequestration
0.0001
0.0003
0.0006
0.0009
0.0014
0.0019
0.0026
0.0033
0.0041
0.0050
0.0060
0.0070
0.0082

Total carbon
Savings
(MMtCO2e)
0.01
0.02
0.02
0.03
0.04
0.05
0.06
0.06
0.07
0.08
0.09
0.10
0.11
0.74

Cost
$210,426
$420,851
$631,277
$841,702
$1,052,128
$1,249,402
$1,446,676
$1,643,950
$1,841,224
$2,038,498
$2,235,772
$2,433,046
$2,630,320
$18,675,272

Discounted
costs
$210,426
$400,811
$572,587
$727,094
$865,588
$978,939
$1,079,532
$1,168,325
$1,246,213
$1,314,034
$1,372,570
$1,422,552
$1,464,661
$12,823,330

Key Assumptions: 53% and 35% of biomass and soil carbon, respectively, is lost when
forests are converted to developed uses; no appreciable carbon sequestration occurs postdevelopment. Distribution of forest types protected is assumed based on forest
dominance.

Key Uncertainties
The analysis of potential GHG benefits is sensitive to the assumed baseline rate of land use
conversion to developed uses. There are multiple resources and types of data that could be used
to establish this baseline. For instance, a recent estimate from Theobald at CSU suggests 147,000
acres/year of natural lands will be converted to non-natural uses in the future. This estimate does
not specify how much of the non-natural land is would be for developed purposes, however it
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suggests potentially higher future rates of land use change to development than are assumed in
this analysis.
Additional Benefits and Costs
Protects wildlife habitat, outdoor recreation opportunities, and open space
Land protection and land use planning can play an important role in adapting to a changing
climate
Feasibility Issues
Land conservation strategies alone are unlikely to alter the general rate of land conversion, but
can play a role in determining which lands are protected from conversion. It is likely that
significantly more land would need to be placed under protection than is targeted by the goals for
this option in order to achieve an overall reduction in the rate of land use conversion.
For this policy to achieve full benefits, forest and grassland conversion rates would need to be
reduced in absolute levels across the entire state, without shifting land conversion activities to
other locations.
Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
Not applicable.
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AFW-7. Forest Health & Biomass Feedstocks for Energy Production

Mitigation Option Description
A specific focus of this option is on the potential synergistic objectives of forest fire risk
management and bioenergy production. Forest management methods that decrease wildfire risk
to communities remove biomass from forest to reduce biomass density. The biomass harvested is
typically of low economic value and therefore generally is underutilized. This option proposes
using this biomass as a feedstock for energy production to yield GHG reduction benefits. Woody
biomass feedstocks may also come from other types of forest health management programs such
as pest and disease prevention.
This option focuses explicitly on forest fire risk mitigation in communities at risk of wildfires in
the wildland–urban interface (WUI) of the Front Range Region of Colorado. The focus was
chosen in part because of the significant potential benefits, in terms of avoided costs and other
losses, from preventing wildfires in communities. Also, the best available information is for this
region of Colorado.
Mitigation Option Design
Goal: Increase the use of biomass from fire risk treatments to produce energy (specifically
institutional heating) by 10% of harvested wood in 2012 and by 20% of harvested wood in 2020.
Timing: See above.
Parties involved: Colorado State Government, Colorado Department of Forestry, universities,
extension/outreach specialists
Other: Current levels of biomass energy production are low in Colorado. There is no biomass
utilized to produce electricity and there is one known biomass heating system in Boulder County,
which consumes about 850–1000 tons of biomass per year. Additional biomass heating systems
are planned for CSU, NREL, and Gilpin County for this winter. On other project in progress is in
Jackson County/Walden that might produce some electricity as well as heat when it becomes
operational.
The Front Range Roundtable developed recommendations for forest management priorities in
the Front Range of Colorado focusing on ecological restoration and fire risk mitigation. The
Roundtable recommends that about 1.5 million acres of forests are may be in need of treatment
over the next 40 years and that fire management in Lower Montane forests of the Front Range be
a high priority because of extensive overlap between forest restoration and community fire risk
reduction objectives. The Roundtable further recommended that, to the extent possible, biomass
removed during fire mitigation be used for heating institutional buildings such as schools and
government buildings to offset treatment costs. This option assumes that under business as usual,
the Roundtable’s priority recommendations for fire risk mitigation will be implemented in
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Colorado, but the lack of bioenergy infrastructure currently in place will limit the extent to which
the resulting biomass will be used to generate energy.
Implementation Mechanisms
Funding mechanisms or incentives/market-based mechanisms: mechanisms that increase the rate
at which the by-products of forest thinning at the wildland–urban interface are used to generate
institutional heat, such as
•

Provide tax incentives to reduce the capital costs of transporting biomass for use in
heating of institutional buildings. This could include tax reductions in state sales tax for a
wide variety of biomass-related equipment.
• Subsidize the installation of bioheating systems in new public facilities and replacement
of old boilers with bioheating systems in existing facilities.
Education/Outreach: extension services and local universities could develop partnerships that
bring together potential suppliers and consumers
Related Policies/Programs in Place
State Fire Assistance Programs (Federal program)
National Fire Plan
Healthy Forest Restoration Act
Federal Energy Policy Act
Community-based cost sharing for slash/mulch services
Type(s) of GHG Reductions
Displaces emissions from fossil fuel combustion
Estimated GHG Savings and Costs per MtCO2e
GHG Reduction Potential in 2012, 2020 (MMtCO2e): 0.08, 0.20
Cumulative GHG reduction potential, 2007–2020 (MMtCO2e): 1.4
Net Cost per MtCO2e: –$75
Data Sources: Forest Inventory Analysis 2005, USFS GTR NE-343; Front Range Fuels
Treatment Partnership Roundtable Final Report 2006, Forest Biomass Removals for Fossil Fuel
Offsets, Nelson, Kashian, and Ryan, unpublished report 2007. Michael Ryan, USFS, personal
communications; McNeil Technologies Report: Western Regional Biomass Energy Program,
Final Report, Evaluating Biomass Utilization Options for Colorado: Summit and Eagle Counties,
2003.
Quantification Methods: The starting assumptions of this analysis are that fire risk mitigation
treatments will generally follow the Roundtable recommendations during the time period of
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analysis of 2008–2020 and that none of the biomass removed will be used for energy production.
The policy option will gradually increase the proportion of biomass used for energy production
as it seeks to increase the demand and capacity for using biomass to heat institutional buildings
during 2008–2020.
It is assumed that about 1.1 million acres of Lower Montane forests may need fire risk mitigation
(i.e., thinning treatments and prescribed burning) over the next 40 years (see Table on Page 8 of
the Roundtable Report). This amounts to thinning and burning about 27,500 acres/year on
average initially. However, the Roundtable did not take into account future expansion of the
WUI due to continued development growth. Thus, this analysis makes a rough assumption that
the amount of forest classified as being in the WUI will expand by about 3% per year, and thus
the area in need of treatment will also expand by this much annually, such that by 2020 more
than 39,000 acres/year will need thinning for fire risk mitigation. Data were not available on
forest areas in the WUI outside of the Front Range that are at risk for wildfires. Thus, the 3%
expansion may also serve to capture areas outside of the Front Range in the analysis.
The amount of biomass removed from thinning was calculated using published carbon
coefficients for common forest species in Lower Montane forests in the Southern Rocky
Mountain Region of the United States (USFS GTR NE-343) (Table H-25). It was assumed that
the thinned areas were comprised of 72% ponderosa pine and 28% Douglas fir. These are
dominant species in the Lower Montane elevation range (5,000–8,000 feet) and the percentages
were calculated from USFS Forest Inventory data for these types in that elevation range across
Colorado. It was also assumed that thinning treatments would remove 45% of biomass carbon
(based on a range of 30%–60% from Nelson et al.).
Table H-25. Carbon coefficients for forest types targeted for treatment

Forest Type
Ponderosa pine (PP)
Douglas fir (DF)

Biomass Carbon Stocks
in 65-Year-Old Stands
(tons carbon/acre)
31.7
56.3

Table H-26 shows the total number of acres in need of fire mitigation during 2008–2020, which
increases due to an assumed 3% growth in the WUI, the number of acres thinned per year (by
forest type), and the amount of carbon removed as a result of thinning. These trends are assumed
constant in both the baseline and policy scenarios. Data are provided here primarily to illustrate
the potential supply of biomass feedstocks for energy production as a result of fire risk
management. It is important to note that the carbon removed from the forest is not likely to be
replaced by future growth because the forest management goal is to reduce the biomass density
of the forests permanently. Thus, in both the baseline and policy scenarios the forest experiences
a net loss of carbon stocks of roughly the same magnitude.
Table H-26. Summary of forest treatments and annual carbon removed, 2008–2020

Year
2008
2009

Acres Needing
Fire Treatment
1,100,000
1,133,000

Acres Treated With
Thinning Per Year
PP
19,797
20,391

DF
7,703
7,934
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Tons of Carbon Removed From Thinning
PP
282,401
290,873

DF
195,161
201,016

Total
477,562
491,889

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

1,166,990
1,202,000
1,238,060
1,275,201
1,313,458
1,352,861
1,393,447
1,435,251
1,478,308
1,522,657
1,568,337

Acres Treated With
Thinning Per Year
21,002
8,172
21,632
8,418
22,281
8,670
22,950
8,930
23,638
9,198
24,348
9,474
25,078
9,758
25,830
10,051
26,605
10,352
27,403
10,663
28,225
10,983

Tons of Carbon Removed From Thinning
299,599
207,047
506,646
308,587
213,258
521,845
317,845
219,656
537,501
327,380
226,246
553,626
337,201
233,033
570,234
347,317
240,024
587,341
357,737
247,225
604,962
368,469
254,641
623,110
379,523
262,281
641,804
390,909
270,149
661,058
402,636
278,253
680,890

The impacts of this policy option are based on increasing the use of biomass for institutional
heating starting in 2008. Table H-27 shows the modeled increase in use of biomass assuming that
10% of biomass removed is used for heat production by 2012 and 20% is used for heat
production by 2020 with gradual increases in intervening years. In the absence of the policy
option it is assumed that none of the biomass would be used for institutional heating.
The energy content of biomass was calculated using a conversion factor of 16.4.
MMBtu/ton biomass. Emission reductions were calculated using the difference between biomass
energy emissions and natural gas emissions based on the following emission factors: biomass
energy yields 0.007 tons CO2e/MMBtu, natural gas yields 0.053 tons CO2e/MMBtu.
Table H-27. Policy impacts of increased biomass use for energy production (assuming a baseline
of zero utilization)

Year
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
Total

Total Carbon
Removed
From
Thinning
(tons carbon)
477,562
491,889
506,646
521,845
537,501
553,626
570,234
587,341
604,962
623,110
641,804
661,058
680,890
7,458,467

Proportion of
biomass used to
produce energy
under policy
scenario
0.02
0.04
0.06
0.08
0.10
0.11
0.13
0.14
0.15
0.16
0.18
0.19
0.20

Amount of
biomass used for
energy
production
(tons biomass)*
19,102
39,351
60,797
83,495
107,500
124,566
142,559
161,519
181,488
202,511
224,631
247,897
272,356

Energy
generated from
biomass used
for energy
production
(MMBtu)
313,281
645,359
997,079
1,369,322
1,763,002
2,042,878
2,337,961
2,648,910
2,976,411
3,321,179
3,683,954
4,065,506
4,466,636

Emission
reductions from
energy offsets
(MMtCO2)
0.01
0.03
0.05
0.06
0.08
0.09
0.11
0.12
0.14
0.15
0.17
0.19
0.20
1.40

*Biomass calculated as 2 times the weight of carbon (i.e., carbon content of biomass is 50%)
MMBtu – is a standard measure of the heat value of fuels, representing a thousand thousand British thermal units.
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There are a number of potential costs and costs savings associated with using more biomass for
institutional heating. For example, revenue from the sale of extracted biomass to consumers for
heat production can offset the costs of treatment, transportation, and disposal of biomass that is
extracted and not used for energy (e.g., the Roundtable estimates that biomass extraction without
utilization costs $654/acre compared to a cost of $364/acre for biomass extraction with
utilization, which is a cost savings of $290/acre treated). In addition, cost savings can occur
when fuel wood replaces more costly fossil fuels (e.g., the Roundtable estimates that wood fuel
costs $2/MMBtu, compared to a cost of $7/MMBtu for natural gas). However, there are also
infrastructure costs associated with upgrading or installing new boilers for using biomass. The
up-front cost of a biomass combustion system can be greater than a traditional system; however
the fuel can be far less expensive, such that, over time, fuel savings can more than offset upfront
costs. The magnitude of these types of costs is difficult to predict under the policy scenario as
data are limited on existing systems and needed upgrades to meet the capacity demands of this
option.
This option assumes that the cost savings associated with revenue generated from the sale of
biomass for heating purposes would roughly offset the costs associated with developing the
infrastructure for using the biomass. Thus, the quantified costs savings shown in Table H-28 are
based solely on the cost savings associated with lower fuel prices for wood, compared to natural
gas (cost savings of $5/MMBtu of heat produced).
Costs savings were calculated each year by multiplying the energy produced from biomass by a
cost savings of $5/MMBtu. Annual discounted costs were calculated using a 5% interest rate. An
NPV of –$104 million was calculated for this option as the sum of annual discounted costs over
the timeframe of analysis (negative values indicate cost savings). In addition, a cost-effectiveness
of –$75/ton CO2e was calculated by dividing NPV by the cumulative GHG savings of the option
from 2008–2020.
Table H-28. Summary of estimated cost savings

Year
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
Total

Energy generated
from biomass
heating
(MMBtu)
313,281
645,359
997,079
1,369,322
1,763,002
2,042,878
2,337,961
2,648,910
2,976,411
3,321,179
3,683,954
4,065,506
4,466,636

Emission
reductions from
energy offsets
(MMtCO2)
0.01
0.03
0.05
0.06
0.08
0.09
0.11
0.12
0.14
0.15
0.17
0.19
0.20
1.40
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Cost Savings
from Biomass
Utilization
–$1,566,404
–$3,226,793
–$4,985,395
–$6,846,609
–$8,815,009
–$10,214,392
–$11,689,804
–$13,244,548
–$14,882,055
–$16,605,893
–$18,419,768
–$20,327,529
–$22,333,179

Discounted Costs
–$1,566,404
–$3,073,136
–$4,521,900
–$5,914,358
–$7,252,130
–$8,003,243
–$8,723,111
–$9,412,653
–$10,072,761
–$10,704,307
–$11,308,140
–$11,885,085
–$12,435,950
–$104,873,178

Key Assumptions: Risk reduction treatments are the same under business as usual and policy
implementation. None of the biomass by-products from risk reduction treatments would be used
to produce energy under business as usual. WUI increases at a rate of 3% per year, leading to
increased need for thinning treatments. Demand and capacity for using biomass to heat
institutional buildings will increase at the pace needed to achieve the goals of this option.
Key Uncertainties
The demand and capacity for using biomass to heat buildings will match the assumptions of the
analysis. Biomass supply is estimated using general carbon stock coefficients and coarse
assumptions about thinning practices; actually supply potential could be quite different in reality.
The GHG reduction is measured against the use of natural gas for heating. The actual fuel offset
by biomass heating will vary by facility.
The additional GHG emissions associated with any pelletizing of biomass for use in certain
commercial/residential applications has not been quantified. These emissions are expected to
result in a slight reduction to the overall benefits estimated for this option. In addition, the
additional transportation related emissions associating with moving biomass to consumers is not
taken into account and would result in a reduction to the overall benefits.
The scenario assumes that the balance of carbon fluxes, the thinning treatments applied, and fire
frequency within the forest area covered by the option are the same under the policy scenario and
business as usual.
Additional Benefits and Costs
Protection of residential and or municipal lands from fire risk
Healthier forests
Protection of watersheds, wildlife and wildlife habitat, and improvements in air quality (e.g.,
lower air emissions occur from energy utilization compared to open burning)
Potential expansion of markets for industrial producers of renewable energy use
Creation of jobs in the associated forestry management industries
Forest fire mitigation is a potentially important strategy for adapting to future climate change
Feasibility Issues
It may not be feasible to implement treatment on the total number of acres targeted by this
option.
Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
Not applicable.
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AFW-8. Source Reduction, Enhanced Recycling and Composting Programs

Policy Option Description
Solid waste that is normally buried in landfills generates methane through decomposition
processes. By preventing this source of methane, GHG emissions are reduced. Waste can be
diverted through a variety of actions including composting, source reduction, recycling, and
reuse. Alternatives to landfilling unprocessed organic material (food wastes, agricultural wastes,
biosolids, lawn & garden wastes, or other organic materials) include composting and anaerobic
digestion. Both alternatives reduce net GHG emissions and anaerobic digestion can also provide
a source of renewable energy (methane). Source reduction and recycling also reduce product life
cycle GHG emissions, including extraction and processing of raw materials, product
manufacture, transport, and final disposal.
Policy Option Design
Goals: Divert 75% of wastes from landfilling by source reduction, recycling and composting.
Timing: Divert 25% by 2012; achieve the full goal by 2020.
Parties Involved: Municipal governments, waste management companies, waste generators.
Other: Not applicable.
Implementation Mechanisms
Colorado will explore all reasonable options that increase the recovery of waste materials and put
them to beneficial use. Opportunities may be implemented through
•

•

Education and public involvement
ο Colorado Association for Recycling may play an important role
ο Other non-profits can also be relied upon for advocacy/outreach
ο Leverage public desire to protect the natural beauty of Colorado
Economic support
ο Target job development
ο Improve Colorado’s processing infrastructure
ο Public/private partnerships will be encouraged that lead to development and
construction of new recycling and composting processing facilities.
Mechanisms that have proved successful in other states will be evaluated for use in
Colorado, such as low-interest financing packages; long-term contracts; guaranteed
supplies of materials (e.g., from “clean stream” collection processes).
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ο

•
•

•

•

Landfill surcharges are the financial bridge to transition us away from a dominant
landfill system to a 75% recovery system; therefore, additional surcharges on tipping
fees will be evaluated for appropriate levels to achieve programmatic goals.
—
This approach is used across the country, going as high as $6/yard at a landfill in
California. For perspective, Colorado recently created its first recycling surcharge of ten
cents/yard.
Technical research and assistance
ο Evaluate state and local resources (data based)
Relationship to transportation-reduction goals and policies
ο Evaluate ways to improve trash collection efficiencies
ο Apply purchasing guidelines
—
Local product procurement objectives
—
Source reduction limitations to discourage excessive packaging
Legislative actions
ο Review successful programs that have helped other states increase diversion
ο Leverage grant opportunities from landfill surcharges
ο Adopt bans on landfill disposal for certain materials
ο Increase number of communities that apply pay-as-you-throw trash rates
ο When communities reach urban population thresholds of 50,000 or more, the state
will require comprehensive discards collection plans that require Clean Stream (i.e.,
three separated materials modeled after San Francisco’s Fantastic Three program)
technology to be used.
State agencies will lead by example

Related Policies/Programs in Place
•

•

Adopted in 2007, the Sustainable Resource Economic Opportunity Bill establishes a 7- to
10-cent surcharge per ton of landfilled trash, which will create a source of funding to:
provide grants for the sustainable use and economic development of discarded resources;
pay for additional staff at the Colorado Department of Public Health & Environment to
implement solid waste reduction programs; and offer financial rewards to communities
that divert more waste.
Also adopted in 2007, the Environmentally Preferable Products Act enables state
agencies to award contracts to bidders who offer environmentally preferable products or
services that may exceed the price of the lowest bid. In 2005, SB 141 was passed making
it illegal to dispose of used oil, tires, and batteries in Colorado landfills.

Types of GHG Reductions
Methane reductions from avoided methane emissions from waste placed into landfills; GHG
reductions from lower energy consumption associated with a reduction of wastes generated (e.g.,
energy used to create products or packaging); GHG reductions from lower energy consumption
associated with utilizing recycled materials for production versus raw (virgin) materials.
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Estimated GHG Savings and Costs per MtCO2e
GHG Reductions (MMtCO2e) in 2012, 2020: 0.48, 4.64
Net Cost ($/Mt): $13
Data Sources: Waste-in-placement data is consistent with the Colorado GHG Emissions
Inventory and Forecast. Baseline recycling and composting estimates were derived from data
presented in a joint study by BioCycle and the Earth Engineering Center of Columbia
University.60 Current source reduction programs—and reductions from those programs—were
identified through private communication with Dr. L. Skumatz of Skumatz Economic Research
Associates.61 Cost information was provided by members of the AFW PWG.62
Quantification Methods:
GHG Reductions
The baseline estimate for the municipal solid waste (MSW) disposed in landfills was projected
from the data used in the Colorado GHG Emissions Inventory and Forecast. The MSW disposed
in landfills in Colorado was 3,771,823 tons in 2004. The historical data used in the I&F—
provided to CCS by the CDPHE—was projected to increase at the same rate that the waste
disposal increased between 2000 and 2004: 1.3%.
The availability of source-specific recycling and composting data in Colorado is extremely
limited. Based on a study from BioCycle and Cornell University, CCS assumed a diversion rate
(not including source reduction) of 12.5%, 17.3% of which is composted organics. Based on
these figures, the 2005 baseline recycling and organic composting figures were calculated to be
445,614 tons and 93,218 tons, respectively.
The estimate for BAU source reduction was developed through data provided by Lisa Skumatz
of Skumatz Economic Research Associates, Inc (SERA).63 All source reduction is assumed to
occur through pay-as-you-throw (PAYT) programs. Currently, there are 615,000 people utilizing
PAYT programs in Colorado. The standard estimate used by SERA is that those participating in
the PAYT programs reduce their waste disposal by 6%. Therefore, assuming a BAU per capita
waste disposal rate of 0.91 tons/person/year, the BAU source reduction was calculated to be
14,483 tons (Table H-29).

60

P. Simmons, N. Goldstein, S.M. Kaufman, N.J. Themelis, and J. Thompson, Jr. “The State of Garbage in
Amercia.” BioCycle. April 2006. Accessed on August 24, 2007, at http://www.seas.columbia.edu/earth/
wtert/sofos/Simmons_SOG06.pdf
61
Personal Memorandum sent by L. Skumatz to B. Strode via e-mail on August 28, 2007. CCS extends special
thanks to SERA for their input on this option.
62
Personal communication from E. Lombardi and S. Gordon to B. Strode between July 2007 and September 2007.
63
Personal Memorandum sent by L. Skumatz to B. Strode via e-mail on August 28, 2007.
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Table H-29. BAU waste disposal and diversion in Colorado (tons)
Waste Management
Method
MSW landfilled
MSW recycled
Organics composted
Source reduction
Diversion rate

2005
3,771,823
445,614
93,218
14,483
12.8%

2010
4,023,449
475,342
99,437
15,450
12.8%

Year
2012
4,128,739
487,781
102,039
15,854
12.8%

2015
4,291,862
507,053
106,070
16,480
12.8%

2020
4,578,181
540,879
113,146
17,580
12.8%

The policy goal set for waste diversion in the State of Colorado is 25% diversion by 2012 and
75% diversion by 2020. According to a member of the AFW PWG, industry expects that any
long-run diversion plan will be met with equal parts recycling and organic composting.64
Therefore, the breakdown of tonnage of waste diverted under this policy option was estimated by
assuming that 75% of all citizens not currently under a PAYT program will be participating in
such a program by 2020. The remainder of diversion needed to meet the 2020 75% waste
diversion target is assumed to be made up of equal parts recycling and organic composting.
Tables H-30 and H-31 display the total waste disposed and diverted under the policy scenario, as
well as the incremental diversion expected (above and beyond BAU diversion):
Table H-30. Policy goal waste disposal and diversion in Colorado (tons)
Waste Management
Method
MSW landfilled
Total diversion
MSW recycled
Organics composted
Source reduction
Diversion rate

2005
3,771,823
553,315
445,614
93,218
14,483
12.8%

2010
3,676,397
937,280
523,378
378,731
35,171
20.3%

Year
2012
3,550,809
1,183,603
567,447
567,447
48,710
25.0%

2015
2,768,324
2,153,141
1,042,061
1,042,061
69,018
43.8%

2020
1,312,447
3,937,340
1,917,237
1,917,237
102,866
75.0%

2015
1,523,538
535,009
935,991
52,538

2020
3,265,735
1,376,358
1,804,091
85,286

Table H-31. Incremental waste diversion in Colorado (tons)
Incremental Waste
Diversion
Total diversion
MSW recycled
Organics composted
Source reduction

2005
–
–
–
–

2010
347,052
48,036
279,294
19,721

Year
2012
577,929
79,666
465,408
32,856

The GHG reductions for recycling are calculated by entering the 2012 and 2020 incremental
recycling values displayed above into the EPA Waste Reduction Model (WARM). WARM
allows the user to input values for the recycling of multiple materials. However, since data in
Colorado regarding the type of materials recycled is unavailable at this time, the total quantity of
incremental recycling under the policy scenario was entered into WARM under “mixed
recycling.” The results showed a GHG benefit of 200,731 MtCO2e in 2012 and 3,540,431
MtCO2e in 2020.

64

Personal communication from E. Lombardi to B. Strode on September 5, 2007.
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By composting organic material, the CH4 emissions that would have been generated via
anaerobic decomposition in a landfill are avoided. Landfill methane avoided for the incremental
(2012 and 2020) organics material diversion was estimated using an estimate of the degradable
organic carbon (DOC) content from the United Nations Framework Convention on Climate
Change (UNFCC).65
For this assessment, landfill gas generated at the applicable landfills in Colorado is assumed to
be collected and controlled. The US EPA default methane collection efficiency of 75% is
applied. Also, the default assumption of 10% oxidation of CH4 as it diffuses through the landfill
soil cover is applied. The 2012 incremental landfill methane avoided is (see footnote for
additional details):
Incremental 2012 CH4 = (465,408 tons of organics) × (0.21) × (0.50) × (0.907 Mt/ton)
× (16/12) × 21 × (1 – 0.75) × (1 – 0.10)
= 279,236 MtCO2e

The same method was used to calculate the methane avoided using the higher levels of organics
to be composted in 2020 (1,804,091). The incremental benefit of increased organic material
composting is 200,731 MtCO2e in and 1,082,419 MtCO2e in 2020.
WARM was also utilized to determine the GHG benefit from the incremental increase in source
reduction as well. As WARM does not allow source reduction as an input for the “Mixed MSW”
cell, an alternative approach to calculating GHG reductions with WARM was adopted. For years
2012 and 2020, the WARM model was run for the BAU MSW disposed in landfills (4,128,739
tons in 2012 and 4,578,181 tons in 2020). The model was run again for the 2012 and 2020 MSW
disposal in landfills that would be expected after incremental source reduction only (4,095,883
tons in 2012 and 4,492,895 tons in 2020). The results of the second WARM run (625,118
MtCO2e in 2012 and 685,710 MtCO2e in 2020) are subtracted from the results of the first
WARM run (630,132 MtCO2e in 2012 and 698,727 MtCO2e in 2020) to yield the total
incremental GHG benefit attributed to source reduction (5,014 MtCO2e in 2012 and 13,017
MtCO2e in 2020).
The resulting GHG reductions were found to be quite high, likely due to the large diversion
prescribed by this policy. The estimated GHG reduction for 2012 is 0.48 MMtCO2e/year and
4.64 MMtCO2e/year in 2020. The reductions from each diversion strategy are displayed in
Table H-32.
Table H-32. Incremental GHG reductions from policy goal waste diversion (MMtCO2e)
Year
Recycling
Organic Composting
Source Reduction
Total Incremental Diversion

2012

2020

Cumulative

0.200
0.279
0.005
0.485

3.540
1.082
0.013
4.636

24.01
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UNFCC, CDM–Executive Board, “Approved baseline and monitoring methodology AM0039,” September 29,
2006. The average DOC content for lawn and garden, food, and wood/straw waste is 21%. Default CH4 content of
landfill gas is 50%. 16/12 is the ratio of molecular weights of carbon and methane. 21 is the global WARMing
potential of methane.
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Costs
The cost of increasing recycling rates in Colorado is calculated by taking the difference of the
sum of the capital cost and collection cost and the cost saved through avoided landfill tipping
fees. The capital costs are determined on a per-household basis, with the figure of $129 per
household derived from input given to a similar state climate change planning process in
Vermont.66 The total capital cost for additional recycling facilities in Colorado is estimated to be
a total of $213.4 million over the life of the program, which is the equivalent of $12 million/year
over the course of the policy period (given a 5% interest rate). The annual cost of collection per
household is assumed to be $60/year ($5 per month per household).67 The tipping fee for
recycling is assumed to be the sum of the fee paid to haulers and the avoided landfill tipping fee.
The payment from recycling facilities to haulers is assumed to be $30/ton and the landfill tipping
fee is currently $15/ton, expected to double by 2020.68 The results show that, beginning in 2014,
this policy will have a net savings to society (Table H-33; Note: $MM stands for million
dollars).
Table H-33. Cost of recycling program

Year
2007

Tons
Reduced
–

Avoided
Annual
Annual Costs
Households Capital Cost for Collection Tipping Fee Disposal Cost
($MM)
($MM)
($MM)
($)
in Program
–

$–

$–

Net Policy
Cost
(Recycling)
($MM)

$–

$–

2008

16,090

5,371

$12.04

$0.32

$45.00

$-0.72

$11.64

2009

32,102

10,717

$12.04

$0.64

$46.25

$-1.48

$11.20

2010

48,036

16,037

$12.04

$0.96

$47.50

$-2.28

$10.72

2011

63,891

21,330

$12.04

$1.28

$48.75

$-3.11

$10.20

2012

79,666

26,596

$12.04

$1.60

$50.00

$-3.98

$9.65

2013

227,507

75,952

$12.04

$4.56

$51.25

$-11.66

$4.94

2014

379,263

126,614

$12.04

$7.60

$52.50

$-19.91

$-0.28

2015

535,009

178,609

$12.04

$10.72

$53.75

$-28.76

$-6.00

2016

694,823

231,962

$12.04

$13.92

$55.00

$-38.22

$-12.26

2017

858,784

286,699

$12.04

$17.20

$56.25

$-48.31

$-19.07

2018

1,026,972

342,848

$12.04

$20.57

$57.50

$-59.05

$-26.44

2019

1,199,469

400,435

$12.04

$24.03

$58.75

$-70.47

$-34.40

2020

1,376,358

459,488

$12.04

$27.57

$60.00

$-82.58

$-42.97

The cost of organic composting systems is based upon the annualized capital cost, which is
$8 million per 100,000 tons of organics composted (assuming 5% interest).69 The annual
operation and maintenance cost is assumed to be $15 per ton.70 The cost savings is the difference
between the avoided landfill tipping fee (noted above) and the tipping fee paid to organic

66

P. Calabrese, Cassella Waste Management, personal communication with S. Roe, CCS, April 26, 2007.
Personal communication from E. Lombardi to B. Strode on September 5, 2007.
68
Ibid.
69
P. Calabrese, Cassella Waste Management, personal communication with S. Roe, CCS, June 5, 2007. Transmitted
via e-mail to B. Strode by S. Roe. Confirmed by E. Lombardi.
70
Personal communication from E. Lombardi to B. Strode on September 5, 2007.
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composters ($15/ton, not assumed to escalate over time).71 The cost analysis of the organic
composting program predicts a net cost over time, largely due to high initial capital cost. Some
of these costs may be defrayed through the construction of larger facilities, but high levels of
centralization may lead to increased transportation costs.
Table H-34. Cost of composting program
Annual
Cost O&M Capital Cost Cost Savings
Year ($/ton)
($/ton)
($/ton)

Total
Annual Cost
(2007$/ton)

Annual
Collection
Cost
($MM)
$–

Net Policy Cost
Households Tons of Waste (Composting)
in Program
Composted
(MM$)

2007

–

$–

0

$–

2008

30.00

$–

$–

$30.00

$1.87

31,086

–

93,114

–

$–

2009

30.00

$4.14

$-1.25

$32.89

$3.73

62,166

186,212

$9.85

2010

30.00

$5.52

$-2.50

$33.02

$5.59

93,241

279,294

$14.82

2011

30.00

$6.21

$-3.75

$32.46

$7.46

124,310

372,359

$19.55

2012

30.00

$6.62

$-5.00

$31.62

$9.32

155,373

465,408

$24.04

2013

30.00

$7.48

$-6.25

$31.23

$12.38

206,403

618,264

$31.69

2014

30.00

$6.96

$-7.50

$29.46

$15.53

258,762

775,099

$38.36

2015

30.00

$7.41

$-8.75

$28.66

$18.75

312,474

935,991

$45.57

2016

30.00

$7.70

$-10.00

$27.70

$22.05

367,568

1,101,018

$52.55

2017

30.00

$7.28

$-11.25

$26.03

$25.44

424,068

1,270,260

$58.51

2018

30.00

$7.47

$-12.50

$24.97

$28.92

482,002

1,443,797

$64.98

2019

30.00

$7.60

$-13.75

$23.85

$32.48

541,398

1,621,713

$71.17

2020

30.00

$7.69

$-15.00

$22.69

$36.14

602,284

1,804,091

$77.07

$4.66

O&M = operation and maintenance.

The cost of increased source reduction programs is based upon the annual cost of the program,
less the avoided landfill tipping fee. The cost of a source-reduction program is estimated to be $2
per household per year. This cost applies to all households not currently under PAYT program,
as it is assumed that these funds are already spent on households currently enrolled in a PAYT
program. The total annual cost is $2.15 million. It is also assumed that PAYT does not cost any
more to administer than a traditional trash collection program. The avoided landfill tipping fee is
the same as described above. The analysis estimates that source reduction presents a net cost,
until the end of the policy period (2019) when the cost savings associated with avoided tipping
fees overtake the cost of implementation.
The total incremental cost of waste diversion programs to meet the 75% diversion goal by 2020
is estimated to have a net present value of $310.67 million. The levelized cost-effectiveness of
this option is estimated to be $12.94/MtCO2e (Table H-36).

71

Ibid.
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Table H-35. Cost of source reduction program

Year

Tons Reduced

Avoided
Landfill
Tipping Fee
($)

Avoided
Implementation
Disposal Cost
Costs
($MM)
($MM)

Program
Costs
($MM)

2007

–

2008

6,576

$15.00

$-0.10

$–
$2.15

$2.05

2009

13,150

$16.25

$-0.21

$2.15

$1.93

2010

19,721

$17.50

$-0.35

$2.15

$1.80

2011

26,290

$18.75

$-0.49

$2.15

$1.65

2012

32,856

$20.00

$-0.66

$2.15

$1.49

2013

39,419

$21.25

$-0.84

$2.15

$1.31

2014

45,980

$22.50

$-1.03

$2.15

$1.11

2015

52,538

$23.75

$-1.25

$2.15

$0.90

2016

59,093

$25.00

$-1.48

$2.15

$0.67

2017

65,646

$26.25

$-1.72

$2.15

$0.42

2018

72,195

$27.50

$-1.99

$2.15

$0.16

2019

78,742

$28.75

$-2.26

$2.15

$-0.12

2020

85,286

$30.00

$-2.56

$2.15

$-0.41

Table H-36. Cost of diversion program

Year

Avoided
Emissions
(MMtCO2e)

Annualized
Costs
(MM$)

2007

–

2008

0.10

18.34

$17.47

2009

0.19

22.98

$20.85

2010

0.29

27.34

$23.62

2011

0.39

31.40

$25.84

2012

0.48

35.18

$27.57

2013

1.00

37.94

$28.31

2014

1.52

39.20

$27.86

2015

2.04

40.47

$27.39

2016

2.56

40.96

$26.41

2017

3.08

39.87

$24.48

2018

3.60

38.70

$22.63

2019

4.12

36.65

$20.41

2020

4.64

33.69

$17.86

Totals

24.0

–

Discounted
Costs
(MM$)

Levelized &
Discounted
Cost-effectiveness

–

$443

$311

$ 13

Key Assumptions: Assumptions used in the EPA WARM modeling include the use of the
“current mix” of recycled and virgin material inputs to production (i.e., new products are not
produced with 100% virgin materials); landfill gas is recovered for energy purposes; 75%
collection efficiency for landfill gas (LFG); default distance to the landfill and recycling facilities
(20 miles). Another key assumption is the ability of the N2O composting emission factor to
represent emissions from MSW organic materials composting.
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Key Uncertainties
These include the input data to the WARM model on current levels of recycling activity and
default WARM model selections (distance to material recovery facilities; landfill gas collection
efficiency; and other model default selections). Cost data are also key inputs with some level of
uncertainty, including the assumed tipping fees, costs for source reduction programs, and the cost
of composting systems.
Additional Benefits and Costs
Reduction in other air and water pollutant emissions associated with product manufacturing and
transport.
Feasibility Issues
The State legislature needs to pass a resolution that sets waste diversion goals for Colorado. The
newly elected governor has already showed leadership on environmental issues. The state’s
reputation as an incubator for renewable energy policies and technology is growing, and greater
amounts of recycling will further enhance Colorado’s identity as a “green” state.
Composting, recycling and waste reduction are important tools for citizens because they can take
personal action to reduce global WARMing at the household level—and in their workplaces and
schools. The public is receptive and eager to reduce/reuse/recycle. Demonstrated success at
reducing volumes of trash at landfills is relatively attainable and provides motivation/encourages
people to strive for even greater attempts to contribute to climate protection.
Nationally, Colorado ranks among the lowest in costs for landfill disposal (between $10 and $18
per ton, compared with $60 to $90 in many other parts of the country); the public would be likely
to absorb new increases in landfill fees if revenues were used to provide greater opportunities to
recycle and compost waste materials.
Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
Not applicable.
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AFW-9. Landfill Methane Reduction Programs

Policy Option Description
Provide incentives that will result in an increase in the recovery of landfill methane for use as an
energy source. Increasing the recovery of landfill methane will reduce emissions of this GHG
and will offset the use of fossil fuels for commercial/industrial heat/steam generation or
electricity production.
Policy Option Design
Goals: Implement controls or waste management options at municipal solid waste landfills such
that 50% of the methane emissions that would be generated under business as usual conditions
are avoided by 2020. This can be done through development of additional landfill gas to energy
(LFGTE) projects, flaring, reducing the amount of biodegradable waste being landfilled, or
possibly other methods.
Timing: By 2012, implement controls or management strategies at 12 sites not currently using
these technologies; by 2020, achieve full implementation of the policy (50% coverage of
generated methane).
Parties Involved: Municipal governments, landfill operators, landfill gas to energy project
developers.
Other: This policy is meant to cover sites that would not be expected to trigger the Federal New
Source Performance Standards/Emission Guidelines (NSPS/EG) for landfills (and would be
required to capture and control methane). According to the Colorado GHG I&F, the landfills in
Table H-37 currently employ LFG controls.
Table H-37. Colorado landfills with gas controls
Site Name
County Line Landfill
Fountain Landfill
Foothills Landfill
Denver Regional North Landfill
Denver Regional South Landfill
Tower Landfill
Denver – Arapahoe
Boulder Landfill
Larimer County Landfill

County
Arapahoe
El Paso
Jefferson
Weld
Weld
Adams
Arapahoe
Boulder
Larimer County
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Control
Flare
Flare
Flare
Flare
Flare
Flare
LFGTE
Flare
Flare

Implementation Mechanisms
Colorado will explore all reasonable options that will decrease the amount of biodegradable
waste sent to landfill, as well as increase the recovery of “bio” waste materials and put them to
beneficial use. Opportunities may be implemented through
•

•

•
•
•

•

Education and public involvement
ο The State would provide good education about the need for waste separation systems
so that “clean streams” of materials are available for reuse/recycling/composting.
Economic support
ο Improve Colorado’s processing infrastructure for discarded materials. The private
sector is likely to come in and build facilities if State and local government sets the
direction for how materials will be separately collected.
Technical research and assistance
ο Evaluate state and local resources (data based)
Relationship to transportation reduction goals and policies
ο Apply government purchasing guidelines
Legislative actions
ο Review successful programs that have helped other states increase diversion
ο Leverage grant opportunities from landfill surcharges
ο Adopt bans on landfill disposal for certain materials
ο Increase number of communities that apply pay-as-you-throw trash rates
ο State agencies will lead by example
ο Every landfill in the state will be required to develop a methane reduction and
mitigation program by end of 2008, with financial assistance available from the State
for planning purposes
—
Funds will be created to assist landfill planning using new surcharges that will be
applied to solid waste disposal in landfills
—
The State will provide financial assistance to small landfills to install methane
flaring systems.
Large landfills that meet the US EPA’s Federal New Source Performance
Standards/Emissions Guidelines (NSPS/EG) are required to install methane collection
systems.

Related Policies/Programs in Place
•
•

Federal NSPS/EG for municipal solid waste landfills (require landfill collection and
control for landfills of specific sizes and pollutant emission levels).
Adopted in 2007, the Sustainable Resource Economic Opportunity Bill establishes a 7- to
10-cent surcharge per ton of landfilled trash, which will create a source of funding to:
provide grants for the sustainable use and economic development of discarded resources;
pay for additional staff at the Colorado Department of Public Health and Environment to
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•

implement solid waste reduction programs; and offer financial rewards to communities
that divert more waste.
Also adopted in 2007, the Environmentally Preferable Products Act enables state
agencies to award contracts to bidders who offer environmentally preferable products or
services that may exceed the price of the lowest bid. In 2005, SB 141 was passed making
it illegal to dispose of used oil, tires, and batteries in Colorado landfills.

Types of GHG Reductions
•
•

Methane reductions via collection and control (via flaring, or preferentially via energy
utilization).
Reduction of fossil fuels and associated GHGs through the use of landfill methane.

Estimated GHG Savings and Costs per MtCO2e
GHG Reductions (MMtCO2e) in 2012, 2020: 0.3, 1.2
Costs ($/Mt): –$0.02
Data Sources:
GHG reductions. Information on current and forecast landfill emissions levels comes from the
Colorado GHG I&F for both flared and uncontrolled landfill categories. A life cycle emission
factor for natural gas consumption (120.2 lb CO2e/MMBtu) was calculated from the I&F
emission factor for natural gas combustion (116.7 lb CO2e/MMBtu) plus an estimated emission
factor that covered natural gas extraction, processing, transmission and distribution using
estimates in US EPA’s 2001 national emission estimates for that sector (3.5 lb CO2e/MMBtu);
Costs. US EPA model LFGcost-Web, which estimates the costs to implement different types of
landfill gas controls (including LFGTE); assumptions on the types of controls to be applied
(flare, LFGTE plant type) to estimate costs.
Quantification Methods:
GHG reductions come from two components—landfill methane controlled through this option
and fossil fuel offset with the use of collected landfill methane. The methane controlled was
calculated from the uncontrolled landfill category in each year of the policy period. In 2012, 20%
of the generated methane is to be collected and used for energy purposes. In 2020, 50% is to be
collected and used.
The CO2e emissions reductions achieved from collecting and using this methane were added to
the emissions from fossil fuel that would be avoided from using the energy in the collected
landfill methane. The methane to be collected from both flared and uncontrolled sites was added
in each year and then converted to MMBtu. Then, the lifecycle natural gas emission factor
provided above was applied to estimate GHG reductions from avoided natural gas use.
EPA’s LFGcost-Web model is used to estimate a range of costs for implementing LFG controls
based on different technologies; this model handles large or small engines, and direct LFG use.
The fractional reductions are referenced to data on US EPA’s Landfill Methane Outreach
Program (LMOP) Web site and are displayed in Table H-38.
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H-38. Calculation of cost-effectiveness for landfill methane collection and utilization
Blended Cost-effectiveness (CE)
Scenario 1. Direct use (0.5 mi pipeline)

Fractional CE
Fraction of
($/MtCO2e)
CO2e Reduced
0.24

Overall
Cost-effectiveness

$-0.20

Scenario 2. Small engine

0.02

$0.05

Scenario 3. Standard engine

0.74

$0.11
$-0.03

Blended CE Estimate

The costs are determined by multiplying the total reductions by the blended CE estimate. The CE
estimate includes the value of energy exports, the value of natural gas offset, the operation and
maintenance (O&M) costs for LFG facilities, and annualized capital costs for these facilities.
Key Assumptions: Current reduction estimates include benefits of offset natural gas
consumption. To the extent that other higher carbon fossil fuels are offset, the benefit could be
greater. The refined analysis will incorporate reductions associated with electricity produced
using landfill gas, since that is the most likely and common use for this energy source.
Key Uncertainties
The key uncertainty associated with this analysis is whether future landfill diversion programs
(such as shown in AFW-8) will significantly alter BAU landfilling practices. If significant
diversion is achieved within the policy period, lower levels of methane will be generated towards
the end of the policy period than are estimated here. This would lead to lower benefits than
estimated above. The extent of overlap between AFW-8 and 9 was beyond the scope of this
analysis.
Additional Benefits and Costs
Lower emissions of other air pollutants including volatile organic compounds and toxic air
pollutants.
Feasibility Issues
The State legislature needs to pass a resolution that sets landfill methane reduction goals for
Colorado. The newly elected governor (Governor Bill Ritter) has already shown leadership on
environmental issues. The state’s reputation as an incubator for renewable energy policies and
technology is growing, and greater amounts of recycling will further enhance Colorado’s identity
as a “green” state.
Composting, recycling, and waste reduction are important tools for citizens because they can
take personal action to reduce global WARMing at the household level—and in their workplaces
and schools. The public is receptive and eager to reduce/reuse/recycle. Demonstrated success at
reducing volumes of trash at landfills is relatively attainable and provides motivation/encourages
people to strive for even greater attempts to contribute to climate protection.
Nationally, Colorado ranks among the lowest states in costs for landfill disposal (between $10
and $18/ton, compared with $60 to $90/ton in many other parts of the country); the public would
be likely to absorb new increases in landfill fees if revenues were used to provide greater
opportunities to recycle and compost waste materials.
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Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting. One CAP member’s vote of
approval was qualified on the basis of uncertainty about the implementation of net metering by
rural cooperative electric associations.
Barriers to Consensus
Not applicable.
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AFW-10. Urban Forestry Programs

Mitigation Option Description
Urban forest cover protection and management offers a potentially cost-effective mechanism to
reduce energy use and to store/sequester carbon. Strategic planting of trees to shade houses and
AC units can yield energy savings of 15% to 50% on cooling costs.72 Planting of shade trees can
reduce summer heating costs, with only marginal increases in winter heating costs, particularly
in mild climates. In addition, depending on local conditions, tree planting can reduce wind-speed
and further reduce energy costs. This option seeks to expand existing urban tree planting and
maintenance programs, such as Denver’s Tree Initiative.73
Mitigation Option Design
Goals: Expand urban tree planting and maintenance programs statewide such that 3.4 million
new trees are planted by 2025.
Timing: Initiate tree planting programs in 2008, achieve the full goal by 2025.
Parties involved: Colorado State Forest Service, local government planning agencies,
developers, residential and commercial property owners, Colorado urban forestry organizations,
electricity providers.
Other: Initiated in 2006, the Denver Tree Initiative aims to plant 1 million new trees by 2025 in
the Denver metropolitan area. Based on the area of Denver metro region (661 square miles) and
the area of developed land in Colorado (2,921 square miles), expanding this Denver program
statewide would result in a total of 4.4 million trees in Colorado’s urban areas. Subtracting the
already established Denver program goals yields the policy goal of 3.4 million new trees.
Implementation Mechanisms
•

•
•

72
73

Use incentives to encourage developers to retain trees and green space on new
construction sites. (Incentives could include density credits, priority during
approval/permitting process, and utility credits). Require developers to retain a minimum
of canopy cover and those that retain more than that receive incentives. Minimum canopy
cover and nature of incentives to be determined.
Promote the creation of proper tree preservation and protection ordinances in
communities across the state.
Provide recognition to communities that increase their canopy cover percent (e.g.,
through CO2 crediting in emerging programs). Consider other crediting mechanisms,

Cooling Our Cities, US EPA PM-221.
More information on this program can be found at http://www.greenprintdenver.org/trees/index.php
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•

•
•

•
•
•

such as allowing municipalities and/or homeowners to direct the benefits of CO2
sequestration via trees to their budget or charity of their choice, respectively.
Install trees as part of green roofs on state buildings—green roofs reduce urban heat
islands by providing shade and the cooling effects of evapotranspiration, absorb air
pollution, collect airborne particulates, and store carbon, and insulate a building from
extreme temperatures (reducing energy costs).
Support the use of consulting arborists by developers/contractors in the planning and
review process prior to building permit submission.
Empower the State Forest Service to increase seedling availability to urban tree planting
programs. Expand the interaction with community groups and environmental
organizations.
Enhance existing programs to educate and cost-share tree planting programs for urban or
residential plantings.
Increase level of support/education to municipalities in order to ensure proper
maintenance and care of an increased urban forest.
Work with electricity providers to establish/expand demand side management programs
to include urban tree programs.

Related Policies/Programs in Place
•

Denver Tree Initiative

Type(s) of GHG Reductions
•
•
•
•

Increased carbon sequestration in urban trees
Avoided emissions by reduced energy use in heating and cooling
Improved retention of soil carbon (not quantified)
Potential for carbon sequestration in the form of durable wood products and fossil fuel
offsets from forest based energy (not quantified)

Estimated GHG Savings and Costs per MtCO2e
GHG Reduction Potential in 2012, 2020 (MMtCO2e): 0.03, 0.08
Net Cost per MtCO2e: $79
At full implementation in 2025, the annual GHG reductions would be 0.12 MMtCO2e/year and
the cost-effectiveness would drop to $36/Mt.
Data Sources: From the policy goals, 3.4 million new trees are to be planted in Colorado’s
developed (urbanized) areas. For assessing emissions avoided due to lower energy demand,
electricity consumption emission factors for Colorado were obtained from the Energy Supply
PWG. The long-term (2013–2020) peak emission factor is 0.791 Mt/MW-hr. Additional
information on sequestration rates and other default analysis inputs came from a 1999 USFS
report referenced in the footnote below (McPherson and Simpson).
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Quantification Methods: CCS used methods outlined by the USFS to estimate net GHG
benefits for urban tree programs. A 1999 USFS guidance document was used to develop an
energy reduction factor for tree shading.74 For carbon sequestration, summary data from the
USFS on Colorado’s urban forests was used to derive an average sequestration rate per tree
(0.022 Mt CO2/year/tree).75
To use the USFS methods for energy reduction, the following information is needed about the
trees to be planted: total number, fraction to be planted near buildings (within 50 ft. to provide
shade benefits), number of deciduous versus evergreen trees (evergreens are best for wind
protection purposes). For the purposes of this analysis, CCS assumed that one third of the trees
would be targeted for near building planting and, of those trees, half would be evergreen and half
would be deciduous trees. For the remaining two thirds to be planted in parks and other urban
areas away from buildings, CCS assumed that half would be deciduous and the other half
evergreen.
Table H-39. Assumptions about urban tree types and locations
Location
Near buildings
Other urban areas
Totals

Number of
Deciduous Trees
556,750
1,113,000
1,669,750

Number of
Evergreen Trees
556,750
1,113,500
1,669,750

Totals
1,113,500
2,226,500
3,400,000

CCS further assumed that all of the trees planted would be considered large trees at maturity (at
least 50 feet). Using data from the 1999 study, the shade effects energy reduction for large
deciduous trees is 0.0089 Mt CO2/year-tree. Because the electricity emission factor used by the
USFS (0.908 MtCO2/MW-hr) is higher than the emission factor provided by the Energy Supply
PWG, the emission factor was adjusted downward by a factor of 0.791/0.908 = 0.871 to reflect a
value specific to the CAP process. The resulting emission factor used to estimate energy
reduction benefits for this option is 0.0076 MtCO2/year-tree.
For large evergreen trees, the energy reduction emission factor from the 1999 study is 0.0761
MtCO2e/year-tree. After adjustment, the factor becomes 0.066 MtCO2/year-tree.76
The energy reduction benefits achieved by this policy at full implementation would then be
0.0076 MtCO2/year-tree × 556,750 deciduous trees = 4,231 MtCO2/year
plus
0.066 MtCO2/year-tree × 556,750 evergreen trees = 36,746 MtCO2/year.

The carbon sequestration benefit by 2025 would be
74

Carbon Dioxide Reduction Through Urban Forestry: Guidelines for Professional and Volunteer Tree Planters,
E. Gregory McPherson and James R. Simpson, USFS, General Technical Report PSW-GTR-171, January 1999.
75
http://www.fs.fed.us/ne/syracuse/Data/State/data_CO.htm
76
The shade effects energy reduction for deciduous trees planted near buildings is the net of energy saving from
reduced summer cooling energy consumption plus an increase in winter heating energy consumption. For evergreen
trees, a reduction in wind effects energy consumption is added to the summer cooling/winter heating energy net
reduction. This leads to a larger CO2 reduction estimated for evergreen trees.
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0.022 MtCO2/year-tree × 3,400,000 trees = 74,800 MtCO2/year.

Hence, the total benefit by 2025 is
4,231 + 36,746 + 74,800 = 115,777 MtCO2/year = 0.12 MMtCO2e/year.

Costs were estimated by assuming that each tree costs $75 to install and care for over the first
2 years. The literature suggests a wide range of costs for urban tree planting and maintenance
costs. One recent study suggested a range of $10–$570/tree (average of $220/tree; including
maintenance costs over 40 years). Important variables in the costs include whether paid or
volunteer labor is used to plant the trees and whether young and relatively inexpensive trees are
used compared to large container trees.77 CCS assumed that much of the labor could be provided
via volunteer labor (e.g., homeowners, volunteer organizations) and that smaller trees would be
favored, so a value toward the lower end of the range was selected.
Cost savings are achieved as the trees mature when energy reductions yield savings in electricity
costs to the building owners. The 2007 residential retail electricity price in Colorado is
$0.0925/kW-hr.78 This value was used to estimate the net costs associated with this policy.
Key Assumptions: It is assumed that the trees are all planted in accordance with distribution
shown above for deciduous and evergreen trees and the number near buildings. It is assumed that
the trees planted near building are oriented to offer the appropriate shading effects or wind
reduction effects, such that the energy reduction estimates are achieved.
Key Uncertainties
The representativeness of the sequestration and energy reduction estimates in the USFS data
sources cited above to actual levels that can be achieved in Colorado’s urban areas.
Additional Benefits and Costs
Urban aesthetics, air quality benefits, reductions in soil erosion.
Feasibility Issues
Actual future carbon sequestration benefits will be influenced, in part, by future climate impacts,
which are difficult to predict and could include increases in infestations by pests such as the bark
beetle.
Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
Not applicable.

77

M.R. McHale, E.G. McPherson, and I.C. Burke, “The Potential of Urban Tree Plantings To Be Cost-effective in
Carbon Credit Markets,” Urban Forestry & Urban Greening, 6:49–60, 2007.
78
http://www.eia.doe.gov/cneaf/electricity/epm/table5_6_b.html
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Appendix I
Cross-Cutting Issues
Policy Recommendations
Summary List of Policy Recommendations
Policy Recommendation

Analysis

Climate
Action Panel
Action

CC-1

Periodically update GHG inventories and forecasts.

Not Quantified

Unanimous
Consent

CC-2

State development of annual GHG reporting protocols for all sources,
including mandatory reporting for significant sources.

Not Quantified

Unanimous
Consent

CC-3

State development of capacity to participate in the national Climate Registry
to measure, track, and record emissions reductions.

Not Quantified

CC-4

The governor should set statewide GHG reduction goals and targets to
achieve in the vicinity of a 20% reduction by 2020 and 80% by 2050, both
compared to 2005 levels.

Not Quantified

CC-5

Set state and local government reduction targets for their own GHG
emissions; the state target should be at least an amount consistent with CC4 levels.

Not Quantified

CC-6

Promote adoption of comprehensive local government climate action plans.

Not Quantified

CC-7

State and local government public education and outreach efforts to support
GHG reduction programs, policies, and goals.

Not Quantified

CC-8

A public-private partnership to seek funding for GHG reduction measures
and development of a new energy economy in Colorado.

Not Quantified

Unanimous
Consent

CC-9

State government assessment of vulnerabilities to climate change and
development of adaptation plans.

Not Quantified

Unanimous
Consent
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Unanimous
Consent
Super
Majority
(1 objection)
(5 qualified
approvals)
Unanimous
Consent
Unanimous
Consent
Unanimous
Consent

CC-1. GHG Inventories and Forecasts

Policy Description
Greenhouse gas (GHG) emissions inventories and forecasts are essential for understanding the
magnitude of all emission sources and sinks (both anthropogenic and natural), the relative
contribution of various types of emission sources and sinks to total emissions, and the factors
that affect trends over time. Inventories and forecasts help to inform state leaders and the public
on statewide trends, opportunities for mitigating emissions or enhancing sinks, and verifying
GHG reductions associated with implementation of action plan initiatives. Responsibility for
preparing GHG inventories and sinks often resides with the environmental agency, which
typically has the expertise needed to systematically compile information on GHG sources and
sinks using established methods and data sources. Inventory and forecast efforts should be ongoing over time reflecting improvements to the accuracy and completeness of data collected.
Policy Design
The CAP recommends that the state institute a formal GHG inventory and forecast function
within the Colorado Department of Public Health and Environment (DPHE), to be assisted by
other state agencies as needed.
Goals:
•

Develop a periodic, consistent, and complete inventory of emission sources and sinks and
an accompanying forecast of future GHG emissions in at least 5 and 10 year increments
extending at least 20 years into the future. The GHG forecast should reflect projected
growth as well as the implementation of scheduled mitigation options, and should,
through differences year-to-year, provide a basis for documenting and illuminating trends
in state GHG emissions.

•

Develop a consistent protocol for preparing the inventory and forecast. In forecasting
future GHG emissions, treatment of uncertainties should be transparent, as consistent as
possible across sectors and time, and to the extent possible, reflect multiple scenarios.

•

Inventory all natural and man-made emissions generated within the boundaries of the
state (i.e., a production-based inventory approach) as well as emissions associated with
energy imported and consumed in the state (i.e., a consumption-based inventory
approach).

Timing: This function should be implemented as soon as possible as allowed by current funding
and enhanced over time.
Parties Involved: All GHG emission sources and sinks (both anthropogenic and natural) should
be included in the inventory and forecast.
Other: Not applicable.
Implementation Mechanisms
The CAP recommends that the Colorado DPHE collect and project GHG emissions data from
regulated sources already providing criteria pollutant emissions data as a permit requirement, and
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estimate current and project future GHG emissions for source categories without permits using
methods and databases available to the public.
Related Policies/Programs in Place
Colorado DPHE currently regulates, permits, and inventories point sources of criteria pollutants
down to a few tons/year. Adding GHG emissions reporting requirements to these permits over
time, prioritized by size of GHG emissions by source category, would fit in with CC-2 and CC-3
policy options, and is necessary to support implementation of those options.
Types(s) of GHG Reductions
None cited.
Estimated GHG Savings and Costs per MTCO2e
Not applicable.
Key Uncertainties
Substantial uncertainty surrounds future growth rates in GHG emissions, particularly beyond
2020, as well as the timing and scope of implementation of CAP recommendations for specific
policy options.
Additional Benefits and Costs
None cited.
Feasibility Issues
None cited.
Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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CC-2. State Greenhouse Gas Reporting

Policy Description
Greenhouse gas (GHG) reporting reflects the measurement and reporting of GHG emissions to
support tracking and management of emissions. GHG reporting can help sources identify
emission reduction opportunities and reduce risks associated with possible future GHG mandates
by moving “up the learning curve.” Tracking and reporting of GHG emissions can also help in
the construction of periodic state GHG inventories. GHG reporting is typically a precursor for
sources to participate in GHG reduction programs, opportunities for recognition, and a GHG
emission reduction registry, as well as to secure “baseline protection” (i.e., credit for early
reductions). Further, collaboration with other states in the development of a GHG reporting
program could influence the development of GHG reporting practices throughout the region and
nation and build consistency and reciprocity with other state or regional GHG reporting
programs.
Policy Design
The CAP recommends that the state develop GHG reporting opportunities for all sources.
Mandatory reporting should be required for significant sources as determined by the DPHE.
Elements that the DPHE may wish to include are:
• Subject to consistently rigorous quantification, opportunity to voluntarily report GHG
emissions should be open to all sources (e.g., combustion, processes, vehicles, etc.) using
common sense regarding de minimis emissions. In order to encourage GHG mitigation
activities from all quarters, reporting should not be constrained to particular sectors,
sources, or approaches.
• GHG reporting requirements should be phased in by sectors as rigorous, standardized
quantification protocols, base data, and tools become available, and as responsible parties
become clear. Entities should be allowed to report GHG emissions voluntarily before
mandatory reporting applies to them; and the state, municipalities, and other jurisdictions
should be allowed to report emissions associated with their own activities and any
programs they may implement.
• The goal should be reporting of “organization-wide emissions within the state” but with
adequate “granularity” to enable facility-level baseline protection.
• Reporting should occur annually on a calendar-year basis for all six traditional GHGs
and, to the extent possible, for black carbon.
• Reporting of direct emissions1 should be required; reporting of emissions associated with
purchased power and heat2 should be phased in, and voluntary reporting of other indirect
emissions3 should be allowed.

1
2
3

Defined as “Scope 1” emissions in the GHG Protocol.
Defined as “Scope 2” emissions in the GHG Protocol.
Defined as “Scope 3” emissions in the GHG Protocol.
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•
•

•
•

Every effort should be made to maximize consistency with federal, regional, and other
states’ GHG reporting programs.
GHG emissions reports should be verified through self-certification and DPHE spotchecks; to qualify for future registry purposes, reports should undergo third-party
verification.
Project-based emissions reporting should be allowed, when properly identified as such
and quantified with equally rigorous consistency.
The reporting program should provide for appropriate public transparency of reported
emissions.

Goals: Implementation of a state GHG Reporting Program as early as possible.
Timing: As soon as possible, preferably by 2008.
Parties Involved: As universal as possible.
Implementation Mechanisms
Reporting protocols, opportunities, and, in the case of mandatory reporting, underlying
regulatory requirements.
Related Policies/Programs in Place
Many sources in Colorado report criteria pollutant emissions in order to comply with various
federal and state regulatory programs. Most electric generating units are also required to report
CO2 emissions to the Energy Information Administration (EIA). Some sources may report GHG
emissions on a voluntary basis to federal, state, or privately-run programs.
In early May 2007, Colorado joined The Climate Registry as a charter member. Colorado sources
that choose to participate in this registry will be subject to the reporting protocols for estimating
their GHG emissions and emissions reductions.
Types(s) of GHG Reductions
GHG reporting is an enabling policy to encourage management, and ultimately reduction, of
GHG emissions. It does not reduce GHG emissions itself per se.
Estimated GHG Savings and Costs per MTCO2e
Not applicable.
Key Uncertainties
Uncertainties exist with respect to quantification of some GHG emissions from some sources,
but standard quantification protocols are rapidly being developed and accepted widely. There
remain significant uncertainties with respect to how various state, regional, and/or federal GHG
reporting programs may develop.
Additional Benefits and Costs
Participation in a GHG reporting program may cause some additional GHG accounting costs for
Colorado businesses and other entities.
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This policy option – particularly when coupled with CC-3 GHG Registry – will help provide
Colorado entities with “baseline protection” and position them for participation in an emissions
trading program should one develop in the future, leading to cost savings. Although
establishment of or participation in credible reporting and registry programs is essential for
participating in a trading program, these elements do not reduce GHG emissions themselves.
Feasibility Issues
None cited.
Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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CC-3. State Greenhouse Gas Registry

Policy Description
A greenhouse gas (GHG) registry enables measurement and recording of GHG emissions
reductions in a central repository with a “transaction ledger” capacity to support tracking,
management, and “ownership” of emission reductions as well as to encourage GHG reductions,
to enable potential recognition, baseline protection, and/or the crediting of actions by
implementing programs and parties in relation to possible emissions reduction goals, and to
provide a mechanism for regional, multi-state, and cross-border cooperation. Subject to
appropriately rigorous quantification, GHG registration should not be constrained to particular
sectors, sources, or approaches so as to encourage GHG mitigation activities from all quarters.
Policy Design
The CAP notes that the State of Colorado has joined the effort to develop a national GHG
registry through The Climate Registry. Being a charter state in this effort should help ensure that
Colorado’s needs and priorities are addressed in the course of The Climate Registry’s
development. To the extent that Colorado’s needs may not be fully met by The Climate Registry,
Colorado should consider developing supplemental or ancillary registry capacity or opportunity.
Elements to consider include:
•
•

•

•

Geographic applicability at least at the statewide level and as broadly (i.e., regionally or
nationally) as possible.
Allowing sources to start as far back chronologically as good data exists, as affirmed by
third-party verification, and allowing registration of project-based reductions or “offsets”
that are equally rigorously quantified.
Incorporating adequate safeguards to ensure that reductions aren’t double-counted by
multiple registry participants; providing appropriate transparency; and allowing the state
to be a valid participant for reductions associated with its programs, direct activities, or
efforts.
Striving for maximum consistency with other state, regional, and/or national efforts;
greatest flexibility as GHG mitigation approaches evolve; and providing guidance to
assist participants.

Goals: Implementation of a GHG registry for Colorado sources as soon as possible.
Timing: As soon as possible
Parties Involved: Probably overseen by Colorado DPHE; costs shared by participants benefiting
from the registry.
Implementation Mechanisms
Joining The Climate Registry.
Related Policies/Programs in Place
In early May 2007, Colorado joined The Climate Registry as a charter member.
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Types(s) of GHG Reductions
Not applicable.
Estimated GHG Savings and Costs per MTCO2e
Not applicable.
Key Uncertainties
There remain significant uncertainties with respect to how various state, regional, and/or federal
GHG registry programs may develop. Involvement in early registry implementation – as issues
are deliberated among collaborating states – will advantage Colorado in terms of ultimate
outcomes.
Additional Benefits and Costs
Participation in The Climate Registry may cause some additional GHG accounting costs for
Colorado businesses and other entities.
Feasibility Issues
None cited.
Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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CC-4. Statewide GHG Reduction Goals and Targets

Policy Description
The overarching purpose of the CAP stakeholder effort is to develop recommendations for
actions that can be taken in Colorado to reduce the state’s contribution and vulnerability to a
changed climate. Following the development, review, and approval of a current and
comprehensive inventory and forecast of Colorado greenhouse gas (GHG) emissions from 1990
to 2020, statewide GHG emissions reduction goals and/or targets for future time periods should
be established and implemented. The GHG reduction goals or targets recommended by the CAP
should be consistent with the parallel goal of an efficient, robust CO economy. Within this
framework, a statewide goal or target can provide vision and direction, as well as a basis for
implementation of CAP policy recommendations and regular periodic assessments of progress
toward reaching the statewide goal.
Policy Design
Scientists have concluded (1) that global greenhouse gas emissions may have to be reduced by
50 to 85% by 2050, compared to 2000 levels, to stabilize global temperature increases at no more
than about 4°F, a level that some scientists have suggested represents a threshold of dangerous
interference with the global climate; and (2) that emission reductions in the next two to three
decades will have a large impact on opportunities to achieve that kind of climate stabilization.4
Consistent with these scientific conclusions, the Governor of Colorado should set goals for the
reduction of greenhouse gas emissions in Colorado.
The Climate Action Panel believes the goals should be in the vicinity of a 20% reduction in
greenhouse gas emissions by 2020 and an 80% reduction by 2050, both compared to 2005 levels.
The Climate Action Panel believes the goals should guide actions in the state, but should not be a
firm cap. The Climate Action Panel believes these kinds of goals are realistic because (1) the
panel’s recommendations that have been analyzed quantitatively would achieve most of the
emission reductions that would be needed to meet such a 2020 goal; (2) other panel
recommendations that were not analyzed quantitatively would lead to additional reductions; and
(3) other reasonable measures to reduce emissions beyond those recommended by the panel are
available now, and more will become available in the future.
Measured as gross consumption emissions (as defined in the report of the emissions inventory
and forecast), a 20% reduction in Colorado’s 2005 greenhouse gas emissions by 2020 would be
equivalent to a 37% reduction in the projected emission level for 2020. Other western states that
have set statewide goals for reductions of greenhouse gas emissions have set goals for a 45%
reduction in projected gross consumption emissions for 2020 (Arizona), a 44% reduction
(Oregon), a 33% reduction (New Mexico), and 28% reduction (California and Washington). The
six western states and two Canadian provinces that are the current partners in the Western
4

See “Summary for Policy Makers” in R. Bosch, R. Dave, and L. Meyer (eds), Climate change
2007: Mitigation: Contribution of Working group III to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (Cambridge University Press, Cambridge, United
Kingdom, and
New York, NY, 2007), especially pages 22-23.
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Climate Initiative have set a regional goal for reducing greenhouse gas emissions in participating
states and provinces by a total of 15% below the 2005 level by 2020. See the web site of the
Western Climate Initiative, www.westernclimateinitiative.org.
Goals: As noted above.
Timing: As noted above.
Parties Involved: Statewide.
Implementation Mechanisms
The CAP recommends that the Colorado DPHE periodically report (e.g., annual or biannual)
current GHG emissions data relative to goals or targets, assess accuracy of earlier projections,
revise as needed future projections, and identify changes needed to future goals or targets - for
GHG emissions data from regulated sources already providing criteria pollutant emissions data
as a permit requirement, and GHG emissions estimates for source categories without permits
using methods and databases available to the public.
Related Policies/Programs in Place
Governor Ritter’s “Greening Government” Executive Orders
(http://www.colorado.gov/governor/executive-orders.html, 4/16/07).
Types(s) of GHG Reductions
All.
Estimated GHG Savings and Costs per MTCO2e
Not applicable.
Key Uncertainties
Substantial uncertainty surrounds future growth rates in GHG emissions, particularly beyond
2020, as well as the timing and scope of implementation of CAP recommendations for specific
policy options.
Additional Benefits and Costs
To the extent that statewide GHG reduction goals or targets can help motivate additional and/or
more rapid emission reductions, co-benefits associated with GHG reductions will also occur in
parallel.
Feasibility Issues
None cited.
Status of Group Approval
Complete.
Level of Group Support
Super majority (1 objection) of those CAP members present and voting. One CAP member
objected on the grounds that the GHG reduction target is not aggressive enough. Five members’
votes of approval were qualified, with concerns ranging from the targets may be too aggressive
to not aggressive enough.
Barriers to Consensus
None.
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CC-5. State and Local Government GHG Emissions (Lead-by-Example)

Policy Description
State and local government is responsible for providing a multitude of services for the public that
are delivered through diverse operations and result in wide-ranging GHG emission activities.
State and local government can take the lead in demonstrating that reductions in GHG emissions
can be achieved by analyzing their own current operations, identifying significant GHG sources,
and implementing changes in technology, procedures, behavior, operations, and the services
provided. State and local governments can also encourage and/or incent GHG reductions by
others in a variety of ways.
Policy Design
The CAP recommends that state and local governments establish GHG reduction targets for their
own GHG emissions. The establishment of broad-ranging goals for reducing governments’ own
GHG emissions will be helpful in both setting an example and building expectations. Actual
reductions will typically be realized at the individual agency level, so disaggregating individual
government’s own GHG emissions to the agency or department level and requiring annual
agency- or department-specific reports on GHG reduction progress can be an effective way to
measure and manage each government’s progress in reducing its GHG emissions. Government
agencies or departments would first need to develop agency- or department-specific GHG
emissions inventory data. This would become the baseline data for ongoing emission reduction
activities and measurement, which would be summarized in annual reports by each agency or
department. Agency and/or department reports would be aggregated into a summary report
reflecting state GHG emissions. A multi-agency group should oversee the on-going climate
efforts of the government’s agencies or departments, review their performance, and provide
direction, guidance, resources, shared approaches, and recognition to agencies or departments
and their employees that are working to reduce the government’s GHG emissions.
Goals: The State should reduce its emissions by at least an amount consistent with the statewide
emission reduction goals established under CC-4 (Statewide GHG Reduction Goals and Targets).
Timing: The state’s efforts to lead-by-example in reducing its own GHG emissions should start
immediately. The first annual report by agencies will necessarily reflect initial agency-level
inventories. The second annual report should reflect initial progress in reducing GHG emissions
as agencies begin to plan and implement operational changes. Future annual reports should show
further progress in reducing agency GHG reductions.
Parties Involved: Coverage should include all operations of all state agencies and all
departments of local governments.
Implementation Mechanisms
•
•
•

Public education and outreach to state agencies and employees.
Performance reviews and recognition of agency progress.
Procurement of low-GHG products.
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Related Policies/Programs in Place
Not applicable.
Types(s) of GHG Reductions
Not applicable.
Estimated GHG Savings and Costs per MTCO2e
Not applicable.
Key Uncertainties
Substantial uncertainty surrounds future growth rates in GHG emissions, particularly beyond
2020, as well as the timing and scope of implementation of CAP recommendations for specific
policy options, including those associated with the state’s own GHG emissions.
Additional Benefits and Costs
None cited.
Feasibility Issues
None cited.
Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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CC-6. Comprehensive Local Government Climate Action Plans

Policy Description
A number of local governments in Colorado have already taken the initiative to address climate
change in their communities. Aspen, Boulder, Denver, Fort Collins, Telluride, and Frisco are just
a few examples of local communities that are establishing greenhouse gas (GHG) reduction
goals and developing plans to reduce GHG emissions. Additionally, several communities are
partners of the Rocky Mountain Climate Organization (RMCO), and many have signed the
Mayors Climate Protection Agreement. The CAP strongly encourages all local communities in
Colorado to develop such plans. Additionally, the CAP sees a strong role for the state
government, local government association (such as Colorado Counties, Colorado Municipal
League, and regional Councils of Governments), RMCO, and other non-governmental
organizations in promoting GHG reduction initiatives by local governments and in serving as a
clearinghouse for local government initiatives.
The state government, local government associations, RMCO and others could help spread the
successful actions and efforts of some local jurisdictions broadly to others through several
means, such as workshops and conferences, a website clearinghouse, education and outreach to
public and municipal officials, recognizing local government GHG emission reduction
achievements, etc.
Policy Design
The CAP recommends that Colorado promote adoption of community climate action plans by all
local governments to set and achieve local GHG reductions and to help achieve state GHG
reduction goals. The CAP further recommends that these locally-adopted plans be used to
stimulate equivalent GHG reduction initiatives by the private sector and non-governmental
entities in each community. These initiatives can be considered economic development
opportunities in concert with policy option CC-8, as well as adaptation-oriented strategies,
supporting policy option CC-9. The CAP recommends that local climate action plans include an
assessment of opportunities for reducing GHG emissions by element at the community scale,
specific goals or target values and a timeline for the emissions reductions, and adoption of local
strategies to adapt to climate change. The types of community scale elements to be considered
would include, but are not limited to:
• Urban planning processes;
•

Land use management activities;

•

Transportation management planning;

•

Management of municipal power and water utilities; and

•

Waste management

Goals: Adoption of community climate action plans by all local governments in Colorado.
Timing: As soon as possible.
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Parties Involved: Cities, towns, counties, water districts, metropolitan districts, fire protection
districts, regional Councils of Governments (COGs), and other public jurisdictions.
Implementation Mechanisms
A workshop organized and held by the state government, associations of local governments,
and/or RMCO could help local governments initiate and strengthen local climate protection
efforts. Development of a model plan by a consortium of state and local agencies / districts could
help to facilitate implementation of this option as well as promote consistency and reduce costs
to local agencies / districts. The state government should also provide technical assistance to
local agencies / districts and help local agencies / districts secure funding (e.g., grants) to develop
their climate action plans.
Related Policies/Programs in Place
Programs in Aspen, Boulder, Denver, Fort Collins, Telluride, and Frisco.
Types(s) of GHG Reductions
None cited.
Estimated GHG Savings and Costs per MTCO2e
Not applicable.
Key Uncertainties
Substantial uncertainty surrounds future growth rates in GHG emissions, particularly beyond
2020.
Additional Benefits and Costs
None cited.
Feasibility Issues
None cited.
Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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CC-7. Public Education and Outreach

Policy Description
Public education and outreach can provide significant greenhouse gas (GHG) emission reduction
through direct individual action, as well as broad public support for other GHG emissions
reduction programs, policies, or goals. Public education and outreach is vital to fostering a broad
awareness of climate change issues and effects (including co-benefits, such as clean air and
public health) among Colorado citizens. Such awareness is necessary to engage citizens in
actions to reduce GHG emissions. Public education and outreach efforts should integrate with
and build upon existing state and local outreach efforts involving climate change and related
issues in Colorado. Ultimately, public education and outreach will be the foundation for the longterm success of all the mitigation actions proposed by the CAP as well as those which may
evolve in the future.
Policy Design
The CAP recommends that the State and local communities establish pro-active public education
and outreach capabilities, using them to target education and outreach activities to at least the
five specific audiences below. Ideas for specific public education and outreach activities are
provided in the accompanying attachment.
•

Policymakers (legislators, regulators, executive branch, agencies) – because
implementation of climate actions hinges on policymakers’ approval.
o For example, provide regular briefings to policymakers on climate change
science, policy, and progress toward goals.

•

Younger Generations – by integrating climate change into educational curricula, postsecondary degree programs, and professional licensing programs.
o For example, encourage science centers, zoos and museums to include a climate
science focus.

•

Community Leaders & Community-Based Organizations (e.g., institutions,
municipalities, service clubs, social & affinity groups, non-governmental organizations,
etc.) – in order to recognize leadership; share success stories and role models; and expand
climate involvement and participation within civic society.
o For example, develop and provide concrete information on co-benefits to entities
to use in boosting their climate efforts.

•

General Public – to increase awareness and engage citizens in climate actions in their
personal and professional lives.
o For example, develop a state website providing climate change information and
resources, including a speakers bureau.

•

The CAP recommends that one or more organizations in Colorado (e.g., state agency
and/or non-governmental organization) implement a statewide program to encourage and
structure voluntary individual actions to reduce GHG emissions. Such a program might
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be called “Colorado Climate Keepers” and echo models in other states and local
communities, such as the “10% Challenge” program in Burlington, VT. This program
should also include an accountability process to measure the effectiveness of the
program.
•

Industrial and Economic Sectors – in order to recognize leadership; share success stories
and role models; and expand climate involvement and participation within the business
community.
o For example, implement a state program of voluntary business actions like Fort
Collins’ Climate Wise (See also RCI-10), or develop a state award program to
recognize business leaders in GHG reduction.

•

Particular Sectors – to increase awareness and engage sectors in mitigating GHG
emissions (e.g., users of public lands, forest industry, farmers, ranchers, etc.).

Goals: Implementation of the programs cited above.
Timing: Public education and outreach efforts should commence as rapidly as possible.
Parties Involved: State government, local governments, RMCO, water districts, metropolitan
districts, fire protection districts, regional Councils of Governments (COGs), and others.
Implementation Mechanisms
Coordinate statewide initiatives with emerging local initiatives to address climate change.
Related Policies/Programs in Place
Not applicable.
Types(s) of GHG Reductions
Not applicable.
Estimated GHG Savings and Costs per MTCO2e
Not applicable.
Key Uncertainties
Not applicable.
Additional Benefits and Costs
None cited.
Feasibility Issues
None cited.
Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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Attachment for
CC-7. Public Education and Outreach
Option
No.

GHG Reduction Policy Option

7.1.

State Government Education and Outreach Actions
The State should lead by example (i.e., walk the talk) regarding education and outreach.

7.1.1.

Establish an education & outreach committee to educate
audiences regarding climate plan policies and to oversee those
relating to education.

7.1.2.

Include state public education and higher education officials in
the committee established above

7.1.3.

Create and maintain one or more “outreach coordinator”
positions specifically tasked with climate outreach and
coordination among state agencies and outside entities.

7.1.4.

Educate state employees across-the-board, and assign “point
persons” to do so on an on-going basis.

7.1.5.

Institute annual Governor’s Awards to recognize climate action
of several types/categories.
Target Audience: Policymakers (legislators, regulators, executive branch, agencies)
Implementation of climate actions hinges on policymakers’ approval.

7.2.

7.2.1.

7.2.2.
7.3.

Notes

Educate policy makers on CAP policy recommendations,
climate change in general, scientific and technological
advances, and progress toward state goals through regular
briefings in order to promote acceptance and implementation of
mitigation and adaptation policies.
Provide continuing outreach & assistance to Governor’s office,
legislature, and implementing agencies on a regular basis.
Target Audience: Future Generations
Integrate climate change into educational curricula, post-secondary degree programs, and
professional licensing.

7.3.1.

Add climate change to public education performance standards
for science and social studies; identify (a) gaps in climate
change education, and (b) specific curricula to fill any gaps.

7.3.2.

Organize groups of educators to identify, assemble, and employ
climate change curricula appropriate to age groups

7.3.3.

Integrate “best practices” into public school design &
construction to educate students (and parents) first-hand in their
communities & colleges (i.e., walk the talk).

7.3.4.

Integrate climate change into core college curricula.

7.3.5.

Promote research into climate change and solutions at state
universities; develop university “Centers of Excellence” on
climate issues, new approaches, and technologies.

7.3.6.

Integrate climate change into existing and/or new educational
competition programs.
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No.

GHG Reduction Policy Option

7.3.7.

Work with science centers, zoos, and museums to include a
climate science focus appropriate to their core mission

7.3.8.

7.4.

5
6

Notes

Introduce core competencies on climate change into
professional licensing programs (e.g., energy efficiency in
building design and construction, use of recycled materials,
etc.)
Target Audience: Community Leaders & Community-Based Organizations
(e.g., institutions, municipalities, service clubs, social & affinity groups, NGOs, etc.)
Recognize leadership; share success stories & role models; expand involvement and
participation within civic society.

7.4.1.

Educate community planning and zoning officials about climate
change, impacts, and opportunities.

7.4.2.

Identify individual community leaders who are acting
effectively on climate change; showcase and share their
successes.

7.4.3.

Identify individual community leaders who are not yet acting
on climate change and make a special effort to educate and
encourage them to act.

7.4.4.

Engage associations and attend their periodic meetings to reach
out on climate change, impacts, sector-specific mitigation
actions, and adaptation opportunities.

7.4.5.

Identify, assist, and leverage community-based organizations
that have expertise or interest in climate-related issues

7.4.6.

Work with community-based organizations to identify & build
upon climate issues related to their core mission

7.4.7.

Develop & coordinate a network of community-based
organizations acting on climate change so they can link up,
organize joint events, etc.

7.4.8.

Support and facilitate outreach and education within
community-based organization regarding climate change issues
and actions

7.4.9.

Develop and provide concrete information on co-benefits to
entities to use in boosting their climate efforts

7.4.10.

Organize & host events that focus on leading by example,
sharing “how-to,” illuminating financial risks and opportunities,
co-benefits, etc.

7.4.11.

Encourage municipal leaders to join ICLEI’s5 Cities for
Climate Protection program and/or the Mayors Climate
Protection Agreement6

7.4.12.

Help communities statewide implement programs like Ft.
Collins’ ClimateWise program.

ICLEI is the International Council for Local Environmental Initiatives. See www.iclei.org.
See http://www.ci.seattle.wa.us/mayor/climate/.
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7.5.

Target Audience: General Public
Increase awareness and engage in climate actions in personal and professional lives.

7.5.1.

Educate broadcasters, reporters, editorial boards, etc. about
climate change, the risks it imposes, and solutions.

7.5.2.

Work with state broadcasters and print media associations to
develop & run climate change public service announcements.

7.5.3.

Conduct public polling to benchmark strength and depth of
climate understanding.

7.5.4.

Keep a high profile on climate change issues and actions
through regular public mention by Governor and other public
leaders

7.5.5.

Develop and use a state-based “brand” on climate awareness
and action

7.5.6.

Develop & maintain a state climate change website for the
public including a clearinghouse of climate change information
and resources.

7.5.7.

Work with existing company outreach efforts to customers to
enhance awareness of climate change issues & opportunities

7.5.8.

Undertake a concerted planning effort to identify and address
climate adaptation issues & needs in the state

7.5.9.

Work to educate consumers – and home designers, builders,
and contractors – to ensure that they are aware of the different
choices they have for space heating and cooling (e.g.,
evaporative vs. refrigerative) and the impacts of those choices.

7.5.10.
7.6.

Notes

Develop a statewide voluntary program to structure and assist
individuals in undertaking actions to reduce GHG emissions.
Target Audience: Industrial & Economic Sectors
Sector-specific climate change education and outreach.

7.6.1.

Residential, Commercial, & Industrial

7.6.2.

Transportation & Land Use

7.6.3.

Energy Supply and Use

• Have a State award for the
car dealer that sells the
most hybrids?
• Do public service
announcements to
education the public about
DSM.
• Include environmental
disclosure in monthly
electricity bills.
• Help municipal utilities
move to greater demandside emphasis rather than
supply-side.
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7.6.4.

Agriculture & Forestry

7.6.5.

Implement a state program of voluntary business actions to
reduce GHGs (like Ft. Collins’ ClimateWise Program).

7.6.6.

Institute a “business incubator” program to attract and support
new business development relating to the new energy economy.

7.6.7.
7.7.

Notes

Audiences outside Colorado too
Target Audience: Particular Sectors
Increase awareness and engage sectors in mitigating greenhouse gas emissions (e.g., users of
public lands, forest industry, farmers, ranchers, etc.).

I-20

CC-8. Establish a Pro-active Public-Private Partnership to Seek Investment
Capital and Philanthropic Funding for Reducing GHG Emissions and Supporting
Development of the New Energy Economy in Colorado

Policy Description
The intent of this policy option is to encourage and facilitate the involvement of funding and
investment sources, business interests, and entrepreneurs in pursuing business opportunities
associated with greenhouse gas (GHG) reductions and global warming solutions as quickly and
as significantly as possible. The creation of this clearinghouse-like entity may make it possible to
match technology developers and other climate solution entrepreneurs with necessary financing
more effectively and expeditiously. In addition, this clearinghouse-like entity should also assist
in matching funding sources with research and development efforts as well as to support
successful scale-up and commercialization of new products and services. As a result, Colorado’s
ability to identify and secure early business opportunities associated with climate change may be
enhanced, increasing its global competitive advantage and job creation within the state.
Potential funding sources include philanthropic organizations, high net worth individuals, or
others interested in supporting innovative, environmentally effective market solutions.
Recognizing that fortunes are likely to be made in the “new energy economy,” for-profit
investors, pension funds, mutual funds, and/or venture capitalists may be looking to fund similar
business opportunities. Although technology entrepreneurs are often cited as offering potential
global warming solutions, equally progressive solutions may lie in the fields of law, accounting,
marketing, production, and even government relations and lobbying. The objective of this policy
option is to leverage Colorado’s specific talents for global warming solutions into securing the
business opportunities and market advantages that well-supported “early bird” efforts are likely
to reap in a carbon-constrained world. Further, some funding under this policy option could
address – but not exclusively target – implementation of other policy options recommended by
the CAP in this Climate Action Plan.
Policy Design
The CAP recommends that the state (together with local governments as desired) establish a
clearinghouse to seek investment capital and philanthropic funding for reducing GHG emissions
and supporting development of the new energy economy in Colorado. This clearinghouse should
be established with a small office and staff to execute its purposes and functions.
Goals: Establish the public-private partnership and clearinghouse described above.
Timing: As soon as possible
Parties Involved: State and local governments and agencies, philanthropic entities,
entrepreneurs, venture capitalists and other investment entities, etc.
Implementation Mechanisms
•

Entrepreneurs and philanthropists should be challenged to fund the start-up of this
partnership, and its operations going forward should include financial commitment from both
public and private entities.
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•

The state should fund the partnership and clearinghouse. Alternately, the Governor or another
appropriate state governmental official could seek local philanthropic funding to underwrite
the first 2-4 years of its operation.

•

Encourage the state legislature to create financial incentives (e.g., tax incentives) to achieve
the goals of this option.

Related Policies/Programs in Place
The Governor’s Energy Office has established a $7 million fund to encourage clean energy
development, energy efficiency projects, and other opportunities for reducing GHG emissions
(http://www.state.co.us/oemc/).
Types(s) of GHG Reductions
Not applicable.
Estimated GHG Savings and Costs per MTCO2e
Not applicable.
Key Uncertainties
Substantial uncertainty surrounds future growth rates in GHG emissions, particularly beyond
2020, as well as the timing and scope of implementation of CAP recommendations for specific
policy options.
Additional Benefits and Costs
None cited.
Feasibility Issues
None cited.
Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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CC-9. Vulnerability and Adaptation

Policy Description
Even if Colorado plays a lead role in both reducing its GHG emissions and helping to bring
about reductions elsewhere, it will still face changes in its climate and a multitude of impacts.
Greenhouse gases (GHGs) have long atmospheric life-times, and Colorado will face additional
warming and related changes from GHGs that have already been emitted, let alone from those
that will be emitted in the future. The changes Colorado will face in the long term will be more
manageable if it begins now to reduce emissions, but now is also the time to begin preparing to
deal with the changes that are already underway and likely to become more dramatic.
Undertaking these adaptation efforts is urgent and essential to developing an effective and
comprehensive action plan that will ensure that Colorado remains such a special place to live.
Policy Design
The CAP recommends that:
•

The state government conduct a comprehensive assessment of Colorado’s vulnerabilities
to the effects of climate change.

•

Without awaiting the results of the above vulnerability assessment, the state government
take the lead, with appropriate involvement by local governments, other governmental
entities, affected businesses, colleges and universities, nongovernmental organizations,
and others, in launching efforts to develop statewide action plans to prepare for and deal
with the most potentially serious categories of adverse climate-change impacts likely in
Colorado. These could be either separate action plans focused just on particular
categories of climate-change impacts, or parts of other planning efforts, either ongoing or
newly launched, so long as the consideration of climate-change impacts is given
appropriate attention. In some cases, local action plans undertaken by local governments
would also be appropriate. Among the categories of climate-change impacts likely in
Colorado for which statewide, and perhaps also local, action plans are needed are:
o Effects on water quantity and water quality, which in turn are likely to affect
every aspect of life in Colorado. (See the separate recommendations in Chapter 8
of this report on those issues.)
o Increases in heat-related deaths and illnesses, particularly during heat waves,
which are predicted to become more frequent, more severe, and more longlasting.
o Increases in air pollution and its effects on mortality and health, in particular as
ozone levels increase in response to higher temperatures.
o Potential increases in diseases, such as West Nile disease borne by mosquitoes
that can become more numerous and more widespread as a result of changes in
climate.
o Increases in the length of wildfire seasons and of the frequency and severity of
wildfires.
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o Increases in severe weather, including major storms (potentially including
tornados and other highly destructive storms), extreme precipitation events, and
flooding.
o Effects on agriculture stemming from changes in water supplies and availability
and the effects of increased temperatures on livestock and crops.
o A reduction of skiing and other snow-dependent outdoor recreation and tourism,
along with the jobs, business income, and tax revenues derived from them.
o Increased warm-season congestion on transportation corridors to and in
Colorado’s mountains, and other manifestations of overcrowding from increased
warm-season visitation and tourism in the mountains, as additional heat at lower
elevations will lead more Coloradans and tourists to seek the relief of relatively
cooler temperatures in the mountains.
o Changes in ecosystems, such the substantial loss of lodgepole pines and other
trees now occurring across the mountains as a result of bark beetle infestations
caused by, among other things, a reduction in extreme cold temperatures that
have historically served as a natural check on beetle populations.
o Effects on opportunities for recreational fishing (as higher temperatures push
streams beyond their ability to support cold-water fish populations) and hunting
(particularly for waterfowl).
Goals: Not applicable.
Timing: The state should initiate efforts immediately to implement the recommendations in this
option.
Parties Involved: Probably overseen largely by Colorado DPHE, but involving many parties.
Implementation Mechanisms
•

Public education and outreach

•

Potential recommendations for incentives

•

Potential recommendations for codes and standards

Related Policies/Programs in Place
Fort Collins is one of four pilot cities in the United States that will be participating in ICLEI’s
Climate Resilient Communities pilot program to evaluate vulnerability to climate change and to
develop a plan for “adapting” to the vulnerabilities identified.
Types(s) of GHG Reductions
Not applicable.
Estimated GHG Savings and Costs per MTCO2e
Not applicable.
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Key Uncertainties
Substantial uncertainty surrounds future growth rates in GHG emissions, particularly beyond
2020, as well as the timing and scope of implementation of CAP recommendations for specific
policy options. Significant uncertainty also prevails regarding the nature, magnitude, timing, and
frequency of the climate impacts that Colorado is likely to experience.
Additional Benefits and Costs
None cited.
Feasibility Issues
None cited.
Status of Group Approval
Complete.
Level of Group Support
Unanimous consent of those CAP members present and voting.
Barriers to Consensus
None.
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