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Agriculture and Forestry Subcommittee

Summary of Forestry Work Plans Recommended for Quantification
	Work Plan
No.
	Work Plan Name
	Annual Results (2020)
	Cumulative Results (2009-2020)

	
	
	GHG Reductions
(MMtCO2e)
	Costs

(Million $)
	Cost-Effectiveness

($/tCO2e)
	GHG Reductions
(MMtCO2e)
	Costs

(NPV, Million $)
	Cost-Effectiveness

($/tCO2e)

	Forest Growth and Protection/ Avoided Conversion

	1
	Forest Growth and Protection Initiative
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	3
	Forestland Protection and Avoided Conversion
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Increased Utilization of Durable Wood Products

	2
	Woodnet
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	6
	Durable Wood Products
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Reforestation, Afforestation, Regeneration

	4
	Reforestation, Afforestation, Regeneration
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	5
	Improved Forest Management
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Urban Forestry

	7
	Urban Forestry
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Wood-based Energy

	8
	Wood to Cellulosic Ethanol and Electricity
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	9
	Biomass Thermal Energy Initiatives
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Sector Total After Adjusting for Overlaps
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Reductions From Recent Actions
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Sector Total Plus Recent Actions
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD


GHG = greenhouse gas; MMtCO2e = million metric tons of carbon dioxide equivalent; $/tCO2e = dollars per metric ton of carbon dioxide equivalent; NPV = net present value; TBD = to be determined.

Negative values in the Cost and the Cost-Effectiveness columns represent net cost savings. 
The numbering used to denote the above draft work plans is for reference purposes only; it does not reflect prioritization among these important draft work plans.
Forestry-1

Forest Growth & Protection Initiative

Work Plan for Potential GHG Reduction Measure

Lead Staff Contact: John Quigley (717) 787-9632

Initiative Summary:  Increase the carbon sequestration benefits of PA’s forest land by preserving the existing forest base and conserving additional forest land.
Goal:  conserve 20,000 acres of forest land each year from 2008-2011 [?]
Implementation Period:  2008-2025 [?]
Parties Affected/ Implementing Parties: DCNR, Bureau of Forestry

Possible New Measure(s): The goal of the PA Forest Growth & Protection Initiative is to augment the carbon sequestering benefits of PA’s forests by preserving existing forest base and conserving additional forest land.  This will be accomplished in three ways:

· Assisting local partners in acquiring open space such as parks, greenways, river and stream corridors, trails, and natural areas

· Acquiring voluntary conservation easements with private landowners

· Acquiring lands for state parks and forests, including inholdings and buffers and connectors to other public lands.

Under the Conserving Special Places program, funded by the Growing Greener II initiative, 20,000 acres of forest land will be acquired each year from 2008-2011.  

Data sources/ Assumptions/ Methods:

Carbon savings from this option were estimated conservatively, and are estimated solely from the amount of annual carbon sequestered by the growth in the additional protected forest area.  Avoided carbon emissions resulting from preventing forest clearing and conversion to developed uses can be estimated; however, the DCNR Bureau of Forestry believes that the variable, opportunistic nature of its acquisition program renders such estimates of avoided emissions unreliable.  

The calculations assume that 50% of land acquired under the program would have been developed if the program did not exist.   This scenario also assumes that 50% of preserved forests are Oak-Hickory and 50% are Maple-Beech-Birch. These forest types were chosen because they are predominant in PA, each making up about 44% of total forest cover in PA (FIA).   The carbon sequestration rates for those types of forests were applied in deriving estimated sequestration totals.

Potential GHG Reductions:

The calculations below use default carbon sequestration values for Oak-Hickory and Maple-Beech-Birch forest types in the Northeastern United States (USFS GTR-343, Tables A2 and A3). Average annual carbon sequestration for these forest types was calculated over 125 years by subtracting carbon stocks in 125-yr old stands from carbon stocks in new stands and dividing by 125.  Soil carbon density was assumed constant and is not included in the calculation because default values for soil carbon density are constant over time in USFS GTR-343. 

	Year
	Cumulative Acres Preserved
	Carbon Sequestration (MMTCO2e)

	2008
	20,000
	.044

	2009
	40,000
	.089

	2010
	60,000
	.133

	2011
	80,000
	.178

	2012
	80,000
	.178

	2013
	80,000
	.178

	2014
	80,000
	.178

	2015
	80,000
	.178

	2016
	80,000
	.178

	2017
	80,000
	.178

	2018
	80,000
	.178

	2019
	80,000
	.178

	2020
	80,000
	.178

	2021
	80,000
	.178

	2022
	80,000
	.178

	2023
	80,000
	.178

	2024
	80,000
	.178

	2025
	80,000
	.178

	Total
	80,000
	2.04 (cumulative)


In addition to the GHG reductions resulting from sequestration, detailed above, additional GHG reductions may be realized through avoided emissions.  Avoided emissions refers to the amount of carbon that would have been lost if the program was not in place and forestland was cleared and developed.  The benefits of avoided emissions were not quantified or included in this analysis.
Total Reductions:  .178 MMTCO2e

Cost to Regulated Entities:  Funding for the land acquisitions described will come primarily from the Growing Greener II bond that is already in place.  DCNR has programmed $35 million /year from 2008-2011.  No new funding streams will be needed to accomplish the initiative described herein.

Implementation Steps:  This program is already in place.  No additional steps are required to implement this program.

Potential Overlap:

· Fuels for Schools and Beyond

Forestry-2

Woodnet

Work Plan for Potential GHG Reduction Measure
Submitted by:
DCNR & Pennsylvania Forest Products Association 




Contact:  Paul Lyskava (717) 901-0420; 

plyskava@paforestproducts.org

Lead Staff Contact:   DCNR [Name?]
Initiative Summary:  Acknowledge, increase, and value the carbon sequestration benefits of durable wood products by encouraging expanded utilization of locally produced wood products.
Goals:  [need numerical targets]
Expanding the state’s current green building efforts beyond the current LEED standards to include a mandate for greater utilization of local wood products; Utilization of local wood as a substitute material for government procurement; Provide access to state financial assistance to logger and wood product companies for equipment resulting in improved efficiencies and reduced carbon emissions.
Implementation Period: [need years]
Other Involved Agencies:  Pennsylvania Department of Agriculture, Hardwood Development Council; DEP, DCED; General Services

Strategy Name: 
“Woodnet” - or similar title aimed at the promotion of locally-produced and purchased wood products along with the inclusion of structural wood within certified green building efforts as a lower carbon alternative to steel and concrete. (perhaps redundant with below?)
Possible New Measure(s): 
The goal of the initiative is to promote the utilization of locally and sustainably produced wood products to extend the forest carbon storage cycle and reduce the emissions from the utilization of alternative products. 

Data sources/ Assumptions/ Methods:

Measures include lumber production and timber output in the state; utilization of locally produced wood in state financed buildings and utilization of wood substitutes for high carbon emission products by the Commonwealth.

Durable products made from wood prolong the length of time forest carbon is stored and not emitted to the atmosphere. Wood products disposed of in landfills may store carbon for long periods under conditions that minimize decomposition and when methane gas is captured from landfills (carbon originally stored in wood products becomes methane during decomposition).  Maintaining a sustainable harvest rate and converting it into durable wood products pool increases carbon sequestration from forests. This can be achieved through improvements in production efficiency, product substitution, expanded product lifetimes, and other practices.

While expanded wood utilization is the long-term goal, an equally critical goal is to sustain the historic level of local wood products production and utilization.  In 2008, Eastern U.S. hardwood lumber production declined for the third straight year, with production declining about 20% from 2007.  For the region, hardwood lumber production is at its lowest level since 1981.  2009 production is estimated to decrease by as much as an additional 20%, and a fundamental change in the state’s forest products economy is a distinct possibility.

While short-term impacts of any decreased wood products production on carbon sequestration will be minimal, long-term impacts are negative.  More forested biomass will remain in the woods, eventually releasing its captured carbon back into the atmosphere.  The net efficiency of Pennsylvania’s forests to be carbon sinks will be reduced.

Decreased markets for wood products will financially impact public and private forestland owners.  For private owners, lack of markets could result in increase acres converted to other uses.

The current level of harvest is also lower than 1990 or other baseline years, which could result in a negative net impact on GHG reduction goals, should wood product production levels not improve.

There are secondary impacts as well.  A vibrant forest products industry is essential to the success of any biomass-based energy initiatives, as mill and forestry residuals are an important source biomass energy stock.  The demand for traditional wood products also support the local logger community and make it economically viable (considering the fixed and regulatory costs) to harvest forest biomass for energy initiatives.

Current state green building policies encourage utilization of LEED standards (Leadership in Energy and Environmental Design), an arbitrary standard which currently does not take into account the net carbon impact of its product standards.  Furthermore, the current LEED scoring system includes a bias that unfairly puts local Pennsylvania wood producers at a disadvantage versus non-wood and foreign suppliers.  The system currently recognizes only one 'branded' sustainable forestry program, while limiting the credit garnered for the use of wood compared to other materials.

(For example:  LEED gives more credit for the use of bamboo product – grow on  converted rainforest and produced and transported from half a world away, as it does to locally produced wood products sustainably managed from a well-managed Pennsylvania forest.).

CORRIM:

The Consortium for Research on Renewable Industrial Materials (CORRIM) provides relevant information on the GHG savings through construction materials such as wood, steel, and concrete and their associated embodied energy.
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additional information can be found at: www.corrim.org/factsheets/fs_02/index.asp
Potential GHG Reduction:
Varies and yet to be calculated.  DCNR CMAG suggests that efforts to support demand that would maintain state timber harvests at a level of 1.1 billion board feet annually would result in GHG reductions of .73 MMTCO2e.   Efforts to support demand that would increase timber harvests to 1.5 billion board feet annually (still a sustainable amount) would result in GHG reductions from .81 to 1.0  MMTCO2e.
Cost to Regulated Entities: Effort would modify current Commonwealth policy, procurement and financing policies, which would require minimal upfront costs.  Cost of Commonwealth’s additional utilization of wood products is unknown. 

Implementation Steps: Effort would modify current Commonwealth policy, procurement and financing policies.
Potential Overlap:



Part B:

Scenarios: Enhance management activities and timber sales to provide a reliable

supply of timber for durable wood products.

· Scenario 1: Calculate disposition categories for 2006 estimate for level of

statewide harvest (1.12 billion board feet/year) through 2020

· Scenario 2: Calculate disposition categories for statewide wood harvest levels at

1.5 billion board feet/year through 2020

· Scenario 3: Calculate GHG impact of current harvest level of 80 million board

feet/year on PA State Forest Land through 2020

Data Sources:
· Sampson and Kamp, 2007. The Nature Conservancy Agreement Part 2: Recent Trends in Sinks and Sources 

· Smith et al., 2006. Methods for Calculating Forest Ecosystem Carbon with Standards Estimates for Forest Types of Report GTR-NE-343 (also published as part of the Department Voluntary GHG Reporting Program).

· Miner, Reid. 2006. The 100-year Method for Forecasting Forest Products in Use. Mitigation and Adaptation Strategies 2006.

· USDA Northeastern Forest Inventory and Analysis tables http://www.fs.fed.us/ne/fia/states/pa/
· Lumber Production and Mill Stocks data from U.S. http://www.census.gov/industry/1/ma321t06.pdf
Potential GHG Reduction (Million Metric Tons of CO2 Equivalents): 

Carbon sequestration in harvested wood products (HWP) was calculated following guidelines published by the USFS in NE-GTR-343 (Smith et al., 2006). Details on each step of the analysis can be found in the Guidelines, following the methodology referred to as “Product-based estimates.” To quantify C stored in long-term products, forest harvest is used as a starting point. The methodology calculates the proportion of harvested wood that is diverted to each of four pools after 100 years: wood in use (i.e., building materials, furniture), wood in landfills (i.e., products that were previously in use and have been discarded), wood burned for energy capture, and wood that has decayed or burned without energy capture. The wood that has not been burned or decayed (i.e., the wood in the “in use” or “landfill” pools) is assumed to remain stored 100 years after harvest.

Most of the C stored in harvested wood products is emitted to the atmosphere over time.

Because this method quantifies the amount of C in this year’s harvest that is expected to

remain stored (or “in use”) for a defined period of time, rather than accounting instantaneously for the C stored in various products each year, this 100-year approach likely underestimates slightly the C stored over the 13-year implementation period of this analysis. Despite its conservatism, the 100-year method has the advantage of being simple and consistent, and has compared well with other accounting methods (Miner 2006).

The general methodology for all Scenarios in this option followed these steps:

1. Find the proportion of harvested volume that is in softwood or hardwood logs.

2. For each of the species types (hardwood and softwood), find the proportion of harvested volume in sawtimber and pulpwood.

3. Calculate tons C in harvested volume.

4. Project C stored in long-term storage pools 100 years after harvest for each Scenario.

The approach for each of the steps is described below

1. The U.S. Census estimates that 1,121 million board feet were harvested from PA forests in 2006,25 of which 1,055 million board feet (94%) was hardwood and 66 million board feet (6%) was softwood. These values were used directly for Scenario 1, and the total volume of hardwood and softwood harvested for Scenarios 2 and 3 was calculated assuming the same proportions.

2. The fraction of growing-stock volume in hardwood and softwood that occurs in each of the size classes (sawtimber and pulpwood) is given by NE-GTR-343. The distribution of harvest volume was assumed to follow the distribution of growingstock volume presented in the Guidelines. An average mix of 50% Maple-Beech- Birch and 50% Oak-Hickory forest was assumed.

Factors Used to Apportion Harvest Volume into Sawtimber

and Pulpwood Classes for PA Forests

	Forest type 
	Fraction of Softwood Volume That Is Sawtimber 
	Pulpwood (1 – Sawtimber) 
	Fraction of Hardwood Volume That Is Sawtimber 
	Pulpwood (1 – Sawtimber) 

	Maple-Beech-Birch 
	0.604 
	0.396 
	0.526 
	0.474 

	Oak-Hickory 
	0.706 
	0.294 
	0.667 
	0.333 

	Average 
	0.655 
	0.345 
	0.597 
	0.403 


3. The fractions above were used to determine the total harvest (millions of board feet) in each of the four categories (hardwood sawtimber, hardwood pulpwood, softwood sawtimber, softwood pulpwood) under each Scenario. These values were converted to m3, and then multiplied by average specific gravity (from Table 4, NE-GTR-343) to find total C in harvested volume.

Carbon in Harvested Volume Under Three Scenarios in PA

	
	tC in Harvested Volume (tC/year) 

	
	Scenario 1: 
	
	

	
	Current Statewide Harvest 
	Scenario 2: 
	Scenario 3: 

	
	(1.12 billion board feet/year) 
	1.5 billion board feet/year 
	80 million board feet/year on SFL 

	Softwoods 
	
	
	

	Sawtimber 
	19,306 
	25,833 
	1,378 

	Pulpwood 
	10,169 
	13,607 
	726 

	Hardwoods 
	
	
	

	Sawtimber 
	390,555 
	522,598 
	20,056 

	Pulpwood 
	264,189 
	353,509 
	13,567 

	Total 
	
	
	

	(MMt/year) 
	0.684 
	0.916 
	0.036 


4. Methods described in GTR-NE-343 were used to calculate the proportions of harvested C that were stored in each of the four disposition categories after 100 years (Table 4). These proportions were used to calculate the proportion of harvested C remaining in use or in landfills after 100 years.
Proportion of Harvested C Remaining in Various Pools

100 Years After Harvest
	Softwoods–sawlogs 
	

	In use 
	0.095 

	Landfill 
	0.223 

	Energy 
	0.338 

	Emitted w/o energy 
	0.344 

	Softwoods–pulpwood 
	

	In use 
	0.006 

	Landfill 
	0.084 

	Energy 
	0.51 

	Emitted w/o energy 
	0.4 

	Hardwoods–sawlogs 
	

	In use 
	0.035 

	Landfill 
	0.281 

	Energy 
	0.387 

	Emitted w/o energy 
	0.296 

	Hardwoods–pulpwood 
	

	in use 
	0.103 

	landfill 
	0.158 

	energy 
	0.336 

	emitted w/o energy 
	0.403 


Total C Stored in Harvested Wood Products After 100 years for Three Scenarios
	
	
	Scenario 2: 
	Scenario 3: 

	
	Scenario 1: 
	Increase Harvest 
	Maintain Current 

	
	Current Statewide 
	to 1.5 Billion Board 
	State Forest Land 

	
	Harvest 
	Feet 
	Harvest 

	
	(tC/year) 
	(tC/year) 
	(tC/year) 

	Softwoods-sawlog 
	
	
	

	In use 
	1,834.03 
	2,454.10 
	130.88 

	Landfill 
	4,305.16 
	5,760.69 
	307.23 

	Softwoods-pulpwood 
	
	
	

	In use 
	61.01 
	81.63 
	4.35 

	Landfill 
	854.16 
	1,142.95 
	60.95 

	Hardwoods-sawlog 
	
	
	

	In use 
	13,669.42 
	18,290.93 
	701.96 

	Landfill 
	109,745.96 
	146,850.09 
	5,635.76 

	Hardwoods-pulpwood 
	
	
	

	In use 
	27,211.50 
	36,411.47 
	1,397.38 

	Landfill 
	41,741.92 
	55,854.48 
	2,143.56 

	Total stored C 100 
	199,423.20 
	266,846.38 
	10,382.12 

	years post harvest (tC/year) 
	
	
	

	Total stored C 100 
	0.731 
	0.978 
	0.038 

	years post harvest (MMtCO2e/year) 
	
	
	


Cumulative C Stored by Durable Wood Products Under Three Scenarios

	
	
	2020 GHG 
	2008–2020 GHG 

	
	2010 GHG Savings (MMtCO2e/year) 
	Savings (MMtCO2e/year) 
	Savings (MMtCO2e) 

	Scenario 1: 2006 Statewide harvest 
	0.73 
	0.73 
	10.97 

	held constant 
	
	
	

	(1.1 billion board feet/year) 
	
	
	

	Scenario 2: Statewide harvest 
	0.81 
	1.00 
	12.96 

	increased to 1.5 billion board 
	
	
	

	feet/year in 2008, maintained through 
	
	
	

	2020 
	
	
	

	Scenario 3: PA State Forest harvest 
	0.04 
	0.04 
	0.57 

	held constant 
	
	
	

	(80 million board feet/year) 
	
	
	


Economic Cost

The cost of durable wood products production is dependent upon various factors which

make a cost analysis difficult and uncertain. An increase in C sequestration in durable

wood products can be approached from various angles including: production efficiency,

product substitution, expanded product lifetimes, and other practices. However, in this

analysis only an estimate of GHG savings was provided for scenarios that increase supply of high quality wood for the manufacture of durable wood products.

A cost analysis for this option would depend upon how these harvest levels are met (i.e., through afforestation or more intensive management of existing forest resources). Sections 2 and 3 of this report provide cost analyses for afforestation and forest management options.

Additional costs might include development of marketing materials and program administration meant to promote the use of durable wood products. These costs are not currently included in the analysis.
Implementation Steps:

Given the economic downtown in 2008 and ensuing in 2009 without action, the constant of total statewide timber sales may no longer be 1.1 billion board feet/yr. , but instead a number closer to 600 million board feet/yr. Incentives should be evaluated to maintain the current timber output if sequestration rates calculated at these volumes, and their long term storage is durable wood products is to be maintained. 
Potential Overlap:   Durable wood products
Forestry-3

Forestland Protection and Avoided Conversion

Work Plan for Potential GHG Reduction Measure

Strategy Name:  Forestland Protection/Avoided Conversion



     (Option B is most relevant for statewide implementation)

Lead Staff Contact: DCNR

Initiative Summary: 

The policy recommendations in the Landscape Preservation sector seek to examine the carbon benefit from various land conservation scenarios. Conservation might be accomplished in two ways: a) direct DCNR purchase of forest land that might otherwise be converted, and b) incentives that seek to reduce the rate of conversion of privately owned land. The GHG benefit is twofold: avoided C emissions that might otherwise have taken place on converted acreage, and C storage on cumulative protected acreage. While the GHG benefit in both cases is the same, the two mechanisms differ in terms of the per-acre cost.

Possible New Measure(s):  

Goals:

Option A:

Protect private forestland through direct acquisition or through various DCNR programs for open space preservation. Three alternative scenarios are analyzed for this option. Scenario 1 is based on full implementation of Growing Greener II, and Scenarios 2 and 3 are based on expansion of the program.

· Scenario 1: Acquire 20,000 acres/year during 2008-2011.

· Scenario 2: Acquire 20,000 acres/year every year during 2008-2020.

· Scenario 3: Acquire 20,000 acres/year during 2008-2011, increase to

40,000 acres/year during 2012-2020.

Option B:

· Scenario 1: Reduce the net rate of forest conversion by 25% by 2020.

· Scenario 2: Reduce the net rate of forest conversion by 50% by 2020.

· Scenario 3: Reduce the net rate of forest conversion to zero by 2020.

· Scenario 4: Same as Scenario 2, but assume conversion threat of 20% (i.e.

5 acres are protected for each acre that is not developed)

· Scenario 5: Same as Scenario 2, but assume conversion threat of 10% (i.e.

10 acres are protected for each acre that is not developed)

Implementation Period: 2008-2025
Parties Affected/ Implementing Parties:
Data Sources/ Assumptions/ Methods:
Option A:

Carbon savings from this option were estimated from two sources: (1) the amount of carbon that would be lost as a result of forest conversion to developed uses (i.e., “avoided emissions”); and (2) the amount of annual carbon sequestration potential that is maintained by protecting the forest area.

Analysis for each of these sources was conducted across three scenarios, each with four sets of assumptions about development threat. The three scenarios differ with regard to number of acres preserved per year (see Table LP1-1). In all scenarios, 50% of preserved forests are Oak-Hickory and 50% are Maple-Beech-Birch. These forest types were chosen because they are predominant in PA, each making up about 44% of total forest cover in PA (FIA).

Alternative Acreage Scenarios used to Calculate Carbon Savings
	Scenario
	Acres acquired per year 

	Scenario 1
	20,000 in 2008-2011 

	Scenario 2
	20,000 in 2008-2020 

	Scenario 3
	20,000 in 2008-2011; increase to 40,000 in 2012-2020 


Each scenario was calculated under four sets of assumptions regarding the threat level for development of PA forestlands. Assumption A is that 100% of land acquired under the program would have been developed if the program did not exist; Assumption B is that 50% of acquired land would otherwise have been developed; Assumption C is that 20% of the acquired land would otherwise have been developed; and Assumption D is that 10% of the acquired land would otherwise have been developed.

(1) Avoided Emissions

Carbon savings from avoided emissions were calculated using estimates of total standing forest carbon stocks in PA, provided by the USFS as part of the Forest Inventory and Forecast for PA (Table LP1-2).

Carbon Pools in Predominant PA Forests
	Forest Carbon Pool
	Oak-Hickory
	Maple-Beech-Birch

	
	MtC/acre 
	MtC/acre 

	Live tree 
	35.8 
	36.7 

	Standing dead tree 
	1.6 
	2.6 

	Understory 
	0.7 
	0.7 

	Down dead wood 
	2.4 
	2.6 

	Forest floor 
	3.3 
	10.8 

	Soils 
	21.5 
	28.1 

	Total 
	65.3 
	81.5 


Loss of forests to development results in a large one-time surge of carbon emissions. In this case, it was assumed that 100% of the vegetation carbon stocks would be lost in the event of forest conversion to developed uses, with no appreciable carbon sequestration in soils or biomass following development. The soil carbon loss assumption is based on a study that shows about a 35% loss of soil carbon when woodlots are converted to developed uses (Austin, 2007). A comparison of data from the American Housing Survey1 with land use conversion data from the Natural Resources Inventory (NRI) suggests that, on average, two thirds of the land area in a given residential lot is cleared during land conversion. Thus, it was assumed that, during forest conversion to developed use, 100% of the forest vegetation C and 35% of the soil C would be lost on 67% of the converted acreage.

To estimate avoided emissions, the total number of acres protected in a year was multiplied by the estimate of one-time C loss from biomass and soils due to development. In Maple-Beech-Birch forests, this estimated C loss was 56.2 t C per acre; in Oak-Hickory forests, the estimated C loss was 49.2 t C per acre. In both forest types, this estimate of C loss due to development is calculated as the sum of 100% of average standing vegetation C stocks (live + dead) and 35% of average soil C stocks (forest floor + mineral soil). This overall avoided C emissions estimate was then converted to million metric tons of CO2 equivalents (MMTCO2e).

Only the acres that would have otherwise been converted to forests are considered in the avoided emissions calculation: in this way, the results are sensitive to the four sets of assumptions about conversion threat. Table LP1-3 shows the annual and total acres acquired by the program and associated avoided emissions that would be generated under each of the three scenarios, and for each of the four alternative assumptions regarding level of development threat. While some of the biomass lost during clearing might be used for bioenergy production, this effect was not quantified in the analysis.

Emissions Avoided by Protecting Forest Land in PA
	
	
	Acres 
	

	
	Years 
	acquired 
	Avoided emissions (MMtCO2e) 

	
	
	
	Assumption A (100% development threat) 
	Assumption B (50% development threat) 
	Assumption C (20% development threat) 
	Assumption D (10% development threat) 

	Scenario 1
	2008-2011 
	20,000/yr 
	3.19/yr 
	1.59/yr 
	0.64/yr 
	0.32/yr 

	
	2012-2020 
	0/yr 
	0/yr 
	0/yr 
	0/yr 
	0/yr 

	
	Total 
	80,000 
	12.74 
	6.37 
	2.55 
	1.27 

	
	
	
	
	
	
	

	Scenario 2
	2008-2011 
	20,000/yr 
	3.19/yr 
	1.59/yr 
	0.64/yr 
	0.32/yr 

	
	2012-2020 
	20,000/yr 
	3.19/yr 
	1.59/yr 
	0.64/yr 
	0.32/yr 

	
	Total 
	260,000 
	41.41 
	20.70 
	8.28 
	4.14 

	
	
	
	
	
	
	

	Scenario 3
	2008-2011 
	20,000/yr 
	3.19/yr 
	1.59/yr 
	0.64/yr 
	0.32/yr 

	
	2012-2020 
	40,000/yr 
	6.37/yr 
	3.19/yr 
	1.27/yr 
	0.64/yr 

	
	Total 
	440,000 
	70.07 
	35.04 
	14.01 
	7.01 


(2) Annual Sequestration Potential in Protected Forests

The calculations in this section of the analysis used default carbon sequestration values for Oak-Hickory and Maple-Beech-Birch forest types in the Northeastern United States (USFS GTR-343, Tables A2 and A3). Average annual carbon sequestration for these forest types was calculated over 125 years by subtracting carbon stocks in 125-yr old stands from carbon stocks in new stands and dividing by 125 (Table LP1-4). Soil carbon density was assumed constant and is not included in the calculation because default values for soil carbon density are constant over time in USFS GTR-343.

Forest Carbon Sequestration Rates
	
	MtC/ac (0 yr) 
	MtC/ac (125 yr) 
	MtC/ac/yr (average) 

	Oak-Hic 
	23.0 
	110.7 
	0.7 

	Map-Bee-Bir 
	25.0 
	88.6 
	0.5 


The results for annual sequestration potential under each of the three scenarios and four sets of assumptions are given in Table LP1-5. Since forests preserved in one year continue to sequester carbon in subsequent years, annual sequestration potential includes benefits from acres preserved cumulatively under the program. Carbon sequestration in protected acreage is calculated on the cumulative acreage protected, and thus does not vary with the assumptions about development threat.
Annual Sequestration Potential in Protected Forests
	Year 
	Cumulative Acres Preserved 
	C Storage in Protected Acreage (MMtCO2e) 

	
	Scenario 1 
	Scenario 2 
	Scenario 3 
	Scenario 1 
	Scenario 2 
	Scenario 3 

	2008 
	20,000 
	20,000 
	20,000 
	0.044 
	0.044 
	0.044 

	2009 
	40,000 
	40,000 
	40,000 
	0.089 
	0.089 
	0.089 

	2010 
	60,000 
	60,000 
	60,000 
	0.133 
	0.133 
	0.133 

	2011 
	80,000 
	80,000 
	80,000 
	0.178 
	0.178 
	0.178 

	2012 
	80,000 
	100,000 
	120,000 
	0.178 
	0.222 
	0.266 

	2013 
	80,000 
	120,000 
	160,000 
	0.178 
	0.266 
	0.355 

	2014 
	80,000 
	140,000 
	200,000 
	0.178 
	0.311 
	0.444 

	2015 
	80,000 
	160,000 
	240,000 
	0.178 
	0.355 
	0.533 

	2016 
	80,000 
	180,000 
	280,000 
	0.178 
	0.399 
	0.621 

	2017 
	80,000 
	200,000 
	320,000 
	0.178 
	0.444 
	0.710 

	2018 
	80,000 
	220,000 
	360,000 
	0.178 
	0.488 
	0.799 

	2019 
	80,000 
	240,000 
	400,000 
	0.178 
	0.533 
	0.888 

	2020 
	80,000 
	260,000 
	440,000 
	0.178 
	0.577 
	0.976 

	Total 
	80000 
	260000 
	440000 
	2.04 
	4.04 
	6.04 


Figures LP1-1 through LP-4 illustrate the projected total carbon savings, including both avoided emissions and sequestration potential through 2020, as a result of protecting PA forests under the three scenarios. Figure 1 shows carbon savings under the assumption of 100% threat of development (Assumption A). If 50% threat of development is assumed (Assumption B), carbon savings are halved, to the levels illustrated in Figure LP1-2. Carbon savings decline further under the remaining Assumptions (C and D) about 20% and 10% development threat. Under all scenarios and assumptions, the majority of carbon savings result from avoiding emissions that would otherwise be generated by conversion.
[image: image3.emf]
[image: image4.emf]
Option B:

GHG benefits from this option were estimated from two sources: (1) the amount of carbon that would be lost as a result of forest conversion to developed uses (i.e., “avoided emissions”); and (2) the amount of annual carbon sequestration potential that is maintained by protecting the forest area.

In PA, the Natural Resources Inventory (NRI) estimated roughly 15.5 million acres of forest in 1997. Between 1982 and 1997, 902,900 acres of forest were converted to non-forest use (61,393 acres annually). Of this total, 597,900 acres were converted to developed use for a net annual loss of 39,860 forested acres to development statewide.

This corresponds to a net forest loss of 0.40% year to all non-forest uses, or 0.26% loss annually to development alone. In this analysis, a baseline conversion rate of 39,860 acres per year was used, representing the rate at which forestland was lost to development annually between 1982 and 1997. Updated data on land conversion trends through 2002/2003 will be available in mid-2008, but had not been released in time for this report.

Analysis for each of these types of C savings (avoided emissions and sequestration on protected acreage) was conducted across five scenarios. The scenarios differ with regard to number of acres not converted to development each year, as well as the number of acres that must be purchased to avoid land conversion to developed use (i.e. conversion threat) (see Table LP2-1). In all scenarios, 50% of preserved forests are assumed to be Oak-Hickory and 50% are assumed to be Maple-Beech-Birch. These forest types were used because they are predominant in PA, each making up about 44% of total forest cover in PA (FIA).
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(1) Avoided Emissions

The forest carbon stocks (tons carbon per acre) and annual carbon flux (annual change in tons carbon per acre) data are based on default carbon sequestration values for Maple/Beech/Birch forest types in the Northeastern US (USFS GTR-343, Table A2). Annual rates of carbon sequestration (tons carbon sequestered per acre per year) were calculated by subtracting total carbon stocks in forest biomass of 125 yr old stands from total carbon stocks in forest biomass of new stands and dividing by 125. Soil carbon density was assumed constant and is not included in the annual carbon flux calculations because default values for soil carbon density are constant over time in USFS GTR-343. See Table LP1-2 in Option LP-1 above for overview of forest C storage and sequestration information used in this analysis.

Loss of forests to development results in a large one-time surge of carbon emissions. In this case, it was assumed that 100% of the vegetation carbon stocks would be lost in the event of forest conversion to developed uses, with no appreciable carbon sequestration in soils or biomass following development. The soil carbon loss assumption is based on a study that shows about a 35% loss of soil carbon when woodlots are converted to developed uses (Austin, 2007). A comparison of data from the American Housing Survey2 with land use conversion data from the Natural Resources Inventory (NRI) suggests that, on average, two thirds of the land area in a given residential lot is cleared during land conversion. Thus, it was assumed that, during forest conversion to developed use, 100% of the forest vegetation C and 35% of the soil C would be lost on 67% of the converted acreage.

To estimate avoided emissions, the total number of acres protected in a year was multiplied by the estimate of one-time C loss from biomass and soils due to development. In Maple-Beech-Birch forests, this estimated C loss was 56.2 t C per acre; in Oak- Hickory forests, the estimated C loss was 49.2 t C per acre. In both forest types, this estimate of C loss due to development is calculated as the sum of 100% of average standing vegetation C stocks (live + dead) and 35% of average soil C stocks (forest floor + mineral soil). This overall avoided C emissions estimate was then converted to million metric tons of CO2 equivalents (MMTCO2e) for inclusion in Table LP2-2 (below). While some of the biomass lost during clearing might be used for bioenergy production, this effect was not quantified in the analysis of LP-2.

For Scenarios 1-3, it was assumed that 100% of the protected land would otherwise have been converted to a developed use. Thus for these Scenarios the avoided emissions calculation was made on 100% of the protected acreage. Scenarios 4 and 5 assume that only 20% and 10%, respectively, of the land that is protected would otherwise have been developed. Calculations using these Scenarios assume that the protected acreage is the same as under Scenario 2, but that avoided emissions due to land conversion occur on only a fraction of the acreage that is actually protected.

(2) Sequestration in Protected Forest

Forests not converted in a given year continue to sequester carbon each year they remain in a forested use. Thus the C sequestration in protected forestland is calculated as annual sequestration in cumulative protected acreage. Annual sequestration for PA forest (t C / ac/ yr) is calculated from NE-GTR-343 and is given in Table LP1-4 in Option LP-1 (above). As with avoided emissions from initial conversion, it is assumed that half of the protected forests are in Maple-Beech-Birch forest and half are in Oak-Hickory forest. Because acres protected in one year continue to store C in subsequent years, annual benefits of forest protection tend to accrue in later years of policy implementation (Figure LP2-1).
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For Scenarios 1-3, the relative impact of avoided one-time emissions due to reduced forest conversion is roughly fourteen times the impact of cumulative sequestration in protected acreage for all Scenarios (Table LP2-2, Figure LP2-2). For Scenarios 4 and 5, the relative impact of avoided emissions from development is much smaller, consistent with the assumption that avoided emissions are effective on only a fraction of the forest land.
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Economic Cost: The economic cost of avoiding conversion was calculated as the cost of land acquisition. This is a one-time cost per acre of protected land and is estimated at $3,500 per acre. This is a statewide average based on DCNR experience; however, it should be noted that this figure is not necessarily representative of those lands at most risk to development, primarily in the southeast region of PA.

Costs were assumed to be one-time costs applied in the year that land is acquired. Maintenance costs are assumed to be zero. The analysis does not take into account potential cost savings, e.g., avoided land clearing costs and revenue from forest products on working forest lands that are protected under this policy. Discounted costs were estimated using a 5% interest rate. Total non-discounted and discounted costs under each Scenario are provided in Table LP1-6. The cumulative cost effectiveness of the total program was calculated by summing annual costs and dividing by cumulative carbon sequestration, yielding the results in Table LP1-7. Cost effectiveness varies by which set of assumptions is used relative to development threat. Figure LP1-3 compares cumulative carbon savings and cost effectiveness (calculated with discounted costs) for all scenarios.
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Option B:

The economic cost of avoiding conversion was calculated as the cost of acquiring conservation easements on private land. This is a one-time cost per acre of protected land and is estimated at $3,500 per acre. Half of this easement cost ($1,750) is typically paid by the State, with a 100% match from private funds.

Results of the economic analysis, without discounting, are shown in Table LP2-3. Since Scenarios 4 and 5 assume the same number of acres is purchased as in Scenario 2, the economic costs for Scenarios 2, 4, and 5 are equivalent.

There is a need to do a cost analysis of what a traditional conservation easement versus a project implementation agreement (a component of the Climate Action Reserve forestry protocol).
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A summary of the discounted and non-discounted costs is shown in Table LP2-4, and overall results of the analysis are given in Table LP2-5. Discounted costs were calculated assuming a 5% discount rate. The net present value (NPV) of each Scenario is the sum of the discounted costs between 2008 and 2020. Levelized cost effectiveness is calculated as the cost associated with avoiding or storing each tCO2e. The levelized cost effectiveness of this option is the same for Scenarios 1-3, at $14.08/ tCO2e. The levelized cost per tCO2e reduced for Scenarios 4 and 5 is substantially larger, at $55.84/tCO2e and $88.75/ tCO2e, respectively.
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Implementation Steps: Develop set of criteria for evaluating proposed projects involving the protection of existing forestland to identify potentially significant carbon sequestration opportunities at low marginal costs and with associated environmental co-benefits. Consider using criteria such as forest type/age and related carbon values--current and projected, landscape context (e.g., size, contiguity, connectivity), threat of conversion, economic analysis (e.g., opportunity, conversion and maintenance costs, potential credit eligibility), stocking levels/regeneration rates, ecological values, etc. To the greatest extent possible, use data that are currently available (e.g., FIA, NRCS, etc.).
There is some potential applicability of the planned PA Map program, which will use periodic remote sensing (~ every three years) to detect land use/land cover change and could also be used estimate changes in net biomass (or ecosystem) productivity. Through the LIDAR/high resolution land cover data, identify and characterize baseline info on priority carbon sinks--high value natural sequestration areas, including the largest remaining intact blocks of ecologically and economically functional interior forest.  (See also Related Policies/Programs in Place) 

Consider enabling actions to reduce leakage (e.g., enabling actions), investigate ways to estimate and understand leakage issues, including improvements in data capabilities to track land use change. Focus efforts of multiple programs/agencies to reach out to landowners in these priority areas in order to share info on funding/tech assistance/mgmt options that create alternatives to parcelization/fragmentation. Increase State (e.g., C2P2) funding for acquisition of priority forest land and for working forest conservation easements to protect forest lands from conversion. Consider re-tooling state's Forest Legacy program to reward landowners for retaining carbon value. Create state tax credit for conservation of forest land by businesses and individuals. Review Clean and Green program to identify opportunities for improving benefits to forest landowners. Explore opportunities for converting CREP contracts and other forested riparian buffer projects to permanent riparian easements. Encourage and assist counties and municipalities that are interested in creating funding for local forest conservation projects.

Develop a model conservation easement that would incorporate carbon sequestration and trading and that would seamlessly work with emerging state and federal law/regulations. Incorporate land trust community’s capacity and experience in monitoring and enforcing easements into emerging carbon monitoring programs to avoid reinventing the wheel.

Create financial incentives for landowners and land trusts to do above.

Beyond the above, determine how to interweave emerging PA and federal policy and carbon management mechanisms so that PA players can act expeditiously. Maybe DEP, PennDOT and DCNR need to establish a joint "Carbon Service" to assist nonprofits, business and consumers in the way that ag agencies assist farmers. Or maybe the coop extensions, chambers of commerce and other existing entities can take this on?

Could DCNR and PALTA create a program to enlist private forest landowners in a PA carbon trading coop or similar entity?

Depending on the eventual make-up of the federal climate regulatory system, PA should consider complementary programs to enhance it and speed up implementation. For example, if programs to avoid deforestation are insufficient at the federal level, PA should enhance that aspect to incentivize landowners to participate, much in the way that many PA counties add their own funds to the state ag preservation program.

Right now the standard practice for development in wooded areas is to completely clear the land. Incentives, education and regulations should be put in place at the state and local levels to alter this practice and require replacement sufficient to actually make a difference. In addition, to accomplish this there will be a need to expand the current tree planting infrastructure that includes growers of native trees, recruitment of volunteers and husbandry training for landowners in suburban and urban areas.

We’ll need some sort of adaptive structure(s) to monitor changes, disseminate info and assist ecosystem managers as natural communities change.

Potential Overlap: 
Forestry-4

Reforestation, Afforestation, Regeneration

Work Plan for Potential GHG Reduction Measure

Strategy Name:  Reforestation , Afforestation, Regeneration

Lead Staff Contact:  DCNR

Initiative Summary:  This option seeks to increase carbon stored in vegetation and soils through expanding the land base associated with terrestrial C sequestration. Establishing new forests (“afforestation”) increases the amount of carbon in biomass and soils compared to preexisting conditions. Planting and afforestation can take place on land not currently experiencing other uses, such as abandoned mine lands (AML), brownfields, oil and gas well sites, marginal agricultural land, and riparian areas. In addition to planting forest cover, this policy option also includes consideration of planting short-rotation woody crops and warm season grasses on a variety of underutilized land cover types.

This analysis focuses on the C sequestration benefit of afforestation only, and does not include the multiple co-benefits of afforestation (water, habitat, etc.)

Goals:
Implementation Period:
Parties Affected/ Implementing Parties: DEP, PDA, Alliance for the Chesapeake Bay, The Chesapeake Bay Foundation, The Western Pennsylvania Conservancy, USDA Conservation Reserve Enhancement Program

Data Sources/ Assumptions/ Methods:
Increase C sequestration on land not being utilized (i.e., brownfields, AML, oil and gas well sites, marginal agricultural land, and riparian areas).

· Scenarios were designed for practicality, and include a scaled usage of available land in each land use category (25%, 50%, 100%) for establishing one or a combination of the four vegetation types (afforestation with typical PA forest cover, warm-season grasses, short-rotation woody crops, riparian buffers) appropriate for that type of site.

Data Sources:

○
USDA Forest Service (USFS) Methods for Calculating Forest Ecosystem and Harvested Carbon with Standards Estimates for Forest Types of the US, General Technical Report NE-343 (also published as part of the Department of Energy Voluntary GHG Reporting Program).

○
USFS Forest Inventory Analysis data, provided by the USFS for the PA Forestry Inventory and Forecast. The carbon density data are from the Pennsylvania State Forest Carbon Inventory (Jim Smith, USFS).

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

○ 
Duffy, M.D. and V.Y. Nanhou. 2002. Costs of producing switchgrass for biomass in southern Iowa. in: Trends in new crops and new uses. 2002. J. Janick and A. Whipkey (eds.). ASHS Press, Alexandria, VA.

○
Niu, X. and Duiker, SW. 2006. Carbon sequestration potential by afforestation of marginal agricultural land in the Midwestern U.S. Forest Ecology and Management 223: 415–427.

○ 
Sampson et al., 2007. Terrestrial carbon sequestration in the Northeast: Quantities and Costs, Part 3C: Opportunities for Sequestering Carbon and Offsetting Emissions through Production of Biomass Energy. C-5

○ 
Kant, Z. and B. Kreps, 2004. Carbon sequestration and reforestation of mined lands in the Clinch and Powell River Valleys. The Nature Conservancy Topical Report: Task 5.

○ 
Adler, P.R, Del Grasso, S.J. and W.J. Parton, 2007. Life-cycle assessment of net greenhouse-gas flux for bioenergy cropping systems. Ecological Applications, 17(3): 675–-691.
○
Heller, M.C, G.A. Keoleian, T.A. Volk, 2003. Life cycle assessment of a willow bioenergy cropping system. Biomass and Bioenergy 25:147–165.

Potential GHG Reduction (Million Metric Tons of CO2 Equivalents): 

The quantification for this option seeks to analyze the possible opportunities for planting different types of vegetation on various types of underutilized land in PA. Scenarios were designed for practicality, and to illustrate the potential benefits and costs of different options under various levels of implementation (Table F2-1).
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The Sections below detail the methods and assumptions used for each of the vegetation types planted and the variety of land use types considered in this option.

A. GHG Benefit of Vegetation Types

A.1. Afforestation With Typical PA Forest Cover

Forests planted on land not currently in forest cover will likely accumulate carbon at a rate consistent with the accumulation rates of average forest in the region. Therefore, C sequestered by afforestation activities was assumed to occur at the same rate as C sequestration in average PA forest. Average C storage was found based on USFS GTRNE-343 assuming afforestation activity with a forest type distribution of 50% Maple-Beech-Birch and 50% Oak-Hickory. For afforestation under Option F-2, a 25-year project period was assumed, such that the rate of forest C sequestration (in all forest C compartments, including soil, live and dead biomass, forest floor, understory, and downed wood) under afforestation projects was estimated at 5.02 t CO2e acre-1 year-1 (Table F2-2). Forests planted in one year continue to sequester carbon in subsequent years. Thus C storage in a given year is calculated as the sum of annual C sequestration on cumulative planted acreage.
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In riparian buffers, the amount of carbon sequestration achieved over time was quantified using a carbon sequestration rate of 3.92 tCO2e/ac/year. To calculate this rate, average carbon densities for Elm/Ash/Cottonwood forests (obtained from the USDA Forest Service for the PA Inventory and Forecast) were divided by 35, based on the assumption of an average stand age of 35 years obtained from FIA data.

A.2. Biomass Crops: Switchgrass, Willow, and Hybrid Poplar

The analysis of the potential for GHG benefits due to planting biomass crops on underutilized land separated biomass crops into two categories: warm-season grasses (switchgrass) and short-rotation wood crops (SRWC), assuming an equal mix of willow and poplar. Since data about the two SRWC crops (willow and poplar) are often presented separately, their GHG benefits were analyzed independently first, and then a weighted average assuming an equal willow- poplar mix was used for building the scenarios.

For all of the biomass crops, net GHG benefit was calculated as the difference between avoided fossil fuel emissions (from substituting biomass crops for fossil-intensive energy sources) and the emissions from crop management activities. 

These steps were followed:

1. Quantify the expected yield (in million Btu) per acre of vegetation in PA.

2. Convert expected yield (in mBTU per acre) to units of tCO2e avoided per acre of biomass crop grown. This expected yield per acre (in 106 Btu per acre) was used to calculate the expected avoided fossil fuel use from utilizing biomass as a primary energy source. This calculation assumes an existing fuel mix of equal parts oil, natural gas, and coal. Conversion factors were taken from the 2000 PA Inventory and Forecast of Greenhouse Gas Emissions (see Table F4-1 for specific conversion factors for each of the three fuel types).

3. Subtract emissions attributed to management activity. Since energy is used to grow the biomass crops, this expected fuel switching benefit must be reduced by an amount equal to the energy inputs required to produce the crops. Energy input from agricultural machinery and fertilizer production was thus subtracted from this expected fossil fuel offset benefit, to achieve an overall GHG benefit in tCO2e/acre/year (Table F2-3).

In the Scenarios analyzed here, it was calculated that each acre of switchgrass would achieve an overall GHG benefit of 3.5 tCO2e/year. Each acre of SRWC, assuming an equal mix of willow and poplar, would achieve an intermediate benefit between the willow and the poplar estimates, for a total GHG benefit of 4.6 tCO2e/year. Soil C sequestration is not considered in this analysis.
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The work of Adler et al. (2007), who used a modeling analysis to quantify the complete set of life cycle benefits of various biofuel crops, provides a comparison for these methods. Adler et al. (2007) considered all fuel usage, equipment use, harvesting and transport costs, and production emissions to quantify net GHG comparisons for biofuel feedstocks in PA, including corn, soybean, alfalfa, switchgrass, hybrid poplar, and reed canarygrass. Switchgrass and hybrid poplar were the most favorable of all of the crops considered by Adler et al. (2007): ethanol and biodiesel produced from these crops reduced life cycle GHG emissions by ~115% below the life cycle CO2e emissions produced by gasoline and diesel. In their analysis, switchgrass produced a net GHG sink of around 2.9 tCO2e/acre/year for biomass conversion to ethanol and around 5.9 tCO2e/acre/year when used for biomass gasification for electricity generation.

Biomass yield is an important source of variation in these estimates: these results depend on expected yield, which can vary substantially from actual yield. Actual yield can change dramatically depending on species and site conditions. As yield increases, the expected GHG benefit increases dramatically as well.

A.2.a. Switchgrass

Switchgrass is a perennial warm-season grass, grown for decades on marginal lands not well suited for conventional row crops. It has been identified as a potential feedstock for cellulosic ethanol production, as well as for biomass gasification to produce electricity.

A.2.b. Short-Rotation Woody Crops

Short-rotation woody crops such as willow and hybrid poplar can be grown on most agricultural land that is capable of producing cultivated or hay crops, but practically they may be limited to the more marginal production lands, where they can be used to reduce soil erosion and compete economically. They can also have significant water and fertilizer demands, which make them costly to produce. SRWC are generally harvested during the dormant season on a 3- to 4-year cycle. Since they re-sprout vigorously after cutting, seven to eight harvests can be obtained from a single planting. Fertilizers may be applied in the spring following harvest, in an amount determined by site conditions (Sampson et al., 2007).

B. Land Areas Available for Afforestation and Planting

For each of the vegetation types analyzed, a scaled implementation of planting on 25%, 50%, and 100% of the land use category was considered. A gradual ramp-up was assumed, such that full implementation of each Scenario would be achieved in 2020.

B.1. Abandoned Minelands (AMLs)

With 250,000 acres of abandoned minelands statewide,5 these sites provide a potential opportunity for carbon sequestration and biomass feedstock production6. Restoring abandoned minelands, however, can be challenging and very costly due to the need for site preparation because of uneven terrain and the legacy of their prior use. Three potential uses for AML were considered: afforestation with a typical PA forest cover mix (including Maple-Beech-Birch and Oak-Hickory), switchgrass production, and SRWC production.

B.2. Brownfields

The 389 brownfields in the state of PA comprise 2330 acres of land area.7 Although many brownfields are remediated and used as commercial or industrial sites, they also offer potential space for C sequestration. Three potential uses for brownfields were considered: afforestation with a typical PA forest cover mix (including Maple-Beech- Birch and Oak-Hickory), switchgrass production, and SRWC production.

B.3. Oil And Gas Well Sites

Oil and gas well sites also occupy small ¼–½ acre sites around the state, totaling 250 acres of land area annually.8 Because these sites are widely scattered and quite small, management activities on oil and gas well sites are probably not feasible. Only the afforestation scenario was explored for these sites.

B.4. Marginal Agricultural Land

Marginal agricultural land is restricted by various soil physical/chemical properties, or environmental factors, for crop production. Based on an analysis of the1992 USGS National Land Cover Dataset together with soil characteristics obtained from the NRCS STATSGO soil dataset, Niu and Duiker (2006) reported that marginal agricultural land area of in PA totaled 1.18 Mha (approximately 36% of all land area in the state). This land was placed in the “marginal agricultural land” category because of its combination of soil and land cover characteristics, and includes land with high water table, steep slopes (high erodability), shallow soils, stoniness, and low fertility. For this analysis, afforestation, SRWC, and switchgrass were considered on marginal agricultural land.

Economic Cost: 

Economic analyses of vegetation planting costs typically employ four categories:  opportunity cost (of planting forest rather than another, potentially more lucrative land use), conversion cost, maintenance cost, and measuring/monitoring costs (Walker et al. 2007). For this analysis, opportunity cost was assumed to be zero because the land considered in each of the Scenarios is currently underutilized. One-time costs of vegetation establishment include site preparation and vegetation planting. These costs are incurred in the year of planting, one time only. Ongoing costs of maintenance and monitoring are incurred annually on all acreage planted in all years of policy implementation. The assumed costs of site preparation, vegetation establishment, and ongoing maintenance for each site type and vegetation combination are given in Table F2-4.
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For each of the combinations of vegetation and land use category described in the Scenarios in Table F2-1, a phased implementation of planting vegetation on 25%, 50% and 100% of the available land in that category by 2020 was analyzed. Discounted costs to 2020 were calculated using a 5% discount rate. Net present value (NPV) is the sum of the discounted costs—in other words, the economic cost or benefit of implementing the option between 2008 and 2020, calculated in today’s dollars. Levelized cost-effectiveness is the NPV of a scenario divided by the cumulative GHG benefit of that scenario. This is expressed in $/tCO2e sequestered or avoided, and is intended to give a sense for the cost of each scenario standardized for its actual GHG benefit across numerous scenarios and options that vary in terms of overall cost and cumulative GHG benefit.

Summary results for afforestation, short-rotation woody crops, and switchgrass production on abandoned minelands, brownfields, oil and gas well sites, and marginal agricultural land are presented in Table F2-6.

E. Riparian buffers

This analysis combines projected acreage from the Tree Vitalize and CREP forest riparian establishment programs. It assumes that the Tree Vitalize (or similar) program will establish 250 acres/year along the Chesapeake Bay drainage between 2007 and 2010, to meet the total program goal of 1,000 acres. It assumes that the CREP will ramp up each year from 2007 to 2010 until achieving 3,500 acres in 2010, and will continue this rate through 2020. Annual carbon sequestration is based on forests planted that year and in prior years under the program. Table F2-5 summarizes acres of riparian forests established annually and cumulatively, and associated carbon sequestration each year through 2020.
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Costs associated with establishing riparian buffer strips were assumed to be $680/ acre, which is equivalent to the cost of afforestation with typical PA forest as described above. A summary of the total costs of buffer establishment under this option appears in Table F2-5. Note the estimate of annual C sequestration in Table F2-5 includes C sequestration by all riparian buffers established as part of this option from 2007 through 2020, since they will continue to sequester carbon each year after establishment. Costs are calculated only once for each acre, in the year of establishment. The NPV for establishment of riparian forests under this option is roughly $21.9 million, with a levelized cost effectiveness of $18.07/ tCO2e reduced.
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Implementation Steps: Target Programs, Goals Support Full Implementation of These Programs

· TreeVitalize: seeks an $8 million investment in tree planting and care in southeastern Pennsylvania over a four-year period. Goals include planting 20,000 shade trees; restoring 1,000 acres of forests along streams and water protection areas; and training 2,000 citizens to plant and care for trees. DCNR initiated preliminary discussions with regional stakeholders in summer of 2003, appointed a Project Director in January 2004. Planning, assessment and resource development continued through 2004. Tree-planting activities began in fall 2004 and will continue through fall 2007. The regional Tree Tenders program was launched in 2005. Although TreeVitalize is not a permanent entity, the collaborations created and capacity built will continue to increase tree cover and promote stewardship in the region. A Steering Committee, composed of funding entities, county governments and major technical assistance providers, identify priorities and approve projects. Operational committees, composed  of local planting partners, technical assistance providers and/or public agencies with expertise in tree planting, will implement projects, deliver education and technical assistance. Other Committees will be formed on an as needed basis. See: http://www.treevitalize.net/aboutus.aspx. DCNR is examining opportunities to expand the program to other areas of the Commonwealth.

· Statewide – there are numerous programs in place – USDA CREP (Conservation Reserve Enhancement Program – where USDA subsidized farmers to keep highly erodable acres in warm season grass – which may in fact be a significant source of bio-fuel in switchgrass. Pennsylvania uses Growing Greener II funds to enhance federal cost share payments for installation of conservation practices. In addition to warm season grasses, the CREP program subsidizes riparian forest buffer practices. One cost-shared practice is the installation of streambank fencing to exclude livestock and allow for natural forest regeneration. Another practice was riparian forest plantings.

· The CREP program is key to the expansion of forested riparian buffers throughout the Ohio and Chesapeake Bay drainages. From October 1, 2005, through September 30,2006, 1,293 CREP contracts were approved on about 24,006 acres. This included the installation of over 3,406 acres of forested riparian buffers and planting another 4,799 acres of native grasses.

· Other buffer initiatives include Tree Vitalize, Stream Re-leaf, the Chesapeake Bay Urban Tree Canopy Expansion Initiative, and a suite of initiatives offered under the guidance of cooperators, including the Alliance for the Chesapeake Bay, The Chesapeake Bay Foundation, The Western Pennsylvania Conservancy, and DEP lists. A watershed forester working in the CFM section coordinates

BOF efforts in riparian projects. BOF Service Foresters throughout the state work with landowners to implement watershed programs on private lands.

· Since 2000, this cooperative effort among state, federal and non-profit organizations has resulted in the restoration of over 2,100 miles of forested buffers in the Chesapeake Bay drainage alone.

· Create "KOZ"-model program to package incentives for private investment in establishing forests on marginal lands.
Enabling Programs, Programs May Provide Relevant Information in Support of

Implementation

• DEP Bureau of Abandoned Mine Reclamation develops plans for handling AML in

Pennsylvania. Bureau of Forestry – in DER era had a program called Project 20 –

mine land reclamation. http://www.depweb.state.pa.us/abandonedminerec/site/

default.asp?abandonedminerec
Potential Overlap:
Forestry-5

Improved Forest Management

Work Plan for Potential GHG Reduction Measure

Strategy Name: Sequestering Additional Carbon through Improved Forest Management

Lead Staff Contact:  DCNR

Initiative Summary: 

This option addresses the potential for increasing carbon stocks in forests through changes in management practices on existing public and private forestland. Examples are practices that increase tree density, enhance forest growth rates, alter rotation times, or decrease the chances of biomass loss from fires, pests, and disease. Increasing the transfer of biomass to long-term storage in wood products can also increase net carbon sequestration, provided a balance is maintained such that enough biomass remains on site as residues to serve as nutrient inputs to the forest. Practices may include management of rotation length, density and ecosystem health, and sustainable use of wood products. In addition, encouraging regeneration of existing forests through stocking/planting and restoration practices (e.g., soil preparation, erosion control, etc.) can increase carbon stocks above baseline levels and ensure conditions that support forest growth, particularly after intense disturbances. Land participating in a certified management program is eligible to generate offset credits. This option focuses on enhancing C storage in existing forests through restocking. Biomass will be generated as part of this option, which can then be used to produce energy that offsets fossil fuel burning. This is accounted for in option F-4, which seeks to quantify the effects of a potential increase in biomass supply (due to thinning, capture of natural mortality, or harvest of poorly stocked stands, for example) on C emissions due to fuel switching.

Goals: 
1. Sequester more carbon through sustainable forest management (not quantified)

2. Restock understocked land

· Scenario 1: Restock 100% of poorly-stocked land statewide by 2020.

· Scenario 2: Restock 100% of poorly-stocked and 50% of moderately-stocked land statewide by 2020.

· Scenario 3: Restock 100% of poorly- and moderately-stocked land by 2020.

Implementation Period:

Other Involved Agencies: 

Data Sources/ Assumptions/ Methods:

Data Sources/References:

○
USFS Methods for Calculating Forest Ecosystem and Harvested Carbon with Standards Estimates for Forest Types of the US, General Technical Report NE-343 (also published as part of the Department of Energy Voluntary GHG Reporting Program).

○
Sohngen, B. et al., 2007. The Nature Conservancy Conservation Partnership Agreement Part 4: Opportunities for Improving Carbon Storage and Management on Forest Lands.

○
Managed Forests in Climate Change Policy: Program Design Elements. Sampson, Ruddel & Smith. 2007 http://www.safnet.org/managedforests_final_12-14-07.pdf

○
Sterner, Stephen L. 2007. Commonwealth of Pennsylvania, Department of Conservation and Natural Resources, Bureau of Forestry, Resource Inventory & Analysis Section. Analysis of First 5-Year Continuous Forest Inventory Cycle.

○
The Pennsylvania Woodlands’ Timber Market Report, Pennsylvania State University. Third quarter 2007 stumpage prices, http://www.sfr.psu.edu/TMR/TMR.htm.
[image: image22.emf]
B.1. GHG Analysis

Since the most feasible approach for restocking involves harvesting understocked forest, then replanting a fully stocked forest, the quantification assumes that forests targeted under this option will first be harvested. Harvested volume is assumed to be made available for durable wood products. Using this assumption, the C in the understocked forest is assumed to be emitted in the year of harvest, except for that proportion expected to remain stored in long-term pools (such as durable wood products and in landfills) 100 years after harvest. Thus the difference between harvest emissions and long term storage is the net C loss due to harvest.
The biomass not stored in these long term pools is emitted to the atmosphere, either with or without energy production. If the harvested biomass is used for biomass energy, there could be an additional GHG benefit due to fuel switching via reduced demand for fossil fuel. This potential benefit was not quantified, but see F-4 for an analysis of the overall potential for biomass energy in PA.
The total live tree C in understocked forest was found as a function of the average volume in each of the stocking conditions. Volume data by stocking class were found from USFS FIA data (2004). Biomass values corresponding to these wood volume numbers were obtained from NE-GTR-343 (Table F3-7). It was assumed that 100% of the live tree biomass was lost due to harvest. It was assumed that no change took place in dead biomass C and soil C due to harvest.
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See F-5 for detailed methodology to quantify the C stored in durable wood products 100 years after harvest. Results from that analysis suggest that of every cubic foot harvested from PA forests, 0.000708 tCO2e are stored in long term pools (DWPs and landfills) 100 years after harvest. Thus, for this analysis the total cubic feet harvested during the restocking process was multiplied by 0.000708 to determine the C eventually stored in long term pools. This number was then subtracted from the total C in the understocked forest for acres cleared each year to estimate the net GHG impact of harvest (Table F3-8).
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The targeted acreage is then assumed to be replanted in fully-stocked plantations, such that C sequestration in these acres occurs at a rate consistent with average C sequestration in these fully stocked stands in PA. Acres replanted in one year continue to sequester C in subsequent years, so the C sequestered in a given year is calculated as the sum of C stored on all restocked acres. Replanted forests are assumed to be an equal mix of spruce-balsam-fir and white-red-jack pine stands, on a 50-year rotation. Expected C storage values are given in Table F3-9. Overall results of the analysis of C storage on replanted acres are given in Table F3-10.
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The overall GHG impact of this option in a given year is calculated as the difference between emissions due to harvest and cumulative C storage on replanted acreage in that year (Table F3-11). The numbers in Table F3-11 represent net emissions rather than net GHG benefit, because the one-time loss due to harvest in a given year exceeds the C sequestration on cumulative planted acreage in all years of this analysis (2008–2020). If policy implementation is complete in 2020 and restocked land is allowed to continue to sequester C, it would take 29, 45, or 49 additional years, respectively, for C sequestration on restocked land to offset the one-time emissions from harvesting the understocked land in Scenario 1, 2, or 3.
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Economic Cost: 

Costs associated with this option include the costs of harvesting target acreage as well as the costs of replanting. Sohngen et al. (2007) estimate that the cost of harvest for a fully stocked forest is $16.42/m3, while the cost to harvest a poorly stocked stand is $21.34/m3 of volume. The “poorly stocked” figure of $21.34/m3 was used for this analysis. This is a one-time cost incurred in the year of harvest.

The cost of planting was estimated on a per acre basis at $680/acre.15 This includes the cost of planting ($150/acre), plus seedlings ($100/acre) and herbicide ($130/acre). Fencing for deer exclusion totals $300/acre. For comparison, Sohngen et al. (2007) report an average cost of forest planting of $405/acre in the Northeast. Planting costs are often higher in Pennsylvania than in the region overall, due to the high cost of deer exclusion. Planting is also a one-time cost incurred in the year of harvest.

One-time revenue from harvested wood was calculated in the year of harvest using third-quarter 2007 stumpage prices from the Pennsylvania Woodlands Timber Market Report. This Report divides the State into four quadrants and reports prices paid per thousand board feet (MBF) by species. From this report, stumpage price for wood was averaged statewide by species, for an average price of $311.86 per MBF. Annual revenue from harvest was subtracted from the annual cost of harvest to determine the net cost of Option F-3b under each Scenario.

Discounted costs for this option represent the one-time cost of harvest (per m3 harvested) less revenue from harvested wood, plus the one-time cost of planting (per acre) for land treated in a given year, discounted to represent the economic cost of each scenario in today’s dollars (using a discount rate of 5%). Levelized cost effectiveness is not estimated for this option, because the option results in a net C emission rather than avoided C emission or sequestration benefit. Total discounted costs for restocking understocked forests in PA are described in Table F3-12.
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Implementation Steps: 

Work with PA NRCS and Forest Stewardship Program to integrate and package (Farm Bill) funding and technical assistance programs to emphasize forest carbon sequestration practices. Create program to encourage forest landowners to consider forest certification by providing tech/financial support, aggregation services, and product marketing assistance. Expand forest certification to additional state agencies and public lands. Assess feasibility of "forest carbon leasing" program, whereby private forest landowners would be compensated for long term rights/value of forest carbon on their properties. Create state tax credit (perhaps modeled on REAP) for forest landowners who implement approved forest carbon enhancement practices on their lands. This also could extend to activities associated with the reforestation, afforestation and regeneration work plan.

BOF Division of Forest Fire Protection: The Division of Forest Fire Protection is responsible for the prevention and suppression of wildfire on the 17,000,000 acres of wildland throughout the Commonwealth. The division maintains a fire detection system and works with fire wardens and volunteer fire departments to ensure that they are trained in the latest advances in fire prevention and suppression. The division also enters into partnerships with other state and federal agencies to share knowledge and resources. The division contains two sections:

http://www.dcnr.state.pa.us/forestry/ffp/index.aspx
○ Wildfire Operations Section—The Wildfire Operations Section is responsible for fire suppression, surveillance and operations of contract aircraft. It provides support for field personnel. It is also responsible for the processing and collection of all fire claims and for providing trained fire suppression personnel to other states during wildfire emergencies.
○ Wildfire Services Section—The Wildfire Services Section is responsible for the enhancement of public safety and awareness in wildfire prevention through education, enforcement activities and the development of new fire technology. The section conducts special investigations throughout the Bureau as assigned. The section coordinates the distribution of federal funds and equipment to local fire fighting forces and acquires federal excess property to supplement Bureau fire equipment. The section also maintains warehouse operations.

BOF Division of Forest Pest Management: The Division of Forest Pest Management is responsible for the protection of all forestland in the state from diseases, insects and other forest pests. The division’s objective is to manage the health of the Commonwealth’s forests in a manner that will limit forest value losses. http://www.dcnr.state.pa.us/forestry/foresthealth.aspx

○ Forest Health Section—The Forest Health Section is responsible for surveying, evaluating and monitoring insect and disease related forest influences. Various projects are implemented for the prevention, detection, diagnosis, investigation and evaluation of forest pest problems.

○ Forest Pest Suppression Section—This section is responsible for statewide forest pest suppression projects that involve the use of biological control agents or pesticides on State lands and forested residential lands. The section develops forest pest information and technology development and transfer.

USFS Forest Stewardship Program: Promote the development of Stewardship Plans (10-year forest management plans) for private forestland. Bureau wide—delivered mainly by district located Service Foresters. Policy and cost coding procedures administered through the CFM Section. http://www.fs.fed.us/spf/coop/programs/loa/fsp.shtml
Potential Overlap: 
Forestry-6

Sequestering Carbon in Durable Wood Products

Work Plan for Potential GHG Reduction Measure

Strategy Name: Sequestering Carbon in Durable Wood Products

Lead Staff Contact: DCNR

Initiative Summary: 

This option seeks to enhance the use and lifetime of durable wood products. Durable products made from wood prolong the length of time forest carbon is stored and not emitted to the atmosphere. Wood products disposed of in landfills may store carbon for long periods under conditions that minimize decomposition, especially when methane gas is captured from landfills (carbon originally stored in wood products becomes methane during decomposition). Substituting products made from wood for products with higher embodied energy in building materials can reduce life cycle GHG emissions from other products. This can be achieved through improvements in production efficiency, product substitution, expanded product lifetimes, and other practices. Increasing the efficiency of the manufacturing lifecycle for wood products will enhance greenhouse gas benefits. To quantify the categories for disposition of carbon in harvested wood, the analysis relied on USDA USFS Northern Research Station GTR-343, Methods for Calculating Forest Ecosystem and Harvested Carbon with Standard Estimates for Forest Types of the United States. This methodology demonstrates the eventual destination of carbon from harvested wood in five broad categories: products in use, in landfills, emitted with energy capture, emitted without energy capture, and emitted at harvest.

Goals:

Implementation Period:
Parties Affected/ Implementing Parties: PDA – Hardwoods Development Council, PennDOT

Data Sources/ Methods/ Assumptions:
Scenarios: Enhance management activities and timber sales to provide a reliable

supply of timber for durable wood products.

· Scenario 1: Calculate disposition categories for 2006 estimate for level of

statewide harvest (1.12 billion board feet/year) through 2020

· Scenario 2: Calculate disposition categories for statewide wood harvest levels at

1.5 billion board feet/year through 2020

· Scenario 3: Calculate GHG impact of current harvest level of 80 million board

feet/year on PA State Forest Land through 2020

Updating LEED standards to recognize the carbon value of using wood building

materials; support revising green building standards to give more credit for the utilization

of wood products (including revising state building standards). Promote state lead by example programs and promotions that greater utilization locally produced wood products in DCNR and other state construction projects. Continue and enhance management activities and timber sales on State Forests that provide a reliable supply of timber for production of wood products.

Data Sources:
Sampson and Kamp, 2007. The Nature Conservancy Agreement Part 2: Recent Trends in Sinks and Sources 

Smith et al., 2006. Methods for Calculating Forest Ecosystem Carbon with Standards Estimates for Forest Types of Report GTR-NE-343 (also published as part of the Department Voluntary GHG Reporting Program).

Miner, Reid. 2006. The 100-year Method for Forecasting Forest Products in Use. Mitigation and Adaptation Strategies 2006.

USDA Northeastern Forest Inventory and Analysis tables http://www.fs.fed.us/ne/fia/states/pa/
Lumber Production and Mill Stocks data from U.S. http://www.census.gov/industry/1/ma321t06.pdf
Potential GHG Reduction (Million Metric Tons of CO2 Equivalents): 

Carbon sequestration in harvested wood products (HWP) was calculated following guidelines published by the USFS in NE-GTR-343 (Smith et al., 2006). Details on each step of the analysis can be found in the Guidelines, following the methodology referred to as “Product-based estimates.” To quantify C stored in long-term products, forest harvest is used as a starting point. The methodology calculates the proportion of harvested wood that is diverted to each of four pools after 100 years: wood in use (i.e., building materials, furniture), wood in landfills (i.e., products that were previously in use and have been discarded), wood burned for energy capture, and wood that has decayed or burned without energy capture. The wood that has not been burned or decayed (i.e., the wood in the “in use” or “landfill” pools) is assumed to remain stored 100 years after harvest.
Most of the C stored in harvested wood products is emitted to the atmosphere over time. Because this method quantifies the amount of C in this year’s harvest that is expected to remain stored (or “in use”) for a defined period of time, rather than accounting instantaneously for the C stored in various products each year, this 100-year approach likely underestimates slightly the C stored over the 13-year implementation period of this analysis. Despite its conservatism, the 100-year method has the advantage of being simple and consistent, and has compared well with other accounting methods (Miner 2006).
The general methodology for all Scenarios in this option followed these steps:

1. Find the proportion of harvested volume that is in softwood or hardwood logs.

2. For each of the species types (hardwood and softwood), find the proportion of harvested volume in sawtimber and pulpwood.

3. Calculate tons C in harvested volume.

4. Project C stored in long-term storage pools 100 years after harvest for each Scenario.

The approach for each of the steps is described below

1. The U.S. Census estimates that 1,121 million board feet were harvested from PA forests in 2006,25 of which 1,055 million board feet (94%) was hardwood and 66 million board feet (6%) was softwood. These values were used directly for Scenario 1, and the total volume of hardwood and softwood harvested for Scenarios 2 and 3 was calculated assuming the same proportions.

2. The fraction of growing-stock volume in hardwood and softwood that occurs in each of the size classes (sawtimber and pulpwood) is given by NE-GTR-343. The distribution of harvest volume was assumed to follow the distribution of growingstock volume presented in the Guidelines. An average mix of 50% Maple-Beech-Birch and 50% Oak-Hickory forest was assumed.

Factors Used to Apportion Harvest Volume iito Sawtimber

and Pulpwood Classes for PA Forests

	Forest type 
	Fraction of Softwood Volume That Is Sawtimber 
	Pulpwood (1 – Sawtimber) 
	Fraction of Hardwood Volume That Is Sawtimber 
	Pulpwood (1 – Sawtimber) 

	Maple-Beech-Birch 
	0.604 
	0.396 
	0.526 
	0.474 

	Oak-Hickory 
	0.706 
	0.294 
	0.667 
	0.333 

	Average 
	0.655 
	0.345 
	0.597 
	0.403 


3. The fractions above were used to determine the total harvest (millions of board feet) in each of the four categories (hardwood sawtimber, hardwood pulpwood, softwood sawtimber, softwood pulpwood) under each Scenario. These values were converted to m3, and then multiplied by average specific gravity (from Table 4, NE-GTR-343) to find total C in harvested volume.

Carbon in Harvested Volume Under Three Scenarios in PA

	
	tC in Harvested Volume (tC/year) 

	
	Scenario 1: 
	
	

	
	Current Statewide Harvest 
	Scenario 2: 
	Scenario 3: 

	
	(1.12 billion board feet/year) 
	1.5 billion board feet/year 
	80 million board feet/year on SFL 

	Softwoods 
	
	
	

	Sawtimber 
	19,306 
	25,833 
	1,378 

	Pulpwood 
	10,169 
	13,607 
	726 

	Hardwoods 
	
	
	

	Sawtimber 
	390,555 
	522,598 
	20,056 

	Pulpwood 
	264,189 
	353,509 
	13,567 

	Total 
	
	
	

	(MMt/year) 
	0.684 
	0.916 
	0.036 


4. Methods described in GTR-NE-343 were used to calculate the proportions of harvested C that were stored in each of the four disposition categories after 100 years (Table 4). These proportions were used to calculate the proportion of harvested C remaining in use or in landfills after 100 years.

Proportion of Harvested C Remaining in Various Pools

100 Years After Harvest
	Softwoods–sawlogs 
	

	In use 
	0.095 

	Landfill 
	0.223 

	Energy 
	0.338 

	Emitted w/o energy 
	0.344 

	Softwoods–pulpwood 
	

	In use 
	0.006 

	Landfill 
	0.084 

	Energy 
	0.51 

	Emitted w/o energy 
	0.4 

	Hardwoods–sawlogs 
	

	In use 
	0.035 

	Landfill 
	0.281 

	Energy 
	0.387 

	Emitted w/o energy 
	0.296 

	Hardwoods–pulpwood 
	

	in use 
	0.103 

	landfill 
	0.158 

	energy 
	0.336 

	emitted w/o energy 
	0.403 


Total C Stored in Harvested Wood Products After 100 years for Three Scenarios
	
	
	Scenario 2: 
	Scenario 3: 

	
	Scenario 1: 
	Increase Harvest 
	Maintain Current 

	
	Current Statewide 
	to 1.5 Billion Board 
	State Forest Land 

	
	Harvest 
	Feet 
	Harvest 

	
	(tC/year) 
	(tC/year) 
	(tC/year) 

	Softwoods-sawlog 
	
	
	

	In use 
	1,834.03 
	2,454.10 
	130.88 

	Landfill 
	4,305.16 
	5,760.69 
	307.23 

	Softwoods-pulpwood 
	
	
	

	In use 
	61.01 
	81.63 
	4.35 

	Landfill 
	854.16 
	1,142.95 
	60.95 

	Hardwoods-sawlog 
	
	
	

	In use 
	13,669.42 
	18,290.93 
	701.96 

	Landfill 
	109,745.96 
	146,850.09 
	5,635.76 

	Hardwoods-pulpwood 
	
	
	

	In use 
	27,211.50 
	36,411.47 
	1,397.38 

	Landfill 
	41,741.92 
	55,854.48 
	2,143.56 

	Total stored C 100 
	199,423.20 
	266,846.38 
	10,382.12 

	years post harvest (tC/year) 
	
	
	

	Total stored C 100 
	0.731 
	0.978 
	0.038 

	years post harvest (MMtCO2e/year) 
	
	
	


Cumulative C Stored by Durable Wood Products Under Three Scenarios
	
	
	2020 GHG 
	2008–2020 GHG 

	
	2010 GHG Savings (MMtCO2e/year) 
	Savings (MMtCO2e/year) 
	Savings (MMtCO2e) 

	Scenario 1: 2006 Statewide harvest 
	0.73 
	0.73 
	10.97 

	held constant 
	
	
	

	(1.1 billion board feet/year) 
	
	
	

	Scenario 2: Statewide harvest 
	0.81 
	1.00 
	12.96 

	increased to 1.5 billion board 
	
	
	

	feet/year in 2008, maintained through 
	
	
	

	2020 
	
	
	

	Scenario 3: PA State Forest harvest 
	0.04 
	0.04 
	0.57 

	held constant 
	
	
	

	(80 million board feet/year) 
	
	
	


Economic Cost

The cost of durable wood products production is dependent upon various factors which make a cost analysis difficult and uncertain. An increase in C sequestration in durable wood products can be approached from various angles including: production efficiency, product substitution, expanded product lifetimes, and other practices. However, in this analysis only an estimate of GHG savings was provided for scenarios that increase supply of high quality wood for the manufacture of durable wood products.

A cost analysis for this option would depend upon how these harvest levels are met (i.e., through afforestation or more intensive management of existing forest resources). Sections 2 and 3 of this report provide cost analyses for afforestation and forest management options.

Additional costs might include development of marketing materials and program administration meant to promote the use of durable wood products. These costs are not currently included in the analysis.
Implementation Steps: 

Potential Overlap:  Woodnet
Forestry-7

Urban Forestry

Work Plan for Potential GHG Reduction Measure

Strategy Name:  Urban Forestry

Lead Staff Contact: DCNR

Initiative Summary: This option seeks to increase carbon stored in urban forests, and thereby to reduce residential, commercial and institutional energy use for heating and cooling. Carbon stocks in trees and soils in urban land uses—such as in parks, along roadways, and in residential settings—can be enhanced in a number of ways, including planting additional trees, reducing mortality and increasing growth of existing trees, and avoiding tree removal (or deforestation). Forest canopy cover, properly designed, can also reduce energy demand by reducing building heating and cooling needs.
Goals: 
Scenario 1: Increment existing tree cover in PA urban and suburban forests by 10%

by 2020

Scenario 2: Increment existing tree cover by 25% by 2020

Scenario 3: Increment existing tree cover by 50% by 2020

Implementation Period:
Parties Affected/ Implementing Parties: DCNR, BOF, DEP, Alliance for the Chesapeake Bay, The Chesapeake Bay Foundation, The Western Pennsylvania Conservancy.
Data Sources/ Assumptions/ Methods:
Data Sources:

· Information about current numbers of trees in urban forest and annual C storage

in urban trees in PA from Nowak et al., USFS, Northern Research Station, Urban

Forest Effects on Environmental Quality State Summary data for Washington

(http://www.fs.fed.us/ne/syracuse/Data/State/data_PA.htm).

· Fossil fuel reductions through reduced demand for cooling and protection from

wind from: McPherson and Simpson (1999). Carbon Dioxide Reduction Through

Urban Forestry, USFS PSW-GTR-171.

· Data on costs of tree planting and maintenance from Peper, PJ et al., 2007. New

York City, New York Municipal Forest Resource Analysis. Center for Urban

Forest Research, USFS Pacific Southwest Research Station.

· Additional data on benefits of tree canopy in PA are from Nowak et al., 2007.

Assessing Urban Forest Effects and Values: Philadelphia’s Urban Forest. USFS

Northern Research Station Resource Bulletin NRS-7.

Potential GHG Reduction (Million Metric Tons of CO2 Equivalents): 
This option quantifies the cumulative impact on carbon sequestration and avoided fossil fuel emissions of adding trees to existing canopy cover in PA. Specifically, Scenarios 1, 2, and 3 seek to increment the total number of trees in PA by 10%, 25%, or 50% by 2020. Currently PA contains 139 million urban trees: thus this option quantifies the effect of adding 13.9, 34.8, and 69.5 million trees total by 2020. The number of trees planted each year is constant, with the target number of trees planted by 2020. GHG benefits are twofold: direct C sequestration by planted trees and avoided GHG emissions from strategic tree planting to reduce energy demand due to heating and cooling.

A. Direct C Sequestration in Urban Trees

A linear rate of increase in tree planting was assumed, with full scenario implementation occurring in 2020 for all 3 Scenarios. Annual C sequestration per urban tree is calculated as 0.006 tC/tree/year, based on statewide average data reported by the USFS. This is the average annual per-tree C sequestration value when the total estimated urban forest C accumulation in PA (863,000 tC/year) is divided by the total number of urban trees in PA C-47 (139.0 million). Since trees planted in one year continue to accumulate C in subsequent years, annual C sequestration in any given year is calculated as the sum of C stored in trees planted in that year, plus the sequestration by trees that were planted in prior years.

B. Avoided Fossil Fuel Emissions

Offsets from avoided fossil fuel use for heating and cooling are the sum of three different types of savings: avoided emissions from reduced cooling demand, avoided emissions from reduced demand for heating due to wind reduction (this benefit is only available for evergreen trees), and enhanced fossil fuel emissions needed for heat due to wintertime shading. Calculations for avoided fossil fuel offsets are based on calculations presented by McPherson et al. in GTR-PSW-171 (Table F6-1). For this analysis, it is assumed that the trees planted are evenly split among residential settings with pre-1950, 1950–1980, and post-1980 homes, and that all planted are medium-sized, with 50% deciduous and 50% evergreen. These avoided emission factors assume average tree distribution around buildings (i.e. these fossil fuel reduction factors are average for existing buildings, but do not necessarily assume that trees are optimally placed around buildings to maximize energy efficiency). These factors are also dependent on the fuel mix (coal, hydroelectric, nuclear, etc.) in the region, and are thus likely to change if the electricity mix changes from its 1999 distribution.

C. Overall GHG Benefit of Urban Tree Planting

Total GHG benefits are calculated as the sum of direct C sequestration plus fossil fuel offset from reduced cooling demand and wind reduction (Tables F6-2a, F6-2b, and F6-2c).

Factors Used To Calculate CO2e Savings (MMtCO2e/Tree/Year)

From Reduced Need for Fossil Fuel for Heating and Cooling,

and From Windbreak Effect of Evergreen Trees
	Fossil Fuel Offsets: Evergreen Trees (Mid-Atlantic Climate Region) 
	
	

	Housing vintage 
	shade-cooling 
	shade-heating 
	wind-heating 
	net effect 

	pre-1950 
	0.0168 
	–0.0315 
	0.1294 
	0.1147 

	1950–1980 
	0.0275 
	–0.0403 
	0.1555 
	0.1427 

	post-1980 
	0.0232 
	–0.0324 
	0.133 
	0.1238 

	Average 
	0.0225 
	–0.0347 
	0.1393 
	0.1271 

	
	
	
	
	0.127075 

	Average (MMtCO2e) 
	
	
	
	

	Fossil Fuel Offsets: Deciduous Trees (Mid-Atlantic Climate Region) 
	
	

	Housing vintage 
	shade-cooling 
	shade–heating 
	wind–heating 
	net effect 

	pre-1950 
	0.0260 
	–0.0320 
	
	–0.0060 

	1950–1980 
	0.0425 
	–0.0409 
	
	0.0016 

	post-1980 
	0.0358 
	–0.0329 
	
	0.0029 

	Average 
	0.0348 
	–0.0353 
	
	–0.0005 

	
	
	
	
	0.0632875 

	Average (MMtCO2e) 
	
	
	
	


Source: McPherson et al., 1999.
Overall GHG Benefit (MMtCO2e/year) of Scenario 1:

Increment Existing PA Urban Tree Canopy by 10%

	
	Trees 
	Trees Planted 
	
	
	

	
	Planted 
	in Previous 
	GHG 
	GHG 
	Overall GHG 

	Year 
	This Year 
	Years 
	Sequestered 
	Avoided 
	Savings 

	2008 
	1,069,385 
	0 
	0.02 
	0.07 
	0.09 

	2009 
	1,069,385 
	1,069,385 
	0.05 
	0.14 
	0.18 

	2010 
	1,069,385 
	2,138,769 
	0.07 
	0.20 
	0.28 

	2011 
	1,069,385 
	3,208,154 
	0.10 
	0.27 
	0.37 

	2012 
	1,069,385 
	4,277,538 
	0.12 
	0.34 
	0.46 

	2013 
	1,069,385 
	5,346,923 
	0.15 
	0.41 
	0.55 

	2014 
	1,069,385 
	6,416,308 
	0.17 
	0.47 
	0.64 

	2015 
	1,069,385 
	7,485,692 
	0.19 
	0.54 
	0.74 

	2016 
	1,069,385 
	8,555,077 
	0.22 
	0.61 
	0.83 

	2017 
	1,069,385 
	9,624,462 
	0.24 
	0.68 
	0.92 

	2018 
	1,069,385 
	10,693,846 
	0.27 
	0.74 
	1.01 

	2019 
	1,069,385 
	11,763,231 
	0.29 
	0.81 
	1.10 

	2020 
	1,069,385 
	12,832,615 
	0.32 
	0.88 
	1.20 

	Cumulative 
	
	
	
	
	

	Totals 
	
	13,902,000 
	2.22 
	6.16 
	8.37 


Overall GHG Benefit (MMtCO2e/year) of Scenario 2:

Increment Existing PA Urban Tree Canopy by 25%

	
	Trees Planted 
	Trees Planted 
	
	
	

	Year 
	This Year 
	in Previous Years 
	GHG Sequestered 
	GHG Avoided 
	Overall GHG Savings 

	2008 
	2,673,462 
	0 
	0.06 
	0.17 
	0.23 

	2009 
	2,673,462 
	2,673,462 
	0.12 
	0.34 
	0.46 

	2010 
	2,673,462 
	5,346,923 
	0.18 
	0.51 
	0.69 

	2011 
	2,673,462 
	8,020,385 
	0.24 
	0.68 
	0.92 

	2012 
	2,673,462 
	10,693,846 
	0.30 
	0.85 
	1.15 

	2013 
	2,673,462 
	13,367,308 
	0.37 
	1.02 
	1.38 

	2014 
	2,673,462 
	16,040,769 
	0.43 
	1.18 
	1.61 

	2015 
	2,673,462 
	18,714,231 
	0.49 
	1.35 
	1.84 

	2016 
	2,673,462 
	21,387,692 
	0.55 
	1.52 
	2.07 

	2017 
	2,673,462 
	24,061,154 
	0.61 
	1.69 
	2.30 

	2018 
	2,673,462 
	26,734,615 
	0.67 
	1.86 
	2.53 

	2019 
	2,673,462 
	29,408,077 
	0.73 
	2.03 
	2.76 

	2020 
	2,673,462 
	32,081,538 
	0.79 
	2.20 
	2.99 

	Cumulative 
	
	
	
	
	

	totals 
	
	34,755,000 
	5.54 
	15.40 
	20.93 


Overall GHG Benefit (MMtCO2e/year) of Scenario 3:

Increment Existing PA Urban Tree Canopy by 50%
	
	Trees 
	Trees Planted 
	
	
	

	
	Planted 
	in Previous 
	GHG 
	GHG 
	Overall GHG 

	
	This Year 
	Years 
	Sequestered 
	Avoided 
	Savings 

	2008 
	5,346,923 
	0 
	0.12 
	0.34 
	0.46 

	2009 
	5,346,923 
	5,346,923 
	0.24 
	0.68 
	0.92 

	2010 
	5,346,923 
	10,693,846 
	0.37 
	1.02 
	1.38 

	2011 
	5,346,923 
	16,040,769 
	0.49 
	1.35 
	1.84 

	2012 
	5,346,923 
	21,387,692 
	0.61 
	1.69 
	2.30 

	2013 
	5,346,923 
	26,734,615 
	0.73 
	2.03 
	2.76 

	2014 
	5,346,923 
	32,081,538 
	0.85 
	2.37 
	3.22 

	2015 
	5,346,923 
	37,428,462 
	0.97 
	2.71 
	3.68 

	2016 
	5,346,923 
	42,775,385 
	1.10 
	3.05 
	4.14 

	2017 
	5,346,923 
	48,122,308 
	1.22 
	3.38 
	4.60 

	2018 
	5,346,923 
	53,469,231 
	1.34 
	3.72 
	5.06 

	2019 
	5,346,923 
	58,816,154 
	1.46 
	4.06 
	5.52 

	2020 
	5,346,923 
	64,163,077 
	1.58 
	4.40 
	5.98 

	Cumulative 
	
	
	
	
	

	totals 
	
	69,510,000 
	11.08 
	30.79 
	41.87 


Economic Cost: 
Economic costs of tree planting are calculated as the sum of tree planting and annual maintenance, including the costs of program administration and waste disposal. Economic benefits of tree planting include the cost offset from reduced energy use, as well as the estimated economic benefits of services such as provision of clean air, hydrologic benefits such as storm water control, and aesthetic enhancement.

Data were not available to assess the cost of tree planting specifically in PA communities. As a result, the cost of planting urban trees in PA is taken from Peper et al. (2007), whose analysis was conducted in New York City, NY. The average cost annualized cost per tree is estimated at $37.28, and includes planting, pruning, pest management, administration, removal, and infrastructure repair due to damage from trees.

Two types of data were available to quantify the economic benefit of planting urban trees. The first data source is the New York City analysis of Peper et al. (2007). Average annual cost savings of –$206.91 per tree from this work is the average of all trees in the city, and includes benefits of energy savings, improved air quality, improved storm water quality, and improved aesthetics.

A second estimate of economic benefit per tree, specifically for Philadelphia, PA, was also used (Nowak et al., 2007). This analysis quantified the structural benefit of urban trees (i.e., replacement costs) as well as the annual functional benefits of urban trees (i.e., pollution abatement, energy savings). Total structural benefit of Philadelphia’s 2.1 million urban trees was estimated at $1.8 billion. To determine the annual structural benefit of the urban tree canopy, this total citywide structural benefit was divided by 50  (the average lifetime of an urban tree). Annual functional economic benefits for the urban tree canopy were calculated as the value of pollution abatement ($3.9 million) plus the value of avoided energy costs ($1.19 million). The citywide structural and functional benefits were divided by the number of trees to estimate the annual economic benefit per tree in PA. From this source, the average annual (structural + functional benefit) per tree per year in PA was calculated at –$19.57.

For this analysis, –$206.91/tree/year and –$19.57/tree/year were averaged to estimate the economic benefits of planting urban trees (–$113.24/tree/year). While these values clearly diverge substantially from one another, the methods used to estimate economic benefits of non-market services such as clean air and water and pollution abatement, are inexact and variable. The value of –$113.24/tree/year is consistent with results obtained for similar analyses in other states.

Net economic costs for this option are calculated as the difference between costs of planting + maintenance and economic benefit realized by urban trees. Negative costs therefore refer to net economic benefits, where estimated benefits exceed overall costs. For this analysis, net economic benefit per tree was estimated at –$75.96/tree/year. Discounted costs were calculated assuming a 5% discount rate (Table F6-3). For all Scenarios, the cost-effectiveness of implementing F-6 is –604.85/tCO2e.
Implementation Steps: 

· Leverage/expand Tree Vitalize Program

· Consider a comprehensive approach to school tree planting

· Provide incentives for private landowners to plant trees in residential areas
Target Programs, Goals Support Full Implementation of These Programs

Tree Vitalize: seeks an $8 million investment in tree planting and care in southeastern Pennsylvania over a four-year period. Goals include planting 20,000 shade trees; restoring 1,000 acres of forests along streams and water protection areas; and training 2,000 citizens to plant and care for trees. DCNR initiated preliminary discussions with regional stakeholders in summer of 2003, appointed a Project Director in January 2004. Planning, assessment and resource development continued through 2004. Tree-planting activities began in fall 2004 and will continue through fall 2007. The regional Tree Tenders program was launched in 2005. Although TreeVitalize is not a permanent entity, the collaborations created and capacity built will continue to increase tree cover and promote stewardship in the region. A Steering Committee, composed of funding entities, county governments and major technical assistance providers, identify priorities and approve projects. Operational committees, composed of local planting partners, technical assistance providers and/or public agencies with expertise in tree planting, will implement projects, deliver education and technical assistance. Other Committees will be formed on an as needed basis. See: http://www.treevitalize.net/aboutus.aspx. DCNR is examining opportunities to expand the program statewide.

Enabling Programs, Programs May Provide Relevant Information in Support of

Implementation

Urban and Community Forestry Programs – CFM Section – from the SFRMP – The Rural & Community Forestry Section provides professional forestry leadership and technical assistance promoting forestry and the knowledge of forestry by advising and assisting other government agencies, communities, landowners, forest industry, and the general public in the wise stewardship and utilization of forest resources. The section also coordinates the Bureau’s conservation education efforts. The section also provides professional forestry leadership and technical assistance to rural communities and urban areas. Efforts include coordination with Penn State’s regional urban foresters, Arbor Day activities, Tree City USA, Penn ReLeaf, the Harrisburg Greenbelt project, Municipal Tree Restoration program and the Urban & Community Forestry Council. http://www.dcnr.state.pa.us/forestry/rural/index.aspx.

Major funding streams are through USFS State & Private Forestry through Urban Forestry Funds These support work at PSU Statewide Urban and Community Forestry Committee which also receives some funding from the Bureau of Rec/Con as well other smaller grants from utilities as well. There is also currently a “NE PA Urban & Community Forestry Program” funded through the 10th congressional district—Rep. Sherwood (who is now out of office); this area does not include Scranton/Wilkes Barre–Williamsport largest city included in this area—$650,000 open grant City of Philadelphia Neighborhood Transformation Initiative—abandoned properties, vacant land being reclaimed as open space. Protection of urban forests from disease, fire, other risks; proper management of urban forests and street trees APHIS http://www.aphis.usda.gov/ gets involved in some of these issue—makes $  available to combat specific issues. There is a federal bill being considered—H.R. 3933/S.941 the Suburban and Community Forestry and Open Space Program Act—$50 million annually in federal matching funds for assistance.

Develop package of incentives and programs to encourage retention/enhancement of tree cover on new developments (e.g., DCED planning/tech assistance, state funding bonus/priority, model SALDOs for carbon sequestration maintenance/offset requirements associated with tree cover, tax breaks for tree friendly development, etc.) Re-greening underutilized/abandoned properties through targeted tree planting programs and comprehensive local/county planning for urban/suburban terrestrial carbon sequestration. Explore opportunities to use portion of federal transportation funding (infrastructure and  enhancement) to support community-scale tree planting for carbon sequestration.

Potential Overlap: 
Forestry-8

Wood to Cellulosic Ethanol and Electricity

Work Plan for Potential GHG Reduction Measure

Strategy Name:  Wood to cellulosic ethanol and electricity

Lead Staff Contact:  DCNR/DEP

Initiative Summary: 
Market and policy forces are driving the expanding use of forest biomass energy. Biomass can be used to generate renewable energy in the form of liquid fuels (such as cellulosic ethanol, which is close to being market-ready), or through direct combustion to generate electricity, heat, or steam. Carbon in forest biomass is considered biogenic under sustainable systems; carbon dioxide emissions from biomass energy combustion are replaced by future carbon sequestration. Expanded use of biomass energy in place of fossil fuels results in net emissions reductions by shifting from high to low carbon fuels (when sustainably managed), provided the full lifecycle of energy requirements for producing fuels does not exceed the energy content of the renewable resource. Expanded use of biomass energy can be promoted through increasing the amount of biomass produced and used for renewable energy, and providing incentives for the production and use of renewable energy supplies.

Goals:

Implementation Period:
Affected Parties/ Implementing Parties: DEP, PDA
Possible New Measure(s):  

Currently, biomass plants using wood as a primary fuel generate about 320,000 MWH of electricity annually,14 or about 0.22% of the total electricity used in PA in 2005.15 Biomass can be co-fired with coal under certain circumstances as well, so a larger proportion of the PA electricity demand would likely be met if wood as a secondary fuel were included in the analysis of biomass use. A large group of locally financed small projects spread widely across the Commonwealth could capture the value of replacing high-cost fuel imports and gain carbon benefits while limiting transportation costs of the feedstock. This model has been shown to allow displacement of significant quantities of current or projected fossil carbon release from a broad range of users - including industry, public institutions, commercial offices, and multi-family buildings – through reduced electrically driven cooling and distributed generation of electricity through combined heat and power facilities.

· Scenario 1: Increase wood utilization to 3 million tons/ year by 2020

· Scenario 2: Increase wood utilization to 6 million tons/ year by 2020
Part B: Increase wood usage for ethanol production
· Scenario 1: All plants actively considering PA locations at full capacity by 2015
· Scenario 2: Double the currently-permitted capacity by 2015
· Scenario 3: Quadruple the currently-permitted capacity by 2015
Data Sources/ Assumptions/ Methods: 
Two scenarios were quantified under option F-4a: 1) Increase wood use to 3 million tons annually, and 2) increase wood use to 6 million tons annually. Under each scenario, a linear ramp up to the goal level between 2008 and 2020 was assumed. In 2020, Scenario 1 meets 6.7% of statewide electricity demand with biomass fuels, and Scenario 2 reaches 13.4% of statewide demand with biomass fuels.18

To quantify the GHG benefit of fuel switching, the heat content of wood was assumed to be 9.961 million Btu per short ton.19 This value was used to estimate the Btu contribution per unit of wood biomass, and then the annual increment in electricity Btu from wood biomass needed to reach the goal level for biomass usage in 2020 was calculated. Btu produced using wood biomass would reduce the electricity produced using other fuels. The emissions avoided by producing electricity using wood were calculated using the emission factors in Table F4-1, which include emissions of CH4, N2O, and CO2 and were calculated from the PA I&F.

Emission factors for fossil fuels in PA

	
	Emission factors (tCO2) 

	Coal 
	93.815 

	Natural gas 
	52.455 

	Oil/petroleum 
	50.283 

	Wood 
	3.093 


The GHG benefit of this option was quantified as the avoided GHG emissions from fuel switching for electricity production, assuming that avoided fuels were equally divided between coal, natural gas, and oil (Tables a and b).

Table A - Annual Electricity Production and Avoided Emissions To Reach Goal Level in Scenario 1 (Use 3 Million Tons of Biomass/Year By 2020)
	
	
	Cumulative 
	
	
	
	

	
	
	Electricity Produced 
	
	
	
	

	
	Additional Electricity Produced 
	From Wood 
	Emissions 
	Emissions Avoided 
	
	

	Year 
	From Wood (BBtu/year) 
	(BBtu/ year) 
	From Wood (tCO2e/year) 
	From Fossil Fuel (tCO2e/year) 
	Net GHG Benefit (tCO2e/year) 
	Net GHG Benefit (MMtCO2e/year) 

	2008 
	2,533 
	2533 
	7,836 
	165,581 
	157,745 
	0.16 

	2009 
	2,533 
	5066 
	15,671 
	331,161 
	315,490 
	0.32 

	2010 
	2,533 
	7599 
	23,507 
	496,742 
	473,234 
	0.47 

	2011 
	2,533 
	10133 
	31,343 
	662,322 
	630,979 
	0.63 

	2012 
	2,533 
	12666 
	39,179 
	827,903 
	788,724 
	0.79 

	2013 
	2,533 
	15199 
	47,014 
	993,483 
	946,469 
	0.95 

	2014 
	2,533 
	17732 
	54,850 
	1,159,064 
	1,104,213 
	1.10 

	2015 
	2,533 
	20265 
	62,686 
	1,324,644 
	1,261,958 
	1.26 

	2016 
	2,533 
	22798 
	70,522 
	1,490,225 
	1,419,703 
	1.42 

	2017 
	2,533 
	25332 
	78,357 
	1,655,805 
	1,577,448 
	1.58 

	2018 
	2,533 
	27865 
	86,193 
	1,821,386 
	1,735,192 
	1.74 

	2019 
	2,533 
	30398 
	94,029 
	1,986,966 
	1,892,937 
	1.89 

	2020 
	2,533 
	32931 
	101,865 
	2,152,547 
	2,050,682 
	2.05 

	Cumulative totals 
	
	35464 
	713,053 
	15,067,827 
	14,354,774 
	14.35 


Table B - Annual Electricity Production and Avoided Emissions To Reach Goal Level in Scenario 2 (Use 6 Million Tons of Biomass/Year By 2020)
	
	Additional 
	Cumulative 
	
	Emissions 
	
	

	
	Electricity Produced 
	Electricity Produced 
	Emissions 
	Avoided From Fossil 
	Net GHG 
	

	
	From Wood 
	From Wood 
	From Wood 
	Fuel 
	Benefit 
	Net GHG Benefit 

	Year 
	(BBtu/year) 
	(BBtus/ year) 
	(tCO2e/year) 
	(tCO2e/year) 
	(tCO2e/year) 
	(MMtCO2e/year) 

	2008 
	5,066 
	5,066 
	15,671 
	331,161 
	315,490 
	0.32 

	2009 
	5,066 
	10,133 
	31,343 
	662,322 
	630,979 
	0.63 

	2010 
	5,066 
	15,199 
	47,014 
	993,483 
	946,469 
	0.95 

	2011 
	5,066 
	20,265 
	62,686 
	1,324,644 
	1,261,958 
	1.26 

	2012 
	5,066 
	25,332 
	78,357 
	1,655,805 
	1,577,448 
	1.58 

	2013 
	5,066 
	30,398 
	94,029 
	1,986,966 
	1,892,937 
	1.89 

	2014 
	5,066 
	35,464 
	109,700 
	2,318,127 
	2,208,427 
	2.21 

	2015 
	5,066 
	40,531 
	125,372 
	2,649,288 
	2,523,916 
	2.52 

	2016 
	5,066 
	45,597 
	141,043 
	2,980,449 
	2,839,406 
	2.84 

	2017 
	5,066 
	50,663 
	156,715 
	3,311,610 
	3,154,895 
	3.15 

	2018 
	5,066 
	55,729 
	172,386 
	3,642,771 
	3,470,385 
	3.47 

	2019 
	5,066 
	60,796 
	188,058 
	3,973,932 
	3,785,874 
	3.79 

	2020 
	5,066 
	65,862 
	203,729 
	4,305,093 
	4,101,364 
	4.1 

	Cumulative totals 
	65,862 
	461,035 
	1,426,106 
	30,135,654 
	28,709,548 
	28.71 


Part B: Increase wood usage for ethanol production

The GHG benefit of using cellulosic ethanol is the incremental benefit of substituting ethanol for fossil fuels. Emission factors for reformulated gasoline, starch- based ethanol, and cellulosic ethanol were taken from a General Motors/Argonne National Lab study. These emission factors incorporate the GHG emissions during the entire life cycle of fuel production (e.g., for gasoline: extraction, transport, refining, distribution, and consumption; for ethanol: crop production, feedstock transport, processing, distribution, and consumption). In Scenario 1, cellulosic ethanol would replace 1.6% of PA 2005 gasoline demand. Scenarios 2 and 3 would meet 3.2% and 6.4% of 2005 fuel demand, respectively. It is important to note that the biomass feedstock estimate needed to achieve Scenario 3 – 6.4 million tons/ year – exceeds the highest currently available estimates of sustainable biomass availability in PA.
For this analysis, it was assumed that Scenario 1 would incur the full cost of three manufacturing plants, while additional plants built under Scenarios 2 and 3 would incur an incremental 50% and 100%, respectively, of the costs estimated under Scenario 1.

Well-to-wheels emission factors
	Fuel 
	Emission Factor 

	
	(g CO2e/mile) 

	Reformulated gasoline 
	552 

	Cellulosic ethanol 
	154 


	
	Scenario 1 
	Scenario 2 
	Scenario 3 

	
	Ethanol 
	
	Ethanol 
	
	Ethanol 
	

	
	Produced 
	
	Produced 
	
	Produced 
	

	Year 
	(million gallons/year) 
	CO2e Saved (MMt) 
	(million gallons/year) 
	CO2e Saved (MMt) 
	(million gallons/year) 
	CO2e Saved (MMt) 

	2008 
	16 
	0.13 
	31 
	0.26 
	63 
	0.53 

	2009 
	31 
	0.26 
	63 
	0.53 
	125 
	1.06 

	2010 
	47 
	0.40 
	94 
	0.79 
	188 
	1.59 

	2011 
	63 
	0.53 
	125 
	1.06 
	250 
	2.12 

	2012 
	78 
	0.66 
	156 
	1.32 
	313 
	2.65 

	2013 
	94 
	0.79 
	188 
	1.59 
	375 
	3.18 

	2014 
	109 
	0.93 
	219 
	1.85 
	438 
	3.71 

	2015 
	125 
	1.06 
	250 
	2.12 
	500 
	4.24 

	2016 
	125 
	1.06 
	250 
	2.12 
	500 
	4.24 

	2017 
	125 
	1.06 
	250 
	2.12 
	500 
	4.24 

	2018 
	125 
	1.06 
	250 
	2.12 
	500 
	4.24 

	2019 
	125 
	1.06 
	250 
	2.12 
	500 
	4.24 

	2020 
	125 
	1.06 
	250 
	2.12 
	500 
	4.24 

	Cumulative total (2008–2020) 
	10.07 
	
	20.13 
	
	40.27 


Assuming an average fuel economy of 21.3 miles/gallon (MPG), the incremental benefit of using cellulosic ethanol over reformulated gasoline is 8477.4 g CO2e per gallon of fuel. This MPG was used for both ethanol and reformulated (E10; i.e. 10% ethanol content, 90% gasoline) gasoline, as the incremental reduction in MPG when using ethanol for fuel is on average only about 1.5% lower than the average MPG when using reformulated gasoline. Multiplying this by the volume of ethanol produced in each year gives the incremental GHG benefit of using cellulosic ethanol over traditional fossil fuel.
Economic Cost: 

Increase wood usage for ethanol production
New manufacturing facilities are necessary to produce cellulosic ethanol. Therefore, the cost of this option is the cost of the new facilities. The government subsidy for 6 cellulosic ethanol plants recently funded by the Department of Energy ranged from $33 million to $80 million, with an average subsidy of $64.2 million.24 Assuming a plant lifetime of 50 years, the average cost per year for one plant (in current dollars, regardless of production capacity) is $1.28 million. For this analysis, it was assumed that Scenario 1 would incur the full cost of three manufacturing plants, while additional plants built under Scenarios 2 and 3 would incur an incremental 50% and 100%, respectively, of the costs estimated under Scenario 1.

Discounted Costs of Cellulosic Ethanol Production
	Year 
	Scenario 1 
	Scenario 2 
	Scenario 3 

	2008 
	$3,850,000 
	$5,775,000 
	$7,700,000 

	2009 
	$3,666,667 
	$5,500,000 
	$7,333,333 

	2010 
	$3,492,063 
	$5,238,095 
	$6,984,127 

	2011 
	$3,325,775 
	$4,988,662 
	$6,651,550 

	2012 
	$3,167,405 
	$4,751,107 
	$6,334,809 

	2013 
	$3,016,576 
	$4,524,864 
	$6,033,151 

	2014 
	$2,872,929 
	$4,309,394 
	$5,745,859 

	2015 
	$2,736,123 
	$4,104,185 
	$5,472,246 

	2016 
	$2,605,832 
	$3,908,747 
	$5,211,663 

	2017 
	$2,481,744 
	$3,722,616 
	$4,963,489 

	2018 
	$2,363,566 
	$3,545,349 
	$4,727,132 

	2019 
	$2,251,015 
	$3,376,523 
	$4,502,031 

	2020 
	$2,143,824 
	$3,215,736 
	$4,287,648 

	Cumulative totals 
	$37,973,519 
	$56,960,278 
	$75,947,038 


Implementation Steps:
Interest and opportunities exist in current legislation. Act 213 – AEPS, and HB2200 and Act 129.

Potential Overlap: 

Forestry-9

Community and District-Scale Biomass Energy Initiatives

Work Plan for Potential GHG Reduction Measure

Strategy Name: 
Community and District-scale Biomass Energy Initiatives

Submitted by:
DCNR & Pennsylvania Forest Products Association




Contact:  Paul Lyskava (717) 901-0420; 

plyskava@paforestproducts.org

Lead Staff Contact: 
DCNR

Initiative Summary:  Increase the state’s utilization of carbon neutral, forested biomass-based energy production on the community level through “Fuels for Schools and Beyond” or similar initiatives. 
Goals:   [a rural community with 1000 households, county seat buildings (courthouse, jail, county home, etc) schools and main street businesses = 1.3 million square feet of heating need (this could be broken down or compared via cost of heating with fuel oil, nat. gas, wood chips, etc.) with an annual electric consumption of 16.3 mwh (2006 expenditures = $1,087,147)– both of which could be replaced with wood to energy CHP technology.]
Implementation Period:
Other Parties/ Implementing Parties: Pennsylvania Department of Agriculture; DEP

Possible New Measure(s): 
Increase the number of community-based and district-scale energy initiatives that reduce net carbon emissions through the utilization of forested woody biomass and other clean wood source material.  This will be accomplished through:

· Provide state leadership to encourage these facilities as part of energy independence strategy;

· Providing technical assistance to communities on project design and development and biomass procurement;

· Provide access to capital financing for the development of such projects;

· Address policy issues needed to ensure adequate and affordable procurement of biomass material for these projects;

Utilization of woody biomass for small-scale electric and thermal production is a proven technology.  At the present time, it is more viable and environmentally sustainable than large, unproven cellulosic ethanol initiatives.

The forest products industry is the nation’s largest source of renewable biomass energy, generating 80% of the nation’s biomass energy output.  Paper and larger wood product companies generate an average of 65% of their energy needs from carbon-neutral biomass, mostly woody mill residuals.

A large group of locally financed small projects spread widely across the Commonwealth could capture the value of replacing high-cost fuel imports and gain carbon benefits while limiting transportation costs of the feedstock. This model has been shown to allow displacement of significant quantities of current or projected fossil carbon release from a broad range of users - including industry, public institutions, commercial offices, and multi-family buildings – through reduced electrically driven cooling and distributed generation of electricity through combined heat and power facilities.

Additional benefits may be garnered by slightly larger, district energy systems that could utilize locally procured biomass to generate 10MW of electricity and associated heat benefits.  This would supply not just a single facility, but a serve all or part of an entire rural community. The volume of material for such a project would be larger than a single institution, but still significantly smaller than a large-scale ethanol project, making it both economically and ecologically viable.  Successful versions of this district energy concept are common in Europe.
The Pennsylvania Fuels for Schools and Beyond program is the catalyst for promoting community-based initiative across the Commonwealth.  Other initiatives are being driven by local communities and dedicated private citizens.

Potential GHG Reduction:
DCNR CMAG report estimates GHG reductions of .47 MMTCO2e to 4.1 MMTCO2e, depending upon the scenario.
Cost to Regulated Entities:  
Funding for the technical assistance coordination and capital financing is available from existing programs funded by Growing Greener and the new Energy Independence Strategy.   Capital outlays for projects vary from $300,000 to $3 million+, depending on size. 

Economic Cost  Increase wood usage as fuel for locally scaled community energy projects to meet needs for heat, chilling, and power generation as is appropriate to sustaining the resource and supportive of community needs.
Implementation Steps:  Fuels for Schools and Beyond and some capital financing programs are already in place.

Potential Overlap:
See “Promotion of Locally-Produced Wood Products” for the role of a vibrant forest product industry. 
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*1  Source table for data in column 1 in Fuel Value Calculator, A.B. Curtis, Jr. USDA Forest

 Service, Southeartern Area State and Private Forestry.  rev. July, 1979

*2 MCF is thousand cubic feet

Wood @ 40% MC 100,000 tons 29.00 $    per green ton

Fuel oil, #2 7,917,647 gallons 2.00 $      per gallon

Natural gas - industrial use 1,176,471 MCF 11.00 $    per mcf

Natural gas - commercial use 1,176,471 MCF 13.00 $    per mcf

Natural gas - residential use 1,176,471 MCF 20.00 $    per mcf

*3  Wood pricing averaged based on private communication with industry suppliers.  Actual prices will fall in a

        range based on freight distance and other factors.   Oil and natural gas pricing approximated from US Dept. 

        of Energy Energy Information Administration using data available from the site http://tonto.eia.doe.gov/
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