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Roadmap Organization
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1. Issue Statement

2. Public Interest Vision

3. Background
3.1 Global Warming and the Need for Carbon Sequestration



                                                     
1 1 GtC = 109 tons carbon.
2 The other sources of GHG emissions are methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, and sulfur
hexafluoride.
3 Carbon flux is the exchange of carbon between carbon aquatic and terrestrial pools and the atmosphere.



3.2 Carbon Sequestration Basics

• 
• 
• 
• 
• 
• 

                                                     
4 The term sink is used to mean any process, activity, or mechanism that removes a greenhouse gas from the
atmosphere. Examples include: farmland, rangeland, and forests.



Habitat Type Private U.S. Forest
Service

Bureau of
Land Mgmt.

National
Park Service

Other
Public

Total

Conifer Forest 6,432 10,644 394 1,108 426 19,004
Conifer Woodland 458 1,051 482 220 151 2,363
Hardwood Woodland 4,292 310 239 36 309 5,188
Hardwood Forest 2,901 1,287 176 134 193 4,691
Shrub 5,433 5,673 2,261 319 878 14,565
Herbaceous (Rangeland) 9,621 233 496 43 526 10,919
Desert 4,298 200 10,253 4,678 4,119 23,548
Wetland 334 69 12 22 103 540
Agriculture 11,201 4 42 (< 500 acres) 174 11,421
Barren 229 918 203 680 254 2,283
Urban 4,606 17 29 8 250 4,909
Water 1,486
Total 49,805 20,406 14,587 7,247 7,384 100,915

3.2.1.1 Sequestration in Forests
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3.2.1.2 Sequestration in Agriculture

                                                     
5 MMTCE is used when counting multiple greenhouse gases. For example, methane is 23 times as potent a
greenhouse gas as CO2 and can be converted to a “CO2 equivalent” using this factor.



• • 
• • 
• • 
• • 
• • 
• • 
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3.2.1.3 Sequestration in Soils

                                                     
6 Conservation tillage refers to any tillage and planting system that maintains at least 30% of the oil covered by
residue after planting to reduce water erosion (Lal and Bruce 1999).



                                                     
7 For example, one recent study showed a 36% increase in soil organic carbon over 12 years when conventional
agricultural practices were changed to cover crop/organically managed cropping practices (Horwath et al. 2001).



3.2.1.4 Bioenergy

                                                     
8 Biomass can also be used for fuels (ethanol and renewable diesel) for transportation and in chemical manufacture.
These subject areas are not the focus of this roadmap.
9 The practice of cutting a tree or bush near the ground to promote the generation of more sprouts.



Current Use (BDT/yr)Source Gross Production
(MM BDT/yr) Fuel (1) Other (2)

Amount Available
(MM BDT/yr)

Lumber mill 5.5 1.75 3.25 0
Forest slash 4.5 0.25 0 2.5
Forest thinnings 3.8 0.25 0 1.4
Wood agricultural 2 0.75 0 1.4
Urban wood 3.2 1 0.5 0.7
Urban yard 3.9 0.2 0.5 1.2
Waste paper 13 0.2 4 2.5
Waste plastic 2.5 0.1 0.1 0.8
Field crops 4.5 0.1 0 2.8
Sewage sludge 0.7 0.1 0 0.6
Shells, pits, hulls 1 0.4 0.2 0.5
Livestock manure 12 0.1 0 2
Total 56.6 5.2 8.55 16.4
Notes:(1) Used in biomass and municipal waste combustion units.

(2) Uses include particle board, plywood, animal bedding, fertilizer, landscaping.
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3.3 Co-benefits of Carbon Sequestration

                                                     
10 CO2 is trapped as a gas or supercritical fluid under a low-permeability caprock, similar to the way that natural gas
is trapped in gas reservoirs or stored in aquifers.
11 CO2 dissolves into the fluid phase (e.g., petroleum).
12 CO2 reacts either directly or indirectly with the minerals and organic matter in the geologic formations to become
part of the solid mineral matrix (e.g., formation of calcium, magnesium, and iron carbonates).



Sources: Pew 2001, USDOE 1999, USDA 1998.

3.4 The PIER Focus

                                                     
13 Through bioenergy projects.
14 Through changes in crop mix, fertilization, and tillage practices. However, it is possible that NOX could increase
without proper controls.
15 Trees in cities lower the albedo (i.e., reflectivity) of the urban surface and allow for evapotranspiration, thereby
resulting in cooler temperatures and less demand for air conditioning. In Modesto, researchers performed a benefit-
cost analysis of energy and CO2 reductions attributable to the city’s municipal urban forest (McPherson et al. 1999).
Results indicated that the benefits residents obtained from Modesto’s public trees exceeded the city’s management
costs by a factor of nearly two. This study concluded that Modesto’s urban trees provided tangible air quality, flood
control, energy conservation, aesthetic, and CO2-reduction benefits, and further predicted that the city could claim
credits for these benefits as CO2 trading markets develop.



4. Current Research and Research Needs

 

 

 

 

 

 



4.1 Improve the Understanding of Processes and Mechanisms of Carbon
Sequestration in California
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16 Turnover time is the time required to convert organic carbon to inorganic forms such as CO2.
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17 The distance that biomass must be transported from its point of sequestration to the point of generation is an
important cost element of the total system (USDOE 1997). Therefore, reducing that distance or the associated
transport costs would improve the economic prospects for all of the CO2 extraction/sequestration systems.
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4.2 Identify and Assess the Technical Feasibility and Carbon Impacts of Carbon
Sequestration Strategies in California
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4.3 Evaluate the Cost-Effectiveness of Carbon Sequestration Strategies

                                                     
18 This work will be coordinated with other economic analyses as suggested in the chapter in the PIER Climate
Change Research Plan, “The Economics of Climate Change Mitigation and Adaptation in California.”
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4.4. Evaluate the Environmental and Social Impacts of Carbon Sequestration
Projects in California
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4.5 Develop Guidelines for the Design, Implementation, Monitoring, Evaluation,
Reporting, Verification, and Certification (DIMERVC) of Carbon Sequestration
Projects in California

                                                     
19 The Kyoto Protocol makes provision for Annex I Parties to take into account afforestation, reforestation, and
deforestation and other agreed land use, land-use change, and forestry (LULUCF) activities in meeting their
commitments under Article 3 (IPCC 2000).
20 The Registry currently focuses on energy projects.
21 Chicago Climate Exchange (www.chicagoclimatex.com).
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4.6 Develop the California Carbon Sequestration Network (CCSN)

                                                     
22 In the U.S., historically, the risk of loss to inventory from natural risks is less than 1% over time (Wayburn et al.
2000).



5. Goals

5.1 Short-term Objectives

• 

• 

                                                     
23 USDOE is proposing a similar, but more ambitious, network for geologic sequestration, called the Regional
Carbon Sequestration (RCS) network (USDOE 2002). For example, USDOE is proposing five RCS region-specific
demonstrations ($100 million for each demonstration, or approximately $500 million for the duration of the RCS
network (6 years). Each regional effort would be a cost-shared partnership between regional public and regional
industrial entities, with the expectation that they would become self-sustaining by the end of the tenth year. Another
research network that might provide assistance to the CCSN is the Tropical Forestry and Global Change Research
Network (F-7) (Sathaye et al. 2001). The main goal of the F-7 network is to estimate the (1) GHG emissions from
participating and neighboring countries, (2) potential for emissions avoidance and carbon sequestration, and
(3) monetary and other costs and benefits of forestry mitigation options. The network also is focused on assessing
project opportunities, including the issues of baselines, additionality, leakage, and monitoring and verification
(ibid.).
24 Short-term refers to a 1–3 year time frame; mid-term to 3–10 years; and long-term to 10–20 years. The activities
specified in the roadmap are projected to begin sometime within the designated time frames, and the duration of
actual projects may be less than the entire term specified.



 

 

                                                     
25 Web-accessible databases are mentioned throughout this section. Research should explore the opportunity for a
integrated Web-accessible database containing multiple data elements (e.g., flux, soil carbon, land use, and others).
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26 This work will be coordinated with other economic analyses, as suggested in the PIER Climate Change Research
Plan chapters, “The Economics of Climate Change Mitigation and Adaptation in California” and “Developing
Greenhouse Gas Mitigation Supply Curves for In-State Sources.”
27 As suggested in the PIER Climate Change Research Plan chapter, “Developing Greenhouse Gas Mitigation
Supply Curves for In-State Sources.”
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28 This work will be coordinated with other life-cycle analyses identified in the PIER Environmental Area Research
Plan. Life-cycle assessments for other carbon sequestration strategies might be conducted.
29 This work will be coordinated with other economic analyses as suggested in the PIER Climate Change Research
Plan chapters, “The Economics of Climate Change Mitigation and Adaptation in California” and “Developing
Greenhouse Gas Mitigation Supply Curves for In-State Sources.”
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30 This work will be coordinated with other economic analyses, as suggested in the PIER Climate Change Research
Plan chapters, “The Economics of Climate Change Mitigation and Adaptation in California” and “Developing
Greenhouse Gas Mitigation Supply Curves for In-State Sources.”



 



5.2 Mid-term and Long-term Objectives
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6. Leveraging R&D Investments
6.1 Methods of Leveraging
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6.2 Opportunities

7. Areas Not Addressed by This Roadmap
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8. References

                                                     
31 These roadmaps will include the following topics: (1) increased CO2 levels will promote vegetation growth, and
as a result, increase the amount of biomass sequestration; and (2) nitrate fertilization from NOX emissions and nitrate
deposition will promote plant growth.
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• www.casmgs.colostate.edu/
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