Summary List of Draft Priority Policy Options for A nalysis
GHG Reductions
Net
. (MMtCOze) Present o
Policy . . Effective- | Status of
Policy Option Total Value .
No. ota 2009-2020 ness Option
2012 | 2020 | 2009- il ($tCO.e)
2020 (MI”IOn $)
AFW-1 | Nutrient Management 0.1 0.6 3.6 246 69 Pending
AFW-2 |Wetlands and Drainage 0.01 | 0.16 0.57 47 83 Pending
Expanded Use of Agriculture and
AFW-3 |Forestry Biomass Feedstocks for 4.4 20 113 3,620 32 Pending
Electricity, Heat or Steam Production
Encourage Large-Scale Manure/Methane
Management Capture Utilization
AFW-4 M(.at.har.\e Management Capture 0.8 26 17 48 3 Pending
Utilization
Manure Management 0.9 2.9 18.5 -97 -5
Land Management to Promote
Sequestration Benefits
Conservation Tillage 29 8.6 56 -188 -3
AFW-5 Agriculture Land Conversion 0.1 0.4 2.6 194 74 | pending
Conservation Grazing 0.09 0.3 1.7 -120 -71
Afforestation 0.2 0.6 4.1 216 53
Urban Forestry 0.1 0.4 2.4 -99 -41
AFW-6 | Cellulosic Biofuel 2.0 9.8 49 -1,410 -29 Pending
Improved On-Farm (or First Point of
Purchase) Energy Use and Efficiency _
AFW-7 I Renewable Energy 002| 008| 05 13 26 | Pending
Energy Efficiency 0.2 0.9 5.9 -610 -103
AFW-8 |Waste Management Strategies 15 4.1 26.5 -220 -8 Pending
AFW-9 | Landfill Methane Energy Programs 0.2 0.8 4.8 4 0.8 Pending

GHG = greenhouse gas; MMtCO.e = million metric tons of carbon dioxide equivalent; $tCOe = dollars per metric ton
of carbon dioxide equivalent N/Q = not quantified; TBD = to be determined.
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ICCAC AFW Policy Option Descriptions, 08-15-08

ICCAC Policies: Biomass Supply and Demand Assessmen  t

Annual Annual
Biomass Biomass

Supply, Supply,

2012 2020
(dry short (dry short

Biomass Resource tons) tons) Notes

Forest residue’ 2005 NREL Report.2 Estimated using USDA Forest Service's
Timber Product Output database for 2002, includes logging

396,000 396,000 | residues and other removals.

Primary mill residue (unused) 2005 NREL Report. Derived from the USDA Forest Service’'s

Timber Product Output database for 2002, includes mill residues
2,000 2,000 | burned as waste or landfilled.

Secondary mill residue 2005 NREL Report. Includes wood scraps and sawdust from
woodworking shops— furniture factories, wood container and
pallet mills, and wholesale lumberyards. Estimated using number
of businesses from the U.S. Census Bureau, 2002 County
Business Patterns and assumptions on the wood waste

32,000 32,000 | generated.

Urban wood waste 2005 NREL Report. Includes MSW wood—wood chips, pallets,
and yard waste; utility tree trimming and/or private tree
companies; and construction/demolition wood. Data on the
collected urban wood waste are not available; thus numerous

353,000 353,000 | assumptions were applied for estimation.

Agricultural residue 2005 NREL Report. Estimated using 2002 total grain production,
crop to residue ratio, moisture content, and taking into
consideration the amount of residue left on the field for soil
protection, grazing, and other agricultural activities. The NREL
report assumes that about 35% of the total residue could be
collected as biomass a biomass feedstock. The NREL report
assumes that 30% residue cover is reasonable for soil protection,
20%—25% of the stover in grazing, and about 10%—15% of the

26,003,000 26,003,000 | crop residue is used for other purposes: bedding, silage, etc.

Energy crop Taken from the AFW-3 energy crop goal (Annually harvest at
least 5 million dry tons of dedicated energy crop production
materials by 2020). Note that the 2005 NREL Report estimates a
potential 9,413,000 tons of willow or hybrid poplar could be grown
on CRP lands. 11,297,000 tons of switchgrass could be grown on

5,000,000 5,000,000 | CRP lands, but the lower estimate was used.

Municipal solid waste (MSW) From AFW-8

fiber including yard and

landscape waste debris 369,465 157,706

Total annual biomass supply 29,669,465 29,457,796

2020 Annual
Biomass
Demand
Policy Requiring Biomass (dry tons) Notes

! Forest residue data for the NREL report was ddrfvem the USDA Forest Service’s Timber Productyiit
database for 2002. In this category NREL includegtjing residues and other removals. NREL defingdilg
residues as “the unused portions of trees cutilledkby logging, and left in the woods. Other rerals are
considered trees cut or otherwise killed by cultoperations (e.g. pre-commercial thinning, weedgatg.) or land
clearings and forest uses that are not directlgaated with round wood product harvests.

2 A Geographic Perspective On The Current Biomassies Availability In The United States. Milbrandt,
Technical Report NREL/TP-560-39181, December 2608pared under Task No. HY55.2200.
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AFW-3 3,552,000 16,000,000 From goals: Annually harvest at least 5 million dry tons of
dedicated energy crop production, 10 million tons of annual crop
residue, and 1 million tons of forest products or wood residues.

AFW-6 2,190,000 10,000,000 From goals: Increase in-state cellulosic feedstock production by
10 million dry tons by 2020.

Total 5,742,000 26,000,000
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AFW-1. Nutrient Management

Policy Description

Demonstrate and encourage the implementation of GHG-beneficial magratganactices
including: nutrient and soil management techniques to low@ré¥nissions and increase soil
carbon retentiori;limit or restrict nitrogen fertilizer application on seasonally floofield areas;
and increase use of cover crdps.

Improve the efficiency of fertilizer use and other nitrogen-based sondment use through
implementation of improved management practices; development and use of crops and crop
hybrids/varieties capable of improved nutrient uptake efficiency; anddedieating of nutrient
applications through manure and other organic based nutrient sources.

Support research critical for identifying GHG emissions associatédiifierent nutrient
management practices and research identifying those practicegjleadeduced net GHG
emissions.

Policy Design
Goals:

Efficiency—ncrease fertilizer use efficiency (in terms of N applied per crdd)yiy 10%
by 2020.

Seasonally Flooded AreadReduction of N application by 50% on 50% of seasonally
flooded areas by 2020.

Improved Nutrient Distribution-Provide more of the state’s cropland nitrogen requirements
through improved distribution of natural and organic nitrogen sources (manures). Ré€place
percent of manufactured nitrogen sources through better manure distribution by 2020.

Timing: Most of these are currently being considered and implemented for econorortsteas
i.e., nutrient credit for manure (however all operators do not yet credit suit@elsfyicting
application from seasonally flooded areas will require additional technodguabte of site
specific applications based on land form in addition to that from soil test maps.

Parties Involved: Industry, scientists, and producers.

% The dilemma relative to nutrient management, giroin particular, involves balances. The Subcotemiis
confident, for example, that mandating nitrogenliapfion reductions would reduce;® emissions and GHG
emissions associated with nitrogen manufacture.dvew reduced rates would very likely result in éowields,
lower plant biomass production, and net loss df@ganic matter and C&missions. We have the science to
understand direction of change, but do not havesthentific capability to quantify these input/outpalues on a
highly variable landscape in a variable climate img determine whether or not a given recommeowstivould
make us consistently winners or losers.

*Cover crops have been studied for decades withinargdvances and at this time seem somewhat aisky
required target mandate for this group. Reseanadsiment is needed to develop cropping systemdiichxcover
crops are complimentary to rather than competitiith the primary crop.
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Other:

Implementation Mechanisms
Possible methods to increase the efficiency (yield/N input) include:
Incentives to encourage rapid adoption of new seed technologies that result in higher N
utilization
Incentives for more soil testing
Support for educational efforts on N utilization and fertilization practices

Incentives for more precision placement of N fertilizers

Related Policies/Programs in Place
None identified.

Type(s) of GHG Reductions

N2O: reductions occur when nitrogen run-off and leaching are reduced, which leads to the
formation and emission of .

CO.: reductions occur as soil carbon levels in crop soils are increased above busisess as
levels. Increasing the levels of carbon in soils indirectly sequesté@com the atmosphere.

Estimated GHG Reductions and Net Costs or Cost Savi  ngs

GHG Reduction Potential in 2012, 2020 (MMtCQe): 0.1 and 0.6 , respectively
Net Cost per tCOe: $69

Data Sources:

Efficiency—Annual NO emissions from synthetic fertilizer and manure applications (Table H-
were taken from the lowa Inventory & Forecast. The average reductiertilizér usage

resulting from implementation of nutrient management practices (15%) keasftam an EPA
guidance documentCost information for synthetic fertilizers was taken from the USDA ERS.
The average cost of synthetic nitrogen fertilizers in the United States in 263&@/ton.
Information on US and lowa corn crops were used to estimate corn yields for 2005—2020.

® “Guidance Specifying Management Measures for Smuoé Nonpoint Pollution in Coastal Waters,”
http://www.epa.gov/owow/nps/MMGI/Chapter2/ch2-2mhitPracticesTable 2-14.

8 USDA Fertilizer Costs, 200hitp://www.ers.usda.gov/Data/FertilizerUse/TabledlE7.xIs

" Food and Agriculture Policy Research Institutetidtaal Corn Production.
http://www.fapri.iastate.edu/tools/outlook.aspx
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Seasonally Flooded Areadewa State University figures were used to determine the amount of
wetlands in the state of IoWaCRP data was used to determine the amount of wetlands which
are currently under cultivation in the state.

Quantification Methods:

Nitrogen Efficiency GHG Benefits

The GHG benefits of this option are quantified by calculating thge@@issions per kg of N
applied in lowa. This uses a figure of the N emissions from fertilizer (4.18Xg per kg of N
applied), calculated from the lowa Inventory and Forecast. This is then cahwithea figure

for the life cycle emissions of nitrogen fertilizer (West and Marland, 2804 pusiness as usual
projection is created for both fertilizer use (assumes no growth in fertiseebetween 2005 and
2020) and corn production (from FAPRI database) through the year 2020. In order to increase
efficiency (corn production/fertilizer use) by 10%, fertilizer usénentreduced from the BAU
estimate. Costs were calculated based on an estimate of the staffinatoligband travel costs
to create an information program to encourage better nutrient managementdaféksyartup
costs) and soil testing costs ($4.25/20 acre field, tested every 4}éHns)ye were also cost
savings in terms of reduced costs of nitrogen fertilizer. The assumed cfestdinér are based
on the fuel prices in the Common Assumptions memo, and are shown in Tafile 1-1

Table 1-1 Costs and GHG Reductions from Nutrient Ma  nagement

Fertilizer Target Annual
Used With Fertilizer Cost of Avoided
Policies Reduction Fertilizer Fertilizer | Cost of Discounted MMtCOze
Year (Metric (Metric Tons | Programs Price Fertilizer | Net Cost Cost Emissions
Tons, N) N) ($MM) ($/ton) ($MM) ($MM) ($MM) Reductions
2011 | 1,026,896 10,269 $2.20 $404 -$4.15 -$1.95 -$1.46 0.06
2012 | 1,016,828 20,337 $1.95 $409 -$8.32 -$6.37 -$4.53 0.11
2013 | 1,006,956 30,209 $1.95 $410 | -$12.40 | -$10.45 -$7.07 0.17
2014 | 997,274 39,891 $1.95 $417 -$16.65 | -$14.70 -$9.48 0.22
2015 | 987,776 49,389 $1.95 $428 -$21.16 | -$19.21 -$11.79 0.28
2016 | 978,458 58,707 $1.95 $446 -$26.17 | -$24.23 -$14.17 0.33
2017 | 969,313 67,852 $1.95 $471 | -$31.93 | -$29.99 -$16.70 0.38
2018 | 960,338 76,827 $1.95 $497 -$38.17 | -$36.23 -$19.21 0.43
2019 | 951,528 85,637 $1.95 $523 | -$44.78 | -$42.83 -$21.63 0.48
2020 | 942,877 94,288 $1.95 $530 | -$50.00 | -$48.05 -$23.11 0.53

8 J]owa State University. National Wetlands Inventdryp://www.ag.iastate.edu/centers/iawetlands/NW ladrml

° Conservation Reserve Program. Monthly Summarycka008.
http://www.fsa.usda.gov/Internet/FSA_File/mar20@8.p

OWest, T. 0. and Marland, G. 2001. A Synthesis af®n Sequestration, Carbon Emissions and Net Gdflux
in Agriculture: Comparing Tillage Practices in thaited States. Agriculture, Ecosystems and Enviremmi812.

" personal Communication with Richard Cruz and Nesfabgovska. 8/8/08.
12 Fertilizer costs come from analysis of fertilizersts based on fuel prices, provided by Dave Mi8&t3/08.
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Seasonally Flooded Areas—

The amount of farmable wetlands in lowa was estimated based on the acresbldavetlands
covered by the conservation reserve program divided by the number of acrebveétiateds
under the CRP® This percentage (51%) was then multiplied by the total amount of wetlands in
lowa, as estimated by lowa State University. These farmable @4d:@821) were then assumed
to have similar fertilizer use to the state as a whole. These acrediwdesl by the total acres
under cultivation in lowa to determine what percentage of lowa farmland is locatedlands
(0.7%). This was then multiplied by the BAU estimates of fertilizer usstexnidrom the

Nitrogen Efficiency quantification to determine the BAU fertilizerdis@ wetlands. This
fertilizer use is then projected to decrease by 50% on 50% of land in the state, or a 25%
reduction overall by 2020. The GHG benefits of this are estimated based on the reduced N
fertilizer use multiplied by the C@ emissions/kg N applied, as described in the Nitrogen
Efficiency quantification above. Costs of this program were estimated to be 30-+80festly

in extra labor, fuel and capital costs for machinery upgrades to do the diffeappliahtions:’
There were also cost savings in terms of reduced costs of nitrogendertiliz

Table 1-2: Costs and GHG Reductions from Seasonally

Flooded Areas

Nitrogen Discounted Emissions

Reduction Acres Under Avoided Cost Reductions
Year Pathway Policy Cost (metric tons) |Cost Savings (2005%) (MMtCO2ze)
2008 1.00 0 $0 $0 $0 0.000
2009 1.00 0 $0 $0 $0 0.000
2010 1.00 0 $0 $0 $0 0.000
2011 1.02 8,753 $350,114 164 $66,224 $211,843 0.001
2012 1.04 17,506 $700,228 322 $131,538 $404,157 0.002
2013 1.06 26,259  $1,050,341 473 $194,194 $579,475 0.003
2014 1.08 35,011| $1,400,455 619 $258,379 $736,193 0.003
2015 1.10 43,764 $1,750,569 760 $325,516 $874,859 0.004
2016 1.13 56,893 $2,275,740 962 $428,744|  $1,079,900 0.005
2017 1.16 70,023  $2,800,910 1,153 $542,641| $1,257,489 0.006
2018 1.19 83,152|  $3,326,081 1,335 $663,182 $1,412,193 0.007
2019 1.22 96,281 $3,851,252 1,507 $788,159|  $1,547,070 0.008
2020 1.25 109,411| $4,376,423 1,672 $886,560| $1,678,684 0.009

Improved Nutrient Distribution—

Since this item involves reducing the amount of N fertilizers applied whilgrkgactual N
application constant through the use of local manure applications, the GHG benéfgstefrt
take into account only the life cycle costs of N fertilizer. The GHG emis$iomsthe
application of nitrogen are assumed to remain constant under this policy. A BAldtesof
fertilizer use is created for the state, as described in the NutriecieB&y quantification. BAU

13 http://www.fsa.usda.gov/Internet/FSA_File/mar20@8.p

14 Based on Personal Communication with Dave MiB#2;7/08.
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fertilizer use is then reduced by 10% by 2020. This amount of fertilizer saved isthiglied
by the life cycle emissions of N fertilizer to determine the GHG lsnaffthis item. There are
two types of manure costs that are factored into this analysis. The fivstphysical cost of the
manure, estimated at $.30 a podn@he second cost is transportation, which is estimated at
$0.001/gallon/milé?® It is assumed that manure will be travelling an average of 15 miles to be

distributed'’ The manure in lowa is assumed to be pig manure, since that is producing the most

manure in the staté.Pig manure has 38 Ibs of N / 1000 gallons of mafise,over 58,000
gallons are required to provide on ton of Nitrogen. These transportation and physgatleos
added together to get the gross cost of the Nutrient Distribution program, aavabithed
fertilizer costs are subtracted from this to get the net costs.

Table 1-3 Nutrient distribution costs and GHG benef its

Baseline N
Fertilizer | fertilizer
Use reduction Purchase Transportation Fertilizer Discounted
(metric (metric MMtCO.e Cost of Cost of Costs Total Cost Cost of
Year tons) tons) saved Manure Manure Avoided of program program
2010 | 1,037,165 0 0 $0 $0 $0 $0 $0
2011 | 1,037,165| 11,148 0.01 $7,372,964 |  $9,701,269 $4,504,145|  $12,570,088 $9,379,994
2012 | 1,037,165| 22,381 0.02 $14,802,580 | $19,477,079 $9,156,804|  $25,122,856|  $17,854,345
2013 | 1,037,165| 33,704 0.03 $22,291,317 | $29,330,680 $13,832,700|  $37,789,298|  $25,577,284
2014 | 1,037,165| 45120 0.04 $29,841,624 | $39,265,294 $18,827,581|  $50,279,338|  $32,410,509
2015 | 1,037,165 56,633 0.05 $37,455,932 | $49,284,121 $24,258,687|  $62,481,366|  $38,358,138
2016 | 1,037,165 68,246 0.06 $45,136,656 | $59,390,337 $30,425,962|  $74,101,031|  $43,325,338
2017 | 1,037,165 79.963 0.07 $52,886,199 | $69,587,104 $37,633,533|  $84,839,771|  $47,241,959
2018 | 1,037,165 91.788 0.08 $60,706,952 | $79,877,568 $45,608,513|  $94,976,006|  $50,367,804
2019 | 1 037,165| 103,724 0.09 $68,601,293 | $90,264,860 $54,233,191| $104,632,963|  $52,846,756
2020 | 1,037,165 115,775 0.10 $76,571,597 | $100,752,102 $61,394,223| $115,929,476|  $55,764,060
Total Costs  |$373,126,188

Key Assumptions:

Nitrogen Efficiency # is assumed that it is possible to reduce fertilizer application without
having a negative impact on crop yield. In order to do this, improved timing anemffrcof

application is required.

15 Agriculture Marketing Resource Center. “Valuing Mae Nutrients”.

http://www.agmrc.org/agmrc/business/operatingbsshaluingmanurenutrients.htm

18 Jowa State Extension Service. “Value of Manurerieuts”.
http://www.extension.iastate.edu/pages/communinatepc/Winter06/valuemanurenutrients.html

1" Based on Personal Communication with Dave MiBé2;7/08.

18 lowa Inventory and Forecast Report

19 US EPA. “Using Manure as a Fertilizer For Cropdrretiort

http://www.epa.gov/msbasin/taskforce/2006sympoMaidureLory.pdf
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Key Uncertainties

Nutrient Distribution -The costs of nutrient distribution may change depending on the distance
the manure needs to be transported. If this program is successful in encouragjireglloca
nutrient distribution, then costs will likely be lower.

Changes in acreage and nutrients for the use of biomass or biofuels willrikelgt the level of
nutrient application required. For example, if corn stover is removed for cetlelibsinol (as is
planned in AFW-6), then that plant material will not be providing nutrients when it decesnpos
back into the soil. This in turn may require increased fertilizer applicatioraintain the
productivity of the soil.

In AFW 2, drainage of seasonally flooded areas is a goal. If this develops, redappticistion
on 50% of seasonally flooded soils may not be necessary as these areaseniketyor
productive a greater portion of the time. Thus, fully implementing this recadatien in AFW
1 might be appropriate early in the program, but as the drainage recommendatensented
for AFW 2, it may be beneficial to scale back the nutrient reduction recommendations
seasonally flooded areas.

The fertilizer costs are based on an analysis provided by Dave Miller madrcts fertilizer
prices using Natural Gas prices, which come from the quantification assosptemo. Fuel
prices are difficult to predict, and if the prices used in the quantification memotacerrect,
then the estimates for fertilizer costs are also likely to be inaccurate.

Additional Benefits and Costs

Seasonally Flooded Areashis serves to reduce the amount of nitrogen being applied to
wetlands in the state. These areas may be of particular importance to bitydarets
environmental quality, but these benefits will be very difficult to measure.

Feasibility Issues

There may be barriers to startup for a market for local manure products. Iohprgvient
distribution will rely upon such a market to ensure that farmers will be @ilglttheir manure.
Status of Group Approval

Pending —

Level of Group Support
TBD — [blank until ICCAC meeting #5]

Barriers to Consensus
TBD — [blank until final vote by the ICCAC]
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AFW-2. Wetlands and Drainage

Policy Description

Implement pilot demonstrations of the lowa Integrated Drainage and Wetkawiddape
Systems initiative to reduce nutrient transport to water resources fromrmlaplbsurface
drainage, to protect in-state waters and reduce hypoxia in the Gulf of MeXiis &
voluntary, market-driven private/public partnership which provides a dual nutrientiocgddc
nitrogen and phosphorus — to water resources. The initiative will also reducer@bipas.

Nitrogen to water resources is reduced by 40-90% from large contributingheter(500 —
4000 acres) through use of strategically-located and designed nitrogen-rematiaatls which
denitrify incoming nitrate. These wetlands also redug® &missions, by providing more
complete denitrification to elemental N, than if the nitrate is instead traaddo denitrification
in downstream surface and groundwater systems.

Phosphorus to water resources is reduced by decreasing surface runoff andyuiak fl
streams, through increasing the drainage capacity of subsurfaceitike drais reduces erosion,
sediment transport and phosphorus transport to streams. Increased subsurface chpataty
also reduces O emissions, by reducing denitrification and N20O emissions from wet and
seasonally-flooded croplands.

Research:Research is needed to identify and quantify the greenhouse gas (GHG)tiordica
both from NO and CQ, of:

Sub-surface drainage in agricultural croplands,

Strategically located and designed nitrogen removal wetlands

Denitrification in receiving streams and rivers.

Policy Design
Goals:
By 2012 — implement 5 pilot demonstrations and study sites per year, for a total ofa2 piiiti

demonstrations. Each pilot demonstration will be implemented in an lowa drain@ige, dis
averaging 2400 acres watershed drainage area.

By 2020 - following the initial 25 pilot demonstrations and upon monitoring/assessments
confirming suitable benefits, expand to 200 pilot demonstrations implemented idriawage
districts by 2020.

By 2050 — achieve full implementation of the lowa Integrated Drainage andnd/é#gadscape
Systems initiative across 6 million acres of lowa’s 3000 drainage didbgrc2050.
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Timing:

Initial pilot demonstrations, up to 225 individual sites and drainage districts, will beyddplo
through 2020. Following confirmation of suitable benefits, full implementation istéarge
across 3000 drainage districts and 6 million acres of cropland by 2050.

Parties Involved: Involved parties include public conservation agencies, research institutions,
existing lowa drainage districts, and private landowners.

Other:

Combining nitrate-removal wetlands through this voluntary lowa initiativeredluce nitrate
transport to water resources, protect drinking water supplies, reduce hypdraa3alt of
Mexico, and reduce emissions of GHG.

Implementation Mechanisms

Existing authorities of lowa Drainage Districts codified in lovwages. EXxisting authorities of
the US Department of Agriculture (USDA) and authorities of lowa DepaitofeAgriculture
and Land Stewardship (IDALS) to conduct the lowa Conservation Reserve Enhancement
Program (CREP), which will be the public funding partner to assist implenentati

The initiative capitalizes on the aging infrastructure of lowa’s draidégegcts, now 80-90 years
old, and the need to replace it. Replacement will be with environmental stewardirigtaue
into the replacement drains for N and P reductions to water resources, and asBbOdk1G
reductions. The initiative also capitalizes on the enhanced economic returns @irgdaiction
to provide the private, market-sector driver to implementation, largely the oésudi-fuels
consumption of feed grains.

Additional funding for to enable the necessary research and implementationdsrttiged
pilot projects.

Related Policies/Programs in Place
None Identified.

Type(s) of GHG Reductions
N.O: Reduced MO emissions through reduced denitrification.

CO.: Conservation of wetlands helps maintain the ability of the land to sequester carbon in soil
and biomass.

CH4: Improved drainage reduces anaerobic decomposition, thereby preventing methaoe. cre
Estimated GHG Reductions and Net Costs or Cost Savi  ngs

GHG Reduction Potential in 2012, 2020 (MMtCQe): 0.007 and 0.16, respectively.
Net Cost per tCOe: $83
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Data Sources:

The quantification method was developed by a combination of subcommittee mentbers a
external experts. The group responsible for the development of the analysis includes:

Rick Cruse, Ph.D. Agronomy, lowa State University

James Baker, Ph.D., Emeritus, Agricultural & Biosystems EngineeBhy, |

Bill Crumpton, Ph.D., Ecology & Evolutionary Biology, lowa State University
Matt Helmers, Ph.D., Ag & Biosystems Engineering, ISU

Dan Jaynes, Ph.D., Agricultural Research Service, National Solil Tilth Lab, ISU
Dean Lemke, P.E., Chair, lowa Department of Agriculture and Land Stewardship

Quantification Methods:

N20O emission rates reported for wetlands receiving agricultural nitide Ere approximately
equivalent to rates reported for cultivated crops. This means that restotiagdseon formerly
cultivated cropland would have no significant net effect on N20O emissions from sheesiered
to wetland (could cite the UMRSHNC manuscript or the SAB Hypoxia update EPAGBAB-
004). This also means that N2O emission from the restored wetland can be disregarded in
calculating the net change in N20O emission for wetlands restored on formenckopl

From Mosier et. Al. (1998, N20 emission from waters receiving N in agricultural
leaching/runoff can be estimated as:

N20-N emission = (kg N in leaching and runoff) * EF5
where EF5 = (0.025 kg N20O-N)/(kg N in leaching and runoff).

In a parallel fashion, the net reduction in N20 emission due to nitrate removalandgetan be
calculated as :

Reduction in N20O-N emission = (kg N removed in wetland) * EF5

This is the product of the total mass of nitrate-N removed by the wetland and te®erfastor
(EF5) for N20O emission that would have been expected had the nitrate removed bttahd w
instead been transported to surface and groundwater systems.

Table 2-1 shows the mass reduction in N20 emission that could be expected for nitatd rem
wetlands intercepting agricultural leaching/runoff from source aka$ million (with

wetlands occupying 0.5%, 1% and 2% of the total area). Table 2-2 shows the sameioriormat
for 6 million acres. The tables include:

1. the estimated annual agricultural nitrate loading to receiving watersr5 and 6
million acres,

20 Need Reference
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2. the resulting N20O emission from receiving waters,
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3. the estimated nitrate reduction in wetlands intercepting agriculturahipé&dm 1.5 and
6 million acres with wetland areas of 0.5, 1, and 2% or the source area

4. the reduction in N20O emission that could be expected for wetlands intercepting

agricultural loading from 1.5 and 6 million acres with wetland areas of 0.5, 1, and 2% or

the source area

Table 2-1. N Loading and Reduction for 1.5 Million

Acre Source Area

NOs.y Load N,O-N emission
From based on load Reduction in N,O-N
Catchment from catchment NO;.y Mass Removal in | emission due to NOs-N
Wetland/Watershed | (Metric (Metric Wetlands (Metric Removal in Wetlands
Ratio (%) Tons/Year) Tons/Year) Tons/Year) (Metric Tons/Year)
0.5 22,517 563 7,229 181
1 22,517 563 11,277 282
2 22,517 563 17,590 440

Table 2-2. N Loading and Reduction for 6 Million Ac

re Source Area

NOs.y Load N,O-N emission
From based on load Reduction in N,O-N
Catchment from catchment NO;.y Mass Removal in | emission due to NO5;-N
Wetland/Watershed | (Metric (Metric Wetlands (Metric Removal in Wetlands
Ratio (%) Tons/Year) Tons/Year) Tons/Year) (Metric Tons/Year)
0.5 90069 2252 28,918 722
1 90069 2252 45,107 1128
2 90069 2252 70,360 1759

Wetlands occupying 0.5-2% of the 1.5-6 million acre source areas could be expectedeo reduc

N20 emission from waters receiving N in agricultural leaching/runoff fittese source areas
by approximately 32 -78 %.

Key Assumptions:[TBD, as needed on subcommittee approval]

Key Uncertainties

TBD — [as needed and approved by the subcommittees]

Additional Benefits and Costs

In addition to the public sector costs to assist implementation, enhanced croprestdpected
to increase net income to landowners as a secondary result of improvingyocafpsubsurface

drainage to reduce surface runoff, quick flow and sediment-borne phosphorus to wateesesourc

Crop yield improvements have been predicted by previous studies between 7-20% annually,
estimated at 8% for this analysis. While there will be the need to continue miniorgadbr
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funding to assist implementation and pubic funding is needed especially to seedahgiliiiti
demonstrations, upon full implementation the total net returns beyond expenditures are. posit

Feasibility Issues
TBD — [as needed and approved by the subcommittees]

Status of Group Approval
Pending —

Level of Group Support
TBD — [blank until ICCAC meeting #5]

Barriers to Consensus
TBD — [blank until final vote by the ICCAC]
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Policy Description

Increase the amount of biomass (including biomass from forest sourceablkevait co-
generation of electricity or for use in combined heat and power applicationplecdithe use of
fossil energy sources recognizing that local electricity or heat produgtlds greatest net
energy and carbon displacement payoff. Increase both the acreage anditbeegnelrgy crop
production and utilization through the planning of energy purpose

Note that this option is focused on the supply-side aspects of promoting biomassiiuah w
emphasis on the development of feedstocks, collection, processing and transport tesshnolog
The demand-side aspects of renewable fuels (including biomass usengradiessed through
options in the CRE Subcommittee (Generation Portfolio Standards; Technologyd-ocuse
Initiatives).

Policy Design

Goals:

Energy Crop-Annually harvest at least 5 million dry tons of dedicated energy crop production
materials by 2020, which includes establishing 1 million acres of identifiedyeorp

production by 2020, transitioning 50 percent of expiring CRP contracts to energy crop
production.

Agriculture Crop ResidueAnnually harvest at least 10 million tons of annual crop residue
biomass for energy production by 2020.

Forest Biomass-Annually harvest at least 75% of available forest products or wood residues for
biomass energy production by 2020.

Biomass Plant-Have at least one major industrial operation contracting with producers to use
biomass as the primary energy source for plant operations by 2015 [unquantified].

Biofuels—Have at least one biofuels production plant contracting with producers to use biomass
as the primary energy source by 2015 [unquantified].

Timing: As stated above.
Parties Involved: Farmers, landowners, energy producers.

Other:

lowa Climate Change Advisory Council 15 Center for Climate Strategies
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Implementation Mechanisms
Incentive programs:

Section 476C tax incentives

State and/or federal cost-share programs for energy crop establishment
USDA value-added agriculture development grants

Federal Renewable Fuel Standard

Cellulosic fuel requirement standards and incentives

Research funding

State fuel standards and incentives

Related Policies/Programs in Place

Section 476C of the lowa codprovides for a renewable energy tax credit for biomass and other
qualifying renewable energy sources that are used to generdteigear heat for a commercial
purpose.

A producer or purchaser of renewable energy may receive renewable execggdits under

this chapter in an amount equal to $0.015 per kilowatt-hour of electricity, or $4.50/MMBtu of
heat for a commercial purpose, or $4.50/MMBtu of methane gas or other biogas gseertie
electricity, or $1.44/1,000 cu. ft. of hydrogen fuel generated by and purchased frogitde eli
renewable energy facility.

Alternative Energy Law (lowa’s Renewable Portfolio Standard):lowa requires its two
investor-owned utilities—MidAmerican Energy and Alliant Energy IntéesRower and Light—
to contract for a combined total of 105 megawatts (MW) of their generation émoewable
energy resources.

Fuel Mix Disclosure: lowa’s rate-regulated electric utilities must report annually to custem
the percentage mix of fuel and energy used to produce electricity. The percémtages
renewables must further be broken down into percentages of electricitptgeniey wind, solar,
hydropower, biomass, and other resources. Each utility’s annual report nousthlde an
estimate of sulfur dioxide, nitrogen oxides, and carbon dioxide emissions for eaamdfuel a
resource.

Energy Research GrantsThe lowa Energy Center provides grants for energy research on
topics that have strong relevance to lowa.

Type(s) of GHG Reductions
COy, NoO, CHy4: Displaces emissions from fossil fuel combustion.

Estimated GHG Reductions and Net Costs or Cost Savi  ngs

GHG Reduction Potential in 2012, 2020 (MMtCQe): 3.1 and 15, respectively
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Net Cost per tCOe: $34

Data Sources:
A Geographic Perspective on the Current Biomass Resource Availability in tkeel Unit
States A. Milbrandt, Technical Report NREL/TP-560-39181, December 2005. Prepared
under Task No. HY55.2200.

Maryland DNR “The Potential for Biomass Cofiring in Maryland,” March 2006. Pegplay
Princeton Energy Resources International, LLC and Exeter Assoiiider the DNR
Maryland Power Plant Research Program.

Average Heat Content of Selected Biomass Fuels Table 10 EIA (2008) AnnuaktElec
Generatorhttp://www.eia.doe.gov/cnheaf/solar.renewables/page/trends/table10.html

Heat Content of Selected fuels provided by Oak Ridge National Laboratory (QRN0Q0
to 8,000 Btu per pound for solid wood produckgdp://cta.ornl.gov/bedb/appendix_a/
Approximate_Heat_Content_of Selected Fuels_for_Electric_Power_Genedsti

Quantification Methods:

GHG Benefit

This analysis focuses on the incremental GHG benefits associated withizagarn of
additional biomass to offset the consumption of fossil fuels. The analysis askabi@srmass
will replace coal. This is based on the assumption that biomass will be used te oeplkia the
RCI and electricity sector (where coal represents about 82% of détgajeaerated in lowa)*

The GHG benefits were calculated by the difference in emissionsassiowith each of the
input fuels (0.0959 tC&@/MMBtu for sub-bituminous coal, 0.0539 tg&ZMMBtu for natural
gas, and 0.0019 tG&/MMBtu for biomass, including non-GHind non-NO emissions).22

The amount of biomass utilized by each of the three components (Agriculture,drafé&stergy
Crops) is illustrated in the three tables below: 3.1, 3.2 and 3.3. The tables below alsoeshow t
corresponding GHG benefits for each of the components.

21 Based on eGRID data: Coal 82%, Nuclear 11%, Gl .Natural Gas 2%, Wind 2%, Biomass 0.3%.

2 Emission factors obtained from CCS energy fuelssioh factors.
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Table 3.1. GHG benefits from agriculture crop resid  ue

Agriculture Crop Agriculture Crop Avoided Emissions
Percent of Residue Feedstock Residue Feedstock Agriculture Residue
Year Utilization (dry tons) (MMBtu) 23 (MMtCO2e)
2009 7% 714,286 9,214,286 0.866
2010 14% 1,428,571 18,428,571 1.73
2011 21% 2,142,857 27,642,857 2.60
2012 29% 2,857,143 36,857,143 3.47
2013 36% 3,571,429 46,071,429 4.33
2014 43% 4,285,714 55,285,714 5.20
2015 50% 5,000,000 64,500,000 6.06
2016 60% 6,000,000 77,400,000 7.28
2017 70% 7,000,000 90,300,000 8.49
2018 80% 8,000,000 103,200,000 9.70
2019 90% 9,000,000 116,100,000 10.9
2020 100% 10,000,000 129,000,000 12.1
Cumulative 72.8

2 Agriculture Residue heat content is assumed th2b@ MMBtu/ton which is taken from Bioenergy Feedst
Characteristics Jonathan Scurlock, Oak Ridge Natibaboratory (see
http://bioenergy.ornl.gov/papers/misc/biochar_faeet.html) low end of range 6450-7300 BTU/Ib
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Table 3.2 GHG benefits from forestry biomass
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Avoided Emissions
Forest Biomass Forest Biomass from Forest Biomass
Percent of Feedstock Feedstock Feedstocks
Year Utilization (Dry Tons) (MMBtu) ** (MMtCO,¢)
2009 6% 48,938 685,125 0.064
2010 13% 97,875 1,370,250 0.129
2011 19% 146,813 2,055,375 0.193
2012 25% 195,750 2,740,500 0.258
2013 31% 244,688 3,425,625 0.322
2014 38% 293,625 4,110,750 0.386
2015 44% 342,563 4,795,875 0.451
2016 50% 391,500 5,481,000 0.515
2017 56% 440,438 6,166,125 0.579
2018 63% 489,375 6,851,250 0.644
2019 69% 538,313 7,536,375 0.708
2020 75% 587,250 8,221,500 0.773
Cumulative 5.02

4 Forest biomass heat content is assumed to be 1BtMn which mid-point of the range (7000 BTU/taken
from Heat Content of Selected fuels provided by Galge National Laboratory (ORNL) (6,000 to 8,000WBper
pound for solid wood productd)itp://cta.ornl.gov/bedb/appendix_a/Approximate tHEantent of

Selected Fuels for Electric Power Generation.xls
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Table 3.3 GHG Benefits From Dedicated Energy Crops

Total Dedicated Energy | Total Dedicated Energy Avoided Emissions,

Percent of Crop Available Crop Availagsle Energy Crops
Year Utilization (Dry Tons) (MMBtu) (MMtCO2e)
2009 4% 200,000 2,936,400 0.276
2010 6% 300,000 4,404,600 0.414
2011 8% 400,000 5,872,800 0.552
2012 10% 500,000 7,341,000 0.690
2013 21% 1,062,500 15,599,625 1.47
2014 33% 1,625,000 23,858,250 2.24
2015 44% 2,187,500 32,116,875 3.02
2016 55% 2,750,000 40,375,500 3.79
2017 66% 3,312,500 48,634,125 4.57
2018 78% 3,875,000 56,892,750 5.35
2019 89% 4,437,500 65,151,375 6.12
2020 100% 5,000,000 73,410,000 6.90

Cumulative 35.4
Costs

There are two main components to the cost calculation, the fuel costs and cajsitallmfuel

component is based on the difference in costs between supply of biomass fuel and the assume

fossil fuel that it is replacing (i.e., coal). Assumed costs of biomass atdi@tein Table 3-4
below. Delivered coal fuel cost ($/MMBTU) were taken the Energy Infoomagency’s
Annual Energy Outlook (AEO) 2008tfp://www.eia.doe.gov/oiaf/aeo/prices.hjml

% Energy heat content is assumed to be 14.7 MMBiu/taken from Heat Content of Selected fuels gtediby
Oak Ridge National Laboratory (ORNL) (7,341 BTU peund for switchgrass),
http://cta.ornl.gov/bedb/appendix_a/Approximate HEantent of Selected Fuels for_Electric_Power Gxite

n.xls
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Cost $/Ton Heat content Cost $/MMBtu
Fuel Type Delivered (MBtu/Ton) Delivered
Agricultural by-products® $74 12.9 $5.76
Energy crop (switchgrass)?’ $136 14.7 $9.29
Forest residue®® $70 14.0 $4.98
Table 3-5. Summary of Costs
Total
Biomass
Utilization Estimated Estimated Fuel Costs
(Agriculture Additional Additional (Agriculture
Residue, Approxi- Variable Fixed Residue, Dis-
Forest mate Operational Operational Forest counte
Feedstocks, Cumulati Annualized and and Feedstocks, Production d
and Energy ve Capital Maintenance Maintenance and Energy Tax Credit Costs
Crops) Capacity Costs # Costs ¥ Costs * Crops) (1.5 cents (Million
Year (MMBtu) (MW) ($2005) (2005%) (2005%) ($2005) per kWh) $2005)
2009 12,835,811 193 $6,392,849 -$1,930,197 $4,689,283 $55,459,894 $21,606,684 $43.0
2010 | 24,203,421 365 | $12,054,463 -$3,639,612 $4,152,908 $95,573,110 $40,741,928 $67.4
2011 35,571,032 536 $17,716,078 -$5,349,027 $4,152,908 $132,123,392 $59,877,172 $88.8
2012 $23,377,693 -$7,058,443 $4,152,908 $165,309,560 $59,877,172 $126

% Price of Agriculture residue comes from lowa Stateversity (University Extension) publication “Esiating a
Value for Corn Stover” Ag Decision maker File Al;Mecember 2007. Additional Transportation cost$1f.75
were assumed, taken from lowa State Universityyelsity Extension, publication “Estimated Costs for
Production, Storage and Transportation of Switckgjr®M 2042, October 2007. Heat Content taken from

Bioenergy Feedstock Characteristics Jonathan Styr@ak Ridge National Laboratory (see

http://bioenergy.ornl.gov/papers/misc/biochar_faett.html) low end of range 6450-7300 BTU/Ib

27 Cost of energy crop was taken from lowa State hsity, University Extension, publication “Estimdt€osts for
Production, Storage and Transportation of Switckgjr®M 2042, October 2007 Heat Content of Selefttels
ORNL (7,341 BTU per pound),

http://cta.ornl.gov/bedb/appendix a/Approximate HE&ntent of Selected Fuels for Electric Power Gxioe

n.xls. A profit margin of 20% was added to the $114 perttwestimate the price paid by the end-user.

®rorest Residue costs come from personal commuaiatiith Bill Johnson (Alliant Energy) on AugusR@08.
Forest residue prices range between $40 and $7drpéwon, excluding transportation. The averag§5f/ton was
assumed with an additional transportation costldf. %5, taken from lowa State University, Univerditytension,
publication “Estimated Costs for Production, Steragd Transportation of Switchgrass” PM 2042, Cet@®07.
Assumed heat content was taken frideat Content of Selected Fu@g Oak Ridge National Laboratory (6,000 to
8,000 BTU per pound for solid wood products),

http://cta.ornl.gov/bedb/appendix_a/Approximate_tHE€antent_of Selected_Fuels_for_Electric_Power_@Geioe

n

Xls

29 Capital costs were taken from Table 39 of Enerdgrmation Agency Annual Energy Outlook 2007. See
http://www.eia.doe.gov/oiaf/aeo/assumption/pdf/eleity.pdf

%0 variable operational and maintenance costs wéentirom Table 38 of Energy Information Agency Aahu
Energy Outlook 2007. ségtp://www.eia.doe.gov/oiaf/aeo/assumption/pdf/eleity. pdf

31 Fixed operational and maintenance costs were tkenTable 38 of Energy Information Agency Annéalergy

Outlook 2007. Sehttp://www.eia.doe.gov/oiaf/aeo/assumption/pdf/eleity.pdf
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Total
Biomass
Utilization Estimated Estimated Fuel Costs
(Agriculture Additional Additional (Agriculture
Residue, Approxi- Variable Fixed Residue, Dis-
Forest mate Operational Operational Forest counte
Feedstocks, Cumulati Annualized and and Feedstocks, Production d
and Energy ve Capital Maintenance Maintenance and Energy Tax Credit Costs
Crops) Capacity Costs # Costs ¥ Costs * Crops) (1.5 cents (Million
Year (MMBtu) (MW) ($2005) (2005%) (2005%) ($2005) per kWh) $2005)
46,938,643 707
2013 65,096,679 981 $32,421,264 -$9,788,974 $6,633,642 $232,278,175 $59,877,172 $202
2014 | 83,254,714 1,255 | $41,464,836 -$12,519,506 $6,633,642 $291,654,738 $59,877,172 $267
2015 101,412,750 1,528 $50,508,408 -$15,250,038 $6,633,642 $345,871,906 $59,877,172 $328
2016 123,256,500 1,858 | $61,387,642 -$18,534,812 $7,980,137 $404,272,568 $59,877,172 $395
2017 145,100,250 2,187 $72,266,876 -$21,819,586 $7,980,137 $454,954,296 $59,877,172 $454
2018 166,944,000 2,516 $83,146,110 -$25,104,361 $7,980,137 $497,890,112 $59,877,172 $504
2019 188,787,750 2,845 | $94,025,344 -$28,389,135 $7,980,137 $537,903,724 $59,877,172 $552
2020 210,631,500 3,174 | $104,904,578 -$31,673,910 $7,980,137 $571,964,340 $59,877,172 $593
Cumulative $3,620

The cost of implementing the policy option is estimated by assuming the replatoef coal

with biomass. The difference in cost of feedstock supply between biomass arsdoaballiated
using the costs outlined in Table 3-4. The difference in costs (dollars per millicsh Bniermal
units [$/MMBtu]), is multiplied by the amount of coal energy (MMBtu) being regaldmy
biomass. The assumed incremental capital costs are based on the capitaisoasised with

establishing a biomass plant compared to a coal plant. Capital costs, operationairaedamce

costs were taken from Table 38 of the Energy Information Agency Annual EnergplOut

2007. While use of biomass may be pursued through other technology types (e.gatigagific
or end uses (e.g., heat or steam), this methodology was used to provide an estimatel®f pos
capital costs required to enable the utilization of biomass.

The capital infrastructure lifespan is assumed to be 30 years, and the natiere$is assumed
to be 5%, giving a Capital Recovery Factor of 0.065 (i.e., $1 million plant is assumed to cos
approximately $65,000 per year over the life of the project). It was assuniedottealuction tax

credit? equal to $0.015 per kilowatt-hour of electricity was available to facilitieshuhére
placed into service on or after July 1, 2005, and before January 1, 2012.

Key Assumptions:

The fuel mix being replaced by biomass is assumed to be 100% coal. Biomass elassum
have a reduction of 0.0940 tG&MMBtu when replacing coal combustion.

32 Section 476C of the lowa code provides for a rexf#evenergy tax credit, which includes biomass.
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While energy production from biomass may be pursued through a range of techgpkxyte.g.
co-firing, gasification or direct firing) or end uses (e.g. eleityriheat or steam), the capital costs
from AEO were used to provide an estimate of possible capital costs required &tkaabl
utilization of biomass. The capital costs associated with using biomass |ty @atise to fossil-
based generation are dependent on many factors, including the end use (i.@telbetat or
steam), the design and size of the systems, the technology employed, and the tionfigura
specifications of the system. Each system implemented under this policy woule eedetailed
analysis (incorporating specific engineering design and costs aspegatsyide a more accurate
cost estimate of the system.

It was assumed that a production tax credit was available to faciitieb were placed into
service on or after July 1, 2005, and before January 1, 2012.

Key Uncertainties

Availability, collection and distribution will be key issues that will afféet implementation of
this option, particularly on the cost side. Collection and distribution are partycugoortant for
the utilization of agriculture and forest residues.

Additional Benefits and Costs

Biochar—Biochar is a byproduct produced from certain thermochemical energy production
processes. The application of biochar to crop fields is believed increase soiltiprtydaicd
increase soil carbon levelBhe land application of biochar should be conducted although the
level of GHG benefits is not fully understood and additional research is required.

Feasibility Issues

The sustainability of utilizing forest residue from harvesting operatiomsl ceduce the
feasibility of this option. The forest residue data for the NREL report wageddrom the
USDA Forest Service’s Timber Product Output database for 2002. In this gagBL
included logging residues and other removals. NREL defined logging residuas astised
portions of trees cut, or killed by logging, and left in the woods. Other removaleresielered
trees cut or otherwise killed by cultural operations (e.g. pre-comméiiialrig, weeding, etc.)
or land clearings and forest uses that are not directly associated with roodgreduct
harvests. It is likely that 75% utilization is achievable from a sustditygerspective but may
be less feasibly from an economic perspective.

Status of Group Approval
Pending —

Level of Group Support
TBD — [blank until ICCAC meeting #5]

Barriers to Consensus
TBD — [blank until final vote by the ICCAC]
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Policy Description

Reduce methane emissions from livestock manure by installing largeasea®bic digester
systems at locations that can service multiple concentrated animalfepdrations (CAFOS).

Reduce methane emissions from livestock manure by installing anaerolsiedigyestems at
larger individual concentrated animal feeding operations.

Methane captured from the digesters is used to create heat or power, which olgdtsefes
based energy production and the associated GHG emissions. This option is focused on
implementing these projects at the large-scale level (e.g., commuséy-bgstems or large

CAFOs).

Reduce GHG emissions associated with manure handling and storage. Potetitakpradtude
but are not limited to manure composting (to reduce methane emissions) and imprthetsme
for application of effluent to fields (for reduced nitrous oxide emissions). Agiic
improvements include incorporation into soil instead of surface spray/spreading.

Policy Design

Goals:

Utilization—By 2020, utilize 50% of available methane from livestock manure (primarily,dairy
swine and poultry) for renewable electricity, heat and steam generaiiwwogooration into
natural gas distribution systems.

Management-By 2020, apply improved manure handling and storage practices on 50% of
manure generated.

Timing: As stated above
Parties Involved: Land owners, farmers, energy producers and energy users.
Other:

Implementation Mechanisms

Reduce GHG emissions associated with manure handling and storage. Potetitakpratude
but are not limited to manure composting (to reduce methane emissions) and imprthaetsme
for application of effluent to fields (for reduced nitrous oxide(INemissions). Application
improvements include incorporation into soil instead of surface spray/spreading.

Tax Incentives
Grants
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Loan Guarantees
Related Policies/Programs in Place

Section 476C of the lowa codprovides for a renewable energy tax credit for biomass and other
gualifying renewable energy sources that are used to generdtei®year heat for a commercial
purpose.

A producer or purchaser of renewable energy may receive renewable execggdits under

this chapter in an amount equal to $0.015/kWh of electricity, or $4.50/MMMBtu of heat for a
commercial purpose, or $4.50/MMMBtu of methane gas or other biogas used to generate
electricity, or $1.44/1,000 cu. ft. of hydrogen fuel generated by and purchased frogitde eli
renewable energy facility.

Alternate Energy Revolving Loan Program (AERLP): The lowa Energy Center provides
zero-percent interest loans for up to half of the project cost, up to a maximum of $250,000.
http://www.energy.iastate.edu/AERLP/index.htm

Energy Research GrantsThe lowa Energy Center provides grants for energy research on
topics that have strong relevance to lohi#p://www.energy.iastate.edu/Funding/gp-
research.htm

Alternative Fuel Production Loans: The Value-Added Agricultural Products and Processes
Financial Assistance Program offers a combination of forgivable anddreditow-interest
loans for business projects involving the production of biomass or alternative fuels.
http://www.iowalifechanging.com/business/vaapfap.html

lowa DNR Anaerobic Digestion Outreach Program:Recognizing the enormous opportunity
for the wide-scale implementation of farm-scale and community-basewhitagigester
systems in lowa, thiewa Department of Natural Resources Energy and Waste Management
Bureau set about promoting the digester concept to lowa Communities having large
concentrations of livestock production, large volumes of organic wastes, and largeuseesg
Type(s) of GHG Reductions

CO,, NoO, CHy: Displaces emissions from fossil fuel combustion.

CH4: Capture and utilization or preventing the creation of methane.

N2O: Reductions occur when nitrogen run-off and leaching are reduced, which leads to the
formation and emission of JD.

Estimated GHG Reductions and Net Costs or Cost Savi  ngs
GHG Reduction Potential in 2012, 2020 (MMtCQe) and Net Cost per tCQe:

Net cost
2012 | 2020 per
tCO2e
Methane Management Capture
Utilization 08 | 26 | -3
Manure Management 0.9 2.9 -5
lowa Climate Change Advisory Council 25 Center for Climate Strategies
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Data Sources:As indicated in the methodology below.

Quantification Methods:

Utilization GHG Benefits

Methane emissions (in MMtC®) data from the lowa Inventory and Forecast was used as the
starting point to estimate the GHG benefits of utilizing the volumes of metiaageted by the
policy and to add in the additional benefit of electricity generation usingapiared methane
(through offsetting fossil-based generation). The first portion of GHG bémnebtained through
reduced methane emissions through the capture of emissions from manure andigbeulp |
assumed collection efficiency of 78%s applied to methane emissions from manure and poultry
litter which is then multiplied by the assumed policy target ramping up tovacb@®o
utilization by 2020.

The second portion of the GHG benefit is through the offsetting of fossil-fuether natural

gas displacement or the displacement of fossil-based electricity ieneltawas assumed that
50% of the methane available would be utilized to offset natural gas and 50% would offset
electricity. The electricity component was estimated by conwgttiea methane captured in each

year to its heat content (in Btus) and then multiplying by a natural gasateaf 41,664

Btu/kWh to estimate the electricity producd’he CQe associated with this amount of
electricity in each year is estimated by converting the kWh to meéghaas (MWh) and then
multiplying this value by the lowa-specific emission factor foceleity production from the

inventory and forecast (0.69 tG&MWh) >

The total GHG benefit is estimated as the sum of both portions of the benefibeésdrove
and is summarized in Table 4-1.

Table 4-1. GHG Reductions From Methane Utilization

Methane

Emissions Methane CO2e offset

From Captured Million CO2e Offset | as natural Total

Dairy,Swine Policy and Utilized Metric Methane as Electricity | gas Emission

and Poultry Utilization | under policy | Tons of (million (MMt CO2- displacement  Reductions

Year (MMt CO2-e) objective | (MMt CO2-e) | Methane BTUSs) e) (MMt CO2-e) (MMt CO2-e)

2009 5.74 4% 0.179 0.009 | 450,056 0.013 0.012 0.205
2010 5.74 8% 0.359 0.017 | 900,023 0.027 0.024 0.410
2011 5.78 13% 0.542 0.026 0.040 0.037 0.618

% The collection efficiency is an assumed value Baseengineering judgment. No applicable studieswe
identified that provided information on methaneledtion efficiencies achieved using manure digsstas it relates
to collection of entire farm-level emissions).

34 Energy Information Administration — Departmentafergy (2007) Table A.6 Average Heat Rates by Prime
Mover and Energy Sourchkttp://www.eia.doe.gov/cneaf/electricity/epal/epatasl

% Total electricity emissions were divided by tatctricity sales to determine the electricity esitias factor for
lowa.
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1,358,844
2012 5.82 17% 0.727 0.035 | 1,823,637 0.054 0.049 0.830
2013 5.85 21% 0.915 0.044 | 2,294,480 0.068 0.062 1.044
2014 5.89 25% 1.10 0.053 | 2,771,448 0.082 0.075 1.261
2015 5.93 29% 1.30 0.062 | 3,254,619 0.096 0.088 1.481
2016 5.97 33% 1.49 0.071 | 3,743,861 0.111 0.101 1.704
2017 6.01 38% 1.69 0.080 | 4,239,428 0.125 0.114 1.929
2018 6.05 42% 1.89 0.090 | 4,741,409 0.140 0.128 2.158
2019 6.09 46% 2.09 0.100 | 5,249,891 0.155 0.141 2.389
2020 6.13 50% 2.30 0.109 | 5,764,962 0.170 0.155 2.624
Total Cumulative 16.7

Utilization Costs

The costs for the dairy and swine components are estimated using an ayaNesisrbl
Resources Conservation Service (NR@8) Analysis of Energy Production Costs from
Anaerobic Digestion Systems on U.S. Livestock Production Facififidse production costs are
assumed to be $0.11/kWh and $3.17/MMBtu for swine anaerobic digesters and $0.05/kWh and
$4.00/MMbtu for dairy anaerobic digestéfsThese costs were converted to 2005 dollars (from
2006 dollars) and assume a 30% thermal efficiency. The costs include annuglidoats

for the digester, generator, and Operation and Maintenance’t®hts assumed costs for the
poultry component were taken from a Study in South Carélusalability of Poultry Manure as

a Potential Bio-Fuel Feedstock for Energy Productiyn].R.V. Flora, and Cyrus Riahi-Nezhad
($0.103/kWh in 2005 dollars using anaerobic digestidthe value of electricity produced is
taken from the projected all sector average electricity price for tdeQdntinent Area Power
Pool prices This price represents the value to the farmer for the electricity pmdieceffset
on-farm use) and is netted out from the production costs to estimate net costs. Afjditiona

% Beddoes, Bracmort, Burns and Lazarus (200YAnalysis of Energy Production Costs from Anakr@bgestion
Systems on U.S. Livestock Production FacilitBCS, Technical Note No. 1, October 2007.

%7t is assumed that the technology employed foh Isatine and dairy anaerobic digesters are covaraerabic
lagoon. Cost were obtained from table 1 of the NRp@er sited above.

% The economic analysis conducted by Beddoes aies dot include feedstock and digester effluemispartation
costs. The technical note does not address theptos of centralized digesters where biomass iecteld from
several farms and then processed in a single unit.

39 Availability Of Poultry Manure As A Potential BiBuel Feedstock For Energy Production By Joseph Ridfa,
Ph.D., P.E. and Cyrus Riahi-Nezhad Department wif &hd Environmental Engineering University of $Siou
Carolina, August 2006.

“0 DOE Energy Information Administration (EIA) Annuhergy Outlookhttp://www.eia.doe.gov/oiaf/aeo/
supplement/index.htmhccessed May 12 2008.
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was assumed that a production tax cféeigual to $4.50 per MMBTU of methane gas was
available to Biogas recovery facilities (anaerobic digester sg$tehich were placed into

service on or after July 1, 2005, and before January 1, 2012. The costs are summarized in Table

4-2.

Table 4-2. Costs of Methane Utilization

Total Net Total Net
Cost of Cost of Total Costs
Total Net Deploying Deploying of Deploying
Cost® of Swine Poultry Methane
Deploying Methane Methane Capture and
Dairy Methane Capture Capture Production Tax Utilization (
Capture and and and Credit at a rate of Including

Utilization Utilization Utilization $4.50/MMBtu of Dairy, Swine

Year Technology Technology | Technology | methane gas and Poultry)
2009 -$34,975 -$31,831 -$691 $2,025,253 -$2,092,751
2010 -$64,172 $57,195 -$315 $4,050,105 -$4,057,397
2011 -$89,139 $251,425 $1,024 $6,114,797 -$5,951,487
2012 -$110,379 $536,305 $3,157 $6,114,797 -$5,685,715
2013 -$125,389 $987,339 $6,747 $6,114,797 -$5,246,100
2014 -$137,771 | $1,510,458 $10,932 $6,114,797 -$4,731,178
2015 -$147,419 | $2,112,610 $15,764 $6,114,797 -$4,133,842
2016 -$162,876 | $2,543,702 $19,453 $6,114,797 -$3,714,518
2017 -$185,425 | $2,756,012 $21,263 $6,114,797 -$3,522,947
2018 -$213,259 | $2,793,174 $21,503 $6,114,797 -$3,513,378
2019 -$233,982 | $3,033,820 $23,681 $6,114,797 -$3,291,278
2020 -$236,690 | $3,836,563 $31,369 $6,114,797 -$2,483,555
-$48,424,147

1 Section 476C of the lowa code provides for a rextdevenergy tax credit, which includes biomass.

2 Net Cost includes cost of implementing methanéurapand utilization technology (either natural gas
electricity displacement) less and savings receiliealigh implementation (e.g. natural gas pricetalgty
purchase savings and production tax credits).
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Management GHG Benefits

The Greenhouse Gas benefits of this policy were estimated for lowa pgy fahich make up
approximately 84% of total manure management emissions. The emissions franmgigvere
taken from the lowa Inventory and Forecast. According to a recent study iea M@sagement,
improved waste treatment systems in swine farms was able to reducer@isktons by 9793,
These treatment methods included specialized flocculation (clumping) andragviti

nitrifying bacteria pellets to convert the volatile solids into stabitbaracompounds. Table 4.3
shows the implementation path used for this policy and the GHG benefits expected.

Table 4.3 GHG Emissions Reductions from Improved Manure Management

|
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MMtCO.e = million metric tons of carbon dioxide equivalent.

Management Costs

The costs of this policy were estimated based on the Waste Managementidtatigtudy

found that these new methods of manure management resulted in a net savings of $1.75 per head
when compared with traditional manure management approaches. This assumesothe sal

carbon credits for an additional revenue stream. This figure was discounted back to 2005

dollars, and applied to the pig farms under the policy in lowa. The estimated pig jomgulat

come from the lowa Inventory and Forecast. The cost estimates come ditbphying the pig

population under the improved manure management program with the estimated cost/head

figure. See Table 4.4 for more information on the costs of the program.

3 M.B. Vanotti, A.A. Szogi and C.A. Vives. "Greenkse gas emission reduction and environmental gualit
improvement from implementation of aerobic wastatment systems in swine farms." Waste Managerféas.
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Table 4.4 Costs of Improved Manure Management
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Key Assumptions: The Manure Management costs assume that carbon credits can be aggregated
and sold.

Key Uncertainties

Some swine farms in lowa may already have digesters in place, which havakezeimto
account in the BAU estimate. Because no information was available on the leveluséma
management currently in place in lowa, it was assumed that installatidditbmal digesters is
practical in all locations.

Additional Benefits and Costs
Improved manure management often has additional benefits in terms of avoided odorsland loca
air pollutants.

Methane production from manure may reduce the nutrient level of manure and reduce the
potential to replace inorganic commercial fertilizer.

Feasibility Issues

The feasibility of utilizing methane and displacing natural gas otreligg may be limited by
the on-farm or community energy requirements and or the location of induséiiestld use
that energy.
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Status of Group Approval
Pending —

Level of Group Support
TBD — [blank until ICCAC meeting #5]

Barriers to Consensus
TBD — [blank until final vote by the ICCAC]
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AFW-5. Land Management to Promote Sequestration Ben  efits

Policy Description

On cultivated lands, the amount of carbon stored in the soil can also be increased by the adopti
of practices such as continuous conservation and no-till cultivation. By minimizicigameal

soil disturbance, these practices reduce the oxidation of soil carbon compounds and alow mor
stable aggregates to form. Other benefits include reduced wind and water erosiad feeluc
consumption, and improved wildlife habitat.

Convert marginal agricultural land used for annual crops to permanent cover such as
grassland/rangeland, orchard, or forest where the soil carbon and/or carbon in Edriges
under the new land use. Adopt mechanisms to discourage theses acres fromteftiieg to
conventionally tilled production or to suburban/urban development.

Heavy grazing can cause significant soil disturbance and result in cagses foom soils.
Rotational grazing where animals are moved from field to field on a regulardaasreduce soil
disturbance, improve plant vigor and enhance soil carbon levels.

Establish forests on land that has not historically been forested (e.g., atforest agricultural
land) and promote forest cover and associated carbon stocks by regeneregiadl@hing
forests in areas with little or no present forest cover (“reforestatibidintain and improve the
health and longevity of trees in urban and residential areas to protect and ehbaracbdn
stored in tree biomass. Indirect emissions reductions may also occuiuicingeheating and
cooling needs as a result of planting shade trees.

Policy Design

Goals:

Conservation tillage-By 2020, 75 percent of annual cropland will be managed with
continuous no-till or low-till production practices.

Agriculture land conversionBy 2020, convert 333,000 acres of marginal agricultural land
to higher sequestration permanent cover (including grassland, rangeland, aif)orcha

Conservation grazingBy 2020, apply conservation grazing practices including rotational
grazing to 50 percent of lowa grazing lands.

Forestation—By 2020, establish 250,000 acres of new forest lands and improve management
practices on 500,000 acres of unmanaged grazed forested land.

Urban forestry—By 2020, increase the canopy cover of urban forest in lowa communities by
25%.

Timing: As stated above.

Parties Involved: Land owners and forest managers.
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Other:

Convert marginal agricultural land used for annual crops to permanent cover such as
grassland/rangeland, or orchard where the soil carbon and/or carbon in biomass isntigher
the new land use. Adopt mechanisms to discourage theses acres from either rturning
conventionally tilled production or to suburban/urban development.

Heavy grazing can cause significant soil disturbance and result in cagses foom soils.
Rotational grazing where animals are moved from field to field on a regulardaasreduce soil
disturbance, improve plant vigor and enhance soil carbon levels.

Implementation Mechanisms

Encouragement of landowner participation in the lowa Forest Reserve Lawarpraguld
enhance afforestation and forest retention efforts.

Related Policies/Programs in Place

lowa Forest Reserve Law: “Forests and woodlands provide many benefitsattsland their

visitors. lowans earn millions of dollars each year from the harvest bétiand the

manufacturing of wood and wood fiber products. On steep slopes and ridgetops, forests prevent
erosion of soils and subsequent pollution of lakes and streams. In addition, forests provide
habitat for a wide variety of game and non-game wildlife; they provide aapleasvironment

for many recreation activities such as hiking, camping, picnicking, and hunting; gratitha

great deal of beauty and diversity to the lowa landscape. To encourage propedstip of

these woodlands, the lowa Forest Reserve Law provides that forest laneé¢tstartain

criteria may be exempt from property taxé.The forest land must meet certain size and tree
species criteria, and livestock are not permitted.

Type(s) of GHG Reductions

COz: Increase the sequestration of carbon, as well as preventing carbon gstoeetl in
lowa’s forests and farm land from being released. Reductions also ocoilrcastson levels in
crop soils are increased above business as usual levels. Increasing thef earblsn in soils
indirectly sequesters carbon from the atmosphere.

Estimated GHG Reductions and Net Costs or Cost Savi  ngs

GHG Reduction Potential in 2012, 2020 (MMtCQe) and Net Cost per tCQe:

Cost-
Policy Option 2012 |2020 | Effective-
ness
($/tCO2€)
Conservation Tillage 29 8.6 -3
Agriculture Land Conversion 0.1 0.4 77
Conservation Grazing 0.09 0.3 -69
Afforestation 0.2 0.6 53
“4“lowa’s Forest Reserve Laws,” lowa State Univgr&iktension.
http://www.extension.iastate.edu/Publications/PMpaS
lowa Climate Change Advisory Council 33 Center for Climate Strategies
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Urban Forestry ‘ 0.1‘ O.4| -41

Data Sources:

Reforestation and Afforestation:

USDA Forest Service (USFS). “Methods for Calculating Forest Ecosymtenarvested
Carbon with Standards Estimates for Forest Types of the US,” General Btéteport NE-
343 (also published as part of the Department of Energy Voluntary GHG Reporting
Program).

USFS Forest Inventory Analysis data (Mapmaker 3.0), availakbigpat/www.ncrs2.fs.
fed.us/4801/fiadb/fim30/wcfim30.akp

Walker et al. 2007. Terrestrial carbon sequestration in the Northeast: Oppestant
Costs, Part 3A: Opportunities for Improving Carbon Storage through Affomestati
Agricultural Lands.

Urban Forestry:

Nowak et al., USDA Forest Service, Northern Research Station, Urban Efiexts on
Environmental Quality State Summary data for lowa, availabi&@t/www.fs.fed.us/ne/
syracuse/Data/State/data_|IA.htm

McPherson, E.G. and J.R. Simpson. 1999. “Carbon Dioxide Reduction Through Urban
Forestry: Guidelines for Professional and Volunteer Tree Planters.t&dmehnical

Report USFS PSW-GTR-171, Washington, DC: U.S. Department of Agriculture, U.S. Forest
Service, available ahttp://www.treesearch.fs.fed.us/pubs/6779

Quantification Methods:

Conservation Tillage GHG Benefits

Total cropland in lowa is estimated at about 23 million 42iasL998. For the purposes of this
analysis, conservation tillage is defined as any system that leaves B08teoof the soil
covered with residu®&

Based on the policy design parameters, the schedule for acres to be put into ¢gonservat
tillage/no-till cultivation is displayed in Table 5-1. This table represiwgtpercentage of
cropland required by the policy, less the area currently implementing consemiktge. In
1998, according to Conservation Technology Information Center (CT#)ost 4 million

51998 lowa total crop land from the Conservatiosfi®logy Information Center lowa Crop Residue
Management Survey (séép://www.conservationinformation.org/index.asp@si &action=crm_resuljs

“® The definitions of tillage practices from Conseiwa Technology Information Center are used unbiisrpolicy.
However, only no-till/strip-till and ridge-till areonsidered “conservation tillage” practices. Nbrtieans leaving
the residue from last year’s crop undisturbed yptéihting. Strip-till means no more than a thirdhef row width is
disturbed with a coulter, residue manager, or gfieed shank that creates a strip. If shanks agd,usutrients may
be injected at the same time. Ridge-till means4k&tinch-high ridges are formed at cultivatiorarRérs using
specialized attachments scrape off the top 2 inoh#e ridge before placing the seed in the ground

*" From 1998 Conservation Technology Information @edata, athttp:/www.conservationinformation.org
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acres were using conservation tillage practices in lowa. This repseggroximately 17 percent
of total cropland in lowa.

For the policy period, it is assumed that the sequestration rate provided by the Chivage C
Exchange (CCX) for the carbon credit program (0.6 metric tons of carbon dioxiderpe
[tCO./acre] per year as lowa is considered to be in “Zone A”) is indicative of guesteation
that would occur as a result of improved tillage practiteés such 0.6 tC@acre/year was used
to estimate the amount of carbon to be sequestered per acre. The issuance vews@d as a
discounted average that could be expected to occur for the entire pool of enrollgd aveza
the 5-year contract peridd It was assumed that carbon accumulation occurred for 20 years,
which extends beyond the policy period. To estimate carbon stored each year, the annual
accumulation rate was multiplied by the number of acres in still accungutzirbon each year.
The CCX program currently runs until 2010 and while it is likely that the progranbevill
extended, at this stage it is unknown.

Additional GHG savings from reduced fossil fuel consumption are estimated bglyind the
fossil diesel emission factor and diesel fuel reduction per acre estifhateeduction in fossil
diesel fuel use from the adoption of conservation tillage methods is 3.5 gallorS/Euvedife
cycle fossil diesel GHG emission factor of 12.31 $€4D,000 gallons was usétResults are
shown in Table 5-1, along with a total estimated benefit from both carbon sequestrdtion a
fossil fuel reductions.

Table 5-1. GHG Reductions From Conservation Tillage  Practices
Total
Percent of Acres In MMtCO2e MMtCOze
Total Cropland Program MMtCO.e Diesel Saved From Diesel Saved per
Year in Program (“New” Acres) Sequestered (2,000 gal) Avoided Annum
2009 22% 1,114,784 0.669 3,902 0.048 0.717
2010 27% 2,229,569 1.34 7,803 0.096 1.43
2011 31% 3,344,353 2.01 11,705 0.144 2.15
2012 36% 4,459,138 2.68 15,607 0.192 2.87
2013 41% 5,573,922 3.34 19,509 0.240 3.58
2014 46% 6,688,707 4.01 23,410 0.288 4.30
2015 51% 7,803,491 4.68 27,312 0.336 5.02

“8 From Chicago Climate Exchange (CCX) Agriculturall€arbon Offsets, ahttp://www.chicagoclimatex.
com/content.jsf?id=781

“9 Chicago Climate Exchange Offsets for Carbon Capamd Storage in Agricultural Soils FAQs (see
http://www.chicagoclimateexchange.com/docs/off&is/ Carbon_Offsets faqg.pdf

0 Reduction associated with conservation tillage parad with conventional tillage, at http://www.cgiardue.edu/

Core4/CT/CRM/Benefits.html, accessed August 2006.

*1 Life-cycle emissions factor for fossil diesel framHill et al., “Environmental, Economic, and Egetic Costs

and Benefits of Biodiesel and Ethanol Biofuels,b&redings of the National Academy of Sciences,3@W3(1206—

11210. From the assessment used to evaluate WYiseaw-based biodiesel life-cycle impacts. See
http://www.pnas.org/cgi/content/full/103/30/11099
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2016 56% 8,918,276 5.35 31,214 0.384 5.74
2017 60% 10,033,060 6.02 35,116 0.432 6.45
2018 65% 11,147,844 6.69 39,017 0.480 7.17
2019 70% 12,262,629 7.36 42,919 0.528 7.89
2020 75% 13,377,413 8.03 46,821 0.576 8.60
Cumulative
benefit 55.9

MMtCO.e = million metric tons of carbon dioxide equivalent.

Conservation Tillage Costs

The costs of adopting soil management practices (e.g., conservation tittlj@iactices) are
based on the financial incentives provided through the Minnesota Agriculture Beagbtment
Practices (AgBMP) progrart.This program provides farmers a low-interest loan as an incentive
to initiate or improve their current tillage practices. The equipment fundeshesajly
specialized tillage or planting implements that leave crop residues apaeteast 15%—30% of
the ground after planting. The average total cost for this equipment is $23,000, though the
average loan for tillage equipment is $16,000. The average-size farm using an AgBM®
purchase conservation tillage equipment is 984 acres. Based on the average (§46 £i@6)
and the average size of the farm utilizing the loan (984 acres), it is assumedniatoff loan
of $16.26/acre is required to incentivize the adoption of conservation tillage praclicelman
payment is applied to each new acre entering the program to determine an agproagnaf
encouraging the use of soil management practices. Note that while thebe méjal upfront
incentives required to encourage the use of there may also be savingstedsuith reduced
cost of fuel, labor, chemicals, and equipnénthe reduction in fossil diesel fuel use from the
adoption of conservation tillage methods is 3.5 gallonsP4drke life cycle fossil diesel GHG
emission factor is assumed to be 12.31 420000 gallons®

*?Minnesota Department of Agriculture (2006), Agricmhl Best Management Practices Loan Program State
Revolving Fund Status Report, February 28, 2006.

%3 The estimated cost savings ($2.75/acre) relatéietadoption of no-till farming was derived frohetiow end of
the range provided by Walton and Bullen. Sam Wadtod Gary Bullen. “Economic Comparison of Threet@uot
Tillage Systems in Three North Carolina RegionsiverPoint presentation. Raleigh, NC: North Carotitate
University. Seavww.ces.ncsu.edu/depts/agecon/Cotton_Econ/prodiEtmnomic _Comparison.ppccessed
January 2008.

** Reduction associated with less intensive land@sg, fewer passes). The estimate is based or@ti®n
tillage compared with conventional tillage htp://www.conservationinformation.org/Core4Brocbsir
CTBrochure.pdfaccessed May 2008.

% Life-cycle emissions factor for fossil diesel framHill et al., “Environmental, Economic, and Egetic Costs
and Benefits of Biodiesel and Ethanol BiofueBrbceedings of the National Academy of Scienb@3(30):11206—
11210. From the assessment used to evaluate Wiseaw-based biodiesel life-cycle impacts. See
http://www.pnas.org/cgi/content/full/103/30/11099
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It was assumed that income from adopting no till could be obtained through a carbon credit
program (for example the Chicago Climate Exchange). The price of carbossuaseal to be
$7.25/tCQe >

Table 5-2. GHG reductions from conservation tillage practices

Annual Cost of
Total Funding
MMtCO2e Conservation Tillage Costs Benefits From

Year Saved per Annum Equipment No-Till Net Costs
2009 0.717 $18,126,576 —$5,197,533 $12,929,043
2010 1.43 $18,126,576 -$10,395,067 $7,731,510
2011 2.15 $18,126,576 -$15,592,600 $2,533,976
2012 2.87 $18,126,576 -$20,790,133 -$2,663,557
2013 3.58 $18,126,576 —$25,987,667 -$7,861,090
2014 4.30 $18,126,576 —$31,185,200 -$13,058,624
2015 5.02 $18,126,576 -$36,382,733 -$18,256,157
2016 5.74 $18,126,576 -$41,580,267 -$23,453,690
2017 6.45 $18,126,576 —$46,777,800 -$28,651,224
2018 7.17 $18,126,576 -$51,975,333 -$33,848,757
2019 7.89 $18,126,576 -$57,172,867 —$39,046,290
2020 8.60 $18,126,576 -$62,370,400 —$44,243,824

55.9 —$405,407,600 -$187,888,686

Agriculture Land Conversion GHG Benefits

The GHG sequestration benefits of converting marginal agricultural salmidgher sequestration
permanent cover were quantified by assuming a constant rate of carbomulaticumof

1 tCOse/acrelyear’ The sequestration rate was applied to acres in the program as indicated in
Table 5-3. The benefits from reduced diesel use and reduced fertilizer esealceitated using

a similar methodology to that used in AFW-1. It was assumed that nitrogeroivagplied

under the policy scenario but was applied in the reference case at a rate/at@4° and the
average C@emissions factor was 5.02 x 2MMtCO.e per ton of nitrogen applied based on
historical data and the life cycle emissions factor for nitrogen productiore(hessions

associated with the production, transport, and energy consumption during appfitation)

%% Price sourced from CCX websitetip://www.chicagoclimateexchange.cpan May 22 2008.

" Taken from CCX agricultural grass soil carbon ssfration offset project guidelines. lowa is in ega See
http://www.chicagoclimatex.com/docs/offsets/GrasdlaConversion_Protocol.pdf

8 Based on average fertilizer use (Ib/acre) in 1@aw2005 (nitrogen applied in lowa in 2005 was 1,088 Metric
tons N and total cropland is 27.15 million acres).

¥ The avoided life cycle GHG emissions (i.e., enoissiassociated with the production, transport,earegy
consumption during application) were taken from \Wand Cowie. The estimate provided for the U.&eftafrom
West and Marland, 2001) was 857.5 grams (g)eder kilogram of nitrogen (kgN) or 0.778 Mtgper ton of
nitrogen (tN). Sam Wood and Annette Cowie (20848 eview of Greenhouse Gas Emission Factors failiser
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Additional GHG savings from reduced fossil fuel consumption were estimatedIbglyng
the fossil diesel emission factor (12.31 #80,000 gallon$) by the diesel fuel reduction per
acre (3.5 gallons/acr®)

Table 5-3: GHG benefits of agriculture land convers  ion

Amount of GHG
Diesel Fuel MMtCO.e Nitrogen Emissions

Acres in MMtCOe Saved From Diesel Avoided Saved

Year Program Sequestered (1000 gallons) Avoided (short tons) (MMtCO2e)
2009 | 27,750 0.028 97 0.001 1,169 0.035
2010 | 55,500 0.056 194 0.002 2,337 0.070
2011 | 83,250 0.083 291 0.004 3,506 0.105
2012 | 111,000 0.111 389 0.005 4,674 0.140
2013 | 138,750 0.139 486 0.006 5,843 0.174
2014 | 166,500 0.167 583 0.007 7,011 0.209
2015 | 194,250 0.194 680 0.008 8,180 0.244
2016 | 222,000 0.222 777 0.010 9,348 0.279
2017 | 249,750 0.250 874 0.011 10,517 0.314
2018 | 277,500 0.278 971 0.012 11,685 0.349
2019 | 305,250 0.305 1,068 0.013 12,854 0.384
2020 | 333,000 0.333 1,166 0.014 14,022 0.419

Cumulative 2.62

Agriculture Land Conversion Costs

The cost of the program was assumed to be constant over the period at $146 per eardmper y
2008 dollar$? The establishment costs were assumed to be $86/acre. The one-time
establishment fee is based on the average establishment costs provided bigtéostad’. It is
further assumed that the Federal government (through the USDA) will pay up to Si98sef
establishment costs (e.g., cover crop or tree establishment costs. Thesineguéet

ProductionResearch and Development Division, State Fordstew South Wales, Cooperative Research Centre
for Greenhouse Accounting.

80 3. Hill et al., “Environmental, Economic, and Egetic Costs and Benefits of Biodiesel and Ethariofils,”
Proceedings of the National Academy of Scied@8¢30):11206-11210. From the assessment usealicage U.S.
soybean-based biodiesel life-cycle impacts. [8ge//www.pnas.org/cgi/content/short/103/30/11206

®1 Reduction associated with less intensive land@sg, fewer passes). The estimate is based ore@ti®n
tillage compared with conventional tillagé&/hat’s Conservation TillageRvailable at
http://www.conservationinformation.org/Core4Broobs/iCTBrochure.pdfaccessed May 2008.

%2 Total continuous CRP land annual payments for laee $146.11 per acre as of March 2008. This payme
includes annual incentive and maintenance allowaagenents, but not one-time signing and practiceritive
payments or payment reductions, such as for landsled less than a full year and lands hayed arep (see
http://www.fsa.usda.gov/Internet/FSA_File/mar20@8.p

%3 From: Estimated Costs of Pasture and Hay Produdiiova State University Extension, November 208&e
http://www.econ.iastate.edu/faculty/duffy/Pagestpasandhay.pdf

lowa Climate Change Advisory Council 38
www.iaclimatechange.us

Center for Climate Strategies
www.climatestrategies.us




establishment cost of $43/acre. It was assumed that carbon credits ($7.R&/0GM0 be

ICCAC AFW Policy Option Descriptions, 08-15-08

generated through the Chicago Climate Exchange or a similar futuram@®gCost savings

were also assumed to occur through reduced nutrient application and reduced fuel eonsumpt
using a similar methodology to that applied al3avEhese costs are discounted to 2005 dollars
and assumed to be constant in real terms across the policy period. Costs for eah yea

indicated in Table 5-4.

Table 5-4. Costs of agriculture land conversion

Total Costs
(Including
Conservation Costs,
Establishment Costs, Savings (Revenue
Avoided Cost of Avoided Cost of and Savings Avoided Generated Through Net Cost
Year Fertilizer Diesel Use of Fertilizer) Carbon Credits) (2005%)
2009 -$480,438 -$455,711 $3,601,775 -$173,793 $3,427,982
2010 -$942,419 -$911,421 $6,186,559 -$347,587 $5,838,972
2011 -$1,416,392 -$1,367,132 $8,759,350 -$521,380 $8,237,970
2012 -$1,912,310 -$1,822,842 $11,310,196 -$695,173 $10,615,023
2013 -$2,397,911 -$2,278,553 $13,871,359 -$868,967 $13,002,393
2014 -$2,925,602 -$2,734,263 $16,390,433 -$1,042,760 $15,347,673
2015 -$3,503,778 -$3,189,974 $18,859,021 -$1,216,553 $17,642,468
2016 -$4,167,703 -$3,645,684 $21,241,861 -$1,390,347 $19,851,514
2017 -$4,949,565 -$4,101,395 $23,506,763 -$1,564,140 $21,942,624
2018 -$5,806,299 -$4,557,105 $25,696,794 -$1,737,933 $23,958,861
2019 -$6,720,745 -$5,012,816 $27,829,112 -$1,911,727 $25,917,386
2020 -$7,435,889 -$5,468,526 $30,160,732 -$2,085,520 $28,075,212
Cumulative $193,858,077

Conservation Grazing GHG Benefits

The GHG benefits of rotational grazing were estimated using the low end i@rige provided
by the Chicago Climate Exchange rangeland soil carbon managemenpafteebl®® Offsets
are issued at standard rates depending on project type and location. lowa has plaiceeen a

zone and rates vary from 0.12 to 0.52 t€fcre/year. As a conservative estimate, the midpoint

of this range was assumed (0.32 g€facre/year). The sequestration rate depends on the
determination of whether the range is in a non-degraded or degraded conditiorassuasd

 Assumes that carbon credits can be obtained thriwigre programs. Price sourced from CCX Webaitélay
22, 2008. Sehttp://www.chicagoclimateexchange.com/

% Assuming an application rate of 84 Ib/acre, andtipiying the total fertilizer reduction in eachaseby the
average cost of fertilizer provided by David Mill@irector, Research & Commodity Services, lowanfr&ureau
Federation), See AFW-1 for further detail. For dlethe assumed price is $4.69 per gallon takem ffe national
average from the EIA gasoline and diesel updattp:(/tonto.eia.doe.gov/oog/info/gdu/gasdiese).aapcessed on
June 20, 2008

8 seehttp://www.chicagoclimateexchange.com/docs/off@®X Rangeland Soil Carbon.pdf
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that this rate of accumulation occurred for the duration of the policy period. The eesult

summarized in Table 5-5.

Table 5-5. GHG benefits and costs of conservationg  razing
Savings (Includes
Revenue
Generated
Through Carbon
Credits and Net
Costs (Includes Income From
Achieve Total Carbon | Additional Upfront Adopting
Percent Acres In Sequestered Establishment Rotational Net Cost

Year of Goal Program (MMtCOze) Costs) Grazing) (2005%)
2009 8% 72,500 0.023 $14,500,000 $3,770,297 $10,729,703
2010 17% 145,000 0.046 $14,500,000 $7,540,595 $6,959,405
2011 25% 217,500 0.070 $14,500,000 $11,310,892 $3,189,108
2012 33% 290,000 0.093 $14,500,000 $15,081,190 -$581,190
2013 42% 362,500 0.116 $14,500,000 $18,851,487 -$4,351,487
2014 50% 435,000 0.139 $14,500,000 $22,621,785 -$8,121,785
2015 58% 507,500 0.162 $14,500,000 $26,392,082 -$11,892,082
2016 67% 580,000 0.186 $14,500,000 $30,162,380 -$15,662,380
2017 75% 652,500 0.209 $14,500,000 $33,932,677 -$19,432,677
2018 83% 725,000 0.232 $14,500,000 $37,702,975 -$23,202,975
2019 92% 797,500 0.255 $14,500,000 $41,473,272 -$26,973,272
2020 100% 870,000 0.278 $14,500,000 $45,243,570 -$30,743,570
Cumulative 1.74 -$120,083,204

MMtCO.e = million metric tons of carbon dioxide equivalent.

Conservation Grazing Costs

Unlike the land conversion programs, there is only a change of management pradtiags a
such there are no land conversion costs. It was assumed that carbon credit<(@).25tld
be generated through the Chicago Climate Exchange or a similar futurarpPégr

In addition, there is likely to be annual income from the adoption of rotational grahi@get

annual income is assumed to be $50/acre/year. This is based on assumed additional income of
$100/acre/year and assumed additional labor cost of adopting rotation grazing ofepp&dacr

To achieve this additional income, there are other up-front capital costs forgfand watering
systems (assumed to be $200/a&t@hese costs are assumed to be in 2005 dollars and constant
in real terms across the policy period. Costs for each year are indicaisolenb-5.

67 Assumes that carbon credits can be obtained thrhugte programs. Price sourced from CCX Web sité/ay
22, 2008. Seéttp://www.chicagoclimateexchange.com/

% personal Communications David Miller, DirectorsRarch & Commodity Services, lowa Farm Bureau
Federation, via email dated 05/27/2008
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Afforestation GHG Benefits

Forests grown or planted on land not currently in forest cover will likely acatiencérbon at a
rate consistent with the accumulation rates of average forest in the regicefolidiecarbon
sequestered by afforestation can be assumed to occur at the same rékenasecgiestration in
average lowa forests. For this analysis, it was assumed that afforesteeblald have
otherwise been used for annual crop production.

Average carbon storage was found using methods described in USFS GTR-NE-343, assuming
that afforestation activity would create forests that were consistédntiva existing forest type
distribution in lowa. This distribution was based on USDA Forest Service Foresitdny and
Analysis data. Afforestation statewide was assumed to occur on 50% oak/hickory, 25%
elm/ash/cottonwood, and 25% maple/beech/birch forests.

For afforestation calculations, annual carbon sequestration rates in eathyfimegoup were
calculated by subtracting carbon stocks in new stands (0 years) from carbonrs8&kear old
stands and dividing by 35 years. A weighted statewide average carbon séquestie for
afforestation activity was calculated, taking into account the variatiorrtircagequestration
across forest types (Table 5-6). The 35 year period was chosen to refeatithge length of an
afforestation project period. In this afforestation calculation, soil carbonakes into account.
Soil carbon was assumed to accumulate at a rate consistent with soil catboalaton in
afforested stands in GTR-NE-343.

Since afforested land would otherwise have been used for agricultural production tianaddi
GHG benefit of afforestation is the reduction of emissions from diesel fuel used ¢o faom
equipment. This GHG benefit was considered to be parallel to expected redwegidtisg from
a switch to conservation tillage, as described above. GHG emission redassocgted with
reduced management intensity were thus estimated by multiplying thediesgil emission
factor (12.31 tC@e/1,000 gallon$y by the diesel fuel reduction per acre (3.5 gallons/&tre)

%9 7. Hill et al., “Environmental, Economic, and Egetic Costs and Benefits of Biodiesel and Ethariofuls,”
Proceedings of the National Academy of Scied€©&¢30):11206-11210. From the assessment usedlitate U.S.
soybean-based biodiesel life-cycle impacts. I8g&//www.pnas.org/cgi/content/short/103/30/11206

"0 Reduction associated with less intensive landesg, fewer passes). The estimate is based orna@t®n
tillage compared with conventional tillag&/hat’s Conservation TillageRvailable at
http://www.conservationinformation.org/Core4BroobsfiCTBrochure.pdfaccessed May 2008.
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Table 5-6. Forest Carbon Sequestration Rates for Af  forestation Activity (source: Smith et
al. 2006, NE-GTR-343)

tCOel/acre tCOze/acre tCOe/acrelyear
Afforestation (0 year) (35 year) (average)
Oak-hickory afforestation
(NR-GTR-343 Table B15) 53.9 136.0 2.3
Elm-ash-cottonwood afforestation
(NR-GTR-343 Table B13) 97.2 187.4 2.6
Maple-beech-birch afforestation
(NR-GTR-343 Table B14) 75.5 164.3 2.5
Average carbon accumulation rate for
afforestation 25

tCOze/acre = metric tons of carbon dioxide equivalent per acre.

To achieve the goal of afforesting 250,000 acres by 2020, it was assumed that 208833 acre

would be planted each year from 2009 to 2020. Forests planted in one year continue to sequester
carbon in subsequent years. Thus carbon storage in a given year was calsulaesiin of

annual carbon sequestration on cumulative planted acreage. To determine totalcdmeninain
sequestered from 2009 to 2020, the number of acres planted in that year and all prieagear
multiplied by the average annual carbon sequestration rate for each land u3ayp&{(7).

Table 5-7. Calculation of GHG benefits due to affor  estation from 2009 to 2020.

Carbon

Acres sequestered

planted Acres in cumulative Diesel Total

this planted planted saved MMtCO2e MMtCO2e

year in prior acreage (2,000 from Diesel saved
Year (aclyr) years (MMtCO2elyr) gal) avoided per year
2009 20,833 0 0.051 73 0.001 0.052
2010 20,833 20,833 0.102 146 0.002 0.104
2011 20,833 41,666 0.153 219 0.003 0.156
2012 20,833 62,499 0.204 292 0.004 0.208
2013 20,833 83,332 0.255 365 0.004 0.260
2014 20,833 104,165 0.306 437 0.005 0.312
2015 20,833 124,998 0.357 510 0.006 0.364
2016 20,833 145,831 0.409 583 0.007 0.416
2017 20,833 166,664 0.460 656 0.008 0.468
2018 20,833 187,497 0.511 729 0.009 0.520
2019 20,833 208,330 0.562 802 0.010 0.572
2020 20,837 229,163 0.613 875 0.011 0.624
Total 250,000 3.984 5687 0.070 4.054

MMtCO.e = million metric tons of carbon dioxide equivalent.
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Afforestation Costs and Benefits

Cost analyses of vegetation planting typically employ four categajgsrtunity cost (of
planting forest rather than another, potentially more lucrative land use), conveost,
maintenance cost, and measuring/monitoring costs (Walker et al. 2007).

The opportunity cost for afforestation activity was assumed to be $106.15/ ageapevhich

was the annual average rental payment to farmers in lowa with land enroleddornservation
Reserve Program as of 20070ne-time costs of vegetation establishment include site
preparation and vegetation planting. For afforestation activity in 1A, the Haaedt

Enhancement Program (FLEP) indicates a willingness to cost-sharefib@stotal project cost,

to a maximum of $600/acré. The full cost of afforestation activity, including site preparation
and planting was thus estimated at 100% of a typical project cost, or $800/acre. Mamtena
and monitoring costs on afforested land were assumed to be negligible between 2009 and 2020.
It was further assumed that carbon credits due to afforestation activity woaNgitable, such

that the economic benefit of afforestation activity was calculated &@xemarket rate ($7.25/
tCO2e) for the C sequestration portion of the GHG befiefRevenue from harvested wood was
not included, because timber harvest is not likely to occur over the policy implemeptiod

from 2009 to 2020. To calculate the economic benefit of selling C credits, the carbon stored in
cumulative planted acreage was discounted by 30% and this C sequestratiate egis

multiplied by the price per credit ($7.25 per tCO2e).

Discounted costs to 2020 were calculated using a 5% discount rate. Results inclodaig a
costs are summarized in Table 5-8. The cost of implementing this option, expne2868 i
dollars, was calculated to be $53.32 per ton of C stored or avoided.

Table 5-8. Net economic costs and benefits of affo  restation activity in lowa.

Acres

planted Acres

this planted

year in prior
Year (aclyr) years Opportunity cost  Establishment cost Economic benefit (trading C credits) Net economic cost
2009 20833 0 $2,211,423 $16,666,400 $259,183 $18,618,640
2010 20833 20833 $4,422,846 $16,666,400 $518,367 $20,570,879
2011 20833 41666 $6,634,269 $16,666,400 $777,550 $22,523,119
2012 20833 62499 $8,845,692 $16,666,400 $1,036,733 $24,475,358
2013 20833 83332 $11,057,115 $16,666,400 $1,295,917 $26,427,598
2014 20833 104165 $13,268,538 $16,666,400 $1,555,100 $28,379,838
2015 20833 124998 $15,479,961 $16,666,400 $1,814,283 $30,332,077

"L USDA Conservation Reserve Program: Summary amdllErent Statistics, FY2007. Available at:

http://www.fsa.usda.gov/Internet/FSA_File/annuahoo 2007.pdf.

2 Jowa State Department of Natural Resources Buoé&orestry, Forest Land Enhancement Program Coesn
and Practices in lowa. http://www.iowadnr.gov/fdrefpdf/FLEP%20Rates.pdf.

3 Assume projects will be eligible for CCX enrollnierPrice sourced from CCX Web site on May 22, 208
http://www.chicagoclimateexchange.com/

lowa Climate Change Advisory Council 43
www.iaclimatechange.us

Center for Climate Strategies
www.climatestrategies.us




ICCAC AFW Policy Option Descriptions, 08-15-08

2016 20833 145831 $17,691,384 $16,666,400 $2,073,467 $32,284,317
2017 20833 166664  $19,902,807 $16,666,400 $2,332,650 $34,236,556
2018 20833 187497  $22,114,230 $16,666,400 $2,591,834 $36,188,796
2019 20833 208330 $24,325,652 $16,666,400 $2,851,017 $38,141,036
2020 20837 229163 $26,537,500 $16,669,600 $3,110,250 $40,096,850

Total 250000

Improved management practices on unmanaged grazed forested land: GHG benefit

Enhanced C sequestration can occur on land that is currently grazed, if livestegkladed
and trees are allowed to grow. This option quantifies the impact of livestolcisiexa on
500,000 acres of currently unmanaged grazed forest land. The land treated undecyhis pol
option is currently used for livestock grazing, this it is not part of the forested laméhtasva
as defined by the USDA Forest Service. After this policy option is implechethie land would
likely be classified as forest in future inventories.

A relationship between forest stocking and existing C stocks in 1A forest€reated, using
current data on forest area and C stocks by stockind t{&sgure 5-1). It was assumed that full
policy implementation would result in fully stocked forests on an additional 500,000 acres. Of
the 500,000 acres, it was assumed that 20% (100,000 acres) would originally be in the
“nonstocked” category, 200,000 acres (40%) would originally be in the “poorly sfocke
category, and the remaining 200,000 acres (40%) would originally be in the “mediundstocke
category (Table 5-9).

"4 USDA Forest Service Forest Inventory and Analféipmaker (3.0), found at:
http://www.ncrs2.fs.fed.us/4801/fiadb/fim30/wcfimasp.
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Figure 5-1. Total C stocks in lowa forests by stoc  king class (units tCOZ2e/ acre).

To calculate the incremental C storage resulting from transition ttyassfatked forest
condition, the difference between the current stocking and a fully stockedv@asstlculated.
This value was divided by 20 to estimate the annual incremental C storage dueaseadc
stocking (Table 5-9). A weighted average was calculated to represenethgeaC storage
resulting from implementation of this policy option, assuming proportional représarta
nonstocked, poorly stocked, and medium stocked forest in each year.

Table 5-9. Incremental C storage (per acre) result  ing from enhanced stocking of
unmanaged grazed forested land in lowa.

Number of acres to be fully stocked Original stocki ng class t(;SrZee/ Incremental C storage (tCO2e/ acre) realized in ful
100,000 nonstocked 4.10
200,000 poorly stocked 34.41
200,000 medium stocked 66.10

fully stocked 103.52
overstocked 124.78
Weighted average (tCO2e/ acre/ yr) for fully stocking 500,000 acres
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To reach the goal level of 500,000 acres by 2020, a linear ramp to the goal levedumasdas
such that 41,667 acres were added to the program each year. These acresimecktase
proportionally representative, such that one-twelfth of the acres in the nonstocked, poorly
stocked, and medium stocked categories would be added in each of the twelve years betwe
2009 and 2020. The cumulative impact of the policy option (2009-2020) is 10.16 MMtCO2e
(Table 5-10).

Table 5-10. Cumulative impact of enhanced C seques tration on 500,000 acres of
unmanaged grazed forest land in lowa.

Acres added this year Acres added in prior Carbon sequestered in cumulative acreage

Year (aclyr) years (MMtCO2elyr)

2009 41,667 0 0.130
2010 41,667 41,667 0.260
2011 41,667 83,333 0.391
2012 41,667 125,000 0.521
2013 41,667 166,667 0.651
2014 41,667 208,333 0.781
2015 41,667 250,000 0.911
2016 41,667 291,667 1.042
2017 41,667 333,333 1.172
2018 41,667 375,000 1.302
2019 41,667 416,667 1.432
2020 41,667 458,333 1.562
Total 500,000 10.155

Improved management practices on unmanaged grazed forested land: Economic costs

The cost of implementing this option is essentially the cost of livestock extlgince the land

is currently growing trees and not used for agriculture. No planting is necessar

maintenance is minimal. The cost of livestock exclusion was estimated aX X2§¥g

information gained from XXXX. This is a one-time cost associated with estatgdigt of

fencing on acres added to the program (Table 5-11). The NPV of this option, expressed in 2005
dollars, is XXX million. The cost-effectiveness of this option is XXXXX.

Table 5-11. Economic costs of implementing managem  ent on unmanaged grazed forest
land in IA.

Net
economic
Year Acres added cost Discounted cost
2009 41,667
2010 41,667
2011 41,667
2012 41,667
2013 41,667
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2014 41,667
2015 41,667
2016 41,667
2017 41,667
2018 41,667
2019 41,667
2020 41,667
Total 500,000

Urban Forestry GHG Benefit

Carbon Sequestration in Urban Trees

The average annual per-tree gross carbon sequestration value for urbamasrémsad by
dividing the total estimated annual carbon sequestration in lowa urban trees (313/@Otbnwe
of carbon/year, equating to 1.15 million te&@yr) by the total number of urban trees. Annual
gross carbon sequestration per urban tree was thus calculated as 0.006 metricaidnas of
(0.022 tCQe) per tree per year. Gross sequestration as calculated above does not acttwint for
emissions resulting from tree mortality, disposal, and decomposition. To accotieder
emissions, the estimated gross carbon sequestration per tree was mhinyiffli€2, which is the
ratio of gross to net sequestration for urban trees reported by Nowak and Cran® (2aD?2)
used in EPA'$nventory of U.S. Greenhouse Gas Emissions and.Sidmual net carbon
sequestration per urban tree in lowa is 0.004 metric tons of carbon (0.04) edtree per
year.

Since trees planted in one year continue to accumulate carbon in subsequeatypeaiarbon
sequestration in any given year was calculated as the sum of carbon stores! pfatneed in that
year, plus sequestration by trees that were planted in prior years. dss@med that new trees
planted in urban areas in lowa would sequester carbon at a rate consistenfuégtragon by
the average urban tree statewide.

Avoided Fossil Fuel Emissions

GHG reductions from avoided fossil fuel use for heating and cooling can occresastaf
planting trees that provide additional shade and wind protection to buildings, though these
benefits are not likely to be achieved the first year after planting. Nlgrriraes are quite small
when they are planted, so some time is required before the full effect of the avoidsidres
can be realized. To account for this, a sliding scale was employed, such thaliainéss in 2009
would achieve the full avoided GHG emissions benefit 20 years after planting, in 8629, a
linear phase-in of avoided GHG benefits would occur each year. Avoided GHG beandfiee$

>D.J. Nowak and D.E. Crane. "Carbon Storage and&ration by Urban Trees in the US&fvironmental
Pollution March 2002;116(3):381-389. Available at: http:/Mntreesearch.fs.fed.us/pubs/15521.

8 U.S. Environmental Protection Agendgventory of U.S. Greenhouse Gas Emissions andSL8I90—2006
USEPA #430-R-08-005. April 2008. Available at:
http://www.epa.gov/climatechange/emissions/usinmgmeport.html
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planted in each year from 2009 to 2020 were thus calculated proportionally to theteehqiee

in 2029, as shown in Table 5-12. Using this approach, it was assumed that the trees planted in
2009 would achieve their full shade and wind protection potential (shown in Table 5-13) in 2029,
well after the conclusion of the 2009-2020 policy implementation period

Table 5-12. Sliding scale applied to calculate the  avoided GHG emissions resulting from
urban tree planting

year proportion of maximum benefit achieved by trees planted this year

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
2009 0.05
2010 0.10 0.05
2011 0.15 0.10 0.05
2012 0.20 0.15 0.10 0.05
2013 0.25 0.20 0.15 0.10 0.05
2014 0.30 0.25 0.20 0.15 0.10 0.05
2015 0.35 0.30 0.25 0.20 0.15 0.10 0.05
2016 0.40 0.35 0.30 0.25 0.20 0.15 0.10 0.05
2017 0.45 0.40 0.35 0.30 025 0.20 0.15 0.10 0.05
2018 0.50 0.45 0.40 0.35 030 0.25 0.20 0.15 0.10 0.05
2019 0.55 0.50 0.45 0.40 035 030 025 020 0.5 0.10 0.05
2020 0.60 0.55 0.50 0.45 040 035 030 025 020 0.15 0.10

The total avoided GHG benefits are a function of three different types of snpadticed

cooling demand, reduced demand for heating due to wind reduction, and increased demand for
heating due to wintertime shading. An average potential GHG reduction factor of 0.054
tCO.eltreelyr for trees in the North Central region was calculated fromrd&tePherson and
Simpson in GTR-PSW-171 (Appendix A, Table V'3)[he estimate assumed that the trees
planted are split among residential settings with pre-1950, 1950-1980, and post-1980 homes
using the default distribution for the North Central region provided by McPherson and Simpson
of 42%, 48%, and 10%, respectively. This estimate further assumes a defablitthstof trees
planted around buildings, based on measured data from existing urban canopy in the region.

To calculate potential avoided GHG emissions due to increased shading, ituasdtsat all
of the new trees are planted where they can have shading effects. Becausddiveseedsed
as potential maxima, large trees (half evergreen, half deciduous) pladtadesiage tree
distribution around buildings were also assumed. Note that these fossil fueloedactors are
average for existing buildings, and do not necessarily assume that treesmaadyptaced
around buildings to maximize energy efficiency. These factors are also dependke
electricity fuel mix (coal, hydroelectric, nuclear, etc.) in the regainsterest, and may thus
change if the mix changes. The average urban tree planted in lowa wascstesalt in
avoided emissions of 0.055 t@#€) yr (Tables 5-14 and 5-15).

""E.G. McPherson and J.R. Simps@arbon Dioxide Reduction Through Urban Forest®uidelines for
Professional and Volunteer Tree Plantef@pendix A, Table V.5. Gen. Tech. Rep. PSW-GTR-Mashington,
DC: U.S. Department of Agriculture, U.S. Forestvgs, 1999. Available at:
http://www.treesearch.fs.fed.us/pubs/6779
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North Central climate region
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een shade trees planted in the

Proportion of
Urban Trees in Cooling Heating Wind
This Housing (tCO, Saved (tCO2 Emitted (tCO, Saved Net Effect
Housing Age Age Category per Tree) per Tree) per Tree) (tCO2eltree)
Pre-1950 0.42 0.0246 -0.0394 0.1436 0.1288
1950-1980 0.48 0.0178 -0.0353 0.1306 0.1131
Post-1980 0.1 0.0266 -0.0417 0.1425 0.1274
Weighted Average (tCO .eftreel/yr) 0.1211

Source: McPherson and Simpson, PSW-GTR-171, Appendix A, Table V.3.

Table 5-15. Net GHG emission reductions from decidu

North Central climate region

ous shade trees planted in the

Proportion of
Urban Trees in Cooling Heating Wind
This Housing (tCO2 Saved (tCO2 Emitted (tCO2 Saved Net Effect
Housing Age Age Category per Tree) per Tree) per Tree) (tCO2eltree)
Pre-1950 0.42 0.0487 -0.0574 0.0000 -0.0087
1950-1980 0.48 0.0190 -0.0316 0.0000 -0.0126
Post-1980 0.1 0.0527 -0.0607 0.0000 -0.0080
Weighted Average (tCO .eltreelyr) -0.01050

Source: McPherson and Simpson, PSW-GTR-171, Appendix A, Table V.3.

The annual avoided GHG benefit of trees in each year of the policy impleroergatiod was
calculated proportionally to the expected size of the trees in each age naamthiyear (Table
5-16). For each year between 2009 and 2020, this was calculated by multiplying the number of
trees planted in each preceding year by the maximum potential avoided GHGTéfiegvas

then multiplied by the scaling factor (Table 5-12) that represents the proportlfmaiximum
benefit achieved in a given year by trees planted in a prior year. Foresaobf ypolicy
implementation, the shade- and wind-protection effects of trees planted inghanhgesach

prior year were summed to find the total avoided GHG impact of urban tree pliantinag year
(Table 5-16).

Table 5-16. Avoided GHG emissions from urban tree p
implementation period.

lanting over the policy

year cumulative GHG savings from shading effects from trees planted in this year
2009 2010 2011 2012 2013 2014 2015 2016 2017
2009 0.003
2010 0.006 0.003
2011 0.009 0.006 0.003
2012 0.012 0.009 0.006 0.003
2013 0.015 0.012 0.009 0.006 0.003
2014 0.018 0.015 0.012 0.009 0.006 0.003
2015 0.021 0.018 0.015 0.012 0.009 0.006 0.003
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2016
2017
2018
2019
2020

0.024
0.027
0.030
0.033
0.036

0.021
0.024
0.027
0.030
0.033

0.018
0.021
0.024
0.027
0.030
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0.015
0.018
0.021
0.024
0.027

MMtCO.e/yr = million metric tons of carbon dioxide equivalent per year.

0.012
0.015
0.018
0.021
0.024

0.009
0.012
0.015
0.018
0.021

0.006
0.009
0.012
0.015
0.018

0.003
0.006
0.009
0.012
0.015

Total GHG benefit was calculated as the sum of direct carbon sequestratidagsil fuel offset
from reduced cooling demand and wind reduction. The avoided emissions and carbon

sequestration benefits are summed in Table 5-17 to show the total net benefits of arban tre

planting over the policy implementation period.

Table 5-17. Summary of GHG benefits from urban tree  planting
Carbon
Number of Number of Sequestered Carbon Savings
Trees Trees in Cumulative Carbon From Shading Total Carbon
Planted Planted in Trees Planted Sequestered Effects Savings
Year | This Year Prior Years (tClyear) (MMtCOgzelyear) | (MMtCOzel/year) (MMtCO2elyear)
2009 | 1,093,208 0 4,695 0.017 0.003 0.020
2010 1,093,208 1,093,208 9,390 0.034 0.009 0.043
2011 1,093,208 2,186,417 14,085 0.052 0.018 0.070
2012 1,093,208 3,279,625 18,780 0.069 0.030 0.099
2013 1,093,208 4,372,833 23,475 0.086 0.045 0.131
2014 | 1,093,208 5,466,042 28,170 0.103 0.063 0.167
2015 | 1,093,208 6,559,250 32,865 0.121 0.085 0.205
2016 | 1,093,208 7,652,458 37,560 0.138 0.109 0.247
2017 | 1,093,208 8,745,667 42,255 0.155 0.136 0.291
2018 1,093,208 9,838,875 46,950 0.172 0.166 0.338
2019 1,093,208 10,932,083 51,645 0.189 0.200 0.389
2020 1,093,208 12,025,292 56,340 0.207 0.236 0.442
1.343 1.100
Total | 13,118,500 2.443

tC = metric tons of carbon; MMtCOze = million metric tons of carbon dioxide equivalent.

Since the full benefit of urban tree planting is not likely to be realized during tipeat Policy

implementation period between 2009 and 2020, a separate analysis was also conducted to

guantify the GHG benefit over the 40 years following the 11-year implermentsriod. This

analysis assumed that the full GHG fossil fuel offset benefit of urban aeeng would be

realized 20 years after tree planting, such that trees planted at the engdaliche
implementation period (in 2020) would reach their full shading potential in 2039. The effects of
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trees planted between 2009 and 2020 were considered, but their benefits weredaleelathe
40-year period to 2048. Results of this analysis are shown in Table 5-18.

Table 5-18. GHG savings over 40 years from urbant rees planted during the policy
implementation period.

Carbon savings from shading Carbon sequestered in cumulative  Total carbon savings
Year effects (MMtCO2elyear) planted trees (MMtCO2e/ year) (MMtCO2e/ year)
2009 0.003 0.017 0.020
2010 0.009 0.034 0.043
2011 0.018 0.052 0.070
2012 0.030 0.069 0.099
2013 0.045 0.086 0.131
2014 0.063 0.103 0.167
2015 0.085 0.121 0.205
2016 0.109 0.138 0.247
2017 0.136 0.155 0.291
2018 0.166 0.172 0.338
2019 0.200 0.189 0.389
2020 0.236 0.207 0.442
2021 0.272 0.207 0.479
2022 0.308 0.207 0.515
2023 0.345 0.207 0.551
2024 0.381 0.207 0.588
2025 0.417 0.207 0.624
2026 0.453 0.207 0.660
2027 0.490 0.207 0.696
2028 0.526 0.207 0.733
2029 0.559 0.207 0.766
2030 0.590 0.207 0.796
2031 0.617 0.207 0.823
2032 0.641 0.207 0.848
2033 0.662 0.207 0.869
2034 0.680 0.207 0.887
2035 0.695 0.207 0.902
2036 0.707 0.207 0.914
2037 0.717 0.207 0.923
2038 0.723 0.207 0.929
2039 0.726 0.207 0.932
2040 0.726 0.207 0.932
2041 0.726 0.207 0.932
2042 0.726 0.207 0.932
2043 0.726 0.207 0.932
2044 0.726 0.207 0.932
2045 0.726 0.207 0.932
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2046 0.726 0.207 0.932
2047 0.726 0.207 0.932
2048 0.726 0.207 0.932
Cumulative totals 18.140 7.13 25.27

Urban Forestry Costs

Data are available on the costs and cost savings of urban tree planting in trestMidw
(McPherson 2006). Economic costs of tree planting take into account the cost cdritewpl
and annual maintenance costs, including the costs of program administration andisyesal.
Economic benefits of tree planting include the cost avoided from reduced energptasareD
also available on the estimated economic benefits of services such as provéeam afir,
hydrologic benefits such as stormwater control, and aesthetic enhantcbaveever, these co-
benefits are not explicitly included in the analysis.

Costs and cost savings were estimated from published average annual costssawingssover
40 years, provided by public and private parties, for a range of tree sizes. Tratiowseaused
in this analysis, $26.38 per tree, was calculated as the average of small, paedidange trees
under public and private management. A cost savings of -$28.03 per tree per yalsowas
calculated as the average of small, medium, and large trees under public ated priva
management. The average cost and cost savings values yield a net cost sa$ih§s pkr tree
(costs minus cost savings). Table 5-19 shows estimated economic costs and ngstfcaall
categories.

Table 5-19. Cost data for public and private entiti  es in the Midwest planting small,
medium, and large trees (40-year annual averages)

Average of
Private Public Public and Private

Tree Size (B/tree) (B/tree) (B/tree)
Small (crabapple)
Cost savings (energy saved) 15.60 18.64 17.12
Costs* 17.02 26.87 21.95
Medium (red oak)
Cost savings (energy saved) 20.31 25.62 22.97
Costs* 20.66 33.61 27.14
Large (hackberry)
Cost savings (energy saved) 44.05 43.93 43.99
Costs* 23.10 36.99 30.05
Average across small, med, large trees ($ per tree)
Cost savings (energy saved) 28.03
Costs* 26.38
Net costs (1.65)
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*Includes: tree and planting, pruning, removal and disposal, pest and disease, infrastructure repair, irrigation,
cleanup, liability and legal, administration and other

The cost savings is estimated using 40-year averages, thus it repiiéstants ¢osts applicable

in the year planted and every year thereafter during the timeframe ahtiisis (e.g., planting
costs $80 per tree in the year the tree is planted; however the 40-year avstag&10 per

tree). To estimate total cost savings, —$1.65 per tree was multiplied by tbhtwennumber of
trees planted each year (Table 5-20). This corresponds to a cumulativerocws & Net

Present Value) of —=$99 million from 2009 - 2020, with an estimated economic cost of —$21.84
per ton of CQe. Over the 40-year period from 2009-2038, the NPV of this option is -$287
million, with an estimated economic cost of -$11.39 per ton of CO2e.

Table 5-20. Summary of cost savings from urban tree planting during the policy
implementation period.

Cumulative number of Total Carbon Savings

Year trees in program (MMtCOelyear) Net costs Discounted costs
2009 1,093,208 0.058 -$1,803,794 -$1,803,794
2010 2,186,417 0.117 -$3,607,588 -$3,435,798
2011 3,279,625 0.175 -$5,411,381 -$4,908,282
2012 4,372,833 0.233 -$7,215,175 -$6,232,739
2013 5,466,042 0.292 -$9,018,969 -$7,419,928
2014 6,559,250 0.350 -$10,822,763 -$8,479,918
2015 7,652,458 0.408 -$12,626,556 -$9,422,131
2016 8,745,667 0.467 -$14,430,350 -$10,255,380
2017 9,838,875 0.525 -$16,234,144 -$10,987,907
2018 10,932,083 0.584 -$18,037,938 -$11,627,415
2019 12,025,292 0.642 -$19,841,731 -$12,181,102
2020 13,118,500 0.700 -$21,645,525 -$12,655,690

Total 4.552 -$99,410,084

Key Assumptions:

The agriculture analyses are based on the sequestration rate provided bydge Chinate
Exchange.

It is assumed that a once-off loan is required to incentivize the adoption of conseilagien t
practices.

The GHG benefits of rotational grazing were estimated using the low end i@rige provided
by the Chicago Climate Exchange rangeland soil carbon managemenpuadteebl. As a
conservative estimate, the midpoint of this range was assumed (0.32 tCOgedarrk was
further assumed that this rate of accumulation occurred for the duration of thepsoiary

lowa Climate Change Advisory Council 53 Center for Climate Strategies
www.iaclimatechange.us www.climatestrategies.us




ICCAC AFW Policy Option Descriptions, 08-15-08

It was assumed that carbon credits would be generated through the Chicage Ekatetnge or
a similar future program

Key Uncertainties

The rate of soil carbon sequestration and time period for which sequestrationi®ecuasea of
uncertainty and is ultimately dependent on site specific conditions such as sty gliaiatic
conditions and management practices.

Additional Benefits and Costs

Ancillary benefits from afforestation, such as avoided costs of pollution abatarsemit
included in the cost savings. Improvements to barren lands accrued by returniegtttafols
include increased local property values due to improved aesthetics, reduced amicspeed of
run-off (reducing sedimentation, increasing water quality and enhandivgeser retention) and
improved wildlife habitat.

In addition to the numerous benefits articulated in the policy description, urbandreggbute

to improved property values, add aesthetic values to residents and visitors, provideyhumidit
balancing, and reduction of the intensity of storm-water run-off. Sociologiaiks suggest that
neighborhoods that are more attractive and comfortable have lower crime rates.

Feasibility Issues

Once trees are planted it could take 6—18 years before measurable carbonasequestr
achieved.

Status of Group Approval

Pending —

Level of Group Support
TBD — [blank until ICCAC meeting #5]

Barriers to Consensus
TBD — [blank until final vote by the ICCAC]
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AFW-6. Cellulosic Biofuel

Policy Description

Promote research and production of sustainable in-state fuels derived fromseglhibmass) to
displace the use of conventional petroleum-based fuels. Promote the in-state denetdpm
cellulosic feedstocks (including perennials) that are able to be utilized fpratiection of
cellulosic fuels. Promote research into conversion technologies, such as themncathe
Fischer-Tropsch processes and enzymatic conversion, to facilitate theopeeat.

Promote cellulosic biofuel production systems that improve the embedded energy, tidmtent
cycle, and carbon profile of biofuels. Focus on plant material feedstockswbaefaergy
production and are carbon neutral or negative and have multiple other positive environmental
benefits, such as maintaining carbon sequestration potential and soil productivitycraasidg
water and fossil fuel inputs in their production. This could help provide a strong economic
market within the state and reduce GHG emissions through avoided fossil fuel pgoaum

Note that this option is focused on the supply-side aspects of promoting biofuels with a
emphasis on the development of feedstocks and production technologies. The demand-side
aspects of renewable fuels (including cellulosic biofuels) are being addrésough the
Transportation and Land Use subcommittee through TLU-8.

Policy Design

Goals:

Increase in-state cellulosic feedstock production by 10 million dry tons by 2020.

Timing: Full implementation by 2020.

Parties Involved:

State of lowa, farmers, biofuels producers, distributors, fuel retailersyhodésalers, business
owners, and relevant agriculture and trade associations.

Other:

Implementation Mechanisms
Tax incentives
State and/or federal cost-share programs for energy crop establishment
USDA value-added agriculture development grants
Federal Renewable Fuel Standard
Cellulosic fuel requirement standards and incentives

Research funding
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State fuel standards and incentives

Related Policies/Programs in Place
None Identified.

Type(s) of GHG Reductions

CO.: Lifecycle emissions are reduced to the extent that biofuels are produbddwet

embedded fossil-based carbon than conventional (fossil) fuel. Feedstocks used fongroduci
biofuels can be made from crops or other biomass, which contain carbon sequestered during
photosynthesis (e.g., biogenic or short-term carbon).

Estimated GHG Reductions and Net Costs or Cost Savi  ngs

GHG Reduction Potential in 2012, 2020 (MMtCQe): 2.0 and 9.8, respectively
Net Cost per tCOe: -$29

Data Sources:ldentified in methodology below.

Quantification Methods:

Biofuel GHG Reductions

For ethanol the benefits for this option are dependent on developing in-state productity capa
that achieves benefits beyond petroleum fuels.

The incremental benefit of cellulosic production targeted by this policy ogetiga is 9.79

metric tons of C@e reduced/1,000 gallons. The emission factor value is based on the difference
between the lifecycle C@ emission factor of gasoline (10.30 metric tons/1,000 galfbas)

the life cycle CQe emission factor of cellulosic ethanol (1.38 metric tons/1,000 galfdns).
Emission factors for gasoline and cellulosic ethanol are based on the ANETGR&del®° The
cellulosic benefit value will be used along with the production in each yearnmaestGHG
reductions.

Table 6-1 shows the number of cellulosic plants that will need to go online in lowa teeatttae
goal of using 10 million short tons of feedstock annually. This analysis is dyirbased on a
report from the National Renewable Energy Laboratory regarding thaloagsts of building a
69.3 million gallon/year cellulosic ethanol plant that uses corn stover as thitkedhe
emissions reductions from this plan are calculated by multiplying the nuwohgalons
produced in a given year by the emissions reduction per gallon (9.79 metric tddgedf,G00
gallons.

8 ANLGreet model 1.8b emission factor for 50% corti@ral gasoline, 50% reformulated gasoline blend/imi x
GREET model average fuel economy (100 mi/4.7 gal).

"9 ANLGreet model 1.8b emission factor for mixed fetedk cellulosic E100 for flex-fuel vehicle in g/miGREET
model average fuel economy (100 mi/4.7 gal).

8 Downloadable from http://www.transportation.anigmftware/ GREET.
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Table 6-1: Projected Ethanol Production and Emissi  on Reductions

1 #" |
"4t 7 ## w8 !

Year 1 6 ##$ ##$

2008 0 0.0 - -
2009 0 0.0 - -
2010 1 1.0 69 0.68
2011 2 2.0 139 1.35
2012 3 2.3 208 2.03
2013 4 3.1 277 2.70
2014 5 3.9 347 3.38
2015 6 4.6 416 4.05
2016 7 5.4 485 4.73
2017 8 6.2 554 5.40
2018 10 7.7 693 6.75
2019 12 9.2 832 8.10
2020 14.5 10.0 1,005 9.79

Biofuel Costs

The costs of this option are estimated based on the capital and operating cositosiccell
ethanol production plants. A study by the National Renewable Energy Labordimgted
total capital costs for a 70 million gallon/year cellulosic ethanol plant would be St it
An EIA study cited a major biofuels manufacturer who estimated to costs sf affits kind 50
million gallon/year cellulosic ethanol plant to be $375 milfdrAn average of these costs was
used in our estimate of capital costs. A new plant will need to be built for every ichmill
gallons of annual ethanol production needed. It was assumed that the capital costpavd
according to a cost recovery factor over the 20 year lifetime of the planat®pat and
maintenance costs were also taken from the NREL study. The cost of biondasscleemade
up a significant portion (~60%) of variable costs. Therefore we replaced the édREiate of
feedstock costs (30%/ton) with a more current estimate of the cost of delivereds®iom
(105%/ton, which is the average of 73%/ton for corn stéwerd 136%$/ton for switchgrass (See

81 National Renewable Energy Laboratdrignocellulosic Biomass to Ethanol Process Desigd Bconomics
Utilizing Co-Current Dilute Acid Prehydrolysis arithzymatic Hydrolysis for Corn Stoy@&REL/ TP-510-32438
(Golden, CO, June 2002), www. nrel.gov/docs/fy0282438.pdf, accessed June 2008.

82 E|A, Biofuels in the U.S. Transportation Sectdtebruary 2007.
http://www.eia.doe.gov/oiaf/analysispaper/biomassliaccessed July 2008

8 “Estimating a Value for Corn Stover” Ag Decisioraker File A1-70, December 2007,
http://www.extension.iastate.edu/agdm/crops/htm@html. The maximum a livestock owner would paydorn
stover as feed, deflated to 2005%. Additional Tpanation costs of $14.75 were assumed, taken foova State
University, University Extension, publication “Bstated Costs for Production, Storage and Transjamtaf
Switchgrass” PM 2042, October 2007.
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Key Uncertainties for a discussion of factors involved in feedstock costs.plamteproposed by
the NREL study produces some excess electricity, so the projected peleetatity from the
lowa common assumptions document is used to show the value of electricity sold to tlye grid b

the plant. Another revenue source for the ethanol plant is the value of the ethanol prodeced. Th

wholesale price of ethanol was taken from AEO 2008 and was multiplied by the number of
gallons produced annuaiR(See Key Uncertainties section for discussion of sensitivity to
ethanol price). In addition, it was assumed that $1.01 per gallon federal taXareditulosic
ethanol is available from the farm bill, the Food, Conservation and Energy Act of 2008, H.R.
2419°. Table 6-2 outlines the estimated cost and revenue streams for the policy. Thestotal ¢
of the policy for 2008-2020, discounted to 2005 dollars, is estimated to be a net savings of
$1,409 million.

Table 6-2 Capital Costs of Constructing Cellulosic Ethanol Plants

## # # #, 2
8 ## "1 # # # 9
1 # 1 # : $ # < |
"ol %% (4 49 ## #H 4 #H 4 #H 4 ## 4 %%(
2009 - $ 185 | $ 1.01 $ - $ 0 % - $ -
2010 69 $ 172 | $ 1.01 $ 133 | $ 31 | $ 196 $ (24.8)
2011 139 $ 170 | $ 1.01 $ 266 | $ 62 | $ 389 $ (45.3)
2012 208 $ 169 | $ 101 $ 399 | $ 93 | $ 579 $ (62.0)
2013 277 $ 167 | $ 1.01 $ 532 | $ 124 1 $ 768 $ (75.4)
2014 347 $ 165 | $ 1.01 $ 665 | $ 155 | $ 953 $ (85.7)
2015 416 $ 163 | $ 1.01 $ 798 | $ 186 | $ 1,136 | $ (93.3)
2016 485 $ 169 | $ 1.01 $ 932 | $ 217 | $ 1,353 | $ (119.5)
2017 554 $ 174 | $ 1.01 $ 1065 | % 248 | $ 1577 | $ (147.4)
2018 693 $ 180 | $ 1.01 $ 1331 % 310 | $ 2,010 | $ (196.1)
2019 832 $ 186 | $ 1.01 $ 1597 | % 3712 | $ 2459 | $ (247.6)
2020 1,005 $ 191 | $ 1.01 $ 1930 % 449 | $ 3027 [ $ (312.0
6 # 4.3,%+

Key Assumptions:

84Cost of energy crop was taken from lowa State Usitye University Extension, publication “Estimat€msts for
Production, Storage and Transportation of Switckgjr®M 2042, October 2007. A profit margin of 20%sradded
to the $114 per ton to estimate the price paichbyeind-user.

8 AEO 2008. Table A12.
8 See http://www.ethanolrfa.org/resource/cellulosic/
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Emission factors for gasoline and cellulosic ethanol are based on the ANETGR&del.

The costs of this option are estimated based on the capital and operating cositosiccell
ethanol production plants.

The wholesale price of ethanol was taken from Annual Energy Outlook 2008. A federal t
credit for cellulosic ethanol of $1.01 per gallon was assumed.

Key Uncertainties

Cost competitiveness of biofuels will depend on cost of oil. Ethanol prices are sensttivde
oil prices. In addition, as other fuel prices increase, this will make trangpbrtmass to the
various ethanol plants more expensive.

Sensitivity to feedstock cesthe cost of the feedstock contributes a great deal of uncertainty to
this option. The quantification assumed 50% switchgrass and 50% corn stover feedstock. For
producers to grow switchgrass it will have to have a competitive operatiggmnaad be as
profitable as other crops that they could grow or competitive with pasture lasdFent

example, a farmer growing corn with a yield of 145 bushels per acre could produaeciist of
$4.17/bushél. The current CBOT corn price is $5.65/buéheteating a profit of $215/acre. If

this farmer also sold the corn stover for $57/ton, which is the average betweerxitineima
livestock producers would be willing to pay for corn stover as feed and the cost ofov@mn st
production and transportatiGhthen the profits increase to $253/acre. Assuming a switchgrass
yield of 8 tons/acre, switchgrass would need to be selling at a $32 profit/ton to conthetewi
profits of corn. Producers will not grow energy crops unless they will be able tbfpoofiit.

There is wide variability in potential income based on ethanol and oil priced. bewdifficult to
produce a high volume of ethanol without a high contribution of biomass from energy crops.

Sensitivity to the wholesale price of ethardlhe cost or net revenue associated with production

of cellulosic ethanol is extremely sensitive to the wholesale price ofaétfdre calculation

was re-run using the current price of ethanol ($2.61 as of August 1°°2068ated to 2005

dollars). The result is a net revenue of $68 million in 2010, a net revenue of $476 million in
2020, and a total net revenue for the policy period of 2008-2020 of $2,790 million, discounted to
2005 dollars. The uncertainty of future ethanol prices contributes a great degreertainiyde

this policy quantification.

Carbon emissions from land use chandeeent publications such as Searchinger, et al., 2008,
have attempted to estimate the carbon emissions that result from land ussoheerted to

87 Corn following corn, 145 bushels/acre, Ag decisioaker file A1-20, Estimated Costs of Crop
Production in lowa - 2008, http://www.extensiontés.edu/agdm/crops/pdf/al-20.pdf

8 As of close on August 1, 2008, according to hitmiv.ethanolmarket.com/index.html

8 «Estimating a Value for Corn Stover” Ag Decisioraker File A1-70, December 2007,
http://www.extension.iastate.edu/agdm/crops/htm@html. Additional Transportation costs of $14wére
assumed, taken from lowa State University, UniwgiSktension, publication “Estimated Costs for Rrctibn,
Storage and Transportation of Switchgrass”

® The daily state average fuel ethanol rack pricédwa as of close of market on August 1, 2008patiag to
http://www.ethanolmarket.com/index.htnalccessed August 4, 2008.
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cropland to grow crops for fuél. This is based on the argument that the conversion of current
cropland from food/feed/fiber production in one part of the world will drop the food/feed/fib
supply on the market and drive grassland or forest conversion to cropland in other parts of the
world. There is still significant uncertainty regarding the value of carbessems due to land

use change. Additionally, conversion of cropland to fuel production may have impacts on food
prices and supply.

Cost of cellulosic ethanol productioniFke Energy Information Administration (EIA) has stated
“Capital costs for a first-of-a-kind cellulosic ethanol plant with a capa¢i50 million gallon

per year are estimated by one leading producer to be $375 million (2005 dollars), aedompa
with $67 million for a corn-based plant of similar size, and investment risk is highdoge-
scale cellulosic ethanol production facility. Other studies have provided lovierstimsates. A
detailed study by the National Renewable Energy Laboratory in 2002 estitotdl capital

costs for a cellulosic ethanol plant with a capacity of 69.3 million gallons peaty8a00
million.”®? This estimate uses an average of these two estimates throughout the piolity pe
but it is more likely that the earlier plants will have higher costs andditets will be less
expensive as we expand our understanding of cellulosic production.

Additional Benefits and Costs

Biochar—Biochar is a byproduct produced from certain thermochemical energy production
processes. The application of biochar to crop fields is believed increase soiltiprtydaicd
increase soil carbon levelBhe land application of biochar should be conducted although the
level of GHG benefits is not fully understood and additional research is required.

Biorefineries may us excess agricultural waste products from theokfir@duction process as
an electricity source decreasing their reliance on sources such ad gasur This can provide
economic and GHG benefits.

The electricity being sold to the grid is likely to replace electrigibduction already taking
place, and therefore could have significant GHG benefits. Since the emissiaribé ethanol
plant are already calculated into the life cycle emissions of the fukgltkel electricity produced
in this manner are likely to have no emissions. The GHG benefits of this élgstid may be
significant, but were not calculated into this analysis.

Feasibility Issues

Implementation of this option requires additional research and development iosteléthanol
production methods, development of feedstock collection and delivery infrastructwessfut
negotiations with cellulosic technology leaders to establish pilot and conair&rale plants in
the state. Sourcing of feedstocks and the size and location of facilities (botimgraistii
biodiesel production) must be addressed for optimization and planning. Trade-offsnoetadke
and fuel crops will be an important issue.

o1 Searchinger et alSciencexpressyUse of U.S. Croplands for Biofuels Increases @herise Gases through
Emissions from Land Use Change,” February 7, 2008.
%2 http://www.eia.doe.gov/oiaf/analysispaper/biomasslhaccessed December 2007.
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There may be an overlap among agricultural options that seek to incraatsfm@op acreage

in no-till production or in conservation management programs. This could be in conflichevith t
higher levels of crop production proposed in this option.

Status of Group Approval

Pending —

Level of Group Support
TBD — [blank until ICCAC meeting #5]

Barriers to Consensus
TBD — [blank until final vote by the ICCAC]
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Policy Description

Renewable energy can be produced and used on-site at agriculture operatierantple,
installation of solar or wind power, use of hydro-powered generators for iongaind

converting diesel farm equipment to more efficient or renewable enetyyolegy will reduce
carbon dioxide emissions. The use of energy efficient products should also be promoted. This
could include improved grain dryers, heat exchangers (dairy), electric patdrenergy

efficient building design.

Policy Design

Goals:

Renewable Energyiacrease renewable energy use at agriculture operations by 10% by 2020.

Energy Efficiency-crease energy efficiency of on-farm operations by 30% by 2020.
Timing: As stated above

Parties Involved: Farmers and land managers

Other:

Implementation Mechanisms

Mechanisms to encourage the use of renewable energy and energy efficéascyas could
include energy audit program, incentives, or subsidies. Potential Technologibscotiid be
used to improve on-farm efficiencies include efficient grain dryers and rfimierd electric
motors. Other technologies are considered in this analysis, but it is likethelydtave similar
Ccosts.

Related Policies/Programs in Place

None Identified.

Type(s) of GHG Reductions
COy: Improved efficiency can reduce electricity and fuel consumption and theaegddBHGs.

Estimated GHG Reductions and Net Costs or Cost Savi  ngs

GHG Reduction Potential in 2012, 2020 (MMtCQe) and Net Cost per tCQe:

Cost-
Policy Option 2012 |2020 | Effective-
ness
($tCO2e)
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Renewable Energy 0.02 0.08 29
Energy Efficiency 0.2 0.9 -104

Data Sources:

Renewable Energylewa Renewable Energy Guitfenay be valuable in estimating costs of
various renewable energy technologies on a small scale. If this policy isntesréed to install
on-farm renewable energy on a large scale, then different cost estinibbeswsed, such as the
Energy Information Agency Report titled “Assumptions for the Annual Energp@k 2006:
with projections to 2025,” 2006.

Energy Efficiency-Sonsumption of distillate fuel by the agriculture sector in lowa was peaject
from historical data provided by the Energy Information Administration (R¥AT.he petro-
diesel emissions factor used is consistent with the California ClimaitenAReqistry (10.05
tCO,e/1,000 galf> The costs of efficient pump technology comes from the 2003 Farm and
Ranch Irrigation Survé§ and the US EPA’ Fuel savings estimates for tire inflation come from
the AgTech Centef The agricultural sector electricity consumption was derived from the
National Agriculture Statistics Service (NASSand historical electricity prices from the E1&,

In addition, Roger Wolf and Heath Elson at the lowa Soybean Association oveaeted to get
estimates on the costs of an energy efficiency program in lowa.

Quantification Methods:

Renewable Energy GHG Benefits

Potential renewable energy options available for lowa farmers includg solar photovoltaics,
solar thermal heating and geothermal. Methane utilization is consideredAded and will
not be covered here. A reasonable mix of these technologies will be based on lowr¢s spe
circumstances and will be informed by the state-wide energy portfolio. Tabkhows the
assumed generation mix used in this analysis. Table 7-2 shows the assumey feaparstand

% http://www.iowadnr.gov/energy/renewable/files/rermdlequide.pdf

94 Energy Information Administration. “Colorado abDistillate Sales/Deliveries to Farm Consumet£84—
2006. Accessed on 4/25/08 Htp://tonto.eia.doe.gov/dnav/pet/hist/kdOvimsiatia.

% California Climate Action Registry. “General Repog Protocol” March 2007.
%2003 Farm and Ranch Irrigation Survey. Tablet2://www.agcensus.usda.gov/Publications/2002/FRIS
index.asp

97US EPA. October 2006. “Diesel Pumping Efficienapdtam” http://www.pumpefficiency.org/About/literature/
Final%20Diesel%20Pumping%20Efficiency%20Report, %388 A.doc

% Agtech Center. “Farmers can save Big Money of Fuetp://www1.agric.gov.ab.ca/$department/newslett.ns
pdf/agin148/$file/Innovator%202.pdf?OpenElement

% National Agricultural Statistics Service. “lowa Agulture: A Profile.” 2005 data. Accessed on AR, 2008, at
http://www.nass.usda.gov/Data_and_Statistics/QBt&ts/

19 Energy Information Administration. “Current andsktirical Monthly Retail Sales, Revenues, and Averagtail
Price by State and by Sector (Form EIA-826).” Tadileessed on 4/25/08,vatvw.eia.doe.gov/cneaf/electricity/
page/sales revenue.xls
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levelised costs estimate used for each of these technologies. These nomieci®m
consultation with the lowa Clean Renewable Energy Subcommittee.

Table 7-1. Assumed mix of generation

Share of Share of Share of Share of
Year Wind Solar Thermal Solar PV Geothermal
2009 98% 1% 1% 0%
2010 98% 1% 1% 0%
2011 97% 1% 1% 0%
2012 96% 2% 2% 1%
2013 94% 2% 2% 1%
2014 93% 3% 3% 2%
2015 92% 3% 3% 2%
2016 92% 3% 3% 2%
2017 92% 3% 3% 2%
2018 91% 3% 3% 3%
2019 91% 3% 3% 3%
2020 91% 3% 3% 3%

Table 7-2. Assumed Capacity Factors

Solar
Wind Thermal Solar PV Geothermal
Capacity
Factor -(' -(' -%' I(
Levelised
Costs
(2005$/mwh) & &. (,

The GHG benefits were quantified based on the emission differences beteeendwable
portfolio and the grid electricity that it is replacing. The analysigrass that renewable energy
will be used to replace 10% of on-farm electricity. The business as usual progeafti
electricity use come from the lowa Inventory and Forecast, using ttte@tg consumption
estimates for 2005-2020. The share being consumed in on-farm use was calculdted) biyeta
national agricultural electricity use and multiplying that by lovediare of total agricultural
emissions.

Renewable Energy Costs

The costs/benefits of incentivizing each technology were considered. Costsasedeon the
portfolio of technologies considered, and the different costs of each, as seereiii.Zalbhe
costs and GHG benefits of the Renewable Energy Option are shown below in Tables 7.3 and 7.4.

Table 7.3. GHG benefits of Renewable Energy Option

I # " # !
#1 1% =1 2 H H
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H# 8 =1 8
%%+ +-.3+%( %)/" *3 .- %)%%
%.% +,(3*+/ ) . 3*%+ %)% %+
%.. +(+3*+- )%' 43+, %)%.-
%. +/-3&+/ )k (3+/. %)%.&
%.- +&&3-.. -)-' - 3+,, %)% -
%., .3%% 3+-& I ,*3&%, %)%-
%.( .3%./3/&. *)%' * 3%*/ %)%,
%.* .3%- 3&,, *) *&3&(* %)%,&
%./ .3%,&3.-% nr &%3-(/ %)%(
%.& .3%*-3*%,- &)/ +3.& %) %%,
%.+ .3%/+3-&( +)-' .%%3/,- %)%/%
% % .3%+(3-(+ .9%0)%' %+3(-* %) %o)/*
# %%+5 % % %), (-
Table 7.4. Costs of renewable energy option
Cost of
Cost of Solar Cost of Cost of
Wind Thermal Solar PV Geothermal

Year Generation Generation Generation Generation Total Costs

%%+ 4./%3,/* 4/3%& 4.3 ( 4% 4.8&38&%,

%.% 4-,(3+++ 4..3-/( 4 3& - 4% 4-&-3.+*

%.. 4( %3 -. 4-%3*-- 4,&3*-/ 4,3.* 4*04p-3*/

%. 4*+(3.&. 4(-3 + 4&,3*. 4.3 .+ 4&,,3-%,

%.- 4&/%3/*& 4& 3* - 4.-3.& 4 .3-,& 4.3.%(3+ %

%., 4.3 .3-+. 4.-&3/ * 4 %3 (& 4,%3,-&| 4.3* %3&.,

%.( 4.3(/-3%& 4 %&3&,% 4--.3(+- 4*(3+( 4 3./+3,/*

%.* 4 .3/*+3&& 4 -(3,&& 4-/-3&+% 4&.3&%| 4 3,*.3%*.

%./ 4 3%*%3+&& 4/,3& % 4,-*3--/ 4.%,3., 4 3&/*3 &*

%.& 4 3-(+3.-. 4-.(3% 4(%%3((%0 4. +3,, 4-3-%,3-*+

%.+ 4 3(/ 3(* 4-,,3(,% 4(,/3%- 4.(3-- 4-3**3 (*

% % 4 3/+%3+/1 4-/,3*.- 4(+,3/1&%| 4.113,,& 4-3+-/3&./

Cumulative Costs 4-3. 3.(.

PV = photovoltaics.

Energy Efficiency GHG Benefits

This analysis also considered various technology possibilities availalel@uoeron-farm energy
consumption, including: education programs to optimize tire inflation, improvingesftigiof
water pumps (both electrical and diesel), more efficient lighting, and incefidvenore

efficient tractors. Other options, such as efficient grain dryers and fficrerg electric motors
are likely available to provide GHG benefits, and will be utilized when farmdgertake the
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energy audit. The GHG benefits were calculated based on the emissions thzdrasgoided
because of the new technologies. This could come in the form of fuel savings or reduced
electricity consumption. The total GHG benefit was calculated based on tb&a@mifactors of
the various fuels (C£/Btu or gallon) or electricity (C#/kWh). The business as usual
projections of electricity use come from the lowa Inventory and Forecasg, the electricity
consumption estimates between 2005-2020. The share being consumed in on-farm use was
calculated by taking the national agricultural electricity use andptyutty that by lowa'’s share
of total agricultural emissions. The business as usual fuel use was derived mgdividi
amount sold in agricultural use in lowa by the cost of a gallon of diesel fuel in 2006i¢uves
from the USDA). No growth in diesel fuel consumption was assumed because oftiognflic
growth estimates. The savings for the energy efficiency technologies@ausdid not meet the
goal of the policy, so an energy audit program was also included. This program willepstatie
funding for energy audits to improve the energy efficiency of farms aloess It is assumed
that these audit programs will find energy efficiency gains at a sinukt/benefit to that of the
efficiency technologies considered in this analysis.

Table 7.5 — Example of One Energy Efficiency Program (Diesel Pumps)

8 ##
# 2 | !

%%+ 3% 4- 3/+, 4(-3&.. 4.3%./ x
%.% 13( % 4-*3&+, 4*%3(-&| 4 -3%,, [*
%.. -%3(/& 4,%3++- 4%/3*, | 4*3 /. -%l/
%. --3*-* 4,(3%+ 4/-3++. |4 &3&+& -&
%.- -*3*+- 4,+3.+ 4&%3/1.1 | 4-.3(* -*+
%., -+3/(. 4(-3 +. 1&/3,,,  41,3.(- —++
%.( , 3&%+ 4(/3-+% 4+,3.1% | 4-*3/1&% -%
%.* (3&* 4*3,+% | 4.%%3&+| 4-+3,% *.
%./ &3+, 4*(3(&+ | 4.%/3*- |4, 3%-, +.
%.& (.3+& 4*+3*&& | 4..,3-+ | 4,,3* (
%.+ ((3%,% 4/-3/1&& | 4..3%/*| 4,3 && ((-
% % (&3%+& 4/138&& 4. /3&9 4,43+, (&,

Efficiency Costs

This analysis will be done by examining the cost of installing or optimallyg various
technologies (for example more efficient pumps). In order to maximize pditipraty, they
must be tested and replaced periodically, which requires a capital investmielat.7 baabove
shows the costs and GHG benefits of one energy efficiency program consichgmredjng the
efficiency of diesel water pumps. This is the type of efficiency imprownéethat could be
recommended from the energy audit.

Using estimates of the total number of pumps potentially available in lowamaetermine the
total costs of this project. This total cost figure will be balanced againktelelectricity
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savings which occur with such an efficiency investment. The diesel pump progtadescosts

of testing ($200/test, 1 test assumed every five years) and the cost dttiregrofder pumps to

be more efficient ($24,915). Since this results in an average efficiency improvement of 41%, it
will on average save over 23,000 gallons in the lifetime of the pump.

The cost of the energy audit program are assumed to be 500k annually for/ttaffshgosts,

and $1,000 for every energy audit perform&irhe number of energy audits performed depends
on the amount of energy savings required to meet the energy efficiency gbal yeat. Since

all of the energy efficiency programs considered in this analysisiéffipumps, tire inflation,

and lighting) have negative net costs, the money spent on the energy audit progcaompisde
throughout the period. See Table 7.6 to see the GHG savings for each year attdieed by t
example programs. Table 7.7 shows the amount of savings still required to meet thgqadlic
which is assumed to come from the energy audit. Costs and savings from the EBEparygra
discounted back to 2005 dollars.

Table 7.6 GHG benefits of Example Energy Efficiency = Programs

-

§ O %S &
%.% %)%/ %). . @&
%.. %)%& %).&-
%. %)%+ %) ., "
%.- %)%+ %)-%*
%., %).% %),-% )
%( | %) %)((( %
%.* %). %y + +
%l | %) %)l I
%.& %).- %)8.% o
%+ %)., %)&/(
% % %).( %)+,. o
6 # 0&*

MMtCO.e = million metric tons of carbon dioxide equivalent.

101 Us EPA. October 2006. “Diesel Pumping Efficienepdtam” http://www.pumpefficiency.ora/About/literature/
Final%20Diesel%20Pumping%20Efficiency%20Report, %388 A.doc

192 Thjs estimate comes from personal communicatidh Weath Elson, lowa Soybean Association. They
conducted an energy audit program in lowa whersutemts were paid $500 to work with local farmens
reducing field energy use. This estimate was dmitd account for auditing potential building/sgeanergy use.
193 Technologies considered include: Diesel and Eteaiater pumps, efficient tire inflation, more iefént tractors
and improved lighting in buildings.
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»

'( ( $" ( +$ 1 +$ 1 *

") (" )#S ") HS (") ("%

# $ #$
%.% ! 4&3%,83,/& 54.%3%,.3/-+ 54 3%-.3&&/ 54.-3(.%3,%
%.. ( 4.%3/*8&3+%/ 54 .3/+(3(%& 54&3 &3 % 54 %3-i#38&
%. *(' 4.3.--3.% 54--3%-+3.,% 54.,3&(/3,(, 54 [3(&*3 +&/
%.- *y! 4. 3+((3%+- 54,,3-/%3++. 54 .3*-3(./ 54-,3,883&*-
%., I* 4.3 .%3*/& 54*83* *3,+, 54-(3%/%3,/( 54,&3/.,3-./
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% % &, 4.(3*./3+%% 54.%(3,--3.(* | 54/ 3%*-3*++ 54&*3+.8,%-
6 # 54* %3&-*3 /

Key Assumptions:Assumes that the technologies considered as examples provide a reasonable

picture of the costs and benefits of energy efficiency improvements itatee s

Key Uncertainties

Renewable Energy Fhe costs and capacity factors of the various renewable energy sources

considered could all change based on fluctuations in the energy market and possible
technological improvements.

Energy Efficiency It is uncertain if the energy efficiency gains being found in theggreardit
program are realistic. It is possible that some of the energy efficiemegtments that need to
be made to reach the goal of increasing on-farm efficiency by 30% will teeeyygensive. |If
that is the case, then the cost estimates will not be accurate.

Additional Benefits and Costs

Renewable EnergyFhere are benefits from distributed generation that are not accounted for in
this analysis. Lower transmission losses and reduced investment in al@cfrastructure can
serve to make distributed renewable generation more cost-effective whlemiented across

the state.

- Reduced grid demand and therefore a reduction in other non-GHG pollutants celated t
electricity generation.

Center for Climate Strategies
www.climatestrategies.us

lowa Climate Change Advisory Council 68
www.iaclimatechange.us




ICCAC AFW Policy Option Descriptions, 08-15-08

Energy Efficiency Reduced non-GHG pollutions caused by the combustion of diesel fuel.

- Many of the strategies discussed in this section are shown to save atmtehdurs, and
equipment wear.

Feasibility Issues

Renewable Energylmplementing renewable projects at a small scale (e.g., on-farmiopsyat
can often be difficult and/or expensive. This may be a limiting factor in themmgpitation of
this option.

Energy Efficiency Improving the availability of information to farm operators regarding the
adjustments in equipment or practices(i.e., tire pressure) may not haveiefaageon fuel
savings.

Status of Group Approval

Pending —

Level of Group Support
TBD — [blank until ICCAC meeting #5]

Barriers to Consensus
TBD — [blank until final vote by the ICCAC]
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AFW-8. Waste Management Strategies

Policy Description

Reduce the volume of waste from residential, commercial, and governmens sectugh
programs that reduce the generation of wastes. Reduction of generation at theeshioes
both landfill emissions and upstream production emissions.

Increase recycling or reuse of waste in order to limit GHG emisasstiated with landfill
methane generation and with the production and transport of products/packagingdiom vi
materials (noting that different recycled materials will exhibitedént costs and benefits on a
life cycle basis). Increase recycling programs, create newlmggycograms, provide incentives
for recycling construction materials, develop markets for recycled iaateand increase
average participation/recovery rates for all existing recycling pnogra

Increase organics management programs, such as composting, in order to re@Guami€dibns
associated with land-filled organic waste.

Policy Design

Three approaches are possible: recycling approach, waste prevention lapmeraet driven
approach, i.e., producer responsibility (voluntary systems and mandatory systems).

Goals:

Waste PreventionAchieve a 5% per capita decrease in waste production (as compared to
2005), from residential commercial, and government sectors by 2020.

Reuse and Recyclingrerease statewide recycling rate average to 50% by 2020 as compared to
the amount of waste produced. (If waste is minimized, then there will be lessatadte
recycle.)

Extended Producer ResponsibilitiReach an agreement with manufacturers, producers, and
retailers to reduce by 10 percent the quantity of packaging on the market arelmpors
environmentally friendly packaging.

Work with U.S. industry to achieve life cycle product stewardship, so that prateatiesigned
for reuse, repair (not planned obsolescence), and recycling. Alternasikigtythe responsibility
for managing discarded products and packaging from local government to prodymecucts.
(non-quantified goal)

Timing: As stated above.

Parties Involved: Municipal solid waste site owners and managers, recycling mangers, and
waste collectors.

Other:
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In 2005, lowa diverted 29.3% of generated municipal solid waste from landfills dbéz= 81
below). The recycling rate was 27.1% and the composting rate was 2.1%. Compogtatitsor
comprised 9.8% of the total waste generated, setting the upper bound for the Sulemsmitt
composting goaf®*

Table 8-1. 2005 Baseline Waste Generation and Diver sion

Item 2005
Total generation (tons) 3,775,550
lowa population 2,955,587
MSW generation per capita 1.28
Landfill disposal (tons) 2,679,700
Total diversion (tons) 1,108,531
Diversion % 29.3%
Recycling (tons) 1,028,077
Recycling % 27.1%
Composting (tons) 80,454
Composting % 2.1%

Data needed to estimate the future generation of MSW in lowa are not avadablkhé
resources on the DNR Web site. Therefore, CCS assumed that the per capita M&\ibgene
rate would follow the same trend as the national MSW generation. Table 8-2 beldfiek €
average annual increase in per capita generation as 6°12%s results in an increase in waste
generation from 1.28 tons/person/year in lowa in 2005 to 1.30 tons/person/year in 2020.

Table 8-2. National MSW generation rates

Annual %

Generation Generation Change in

Generation (tons/per (Ib/per Generation

Year (tons) Population capita/year) capita/day) per Capita

1990 | 205,210,000 | 249,907,000 0.82 4.50

2000 | 238,260,000 | 281,422,000 0.85 4.64 0.31%
2002 | 239,390,000 | 287,985,000 0.83 4.55 -0.91%
2004 | 249,180,000 | 293,660,000 0.85 4.65 1.04%
2005 | 248,150,000 | 296,410,000 0.84 4.59 -1.34%
2006 | 251,340,000 | 299,398,000 0.84 4.60 0.27%
Average Annual Change 1990-2006 0.14%

194 |owa Department of Natural Resources. “Economipdats of Recycling in lowa.” December 2007. Accdsse
March 7, 2008 fromhttp://www.iowadnr.com/waste/recycling/files/ecdfaport.pdf The 2005 baseline data is
estimated from Table 7.1 of the “Economic ImpadtRecycling in lowa” report.

1%5ys EPA. US Municipal Solid Waste Stream 1960-2086cessed on May 23 at
http://www.epa.gov/epaoswer/non-hw/muncpl/pubs/@&ga f
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Waste Prevention

The route to waste prevention requires a combination of initiatives by manafacind
retailers, governmental intervention, as well as better informed consumers.

Waste prevention and recycling are at different ends of the spectrum. Rgg@rdgrams do not
further the goals of waste prevention.

The incentive for manufacturers, producers, and consumers to minimize wastglisrgduced
when the emphasis is on municipal recycling programs.

There is insufficient awareness and understanding of the benefits and methodologteof wa
prevention. There is predominantly an emphasis in both the public and private sectors on “end
of-pipe” waste treatment rather than prevention.

With waste prevention, greenhouse gas emissions associated with waste dispusabialy
avoided, but also all the emissions associated with extraction, manufacturingrespait.
Waste prevention is genuinely sustainable resource management.

Manufacturing take back programs create an incentive for waste minonizat

Consumer education on waste-related purchase behavior results in little ampacsumers
have a tendency to rank price, convenience and brand name as more critical than entatonm
considerations.

EPA estimates that for each person participating in a PAYT program, greergasusmissions

are reduced by an average of 0.088 metric tons of carbon equivalent. (EPA, 1999) A community
of 100,000 people could potentially reduce GHG emissions by 8,800 metric tons of carbon
equivalent.

Recycling
Goals of ever higher recycling targets will have higher costs. There iasmgedemand for

more materials to be added to recycling programs, which will furtlvafage costs and add to
risks of being able to market the materials collected.

High recycling rates inadvertently justify high consumption rates. Stattegcycling targets do
not prevent waste but force the focus on recycling.

Providing garbage collection more frequently than recycling collectiooueages disposal
rather than recycling.

The development of integrated waste management facilities such as coshiMi&Es and
biodegradable waste composting facilities are complex and expensive agdsdh facilities is
problematic if not impossible.

Flow control will become an issue if lowa establishes waste rules anatiegslthat are more
stringent, onerous, and more costly than surrounding states.
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The overriding goal should be on climate change; we should evaluate the potewmtistef s
reduction or recycling to achieve the goal of reducing greenhouse gasoesissi

As the principal generator of waste, industry is a crucial stakeholder &ff¢iotive
implementation of waste reduction and recycling.

Implementation Mechanisms

Assist in the creation and expansion of sustainable markets to support diversion and
recycling efforts.

Introduce appropriate financial, legal and policy incentives and sanctions te wdste
generators to prevent waste and recycle.

Focus local government efforts to require multi-family recycling.
Focus local government efforts to require construction and demolition recycling

Make recycling more convenient and cost-effective when compared to wasisadi®.g.,
implement curbside single stream recycling systems and food wastgioalle

Implement incentives for customers to reduce waste through meaningful Urdt Basag
systems for waste disposal in all regions with large populations.

Establish composting programs for yard waste and food waste in all regtbrombined
large populations.

Pilot Commercial Material Recovery Facilities (COMM MRFs)iigh which all
commercial waste will be processed before residuals are disposed ob(rard).

Require mandatory life cycle product stewardship (extended producer respiyhsubich
is designed, financed, and managed by manufacturers of consumer goods.

Hold manufacturers responsible for the waste and environmental impact of dlukicigrand
packaging (producer responsibility) rather than passing that respongdifity consumer.

Place a tax on plastic bags.

Establish statewide landfill bans for select materials that can be reesgded, or
otherwise recovered.

Expand the materials collected through the Bottle Bill and increase ifhareentives for
collectors.

Educate the community about the consequences of generating waste and responsible
consumerism.

Clearly define waste reduction and establish as a priority.

Distribute information on how to reduce unwanted mail and catalogues.
Encourage use of reusable shopping bags.

Promote “simple living,” local purchasing

Promote an economic environment that favors the use of recycled materials.
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Related Policies/Programs in Place

Waste Management ProgramsThe State of lowa runs several programs to promote waste
reduction, recycling, and composting. These programs include lowa B4iRsWaste
Alternatives PrograpPollution Prevention Services Prograamdlowa Waste Exchangas

well aslowa Waste Reduction Centat the University of Northern lowa.

Landfill Diversion Goals: The State of lowa adopted the goal of diverting 50% of waste from
landfills by the year 2000 from year 1988 levels.

Type(s) of GHG Reductions

CO,: Upstream Energy Use Reductions—The energy and GHG intensity of manuafgeturi
product is generally less using recycled feedstocks than from using viegstdeks.

CHy: Diverting biodegradable wastes from landfills will result in a decreasetihame gas
releases from landfills.

Estimated GHG Reductions and Net Costs or Cost Savi  ngs
GHG Reduction Potential in 2012, 2020 (MMtCQe): 1.49, 4.06, respectively.

Net Cost per tCOe: —$8.

Data Sources:Data on current waste generation and recycling rates were taken from the 1A
DNR Economic Impacts of Recycling, 20871A DNR reports the composting of yard
trimmings and food wastes as a part of the recycling stream in this reporte@id&on
reductions were modeled using EPA’s WAste Reduction Model (WARM).

Quantification Methods:

The waste management profile in lowa presented in the “Policy Desgtidis was used as a
baseline to project business as usual (BAU) and policy scenarios, which formishieibiss
guantitative analysis. The average annual increase in per capita wastgigemneassumed to

be 0.14% (see Table 8-2). The share of waste management comprised of reeytling
composting is assumed not to change throughout the policy period. Therefore, the assumed

1% 1owa Department of Natural Resources. “Economipdats of Recycling in lowa.” December 2007. Accdsse
March 7, 2008 frombhttp://www.iowadnr.com/waste/recycling/files/ecdfaport.pdf The 2005 baseline data is
estimated from Table 7.1 of the “Economic ImpadtRecycling in lowa” report.

107w Aste Reduction Model (WARM).” Version 8, May 260Available at:
http://www.epa.gov/climatechange//wycd/waste/catis/WARM_home.htmIEPA created WARM to help solid
waste planners and organizations track and volimtaport GHG emission reductions from severafadignt waste
management practices. WARM is available both assh-Wased calculator and as a Microsoft Excel splesat.
WARM calculates and totals GHG emissions of basedind alternative waste management practices—source
reduction, recycling, combustion, composting, amtfilling. The model calculates emissions in tG).e, and
energy units (MMBtu) across a wide range of makéyjges commonly found in MSW. For an explanatidthe
methodology, see the EPA rep8ulid Waste Management and Greenhouse Gases: £{ifie Assessment of
Emissions and SinkEPA530-R-02-006, available lattp://epa.gov/climatechange/wycd/waste/
SWMGHGreport.html
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recycling rate was 27.1% and the assumed composting rate wa$’2T#é.population
projection for lowa through 2020 is consistent with the projection used by the Draftab\is
Inventory and Forecast. Table 8-3 outlines the projected BAU waste manageemamicsfor
lowa.

Table 8-3. BAU waste management, 2005-2020

Item 2005 2010 2012 2015 2020
MSW generation per capita 1.28 1.29 1.29 1.30 1.30
(tons/person)

lowa population (from 1&F) 2,955,587 3,009,907 3,016,485 3,026,380 3,020,496
MSW generation (tons) 3,775,550 3,871,850 3,891,152 3,920,286 3,940,048
MSW recycled (tons, 27.2% of 1,024,636 1,050,770 1,056,008 1,063,915 1,069,278
generation, not including

organics)

Organic composting (tons, 2.1% 80,185 82,230 82,640 83,259 83,678
of generation)

MSW disposed in landfills (tons) 2,670,730 2,738,850 2,752,504 2,773,113 2,787,092

MSW = municipal solid waste; I1&F = Inventory and Forecast.

The policy scenario was determined by applying the Subcommittee targetsBAU waste
management projection in Table 8-3. Interim targets for 2012 were estimatedingsthan

recycling and composting each comprise a constant proportion of the goal. The geét2fear
recycling and composting are 35.5% and 3.5%, respectively. The 2020 targets fangeayd!
composting are 45.0% and 5.0%, respectively. The waste reduction goal (5% dieoneeste

per capita by 2020) is applied by assuming a constant reduction in the diffeeéneerbthe
BAU projected annual increase in generation per capita and the 2005 baselineayepera
capita rate. Table 8-4 outlines the policy waste management scenario.

Table 8-4. Policy waste management, 2005-2020

Item 2005 2010 2012 2015 2020
X;V;F?:rgi:f;“o” per capita 1.28 1.28 1.27 1.25 1.22
lowa population (from 1&F) 2,955,587 3,009,907 3,016,485 3,026,380 3,020,496
MSW generation (tons) 3,775,550 3,847,020 3,816,478 3,770,379 3,665,543
MSW recycled (tons) 1,024,636 1,214,823 1,380,346 1,527,600 1,773,022
Organic composting (tons) 80,185 107,197 132,280 156,551 197,002
MSW disposed in landfills (tons) 2,670,730 2,524,999 2,303,851 2,086,229 1,695,519

198 As a result of modeling constraints, all organitenial that is “recycled” is considered to be “qmsted.” As
recycling and composting have different implicati@n the analysis of the GHG benefit and cost gffegess of
this option, the two management methods will batae separately, with the total diversion equah&o

Subcommittee target of 35%. Please note that the ‘@iversion” refers to the combination of recyaiand

composting.
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Table 8-5 displays the incremental changes in waste management, ofettescéf between the
BAU and policy scenarios. These numbers represent the changes in wagiemsanrias a
result of this option. They are the basis for the GHG benefit and cost effecsivenes
measurements.

Table 8-5. Incremental Changes in Waste Management, = 2005-2020
Item 2005 2010 2012 2015 2020
MSW generation (tons, source
reduction) — 24,830 74,675 149,907 274,505
Recycling (tons) — 164,053 324,338 463,685 703,743
Organic composting (tons) — 24,967 49,640 73,292 113,324
Landfill disposal (tons) — -213,851 -448,653 -686,884 -1,091,573

GHG Benefits

GHG benefits were determined using the EPA’s WAste Reduction Model (WARMJARM
uses information for specific material inputs and disposal/diversion methodsnates6HG

emission reductions based on a business-as-usual (BAU) and policy scenario. Tald@B-6 be

describes the 2005 Data Inputs for the WARM mdtfeThese numbers will represent the

baseline scenatrio.

Table 8-6. Baseline WARM Model Inputs for lowa, 200 5.

Tons Tons Tons Tons Tons
Material Generated Recycled Landfilled Combusted Composted
Aluminum cans 28,411 21,979 6,432 N/A
Steel cans 31,418 10,516 20,902 N/A
Copper wire N/A
Glass 99,872 63,428 36,444 N/A
HDPE 26,438 5,000 21,438 N/A
LDPE 610 610 N/A
PET 25,139 11,740 13,399 N/A
Corrugated cardboard 330,237 149,625 180,612 N/A

199WAste Reduction Model (WARM).” Version 8, May 2008vailable athttp://www.epa.gov/climatechange//
wycd/waste/calculators/WARM _home.htrEHPA created WARM to help solid waste planners @nggnizations
track and voluntarily report GHG emission reducsidiom several different waste management practivésRM

is available both as a Web-based calculator arrd\ai€rosoft Excel spreadsheet. WARM calculates tatals

GHG emissions of baseline and alternative wasteagament practices—source reduction, recycling, estidn,
composting, and landfilling. The model calculatesssions in tCe, tC&@, and energy units (MMBtu) across a wide
range of material types commonly found in MSW. Borexplanation of the methodology, see the EPArtepalid
Waste Management and Greenhouse Gases: A Life-Bgskssment of Emissions and SiE#sA530-R-02-006,
available atttp://epa.gov/climatechange/wycd/waste/SWMGHGreptn|

119 1owa Department of Natural Resources. “Economipdats of Recycling in lowa.” December 2007. Accdsse
March 7, 2008 frombhttp://www.iowadnr.com/waste/recycling/files/ecdfaport.pdf The 2005 baseline data is
estimated from Table 7.1 of the “Economic ImpadtRecycling in lowa” report.
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Tons Tons Tons Tons Tons

Material Generated Recycled Landfilled Combusted Composted
Magazines/third-class 186,775 186,775 N/A
mail
Newspaper 325,214 240,000 85,214 N/A
Office paper 55,004 2,750 52,254 N/A
Phonebooks N/A
Textbooks N/A
Dimensional lumber 344,525 167,665 176,860 N/A
Medium-density N/A
fiberboard
Food scraps 225,595 N/A 225,095 500
Yard trimmings 101,573 N/A 34,300 67,273
Grass N/A
Leaves N/A
Branches N/A
Mixed paper (general) 349,636 153,214 196,422 N/A
Mixed paper (primarily N/A
residential)
Mixed paper (primarily N/A
from offices)
Mixed metals 250,620 178,000 72,620 N/A
Mixed plastics 298,059 16,959 281,100 N/A
Mixed recyclables N/A
Mixed organics 44,301 N/A 31,620 12,681
Mixed MSW 1,007,566 N/A 1,007,566 N/A
Carpet 575 575 N/A
Personal computers 51,281 634 50,647 N/A
Clay bricks N/A N/A N/A
Concrete 5,382 5,382 N/A N/A
Fly ash N/A N/A
Tires N/A
Totals 3,788,231 1,028,077 2,679,700 - 67,773

The WARM model was run for the years 2012 and 2020, in order to produce GHG reduction
estimates for the policy target years. GHG benefits are assumed asambrearly between
policy initiation (2010) and between modeled years. The proportional generation aslohgecy
are assumed to stay the same throughout the policy period. The exceptions, howé¢vesea
categories for which source reduction is an acceptable input for the polnayriscédt is assumed
that source reduction offsets landfilled waste, with the amount of wastea@ggyaterally
increasing for these categories. The breakdown of source reduction for eaeltatagory is
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shown in Table 8-7! Tables 8-8 and 8-9 display the BAU and policy WARM modeling for
2020.

Table 8-7. Share of Source Reduction for WARM Input

Tons Source Reduced 2012 2020
HDPE 4.5% 9.0%
LDPE 0.5% 0.2%
PET 25.0% 7.1%
Corrugated Cardboard 30.0% 34.5%
Magazines/Third Class Mail 30.0% 34.5%
Office Paper 10.0% 14.5%

Table 8-8. 2020 BAU WARM Inputs

Material Tons Tons Tons Tons Tons
Generated Recycled Landfilled Combusted Composted

Aluminum Cans 29,550 22,860 6,690 NA
Steel Cans 32,677 10,937 21,740 NA
Copper Wire NA
Glass 103,874 65,970 37,905 NA
HDPE 27,498 5,200 22,297 NA
LDPE 634 634 - NA
PET 26,146 12,210 13,936 NA
Corrugated Cardboard 343,472 155,621 187,850 NA
mZﬁjazines/Third-class 194,260 ) 194.260 NA
Newspaper 338,247 249,618 88,629 NA
Office Paper 57,208 2,860 54,348 NA
Phonebooks NA
Textbooks NA
Dimensional Lumber 358,332 174,384 183,948 NA
Fiberboard NA
Food Scraps 234,636 NA 234,116 520
Yard Trimmings 105,644 NA 35,675 69,969
Grass NA

Leaves NA

Branches NA

Mixed Paper (general) 363,648 159,354 204,294 NA

1 This breakdown is similar to the one used forNfienesota CCS process, adjusted to prevent mogeftom
being “source reduced” than would have been gesgratder BAU. Also, it is assumed that no mora thado of
any given material may be source reduced.
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Material Tons Tons Tons Tons Tons

Generated Recycled Landfilled Combusted Composted
Mi)ged nger (primarily NA
residential)
Mixed Raper (primarily NA
from offices)
Mixed Metals 260,664 185,134 75,530 NA
Mixed Plastics 310,004 17,639 292,365 NA
Mixed Recyclables NA
Mixed Organics 46,076 NA 32,887 13,189
Mixed MSW 1,047,945 NA 1,047,945 NA
Carpet 598 598 - NA
Personal Computers 53,336 659 52,677 NA
Clay Bricks NA NA NA
Concrete! 5,598 5,598 - NA NA
Fly Ash? NA NA
Tires® NA
Totals 3,940,048 1,069,278 2,787,092 - 83,678

Table 8-9. 2020 Policy WARM Inputs
Tons

Baseline Source Tons Tons Tons Tons
Material Generation Reduced Recycled Landfilled Combusted Composted
Aluminum cans 29,550 29,550 -
Steel cans 32,677 23,889 8,788
Copper wire
Glass 103,874 103,874 -
HDPE 27,498 24,831 2,667 -
LDPE 634 476 159 -
PET 26,146 19,610 6,537 -
Corrugated cardboard 343,472 94,830 248,642 -
mgaczlg‘::ﬁn Al 194,260 94,830 - 99,430
Newspaper 338,247 338,247 -
Office paper 57,208 39,929 6,247 11,032
Phonebooks
Textbooks
Dimensional lumber 358,332 358,332 -
Medium-density
fiberboard
Food scraps 234,636 189,354 45,282
Yard trimmings 105,644 - 105,644
Grass
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Tons

Baseline Source Tons Tons Tons Tons
Material Generation Reduced Recycled Landfiled | Combusted Composted
Leaves
Branches
Mixed paper, broad 363,648 348,053 15,595
Mixed paper, residential
Mixed paper, office
Mixed metals 260,664 260,664 -
Mixed plastics 310,004 38,525 271,479
Mixed recyclables
Mixed organics 46,076 - 46,076
Mixed MSW 1,047,945 1,047,945
Carpet 598 598 -
Personal computers 53,336 1,440 51,896
Clay bricks
Concrete’ 5,598 5,598 -
Fly ash?
Tires®
Totals 3,940,048 274,505 1,773,022 1,695,519 - 197,002

The resulting output for the 2012 and 2020 WARM model runs predict the GHG reductions for
these years to be 1.49 and 4.06 MMt€Oespectively. The cumulative GHG reductions are
calculated to be 26.5 MMtG®. Table 8-10 displays a summary of the waste diversion,
reduction, and GHG benefits of this option.

Table 8-10. Overall Policy Results—GHG Benefits

Incremental Avoided
Avoided Waste Source Incremental Incremental Landfill
Emissions Diversion Reduction Recycling Composting Emplacement
Year (MMtCO2e) (tons) (tons) (tons) (tons) (tons)
2009 - - - - - -
2010 0.50 213,851 24,830 164,053 24,967 -213,851
2011 0.99 426,527 49,721 326,960 49,845 -426,527
2012 1.49 448,653 74,675 324,338 49,640 -448,653
2013 1.81 528,008 99,690 370,793 57,525 -528,008
2014 2.13 607,418 124,767 417,242 65,409 -607,418
2015 2.45 686,884 149,907 463,685 73,292 -686,884
2016 2.77 767,848 174,850 511,698 81,299 -767,848
2017 3.09 848,798 199,782 559,711 89,305 -848,798
2018 341 929,736 224,701 607,723 97,312 -929,736
2019 3.74 1,010,661 249,609 655,734 105,318 -1,010,661
2020 4.06 1,091,573 274,505 703,743 113,324 -1,091,573
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Incremental Avoided
Avoided Waste Source Incremental Incremental Landfill
Emissions Diversion Reduction Recycling Composting Emplacement
Year (MMtCO2e) (tons) (tons) (tons) (tons) (tons)
Totals 26.5 7,559,956 1,647,037 5,105,682 807,236 -7,559,956

MMtCO.e = million metric tons of carbon dioxide equivalent.

Cost Effectiveness

Source ReductionFhe total amount of waste managed in lowa under the policy scenario is
reduced, due to the goal requiring a zero percent increase in the per cajgitgemnasation rate
by 2020. The cost effectiveness estimate for source reduction in lowa is sesnpirthree
elements; the cost of program implementation, the avoided cost of wastaau|lactl the
avoided cost of waste disposal.

The cost of program implementation is assumed to be $1 per capita pEr Jéwmr cost figure
uses the population projection consistent with that used for the lowa Inventory anddtor
These funds are assumed to cover any education and marketing programsynecessa
implement the source reduction goal.

Source reduction is expected to save money by reducing the amount of waste thathas t
collected and disposed of in landfills. The avoided collection cost is $8%/sml the avoided
landfill disposal fee is $40/toft?

The analysis assumes that costs begin to be incurred in 2010. The estimated castesawing

an NPV of —$112 million. Cumulative GHG reductions attributed to recycling are 10.3
MMtCO.e, and the estimated cost-effectiveness is —$134C43 shown in Table 8-11.

Table 8-11. Cost Analysis for Source Reduction

Avoided
Landfill Net Source Cost-
Tipping Program Reduction Discounted GHG Effective-
Tons Fee Costs Costs Costs Reductions ness
Year Reduced (20063MM) | (2006$SMM) | (20068MM) | (20063MM) | (MMtCO2e) ($/tCO2e)
2009 - $0 $0 $0 $0 0.0
2010 24,830 $3 $3 $0 $0 0.1
2011 49,721 $6 $3 -$3 -$3 0.3
2012 74,675 $9 $3 -$6 -$5 0.4
2013 99,690 $12 $3 -$9 -$7 0.6

M2 The source reduction program cost is a prelimimstimate that is consistent with costs assumsihiiar

options considered by CCS projects in WA and CO.

113

IA DNR Evaluation of Recycling ProgramA8verage of case studies from Cedar Rapids, Matawma City, and

Central City. Accessed on May 23, 2008 at http:Mnewadnr.com/waste/pubs/files/ecicogfinal.pdf.

114 Average of tip fee of landfills in lowa reportimgper-ton tip fee. lowa Tip Fee Survey Resultst Lislated
July, 2007. Accessed on May 23, 2008 fromttp://www.iowadnr.com/waste/swi/files/tp _survey.pdf
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Avoided
Landfill Net Source Cost-
Tipping Program Reduction Discounted GHG Effective-
Tons Fee Costs Costs Costs Reductions ness
Year Reduced (2006$MM) | (2006$MM) | (2006$MM) | (2006$MM) | (MMtCO2€) ($/tCO2e)
2014 124,767 $15 $3 -$12 -$9 0.8
2015 149,907 $18 $3 -$15 -$11 0.9
2016 174,850 $21 $3 -$18 -$13 1.1
2017 199,782 $24 $3 -$21 -$14 1.3
2018 224,701 $27 $3 -$24 -$15 14
2019 249,609 $30 $3 -$27 -$17 1.6
2020 274,505 $33 $3 -$30 -$17 1.8
-$164 -$112 10.3 -$11

2006$MM = million 2006 dollars; MMtCO.e = million metric tons of carbon dioxide equivalent; $/tCOe = dollars per
metric ton of carbon dioxide equivalent.

Recycling—Fhe net cost of increased recycling rates in lowa was estimatettiingahe
increased costs of collection for two-stream recycling, revenue obtaindx fealtie of recycled
materials, and avoided landfill tipping fees. The additional cost for separbsidaucollection

of recyclables is $133/tor> The capital cost of additional recycling facilities in lowa is $148
million.**® Annualized over the 10-year policy period at 5% interest, the capital cost is $9.6
million per year. The avoided cost for landfill tipping is $40/ton, plus a $10 tip fee paid to the
hauler'*” CCS also factored in the commodity value of recycled materials with a value of
$156/ton™*® Table 8-12 provides the results of the cost analysis. The analysis assurnesttha
begin to be incurred in 2010. The estimated cost savings result in an NPV of —$188 million.
Cumulative GHG reductions attributed to recycling are 16 MM#&;@nd the estimated cost-
effectiveness is —$12/tG6.

Table 8-12. Cost analysis results for recycling

Annual
Annual Annual |Recycled | Landfill | Net Policy Cost-
Collection | Capital | Material | Tip Fees Cost Discounted GHG Effective-
Tons Cost Cost | Revenue | Avoided | (Recycling) Costs Reductions ness
Year |Recycled (MM$) (MM$) | (MM$) (MM$) (MM$) (MM$) (MMtCO2ze) | ($/tCO2€e)
2009 - $0 $0 $0 $0 $0 $0 -

1151 A DNR Evaluation of Recycling Programs. Averadease studies from Cedar Rapids, Marion, lowa,Gind
Central City. Accessed on May 23, 2008 at http:Mnewadnr.com/waste/pubs/files/ecicogfinal.pdf.

1% Based upon the ratio of capital cost per housetsédl in the Vermont analysis. Vermont capital eostsult of
personal communication between P. Calabrese (Ca¥¥akte Management) and S. Roe (CCS).

17 Average of tip fee of landfills in lowa reportirgper-ton tip fee. lowa Tip Fee Survey Resultst Lislated
July, 2007. Accessed on May 23, 2008 framttp://www.iowadnr.com/waste/sw/files/tp_survey.pip fee to

hauler based on personal communication from J.HGetc VT waste management and S. Roe, CCS, Nove2iber

2007.

118 1owa Department of Natural Resources. “Economipdats of Recycling in lowa.” December 2007. Accdsse
March 7, 2008 frombttp://www.iowadnr.com/waste/recycling/files/ecdfaport.pdf The 2005 baseline data is
estimated from Table 7.1 of the “Economic ImpadtRecycling in lowa” report.
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Annual
Annual Annual |Recycled | Landfill | Net Policy Cost-
Collection | Capital | Material |Tip Fees Cost Discounted GHG Effective-
Tons Cost Cost | Revenue | Avoided | (Recycling) Costs Reductions ness
Year |Recycled (MM$) (MM$) | (MM$) (MM$) (MM$) (MM$) (MMtCO2ze) | ($/tCO2€e)
2010 | 164,053 $22 $10 $26 $8 -$2 -$2 0.4
2011 | 326,960 $43 $10 $51 $16 -$14 -$13 0.7
2012 | 324,338 $43 $10 $51 $16 -$14 -$12 1.1
2013 | 370,793 $49 $10 $58 $19 -$18 -$14 1.2
2014 | 417,242 $55 $10 $65 $21 -$21 -$16 1.4
2015 | 463,685 $62 $10 $72 $23 -$24 -$18 15
2016 | 511,698 $68 $10 $80 $26 -$28 -$20 1.7
2017 | 559,711 $74 $10 $87 $28 -$31 -$21 1.8
2018 | 607,723 $81 $10 $95 $30 -$35 -$23 2.0
2019 | 655,734 $87 $10 $102 $33 -$38 -$24 2.1
2020 | 703,743 $93 $10 $110 $35 -$42 -$25 2.3
Total -$269 -$188 16.0 -$12

MM$ = million dollars; MMtCO»e = million metric tons of carbon dioxide equivalent; $/tCO-e = dollars per metric ton of
carbon dioxide equivalent.

Composting—-€omposting is included in the total recycling volume inElsenomic Impacts of
Recycling in lowa Final ReparHowever, as WARM considers the sole form of diversion for
yard trimmings and food waste to be composting, the tons of these items thatgcéet” are
assumed to be composted. The net costs for increased composting in lowa merte &ty
adding the additional costs for collection (same calculation as recychiddha net cost for
composting operations. The net cost for composting operations is the sum of the annualized
capital and operating costs of composting, increased collection fees, revemagegktheough

the sale of compost, and the avoided tipping fees for landfilling. Information onpite ead
operating costs of composting facilities was received from Cassalise\Wlanagement during
the analysis of a similar option in Vermdht.These data are summarized in Table 8-13.

Table 8-13. Capital and operating costs of composti  ng facilities
Operating
Annual Volume Capital Cost Cost
(tons) ($1,000) ($/ton)
< 1,500 $75 $25
1,500-10,000 $200 $50
10,000-30,000 $2,000 $40
30,000-60,000+ $8,000 $30

CCS assumed that the composting facilities to be built within the policy period veodlda be
from the largest category (a capital cost of $8 million, and O&M cost of $3Gtawn in Table
13. The composting volumes in 2012 and 2020 shown in Table 14 suggest the need for three

19p_ Calabrese (Cassella Waste Management), persamahunication with S. Roe (CCS) June 5, 2007. Beza
the cost was not originally specified in terms 002$, assume the cost to be valid for 2005.
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additional large composting operation by 2020. To annualize the capital costs of thiies fac
CCS assumed a 15-year operating life and a 5% interest rate. Otheyscmspaons include an
assumed landfill tipping fee of $40/tdff,an additional source-separated organics collection fee
of $113/ton (as used above in the recycling element), a compost facility tipping#es/min'*

and a compost value of $11.75/t5h.

Table 8-14 presents the results of the cost analysis for composting. GHG reduetens w
assumed not to begin until 2010, and the cumulative reductions estimated were 0.16 8IMtCO
An NPV of $80 million was estimated, along with a cost-effectiveness of $48#1CO

Table 8-14. Cost analysis results for composting

Avoided Total
Annual |Annualized | Annual |Landfill | Value of Annual Cost-
Cost Capital |Collection |Tipping |Composted | Tons of |Composting |Discounted GHG Effective-
0&M Cost Cost Fees Material Waste Cost Costs Reductions ness
Year | ($MM) (SMM) (SMM) | (SMM) ($MM)  |Composted (SMM) (SMM) (MMtCO.€) ($/t)
2009 $0 $0 $0 $0 $0 - $0 $0 -
2010 $1 $0 $3 $1 $0 24,967 $3 $3 0.00
2011 $1 $1 $7 $1 $1 49,845 $7 $6 0.00
2012 $1 $1 $7 $1 $1 49,640 $7 $6 0.01
2013 | $2 $1 $8 $1 $1 57,525 $8 $7 0.01
2014 $2 $1 $9 $2 $1 65,409 $9 $7 0.01
2015 $2 $1 $10 $2 $1 73,292 $10 $8 0.01
2016 $2 $1 $11 $2 $1 81,299 $11 $8 0.02
2017 $3 $1 $12 $2 $1 89,305 $12 $8 0.02
2018 $3 $2 $13 $2 $1 97,312 $14 $9 0.02
2019 $3 $2 $14 $3 $1 105,318 $15 $9 0.03
2020 $3 $2 $15 $3 $1 113,324 $16 $9 0.03
Total $80 0.16 $489

$MM = million dollars; MMtCO-e = million metric tons of carbon dioxide equivalent; $/t = dollars per metric ton.

The overall cost analysis, as seen in Table 8-15, yields an NPV of —$220 million and a cost-
effectiveness of —$8.3, based on the cumulative emission reductions of 26.5 MMtCO

120A DNR Evaluation of Recycling Program8verage of case studies from Cedar Rapids, Mat@wa City, and
Central City. Accessed on May 23, 2008 at http:Mnewadnr.com/waste/pubs/files/ecicogfinal.pdf.

121 Emerson, DarLatest Trends in Yard Trimming@omposting. 2005. Accessed on May 23, 2008 from:
http://hs.environmental-expert.com/resultEachAetiabpx?cid=6042&codi=5723&idproducttype=6

122 The 2004 price of $10/yard was obtained from @ saisdy of the City of Davenport, IA, available at:
http://www.cityofdavenportiowa.com/department/donisasp?fDD=28-375Assuming a dry solids content of 55%
and a bulk density of 0.5 tons/yard, the valueasfiposted material was calculated to be $11/tonitél

feedstock.
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Table 8-15. Overall policy results—cost-effectivenes s

Net Program Net Program
Cost: Source Net Program Cost: Total Net Discounted Cost-
Reduction Cost: Recycling | Composting Program Cost Cost Effectiveness
Year ($MM) ($MM) ($MM) ($MM) ($MM) ($/tCO2e)
2009 $0 $0 $0 $0 $0
2010 $0 -$2 $3 $1 $1
2011 -$3 -$14 $7 -$10 -$9
2012 -$6 -$14 $7 -$13 -$11
2013 -$9 -$18 $8 -$18 -$15
2014 -$12 -$21 $9 -$24 -$19
2015 -$15 -$24 $10 -$29 -$22
2016 -$18 -$28 $11 -$35 -$25
2017 -$21 -$31 $12 -$40 -$27
2018 -$24 -$35 $14 -$45 -$29
2019 -$27 -$38 $15 -$51 -$31
2020 -$30 -$42 $16 -$56 -$33
Total -$220 -$8.3

$MM = million dollars; $/tCO.e = dollars per metric ton of carbon dioxide equivalent.

Key Assumptions:For the MSW management input data to WARM, the key assumption is that
none of the goals would be achieved via existing programs in place. To the extdmghat
programs will fully or partly achieve the goals of this policy, the GHG reshgEestimated

would be lower (no additional penetration from the current lowa recycling anglosbimy
campaigns has been incorporated into the BAU assumptions for this analysispréhéne

most important assumption relates to the assumed BAU projection for solid veastgement.
This BAU forecast is based on current practices and does not factor in the efffiecther gains

in recycling or composting rates during the policy period. The BAU assumpt®neaded to

tie into the assumptions used to develop the GHG forecast for the waste managetoent s
which does not factor in these changes in waste management practices during yheepolic
(2008-2020). To the extent that these gains in recycling and composting would occur without
this policy, the benefits and costs are overstated.

The other key assumptions relate to the use of WARM in estimating life Gy benefits and
the use of the stated assumptions regarding costs for increased source reduagttingyand
organics recovery (composting in this example) programs.

Another important assumption is that under BAU, the waste directed to landfithinigl wclude
methane recovery (75% collection efficiency) and utilization. The need foassumption is

partly based on limitations of WARM (which doesn’t allow for management of |aedifiliaste

into both controlled and uncontrolled landfills), but is also based on the overall direction of the
policy recommendations of AFW-8.
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Additionally, transportation emissions for WARM are taken as default. Thissasalys not
considered the impacts of reduced exports as a result of the goals in this optiog’®Esiljn
section.

The cost estimates do not include cost savings that would be achieved through avoidésglthe
for additional waste-to-energy (WTE) plants.

Key Uncertainties

A large portion of the benefits yielded by the goals set forth in this option @vedl&om the
indirect, life-cycle emission reductions that result from recyclingsanuce reduction. The
change in direct landfill emissions as a result of full implementation of the gogis option
would be anncreaseof 39,097 tCQe in 2012 and a reduction of 69,451 #&@ 2020. The
GHG benefits from reduced transportation resulting from a decrease intgenesauld be 211
tCOze in 2012 and 711 tG@ in 2020:*

Additional Benefits and Costs
TBD — [as needed and approved by the subcommittees]

Feasibility Issues
Sufficient political commitment
Budget constraints
Sufficient regulatory/financial incentives
Inconsistent enforcement
Insufficient data
Low landfill disposal costs result in less interest in waste preventigolieg
Resistance to change
Must have sufficient local capacity for collected recyclables
Status of Group Approval
Pending —

Level of Group Support
TBD — [blank until ICCAC meeting #5]

Barriers to Consensus
TBD — [blank until final vote by the ICCAC]

123 Assumes default distances from EPA WARM model®fdles from the source of the waste to each
management facility.
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AFW-9. Landfill Methane Energy Programs

Policy Description

Use the renewable energy within landfills gas (methane) to make efemivar, space heat, or
liquefied natural gas. Methane gas generation by landfills is a GHGlimustrategy that may
benefit from a cap and trade system, encouraging landfills to instal #& a minimum and
possibly achieve electric generation if the economic incentives diaeutf

Policy Design
Goals:

Control—ncrease the number of landfills from recovering methane as an energg sourc
wherever it is economically feasible to do so. By 2020, ensure that all largglyamhtrolling
the release of methane, such that 50% of the landfill gas being generatetiaex! by 2020.
This can be done through development of additional landfill gas to energy (LF@j&gtp. For
sites where LFGTE is not feasible, implement flaring controls to acthevgaal.

Technology Research and EvaluatioBiree conversion technologies hold promise for
environmentally managing waste and producing energy, annually examine theregand
costs of emerging technologies for waste management with a goal tmidetézasibility of the
technology for lowa (non-quantified goal).

Education—Begin to educate the public about the impact and costs of various waste-to-energy
technologies (non-quantified goal).

Timing: Not specified by SC. Fully implement policies to achieve above goals by 2020.

Parties Involved: Municipal and county governments, private solid waste management
companies, local economic development agencies, IA DNR, NGOs, and public igtetgs.

Other:

lowa currently has four landfill operations which are recovering mettzagenerate electricity).

EPA Land-fill Methane Outreach Program (LMOP) identifies 17 faedithat may have the
opportunity to recover methane. These landfills have the potential to capture an additional 35%
of methane beyond the baseline methane capture of 40%.

Methane Energy Programs

The capture of one ton of methane from landfill gas (LFG) is equivalent to reducing
approximately 20 tCé. (Benefits of LFG Energy, Landfill Methane Outreach Program,
USEPA,www.epa.gov/Imop/benefits.hjm

According to the EPA Landfill Methane Outreach Program (WMW Reviewel2606) landfills
generate about 26% of the U.S. methane emissions. Methane is the second mositimporta
greenhouse gas (GHG).

lowa Climate Change Advisory Council 87 Center for Climate Strategies
www.iaclimatechange.us www.climatestrategies.us




ICCAC AFW Policy Option Descriptions, 08-15-08

If landfilling of organic materials is to be continued, future landfills nmestully controlled
bioreactors where most of the methane generated is captured and used to produce energy
(Capture and Utilization of Landfill Gas, Nickolas Themelis and Prastllloa, Earth
Engineering Center and Department of Earth and Environmental Engineeriogtaol
University, New York, NY 10027, USA).

Actual emissions of CH4 from landfills are sensitive to dozens of site-sptifors and can

vary over a wide range, but we do not have either the direct measurement data taildtegite
data that would be required to conduct more than an approximate estimate of CH4 emissions
from lowa landfills. (from a North Carolina study)

Waste-to-energy (WTE) Mass Burn

Incineration, the combustion of organic material such as waste, with energyrygsahe most
common WTE implementation.

Other than removing oversized items and HHW, little preprocessing is ngcessar

Depending on the location, size and other factors, the capital costs range from $110,000 to
$140,000 per daily ton of capacity. Therefore, a plant that processes 1,000 tons of municipal
solid wastes per day may cost between $110 and $140 million. In addition to the capital costs
1000-ton-per-day plant would engage personnel of about 60. Other costs are servicets,materia
and supplies and the cost of disposal of ash. (The ABC of Integrated Waste Manaiéasési
to-Energy Research and Technology Coumoibw.seas.columbia.edu/earth/wtert/fag.html

Tipping fees at WTE plants, based on 15 respondents, ranged from $40/ton in North Carolina (1
facility) to $98/ton (3 facilities). (Biocycle, April 2006, The State of Gartiagemerica)

Experts and local community groups are concerned with modern incineratorsebefctins
particulate emissions, metal, trace dioxins and acid gas emissions, t@st flgottom ash
management as well as waste resource ethics such as valuable resdurciotesnd low
energy efficiency.

Incineration or combustion in any form is rejected in the zero waste movemeviahtea
sustainable or ethical solution to waste management. Public acceptabilithesrlack of it,
remains a barrier to emerging waste management technologies.

Emerging Technologider MSW(Gasification, plasma arc, thermal depolymerization, ethanol
production from waste, anaerobic digestion)

Currently long-term experience with alternative technologies is unbieaiM/aste conversion
technologies have very high costs, and the vast majority have not been proven on a&c@@mmer
scale or as full scale plants using municipal solid waste. More than 90% ofetleselogies are
still in the experimental, development, small-scale, or pilot project stagehey are not mature
technologies. Experts agree that they are not currently a reliable, casitvefédternative.

Only gasification and plasma arc can handle the entire MSW waste strigmalimted residuals.
Most other processes require preprocessing and/or pretreatment, egkeealating out
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incompatible and recyclable materials, homogenizing and shredding. This meéanattrals
must either be separated at the source or processed through an MRF.

Some processes produce an ash containing constituents of lead, cadmium and meshury whi
need to be managed in a manner that is environmentally responsible.

Proponents for conversion technologies report them to produce not only energy but usable
products and by-products, e.g., slag. The slag bonds metals, halogen and sulfur atoms with
silicate to make leaching of the materials difficult. The profitabilftproducts and by-products

is dependent on viable markets and the value of the products produced. There are risks with
constructing such facilities with a goal of profiting from products and by-pteduc

Current Projects in lowa
Gasification Project in Greve (1,200 TPD of RDF) ($1,996)

$170 million capital costs

$35.6 million O&M costs

$16.3 million/year in revenues
Plasma Arc—Green Power Systems

$182 million capital costs
$18 million/year revenue

Implementation Mechanisms

Incentives could be provided to industries that relocate close to sources of Erelfijy. The
purpose of the incentives is to encourage industries to locate their operations clgketenou
existing landfill sites so that they can use the methane and/or eélggenerated from those
facilities.

Cost incentives such as carbon credits could make methane capture and/oontitipaé
attractive.

Related Policies/Programs in Place

Methane Gas Conversion Property Tax ExemptionUnder lowa’s Methane Gas Conversion
Property Tax Exemption, property used for methane gas collection and convesienargy
and connected with, or in conjunction with, a publicly owned sanitary landfill, is exeonpt f
property tax. If other fuels are burned as well, the exemption is equal to thefratethane in
the overall fuel mix.

Type(s) of GHG Reductions
CO,, N,O, CHjy: Displaces emissions from fossil fuel combustion.
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CH4: Methane reductions via collection and control (via flaring, or preferentiallgneagy
utilization).

Estimated GHG Reductions and Net Costs or Cost Savi  ngs

GHG Reduction Potential in 2012, 2020 (MMtCQe): 0.2, 0.8, respectively.
Net Cost per tCQe: $0.9.

Data Sources:Data on current landfill operations using methane recovery for energy generati
(direct or electric) are taken from the EPA LMOP Web %tt®aseline landfill gas
emissions are consistent with the 1A 1&82.CCS used the results of LFGTE cost modeling
performed with EPA’s LFG cost model (LFGcost) to estimate the costsisgodlicy
element:?®

Quantification Methods:
GHG Benefits

As the goal stated in the above Policy Design section requires control of methigs®sns
specifically from uncontrolled landfills, CCS is able to use the emissionatssrfor

uncontrolled landfills from the 1A 1&F as the baseline emission scenarmmrdmg to the IA

I&F, 20.5% of methane emissions in lowa were controlled through an LFGTE project in 2005.
Therefore, the incremental methane emission recovery goal in lowaen2®.5% in 2020.

As emissions from uncontrolled landfills are controlled, three GHG benefiteaized: the
conversion of landfill methane to GQhe displacement of grid-based electricity, and the
displacement of fossil fuel combustion for direct HéaThe first benefit is calculated by
multiplying the baseline CHemissions from uncontrolled landfills from the 1A I&F by the
landfill gas control goal set by the SC. The second benefit (offset eiiggtis found by
converting the methane captured from €@nits to cubic meters of gas, then calculating the
electricity generated and the emissions offset through avoided ged-baseratiot? The third
GHG benefit is calculated by multiplying the fraction of captured landfillogasbusted for
direct use by the quantity of landfill gas captured under this policy option, assunairamt
equal amount of natural gas is not combusted for direct heat use. The estimatbe &S in
2012 and 2020 are 0.2 and 0.8 MMt&QOrespectively. The cumulative GHG benefit through
2020 is estimated to be 4.8 MMt@® Table 9-1 depicts the results of these calculations.

Table 9-1. Overall policy results—GHG benefit

124U.S. EPA, Landfill Methane Outreach Program. LMD#&abase—Ilowa. Available at:
http://www.epa.gov/landfill/proj/xIs/Imopdataia.xls

1251a 1&F, available athttp://www.iaclimatechange.us

126y.S. EPA, Landfill Methane Outreach Program. Lih@¥as Energy Cost Model (LFGcost), Version 1.4odé|
run performed by B. Strode on June 24, 2008. Famernmformation on LFGCost, visit
http://www.epa.gov/imop/res/index.htm.

127 Assumed to be natural gas.

128 (Fraction of landfill gas used for electricity geation) x (CH captured in MtC@e) x (1 MtCH, / 21 MtCQe) x
(1 nPCH, / 0.00125 MtCH) x (0.00254 MWh / fCH,) x (4.15 x 10 MMtCO,e / MWh).
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GHG GHG
Benefit: Benefit:
CH, CH, GHG Electricity Avoided
Emissions Reduction Benefit: Emissions | Natural Gas
From From Avoided Factor from | Combustion
Methane | Uncontrolled Methane CH,4 Electricity | Electricity CRE-12 for Direct Total GHG
Control Landfills Control Controlled |Generated | Production (tCO2e/ Use Benefit

Year Goal (tCO2e) (MMtCO2e) |  (m3CHy) (MWh) (MMtCO2e) MWh) (MMtCO2e) | (MMtCOe)
2008 0.0% 1,748,943 - - - - 0.78

2009 2.5% 1,776,269 0.0 1,663,490 3,380 0.00 0.79 0.0 0.1
2010 4.9% 1,804,022 0.1 3,378,962 6,866 0.01 0.79 0.0 0.1
2011 7.4% 1,832,209 0.1 5,147,634 10,460 0.01 0.79 0.0 0.2
2012 9.8% 1,860,836 0.2 6,970,749 14,165 0.01 0.80 0.0 0.2
2013 | 12.3% 1,889,910 0.2 8,849,577 17,982 0.01 0.79 0.0 0.3
2014 14.8% 1,919,438 0.3 10,785,415 21,916 0.02 0.80 0.1 0.4
2015 17.2% 1,949,428 0.3 12,779,584 25,968 0.02 0.80 0.1 0.4
2016 19.7% 1,979,886 0.4 14,833,434 30,142 0.02 0.79 0.1 0.5
2017 22.1% 2,010,821 0.4 16,948,345 34,439 0.03 0.79 0.1 0.6
2018 24.6% 2,042,238 0.5 19,125,723 38,863 0.03 0.79 0.1 0.6
2019 27.0% 2,074,147 0.6 21,367,003 43,418 0.03 0.79 0.1 0.7
2020 | 29.5% 2,106,554 0.6 23,673,651 48,105 0.04 0.79 0.1 0.8
Totals 24,994,701 3.8 145,523,567 | 295,704 0.2 0.8 4.8

CH, = methane; tC& = metric tons of carbon dioxide equivalent; MMt@&& million metric tons of carbon dioxide equivaten
m3CH4 = cubic feet of methane; MWh = megawatt-hours.

Cost-Effectiveness

Using the results from an LFGcost model run, the costs of this option are edtlmaged on
whether the methane is converted to usable energy by a small engine, throcigisdirer a

large engine (800 kW and great&JTo develop an overall cost for this policy option, CCS used
the following assumptions on the mix of projects that would be implemented to achieve the
policy’s goals: 17% of methane reduced via standard engine/generatajsetspiit was

assumed that these projects already have implemented gas collection, wiecbfse not a

part of the capital cost); 20% of methane is controlled by direct use projects (rafpbgects
assumed to be limited by location of end users); and the remaining 63% is assumed to be
controlled by small engine/generator set proj&tts.

Table 9-2. LFGcost modeling results

129y.S. EPA, Landfill Methane Outreach Program. Lih@¥as Energy Cost Model (LFGcost), Version 1.4odé|
run performed by B. Strode on June 24, 2008. Famernmformation on LFGCost, visit
http://www.epa.gov/Imop/res/index.htm.

130y.s. EPA, Landfill Methane Outreach Program. LMD#&abase. Available at:
http://www.epa.gov/Imop/proj/xis/opprjsimopdata.xls
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Scenario 1 Scenario 2 Scenario 3

Direct Use Small Engine Standard Engine
EPA LFGcost Modeling Data (0.5-mi. pipeline) (< 800 kW) (> 800 kW)
Total capital $613,382 $1,186,832 $3,025,746
Average annual O&M $105,925 $150,655 $394,579
Annualized costs $197,337 $327,528 $845,504
Annual revenue $95,445 $155,117 $788,670
Annual average reductions (MMtCO2e) 0.03 0.03 0.10
Project reductions (MMtCO-e) 0.45 0.45 1.47
Cost-effectiveness ($/tCOe) -$1.2 $2.44 $0.09
Net present value (NPV) -$524,612 $1,087,597 $137,003

Blended cost-effectiveness (lowa)

Baseline share of methane control in lowa 20% 63% 17%
Fractional cost-effectiveness ($/tCO.e) -$0.24 $1.54 $0.02
Average Cost-Effectiveness ($/tCO ,e) $1.32

EPA = U.S. Environmental Protection Agency; LFGandfill gas; kW = kilowatts; O&M = operations anciimtenance;
MMtCO.e = million metric tons of carbon dioxide equivate®itCOse = dollars per metric ton of carbon dioxide eqléna
Assumes 8% interest rate over 10 years, 15 yegqiife, and cost of LFG collection and flarimgcluded in total cost.

The modeling assumptions were based on the average opening and closing yeHitlsfita
lowa (1997 and 2029, respectively), average annual acceptance for large |aidfil®0Q tons),
average annual acceptance for small landfills (36,334 tons). It was assutmacythkandfills
will utilize large engines and small landiflls will utilize eithemall engines or direct heat
technology. The average depth of the landfills was assumed to be 50 ft (LFGCast) DEfe
assumed number of wells for small landfills was 17, and the number of wells ®itdadiills
was 62" The default values for the revenue from energy sold were used ($0.045/kWh,
$4.50/million Btu).

The average cost-effectiveness ($1.324€)@ multiplied by the GHG benefit calculated in the
GHG Benefit section for each year to determine the cost-effectivefirigs policy option

(Table 9-3). The NPV of costs incurred through the implementation of this option is ${b8,mi
and the discounted cost-effectiveness is $0.9#G&ssumes no escalation of costs during the
policy period).

Table 9-3. Overall policy results—cost-effectiveness

131 Consistent with LFGCost model run completed by G&North Carolina CAPAG process.
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Cost-
Avoided Annual Discounted Effective-
Emissions Costs Costs ness
Year (MMtCO2e) (MM$) (MM$) ($/tCO2€)
2008 - $0.0 $0.0
2009 0.1 $0.1 $0.1
2010 0.1 $0.1 $0.1
2011 0.2 $0.2 $0.2
2012 0.2 $0.3 $0.3
2013 0.3 $0.4 $0.3
2014 0.4 $0.5 $0.4
2015 0.4 $0.6 $0.4
2016 0.5 $0.6 $0.4
2017 0.6 $0.7 $0.5
2018 0.6 $0.8 $0.5
2019 0.7 $0.9 $0.5
2020 0.8 $1.0 $0.6
Total 4.8 $6.4 $4.3 $0.9

MMtCO.e = million metric tons of carbon dioxide equivatddM = million; $/tCO.e = dollars per metric ton of carbon dioxide
equivalent.

Key Assumptions: The analysis does not factor in the closure of specific landfills or the
adoption of LFG controls at specific landfills. Modeling GHG emissions and ieds Gt
individual sites is beyond the scope of this analysis; however, the approach usedismonsi
with the methods used to develop the GHG forecast for the waste management sector

Each of the cost inputs above contains key assumptions; additional study of these inguts coul
reduce the associated uncertainty in the cost estimates.

Key Uncertainties

As stated above, the GHG reduction potential of this option is comprised of both direct and
indirect benefits. The direct benefit of the goal is estimated to reduce ;2 t€C2D12 and 0.6
tCOse in 2020, for a cumulative reduction of 3.8 #80The indirect GHG benefits related to this
option are the offset energy use from both electricity and natural gas (irsthefdirect use
LFGTE). These indirect benefits are estimated to total 0.02¢@2012 and 0.14 tC@ in

2020, for a cumulative indirect benefit of 1.0 2O

A key source of uncertainty related to cost effectiveness is the price oy ¢nargnay produce

a source of revenue for LFGTE projects. For the above analysis, the defawptasss of

$0.045 per kWh of electricity and $4.50 per million Btu of natural gas were used. Note that these
figures will not necessarily be the retail price of energy, but the aciualthat the facility

would be paid by the utility for the additional energy. Thus, this price is likelyrltvaa the

retail energy prices. The electricity purchase prices that would becheedbe electricity

projects (projected to incur a net cost over time by the LFGCost model under thie etetegy

prices) are $0.067 per kWh for large facilities (over 800 kW rated capacity) and $0.8&¥afbr
facilities.
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In 2008, severe flooding in lowa greatly increased pressure on the statils $gstem.
According to SC experts, previously closed sites such as the Linn County Bluestdfill Site
#1 have recently received large amounts of waste. As this influx of solid wasli&etyilaffect
the future quantity of landfill gas generated at these landfills, the GH&itseyielded by this
policy option may increase, although the effect on cost effectiveness is unknown.

Additional Benefits and Costs
None identified

Feasibility Issues

There is a danger of over committing on infrastructure to recover value.

Discussions during meetings of the AFW SC yielded concern over whether mvich lve able
to meet the goal of 50% landfill gas control by 2020, given the current waste disptieais.

Table 4 displays the 2007 disposal schedule for the landfills identified by thesEPA a
Operational, Candidate, or Potential LFGTE projéis.

Table 4. Landfill Disposal Data from Identified EPA LMOP Landfill Projec ts

Cummulative Avg. A nnual
2007 Total % of Total Accptance
Tons Project 2007 MSW Year Year Rate (tons,
LANDFILL Landfilled Status Landfilled Opened Closed WIP 2000-2007)

LINN -

BLUESTEM

LANDFILL SITE Operational

#1 - LFGTE 0.0% 1980 2003 | 3,800,000 -

POLK - METRO

PARK EAST

SANITARY Operational

LANDFILL 489,589 LFGTE 17.6% 1972 2025 | 22,213,605 | 466,037

SCOTT - SCOTT

AREA SANITARY Operational

LANDFILL 156,724 LFGTE 23.2% 1977 2030 | 2,277,600 122,479

WINNEBAGO -

CENTRAL

DISPOSAL Operational

LANDFILL 150,450 LFGTE 28.6% 1981 2054 | 4,528,000 259,720

BLACK HAWK-

BLACK HAWK

COUNTY

SANITARY

LANDFILL 137,872 Candidate 33.5% 1990 2060 | 1,821,820 117,805

JOHNSON - CITY

OF IOWA CITY

SANITARY

LANDFILL 124,094 Candidate 38.0% 1971 2025 | 3,000,000 104,352

DUBUQUE -

DUBUQUE 98,406 Candidate 41.5% 1976 2012 | 2,500,000 91,703
132U.S. EPA, Landfill Methane Outreach Program. LMD#&abase—Ilowa. Available at:
http://www.epa.gov/landfill/proj/xIs/Imopdataia.xls
2000 through 2007 landfill disposal data publishgdhe lowa Department of Natural Resources at
http://www.iowadnr.com/waste/sw/data.html
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LANDFILL

2007 Total
Tons
Landfilled

Project
Status

Cummulative
% of Total
2007 MSW
Landfilled

Year
Opened

Year
Closed

WIP

Avg. A nnual
Accptance
Rate (tons,
2000-2007)

METROPOLITAN
SANITARY LF

WEBSTER -
NORTH
CENTRAL IOWA
REGIONAL
SANITARY LF

90,932

Candidate

44.8%

1,000,000

75,759

WOODBURY -
CITY OF SIOUX
CITY SANITARY
LANDFILL

64,175

Candidate

47.1%

1981

2007

1,144,000

44,718

MARION - SOUTH
CENTRAL IOWA
SOLID WASTE
AGENCY

61,812

Candidate

49.3%

1977

2092

858,000

61,856

DES MOINES -
DES MOINES
COUNTY
SANITARY
LANDFILL

59,025

Candidate

51.4%

1965

2017

2,597,642

56,332

DICKINSON -
DICKINSON
SANITARY
LANDFILL

56,895

Candidate

53.5%

1978

84,500

SIOUX -
NORTHWEST
IOWA AREA
SANITARY
LANDFILL

55,172

Candidate

55.4%

1974

2012

1,092,500

57,803

BOONE - BOONE
COUNTY
SANITARY
LANDFILL

54,086

Potential

57.4%

1978

2032

718,624

48,499

MUSCATINE -
MUSCATINE
COUNTY
SANITARY
LANDFILL

35,564

Potential

58.7%

1980

1995

1,212,640

47,801

MARSHALL -
MARSHALL
COUNTY
SANITARY
LANDFILL

33,482

Potential

59.9%

1975

2060

726,000

32,689

WINNESHIEK -
WINNESHIEK
COUNTY
SANITARY
LANDFILL

24,128

Candidate

60.7%

1973

2015

1,000,000

24,229

JASPER - CITY
OF NEWTON
SANITARY
LANDFILL

24,029

Potential

61.6%

1976

2011

840,000

28,261

CLINTON -
CLINTON
COUNTY
SANITARY
LANDFILL-EAST

16,453

Candidate

62.2%

1974

3,697,808

14,437
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Cummulative Avg. A nnual
2007 Total % of Total Accptance
Tons Project 2007 MSW Year Year Rate (tons,
LANDFILL Landfilled Status Landfilled Opened Closed WIP 2000-2007)
FAYETTE -
FAYETTE
COUNTY
SANITARY
LANDFILL 10,052 Candidate 62.5% 1984 2014 | 275,484 10,367

As this table shows, based on the 2007 lowa landfill data, there should be sufficient waste
deposited in these landfills to meet the goal set forth in this option. However, note lgwitorol
efficiency, topographical differences, waste heterogeneity, andfattiers make waste emplace
an imprecise proxy for the quantity of landfill gas that can be collectexthtsite.

Status of Group Approval

Pending —

Level of Group Support
TBD — [blank until ICCAC meeting #5]

Barriers to Consensus
TBD — [blank until final vote by the ICCAC]
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