www.arclimatechange.us/

Summary List of Pending Priority Policy Options for Analysis
GHG Reductions Net o
(MMLCO2€) Present o
Policy No. Policy Option Total Value SiEEne: SlEith el
ota 2009-2025 ness Option
2015 | 2025 | 2009— | 2009— ($/tCOze)
2025 (MI”IOn $)
AFW-1 |Manure Management NQ NQ NQ NQ NQ Pending
Promotion of Soil Carbon 0.62 | 1.50 | 13.6 -$49 -$3.6
Farming Practices .
AFW-2 | 1hat Achieve GHG _ - Pending
Benefits Nutrient Efficiency 0.11 | 0.27 | 2.39 -$56 -$23
Improved Water |Increased 007 | 017 | 149 | $1,241 $835
AFW-3 |Managementand [|Surfacewater Pending
Use Improved Purification| 0.001| 0.001 | 0.012 -$0.4 -$39
Energy From
Expanded Use of Biomass
Agriculture and I 6.2 124 | 121.2 $3208 $26
Forestry Biomass  |Energy from _
AFW-4 | Eeedstocks for Livestock Manure 0.01 | 0.02 | 0.19 $0.8 $4 Pending
Electricity, Heat, or |and Poultry Litter
Steam Production (H:apture of Waste 002 | 006 | 050 $70 -$140
eat
AFW-5  |Expanded Use of Advanced Biofuels 1.35 | 2.15 | 19.7 114 $5.8 Pending
AEW-6 Expanded Use of Locally Produced Farm 18D | TBD | TBD TBD TBD Pending
and Forest Products
Forest Management |Urban forestry 0.02 | 0.11 | 041 $17 $41
and Establishment -
for Carbon Sustainable forest 211 ) . . pondi
AFW-7 Sequestration management 8.6 . 89 ending
Afforestation 0.74 | 1.80 | 16.16 $420 $26
AFW-8 |Advanced Recovery and Recycling 152 | 435 | 3538 -$259 -$7 Pending
AFW-9 |End-of-Use Waste Management Practices | 0.02 | 0.02 0.4 -$3 -$1 Pending

GHG = greenhouse gas; MMtCO-e = million metric tons of carbon dioxide equivalent; $/tCOe = dollars per metric ton
of carbon dioxide equivalent; TBD = to be determined.

The numbering used to denote the above pending priority policy options is for reference purposes only; it does not

reflect prioritization among these important draft policy options.
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AR GCGW AFW TWG Pending Policy Option Descriptions, 07-15-08

Table 1. Biomass Supply/Demand Assessment

Annual
BAnnuaI Biomass
domass | supply
2015 2025
(1073 dry (2073 dry
Biomass Resource short tons) short tons) Notes
Forest residue 5,265 5,265 Biomass availability from Annual Biomass
Supply Study.1
Mill residue 3,239 3,239 Annual Biomass Supply Study.
Urban wood waste 1,534 1534 Annual Biomass Supply Study.
Agricultural residue 3,108 3,108 Annual Biomass Supply Study.
Municipal paper waste 342 523 Taken from AFW-8 analysis
Munic_ipal solid waste 117 175 Taken from AFW-8 analysis
organics
Energy crops Energy crop biomass supply taken from the goals
4,072 8,144 | 9 . o
identified under AFW-4 identified through
marginal agricultural land conversion.
Total Annual Biomass 17,767 22,078
Supply

! Arkansas Economic Development Commissibrkansas Biomass Resource Assessmemiual Biomass Supply.
Available at:http://arkansasedc.com/business_development/eft@ayé=bioenergy
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Table 1. Biomass Supply/Demand Assessment (continue  d)

2015 Annual |2025 Annual
Biomass Biomass
Demand Demand
Policy Requiring (2073 dry (1073 dry
Biomass short tons) short tons) Notes
AFW-4 See Below See Below See below
Methane from livestock [NA NA 10% of available methane from livestock
manure and poultry manure and poultry litter. Methane derived frgm
litter Inventory and Forecast.
Total Forest Feedstocks 502 1,004 10% of availabktate forest residue by 202p.
Total Agriculture 159 320 10% of available agriculture residue bissriay
Residue 2025.
Energy Crop (e.g. 814 1,629 10% of marginal agriculture land by %202
switchgrass)
AFW-5 (Biofuel) 1,500 2,208 10% of biomass supplyptoduce advanced
biofuels.
Total Demand 2,975 5,161
MMBtu = million British thermal units; N/A = not applicable; TBD = to be determined.
AR Governor's Commission on Global Warming 3 Center for Climate Strategies
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AFW-1. Manure Management

Policy Description

Potential manure management practices that reduce greenhouse gas 1fttd4Be associated
with manure handling and storage include manure composting to reduce methgne (CH
emissions, movement of manure from nutrient-rich to nutrient-deficient areas, [auacéach
methods for application to fields (for reduced nitrous oxid€Nemissions). Application
improvements include incorporating manure into soil instead of surface sprayprgadiag.
Also, implementing digester and energy recovery projects at confined animati@pereduces
methane emissions and uses the energy to displace fossil fuels. To date, mgst @iojeets
have been implemented at dairies and swine operations.

Policy Design

Goals: Reduce Chiland NO emissions from dairy, hog, and poultry operations by 40% by 2025,
through improved manure handling and storage practices, compared to business as ugual (BAU

Timing: As described above.

Parties Involved: To be determined (TBD) — [as approved by the Technical Work Group
(TWG)]

Other: Previous studies have determined that deep stacking litter produces sighif0ant
emissions (deep stacking litter is very similar to composting). While compasay lower Ch
emissions, it will probably raise-® emissions. This process also generates and wastes ammonia
emissions.

Velthof et al. (2003)found that more pD was emitted when manure was incorporated into soil
compared to applied to the surface. They looked at applying manure at different depths, but
found surface application was the best. It is suspected that incorporating mamsaal int
increases the potential for denitrification. Nevertheless, incorporaangim into soil may still

be considered good practice, as it reduces nutrient runoff and ammonia emissiomgranes
nitrogen uptake.

Implementation Mechanisms
TBD - [as approved by the Technical Work Group (TWG)]

Related Policies/Programs in Place

Poultry Litter

Act 1061 (HB 1654)Fhe act declares various areas of Arkansas to be nutrient surplus areas for
phosphorus and nitrogen, authorizes the Arkansas Natural Resources Commission toesake rul

2 Velthof, Kuikman, and Oenema (2008)itrous Oxide Emission From Animal Manures AppliedSoil Under
Controlled ConditionsBiol Fertil Soils (2003) 37:221-230

AR Governor's Commission on Global Warming 4 Center for Climate Strategies
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concerning management of nutrients in nutrient surplus areas, and crealgsspenaiolations
of the act.

Poultry Feeding—Management Plans

Act 2294 (SB 1160)¥Fhis act requires that, after January 1, 2007, poultry litter be applied to
soils or associated crops within a nutrient surplus area in accordance witkeat miénagement
plan or poultry litter management plan.

Type(s) of GHG Reductions
CH,: Captures and utilizes methane or prevents the creation of methane.
N2O: Reductions occur when nitrogen runoff and leaching are reduced. (Runoff and leaching
lead to the formation and emission i)

Estimated GHG Reductions and Costs or Cost Savings

Data Sources:

X. Hao, C. Chang, F.J. Larney, and G.R. Travis. “Greenhouse Gas Emissions Duriag Cattl
Feedlot Manure CompostingJournal of Environmental Qualit001;30:376-386. Available at:
http://jeq.scijournals.org/cgi/content/abstract/30/2/376

Quantification Methods:
TBD

Key Assumptions:[TBD, as approved by the TWG]

Key Uncertainties
TBD - [as needed and approved by the TWG]

Additional Benefits and Costs
TBD - [as needed and approved by the TWG]

Feasibility Issues
TBD - [as needed and approved by the TWG]

Status of Group Approval
Pending — [until GCGW moves to final agreement at meeting #8, #9, or #10]

Level of Group Support

TBD — [blank until Governor's Commission on Global Warming (GCGW) meeting #8, #9, or
#10]

Barriers to Consensus

TBD — [blank until final vote by the GCGW)]

AR Governor's Commission on Global Warming 5 Center for Climate Strategies
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Policy Description

The state could provide incentives to farmers for using production processes e aeti
GHG benefits. For example, some organic farming practices could retH@e@issions
compared to conventional farming, depending on the specific practices impldreegteuse of
no-till cultivation and fewer chemicals).

Policy Design

Goals:

By 2025, implement cultivation practices to enhance soil carbon levels on 40% of the
acreage that is not already using these practices.

By 2025, implement cultivation practices to increase nutrient efficiency by 2fi#fgared to
BAU.

Timing: As described above.
Parties Involved: TBD — [as approved by the TWG]
Other: TBD — [as needed and approved by the TWG]

Implementation Mechanisms
TBD — [as approved by the TWG]

Related Policies/Programs in Place
TBD — [as needed and approved by the TWG]

Type(s) of GHG Reductions

Carbon Dioxide (COy): Improved efficiency can reduce electricity and fuel consumption and
the associated GHGs.

Estimated GHG Reductions and Costs or Cost Savings

TBD — [as approved by the TWG]

Data Sources:Annual CQe emissions from synthetic fertilizer and manure applications were

taken from the Arkansas Inventory & Forecast. Cost information for synfedilzers was
taken from the U.S. Department of Agriculture's (USDA's) Economic Rés8arvice’®

3us. Department of Agriculture, Economic Researetvige. NASS Table 7. "Average U.S. Farm Prices of
Selected Fertilizers." Available dittp://www.ers.usda.gov/Data/FertilizerUse/Table®l€7.xls

AR Governor's Commission on Global Warming 6 Center for Climate Strategies
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Quantification Methods:

Soil Carbon

Total cropland in Arkansas was estimated at about 14 million*anrg807. For the purposes of
this analysis, it is assumed that conservation practices include conserlafnmatiil and strip-
till), and other conservation farming practices that provide enhanced groungdarovisrer crop
management practices that achieve similar soil carbon benefits. CoisetMage is defined as
any system that leaves 50% or more of the soil covered with résidue.

Based on the policy design parameters, the schedule for acres to be put into ¢gonservat
tillage/no-till cultivation is displayed in Table 2-1. This table represigtpercentage of

cropland required by the policy. Because an estimate for the rate of pradtiiices being used in
Arkansas could not be found, the national rate of no-till was used, and then applied to the farm
acreage in the state. The national data came from the Conservation Techm@ioggtion
Center'sNational Crop Residue Management Surveys.

For the policy period, it is assumed that the sequestration rate provided by the Chivage C
Exchange for the carbon credit program (0.4 metric tons of carbon dioxide pfCagvacre]

per year, as Arkansas is considered to be 50% in “Zone A” (0.ga@®/year) and 50% in
“Zone D” (0.2 tCQJ/acrelyear)) is indicative of the sequestration that would occur as aakesult
improved tillage practices.As such, 0.4 tC@acre/year was used to estimate the amount of
carbon to be sequestered.

Additional GHG savings from reduced fossil fuel consumption are estimated bglymd the
fossil diesel emission factor and diesel fuel reduction per acre estithateeduction in fossil
diesel fuel use from the adoption of conservation tillage methods is 3.5 gallonc(giilae
life-cycle fossil diesel GHG emission factor of 12.31 $640,000 gal was us€dResults are

* U.S. Department of Agriculture, National Agricutali Statistics Service. Arkansas State AgricultDrerview—
2007. Available athttp://www.nass.usda.gov/Statistics_by_State/Ag_r@ee/AgOverview AR.pdf

® The definitions of tillage practices from the Censtion Technology Information Center are usedeurtiis
policy. However, only no-till/strip-till and ridgéH are considered “conservation tillage” pracsc#lo-till means
leaving the residue from last year’s crop undistdrintil planting. Strip-till means no more tharehird of the
row width is disturbed with a coulter, residue mgara or specialized shank that creates a strghdfks are used,
nutrients may be injected at the same time. Ridbew¢ans that 4—6-inch-high ridges are formeduativation.
Planters using specialized attachments scrap&@etop 2 inches of the ridge before placing thel se¢he ground.

® lowa State University, Agronomy Department . "Rlesi Remaining After Planting, All Tillage Practic@®tals
for United States—Annual Crops." Sourced from tlem$&rvation Technology Information Center, Naticbedp
Residue Management Surveys. Availablehttp://extension.agron.iastate.edu/soils/pdfs/Cati€is1. pdf

" Chicago Climate Exchange. Agricultural Soil Carlfifsets. Available at:
http://www.chicagoclimatex.com/content.jsf?id=781.

8 Reduction associated with conservation tillage parad with conventional tillage. See: Conservalienhnology
Information Center. “Reductions Associated With €envation Tillage Compared With Conventional Ti#dg
Available at:http://www.ctic.purdue.edu/Core4/CT/CRM/Benefitsaht

? Life-cycle emissions factor for fossil diesel framHill et al. "Environmental, Economic, and Eregtig Costs and
Benefits of Biodiesel and Ethanol Biofuel®foceedings of the National Academy of Sciedags25,
2006;103(30):11206-11210. From the assessmentog@luate U.S. soybean-based biodiesel life-ayepacts.
See:http://www.pnas.org/cgi/content/full/103/30/11099.
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shown in Table 2-1, along with a total estimated benefit from both carbon sequestrdtion a
fossil fuel reductions.

Table 2-1. GHG reductions from conservation tillage practices

Percentage
of Total

Available New Acres MMtCO2e MMtCOe

Cropland Under "No MMtCO2e Diesel Saved From Diesel Saved per
Year in Program Till" Sequestered (1,000 gal) Avoided Annum
2008 0%
2009 2% 127,462 0.051 446 0.005 0.056
2010 5% 410,094 0.164 1,435 0.018 0.18
2011 7% 609,599 0.244 2,134 0.026 0.27
2012 10% 809,104 0.324 2,832 0.035 0.36
2013 12% 1,008,609 0.403 3,530 0.043 0.45
2014 14% 1,208,115 0.483 4,228 0.052 0.54
2015 17% 1,407,620 0.563 4,927 0.061 0.62
2016 19% 1,607,125 0.643 5,625 0.069 0.71
2017 21% 1,806,630 0.723 6,323 0.078 0.80
2018 24% 2,006,135 0.802 7,021 0.086 0.89
2019 26% 2,205,640 0.882 7,720 0.095 0.98
2020 28% 2,405,145 0.962 8,418 0.104 1.07
2021 31% 2,604,651 1.042 9,116 0.112 1.15
2022 33% 2,804,156 1.122 9,815 0.121 1.24
2023 35% 3,003,661 1.201 10,513 0.129 1.33
2024 38% 3,203,166 1.281 11,211 0.138 1.42
2025 40% 3,391,588 1.357 11,871 0.146 1.50

Total Reductions 13.6

MMtCO.e = million metric tons of carbon dioxide equivalent; gal = gallon.

The estimated cost savings ($2.75/acre) related to the adoption of no-till favesrdgrived
from the low end of the range provided in "Economic Comparison of Three Cotton Tillage
Systems in Three NC Regions," by S. Walton and G. Bifl@he reduction in fossil diesel fuel
use from the adoption of conservation tillage methods is 3.5 gallon/adre life cycle fossil
diesel GHG emission factor of 12.31 Mt@(01,000 gallons was uséd.

10 Seewww.ces.ncsu.edu/depts/agecon/Cotton_Econ/produEmonomic_Comparison.ppaccessed February
2000.

M Reduction associated with conservation tillage parad with conventional tillage, http://www.ctic.purdue.edu/
Core4/CT/CRM/Benefits.htmbhccessed August 2006.

12| ife cycle emissions factor for fossil diesel framHill et. al.,Proceedings of the National Academy of Sciences
103(30):11206-11210. From the assessment usediioade U.S. soybean-based biodiesel life cycle atgpa
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Costs savings were estimated by multiplying the estimated savingsreaitad above ($2.75)
by the number of acres in the program each year. This savings estimaiatakesount budget
changes for the cost of fuel, labor, chemicals, and equipment.

The costs of adopting soil management practices (e.g., conservation tittlj@iactices) are
based on cost estimates from the Minnesota Agriculture Best ManagemetiteRrprograr’

This program provides farmers a low-interest loan as an incentive to initiat@rave their
current tillage practices. The equipment funded is generally specialiagd or planting
implements that leave crop residues covering at least 15%-30% of the groundcaftiegpl'he
average total cost for this equipment is $23,000, though the average loan for tillage efjisipme
$16,000. The average-size farm using an AgBMP loan to purchase conservagen tilla
equipment is 984 acres. The average loan size was determined based on theiagarbge s
farm in Arkansas (308 acré$pand the amount of a loan per acre as estimated in the Minnesota
Agriculture Best Management Practices program ($16.26faciBhis put the average loan size
at $5,008 to finance no-till/conservation tillage practices. This loan paymerappéed to each
new acre entering the program to determine an approximate cost of enaptinagise of soil
management practices. It was further assumed that carbon credits woulddideatfaiough

future programs similar to the National Farmers Union Carbon Credit Prfgrathe lowa

Farm Bureau’'s AgraGate Climate Credits Corporation. The resulting ffestheeness of soil
carbon management is a cost savings of about $3.6/pdtC8ee Table 2-2 for more details.

Table 2-2: Costs of Conservation Tillage Program

Discounted
Cost Savings Total Costs of Costs of
Year Cost of loan of Program program Program
2008 $0 $0 $0 $0
2009 $2,072,526 ($675,258) $1,397,268 $1,149,536
2010 $4,595,601 ($2,172,570) $2,423,031 $1,898,508
2011 $3,243,954 ($3,229,497) $14,457 $10,788
2012 $3,243,954 ($4,286,423) ($1,042,469) -$740,863
2013 $3,243,954 ($5,343,349) ($2,099,395) -$1,420,953
2014 $3,243,954 ($6,400,275) ($3,156,321) -$2,034,593
2015 $3,243,954 ($7,457,201) ($4,213,248) -$2,586,568
2016 $3,243,954 ($8,514,127) ($5,270,174) -$3,081,361
2017 $3,243,954 ($9,571,054) ($6,327,100) -$3,523,166
2018 $3,243,954 ($10,627,980) ($7,384,026) -$3,915,907
2019 $3,243,954 ($11,684,906) ($8,440,952) -$4,263,254

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

14 NASS. “Arkansas Agricultural Overview”. 2008.

http://www.nass.usda.gov/Statistics_by State/Ag r@dee/AgOverview AR.pdf

!> Minnesota Department of Agriculture (2006), Agitaral Best Management Practices Loan Program State
Revolving Fund Status Report, February 28, 2006.

'8 price of $2.10 per metric ton of G®sourced from CCX Web site on November 13, 2007.
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2020 | $3,243,954 ($12,741,832) | ($9,497,878) -$4,568,642
2021 | $3,243,954 ($13,798,758) | ($10,554,804) | -$4,835,278
2022 | $3,243,954 ($14,855,684) | ($11,611,731) | -$5,066,160
2023 | $3,243,954 ($15,912,611) | ($12.668,657) | -$5,264,089
2024 | $3,243,954 ($16,969,537) | ($13,725,583) | -$5,431,679
2025 | $3,063,734 ($17,967,745) | ($14,904,011) | -$5,617,165
Total -$49,290,846

Nutrient Efficiency

The GHG benefits of this option are quantified by calculating thee@@issions per kilogram
(kg) of nitrogen (N) applied in Arkansas. This uses a figure of the nitrogesienagrom
fertilizer (4.70 kg CQe per kg of N applied), calculated from the Arkansas Inventory and
Forecast. This is then combined with a figure for the life-cycle eomis®f nitrogen fertilizer
(0.857 kg CGelkg of N)}’ Thus, the total C& emissions in Arkansas are 5.55 kg,&&gy of N
applied. The BAU estimate of nitrogen fertilizer use in the Inventory and &sirassumes
constant rates of nitrogen application from 2005. To increase nutrient efficig20¢t
nitrogen fertilizer use is then reduced from the BAU estimate. This redutitinitrogen
application is then multiplied by the nitrogen emissions factor to detethen®@HG benefits of
this policy. Table 2-3 presents the nitrogen reductions and the GHG benefitpofgbsed
nutrient efficiency policy.

Table 2-3. GHG reductions from the proposed nutrient efficiency polig

AR Fertilizer Nitrogen
Used Fertilizer
(baseline) Used With Nitrogen Emission
(metric tons Efficiency Policies Fertilizer Reductions
Year N) Improvement | (metric tons), Reduction (MMtCOe)
2008 242,797 0.0% 242,797 0 0.00
2009 242,797 1.2% 239,941 2,856 0.02
2010 242,797 2.4% 237,084 5,713 0.03
2011 242,797 3.5% 234,228 8,569 0.05
2012 242,797 4.7% 231,371 11,426 0.06
2013 242,797 5.9% 228,515 14,282 0.08
2014 242,797 7.1% 225,658 17,139 0.10
2015 242,797 8.2% 222,802 19,995 0.11

'T.0. West and G. Marland. 2001. "A Synthesis oft®a Sequestration, Carbon Emissions, and Net @afhox

in Agriculture: Comparing Tillage Practices in tHaited States.Agriculture, Ecosystems & Environment
September 2002:91(1-3):217-232. Available at:

http://www.sciencedirect.com/science? ob=Article 8Rudi=B6T3Y-46MBDPX-

10& user=10& rdoc=1& fmt=& orig=search& sort=d&view& acct=C000050221& version=1& urlVersion=
0& userid=10&md5=4bf71c930423acddffbcef6d46d763c3
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2016 242,797 9.4% 219,946 22,851 0.13
2017 242,797 10.6% 217,089 25,708 0.14
2018 242,797 11.8% 214,233 28,564 0.16
2019 242,797 12.9% 211,376 31,421 0.17
2020 242,797 14.1% 208,520 34,277 0.19
2021 242,797 15.3% 205,663 37,134 0.21
2022 242,797 16.5% 202,807 39,990 0.22
2023 242,797 17.6% 199,950 42,847 0.24
2024 242,797 18.8% 197,094 45,703 0.25
2025 242,797 20.0% 194,238 48,559 0.27
Total Reductions 2.43

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

The costs of the nutrient efficiency policy were estimated based on the iempétion of a soil
testing policy to optimize fertilizer application. This policy assumes $20adssta 75 acre
field, with the field tested every four years, across all of Arkansas. aherdso staffing costs
for the testing and information program ($500,000/yr) and costs of preparing a guidance
document ($75,000). Subtracted from these costs are the savings from reducast fesé|
which results in a net savings over the policy period. See Table 2-4 for mors. detail

Table 2-4 Costs of Nutrient Efficiency Program

Target Annual Cost of
Fertilizer Fertilizer Avoided Cost
Reduction Programs of Fertilizer Discounted

Year (kg N) ($MM) ($MM) Costs+Savings | Costs+Savings
2009 2,856 3.11 -1.10 2.01 $1.65
2010 5,713 2.86 -2.20 0.66 $0.52
2011 8,569 $3.11 $(3.30) $(0.19) -$0.14
2012 11,426 $2.86 $(4.39) $(1.53) -$1.09
2013 14,282 $2.86 $(5.49) $(2.63) -$1.78
2014 17,139 $2.86 $(6.59) $(3.73) -$2.41
2015 19,995 $2.86 $(7.69) $(4.83) -$2.97
2016 22,851 $2.86 $(8.79) $(5.93) -$3.47
2017 25,708 $2.86 $(9.89) $(7.03) -$3.91
2018 28,564 $2.86 $(10.99) $(8.13) -$4.31
2019 31,421 $2.86 $(12.08) $(9.22) -$4.66
2020 34,277 $2.86 $(13.18) $(10.32) -$4.97
2021 37,134 $2.86 $(14.28) $(11.42) -$5.23
2022 39,990 $2.86 $(15.38) $(12.52) -$5.46
2023 42,847 $2.86 $(16.48) $(13.62) -$5.66
2024 45,703 $2.86 $(17.58) $(14.72) -$5.82
2025 48,559 $2.86 $(18.68) $(15.82) -$5.96

Total $29 -$57.84
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Key Assumptions:The conservation tillage policy assumes that 0.4.t&xe/year is a good

estimate for the sequestration that comes from no-till. If this is not araée@stimate of the

benefits of conservation tillage on Arkansas soils, then this number will need to gecth&oil

carbon management includes all conservation farming practices that redGcendssions and
increase soil carbon sequestration. Conservation tillage has been used asphe fexa

guantification purposes, and other options, such as cover crops, different rotations, and perennial
crops, are of equal interest.

The made several other key assumptions, including: the carbon sequestratioalpstenti
representative of all the crop systems to which the policy is applied, a 2peyemat for
accumulating the soil carbon, any potential increase( @&missions is not large enough to
significantly affect the estimated G®enefits, and cost savings used are representative of
average savings to be achieved across all crop systems.

The nutrient efficiency policy assumes that reduced fertilizer use carhisyed without a
decrease in yield. If there is a yield decrease that comes with re@uttiecef application then
it will be more difficult to determine the both the costs and GHG reductions of tiag.p8IAU
fertilizer rates are assumed under historic fertilizer costs. Thentwaxplosion in energy and
fertilizer costs may substantially alter BAU rates.

Key Uncertainties

The rate of no-till practices used is based on the national average, which mdleobt re
Arkansas conditions. The costs/acre for no-till management comes from thesanne
Agriculture Best Management Practices program, which may not reflkahgas costs/acre.
Additional Benefits and Costs

TBD - [as needed and approved by the TWG]

Feasibility Issues
TBD - [as needed and approved by the TWG]

Status of Group Approval
Pending — [until GCGW moves to final agreement at meeting #8, #9, or #10]

Level of Group Support
TBD — [blank until GCGW meeting #8, #9, or #10]

Barriers to Consensus
TBD — [blank until final vote by the GCGW)]
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AFW-3. Improved Water Management and Use

Policy Description

Using surface water versus groundwater and decreasing water consumptioa pethjgieg

and energy consumption, in addition to other ancillary benefits. Implementing besgenzent
practices improves the efficiency of water use. Additionally, exae$sce water can lead to
runoff of nitrogen, with subsequent emission gONo the atmosphere. Managing and
improving water consumption and nutrients spread on crops will result in a minimal loss of
carbon from the soil. Reusing water can create nutrient management problems, tapel mus
considered when implemented. Water purification is an energy-intensive pttoaeissan issue
for farmers and land users in addition to other sectors, such as the residential,cainamer
industrial (RCI) sector (this is related to options under the RCI Technical WotlpGTWG]).
As such, water use in rural, suburban, and urban areas should be included under this policy
option. The impact of catfish farms on GHG emissions could also be investigated under thi
option.

Policy Design

Goals:

Increase the use of surface water for irrigation by 10% by 2025, compared tmBgeiting
the need for energy-intensive groundwater (reducing energy consumption tessodia
groundwater pumping).

Decrease energy use for water purification by 20% in 2025, compared to BAldiésc
efficiency gains from reducing water and energy consumption).

Timing: As described above.
Parties Involved: TBD — [as approved by the TWG]
Other: TBD — [as needed and approved by the TWG]

Implementation Mechanisms

Enhance current capabilities/capacities of storing surface watettsatat is available at
appropriate times and quantities.

Related Policies/Programs in Place

Through Act 341 of 1995, Arkansas has invested significant funding and technical support (in
addition to local and federal funding) toward using surface water as opposed to groundwater.
Three projects currently under way are:

Bayou Metro Water Management District,

Boeuff Tensas Water Management District, and
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White River Irrigation District.
Each of the above projects is in various stages of development toward re&digiogls to use
surface water instead of groundwater for irrigation.
Type(s) of GHG Reductions
COg,: Less energy used to pump water results in reducec@@sions.
N2O: Reductions occur when nitrogen runoff and leaching are reduced. (Runoff and
leaching lead to the formation and emission gdN
Estimated GHG Reductions and Costs or Cost Savings
TBD — [as approved by the TWG]

Data Sources:
Surface Water

Fuel price estimates:

U.S. Department of Energy, Energy Information Administrathamual Energy Outlook
2007: With Projections to 203(MDOE/EIA-0383(2007)Washington, DC, February 2006.
Available at:http://tonto.eia.doe.gov/ftproot/forecasting/0383(2007).pdf

U.S. Department of Energy, Energy Information Administratlamual Energy Outlook
2003: With Projections to 2028DOE/EIA-0383(2003)Washington, DC, January 2003.
Available at:http://tonto.eia.doe.gov/ftproot/forecasting/0383(2003).pdf

Amount of energy used for irrigation in Arkansas:
U.S. Department of Agriculture, National Agricultural Statistics Serv2@03 Farm and
Ranch Irrigation Survey." South Carolina Table 20—Energy Expenses for On-Barping
of Irrigation Water by Water Source and Type of Energy: 2003 and 1998. Available at:
http://www.agcensus.usda.gov/Publications/2002/FRIS/tables/fris03_20.pdf

Growth rate for water use:

U.S. Department of Energy, Energy Information Administrathomual Energy Outlook
2007: With Projections to 203MDOE/EIA-0383(2007)Washington, DC, February 2006.
Available at:http://tonto.eia.doe.gov/ftproot/forecasting/0383(2007).pdf

Water Purification

Energy use:
U.S. Department of Energy, Energy Information Administrathomual Energy Outlook

2007: With Projections to 203(DOE/EIA-0383(2007)Washington, DC, February 2006.
Available at:http://tonto.eia.doe.gov/ftproot/forecasting/0383(2007).pdf

U.S. and Arkansas population figures:

U.S. Census Bureau. "State & County QuickFacts, People QuickFacts." Avaitable
http://quickfacts.census.gov/gfd/states/19000.html
http://quickfacts.census.qov/qgfd/states/05000.html
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Emission factors for electricity and diesel fuel:
Arkansas Inventory and Forecast.

Quantification Methods:

Surface Water:This analysis used an estimate from the Arkansas Natural Resources
Commission of the amount of groundwater(6.5 Billion galsfand surfacewater(19.9 Billion
gals/day®) used in the state of Arkansas. 96% of all groundwater is used for irrfJatiod

while no estimate exists for the amount of surfacewater going towagigion, it is assumed to
be comparable. Thus, by 2025, surfacewater use will increase by (10%*96%*19.9 Billion
gals/day) in this policy. Groundwater and surfacewater use carry with tffenermli electricity
requirements (1.7 kwWh/1000 gals for groundwater and 1.3 kwh/1000 gals for surfacewater).
Thus, every thousand gallons of water that comes from surfacewater saves 0.4 kWh of
electricity’*?2 This electricity savings figure is then multiplied by the emissiorisrféar
electricity (.592 tons C&/megawatt-hour [MWh]) to get the tons of €£Gaved. Costs were
estimated based on lowa average estimates of ground and surfacewatsercb8@9 gals,

which came from a publication by lowa’s Municipal Utilitiés The costs for the largest
groundwater suppliers averaged $0.56/1000 gallons. The costs for the largest stefacew
suppliers was $0.72/1000 gallons. This cost difference ($0.15/1000 gallons) in 2000 was then
discounted forward to 2005 dollars, and multiplied by the number of gallons switched/éna gi
year. See Table 3-1 for detalils.

Table 3-1. GHG benefits and costs of surface water  policies

$
”

# %
"&& & & & &(&& )&
"&&* &(+*, -1&.0 1/-&0 &(&. )1.-l"-
"8.& () "8 2+ 2" &@&"| ).
"&.. .01, 28+ S &@&2  )-r2-n-.
"g." "2+, 1-/1&0& 1+/1" &(&| )2'-+1/++
"8.2 "(*-, "&+/&'0 "/&2+ &@&+ )-&+0./81*
"&.- 2(+2, "1/.&- xf- &@&1 )12

18 Arkansas Natural Resources Commissidrkansas Groundwater Protection and Management Rep@006.
January 2007 http://www.anrc.arkansas.gov/Draft%20for%20'06 i .

19 Arkansas Natural Resources Commissi@fi05 Water Use Registration Surface Water Report.

20 Arkansas Natural Resources Commissidnkansas Groundwater Protection and Management Re@006.
January 2007 http://www.anrc.arkansas.qov/Draft%20for%20'06 i .

2L Olson, Scott and Larson, Ala®pportunities and Barriers in Madison, Wisconsimdérstanding Process
Energy Use in a Large Municipal Water Utilityladison Gas and Electridttp://www.ceel.org/ind/mot-
sys/ww/mge2.pdf

% Elliot, Todd et al.Energy Use at Wisconsin’s Drinking Water Facilitietuly 2003. Energy Center of
Wisconsin. http://www.ecw.org/prod/222-1.pdf

% Energy Costs to Treat Water and Wastewater in loleava Association of Municipal Utilities. Novemh&002.
http://www.iamu.org/main/studies_reports/reporis.ht
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MMtCO.e = million metric tons of carbon dioxide equivalent; MWh = megawatt-hours.

Water Purification:The amount oénergy going towards water purification in Arkansas could

not be determined. National electricity consumption for water purification (1.ibmiWh)**

was used as a proxy, and then applied to Arkansas based on the Arkansas percentagal of the tot
U.S. population (.949%5. The electricity consumption for water purification was assumed to
increase at 0.8% annually, based on U.S. Department of Energy (DOE) Energyatido
Administration (EIA)Annual EnergyOutlook(AEO) estimate®. This was used to create a BAU
estimate for Arkansas energy consumption. As per the goal, electangymption was then

reduced by 20% in 2025. This electricity saved was then multiplied by the stastoas factor

for electricity to determine the GOreduced. See Table 3-2 for details of analysis.

The costs of improved efficiency in water purification were estimated basée cndts of
improved efficiency in Texas water purification. That particular anafgsisd that variable
frequency drives for water purification cost $85,000 and could save 206 mWh annually.
Assuming that this type of cost-savings ratio is typical of water patidic efficiency
investments, the costs of the efficiency improvements in Arkansas can baektifiae cost
savings of reduced electricity consumption were also considered, using thercahoost of
electricity in 2008 multiplied by the mWh of energy s&Ved

Table 3-2. GHG benefits and costs of water purifica  tion policies
%

"&&! &(+ & &(&8 & )& )&

24 US EIA. Annual Energy Outlook 200http://www.eia.doe.gov/oiaf/archive/aeo07/pdf/03BE(7).pdf

%5 US Census Bureau. 2008. “State Interim PopulatimjeRtions by Age and Sex.”
http://www.census.gov/population/www/projectiongjectionsagesex.html

2 UsS EIA. Annual Energy Outlook 200fttp://www.eia.doe.gov/oiaf/archive/aeo07/pdf/03BRY7).pdf
2T US EIA. “Short Term Energy Outlook.” June 20Q8tp://www.eia.doe.gov/emeu/steo/pub/2tab.pdf
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MMtCO.e = million metric tons of carbon dioxide equivalent; kWh = kilowatt-hours.

Key Assumptions:The energy consumption that comes with groundwater and surfacewater use

comes from a report for the state of Wisconsin. The difference in energy cormsu(Opti
kWh/1000 gals) found in this study is assumed to reflect Arkansas conditions. Costs from

increased use of surfacewater come from an lowa source.
comparable to those in Arkansas.

It is assumbddhaosts are

The water purification option assumes that water purification energy us&ansas occurs at
the same rate as the national average. If this is not the case, the costefitgiviié need to be
adjusted. Likewise the 0.8% increase in water purification energy useleolA may not
reflect Arkansas conditions. The costs of efficiency improvements in watBcgtion come
from a case study in Texas, and these costs are assumed to reflect AeKarisasy

improvements.

Key Uncertainties

TBD - [as needed and approved by the TWG]

Additional Benefits and Costs

TBD - [as needed and approved by the TWG]

Feasibility Issues

TBD - [as needed and approved by the TWG]
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Status of Group Approval
Pending — [until GCGW moves to final agreement at meeting #8, #9, or #10]

Level of Group Support
TBD — [blank until GCGW meeting #8, #9, or #10]

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

Increasing the amount of biomass available from forests or agricultugerferating electricity
can displace the use of fossil energy sources. This strategy also gesaheacapture of waste
heat at facilities using biomass (or fossil fuels), wherever possible. The e could be used
for cogeneration to displace heating costs and fossil fuel use. Arkansascoedsde the
amount of biomass available for generating electricity and displacingehs tessil energy
sources. Local electricity or steam production yields the greatesteretyepayoff.

Policy Design
Goals:
Agricultural Residuestncrease the use of agricultural residues for electricity, steam, and

heat generation to utilize 5% of available in-state agricultural residusalss by 2015 and
10% of available biomass by 2025.

Forest Residuedncrease the use of forest residues for electricity, steam, andemeaation
to utilize 5% of available biomass by 2015, and 10% of available in-state fordsierbgi
2025.

Energy Cropsincrease the production of energy crops to produce biomass feedstock for
electricity, steam, and heat generation by increasing acreage devotedyp@nps to 10%
of marginal agricultural land by 2025.

Energy From Livestock Manure and Poultry Litt&y 2025, utilize 10% of available energy
from livestock manure and poultry litter for renewable electricity, heatsgéeam generation.
[Note potential overlap with AFW-1.]

Capture of Waste HeaBy 2025, ensure that facilities using biomass for electricity, heat, and
steam production are capturing and utilizing 10% of waste heat.

Timing: As described above.
Parties Involved: TBD — [as approved by the TWG]

Other:

The area of marginal agricultural land was determined using the StateeBgilaphic Databases
(STASGO) through reviewing the distribution of land by capability clasadarirrigated land
(as defined by the Natural Resource Conservation Setvidéle land capability classification
shows, in a general way, the suitability of soils for most kinds of field crops. Crapeduae
special management are excluded. The soils are grouped according to tregiohsfor field

28 STASGO information was provided by the Arkansa$eSGonservation office of the USDA Natural Resosrce
Conservation Service.
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crops, the risk of damage if they are used for crops, and the way they respond tameahage
The criteria used in grouping the soils do not include major and generally esplamsl

forming that would change slope, depth, or other characteristics of the soils, noy oheitnde
possible but unlikely major reclamation projects. Capability classiicasi not a substitute for
interpretations that show suitability and limitations of groups of soils for famdefor
woodland, and for engineering purposes.

In the capability system, soils are generally grouped at threes+tegabability class, subclass,
and unit. Only class and subclass are included in this data set.

Capability classes, the broadest groups, are designated by the numbers 1 through 8b&te num
indicate progressively greater limitations and narrower choices fdiqalagse. Marginal
agricultural land is considered to include capability cl&8$8est, and 5, and the total land area is
16, 287, 592 acres, respectivaly.

Implementation Mechanisms
TBD — [as approved by the TWG]

Related Policies/Programs in Place

Electric Public Utility Renewable Energy Resources

Act 755 (HB 2812)— The Arkansas Public Service Commission (APSC) is authorized to
consider, propose, develop, solicit, approve, implement, and monitor measures by mibtitri
utilities subject to its jurisdiction that cause the companies to incur costsvade and
investments that utilize, generate, or involve clean energy resources oalbémenergy
resources, or both. The APSC may encourage or require electric public gilbjest to its
jurisdiction to consider clean energy or renewable energy resources, or botth chspga
resource plan. After proper notice and hearings, the APSC may approve angneegy
resource or renewable energy resource that it determines to be in the petdst.int the APSC
determines that the cost of a clean energy resource or renewable esergge is in the public
interest, the APSC may allow the affected electric public utility toempeint a temporary
surcharge to recover a portion of the costs of such a resource until the implemefitagw
rate schedules in connection with the utility's next general rate, Mihgrein such costs can be
included in the utility's base rate schedfes.

Type(s) of GHG Reductions
CO,, N,O, CHy: Displaces emissions from fossil fuel combustion.

29 Class 3 soils have severe limitations that redbeechoice of plants or that require special cors@n practices,
or both. Class 4 soils have very severe limitatitwas reduce the choice of plants or that requiry careful
management, or both. Class 5 soils are subjeitleodr no erosion but have other limitations, natical to
remove, that restrict their use mainly to pastraageland, forestland, or wildlife habitat.

30 Note that this acreage assessment may overestinaatgnal agricultural land because it was develagsdg
soil data without considering land use.

3! From the ARKLEG web site. See:
http://www.arkleqg.state.ar.us/NXT/gateway.dll?f=fdates&fn=default.ntm&vid=blr:ar
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Estimated GHG Reductions and Costs or Cost Savings

Data Sources:

Princeton Energy Resources International, LLC and Exeter Assolriatd$he Potential for
Biomass Cofiring in MarylandDNR 12-2242006-107, PPES-06-02. Prepared for the
Maryland Department of Natural Resources, Power Plant Research Privaerh 2006.
Available at:http://esm.versar.com/PPRP/bibliography/PPES_06_02/PPES_06_.02.pdf

U.S. Department of Energy, Energy Information Administration. "Average Geatent of
Selected Biomass Fuels." Table 10 Annual Electric Generator. Available a
http://www.eia.doe.gov/cneaf/solar.renewables/page/trends/table10.html

Oak Ridge National Laboratory. Table A.2: Approximate Heat Content of Seleatds for
Electric Power Generation. Available at:
http://cta.ornl.gov/bedb/appendix_a/Approximate_Heat Content of Selected Fudise for
ctric_Power_Generation.x($,000—-8,000 Btu per pound for solid wood products).

Arkansas Economic Development Commissiirkansas Biomass Resource Assessment.
Annual Biomass Supply Available at:
http://arkansasedc.com/business_development/energy/?page=bioenergy

U.S. Department of Energy, Energy Information Administration. "Average Eieatent of
Selected Biomass Fuels." April 2008. Available at:
http://www.eia.doe.gov/cneaf/solar.renewables/page/trends/tablel10.html

Quantification Methods:

Energy from Biomass GHG Benefits

This analysis focuses on the incremental GHG benefits associated withizagan of
additional biomass to offset the consumption of fossil fuels. It assumes thasbiamtidoe used
to replace coal in the RCI and electricity sectors (where coal egpisegbout 49% of electricity
generated in Arkansa¥).

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

The amount of biomass utilized by each of the three components (Agriculture,dfafé&stergy
Crops) is illustrated in Tables 4-1, 4-2, and 4-3. The biomass available for ermrgy cr
utilization was determined using the available marginal agricultural landtiie Natural

%2 Based on eGRID data: coal 49%, nuclear 30%, ojld&tural gas 10%, biomass 4%, hydro 4%, and wid O
U.S. Environmental Protection Agency. "Emission&&neration Resource Integrated Database (eGRID4. fba
Arkansas." Available ahttp://www.epa.gov/cleanenergy/energy-resourcesifgdex.html

% Emission factors obtained from the Center for @lienStrategies' (CCS's) energy fuel emission factor
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Resource Conservation Service (the total land area is assumed to be 16, 287, 592 ages). Ene
crop production is assumed to be 5 tons/acre/year based on Grahani’(1994)

Table 4-1. GHG benefits from agriculture crop resid  ue

Avoided
Emissions
Percentage of Ag. Residue Ag. Residue Ag Residue
Year Utilization Biomass (tons) Biomass (MMBtu) (MMtCOe)
2009 0.1% 3,807 31,401 0.003
2010 1.0% 30,457 251,211 0.024
2011 1.8% 57,107 471,020 0.044
2012 2.6% 83,757 690,829 0.065
2013 3.5% 110,407 910,638 0.086
2014 4.3% 137,057 1,130,447 0.106
2015 5.0% 159,900 1,318,855 0.124
2016 5.5% 175,890 1,450,741 0.136
2017 6.0% 191,880 1,582,626 0.149
2018 6.5% 207,870 1,714,512 0.161
2019 7.0% 223,860 1,846,397 0.174
2020 7.5% 239,850 1,978,283 0.186
2021 8.0% 255,840 2,110,168 0.198
2022 8.5% 271,830 2,242,054 0.211
2023 9.0% 287,820 2,373,939 0.223
2024 9.5% 303,810 2,505,825 0.236
2025 10.0% 319,800 2,637,710 0.248
Cumulative 2.37

MMtCO.e = million metric tons of carbon dioxide equivalent; tCO.e = metric tons of carbon dioxide equivalent;
MMBtu = million British thermal units.

Table 4-2. GHG benefits from forestry biomass

Avoided
Emissions All
Forest
Percentage Forest Feedstocks* Forest Feedstocks* Feedstocks
Year of Utilization (dry tons) (MMBtu) (MMtCO2e)
2009 0.7% 71,700 714,204 0.067
2010 1.4% 143,400 1,428,407 0.134
2011 2.1% 215,100 2,142,611 0.201
2012 2.9% 286,800 2,856,815 0.269
2013 3.6% 358,500 3,571,019 0.336
2014 4.3% 430,200 4,285,222 0.403

34 Robin Lambert Graham (1994) "An Analysis Of ThedPdial Land Base For Energy Crops In The
Conterminous United States" Biomass and Bioenargl,6. No. 3, pp. 175-189, 1994, Oak Ridge Natlona
Laboratory. Lands that could not produce this miummbiomass yield were considered unsuitable.
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Avoided
Emissions All
Forest
Percentage Forest Feedstocks* Forest Feedstocks* Feedstocks
Year of Utilization (dry tons) (MMBtu) (MMtCOe)
2015 5% 501,900 4,999,426 0.470
2016 5.5% 552,090 5,499,368 0.517
2017 6.0% 602,280 5,999,311 0.564
2018 6.5% 652,470 6,499,254 0.611
2019 7.0% 702,660 6,999,196 0.658
2020 7.5% 752,850 7,499,139 0.705
2021 8.0% 803,040 7,999,081 0.752
2022 8.5% 853,230 8,499,024 0.799
2023 9.0% 903,420 8,998,967 0.846
2024 9.5% 953,610 9,498,909 0.893
2025 10% 1,003,800 9,998,852 0.940
Cumulative 9.17
MMtCO.e = million metric tons of carbon dioxide equivalent; kWh = kilowatt-hours.
*includes forest residue, mill residue, and urban wood waste.
Table 4-3. GHG Benefits From Dedicated Energy Crops
Avoided
Emissions,
Percent of Total Energy | Energy
Marginal Land Land Available Total Energy Crops Crops
Year | Utilization for energy crops Crops (Dry Tons) (MMBtu) (MMtCO2e)
2009 0.7% 116,340 581,700 8,550,986 0.804
2010 1.4% 232,680 1,163,399 17,101,972 1.61
2011 2.1% 349,020 1,745,099 25,652,957 2.41
2012 2.9% 465,360 2,326,799 34,203,943 3.21
2013 3.6% 581,700 2,908,499 42,754,929 4.02
2014 4.3% 698,040 3,490,198 51,305,915 4.82
2015 5% 814,380 4,071,898 59,856,901 5.63
2016 5.5% 895,818 4,479,088 65,842,591 6.19
2017 6.0% 977,256 4,886,278 71,828,281 6.75
2018 6.5% 1,058,693 5,293,467 77,813,971 7.31
2019 7.0% 1,140,131 5,700,657 83,799,661 7.88
2020 7.5% 1,221,569 6,107,847 89,785,351 8.44
2021 8.0% 1,303,007 6,515,037 95,771,041 9.00
2022 8.5% 1,384,445 6,922,227 101,756,731 9.56
2023 9.0% 1,465,883 7,329,416 107,742,421 10.1
2024 9.5% 1,547,321 7,736,606 113,728,111 10.7
2025 10% 1,628,759 8,143,796 119,713,801 11.3
Cumulative 109.7
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Energy From Biomass Costs

The cost calculation has two main components: fuel costs and capital costs. Toefjo@hent
is based on the difference in costs between supply of biomass fuel and the assuifadlfossi
that it is replacing (i.e., coal). Assumed costs used in the analysis aréadentTable 4-4.

Table 4-4. Assumed costs of biomass feedstocks

Heat content Cost $/MMBtu
Fuel Type Cost $/Ton Delivered (MBtu/Ton) Delivered
Agricultural Residues® $42.50 8.3 $5.12
Energy crop (switchgrass)®® $60.00 14.7 $4.09
Forest feedstocks®’ $35.00 10.0 $3.51

$/MMBtu = dollars per million British thermal units.

Table 4-5. Assumed costs of coal feedstocks

Coal (in

2005$/MMBTU)
2009 $2.04
2010 $2.10
2011 $2.11
2012 $2.07
2013 $2.02
2014 $1.99
2015 $1.96
2016 $1.94
2017 $1.92
2018 $1.92
2019 $1.88
2020 $1.87
2021 $1.86

% Price of agriculture residues and energy cropsesoitom the mid-point of the range provided'lme Economics
of Biomass Collection, Transportation, and Supplindiana Cellulosic and Electric Utility Faciliteeby Sarah C.
Brechbill and Wallace E. Tyner Dept. of AgricultuEeconomics, Purdue University (April, 2008). Casimponents
including seed, fertilizer and herbicide applicatimowing/shredding, raking, baling, storage, heagglland
transportation in the 30 mile range. The cost estmalso include nutrient replacement for cormesto Heat
Content of Selected fuels ORNL

http://cta.ornl.gov/bedb/appendix_a/Approximate_HE€antent_of Selected_Fuels_for_Electric_Power_ Geioe
n.xls

% |bid

37 Maryland DNR “The Potential for Biomass CofiringMaryland”, March 2006. Prepared by Princeton Byer
Resources International, LLC and Exeter Associli€sfor the DNR Maryland Power Plant Research Paogr
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2022 $1.85
2023 $1.85
2024 $1.85
2025 $1.85

The cost is calculated by assuming the replacement of coal with biomasstf@iencde in costs
(dollars per million British thermal units [$/MMBtu]), is multiplied by th@aunt of coal energy
(MMBLtu) being replaced by biomass (see Table 4-5). The assumed increcagitial costs are
based on the capital costs associated with establishing a biomass plant ddmpareal plant.
Capital costs and operational and maintenance costs were taken from Table FOAAERD
2007®. While use of biomass may be pursued through other technology types (e.gati@s)fic
or end uses (e.g., heat or steam), this methodology was used to provide an estimatel®ef pos
additional capital and operational costs required to enable the utilization of bigrabks4-

6).3

Table 4-6. Estimated costs of Biomass to Energy

Estimated Estimated
Approxim Additional Additional
ate Variable Fixed
Total Cumulati Operational Operationa Total
Biomass ve Annualized and |l and Additional Total Costs

Utilization Capacity Capital Maintenance Maintenan Biomass Fuel (Million
Year (MMBtu) (MW) Costs Costs ce Costs Costs 20059%)
2009 9,296,591 119 $3,929,452 -$1,186,422 | $2,882,332 $18,650,017 $24.3
2010 18,781,590 240 $7,938,539 -$2,396,889 | $2,940,746 $36,753,526 $45.2
2011 28,266,588 362 $11,947,627 -$3,607,355 | $2,940,746 $55,132,164 $66.4
2012 37,751,587 483 $15,956,715 -$4,817,822 | $2,940,746 $75,208,682 $89.3
2013 47,236,586 604 $19,965,802 -$6,028,288 | $2,940,746 $96,516,365 $113.4
2014 56,721,584 725 $23,974,890 -$7,238,755 | $2,940,746 | $117,638,117 $137.3
2015 66,175,182 846 $27,970,705 -$8,445,214 | $2,931,011 | $139,229,725 $161.7
2016 72,792,700 931 $30,767,775 -$9,289,735 | $2,051,707 | $154,608,551 $178.1
2017 79,410,218 1,016 $33,564,845 | -$10,134,256 | $2,051,707 | $170,252,078 $195.7
2018 86,027,736 1,100 $36,361,916 | -$10,978,778 | $2,051,707 | $184,439,752 $211.9
2019 92,645,254 1,185 $39,158,986 | -$11,823,299 | $2,051,707 | $202,333,235 $231.7
2020 99,262,773 1,270 $41,956,057 | -$12,667,820 | $2,051,707 | $217,778,237 $249.1
2021 | 105,880,291 1,354 $44,753,127 | -$13,512,342 | $2,051,707 | $233,355,589 $266.6
2022 | 112,497,809 1,439 $47,550,198 | -$14,356,863 | $2,051,707 | $249,065,291 $284.3

%U.S. Department of Energy, Energy Information Adistiration. “Electricity Market Module.” Issumptions to
the Annual Energy Outlook 200DOE/EIA-0554(2007). April 2007. Available at:
http://www.eia.doe.gov/oiaf/aeo/assumption/pdf/gleity. pdf.

% The capital costs associated with using biomass asternative to fossil-based generation are mi#gret on many
factors, including the end use (i.e., electriditgat, or steam), the design and size of the syshentechnology
employed, and the configuration specificationshef $ystem. Each system implemented under thisypetaild
require a detailed analysis (incorporating spe@figineering design and costs aspects) to providera accurate
cost estimate of the system.
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Estimated Estimated

Approxim Additional Additional

ate Variable Fixed

Total Cumulati Operational Operationa Total

Biomass ve Annualized and |l and Additional Total Costs
Utilization Capacity Capital Maintenance Maintenan Biomass Fuel (Million
Year (MMBtu) (MW) Costs Costs ce Costs Costs 2005%)
2023 | 119,115,327 1,524 $50,347,268 | -$15,201,385 | $2,051,707 | $263,716,190 $300.9
2024 | 125,732,845 1,608 $53,144,339 | -$16,045,906 | $2,051,707 | $278,367,090 $317.5
2025 | 132,350,363 1,693 $55,941,409 | -$16,890,427 | $2,051,707 | $293,017,989 $334.1
Cumulative $3,208

MMBtu = million British thermal units; MW = megawatt.

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., a $1 million plant is assumet to cos
approximately $65,000 per year over the life of the project).

Energy From Livestock Manure and Poultry Litter GHG Benefits

Methane emissions (in MMtC®) data from the Arkansas Inventory and Forecast were used as
the starting point to estimate the GHG benefits of capturing and controlling theegotiim
methane targeted by the policy and to add in the additional benefit of elegjeic@yation using
this captured methane (through offsetting fossil-based generation). Thofiren of GHG

benefit is obtained through reduced methane emissions through the capture of em@sions f
manure and poultry litter. An assumed collection efficiency of *?&%s applied to methane
emissions from manure and poultry litter, which was then multiplied by the assursd pol
target, ramping up to achieve 10% collection by 2025.

The second portion of the GHG benefit is through the offsetting of fossil-bkestidogy
generation. This was estimated by converting the methane captured yeaathits heat
content (in Btus), and then multiplying by an energy recovery factor of 17,100 BtwdkHbaur
(kWh) to estimate the electricity produced (assumes a 25% efficiencgrigersion to

electricity in an engine and generator set). TheeCf3sociated with this amount of electricity in
each year was estimated by converting the kwh to megawatt-hours (MW neanaaltiplying
this value by the Arkansas-specific emissions. The emissions factordaiegtricity was
derived from the Arkansas inventory and forecast, derived by dividing total @tgctri
consumption emissions in 2005 by electricity sales in 2005. This provided an electricity
emissions factor of 0.592 metric tons ££@er MWh.

The total GHG benefit was estimated as the sum of both portions of the benefitsediesbove
and indicated in Table 4-7.

% The collection efficiency is an assumed value basedngineering judgment. No applicable studiesswer
identified that provided information on methaneledtion efficiencies achieved using manure digastas it relates
to collection of entire farm-level emissions).
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Table 4-7. GHG benefits for energy utilization from livestock manure and poultry litter
Methane

Emissions Methane

From Dairy, Captured and Million COze Offset Total

Swine and Policy Utilized Metric as Emission

Poultry Utilization Under Policy Tons of Methane Electricity Reductions
Year (MMtCOe) Objective (MMtCOe) Methane (MMBtu) | (metric tons) (MMtCOe)
2009 0.247 1% 0.001 0.000 2,733 95 0.001
2010 0.247 1% 0.002 0.000 5,469 189 0.002
2011 0.248 2% 0.003 0.000 8,225 285 0.004
2012 0.248 2% 0.004 0.000 10,996 381 0.005
2013 0.249 3% 0.005 0.000 13,783 477 0.006
2014 0.250 1% 0.007 0.000 16,587 574 0.007
2015 0.251 1% 0.008 0.000 19,409 672 0.008
2016 0.251 5% 0.009 0.000 22,243 770 0.010
2017 0.252 5% 0.010 0.000 25,095 869 0.011
2018 0.253 6% 0.011 0.001 27,966 968 0.012
2019 0.253 6% 0.012 0.001 30,856 1,068 0.013
2020 0.254 7% 0.013 0.001 33,766 1,169 0.015
2021 0.255 8% 0.015 0.001 36,688 1,270 0.016
2022 0.256 8% 0.016 0.001 39,630 1,372 0.017
2023 0.257 9% 0.017 0.001 42,592 1,474 0.018
2024 0.257 9% 0.018 0.001 45,576 1,578 0.020
2025 0.258 10% 0.019 0.001 48,582 1,682 0.021
Cumulative 0.186

MMtCO.e = million metric tons of carbon dioxide equivalent; kWh = kilowatt-hours.

Energy From Livestock Manure and Poultry Litter Costs

The costs for the dairy and swine components were estimated using an dyatlgsi€) SDA

Natural Resources Conservation Service (NR@8)Analysis of Energy Production Costs From
Anaerobic Digestion Systems on U.S. Livestock Production Facffitigse production costs

were assumed to be $0.11/kWh for swine anaerobic digesters and $0.05/kWh for daglyianaer
digesters? These costs are in 2006 dollars and assume a 30% thermal efficiency. They include
annualized capital costs for the digester, generator, and operation and maintesesit@ ve
assumed costs for the poultry component were taken from didrRiahi-Nezhad'Availability

of Poultry Manure as a Potential Bio-Fuel Feedstock for Energy Produ($@i103/kWh in

“1J.C. Beddoes, K.S. Bracmort, R.T. Burns, and WaZarus An Analysis of Energy Production Costs from
Anaerobic Digestion Systems on U.S. Livestock RitoatuFacilities Technical Note No. 1. Washington, DC: U.S.
Department of Agriculture, Natural Resources Covestmn Service, October 2007. Available at:
policy.nrcs.usda.gov/TN_BIME_1_a.pdf

“2 |t was assumed that the technology employed ftir bwine and dairy anaerobic digesters was covemaerobic
lagoon. Costs were obtained from Table 1 of the SR€onomic analysis cited above.

*3 The economic analysis conducted by Beddoes dbak not include feedstock and digester effluemisportation
costs. It also does not address the economicsntfatized digesters where biomass is collected fseneral farms
and then processed in a single unit.
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2005 dollars using anaerobic digestidhThe value of electricity produced was taken from the
all-sector average projected electricity price for the Southeastieetri& Reliability Council

from EIA's AEO 2007 (sekttp://www.eia.doe.gov/oiaf/aeo/supplement/index.htifihis price
represents the value to the farmer for the electricity produced (td offsarm use) and is
netted out from the production costs to estimate net costs. Total costs aredhicedble 4-8.

Table 4-8. Production costs for dairy, swine, and p  oultry technologies

Cost of Cost of
Cost of Dairy Swine Poultry
Technology Technology Technology Total Costs
Year (2005%) (2005%) (20059%) (2005%)
2008 -$210 $2,480 $2,400 $4,671
2009 —$385 $4,895 $4,793 $9,303
2010 —-$532 $7,595 $7,516 $14,579
2011 —$645 $10,544 $10,549 $20,448
2012 —$747 $13,525 $13,668 $26,446
2013 —$849 $16,419 $16,748 $32,318
2014 —$947 $19,273 $19,839 $38,165
2015 —$1,064 $21,828 $22,646 $43,410
2016 -$1,186 $24,219 $25,316 $48,349
2017 -$1,302 $26,581 $27,998 $53,278
2018 -$1,378 $29,323 $31,151 $59,095
2019 —$1,455 $31,974 $34,253 $64,771
2020 —$1,512 $34,814 $37,603 $70,906
2021 -$1,574 $37,496 $40,824 $76,746
2022 -$1,621 $40,329 $44,269 $82,978
2023 —$1,689 $42,762 $47,304 $88,377
2024 —$1,742 $45,333 $50,546 $94,137
Total $827,976

Capture of Waste Heat GHG Benefits

The amount of biomass being used for electricity production was determined @RiQ €57
MW)*®. This was then converted into MWh and then into MMBTUs based on the amount of
biomass feedstock necessary to produce one MWh of éfiefffye amount of useable (waste)
heat available from a biomass plant is estimated to be 60% of biomass inputsiaalthis

4 Joseph R.V. Flora and Cyrus Riahi-Nezhadhilability Of Poultry Manure As A Potential Bia4El Feedstock
For Energy ProductionColumbia, SC: University of South Carolina,, Depgnt of Civil and Environmental
Engineering, August 31, 2006. Available latttp://www.scbiomass.org/Publications/Poultry Litkénal Report.pdf

S USEPA. “eGRID 2006 Year 2004 Summary Tables” Ap@07.
6 AEO 2007. http://www.eia.doe.gov/oiaf/aeo/assuamgpdf/electricity.pdf
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MMBTU figure is multiplied by 60% to get the amount of energy that is lost atevhea’.

This heat is then captured at an increasing rate across the program, withgtOféccin 2025,

as per the. This heat is assumed to go towards commercial heating, with @#8ce3ffin
transportatioff. Assuming that natural gas boilers are 85% effitlente can determine the
total energy being replaced by the BTUs provided to commercial consumergamthef heat.
This figure is then multiplied by the emissions factor for natural gas (0.0583e{®IMBTU),
which the heat is replacifyy This results in the GHG benefits of Cogeneration for each year.
See Table 4-9 for more details.

Table 4-9: GHG Benefits of Cogeneration
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47 “Options for electricity production from Biomassidgnergy Knowledge Center.
http://www.bkc.co.nz/Portals/O/docs/options_for chiieity _generation_from_biomass.pdf

“8 Institute of Energy ReseardByerview of CHP plants in Europe and Life Cyclee&ssent (LCA) of GHG
emissions for Biomass and Fossil Fuel CHP Syste®eptember 2007 http://www.atee.fr/cp/37/6-%2018-
09%20SCHWAIGER%20JOANNEUM%20R.pdf

9 US DOE. Combined Heat and Power Technology Fact Sheet.
www.ezec.gov/rbs/farmbillombined%20Heat%20and%2Bower.doc

0 Arkansas Inventory and Forecast.
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Capture of Waste Heat Costs

To determine the costs of installing cogeneration in Arkansas, we firstnileeethe amount of
capacity that will need to be modified with combined heat and power (CHP). Tiéis t
multiplied by the capital costs of installing these modifications ($1,1487KVW)&M costs of
1.10$/MWh are then multiplied by the total CHP production for the given year, which is then
combined with capital costs to get total ctfst<Cost savings come from the revenue of steam
sold to the plant making an investment in CHP. Due to the difficulty in determiniagkaim
price for steam heat, this is assumed to be equal to the costs of the naturalrgpaitiis]”.

This was determined by multiplying the amount of natural gas avoided by tseotose

MMBtu of natural gas. See Table 4-10 for more details.

Table 4-10 Costs and Cost Savings of CHP

#
8 9 7
9 7 7
9 9 : 3
<

"&&* & & & )& )& )&
"&.& "(1 "1 | )2/&01r0% | )1 )*&"1-'2 )'"&&I""2
"&.. +(21 "(1' | )2/80170* | )+.s1+2 )./ &-1*11 ).12"2/+11
"g." (& "(1' | )2/&0170% | )00/-0* )"/0&0/--* )--1/* &
"&.2 &(0 "' | )2/801r0* | ).&2/281 )2/1&*/*2" 5)-"%/0-1
"&.- 2(- "1 | )2/801r0% | )2 )1+ 5)./281/-&2
"8t (. "1 | )2/80170% | ).4-pre )+-.-*0 5)"/.'2/&+*
"&.1 ( "1 | )2/&0170* | )80+ )1/2.0/2'& 5)2/&+*/0.1
"&.0 " (- "1 | Hesorror | )&/ )0/ */'12 5)2/+21/20"
"8 ", " | )2/&01r0* | )r2v-2 )'1."12-1 5)-/'.2/&"
"g* "1( "1 | )2/&0170* | )+1+ Y& 5)+/1*/1'+
"&"& (4 "1 | )2/&01r0* | )"-1&*, )*1<"0/2." 5)1/+11/2-.
"g", 2"(" "1 | )2/80170% | )28~ ).&/"*[0*+ 5)0/--"/**"
g 2-(' "(1' | )2/8&01/0* | )22+/0-- )..102""00 5)'/2.%/1+-
"&"2 20(+ "' | )2/&0110* | )21./+0. )."112-/01& 5)*/.*1/2.&
"g"- &(" "(1' | )2/80170* | )2'0/2*0 ).2/+20/"-2 5).&/&0"/*10
"&+ S "1 | H2igo1ror | )-.20m- ).-1-2%/0"1 5).&/*-*/1"2
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®1 Us DOE. Combined Heat and Power Technology Fact Sheet.
www.ezec.gov/rbs/farmbilZombined%20Heat%20and%28ower.doc

*2US EPA. “Woody Biomass to CHP - Characterist®ssts, and Performance of Commercially Available
Technologies”. Combined Heat and Power PartnersBigtober 2007.
www.fpl.fs.fed.us/tmu/2007safconvention/2007safaartion-€rossmanppt

>3 US EIA. “Short Term Energy Outlook.” June 20Q8tp://www.eia.doe.gov/emeu/steo/pub/2tab.pdf
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Key Assumptions:[TBD, as approved by the TWG]

It is uncertain how willing and able farmers will be to develop on-site projegistfie technical
expertise of farmers in energy utilization or electricity productidn$. dnticipated that it would
be difficult to convince poultry farmers to adopt energy generation on sitsit®ffeoperative
and regional energy-generating facilities may be more viable.

In "Poultry Litter to Energy: Technical and Economic FeasibififyBock notes that poultry
litter is a more challenging fuel than wood for several reasons, includiagtlte nitrogen
content is about 10 times higher in poultry litter than wood. This increases the pdteritial
nitrogen oxide emissions and requires special measures to reduce thesmenTibs sulfur
content of poultry litter is more than 10 times higher than that of wood. High chlorids, level
conjunction to high alkali levels, increase the potential for particulate emssgiorrosion
problems, and acid gas emissions, and require special measures. Ash levels argheuah hi
poultry litter than in wood, requiring higher-volume ash-handling equipment and rteorgaat
to particulate removal, slagging, and fouling.” These factors indicateitasion control
measures may be more elaborate and more expensive on systems utiliziygifieult
compared to other feedstocks.

It is assumed that the biomass plants installing CHP have a market for steinavailable. If
steam must be transported long distances, that will reduce both the costesfesgiand the
environmental benefits of CHP. In addition, many of the costs of CHP installediémomn sites
dedicated to CHP, rather than sites where generation is already in placgtumd of waste heat
is being installed.

The future price of electricity will affect the analysis.

Key Uncertainties
TBD — [as needed and approved by the TWG]

Additional Benefits and Costs

The expansion of crops as an energy feedstock needs to ensure that the energy grops a
on appropriate land and in ways that do not damage terrestrial or aquatic resoudtss awe
food and fiber production.

Feasibility Issues

TBD - [as needed and approved by the TWG]

Status of Group Approval
Pending — [until GCGW moves to final agreement at meeting #8, #9, or #10]

4 B.R. Bock. "Poultry Litter to Energy: TechnicaldaBEconomic Feasibility." Muscle Shoals, AL: TVA Higb
Power Institute. TVA Public Power Institute. Avdila at:http://www.msenergy.ms/Bock-National
Poultry Waste _8-15-00_.pdf

AR Governor's Commission on Global Warming 31 Center for Climate Strategies
www.arclimatechange.us www.climatestrategies.us




AR GCGW AFW TWG Pending Policy Option Descriptions, 07-15-08

Level of Group Support
TBD — [blank until GCGW meeting #8, #9, or #10]

Barriers to Consensus
TBD — [blank until final vote by the GCGW)]
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AFW-5. Expanded Production and Use of Advanced Bio  fuels

Policy Description

This strategy increases production of advanced biofuel from agriculture ane&iryor
feedstocks (raw materials) to displace the use of conventional petroleudnfibalse It promotes
the development of emerging biofuel technologies (such as cellulosic ethanol egadsjchnd
biofuel production systems that use renewable fuels to improve the embedded entaglyaf
biofuel. Increased in-state production and consumption result in the highest benefits.

Policy Design

Goals: Increase the production of liquid advanced biofuel in Arkansas, such that by 2025 the
state utilizes approximately 10% of available biomass supply per year to pextieseed
biofuels with significantly lower embedded GHG emissions compared to convérfitieha
products (from a life-cycle perspective).

Timing: The above goal identifies a time frame to achieve the final utilizatah gowever,

the Governor's Commission on Global Warming (GCGW) has suggested that the Agrjcult
Forestry, and Waste Management (AFW) TWG investigate the level dbgevent of relevant
biofuel technologies. Using this information, the AFW TWG should determine an appgopria
commercialization pathway for Arkansas, including identifying when thentdogy will most
likely become commercially available.

Parties Involved: TBD — [as approved by the TWG]
Other: The intent of this option is to focus on non-food biomass resources.

According to the U.S. Energy Independence and Security Act of 2007, advanced biofed “me
renewable fuel, other than ethanol derived from corn starch, that has life@tdguse gas
emissions, as determined by the Administrator, after notice and opportunionforent, that

are at least 50 percent less than baseline lifecycle greenhouse gasnetifssThe bill

stipulates that “the types of fuels eligible for consideration as "advarmfeglbmay include any
of the following:

“(I) Ethanol derived from cellulose, hemicellulose, or lignin.
“(II) Ethanol derived from sugar or starch (other than corn starch).

“(111) Ethanol derived from waste material, including crop residue, other atgetwaste
material, animal waste, and food waste and yard waste.

“(IV) Biomass-based diesel.

®> See Section 201 — Definitions. Text of the bilaisilable at http://thomas.loc.gov/home/c110gurenyl by
searching for “Energy Independence and Securityof2007."
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“(V) Biogas (including landfill gas and sewage waste treatmentpyad)iced through the
conversion of organic matter from renewable biomass.

“(VI) Butanol or other alcohols produced through the conversion of organic matter from
renewable biomass.

“*5(V/I) Other fuel derived from cellulosic biomass.”

Implementation Mechanisms
TBD — [as approved by the TWG]

Related Policies/Programs in Place

Alternative Fuels Development Program

Act 873 (HB 1379)The act creates the Arkansas Alternative Fuels Development Prograen, t
administered by the Arkansas Agriculture Department, with the purpose of progrdimg
incentives for alternative fuels producers, feedstock processors, and iefunels distributors.
The act also creates the Arkansas Alternative Fuels Development Fundyeald obsolete
sections of the Arkansas Code related to alternative fuels.

Type(s) of GHG Reductions
CO.: Life-cycle emissions are reduced to the extent that biofuels are prodillcdower
embedded fossil-based carbon than conventional (fossil) fuel. Feedstocks used fongroduci
biofuels can be made from crops or other biomass that contain carbon sequestered during
photosynthesis (e.g., biogenic or short-term carbon).
Estimated GHG Reductions and Costs or Cost Savings

Estimated GHG reductions: 19.7 MMt@®Ocumulative by 2025.

Estimated cost: $114 (2005 MM$) cumulative by 2025.

Data Sources*Arkansas Biomass Resource Assessment” from the Arkansas Economic
Development Commissidhas summarized in “Table 1 — Biomass Supply Assessment” at the
front of this document; other sources as cited in the text.

Quantification Methods:
Biofuel GHG Reductions

For this option several different technologies can be used to meet the policy gahhgnc
cellulosic ethanol, pyrolysis, Fischer-Tropsch esterification, and otherssHiGereduction as

56 |;

Ibid.
>" Arkansas Economic Development Commissirkansas Biomass Resource Assessment.
Annual Biomass Supply. Available at:
http://arkansasedc.com/business_development/ef?@ayé=bioenergy
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well as the cost will depend on the feedstock and conversion technology used. For the purpose
of initial quantification, it is assumed that cellulosic ethanol produdsfimfermentation will be

used to meet the policy goal. This quantification may be updated, however, as other
technologies are considered.

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

The incremental benefit of cellulosic production targeted by this policy ogefigais 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 gaffbasi

the life cycle CGe emission factor of cellulosic ethanol (1.38 metric tons/1,000 gafidns).
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 yearnaestGHG
reductions.

Table 5-1 shows the number of cellulosic plants that will need to go online in Arkansas to
achieve the goal of using 10% of biomass of available in Arkansas (2.19 million shart tons)
according to the Arkansas Biomass Resource AssesSémanhually by 2025. Annual cellulose
production is multiplied by the estimated ethanol yield per ton biomass, based onebgqroj
that ethanol yield will increase from 70 gallons/ton biomass to 90 gallons/tondsidap2012
and to 100 gallons/ton biomass by 2020, as shown in Tabfé Stis analysis is primarily
based on a report from the National Renewable Energy Laboratory regardoagithé costs of
building a 69.3 million gallon/year cellulosic ethanol plant that uses corn stover asdb® .
The emissions reductions from this plan are calculated by multiplying theenwingallons
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% conventional gasoline, 50% reformulated

gasoline blend in g/mi 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/mGREET
model average fuel economy (100 mi/4.7 gal).

®0 Downloadable from http://www.transportation.anl.gov/software/GREET.
®1 Arkansas Economic Development Commissirkansas Biomass Resource AssessrAemiual Biomass
Supply. Available athttp://arkansasedc.com/business_development/ef@aygé=bioenergy

%2 3. Ashworth, NREL, personal communication, April 2007.
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Table 5-1. Annual biomass utilization and cellulosic

ethanol production

Biomass .Eth il Avoided
Feedstock Sl frolm Cellulosic Emissions
Production cellulosic Ethanol compared
(million feedstock Production to gasoline

short dry (gallton (million (MMtCO2e
Year tons) biomass) gallons) reduction)
2009 0.0 70 - -
2010 1.0 70 69 0.68
2011 1.0 70 69 0.68
2012 0.8 90 69 0.68
2013 0.8 90 69 0.68
2014 0.8 90 69 0.68
2015 1.5 90 139 1.35
2016 1.5 90 139 1.35
2017 1.5 90 139 1.35
2018 15 90 139 1.35
2019 15 90 139 1.35
2020 1.4 100 139 1.35
2021 1.4 100 139 1.35
2022 1.4 100 139 1.35
2023 1.4 100 139 1.35
2024 2.1 100 208 2.03
2025 2.2 100 221 2.15

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 SH@GPF
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

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

°4 EIA, Biofuels in the U.S. Transportation Sectdtebruary 2007.
http://www.eia.doe.gov/oiaf/analysispaper/biomass.html accessed July 2008
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(74%$/ton)®> The plant proposed by the NREL study produces some excess electridiysthidt
back to the grid by the plant. Another revenue source for the ethanol plant is the value of the
ethanol produced. The wholesale price of ethanol was taken from AEO 2008, and this is
multiplied by the number of gallons produced annu¥lljrable 5-2 outlines the estimated cost
and revenue streams for the policy. The analysis shows a profit being made odtiatipn of
ethanol for several years in the policy period. This is primarily due to theasiog price of
ethanol predicted. The total cost of the policy for 2008-2025 is estimated to be $114 million.

Table 5-2. Capital Costs of Constructing Cellulosic Ethanol Plants

Sale Annual

e Price per ; Revenue

ten | oo | | amstzea | (S

Ethanol Ethanol Costs Costs
Year Produced (2005%) (Million $) (Million $)

2009 - 191 $ - $ - $ - $ -
2010 69 1.72 | $ 102 | $ 31.0 | $ 126 | $ 5.49
2011 69 195[$ 102 |$ 310 |$ 141 $ (6.61)
2012 69 196 [$ 102 |$ 310 |$ 142 | $ (6.56)
2013 69 159 | $ 102 | $ 31.0 | $ 117 | $ 10.82
2014 69 168 | $ 102 | $ 31.0 | $ 122 | $ 6.57
2015 139 163 | $ 203 | $ 619 | $ 239 | $ 16.25
2016 139 162 | $ 203 | $ 619 | $ 237 | $ 16.45
2017 139 160 | $ 203 | $ 619 | $ 235 | $ 16.93
2018 139 161 | $ 203 | $ 619 | $ 236 | $ 15.51
2019 139 183]$ 203|$ 619 |$ 267 $ (0.85)
2020 139 191 | $ 203 | $ 619 | $ 278 | $ (5.90)
2021 139 181 $ 203 | $ 619 | $ 264 | $ 0.55
2022 139 183 | $ 203 | $ 619 | $ 266 | $ (0.48)
2023 139 1.74 | $ 203 | $ 619 | $ 254 | $ 4.80
2024 208 159 | $ 305 | $ 929 | $ 349 | $ 19.46
2025 219 157 | $ 324 | $ 986 | $ 366 | $ 21.27

Key Assumptions: Advanced biofuel production is assumed to ramp up linearly from zero
production in 2008, to full implementation of the policy goal by 2025.

For the purpose of initial quantification, it is assumed that cellulosic ethanol pooduiet
fermentation will be used to meet the policy goal. This quantification may b&edptawever,
as other technologies are considered.

% |A POD, “Estimating a Value for Corn Stover” Ag Decision maker File78, December
2007. Additional Transportation costs of $14.75 were assumed, taken from lowa State
University, University Extension, publication “Estimated Costs for Productiona and
Transportation of Switchgrass”

% AEO 2008. Reference Case Table 12 — Petroleum Product Prices.
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Key Uncertainties
Cost competitiveness of biofuels will depend on cost of oil.

Carbon Emissions From Land-Use ChanBecent publications such as Searchinger et al.,
2008”, have attempted to estimate the carbon emissions that result from land use being
converted to cropland to grow crops for fuel. This is based on the argument that theiconver

of current cropland from food/feed/fiber production in one part of the world will drop the
food/feed/fiber supply on the market and drive grassland or forest conversion todropla

other parts of the world. There is still significant uncertainty reggriia value of carbon
emissions due to land-use change. Additionally, conversion of cropland to fuel production may
have impacts on food prices and supply.

Cost of Cellulosic Ethanol Productio&IA has stated: “Capital costs for a first-of-a-kind
cellulosic ethanol plant with a capacity of 50 million gallons per yeagsirmated by one
leading producer to be $375 million (2005 dollars), as compared with $67 million for a corn-
based plant of similar size, and investment risk is high for a large-scall®siellethanol
production facility. Other studies have provided lower cost estimates. A detaity by the
National Renewable Energy Laboratory in 2002 estimated total capital @oatsdllulosic
ethanol plant with a capacity of 69.3 million gallons per year at $200 mififon.”

In June 2006, a U.S. Senate hearing was told that the current cost of producing celinéors|
is U.S. $2.25 per U.S. gallon (U.S. $0.59/litre). This is primarily due to the current poor
conversion efficiency. At that price it would cost about $120 to substitute a barre(42 oil
gallons), taking into account the lower energy content of ethanol. However, DOEnsstpti
and has requested a doubling of research funding. The same Senate hearing washeld that
research target was to reduce the cost of production to U.S. $1.07 per U.S. gallon (U.S.
$0.28l/litre) by 2012.

Additional Benefits and Costs

There is potential for the cultivation of biomass resources to compete wittothecpon of

food. For example, land that could be cultivated for food crops might be converted to energy
crop production. Additionally, some feedstocks such as oilseeds could be diverted from food to
fuel production. The intent of this policy is to focus on non-food feedstocks. Analysis provided
by U.S. Department of Energy Secretary Bodman and U.S. Department of Agecdcretary
Schafer suggests that the impact of biofuels on food prices and demand is el .state

that:

“In 2007, the expansion in ethanol and biodiesel consumption is estimated to haaseddthe
Consumer Price Index (CPI) for all food by 0.10-0.15 percentage point. In other words, atttanol

7T, Searchinger, Heimlich, R., Houghton, R.A., DpRg Elobeid, A., Fabiosa, J., Tokgoz, S., HafesYu T-H.
Use of U.S. Croplands for Biofuels Increases Greesk Gases Through Emissions from Land Use Change
Science Express Report 7 February 2008. Availahlerav.sciencexpress.org

% U.S. Department of Energy, Energy Information Adistration. "Biofuels in the U.S. Transportatiorc®e."
February 2007. Available abttp://www.eia.doe.gov/oiaf/analysispaper/biomatsslh

%9 |etter from Secretaries Bodman and Schafer to Senator Jeff Bingarmeh,)Jdaée 11, 2008.
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biodiesel consumption accounted for approximately 3-4 percent of the overall metail food
prices.

“Increased demand for biofuel feedstocks has benefited com and soybean produbergritigs
have encouraged production increases and some switching of acreage from soybeansltmecom
dried distiller grains are available for feed, but higher grain prieealao prompting adjustments by
livestock producers. In future years, production adjustments by livestock angmaincers in
response to higher feed costs resulting from the expansion in ethanol and biadisseiation

could add a total of 0.6-0.7 percentage point to the CPI for all food.

“Commodities prices, both agricultural and nonagricultural, have riseplgharecent years for a
number of reasons unrelated to biofuels development. For agricultural coms)ddglesr incomes,
population growth, and depreciation of the dollar are increasing the demand for food; dnought a
dry weather have lowered production and reduced stocks; and some countriesdusesl export
restrictions. All these factors contribute to higher commodity pricesddlition, record prices for
gasoline and diesel fuel are increasing the costs of producing, transporting, asdipgoo®d
products.”®

Other benefits and costs: Less impact by cellulosic ethanol than corn eithamater quality
and could actually reduce nutrient loads in some circumstances; permanent roes sbur
income for farmers and foresters; using current waste streams teertp&aduel consumption;
environmental benefits or costs; recycling money in local economies; gionudé potential
markets for other biomass feedstocks (forest treatment biomass, municigbalasike fiber);
increased transportation energy security with shorter transport distaces-é&rm use of fuel
produced; reduced reliance on imported petroleum.

Feasibility Issues

Implementation of this option requires additional research and development iosieléthanol
production methods, development of feedstock collection and delivery infrastructwessfut
negotiations with cellulosic technology leaders to establish pilot and conalr&zale 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-offsrnbketadke
and fuel crops will be an important issue.

There may be an overlap among agricultural options that seek to incraatsEfm@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 — [until GCGW moves to final agreement at meeting #8, #9, or #10]

Level of Group Support
TBD — [blank until GCGW meeting #8, #9, or #10]

0 pid.
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Barriers to Consensus
TBD — [blank until final vote by the GCGW)]

TBD - [blank until final vote by the GCGW)]
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AFW-6. Expanded Use of Locally Produced Farm and F  orest Products

Policy Description

The production and consumption of locally produced agricultural goods displace the
consumption of goods transported from other states or countries, and thus reduce transportation
related GHG emissions. Increasing the amount of renewable wood products ussdiésntial

and commercial buildings can increase carbon sequestration in wood products and @id@ace
emissions associated with processing high-energy input materials, steklaplastic, and

concrete. Also, using locally grown wood can lower transportation-associated 1Bid§ons.

Policy Design
This policy option places responsibility on local governments to be part of the solation b
ensuring that zoning does not preclude intelligent, sustainable uses that support ttnepbjec
such as constraining local value-added mills or limiting location/partioipatilocal markets.
Goals:
Local Produce By 2025, of the food Arkansans consume, 30% will consist of Id¢ally
grown produce and fish/meats/poultry.

Locally Grown and Processed Wood Produ€lsplace the amount of imported wood
products with locally grown and processed products by 15% by 2015 and 30% by 2025.

Timing: As described above.

Parties Involved:
University of Arkansas System, Extension, USDA.

Other:
A “wood product” includes composite lumber and products with recycled content.

Implementation Mechanisms

To achieve the local produce goal, there are a number of actions that could and should be taken
within Arkansas, including the continued promotion of farmer’s market in the state,amcedh
information and research program and a re-evaluation of the most appropriate |anithinse
Arkansas. Each of these is outlined below:

Farmers' Marketsincrease the number of local farmers' markets in Arkansas from 54 to 65
(or 20% increase) by 2025, thereby increasing magess tdocally/regionally grown
fresh produce and fish/meats/and poultry.

Information: By 2010, the state, in coordination with the University of Arkansas System,
Extension, USDA and others will collect and analyze data on the number of acres in

1 There is currently no universally accepted defimitof locally grown. For the purposes of the Iquaiduce goal,
a distance of less than 100-150 miles is considierée local.
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Arkansas converted to local food production systems, and to the extent practical, wil
evaluate the positive economic and environmental impact on Arkansas farmers, ciesmuni
and the state as a whole.

Land-use By 2025, convert 10% of existing Arkansas agricultural land to locally based food
systems, and convert another 5% of rural and urban nonagricultural land to gardegs, savin
emissions from reduced petroleum-based transportation, packaging, rebigeratrketing,

and production costs.

Extension of programs such as farmers' markets, farm to school, community-sdipporte
agriculture (CSA) share programs, 4-H Youth Development, community gardensj@xtens
programs, and home gardening.

Related Policies/Programs in Place

Energy and Natural Resource Conservation-Athe act encourages the use of wood in green
buildings and requires certain state buildings to meet specified environmentalciios

standards (AR Code 22-3-1801). The Leadership in Energy and Environmental Design Green
Building Rating System™ (LEED) was reformed in Arkansas to expliaittperage the use of
wood products in green buildings. (Previously it was eligible, but not encouragedajethliy

the Arkansas legislature and subsequently adopted by a number of other statfsyhis r
specifically includes the use of products that promote the sequestration of carbon.

Increasing the number of farmers' markets in the state, as well as gmgerdasting ones to
grow, are major goals for the Arkansas Agriculture Department. Theugnie Department has
an ongoing program financed by block grants from USDA. Participants in the ipréaed 54
markets, some of which are relatively small. The Agriculture Departh@anbrganized an
Arkansas Farmer’'s Markets Association, which has 32 members, mostlyerdaprgshe larger
markets. Encouraging multi-county regional markets in some locations, such @prhigs,
provides a greater opportunity for a larger variety of home-grown products tmeger period
of time.

Type(s) of GHG Reductions

CO.: Extends carbon sequestration in durable wood products and wood construction. Maintains
carbon sequestration in healthy forests. Avoids emissions through reduced tediospuriles,
refrigeration and use of high-energy-input construction materials.

Estimated GHG Reductions and Costs or Cost Savings
TBD — [as approved by the TWG]

Data Sources]TBD, as approved by the TWG]
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Quantification Methods:

Farmers' Market GHG Benefits

The GHG benefits for the farmers' market option are based on a study franstate
University'? that compared miles traveled, fossil fuel used, angeB@tted in the transport
sector of several food systems. The study estimated the fuel use and, thimi€€ons for
transporting (from farm to point of sale) 10% of 28 different fresh produce usimg three
different food systems: conventional, regional, and local (which includes &markets).

This study will be scaled to Arkansas using state population adjustments aglévhatr
percentage of produce to be sourced locally (as determined by the pol€y b& scaling is
summarized in Table 6-1. The 2006 population estimates were based on U.S. Census Bureau
data for lowa and Arkans&s—2,982,085 for lowa and 2,810,872 for Arkansas.

Table 6-1. Fuel consumption and emissions from the lowa study and the assumed
scaling for Arkansas

CO; Emissions

Fuel Consumption (metric
Food System and Type of Truck (gallyear) tons/year)
lowa conventional semi-trailer 368,102 3,807
lowa local—CSA farmers market small truck (gas) 49,359 439

Arkansas conventional semi-trailer

Arkansas local—CSA farmers market small truck (gas)

Estimated Benefit of Sourcing 10% Locally Grown Fre  sh
Produce

Table 6-2 presents the GHG savings from increasing the proportion of produce sottedsfa
markets.

Table 6-2. GHG savings from increasing the proporti  on of produce sold at farmer’s
markets

Increase in Local Farmers' Metric Tons
Year Market COqe

2008

2009

2010

2011

2012

"2 Rich Ping, Timothy Van Pelt, Kimyar Enshayan, &fién Cook. Food, Fuel, and Freeways: An lowa Regtpe
on How Far Food Travels, Fuel Usage, and Greenh@aseEmissions. Ames, IA: Leopold Center for Susthale
Agriculture, lowa State University, June 2001. Aable at:

http://www.leopold.iastate.edu/pubs/staff/ppp/food_mil.pdf

3 U.S. Census Bureau. "State & County QuickFactepReQuickFacts." Available at:
http://quickfacts.census.gov/gfd/states/19000.lanahttp://quickfacts.census.gov/qfd/states/05000.html
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2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

Cumulative

Farmers' Market Costs

Costs to administer this program and the possible incentives required to increasalbee of
farmers' markets in Arkansas are difficult to determine. Further worksratla is required.

Key Assumptions:[TBD, as approved by the TWG]

Key Uncertainties
TBD — [as needed and approved by the TWG]

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

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

Status of Group Approval
Pending — [until GCGW moves to final agreement at meeting #8, #9, or #10]

Level of Group Support
TBD — [blank until GCGW meeting #8, #9, or #10]

Barriers to Consensus
TBD - [blank until final vote by the GCGW)]
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AFW-7. Forest Management and Establishment for Car  bon Sequestration

Policy Description

Arkansas is blessed with abundant and expanding forests — approximately 18.52 onélon a
mostly in private ownership, covering 54 percent of the State. Our forests anadrfanegement
have a significant role to play in Arkansas’ strategies to reduce or offesihgiese gases and
adapt to future climate effects. Nationally, managed forests and fooésicis store enough
carbon each year to offset approximately 10 percent of United States carboe eimssions.

Arkansas’ forests naturally sequester greenhouse gases (producing 1dffotommgen for each

1.47 tons of carbon dioxide absorbed through the power of photosynthesis) and produce biomass
for alternative fuels, wood building products and paper containing sequestered casfooml Be
atmospheric and economic benefits, a healthy forest also provides wildlifathaebianced

water quality, recreation and an aesthetically pleasing backdrop for thalNgtate’s tourism
promotion. On the other hand, conversion of forests to other land uses, poor forest health, natural
decay and wildfires reduce the sequestration and carbon storage valueodhas well as

the potential economic values of forest products and carbon sequestration in regubsiad c

dioxide offset markets.

This strategy establishes or re-establishes forests on land not cuivesghed, such as fallow or
marginal agricultural land (“afforestation”); promotes retaining$bcover and associated
carbon stocks by regenerating forests (“reforestation” or “restoigtihelps maintain and
improve the health and longevity of trees in urban and residential areas (udsryfpand
implements, in a carbon-sensitive manner, such practices as site preparagion,@ntrol, and
stand stocking to ensure conditions that support forest growth. Forest managemigiesacti
promote forest productivity and increase the rate of €€uestration in forest biomass and soils
and in harvested wood products. Also, specific trees could be selected that seduerstemet
GHG chemicals in addition to sequestering,CRractices may include planting open land,
replanting harvested land, increased stocking of poorly stocked lands, egg@xbf managed
stands, thinning, fertilization and waste recycling, expanded short rotation of \wamgpdy(for
fiber and energy), expanded use of genetically preferred species, modifieasbiremoval
practices, fire management and risk reduction, and pest and disease mahageme

Policy Design
Goals:

Implement urban tree-planting and -retention programs in Arkansas urban aagss. Pl
100,000 additional trees each year between 2009 and 2025 resulting in 1.7 million new trees
in urban areas statewide (or a 4% increase in the number of urban trees).

Implement sustainable forest management practices to achieve carbotslman®% of
privately owned land by 2025.

Implement sustainable forest management practices to achieve carbots lmen&@% of
publicly-owned resource lands by 2025.
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Maintain existing forest cover by replanting of harvested acres, restuonibgred acres lost
to insects, fire or natural causes, and establishing a net 500,000 new acrest tiyf@025.

Table 7-1. Current land area by land use type in A R.

land use type |data year pcres jata source nptes

agricultural 2003 12,844,100 | NRI cropland + pastureland
forest 2008 18,520,000 | FIA all ownerships
developed 2003 1,996,100 | NRI developed + other rural

Table 7-2. Forest land area by ownership classin AR (source: USDA Forest Service FIA

Program).
ownership group | acres % of total forestland
private ownership 14,754,164 | 80%
public: Federal | 3132982 |17%
public: state/county/ municipal | 516,508 3%

Table 7-3. Forest land area by required by forestr  y goals.
Additional

Approximate | or

Acres by Existing Potential
Goal 2025 Acreage Overlap | Notes
Increase urban canopy NA NA No NA
Carbon benefits No new forest - improve
privately owned land 7,377,082 Existing No management on existing

. Includes Federal, sate, county

Carpon benefits on and municipal. No change to
publicly-owned resource forest coverage - improve
lands 1,824,745 Existing No management on existing
Restore/establish
500,000 acres of forest | 500,000 Additional | Yes
Sustain existing forests Depends on the definition (e.g.
to ensure no net loss of no net loss across state or
existing forests. 18,403,654 Existing Yes sustain existing forest)

Timing: As described above.

Parties Involved: TBD — [as approved by the TWG]

Other: TBD — [as needed and approved by the TWG]

Implementation Mechanisms

Arkansas should redouble its efforts to promote reforestation, forest restoratiomand ne

afforestation on lands in public as well as private ownership. It can do so by:
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Ensuring that forest landowners are eligible for carbon dioxide offset<eadit
incentives in any state, regional or national market based initiatives;

Providing financial and legislative incentives to landowners (in addition to offskema
revenue) to increase carbon sequestration and storage.

Supporting the development of market demand for forest biomass for energydigfectri
and fuels) in lieu of fossil fuel energy.

Taking a leadership role in regional and national policy development and efforts to
encourage the participation of all forest landowners in ways that provide irttrease
climate benefits.

Education and outreach, especially for citizens and land managers, will alsinfygoatant part
of this goal, both to underscore the importance of forests and to teach forest management
practices that promote carbon sequestration.

Related Policies/Programs in Place
TBD - [as needed and approved by the TWG]

Type(s) of GHG Reductions

CO,: Removes fuels that contribute to wildfire emissions. Maintains carbon seqoestrat
through the production of durable wood products. Reduces emissions by reducing the use of
fossil fuels replaced by energy from woody biomass, and by preventing theerefecarbon

from dead and dying trees. Reduces wildfire emissions by maintainingyhfaksts.

Estimated GHG Reductions and Costs or Cost Savings
TBD — [as approved by the TWG]

Data Sources:

Urban Forestry:

D.J. Nowak et al. “Effects of Urban Forests and Their Management on Human hhehlth a
Environmental Quality. State Urban Forest Data: Arkansas.” USDA F8eggice, Northern
Research Station. Available dittp://www.fs.fed.us/ne/syracuse/Data/State/data_AR.htm

E. Gregory McPherson and James R. SimpSanbon Dioxide Reduction Through Urban
Forestry: Guidelines for Professional and Volunteer Tree Plantees. Tech. Rep. PSW-
GTR-171. Washington, DC: U.S. Department of Agriculture, U.S. Forest Service, 1999.
Available at:http://www.treesearcfs.fed.us/pubs/6779.

Piedmont Community Tree Guide, GTR-200
US EPA 2008 Inventory of GHG Sources and Sinks

Restore/Establish Forest Cover:

J.E. Smith, L.S. Heath, K.E. Skog, and R.A. Birdddgthods for Calculating Forest
Ecosystem and Harvested Carbon With Standards Estimates for Forest Types of the United
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States General Technical Report NE-343. U.S. Department of Agriculture, Forest Service
Northern Research Station, December 21, 2005. Available at:
http://www.treesearch.fs.fed.us/pubs/229@4so published as part of the U.S. Department
of Energy Voluntary GHG Reporting Program.)

J.A. Stanturf, C.J. Schweitzer, and E.S. Gardiner. "Afforestation of Marggraiudtural
Land in the Lower Mississippi River Alluvial Valley, U.S.8ilva Fennical998;32(3):281-
297.

S. Walker et al. "Opportunities for Improving Carbon Storage Through Affoi@stati
Agricultural Lands." Part 3A iferrestrial Carbon Sequestration in the Northeast:
Quantities and Costd he Nature Conservancy, Winrock International, and The Sampson
Group. October 2007. Available &ttp://www.sampsongroup.com/Papers/carbon.htm

Quantification Methods:
Urban Forestry GHG Benefit

Carbon Sequestration in Urban Trees

Approximately 43,412,000 urban trees currently grow in Arkansas, resulting in ageweéra

25% canopy cover in urban areas stateWfdBlanting 100,000 additional trees each year

between 2009 and 2025 would add an additional 1.7 million trees in urban areas statewide, for a
3.9% increase in the number of trees. This increase in the number of urban trees woulek boost t
canopy cover in AR urban areas to about 26%.

The average annual per-tree gross carbon sequestration value for urbamagrémsa by

dividing the total estimated annual carbon sequestration in Arkansas urba@%8:66q metric

tons of carbon/year, equating to 946,000 tCO2e/year) by the total number of urban trees. Annual
gross carbon sequestration per urban tree was thus calculated as 0.006 mearboon@®©22

tCO2e) per tree per year. Gross sequestration as calculated above doesumdtfar the

emissions resulting from tree mortality, tree disposal, and decomposition.cdunaor these
emissions, the estimated gross C sequestration per tree was multipli@@ byltich is the ratio

of gross to net sequestration for urban trees reported by Nowak and Crane (2002) and used in the
US EPA Inventory of GHG Sources and Sinks (2008). Annual net carbon sequestration per
urban tree in AR is 0.004 t C (0.015 t CO2e) per tree per year.

Since trees planted in one year continue to accumulate carbon in subsequeathpeaisarbon
sequestration in any given year was calculated as the sum of carbon storesl ptatnéed in that
year, plus sequestration by trees that were planted in prior yearss dsawamed that new trees
planted in urban areas in AR would sequester carbon at a rate consistent wittratemuby

the average urban tree statewide.

" D.J. Nowak et al. “Effects of Urban Forests aneéif Management on Human Health and EnvironmentalliQu
State Urban Forest Data: Arkansas.” U.S. DepartmiAgriculture, U.S. Forest Service, Northern Rersh
Station. Available athttp://www.fs.fed.us/ne/syracuse/Data/State/data h&R
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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. Nlgrrimaes are quite small
when they are planted so some time is required before the full effect of the avoidsidmsn

can be realized. To account for this, a sliding scale was employed, such thptanéed in

2009 would achieve the full avoided GHG emissions benefit in 2025, and a linear phase-in of
avoided GHG benefits would occur each year. Avoided GHG benefits for trees praaseh

year from 2009 to 2025 were calculated proportionally to their expected size in 2025, as
described in Table 7-4. Using this approach, it was assumed that the trees plagt&iwould
reach their full shade and wind protection potential described in Table 7-5a and 7-5b ih 2025.
was further assumed that any trees planted in 2010 or later would reach thewiflddeaGHG
emissions potential sometime after the conclusion of the policy implementatiod pe2025.

Table 7-4. Sliding scale applied to calculated the  avoided GHG emissions resulting from
urban tree planting.

proportion of potential benefit achieved by trees planted in this year
year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
2009 0.06
2010 0.12 0.06
2011 0.18 0.12 0.06
2012 0.24 0.18 0.12 0.06
2013 0.29 0.24 0.18 0.12 0.06
2014 0.35 0.29 0.24 0.18 0.12 0.06
2015 041 0.35 0.29 0.24 0.18 0.12 0.06
2016 0.47 0.41 0.35 0.29 0.24 0.18 0.12 0.06
2017 0.53 0.47 0.41 0.35 0.29 0.24 0.18 0.12 0.06
2018 0.59 0.53 0.47 0.41 0.35 0.29 0.24 0.18 0.12 0.06
2019 0.65 0.59 0.53 0.47 0.41 0.35 0.29 0.24 0.18 0.12 0.06
2020 0.71 0.65 0.59 0.53 0.47 0.41 0.35 0.29 0.24 0.18 0.12 0.06
2021 0.76 0.71 0.65 0.59 0.53 0.47 0.41 0.35 0.29 0.24 0.18 0.12 0.06
2022 0.82 0.76 0.71 0.65 0.59 0.53 0.47 0.41 0.35 0.29 0.24 0.18 0.12 0.06
2023 0.88 0.82 0.76 0.71 0.65 0.59 0.53 0.47 0.41 0.35 0.29 0.24 0.18 0.12 0.06
2024 0.94 0.88 0.82 0.76 0.71 0.65 0.59 0.53 0.47 0.41 0.35 0.29 0.24 0.18 0.12 0.06
2025 1.00 0.94 0.88 0.82 0.76 0.71 0.65 0.59 0.53 0.47 0.41 0.35 0.29 0.24 0.18 0.12

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 0.075
tCO.eltreelyear for trees in the Southeast region was calculated fronm dé¢®herson et al. in
GTR-PSW-171 (Appendix A, Table V.5). The estimate assumed that the trees plargplit ar
among residential settings with pre-1950, 1950-1980, and post-1980 homes using the default
distribution for the Southeast region provided by McPherson et al. of 28%, 54%, and 18%,
respectively. This estimate further assumes a default distribution ®pleeeed around

buildings, based on measured data from existing urban canopy in the region.
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To calculate potential avoided GHG emissions due to increased shading, ituasdtsat all
of the new trees are planted where they can have shading effects. Becaudatéhesee used
as potential maxima, large trees (half evergreen, half deciduous) pladtadesiage tree
distribution around buildings were also assumed. Note that these fossil fuelmedactors are
average for existing buildings, and do not necessarily assume that treesmadyptaced
around buildings to maximize energy efficiency. These factors are also dependiee fuel
mix (coal, hydroelectric, nuclear, etc.) in the regions of interest, andhnayhange if the
electricity mix changes. The average urban tree planted in AR was assunsadt tio i@/oid
emissions of 0.0751 tCO2e/ yr (Tables 7-5a and 7-5b).

Table 7-5a. Net GHG emission reductions from evergr

South East climate region.

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 0.28
1950-1980 0.54
Post-1980 0.18
Weighted average (tCO »eltreely) 0.09423

Source: PSW-GTR-171, Appendix A, Table V.5.

Table 7-5b. Net GHG emission reductions from decidu

South East climate region.

ous 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 0.28 0.0586 -0.0197 0.0000 0.0389
1950-1980 0.54 0.0785 -0.0224 0.0000 0.0561
Post-1980 0.18 0.0993 -0.0264 0.0000 0.0729
Weighted average (tCO eltreely) 0.05597

Source: PSW-GTR-171, Appendix A, Table V.5.

The annual avoided GHG benefit of trees in each year of the policy impleraematiod was
calculated proportionally to the expected size of the trees in each age nadawt iyear (Table

7-6). For each year between 2009 and 2025, this was calculated by multiplying the (@umber

trees planted in each preceding year) by the (maximum potential avoided G&dG.effhis
was then multiplied by the scaling factor (Table 7-4) that represents {herfooa of the
maximum benefit achieved in a given year by trees planted in a prior yeagadfoyear of
policy implementation, the shade and wind protection effects of trees plantedyaahand
each prior year was summed to find the total avoided GHG impact of urban treegpiantiat

year (Table 7-6).
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Table 7-6. Avoided GHG emissions from urban tree p

implementation period.

year
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

The total GHG benefit was calculated as the sum of direct carbon sedgoesthad fossil fuel

2009

0.000
0.001
0.001
0.002
0.002
0.003
0.003
0.004
0.004
0.004
0.005
0.005
0.006
0.006
0.007
0.007
0.008

2010

0.000
0.001
0.001
0.002
0.002
0.003
0.003
0.004
0.004
0.004
0.005
0.005
0.006
0.006
0.007
0.007

2011

0.000
0.001
0.001
0.002
0.002
0.003
0.003
0.004
0.004
0.004
0.005
0.005
0.006
0.006
0.007

2012

0.000
0.001
0.001
0.002
0.002
0.003
0.003
0.004
0.004
0.004
0.005
0.005
0.006
0.006

2013

0.000
0.001
0.001
0.002
0.002
0.003
0.003
0.004
0.004
0.004
0.005
0.005
0.006

GHG benefit of trees planted in this year (MMt CO2e

2014

0.000
0.001
0.001
0.002
0.002
0.003
0.003
0.004
0.004
0.004
0.005
0.005

2015

0.000
0.001
0.001
0.002
0.002
0.003
0.003
0.004
0.004
0.004
0.005

lanting over the policy

2016

0.000
0.001
0.001
0.002
0.002
0.003
0.003
0.004
0.004
0.004

2017

0.000
0.001
0.001
0.002
0.002
0.003
0.003
0.004
0.004

2018

0.000
0.001
0.001
0.002
0.002
0.003
0.003
0.004

2019

0.000
0.001
0.001
0.002
0.002
0.003
0.003

2020

0.000
0.001
0.001
0.002
0.002
0.003

1yr)

2021

0.000
0.001
0.001
0.002
0.002

AR GCGW AFW TWG Pending Policy Option Descriptions, 07-15-08

2022

0.000
0.001
0.001
0.002

offset from reduced cooling demand and wind reduction. The avoided emissions and carbon
sequestration benefits are summed in Table 7-7 to show the total net benefits of erban tre
planting.

Table 7-7. Carbon sequestered and avoided emission

s from urban forestry in AFW-7.

Number of Number of Carbon sequestered in C Savings From

Trees Planted Trees Planted in  cumulative trees planted Shading Effects Total C Savings
Year This Year Prior Years (MMtCO2elyr) (MmtCO2elyr) (MmtCO2elyr)
2009 100,000 0 0.002 0.000 0.002
2010 100,000 100,000 0.003 0.001 0.004
2011 100,000 200,000 0.005 0.003 0.007
2012 100,000 300,000 0.006 0.004 0.011
2013 100,000 400,000 0.008 0.007 0.014
2014 100,000 500,000 0.009 0.009 0.019
2015 100,000 600,000 0.011 0.012 0.023
AR Governor's Commission on Global Warming 51 Center for Climate Strategies
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2016 100,000 700,000 0.013 0.016 0.028
2017 100,000 800,000 0.014 0.020 0.034
2018 100,000 900,000 0.016 0.024 0.040
2019 100,000 1,000,000 0.017 0.029 0.046
2020 100,000 1,100,000 0.019 0.034 0.053
2021 100,000 1,200,000 0.020 0.040 0.061
2022 100,000 1,300,000 0.022 0.046 0.068
2023 100,000 1,400,000 0.024 0.053 0.077
2024 100,000 1,500,000 0.025 0.060 0.085
2025 100,000 1,600,000 0.037 0.068 0.105
Total 1,700,000 0.250 0.161 0.411

Urban Forestry Costs

The costs and cost savings of urban tree planting are calculated separdteyohe-time cost
of tree purchase and planting; cost of annual maintenance (including pruning, remaboval a
disposal, pest and disease treatment, infrastructure repair, cleanuipy katillegal coverage);
and cost savings from avoided energy use. Data are available on the estooatedie benefits
of such services as provision of clean air, hydrologic benefits (e.g., stormuwatiex);c and
aesthetic enhancement, but these indirect co-benefits are difficult tanmeasl are thus not
explicitly quantified.

State-specific data for AR were not available for cost estimatetgta from the Piedmont
region, which includes states immediately to the south and east of AR, were usededhineniPi
Community Tree Guide reports that on average it costs $100/tree to purchase aad pthan
tree. The report also provides average annual maintenance costs and ngstsaviree for four
tree types; an average across these tree types was calculated and thseddst analysis
(Table 7-8) (see Appendices A1-A4 in the publication for the original data).

Table 7-8. Average costs of and cost savings from u  rban tree planting

Al Souﬁﬁern A3 Loaglly

Costs and Cost Savings Red Maple Magnolia Dogwood Pine Average
Cost Savings
($saved/year/tree):

Cooling savings —$16.45 -$12.14 —$9.06 —$14.79 -$13.11

Heating savings —$3.75 —$1.39 -$2.27 -$2.18 -$2.40
Total Average Cost Savings| —-$20.20  -$13.53 —$11.3P -$16.97 -$15.51
Maintenance Costs
($spent/year/tree) $6.8% $5.49 $5.17 $3.54 $5/26

The number of trees planted each year was multiplied by a cost of $1004r¢e/gstimate
initial tree purchase and planting costs (Table 7-9). Then, the total number ajreddrges
planted to date (cumulative since the year planted) on existing urban areasliyde by
$5.26/tree/year to estimate annual maintenance costs (Table 7-9). Theviouast of —
$15.51/tree/year was multiplied by the number of trees planted for enexggreffi to date
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(cumulative since the year planted). This cost savings value was not adjusted fzdr
Cumulative values are used for the latter two estimates because the mastarsimand cost
savings occur in the year the tree is planted and each year thereatfter.

Annual net costs are the sum of costs and cost savings. Annual net costs are discognéed us

5% discount rate. NPV is the sum of the annual net discounted costs and is estimated to be $17
million. Cost-effectiveness is calculated by dividing the NPV by cunwel&@HG reductions for
2009-2025. Cost-effectiveness is estimated to be $41.4%t@Buced.

Table 7-9. Summary of economic benefits of urban f  orest policy implementation.

Number of ~ Number of cost savings
Trees Trees (not net

Planted Planted in maintenance proportional to economic discounted

Year This Year  Prior Years  planting cost cost tree size) cost cost
2009 100,000 0  $10,000,000 $0 -$1,550,500  $8,449,500  $8,449,500
2010 100,000 100,000  $10,000,000 $526,250 -$3,101,000  $7,425,250  $7,071,667
2011 100,000 200,000  $10,000,000 $1,052,500 -$4,651,500 $6,401,000  $5,805,896
2012 100,000 300,000  $10,000,000 $1,578,750 -$6,202,000  $5,376,750  $4,644,639
2013 100,000 400,000  $10,000,000 $2,105,000 -$7,752,500 $4,352,500  $3,580,813
2014 100,000 500,000  $10,000,000 $2,631,250 -$9,303,000  $3,328,250  $2,607,771
2015 100,000 600,000  $10,000,000 $3,157,500 -$10,853,500  $2,304,000  $1,719,280
2016 100,000 700,000  $10,000,000 $3,683,750 -$12,404,000  $1,279,750 $909,494
2017 100,000 800,000  $10,000,000 $4,210,000 -$13,954,500 $255,500 $172,932
2018 100,000 900,000  $10,000,000 $4,736,250 -$15,505,000 -$768,750 -$495,543
2019 100,000 1,000,000  $10,000,000 $5,262,500 -$17,055,500 -$1,793,000 -$1,100,746
2020 100,000 1,100,000  $10,000,000 $5,788,750 -$18,606,000 -$2,817,250 -$1,647,188
2021 100,000 1,200,000  $10,000,000 $6,315,000 -$20,156,500 -$3,841,500 -$2,139,091
2022 100,000 1,300,000  $10,000,000 $6,841,250 -$21,707,000 -$4,865,750 -$2,580,411
2023 100,000 1,400,000  $10,000,000 $7,367,500 -$23,257,500 -$5,890,000 -$2,974,850
2024 100,000 1,500,000  $10,000,000 $7,893,750 -$24,808,000 -$6,914,250 -$3,325,872
2025 100,000 1,600,000  $10,000,000 $8,420,000 -$26,358,500 -$7,938,500 -$3,636,718
1,700,000 $170,000,000 $71,570,000 -$237,226,500  $4,343,500 $17,061,571

Sustainable Management in Public and Private Lands: GHG Benefits

The Policy Design articulates a goal of 50% of publicly-owned and 50% of glyiv@atned
forests under sustainable management regimes by 2025. Assuming that fleeeigttahd is not
under State jurisdiction, this suggests that a total of 7.38 million acres of paxesgdend and
258,254 acres of state-owned resource lands would be managed in this way (Tjable 7-2
achieve these cumulative levels, approximately 433,946 additional acres célproxahed land

and 15,191 additional acres of publicly-owned land would be managed in this way each year

between 2009 and 2025.

1. Impacts of Improved Management on Carbon Sequestration

Net changes in carbon stocks in forest biomass and soil are influenced by growtltyraada
decay processes, and the amount of carbon removed during harvest, all of whiftheareeid

AR Governor's Commission on Global Warming

www.arclimatechange.us

53

Center for Climate Strategies

www.climatestrategies.us




AR GCGW AFW TWG Pending Policy Option Descriptions, 07-15-08

by forest management to some degree. A range of forest managementacavitgomote
productivity and increase the rate of carbon sequestration in Arkansas (seedye Poli
Description, above, for details). Increasing productivity involves incrgaberate at which
forests accumulate biomass—i.e., a high-productivity stand accumulatesarime m biomass
over the same amount of time as an otherwise equivalent low-productivity stankkatisiso a
relatively higher growing-stock volume (i.e., the volume of living trees abowgrthend), some
portion of which is harvested at periodic intervals (providing for potentiallygréatvest
volumes).

Data are available to estimate the carbon stock and growing-stock volumeshasgciated

with increasing productivity of loblolly-shortleaf pine stands in Arkansabldlly-shortleaf

pine forests are the second most abundant type of forest in South Carolina, making upl29% of a
classes of forest (oak-hickory is the most abundant forest type, making up 39%sbbfeal®
Because the loblolly-pine forests are the most heavily managed forest typansés, an

analysis of this forest group alone is believed to be a good approximation of thé yteratial

GHG benefits of forest management in Arkansas. Thus, the analysis beloedhashifting
productivity levels from average or below-average levels to high levels inglyieavned
loblolly-shortleaf stands.

The estimated changes are based on comparing carbon and growing-stock vdilitablge

for average- and high-productivity loblolly-shortleaf pine stands in the South Oexglien

published by USF$’ This type of comparison assumes that the newly treated stands will realize
gains as if they were growing according to the yield table of a high-prodiacesj from their
beginning. In reality, total gains will be influenced by the age of thelstden treatment is

initiated.

The net impact of a shift from low- to high-productivity forests involves both foegbbn and
harvested wood product (HWP) pools. From a carbon accounting perspective, harvested carbon
represents a carbon stock loss to the forest and a carbon stock gain into the HWPIpoolywit

a portion of the carbon that is shifted into the HWP pool at harvest remaining sto@ufor |
periods of time. The changes in carbon stocks in both forest and HWP pools are quantified
below.

2. Estimated Increases in Carbon Sequestration Rates and Growing-Stock Volumes

USFS publishes carbon stock tables for forest types by region for the enting/cousbme
regions, for some forest types, USFS provides tables for both average- andbligttipity
stands. Such tables are available for loblolly-shortleaf pine in the South Cegtoal. cCarbon
stock and growing-stock volume data in the USFS tables (see Tables 7-10 and 7eligeddn
calculate an annual carbon sequestration rate for average- and high-prodottieily-
shortleaf pine forests in Arkansas (carbon stocks in 30-year-old stands weaetsdldtom
carbon stocks in new stands and divided by 30). An average over 30 years is assumed to

> J.E. Smith, L.S. Heath, K.E. Skog, and R.A. Biyldlethods for Calculating Forest Ecosystem and Hamnads
Carbon With Standards Estimates for Forest TypahefJnited StatesGeneral Technical Report NE-343.

USDA/USFS, Northern Research Station, 2006. Avélaly http://www.treesearch.fs.fed.us/pubs/22954
% 1bid.
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encompass the range of age classes for this forest type, though yn seglitestration rates vary
by stand age. Note that soil carbon stocks are constant over time and between groductivi
classes, so carbon stock gains occur only in biomass pools. Comparing Tables 7-10 and 7-11
shows that high-productivity stands sequester approximately 0.79 metric tonsanbane ger

acre per year. Therefore, regardless of the initial carbon stock letetesastand that moves to
higher productivity status will gain roughly 0.79 more metric tons of carbon pepacyear

than it would if left as is.

Table 7-10. Carbon stocks and mean growing-stock vo  lumes by selected age class for

loblolly-shortleaf pine in the southeastern United States
Age Mean Volume Biomass Soils Total
(years) (cflacre) (tC/acre) (tClacre) (tC/acre)
0 0 10.4 17 27.4
30 1,554 32.9 17 49.9
Average Annual Sequestration (30-year average 0.75

cf/acre = cubic feet/acre; tC/acre = metric tons of carbon per acre.
Source: Smith et al., GTR NE-343, Table A47.

Table 7-11. Carbon stocks and mean growing-stock vo  lumes by selected age class for
high-productivity sites (growth rates greater than 120 cubic feet/acre/year), with high-
intensity management (replanting with genetically i mproved stocks)

Age Mean Volume Biomass Soils Total
(years) (cflacre) (tC/acre) (tClacre) (tC/acre)
0 0 14.9 17 31.9
30 4,963 61.1 17 78.1
Average Annual Sequestration (30-year average 1.54

cf/acre = cubic feet/acre; tC/acre = metric tons of carbon per acre.

Source: Smith et al., GTR NE-343, Table A48.

In addition, the growing-stock volume is greater in all age classes of high- pvagwstands.
Assuming that, on average, stands are harvested at 30 years, USFS HWP acecmihtdg
were used to convert the 3,409 cubic feet per acre (cf/acre) incrementadenorgeowing-

stock volume into the equivalent carbon volume of 35.6 tC/acre. Note that this is the carbon
stored in the incremental increase in growing stock, only a portion of which is removegl duri
harvest (this analysis assumes 35% is removed, see below).

3. Calculation of Net Carbon Stock Change in Forests and HWP

The calculation of net forest carbon stock change takes into account that eagdinga
biomass carbon stocks from higher accumulation rates are offset by the refmaxgér
volumes of carbon during harvest (Table 7-12). The incremental increase in biorbass car
stocks is calculated by multiplying the cumulative number of acres trepi@d9 tC/acre/year
(Table 7-12, Column A). Cumulative acres are used because once an aredalisitiatenues
to sequester carbon at a higher rate in subsequent years.
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The incremental increase in carbon removed during harvest is calculated ipyymglthe

number of acres harvested each year by 35% of the carbon increase in gtowkngolume

(i.e., 35% of 35.6 tons C/acre = 12.5 tons C/acre) (Table 48, Column B). This assumes that 35%
of the growing-stock volume is removed during a harvest (based on a study of carbongemoval
at different harvest levels, 35% is roughly the proportion removed from moderatstha

levels)!” The number of acres harvested is calculated by assuming 1.66% of the a@és treat
each year are harvested the following y&4need to find state-specific harvest acres for AR)

Carbon removed during harvest is subtracted from the carbon gains in biomass due to
sequestration to yield a net change in forest carbon stocks each y#ar48.aColumn C). If the
calculation stopped here, this would imply that all carbon removed is essemtiatydeto the
atmosphere. Therefore, a subsequent step is taken to account for the portion of carbon tha
remains stored in HWP for a total carbon stock balance.

Standard USFS HWP accounting methods were used to estimate the incremesaséimc
harvested carbon that remains stored in HWP indefinitely. The amount of cartemhistHWP
carbon stocks is time-dependent relative to the year of harvest (carbon stocighanitially

and decrease over time as a result of disposal and decay), making carbon stockngdoounti
HWP complex. Therefore, an approach has been developed to standardize and simplify HWP
carbon accounting, which applies the amount of carbon still stored in HWP 100 years after
harvest as the estimated net increase in HWP carbon stocks; this gaibugedtto the year of
harvest.

The USFS methods from Smith et al. were applied to coefficients for lobloliyjlesdkfpine
stands in the South Central region to estimate that approximately 22% of rchoagbien
remains stored in HWP 100 years after har{&Sherefore, the long-term storage of carbon in
HWP increases by approximately 2.7 tons tC/acre when stands go from atetsigb-
productivity forests (i.e., an additional 12.45 tC/acre are harvested, of which 22%gahoaed
indefinitely). The net carbon stock increase in HWP attributable to increased tpribguas
calculated by multiplying the number of acres harvested by 2.7 tC/adrie @& Column D).
For standardization across all policy options, units are converted to MjdtG@Qable 7-13.

Table 7-12. Summary of calculated net changes in fo  rest and HWP carbon stocks

State- Cumulative Column C Column E
owned Private Column Column
Year Acres/ Acres ColumnA | B (Aminus B) | D (C plus D)

T F. Strong. “Harvesting Intensity Influences terbon Distribution in a Northern Hardwood EcosysteUSFS
Research Paper NC-329. St. Paul, MN: U.S. Depattofeigriculture, Forest Service, North Central Bash

Station, 1997. Available ahttp://www.ncrs.fs.fed.us/pubs/812 - 20k

8 The harvest rate of 1.66% was calculated from pakdished in R.C. Conner, T. Adams, B.J. ButlealetThe
State of South Carolina’s Forests, 2001.” ResoBrdietin SRS-96. Asheville, NC: USDA/USFS, Southern

Research Station, 2004. Available lattp://www.srs.fs.usda.gov/pubs/7507

9 J.E. Smith, L.S. Heath, K.E. Skog, and R.A. Bisd$éethods for Calculating Forest Ecosystem and Haeds
Carbon With Standards Estimates for Forest TypdhefJnited StatesGeneral Technical Report NE-343.

USDA/USFS, Northern Research Station, 2006. Avélaly http://www.treesearch.fs.fed.us/pubs/22954
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Privately- Year Cumulativ Increase Total
owned e public Increased | d Carbon Net Increase
acres/ acres Carbon Stocks Net Change e Esse in Forest
year Stocks in Removed | in Forest in HWP and HWP
Forest at Carbon il Carbon
Biomass Harvest Stocks Sincks Stocks
(tC) (tC) (tC) (tC) (tC)
2009 433,946 15,191 433,946 15,191 354,819 354,819 0 354,819
2010 433,946 15,191 867,892 30,383 697,636 92,877 604,759 20,451 625,210
2011 433,946 15,191 1,301,838 45,574 1,040,453 92,877 947,576 20,451 968,027
2012 433,946 15,191 1,735,784 60,766 1,383,271 92,877 1,290,393 20,451 1,310,844
2013 433,946 15,191 2,169,730 75,957 1,726,088 92,877 1,633,211 20,451 1,653,662
2014 433,946 15,191 2,603,676 91,148 2,068,905 92,877 1,976,028 20,451 1,996,479
2015 433,946 15,191 3,037,622 106,340 2,411,723 92,877 2,318,845 20,451 2,339,296
2016 433,946 15,191 3,471,568 121,531 2,754,540 92,877 2,661,663 20,451 2,682,114
2017 433,946 15,191 3,905,514 136,723 3,097,357 92,877 3,004,480 20,451 3,024,931
2018 433,946 15,191 4,339,460 151,914 3,440,175 92,877 3,347,297 20,451 3,367,748
2019 433,946 15,191 4,773,406 167,106 3,782,992 92,877 3,690,115 20,451 3,710,566
2020 433,946 15,191 5,207,352 182,297 4,125,809 92,877 4,032,932 20,451 4,053,383
2021 433,946 15,191 5,641,298 197,488 4,468,627 92,877 4,375,749 20,451 4,396,200
2022 433,946 15,191 6,075,244 212,680 4,811,444 92,877 4,718,567 20,451 4,739,018
2023 433,946 15,191 6,509,190 227,871 5,154,261 92,877 5,061,384 20,451 5,081,835
2024 433,946 15,191 6,943,136 243,063 5,497,079 92,877 5,404,201 20,451 5,424,652
2025 433,946 15,191 7,377,082 258,254 5,839,896 92,877 5,747,019 20,451 5,767,470
Total 7,377,082 258,254 25,862,117 224,960 | 26,087,077

tC = metric tons of carbon; HWP = harvested wood product.

Table 7-13. Summary results

Net Change in Net Increase in Total Increase in
Forest Carbon HWP Carbon Forest and HWP
Stocks Stocks Carbon Stocks
Year (MMtCO2ze) (MMtCO2e) (MMtCO2ze)
2009 1.3 0.000 1.3
2010 2.2 0.075 2.3
2011 3.5 0.075 3.5
2012 4.7 0.075 4.8
2013 6.0 0.075 6.1
2014 7.2 0.075 7.3
2015 8.5 0.075 8.6
2016 9.8 0.075 9.8
2017 11.0 0.075 11.1
2018 12.3 0.075 12.3
2019 135 0.075 13.6
2020 14.8 0.075 14.9
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Net Change in Net Increase in Total Increase in
Forest Carbon HWP Carbon Forest and HWP
Stocks Stocks Carbon Stocks
Year (MMtCO2e) (MMtCO2e) (MMtCO2e)

2021 16.0 0.075 16.1
2022 17.3 0.075 17.4
2023 18.6 0.075 18.6
2024 19.8 0.075 19.9
2025 21.1 0.075 21.1
Total 188 1.20 189

MMtCO.e = million metric tons of carbon dioxide equivalent; HWP = harvested wood product.

[NOT YET UPDATED] Sustainable Management in Public and Private Forests: Economic
Costs

The economic cost of implementing enhanced forest management on forest &ceeage-time
cost (over and above the cost to implement standard management techniques) of ifopesived
management practices, and is estimated to be $151.50/acre. This value is an aveldage of
from other states where similar policy options have been quantified: Verntoerg & value of
$3 per acre was us&dand Montana, where a value of $300 per acre was’t&darly, there is
little consensus about what is required to implement an enhanced forest managemamt; giog
a result the estimates of how much it will cost to implement these policiesvidely. State-
specific data would substantially improve the validity of the estimate of edomosts for this
option in Arkansas.

Restore/Establish Forest Cover: GHG Benefits

Due to intense competition for land among various uses, it is likely that aftamestad
reforestation will be most successful on lands where crop production is likelly tafad in the
Lower Mississippi River Alluvial Valley that is subject to spring andyeswimmer backwater
flooding is ideal for forest establishment. It has been suggested that 200,000sHectayiey
500,000 acres) of this land could be available for plarftino achieve the goal of 500,000
acres by 2025, a linear ramp to the goal level was assumed, such that 29,41?@drbés w
planted each year between 2009 and 2025.

Forests grown or planted on land not currently in forest cover will most likelyradate carbon
at a rate consistent with the accumulation rates of average forests igitime Téerefore,
carbon sequestered by afforestation activities can be assumed to ocelgamhéhrate as carbon

8 Vermont Climate Change Advisory Group. Sk&p://www.vtclimatechange.us

8 Montana Climate Change Advisory Group. Sep://www.mtclimatechange.us

82 J.A. Stanturf, C.J. Schweitzer, and E.S. Gardiifforestation of Marginal Agricultural Land in éhLower
Mississippi River Alluvial Valley, U.S.A.'Silva Fennical998;32(3):281-297. Available at:
http://www.metla.fi/silvafennica/full/sf32/sf32328&idf.
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sequestration in average Arkansas forests. For this analysis, theyfpeedistribution used for
the AR Inventory and Forecast was used: this analysis found that forest ARa@siroughly
39% oak-hickory, 29% loblolly-shortleaf pine, 17% oak-pine and 15% oak-gym-cypress.

Average carbon storage was found using methods described by the USDA Forest i8S é\-
GTR-343, assuming that afforestation activity would occur on forests thatceesistent with
the existing forest type distribution in Arkansas. Annual carbon sequestra@snraach forest
type group were calculated by subtracting carbon stocks in new standss)Ofrgegarcarbon
stocks in 35-year old stands and dividing by 35 years. A weighted statewide acaatage
sequestration rate for afforestation activity was calculated, takiogccount the variation in
carbon sequestration across forest types (Table 7-8). The 35-year pericibsas to reflect the
average length of an afforestation project period. In this afforestatiariatada, soil carbon was
assumed to accumulate at a rate consistent with soil carbon accumulationestaffetands in
NE-GTR-343. The average rate of C accumulation on afforested land in AR isyr8ughl
CO2e/ acre/ year (Table 7-8).

Table 7-8. C sequestration rates in afforested sta  nds in AR (source: NE-GTR-343).

Forest type !

#$# %& ( )
* &' " "$ '

% & ( )
# O%& ( )
#4+ " NE&

( )
Weighted average C
accumulation rate for
afforestation:

Forests planted in one year will continue to store carbon in subsequent years. ré@hierefo
GHG benefit of afforestation in one year is the cumulative impact of forestsedlin prior
years. The overall GHG benefit of afforestation activity in AR is destiibdable 7-9.

Table 7-9. Cumulative effect of afforestationin A FW-7.

Carbon sequestered in Carbon sequestered in
Acres planted  Acres planted  cumulative planted acreage cumulative planted acreage

Year this year (ac/yr) in prior years (t CO2elyr) (MMtCO2elyr)

2009 29,412 0 105,609.2 0.106

2010 29,412 29,412 211,218.5 0.211

2011 29,412 58,824 316,827.7 0.317

2012 29,412 88,235 422,437.0 0.422
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2013 29,412 117,647 528,046.2 0.528
2014 29,412 147,059 633,655.5 0.634
2015 29,412 176,471 739,264.7 0.739
2016 29,412 205,882 844,873.9 0.845
2017 29,412 235,294 950,483.2 0.950
2018 29,412 264,706 1,056,092.4 1.056
2019 29,412 294,118 1,161,701.7 1.162
2020 29,412 323,529 1,267,310.9 1.267
2021 29,412 352,941 1,372,920.2 1.373
2022 29,412 382,353 1,478,529.4 1.479
2023 29,412 411,765 1,584,138.7 1.584
2024 29,412 441,176 1,689,747.9 1.690
2025 29,412 470,588 1,795,357.1 1.795

Restore/Establish Forest Cover: Economic Costs

Cost analyses of vegetation planting costs typically employ four casgopportunity cost (of
planting forest rather than another, potentially more lucrative land use), conveost,
maintenance cost, and measuring/monitoring costs (Walker et al. 2007). The oppoo&tnity c
for afforestation activity was assumed to be $51.82/ acre per year, whithexsamual average
rental payment to farmers in Arkansas with land enrolled in the Conservation Resaykeam

as of 20072 One-time costs of vegetation establishment include site preparation andieegetat
planting. Due to lack of available data in AR, establishment costs for affdidasd in IA were
assumed. In IA, the Forest Land Enhancement Program (FLEP) indicatisgn@ss to cost-
share 75% of the total afforestation project cost, to a maximum of $608/aEhe. full cost of
afforestation activity, including site preparation and planting was thusatetirat 100% of a
typical project cost, or $800/acre. Maintenance and monitoring costs on afforestedtle
assumed to be negligible between 2009 and 2025.

Discounted costs to 2025 were calculated using a 5% discount rate. Results inclodadg a
costs are summarized in Table 7-10. The NPV of this option, expressed in 2009 dollars, is
roughly $420 million and the overall cost of implementing this option was calculated to be
$25.99 per ton of CO2e stored.

83 USDA Conservation Reserve Program: Summary and Enrollment Stafi&@2g807.
Available at: http://www.fsa.usda.gov/Internet/FSA_File/annual_consv_2007.pdf.

8 Jowa State Department of Natural Resources Bureau of Forestegt Eand Enhancement
Program Components and Practices in lowa.
http://www.iowadnr.gov/forestry/pdf/FLEP%Z20Rates.pdf.
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Table 7-10. Summary of net economic cost of affore  station activity in AR.

Acres planted Acres planted

year this year (ac/yr) in prior years Opportunity cost  Establishment cost  Total cost Discounted cost
2009 29,412 0 $1,524,118 $23,529,412 $25,053,529 $25,053,529
2010 29,412 29,412 $3,048,235 $23,529,412 $26,577,647 $25,312,045
2011 29,412 58,824 $4,572,353 $23,529,412 $28,101,765 $25,489,129
2012 29,412 88,235 $6,096,471 $23,529,412 $29,625,882 $25,591,951
2013 29,412 117,647 $7,620,588 $23,529,412 $31,150,000 $25,627,182
2014 29,412 147,059 $9,144,706 $23,529,412 $32,674,118 $25,601,026
2015 29,412 176,471 $10,668,824 $23,529,412 $34,198,235 $25,519,250
2016 29,412 205,882 $12,192,941 $23,529,412 $35,722,353  $25,387,209
2017 29,412 235,294 $13,717,059 $23,529,412 $37,246,471  $25,209,877
2018 29,412 264,706 $15,241,176 $23,529,412 $38,770,588 $24,991,867
2019 29,412 294,118 $16,765,294 $23,529,412 $40,294,706 $24,737,454
2020 29,412 323,529 $18,289,412 $23,529,412 $41,818,824 $24,450,600
2021 29,412 352,941 $19,813,529 $23,529,412 $43,342,941 $24,134,971
2022 29,412 382,353 $21,337,647 $23,529,412 $44,867,059 $23,793,959
2023 29,412 411,765 $22,861,765 $23,529,412 $46,391,176  $23,430,697
2024 29,412 441,176 $24,385,882 $23,529,412 $47,915,294 $23,048,076
2025 29,412 470,588 $25,910,000 $23,529,412 $49,439,412 $22,648,764
total 500,000 $420,027,587

Key Assumptions:[TBD, as approved by the TWG]

Key Uncertainties
TBD - [as needed and approved by the TWG]

Additional Benefits and Costs
TBD - [as needed and approved by the TWG]

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

Status of Group Approval
Pending — [until GCGW moves to final agreement at meeting #8, #9, or #10]

Level of Group Support
TBD — [blank until GCGW meeting #8, #9, or #10]

Barriers to Consensus
TBD — [blank until final vote by the GCGW)]
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AFW-8. Advanced Recovery and Recycling

Policy Description

Increasing waste recovery and recycling and reducing wasteatjendimits GHG emissions
associated with landfill methane generation and with the production of rawatsatadditional
actions include increasing existing recycling programs, creatingemeling programs,
providing incentives for recycling construction materials, developing rtef@erecycled
materials, and increasing average participation/recovery rates é&xistlhg recycling programs.

Policy Design
Goals:

Increase the recycling rate for “GHG significant solid wastests3 by 2% every 5 years where
geographically cost-effective.

Timing:

Continuing on from the statutory recycling goal of 45% by 2010, the 2015 goal would be a 2%
improvement on the 2010 actual recycling rate; the 2020 goal would be a 2% improvement on
the 2015 actual recycling rate; and the 2025 goal would a 2% improvement on the 2020 actual
recycling rate.

Parties Involved: TBD — [as approved by the TWG]

Other:

To measure the GHG impacts of municipal solid waste (MSW), the U.S. Environmental
Protection Agency (EPA) first decided which wastes to analyze. The universgerials and
products found in MSW was surveyed, and those that are most likely to have the grgateist
on GHGs were identified. These determinations were based on (1) the quantiateger(@) the
differences in energy use for manufacturing a product from virgin versudeddgputs, and (3)
the potential contribution of materials to £generation in landfills. By this process, EPA
limited the analysis to the following 21 single-material items:

Three categories of metal: aluminum cans, steel cans, and copper wire;

Glass;

Three types of plastic: HDPE (high-density polyethylene); LDPE-{lewsity polyethylene);
and PET (polyethylene terephthalate);

Six categories of paper products: corrugated cardboard, magazinesébganail,
newspaper, office paper, phonebooks, and textbooks;

Two types of wood products: dimensional lumber and medium-density fiberboard;
Food discards;

Yard trimmings;
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Clay bricks;
Concrete;
Fly ash; and

Tires.
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EPA'’s researchers also included two products that are composites of seaterals carpet
and personal computers.

The goals in this policy represent a linear extrapolation of Arkansagsstgcling goals set
forth by Act 94 (HB 1055). Data for 2006 document an overall solid waste recyckngfré2%
(See Table 8-1 for waste steams and tons recycled.) It is not known how maoiytterse
waste streams were disposed in Arkansas landfills, as there is no repagtimgment for these

data.

Table 8-1. Municipal solid waste steams and tons re  cycled

Waste Streams Tons/Year Point of Comments Potential to

Recycled in 2006 Generation Increase Amount
Recycled
Batteries (lead acid) 357 Residential and Return policy in place No.
nonresidential (Act 749 of 1991).
Computers/electronic 23,211 Residential and Banned from Will happen under
nonresidential landfilling in 2010 (Act | existing laws.
512 of 2007).
Incentive funding will
be available in 2009
for collection and
recycling.

Cooking oil 5,265 Nonresidential Private companies Yes, for use as an
purchase and collect energy source.
for use as a biofuel.

Glass 2,646 Non-residential Need AR-based Yes, need better
recycling and markets.
approved alternative
uses.

Metals 806,978 Residential and Good programs in No.

nonresidential place for collection
and recycling.

Motor oil 60,292 Residential and Yes, for use as an

nonresidential energy source.

8 For the purposes of this discussion, the poimjesferation will be categorized as either residéptia
nonresidentially generated.
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Pallets and other wood 910,518 Nonresidential Yes, for use as an
wastes energy source.
Waste Streams Tons/Year Point of Comments Potential to
Recycled in 2006 Generation ©° Increase Amount
Recycled
Paper—cardboard 40,030 Nonresidential Yes.
Paper—mixed 11,230 Nonresidential Yes.
Paper—newsprint 22,977 Residential Yes.
Paper—white ledger 72,987 Nonresidential Yes.
Paper—-magazines 106 Residential Yes.
Paper—other 1,521 Nonresidential Yes.

Plastic—HDPE, LDPE and

1,648; 3,283; 1,374

Residential

Mostly going out of

Yes, need better

Pet state for processing. collection.
Plastics—poly pipe 25,517 Nonresidential Mostly going out of Yes.
state for processing.
Plastics—other 2,054 Nonresidential Mostly going out of Yes.
state for processing.
Sawdust 5,800 Nonresidential Yes.
Textiles and leather 472 Residential and No, too small a
nonresidential waste stream.
Tires and rubber 34,508 Residential and Currently banned from | Yes, for more in-
nonresidential disposal in a landfill state uses.
(Act 749 of 1991).
Mostly shipped out of
state for recycling.
Yard wastes 79,086 Residential and Currently banned from | Yes, potential use

nonresidential

disposal in a landfill
(Act 751 of 1991).
Mostly being
composted.

as an energy
source.

To increase the diversion of recycled materials from the solid waste dispresan for those
waste identified as having the biggest global warming impacts, sevdmakfaeed to be

considered:

8 For the purposes of this discussion, the poimjesferation will be categorized as either residéptia

nonresidentially generated.
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Economics—Arkansas disposal rates at MSW landfills are some of the lowest in the nation.
Communities, businesses, industries have no incentives to collect and divertiecycla
materials from waste streams directed to landfills.

Curbside Programs EnhancedCurrently 97 communities have curbside recycling
programs. Some 190 communities offer recycling opportunities at drop-off centers
Programs need to be encouraged to expand the number of items collected and to offer
residents incentives to reduce waste destined for the landfills. Pay-A$hfourrewards
residents for reuse and recycling by charging lower solid waste disptesal r

Pre-Consumer RecyclirgArkansas industries should be offered more incentives to reduce
waste destined to MSW landfills.

Commercial Recycling-Less than 10% of Arkansas municipalities offer local businesses the
opportunity to reduce the amount of waste deposited in landfills. Incentives need to be
developed at the local level to encourage participation in recycling programs.

End User—Encourage the development of state or regional end users. Long-haul
transportation costs to end users affect profit margins, and profits are halngecy
programs exist. Arkansas offers the 30% State Income Tax Credit for ioollant use of
recyclable materials in the manufacturing process.

Implementation Mechanisms

Possibly strengthening existing recycling legislation or the provisiomcehtives/subsidies to
the municipalities to have more aggressive recycling efforts (currerglynore expensive to
recycle than to landfill).

Related Policies/Programs in Place

Recycling Goals

Act 94 (HB 1055)-Fhe act adds a new goal to the year 2000 recycling goals for Arkansas, which
is to recycle 40% of the MSW by the end of 2005 and 45% of the MSW by the end of 2010. The

act also defines MSW.

Solid Waste Management and Recycling Fund

Act 1325 (SB 575)Fhis act permits grants from the Solid Waste Management and Recycling
Fund to be used for the cost of “recycling programs.” Previous law permitted gydog used

for “recycling programs and market development.”

Opportunity to Recycle

Arkansas Code Annotated 8-6-720(a)(1): Beginning July 1, 1992, each regional solid waste
management board shall ensure that its residents have an opportunity to re@ubetul@ty to
recycle" means availability of curbside pickup or collection centers ¢gciable materials at
sites that are convenient for persons to use.

Type(s) of GHG Reductions

COg: Reductions in Upstream Energy Us€he energy and GHG intensity of manufacturing
a product are generally less when using recycled, rather than virgin, féasdstoc
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CHy: Diverting biodegradable wastes from landfills decreases methanelgases from
landfills.

Estimated GHG Reductions and Costs or Cost Savings

GHG Reduction Potential in 2012, 2020 (MMtCQe): 1.5, 4.4, respectively.

Net Cost per tCOe: —$7.

Data Sources:
Key data sources for the development of the quantification of AFW-8 are:

Arkansas Department of Environmental Qual@jate of Garbage in Arkansdeports
available from 1999 through 2006. Accessed on June 12, 2008 from:
http://www.adeq.state.ar.us/solwaste/branch_recycling/default.htm

U.S. Environmental Protection Agen@006 MSW Characterization Data Tables (PDF)
Accessed on July 7, 2008 fromttp://www.epa.gov/epaoswer/non-
hw/muncpl/pubs/O6data.pdf

U.S. Environmental Protection Agency. "Waste Reduction Model (WARM)." Version 8,
May 2006. Available at:
http://www.epa.gov/climatechange/wycd/waste/calculators/Warm__hamle.ht

Quantification Methods:

GHG Benefits
The GHG benefits resulting from increased waste diversion in Arkansgeargfied by:

Establishing BAU projections for landfill disposal, incineration, recyclimg, @mposting
(as recycling and composting are fundamentally two different processewiliHssy
considered separately, with the sum of the two being equal to total waste iiyersi

Using the goals set forth by the TWG to project the policy scenario for wastagement;

Using recycling data from the AR DE&late of Garbage in Arkansasports and national-
level generation and disposal data from the EBB6Municipal Solid Waste
Characterization Data Tableslisaggregate the Arkansas recycling, composting, and
disposal data; and

Inserting the resulting waste characterization for the baseline ang podinarios into
WARM to determine the incremental GHG benefit resulting from the goiatersie in this

policy.

The baseline recycling and composting rates for MSW in South Carolina are &@328%,
respectively. Based on the change in MSW generation over the last 5 yeassineed that the
BAU average annual increase in MSW generation is 4.7%. Population projecéamaistent
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BAU waste management scenario presented in Table 8-2.

Table 8-2. Business-as-usual waste management proje

ctions for Arkansas

Item 2006 2010 2015 2020 2025
MSW generation (4.7%/year growth

2002-2006) 5,012,531 6,020,073 7,568,897 9,516,197 11,964,492
AR population (from AR I&F) 2,800,397 2,897,236 3,018,285 3,139,334 3,260,383
MSW generation per capita 1.79 2.08 251 3.03 3.67
(tons/person)

MSW recycled (tons) (40.3% of 2,021,709 | 2,428082 | 3,052,771 | 3,838,177 | 4,825,650
generation, not including organics)

Organic composting (tons) (1.8% of

generation) 90,133 108,250 136,100 171,116 215,140
MSW disposed in landfills (tons) 2,900,689 3,483,741 4,380,026 4,343,047 5,111,005

MSW = municipal solid waste; AR I&F = Arkansas Inventory and Forecast.

The policy goals set forth by the TWG are applied to the baseline regwarichcomposting
tonnages to project future waste management under the policy scenario. Tineleemithe
waste generated is assumed to be disposed of in landfills. Table 8-3 shows thedprojecte
management of waste generated in Arkansas under the policy scenari@-Fatiews the
incremental waste diversion, or the difference between the policy and BAUissenar

Table 8-3. Waste management projection for Arkansas

, including policy goals (short

tons)

ltem 2006 2010 2015 2020 2025
MSW generation 5,012,531 6,020,073 7,568,897 9,516,197 11,964,492
MSW recycled 2,021,709 2,593,412 3,405,553 4,463,923 5,841,464
Organic composting 90,133 115,621 151,828 199,013 260,428
MSW disposed in landfills 2,900,689 3,311,040 4,011,515 4,853,261 5,862,601
MSW = municipal solid waste.

Table 8-4. Incremental diversion under policy goals (short tons)

ltem 2006 2010 2015 2020 2025
Recycling — 165,330 352,783 625,746 1,015,813
Organic composting — 7,371 15,728 27,897 45,288
Landfill disposal — -172,701 -368,511 -653,644 -1,061,101

The national baseline composition of waste generated is used to develop the bneaikdaste
generation for Arkansas by waste typ@he waste types used for this analysis correspond to the

87 Arkansas Greenhouse Gas Inventory and Referene=Reafections, 1990-2025. Available online at:
http://www.arclimatechange.us/Inventory Forecaspdrecfm
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disaggregated recycling information provided in the 2002—818& of Recycling in Arkansas
annual reports and the inputs available for the WARM. Table 8-5 shows the wastgigene
characteristics of broad waste categories, and Table 8-6 shows the meatga by specific
waste type within some of these categories. Again, these tables pressithated waste
characterization for Arkansas, based on national generation and diversion rades dsasumed
to adequately represent the Arkansas waste stream. Due to cases wigenegaidantity of a
given material was recycled than projected to be generated under the BAdWiscadjustments
to the raw national data were made to fit the Arkansas waste profile.

The mix of waste generation shown in Tables 8-5 and 8-6 is applied to the total evessteign
in Arkansas. Next, the shares of waste recycled and composted (TabletBiTpach of these
categories are multiplied by the total amount of waste recycled (or ctedgdos food waste,
yard trimmings, and mixed organics), to yield the amount of waste recycled posiat by
waste type.

Once the tonnages of waste generated, recycled, and composted are establiswmad)edeand
composted wastes are subtracted from the amount generated leaving the anvastd tifat has
not been diverted. This amount is the assumed quantity of waste landfilled by wasiEhty
results of this process are entered into WARM. The WARM inputs for 2025 are displayed in
Tables 8-8 and 8-9.

Table 8-5. Waste generation characteristics, by cat  egory

Baseline Generation Composition
Category (BAU)
Paper 12.6%
Organics 5.1%
Mixed plastic 9.7%
Metals 44.2%
Glass 0.2%
Other 28.0%

BAU = business as usual.

88 .S, Environmental Protection Agen@006 MSW Characterization Data Tables (PDAgcessed on July 7,
2008 from:http://www.epa.gov/epaoswer/non-hw/muncpl/pubs/@&ga f
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Baseline Generation

Composition

Waste Type (BAU)
Paper

Corrugated cardboard 1.1%

Magazines/third-class mail 0.0%

Newspaper 0.5%

Office paper 0.0%

Phone books 0.3%

Textbooks 0.4%

Mixed paper, residential 3.3%

Mixed Paper, office 6.9%
Organics

Food waste 1.1%

Yard trimmings 2.5%

Mixed Organics 1.5%

Plastics

HDPE 7.2%

LDPE 1.5%

PET 0.1%

Other (assumed mixed plastics) 0.9%
Metals

Aluminum cans 4.3%

Steel Cans 0.1%

Mixed metals 39.9%
Glass

Glass 0.2%
Other

Mixed Recyclables 25.9%

Personal Computers 1.2%

Tires 1.0%

te type

BAU = business as usual; HDPE = high-density polyethylene; LDPE = low-density polyethylene; PET = polyethylene

terephthalate.

Table 8-7. Recycled and composted waste characteris

tics, by waste type: 2006

BAU Percent BAU Percent Policy Percent Policy Percent
Material Recycled Composted Recycled Composted
Aluminum Cans 3.8% NA 3.8%
Steel Cans 0.1% NA 0.1%
Glass 0.1% NA 0.1%
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BAU Percent

BAU Percent

Policy Percent

Policy Percent

Material Recycled Composted Recycled Composted
HDPE 1.3% NA 1.3%

LDPE 0.2% NA 0.2%

PET 0.1% NA 0.1%

Cardbard 2.0% NA 2.0%

Newspaper 1.1% NA 1.0%

Office Paper 0.1% NA 0.1%

Phonebooks 0.0% NA 0.2%

Textbooks 0.0% NA 0.5%

Food Scraps NA 0.0% 3.3%
Yard Trimmings NA 87.7% 87.7%
Mixed Paper

(primarily 0.6% NA 0.6%

residential)

Mixed Paper

(primarily from 3.6% NA 3.6%

offices)

Mixed Metals 36.0% NA 36.0%

Mixed Plastics 0.1% NA 0.1%

Mixed Recyclables 48.1% NA 47.5%

Mixed Organics NA 12.3% 9.0%
Eiﬁgﬂf‘e'rs 1.1% NA 1.1%

Tires 1.7% NA 1.7%

Totals 100.0% 100.0% 100.0% 100.0%

N/A = not applicable; HDPE = high-density polyethylene; LDPE = low-density polyethylene; PET = polyethylene

terephthalate.
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Table 8-8. 2025 baseline WARM inputs

Tons Tons Tons Tons
Material Tons Generated Recycled Landfilled Combusted Composted
Aluminum cans 511,531 182,105 329,426 NA
Steel cans 7,172 4,540 2,632 NA
Copper wire NA
Glass 29,213 6,316 22,897 NA
HDPE 861,933 64,841 797,092 NA
LDPE 183,592 7,836 175,756 NA
PET 16,187 3,280 12,907 NA
Corrugated cardboard 132,704 95,548 37,155 NA
Magazines/third-class mail 645 253 392 NA
Newspaper 62,362 54,844 7,518 NA
Office paper 5,529 3,630 1,898 NA
Phone books 32,370 - 32,370 NA
Textbooks 53,791 - 53,791 NA
Dimensional lumber NA
Medium-density fiberboard NA
Food scraps 130,987 NA 130,987 -
Yard trimmings 304,219 NA 115,491 188,729
Grass NA
Leaves NA
Branches NA
Mixed paper (general) NA
r'\g'sxlﬁ‘irf’tf‘;;fr (primarily 396,503 26,805 369,698 NA
g"fif’i‘fgsfaper (primarily from 825,027 174,214 650,813 NA
Mixed metals 4,775,362 1,739,544 3,035,818 NA
Mixed plastics 103,881 4,903 98,978 NA
Mixed recyclables 3,098,342 2,319,221 779,121 NA
Mixed organics 176,565 NA 150,153 26,411
Mixed MSW NA NA
Carpet NA
Personal computers 138,048 55,403 82,645 NA
Clay bricks NA NA NA
Concrete NA NA
Fly ash NA NA
Tires 118,531 82,368 36,163 NA

WARM = [EPA’s] WAste Reduction Model; N/A = not applicable; HDPE = high-density polyethylene; LDPE = low-
density polyethylene; PET = polyethylene terephthalate; MSW = municipal solid waste.
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Table 8-9. 2025 policy WARM inputs

Baseline Tons Tons Tons Tons
Material Generation Recycled Landfilled Combusted Composted
Aluminum cans 511,531 220,439 291,092
Steel cans 7,172 5,496 1,676
Copper wire -
Glass 29,213 7,645 21,567
HDPE 861,933 78,490 783,443
LDPE 183,592 9,486 174,106
PET 16,187 3,970 12,217
Corrugated cardboard 132,704 115,661 17,042
Magazines/third-class mail 645 306 338
Newspaper 62,362 58,415 3,947
Office paper 5,529 4,395 1,134
Phone books 32,370 12,447 19,923
Textbooks 53,791 27,766 26,025
Dimensional lumber
Medium-density fiberboard
Food scraps 130,987 122,465 8,522
Yard trimmings 304,219 75,763 228,457
Grass
Leaves
Branches
Mixed paper, broad
Mixed paper, residential 396,503 32,448 364,055
Mixed paper, office 825,027 210,886 614,141
Mixed metals 4,775,362 2,105,723 2,669,639
Mixed plastics 103,881 5,935 97,946
Mixed recyclables 3,098,342 2,775,185 323,157
Mixed organics 176,565 153,116 23,449
Mixed MSW
Carpet
Personal computers 138,048 67,065 70,983
Clay bricks
Concrete
Fly ash
Tires 118,531 99,706 18,825

WARM = [EPA’s] WAste Reduction Model; N/A = not applicable; HDPE = high-density polyethylene; LDPE = low-
density polyethylene; PET = polyethylene terephthalate; MSW = municipal solid waste.
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The WARM analysis predicts a GHG benefit of 1.5 MM#@&@ 2015 and 4.4 MMtC£ in

2025. Assuming the program implementation begins in 2010 and a linear increase in emission
reductions between target years, the cumulative GHG benefit is estimaied6 MMtCQe

through 2025 (Table 8-10).

Table 8-10. Overall policy results—GHG benefits

Avoided Incremental Incremental | Avoided Landfill

Emissions | Incremental Waste Recycling Composting Emplacement
Year (MMtCO2e) | Diversion (tons) (tons) (tons) (tons)
2009 - - - - -
2010 0.25 172,701 165,330 7,371 -172,701
2011 0.51 223,533 213,993 9,540 -223,533
2012 0.76 268,797 257,325 11,472 -268,797
2013 1.02 308,232 295,077 13,155 -308,232
2014 1.27 341,565 326,987 14,578 -341,565
2015 1.52 368,511 352,783 15,728 -368,511
2016 1.80 440,210 421,422 18,788 -440,210
2017 2.08 504,909 483,359 21,549 -504,909
2018 2.35 562,279 538,281 23,998 -562,279
2019 2.63 611,977 585,858 26,119 -611,977
2020 2.91 653,644 625,746 27,897 -653,644
2021 3.18 753,583 721,420 32,163 -753,583
2022 3.46 844,720 808,668 36,052 -844,720
2023 3.73 926,643 887,094 39,549 -926,643
2024 4.01 998,921 956,287 42,634 -998,921
2025 4.35 1,061,101 1,015,813 45,288 -1,061,101
Total 35.8 9,041,325 8,655,443 385,882 -9,041,325

MMtCO.e = million metric tons of carbon dioxide equivalent; WTE = waste-to-energy.

Cost-Effectiveness

Recycling—The net cost of increased recycling rates in Arkansas was estimatedihy the
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 $2.50/household/month, or $30/household}Baviding this number by the
incremental recycling per capita in 20¥%nd multiplying that number by the average
household size of 2.48 yields the maximum collection cost of $6.73/ton. The capital cost of

8 T. Brownell, Eureka Recycling, personal communaatvith S. Roe, CCS, December 17, 2007. This value
compares favorably with data provided to the AFWG\\. Troolin, St. Louis County) on recycling costsurred
by Minnesota counties.

% population projection for 2025 from the AR I&F.

1 U.S. Census Bureau. “State & County QuickFacts—aAgas.” Accessed on July 10, 2008, at:
http://quickfacts.census.gov/qfd/states/05000.html
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additional recycling facilities in Arkansas is $134 millilSrAnnualized over the 15-year policy
period at 5% interest, the capital cost is $8.7 million/year. The avoided cost foll lippifig is
$28/ton®* CCS also factored in the commaodity value of recycled materials with a value of
$38/ton®* Table 8-11 provides the results of the cost analysis. The analysis assumestshat ¢
begin to be incurred in 2010. The estimated cost savings result in an NPV of

—$464 million. Cumulative reductions are 17.0 MM#&Qand the estimated cost-effectiveness is
-$16/tCQe.

Table 8-11. 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$) (MM$) | (MMS$) (MM$) (MM$) (MM$) (MMtCO2ze) | ($/tCO2e)
2009 - $0.0 $0 $0 $0 $0 $0 -
2010 | 165,330 $1.1 $9 $6 $6 -$3 -$3 0.3
2011 | 213,993 $1.4 $9 $8 $8 -$6 -$6 0.5
2012 | 257,325 $1.7 $9 $10 $10 -$9 -$8 0.8
2013 | 295,077 $2.0 $9 $11 $11 -$12 -$10 1.0
2014 | 326,987 $2.2 $9 $13 $12 -$14 -$11 1.3
2015 | 352,783 $2.4 $9 $14 $13 -$16 -$12 15
2016 | 421,422 $2.8 $9 $16 $16 -$21 -$15 1.8
2017 | 483,359 $3.3 $9 $19 $18 -$25 -$17 2.1
2018 | 538,281 $3.6 $9 $21 $20 -$29 -$19 2.3
2019 | 585,858 $3.9 $9 $22 $22 -$32 -$20 2.6
2020 | 625,746 $4.2 $9 $24 $24 -$35 -$20 2.9
2021 | 721,420 $4.9 $9 $28 $27 -$42 -$23 3.2
2022 | 808,668 $5.4 $9 $31 $31 -$48 -$25 3.4
2023 | 887,094 $6.0 $9 $34 $34 -$53 -$27 3.7
2024 | 956,287 $6.4 $9 $37 $36 -$58 -$28 4.0
2025 (1,015,813 $6.8 $9 $39 $39 -$62 -$28 4.3
Total -$464 -$271 17.0 -$16

92 Based upon the ratio of capital cost per housetséd in the Vermont analysis. Vermont capital eossult of
personal communication between P. Calabrese (Ca¥¥akte Management) and S. Roe (CCS) on Juned3, 20

9 Georgia Department of Community Affairs (DCA)SW and C&D Landfill Tipping Fees: 2005 Solid Waste
Management Updatéccessed on July 10, 2008 from:
http://www.dca.state.ga.us/development/research/programs/download/2026 Chap01.pd

f.

Note that this tip fee estimate is for Arkansas MSWandfills.

% RecycleNet Composite Index. “U.S. Municipal Reayglindex—Spot Market Prices: February 1, 2008.”
Accessed on February 1, 2008, laitp://www.scrapindex.com/municipal. htraljusted to 2005$ using the
Consumer Price Index calculator found at FederabRe Bank of Minneapolis, “What Is a Dollar Worth?
Available at:http://minneapolisfed.org/Research/data/us/calc/.
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MM = million; MMtCOze = million metric tons of carbon dioxide equivalent; $/tCOze = dollars per metric ton of carbon
dioxide equivalent.

Composting—€omposting is included in the total recycling volume in$tete of Recycling in
Arkansageports. However, as WARM considers the sole form of diversion for yard trireming
and food waste to be composting, the tons of these items that are “recyclesSuane@to be
composted. The net costs for increased composting in Arkansas were estyraddahg the
additional costs for collection (same calculation as recycling) and thestébc composting
operations. The net cost for composting operations is the sum of the annualized capital and
operating costs of composting, increased collection fees, revenue generaigt the sale of
compost, and the avoided tipping fees for landfilling. Information on the capital andirogpera
costs of composting facilities was received from Cassella Waste Maaagduaring the analysis
of a similar policy in Vermont® These data are summarized in Table J-92.

Table 8-12. Capital and operating costs of composti  ng facilities

Annual Volume Capital Cost Operating 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 (achieving the most efficient operating)cistwn in Table 8-12. The
composting volumes in 2015 and 2025 shown in Table 8-13 suggest the need for one additional
large composting operation to meet the incremental increase in composting through 2025. To
annualize the capital costs of these facilities, CCS assumed a 15-yedingdde and a 5%

interest rate. Other cost assumptions include an assumed landfill tipping fedtoh

additional source-separated organics collection fee of $2.50/household (or $51/ton, as used
above in the recycling element), a compost facility tipping fee of $18/@mmgj a compost value

of $11/ton®

%p. Calabrese (Cassella Waste Management), persmmahunication with S. Roe (CCS) on June 5, 2007.
Because the cost was not originally specified im&eof 20073, the TWG assumed the cost to be f@lid005.

% Georgia Department of Community Affairs (DCA)SW and C&D Landfill Tipping Fees: 2005 Solid Waste
Management Updatéccessed on July 10, 2008 from:

http://www.dca.state.ga.us/development/research/programs/downloads/20@6 Chap01.pd
f.

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

% 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 valueashiposted material was calculated to be $11/tonitél

feedstock.
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Table 8-13 presents the results of the cost analysis for composting. GHG reduetens w
assumed not to begin until 2010, and the cumulative reductions estimated were 0.06:8IMtCO
An NPV of $11 million was estimated, along with a cost-effectiveness of $17@tCO
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Table 8-13. Cost analysis results for composting

Avoided Total GHG
Annual Annualize | Annual | Landfill | Value of | Tons of Annual Dis- Reduc- Cost-
Cost |[Capital | d Capital |Collection | Tipping |Composted | Waste |Composting | counted tions Effective-
O&M | Cost Cost Cost Fees Material Com- Cost Costs (MMt ness

Year | ($MM) | (SMM) | ($MM) (SMM) (SMM) (SMM) posted (SMM) (SMM) CO2e) ($/t)
2009 | $0 $0 $0.0 $0 $0 $0 - $0 $0 -
2010 | $0 $8 $0.8 $0 $0 $0 7,371 $1 $1 0.00
2011 | $0 $0 $0.8 $0 $0 $0 9,540 $1 $1 0.00
2012 | $0 $0 $0.8 $0 $0 $0 11,472 $1 $1 0.00
2013 | $0 $0 $0.8 $0 $0 $0 13,155 $1 $1 0.00
2014 | $0 $0 $0.8 $0 $0 $0 14,578 $1 $1 0.00
2015| $0 $0 $0.8 $0 $0 $0 15,728 $1 $1 0.01
2016 | $1 $0 $0.8 $0 $0 $0 18,788 $1 $1 0.01
2017 | $1 $0 $0.8 $0 $0 $0 21,549 $1 $1 0.01
2018 | $1 $0 $0.8 $0 $0 $0 23,998 $1 $1 0.01
2019 | $1 $0 $0.8 $0 $0 $0 26,119 $1 $1 0.01
2020 | $1 $0 $0.8 $0 $0 $0 27,897 $1 $1 0.01
2021 | $1 $0 $0.8 $0 $0 $0 32,163 $1 $1 0.01
2022 | 31 $0 $0.8 $0 $0 $0 36,052 $1 $1 0.01
2023 | $1 $0 $0.8 $0 $1 $0 39,549 $1 $1 0.01
2024 | 31 $0 $0.8 $0 $1 $0 42,634 $1 $1 0.01
2025 | $1 $0 $0.8 $0 $1 $0 45,288 $1 $1 0.02
Total $11 0.06 $179

$MM = millions of dollars; MMtCOze = million metric tons of carbon dioxide equivalent; $/t = dollars per metric ton.

The overall cost analysis, as seen in Table 8-14, yields an NPV of —$259and a ctiseréss
of —$7.2/tCQe, based on the cumulative emission reductions of 35.8 MMtCO
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Table 8-14. Overall policy results—cost-effectivenes s

Net Program Cost: Net Program Cost: Total Net
Recycling Composting Program Cost Discounted Cost | Cost- Effectiveness

Year ($MM) ($MM) ($MM) ($MM) ($/tCO2e)
2009 $0.0 $0.0 $0.0 $0
2010 -$2.8 $0.9 -$2.0 -$2
2011 -$6.2 $0.9 -$5.3 -$5
2012 -$9.2 $0.9 -$8.3 -$7
2013 -$11.9 $0.9 -$10.9 -$9
2014 -$14.1 $1.0 -$13.1 -$10
2015 -$15.9 $1.0 -$14.9 -$11
2016 -$20.7 $1.0 -$19.7 -$14
2017 -$25.0 $1.0 -$23.9 -$16
2018 -$28.8 $1.1 -$27.7 -$18
2019 -$32.1 $1.1 -$31.0 -$19
2020 -$34.9 $1.1 -$33.8 -$20
2021 -$41.6 $1.2 -$40.4 -$22
2022 -$47.6 $1.2 -$46.4 -$25
2023 -$53.1 $1.3 -$51.8 -$26
2024 -$57.9 $1.3 -$56.6 -$27
2025 -$62.1 $1.3 -$60.7 -$28
Total -$259 -$7.2

$MM = millions of 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 reshgestimated

would be lower (no additional penetration from the current Arkansas recycling apostorg
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 efffecther

gains in recycling or composting rates during the policy period. The BAwmgd®ons are

needed to tie into the assumptions used to develop the GHG forecast for the wastenerainage
sector, which does not factor in these changes in waste management padacingethe policy
period (2010-2025). 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-@44G 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
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into both controlled and uncontrolled landfills), but is also based on the overall direction of the
policy recommendations of AFW-8.

Additionally, transportation emissions for WARM are taken as default. Thissasalgs not
considered the impacts of reduced exports as a result of the goals in this recommisndat
Policy Design section.

Key Uncertainties

TBD — [as needed and approved by the TWG]

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

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

Status of Group Approval
Pending — [until GCGW moves to final agreement at meeting #8, #9, or #10]

Level of Group Support
TBD - [blank until GCGW meeting #8, #9, or #10]

Barriers to Consensus
TBD - [blank until final vote by the GCGW)]
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Policy Description

These programs use the renewable energy created at landfills by andegesiers (methane) to
make electric power, space heat, or liquefied natural gas. New processes fairgpmaste
energy include biomass gasification and pyrolysis. A range of renepraalects can be
developed from these processes, including gaseous and liquid fuels, biochar, and chemica
products. Existing processes include waste combustion and energy recovesgt(estl

steam, or both).

Policy Design
TBD

Goals: 25% of all landfills develop landfill gas-to-energy (LFGTE) and anaerogestir
projects by 2025.

Timing: TBD — [as approved by the TWG]
Parties Involved: TBD — [as approved by the TWG]

Other:

There are currently 24 municipal solid waste landfills operating in Arka@ddhat number, 6
have an active gas collection system; 4 of the 6 are, or will be flaringllayadfes, and 2 are
collecting and using these gases for energy.

Based on the baseline data from the Draft Inventory and Forecast, the 20051(&s(Gre
averted through flaring or LFGTE projects is 12% of the total @Hissions from MSW
generation.

Implementation Mechanisms

TBD — [as approved by the TWG]

Related Policies/Programs in Place
TBD — [as needed and approved by the TWG]

Type(s) of GHG Reductions

CO,: Upstream Energy Use Reductionske energy and GHG intensity of manufacturing a
product is generally less using recycled feedstocks than from using viegstdeks.

CHy,: Diverting biodegradable wastes from landfills will result in a decreaseihame gas
releases from landfills.
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Estimated GHG Reductions and Costs or Cost Savings
TBD — [as approved by the TWG]

Data Sources:

U.S. Environmental Protection Agency, Landfill Methane Outreach Program. g{Ener
Projects and Candidate Landfills." Online database accessed on May 223t2008,
http://www.epa.gov/Imop/proj/index.htm

U.S. Environmental Protection Agency. Landfill Methane Outreach Program U.S.
Environmental Protection Agency, Landfill Methane Outreach Program. LandBIEBergy
Cost Model (LFGcost), Version 1.4. “Summary Report, Pechan for NC GHG Nbtigat
Plan." March 2, 2007.

Arkansas Department of Environmental Quality (AR DEQ). “2007 MSW QuarRaport
Yearly Totals.” Received by B. Strode via e-mail communication with Ks@&asn July 9,
2008.

AR DEQ. “LFGTE List.” Excel spreadsheet of landfills in AR highlightingge with
LFGTE capabilities, and those with currently installed gas collectidersgs Received by
B. Strode via e-mail communication with K. Bassett on July 9, 2008.

Arkansas Greenhouse Gas Inventory and Reference Case Projections, 1990-2025: Waste
Appendix. Available online at:
http://www.arclimatechange.us/Inventory Forecast Report.cfm

Quantification Methods:
GHG Benefits

The goal set forth by the AFW TWG requires 25% of all landfills in ArkansaslizeltFGTE
technology. According to the AR DEQ, there are currently 24 landfills in Arkanssening that
LFGTE technology will have to be installed at six landfills in order to meel\t#é goal.
Currently, there are two landfills that already utilize LFGTE techyobnd four others that
have installed active gas collection systems, flaring the colleatd i was assumed that these
four landfills that already have an active gas collection system wilideost cost-efficient
landfills to target for LFGTE.

The potential GHG benefit from the installation of LFGTE technologies atillsrmtimes from
two sources: the conversion of the methane in landfill gas to carbon dioxide (dlgadawer
global warming potential) and the indirect benefit from the offset elégtacnatural gas use.
Since CCS assumed that the four additional landfills installing LFGTE needexbtdima goal
will be those that already have active gas collection systems, only thecirmhrefit of offset

fossil energy use will be considered incremental to the business-as-usuglg&ario.

9 AR DEQ. “LFGTE List.” Excel spreadsheet of landfilh AR highlighting those with LFGTE capabilitiesd
those with currently installed gas collection syste Received by B. Strode via e-mail communicatiith K.
Bassett on July 9, 2008.
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CCS used the EPA LFGCost model to estimate the amount of electricitptiidtbe generated
in each year by the four additional landfills installing LFGf#Based on 2007 waste
generation rate¥" the LFGCost model predicted that 46,160 MWh could be generated at the
landfills with new LFGTE equipment. Using the same emission factor fatadfectricity as the
Electricity Supply TWG used in its analysis of option ES-3a, it was estintiaae the fulfillment
of the goal for AFW-9 would produce a GHG benefit of 0.02 MMi€ M 2025, with a
cumulative benefit of 0.4 MMtCg for the policy period 2010 through 2025.

Cost-Effectiveness

The cost-effectiveness of this option was determined using the LFGcost ¥, current
model inputs assume an 8% interest rate over 15 years for capital and acitglpadire of
$0.045/kWh. The LFGCost model predicts the total capital expense and average annual
operation and maintenance (O&M) co¥tsThe sum of the annualized capital and O&M costs,
less revenue generated from the sale of electricity yields the net tbist pdlicy option. The

net present value of this option was estimated to be -$1.1 million, with a costvefiiess of -
$3/tCQe (see Table 9-1).

Table 9-1. Summary of Results

2009 - $0.0 $0.0 $0.045 $0.0 $0.0 $0.0
2010 0.03 $1.0 $1.0 $0.045 $2.1 -$0.1 -$0.1
2011 0.03 $1.0 $1.1 $0.046 $2.1 -$0.1 -$0.1
2012 0.02 $1.0 $1.1 $0.047 $2.2 -$0.1 -$0.1
2013 0.02 $1.0 $1.1 $0.048 $2.2 -$0.1 -$0.1
2014 0.02 $1.0 $1.1 $0.049 $2.2 -$0.1 -$0.1
2015 0.02 $1.0 $1.2 $0.050 $2.3 -$0.1 -$0.1
2016 0.02 $1.0 $1.2 $0.051 $2.3 -$0.2 -$0.1
2017 0.02 $1.0 $1.2 $0.052 $2.4 -$0.2 -$0.1
2018 0.02 $1.0 $1.3 $0.053 $2.4 -$0.2 -$0.1
2019 0.02 $1.0 $1.3 $0.054 $2.5 -$0.2 -$0.1
2020 0.02 $1.0 $1.3 $0.055 $2.5 -$0.2 -$0.1
2021 0.02 $1.0 $1.4 $0.056 $2.6 -$0.2 -$0.1
2022 0.02 $1.0 $1.4 $0.057 $2.6 -$0.3 -$0.1

10y.s. EPA, Landfill Methane Outreach Program. Ldh@fas Energy Cost Model (LFGcost), Version 1.40dél
run performed by B. Strode on June 24, 2008. Famernmformation on LFGCost, visit
http://www.epa.gov/Imop/res/index.htm

101 Arkansas Department of Environmental Quality (AR@. “2007 MSW Quarterly Report Yearly Totals.”
Received by B. Strode via e-mail communication WittBassett on July 9, 2008.

102y s, EPA, Landfill Methane Outreach Program. Lah@as Energy Cost Model (LFGcost), Version 1.4.ddb
run performed by B. Strode on June 24, 2008. Famernmformation on LFGCost, visit
http://www.epa.gov/Imop/res/index.htm

193 0&M costs are assumed to inflate by 2.5% per y&hile the price of electricity is assumed to irase by 2%
per year.

AR Governor's Commission on Global Warming 82 Center for Climate Strategies
www.arclimatechange.us www.climatestrategies.us




AR GCGW AFW TWG Pending Policy Option Descriptions, 07-15-08

2023 0.02 $1.0 $1.4 $0.058 $2.7 -$0.3 -$0.1
2024 0.02 $1.0 $1.5 $0.059 $2.7 -$0.3 -$0.1
2025 0.02 $1.0 $1.5 $0.061 $2.8 -$0.3 -$0.1
Totals 0.4 $15.6 $20.1 $38.7 -$3.0 -$1.1 -$3.0

Key Assumptions:

The modeling that produced the above results was based on the assumption that tisethadfill
would implement LFGTE were those that already utilize active gasctiohe However, as this
analysis was not intended to be prescriptive, it should be noted that the TWG did not specify
which landfills should implement LFGTE to meet the goals of this option.

Key Uncertainties
TBD — [as needed and approved by the TWG]

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

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

Status of Group Approval
Pending — [until GCGW moves to final agreement at meeting #8, #9, or #10]

Level of Group Support
TBD — [blank until GCGW meeting #8, #9, or #10]

Barriers to Consensus
TBD — [blank until GCGW meeting #8, #9, or #10]
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