CARBON SOLUTIONS

CarbonSolutionsNE.org

Carbon Emissions and Economic Modeling:
Approach and Assumptions

Decarbonizer Help File

January 2009

Cameron Wake!, Matt Frades', George Hurtt', Matt Magnusson?,
and Ross Gittell?

!nstitute for the Study of Earth, Oceans, and Space, UNH
2\Whittemore School of Business and Economics, UNH



Carbon Emissions and Economic Modeling: Approach and Assumptions

Introduction

This document details the approach taken and the assumptions made in order to provide
emissions and economic analyses of potential Actions proposed by the Working Groups and the
Task Force. The results of the analyses are presented separatedyAmalysis Results table.
Detailed descriptions of the potential Actions are presented in the Action Reports produced by
the Working Groups.

Total State Emissions Business-as-Usual Model:

The businesssusual New Hampshire fossil fuel greenhouse gassions by sector were
projected out to 2050 by extrapolating historical emissions dafaear extrapolations of 1990
2005 emissions datavere used to project emissions in the Transportation, Residential,
Commercial, and Industrial sector&missionsn the Electricity Generation sector were
calculated differently because the historical New Hampshire emissions record is punctuated by
large fluctuations due to the expansion and retirement of major generation pldntear
extrapolation of total New Egland generation was extrapolated, and future New Hampshire
generation was projected based on the assumption that New Hampshire will continue to
contribute 17.3% of New England generatid®rojected emissions were calculated based on
the assumption that tfuture expansion of New Hampshire generation capacity is provided by
natural gas plants.

List of Solutions in the Decarbonizer and Reference Codeso

AFW

Inc Cover Crops
AFW Action 1.1.1 Increase Cover Crops
No Till Farming
AFW Action 1.1.2 Increase Convadion Tillage/NerTill FarmindPractices
Avoid Forest Loss
AFW Action 1.2 Avoid Forest Land Conversion
Promote Duralke Wood
AFW Action 1.3Promote Durable Wood Products
Integ Wood Energy
AFW Action 2.2Maximize Availabilitypf Biomass for Electricity andeating within Sustainable Limits
(Integrated strategy)
Local Food
AFW Action 4.1 Strengthen Local Food Systems
AFW Combo

L EPA report: "Inventory of U.S. Greenhouse Gas Emisaiod Sinks 1992006"
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Carbon Emissions and Economic Modeling: Approach and Assumptions

AFW Combination Strategy

EGU

CHP Standard

EGU Action 1.3 Combined Heat & Powerodese Standard [9% reduction NMH consumption by 2020]
RPS

EGU Action 2.1 Renewable Portfolio Stand&#€Sg)

NH RGGI

EGU Action 2.2 Regional Greenkeusas Initiative (RGGI) [*Thesatively large emissions reduction
target is achieved by other Actions]

NSPS 250

EGU Action 2.3 New Source Performance Standard (NSB3)sCO2/MWh

NS 400

EGU Action 2.3 New Source Performance Standard (N&BB)sCO2/MWh

NSPS 600

EGU Action 2.3 New Source Performance Standard (N6GBEB)sCO2/MWh

NSPS 800

EGU Action 2.3 New Source Performance Standard (NSB@HsCOMWh

Renewable 1000MW

EGU Action 2.5 Changes to Existing Gitsn Capacity 1000MW of NewRenewables Replaces Fossil
Fuel Generation

Renewable Import

EGU2.6 Import low carbon power from Canadaainly Quebec Hydro

Renewable Utilites

EGUR.7 Utility Investments in New Renewable Generation

EGU Combo

EGU Combination Strategy

TLU

CAFE 35

TLU 1.A.1 CAFE Standard8SMPG

CAFE 40

TLU 1.A.1 CAFE Standard6MPG

CAFE 45

TLU 1.A.1 CAFE StandardSMPG

CAFE 50

TLU 1.A.1 CAFE StandarB8MPG

HD Fuel Econ

TLU Action 1.A.Support Fuel éonomy Standards for HeaButy Vehicles
CALEV

TLU Action 1.A.3Adopt Califoria Low Emission Vehicle (CAL&MNdards
Feelate500

TLU Action 1.BACreate a Poinbf-Sale Financial Incentive fbligher Efficiency Vehiclegeebate of
$500 per 0.01 gallon/mile

Feebate1000
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Carbon Emissions and Economic Modeling: Approach and Assumptions

TLU Action 1.B.ACreate a Poirbf-Sale Financial Incentive feligher Efficiency Vehles- Feebate of
$1000 per 0.01 gallon/mile

Reg Fee

TLU Action 1.B.2mplement a CarboiBased Vehicle Registration F&&ucture

Low C Fuel

TLU Action 1.C.1Adopt a LowCarbon Fuel Standard

Electric Cars A

TLU Action 1.2.- Promote Advanced Thoology Vehicles and Supportihgrastructure- Electric Cars
1% by 2020 3.5% by 2050

Electric Cars B

TLU Action 1.C.2Promote Advanced Thoology Vehicles and Supportihgrastructure- Electric Cars
5% by 2020 17% by 2050

Electric Cars C

TLU Action 1.C.2Promote Advanced Thaology Vehicles and Supportihgrastructure- Electric Cars
10% by 2020 35% by 2050

Electric Cars D

TLU Action 1.C.2Promote Advanced Technology Vehicles and Suppupinfrastructure- Electric Cars
20% by 2020 70% by 2050

Reduce PM A

TLU Action 1.C.3Install Rtrofits to Reduce Black Carb&missions Employ DOCs

Reduce PM B

TLU Action 1.C.3Install Rtrofits to Reduce Black Carb&missns- Employ FTFs

Reduce PM C

TLU Action 1.C.3Install Rtrofits to Reduce Black Gam Emissions Employ DPFs

Enforce Speed

TLU Action 1.D.1. Reduce and Enforcee8émits on HighwaysEnforceCurrent Speed Limits
Lower Sped

TLU Action 1.D.1. Reduce and Enformees Limits on HighwaysLowerPosted Speed Limits
Reduce Idling

TLU Action 1.D.2. Reduce Vehicle Idling

Traffic Flow

TLU Action 1.D.3. Improve Traffic Flow

Vehic Inspection

TLU Ation 1.D.4 Reduce Emissions thugh Enhanced Vehicle InspectiBrograms

Commute Trip Red

TLU Action 2.A.1. Implement Commuting Trip Reduction Initiative

Congest Pricing

TLU Action 2.A.2Implement Congestion Pricing

Insurance WIT A

TLU Action 2.A.3Create a VMBased Isurance Premium Structur2.7%reduction in total light duty
VMT

Insurance VMT B

TLU Action 2.A.3Create a VMBasedhsurance Premium Structurés%reduction in total light duty
VMT

Insuwance VMT C

TLU Action 2.A.3Create a VMBasednsurance Premium Structure’%reduction in total light duty
VMT
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Registration VMT A

TLU Action 2.A.4implement VMTBasedVehicle Registration Fee®.7%reduction in total light duty
VMT

Registration VMT B

TLU Action 2.A.4implement VMTBasedVehicle Registration Fee§%reduction in total light duty
VMT

Registration VMT C

TLU Action 2.A.4implement VMTBasedVehicle Registration Feeg%reduction in total ligh duty
VMT

Gas Tax

TLU Action 2.A.5Increase the State Gasoline Tax

Imprv Local Bus

TLU Action 2.B.1-dmprove Existing Local/IntfBegional Trans{Bus) Service

Imprv Bike&Ped

TLU Action 2.B.1:&Expand and Improve Bidg and Pedestriamfrastructure

Passenger Rail

TLU Action 2.B.2-:aMaintain and Expand Passenger Rail Service

193 Transit Invstmnt

TLU Action 2.B.2dmplementation Recmmendations of the-83 Transiinvestment Study

Expand P&&Ride

TLU Action 2.B.2eExpand Parand-Ride Infrastructure

Imprv Inter-City Bus

TLU Action 2.B.2- Hmprove Exsting InterCity Bus Service lacrease Ridership

Smart Growth A

TLU Goal 2.Develop Land Use Patterns thatgport a Balancedulti-Modal Transportation System
and Reduce Vehicle Miles Travelel

Smart Growth B

TLU Goal 2.Develop Land UseaRerns that Support a Balancddulti-Modal Transportation System
and Reduce Vehicle Miles Traveldsl

Smart Growth C

TLU Goal 2.Develop Land UseaRerns that Support a Balancddulti-Modal Transportation System
and Reduce Vehicle Miles Travelad

TLU Combo

TLU Combination Strategy

RCI

EE30 NewBIdg

RCI Action 1.1 MaximiZnergy Effiency in Mew Construction 30%more efficient

EE70 NewBIdg

RCI Action 1.1 Maximize Energy Igficy in New Construction70%more efficient

EE100 NewBldg

RCI Action 1.1 Maximize Energy Efficiency in New Construdififfomore efficient

EE15 Exst_Res30k

RCI Action 1.2 Maximize Energydighcy in Existing Residentilildings 30,000 homes/year; 15%
more efficient

EE30 Exst_Res30k

RCI Action 1.2 Maximize Energydifhcy in Existing Residentiliidings- 30,000 homes/year; 30%
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more efficient

EE60 Exst_Res30k

RCI Action 1.2 Maximize Energydighcy in Existing Residentiuildings- 30,000 homes/year; 60%
more efficient

EE15 Exst_Res15k

RCI Action 1.2 Maximize Energy Efficieim Existing ResidentRuildings 15,000 homes/year; 15%
more efficient

EE30 Exst_Res15k

RCI Action 1.2 Maximize Energydighcy in Existing Residentilildings 15,000 homes/year; 30%
more efficient

EE60 Exst_Res15k

RCI Actio 1.2 Maximize Energy Eiency in Existing Residentilildings 15,000 homes/year; 60%
more efficient

EE15 Exst_CIM

RCI Action 1.3 Maximize Energydifhcyin Existing Commercidhdustrial, and Municipal Buildings
15% more efficient

EE30 Exst_CIM

RCI Action 1.3 Maximize Energydighcy in Existing Commercilddustrial, and Municipal Buildings
30% more efficient

EE50 Exst_CIM

RCI Action 1.3 Maximize Energydighcy in Existing Commercilddustrial, and Munipal Buildings
50% more efficient

Upgrd Enrgy Code25

RCI Action 1.4AUpgrade Building Eengy Codes25% more efficienthermal

Upgrd Enrgy Code50

RCI Action 1.4AUpgrade Building Emgy Codes50% more efficienthermal

Imp Code Comply50

RCI Action 1.4Bimprove Buildig Energy Code Compliancg0%compliance

Imp Code Comply80

RCI Action 1.4Bimprove Buildig Energy Code Complianc@0%compliance

Low C Thermal

RCI Action 3.1Promote Renewabl&nagy and LowCO2e Thermal Energy Systems

RCI Combo

RCI Combination Strategy

Economic Modeling Overview:

¢CKS /{b9 SO2y2YAO Y2RStAy3 GSIY (221 +y GaSTTA
economic impacts of different actions proposed by the working grogipen the many

different policy options consideredlhe modeling assumptions used in estimating economic

costs and benefitare provided below

tKS 202S0O0GAQBS 2F (GKS SO2y2YAQevdlsg Ft ¥ERAYAGHZRS & 2
the economic impacts adach proposed action itemGiven the shortime frameof analysis
and large number of action items under consideratitimis economic analysis not as detailed
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Carbon Emissions and Economic Modeling: Approach and Assumptions

as previous UNH eaomic studies of RPS and RGIGis instead meant to provide economic
context to assist in the decision making pess for the task force.

The analysis provided for the task force is limited to difdew Hampshire costs/benefits and
does not include assessmentsiiciety wide impacts. As much as possithieect employment
impacts are estimated along with costs amehefits. The analysis does not consider potential
benefits associated with actions such as reduced health costs due to reduced air pollution
emissions analso doeshot include avoided costs in calculating economic impacts.

However where appropriatean economic multiplier was used to estimate the broader state
wide economic impacts of cost savingsich as for reduced fuel consumption. An economic
multiplier isused to estimate economwide impacts of specific economic changé&te UNH
Economic team based on its significant knowledge of the NH economy and to be
conservative chose a $1 economic multiplier for each $1 of savings attributed to an action.
The assumptions section discusses whether the economic multiplier was applied to any given
action. The 1:1 multiplier is considered conservative.

The economic analysis does not discount costs and benefits of climate change policies to reflect
timing or uncertainty. This is consistent with the approach used for NH RGGI and RPS analysis
and used in thestern Report. Ken ArroMobel Laureate Economjseviewed the Stern

Reporf and concluded that discounting for time and uncertainty did not change conclusions.

In the analysisspreadsheet summarizing the carbon and economic impacts of each éetion
levels of magnitude and qualitative information arepided, not precise figures faosts and
benefits or the exact timing of those costs and beneflise economic analysis sectioalow
provides an overvievof the approach and assumptions usenmdelthe economiaosts and
benefits ofeach action

2 Federal Reserve Bank, 2002.

% Stern Review on the economics of climate charfio6.

http://www.hm -treasury.gov.uk/independent_reviews/stern_review_economics_climate_change/stern_review_report.cfm
*4¢KS OFasS F2NJ OdzidAy3a SYAaarzyasé YSYy I NNBGX HANTO®
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Carbon Emissions and Economic Modeling: Approach and Assumptions

Implementation Costs

- Low 0-$2.5 million

- Moderately Low  $2.5 million to $25

- Moderate $25 million to $125 million
- Moderately high  $125 million to $500 million
- High $500 million to $1 billion

- Very high Greater than $1 billion

- Uncertain:Economic implementation costs were not easily determined without
significant research beyond theage of this part of the analysis.

- Study:Means that the action proposed by the working group is a study tdéusrtook at
issue, this is meant to avoid confusion in comparisothefcosts of different actions.

Potential economic benefits

- Low 0-$2.5 million

- Moderately Low  $2.5 million to $25

- Moderate $25 million to $125 million
- Moderately high $125 million to $500 million
- High $500 million to $1 billion

- Very high Greater than $1 billion

- Uncertain:Economic implementation costs were not easily determined without
significant research beyond theage of this part of the analysis.

Timing of Costs

- Immediat/higher upfront: The majority of economic cost is experienced in the relative
short term with the longer term ecomuic cost being less significant

- Constant/evenThe economic cost tends to be reladly constant on an annual basis

- Low shortterm/Mostly longterm: The majority of economic cost is experienced in the
relative long term with the shorter term econac cost being less significant

- Uncertain:Economic implementation costs were not easily determined without
significant research beyond the smofthis part of the analysis

Timing of Economic Benefits

- Immediate/higher upfrontThe majority of economic benefit is experienced in the
relative short term with the longer term econontenefit being less significant

- Constant/evenThe economic benefiends to be relatively constant on an aratasis

- Low shortterm/Mostly longterm: The majority of economic benefit is experienced in
the relative long term with the shorter term econonbenefit being less significant

- Uncertain:Economic benefits were natasily determined without significant research
beyond the scpe of this part of the analysis
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Who Experiences the Significant Portion of the Costs
- Consumer (EvenlyDistributed Concentrated on particular groups
- Government(State, Local)
- Business (BvenlyDistributed Concentrated on particular groups

Who Experiences the Significant Portion of the Benefits
- Consumer (EvenlyDistributed Concentrated on particular groups
- Government(State, Local)
- Business (EvenlyDistributed Small, Medium, Laey

In the aboveg @enly distributed means that costs and/or benefits are shared relatively
equally across the respective grougConcentrated on particular groupseans that costs
and/or benefits are disproportionately borrey, for example upper orlower income groups.

Economic analysis uses latest (2008)D\3= EIA (Energy Information Administration) Energy
Outlook in constant $2008The EIA fuel forecast only goes out to 2030, the assumption was
made that the 2030 price continues through 205@amstant dollars. The only exception is the
electricity price which was taken from thedependent Service Operatdlew EnglandiSGNE)
CELTCapacity, Energy, Loads, and Transmis$twagast. The reportprojects prices
specifically for NH out to 2. The 2017 price was assumed to continue through 2050 in
constant dollars.

If current prices are indicative the EIA forecasts are lmowever the same fuel forecasts are
applied consistently across all sectors for fuel savings. Therefore econoneifitbéased on

fuel savings are appropriate as a comparative tool in the decision making process. It is also
important to note that all dollars reported in the economic sections including fuel costs are in
constant 2008 dollars. This allows for the rejragtof costs and benefits in a dollar value in
G2RI&8Qa oI tdzSao
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CSNE Fuel Forecgd$2008)

Unitg 20172 2029 205(
LPG Gallon |$ 1.87$1.89 [$ 1.97|
Residual Oil Gallon |$ 1.48%144 |$ 1.57|
Distillate Oil Gallon |$ 2.59$2.61 |$ 2.78
Natural Gas Therm |$ 0.87$0.90 |$ 0.99
Electricity NH Specific kWh $ 0.15 |[$0.15 |[$ 0.15
Motor Gasoline Gallon |$ 2.74%$2.71 |$ 2.80
Diesel Fuel (distillate fuel
oil) Gallon |$ 2.79%$2.75 |$ 291
Source: EIA Annual Energy Outlook for 2008
TLU Approach and Assumptions PagelOof 65
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Carbon Emissions and Economic Modeling: Approach and Assumptions

Electricity Generation and Use

Carbon Emissions Model:

Electricity Generation Model

The electricity generation model uses NH electricity fuel consumptior? dath net generation

data for New tdmpshiré to characterize existing generation. The average amount of fuel
required per MWh of net generation for each fuel type is calculated as the average of historical
ratios. For the future projections we use a Busiresasual (BAU) case and for sisolutions,

the existing NH generation base is unchanged. Table 1 shows some calculations and
parameters of the electricity generation model.

Growth in NH generation is modeled as a linear projection of New England generation. New
Hampshire is assumed retain its 17.3% share of New England generation. This results in a
314,341 MWh/year linear growth in NH generation out to 2050. For the BAU case, all of this
growth in generation is met by natural gas power plants.

Table 1:Calculations of parametsrelated to fuel use for NH electricity generation
Consumption per MWh

Coal (short tons / MWh) 0.41
Natural Gas (thousand cubic feet / MWh) 7.28
Petroleum [resid + dist] (barrels / MWh) 1.71

Emissions Factors

Coal Emissions Factor (average) (lbs CO2/million BTU) 215.000
Natural gas Emissions Factor (Ibs CO2/1000cuft) 120.593
Petroleum Fuel Oil Emissions Factor (IbsCO2/barrel) 940.109

Emissions Factors per MWh

Coal Emissions Factor (Ibs CO2/MWh) 2283.8
Natural gas Emissions Factor (lbs CO2/MWh) 878.1
Petroleum Fuel Oil Emissions Factor (Ibs CO2/MWh) 1604.1

Electricity Consumption Model
Emissions reductions associated with reductions in NH electricity consumption are calculated
using the ISNE marginal emissions factorn éxponential regression dfistorical ISENE

® Energy Information Administration (Eldta.

® Energy Information Administration (Eldta.

" Calculated from Bl data, including the EIA NH State Energy Profile and
http://www.eia.doe.gov/oiaf/1605/coefficients.html
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Carbon Emissions and Economic Modeling: Approach and Assumptions

marginal emissions factor data was used to project future values, although the marginal
emissions factor was held constant p&€i11 when a floor value of 899 lbseMWh is
reached by 2011. This is because this emissions factor iexapately that of natural gas
generation.

In order to quantify the greenhouse gas reduction and "credit" the state for reduced electricity
demand in New Hampshire, we subtract the credit (based on theNE@arginal emissions
factor) from total NH electicity generation (determined based on the actual fuel burned in NH
generating stations).

Table 2:Historical and projected values of the New England marginal emissions factor
(projected values iitalics)®

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011-205(
NE Marginal emissions

factor [lbs CO2/MWHh] 1,488 1,394 1,338 1,179 1,102 1,107 1,063 1,028 994 961 930 899

Solution Calculation Assumptions

EGU Aion 1.1Revenue Decoupling
Supporting mechanisymot individually quantified

EGU Action 1.2 Energy Efficiency Procurement

Modeled as 5, 10, 15, 20, and 24% reductionNH electricity consumption below BAU.
Assumes that the break point of cestfective energy efficiency procurement is beyond the
modeled percentage drop in consumption.

EGU Action 1.3 Combined Heat & PoResourceStandard
Modeled as a 9% reduction in NH consumpfioearly phased iy 2020™

EGU Action 2.1 Renewable Portfoliorf8tard (RPS)

Modeled as 23.8% renewable NH sales by 2082025, this amounts t8,425,060MWh of
renewable sales in NH, roughly equivalent to 391 MW of sustained capacity. In 2050, this
amounts to4,443,691IMWh of renewable sales in NH, roughly equaveélto 507 MW of
sustained capacity.

EGU Action 2.2 Regional Greenhouse Gas Initiative (RGGI)

® Calculated fronhttp://www.iso-ne.com/genrtion_resrcs/reports/emission/2005_mea_report.pdf
® http://www.neep.org/policy_and_outreach/synapse_sa_report.pdf
1 scerario provided by EGU Working Group.
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The RGGI MOU calls for signatory states to stabilize power sector CO2 emissions over the first
six years of program implementation (20@914) at a level roughlggual to current emissions,

before initiating an emissions decline of 2.5% per year for the four years 2015 through 2018.
This approach will result in a 2018 annual emissions budget that is 10% smaller than the initial
2009 annual emissions budget. Thstfthree year compliance period would begin January 1,

2009. Followed RGGI language which explicitly covers up to 2018. Assumed that emissions are
capped pos2018. Assumed that the goals for RGGI are applied directly to New Hampshire
generation.

EGUAction 2.3 New Source Performance Standard (NSPS)
New generation in NH is modeled at emissions factors of 250, 300, 400, 500, 600, 700, and 800
lbs C@MWh.**

EGU Action 2.4 Low and N@®©2 Emitting Supply Side Resources
Supportng mechanism.Not individwally quantified.

EGU Action 2.B8luclearPower Capacity

Replace nuclear capacity with natural gas in 2030
After 2029, all existing generation by nuclear is replaced by natural gas generation.

Replace petroleum, coal and a portion of natural gas basergdona with new 1000MW

nuclear

1000MW = 8,760,000 MWh/year. This generation replaces all petroleum and coal, and over
half of natural gas. Replacement occurs in 2025.

Replace petroleum, coal and a portion of natural gas base generation with 1000MW of ne
renewables

1000MW = 8,760,000 MWh/year. This generation replaces all petroleum and coal, and over
half of natural gas. Replacement occhetween 2012 and 2025

Replace coal base generation with an equivalent amount of new renewable generation
4,076,0/5 MWh/year of coafjenerationreplaced with renewables between 2012 and 2025.
This is equivalent to ~465 MW of renewable capacity.

Replace coal base generation with an equivalent amount of new NG generation
4,076,075 MWh/year of coglenerationreplacedwith natural gas between 2012 and 2025.
This is equivalent to ~465 MW pétural gasapacity.

2.6 Import low carbon power from Canadamainly Quebec Hydro

" Scenarios from EGU Working group.
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Modeled as importation of 1200 MW of hydroelectric power at 80% utilization (8,409,600 MWh
annual generation). This generation is modeled as replacing coal, oil, and some natural gas
generation.

2.7 Utility Investments in New Renewable Generation

Modeled as capacity development of 50 M/ 2012200 MW by 2025 and 400 MW by 2050.
Capacity betweethese years is linearly interpolated. A 80% utilization factor is used resulting
in expanded annual renewable generation of 350,400 MWh by 2050, 1,401,600 MWh by 2025,
and 2,803,200 MWh by 2050. New generation is modeled as offsetting projected expahsio
natural gas generation.
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EGU Action 1.RevenueDecoupling

Review of existing literature did not provide any cleat data that could be applied to New
Hampshire to determine economic costs or benefftsThe primary conclush of several

different sources referenced was that in and of itself, the policy would be expected to have no
direct economic costs and benefits. It merely serves to reduce utility barriers to increased
implementation of energy efficiency and thereforelpmndirectly results in economic benefits.

Costs assumed tioe $60,000 annually for adnigtration.®

EGU Action 1.2 Energy Efficiency Procurement

Energy Efficiency/Demand Response assumed to cost avi0a@es ($2008) per avoided

kWh.** Projections of Whs avoided taken from Carbon CSNE analysis. Savings based on
avoided retail cost of electrity. Electricity price forecast taken from ISO New England 2008
CELT forecast through 2017 at ~$0.15 per kwWh in NH. Beyond 2018 was assumed to be the
constant dolar cost forecast for 2017.

An energyefficient investment had an assumed 14 year lifetime. Energy efficigatyne is
based on the value used in the New Hampshire's System Benefit Ghadgel energy
efficiency programs® Also included in economicehefits is a $1 economic multiplier for each
$1 saved from reduced fuel consumption.

Calculated Costs and Electricity Savings due to Energy Efficiency

Cost oflmplementation (Annual Economic BenefitéAnnual $2008
$2008 Millions) Millions)

EE by 2020 2012 2025 2050 2012 2025 2050
5%| $ 53| % 59|$ 23| % (127) | $ (446) | $ (567)
10%| $ 105 | $ 118 | $ 46| $ (254) | $ (892) | $(1,134)
15%| $ 158 | $ 173 | $ 55| $ (381) | $(1,070) | $(1,364)
20%| $ 211 | $ 224 | $ 55| $ (508) | $(1,070) | $(1,361)
24%| $ 253 | $ 265 | $ 55| $ (609) | $(1,070) | $(1,361)

EGU Action 1.3 Combined Heat & PoResourceStandard
CSNE Carbon Analysis was used to provideuh#ber of kWh required to meet the portfolio
standard. The levelized capital cost and annual operations and maintenance cost was assumed

2 Decoupling, NWtergy Coalition, Available online fttp:/Aww.nwenergy.org/issues/energy
policy/utilities/docs/decouple.html

Decoupling of utility rates and profits, lllinois Climate Change Advisory Group, Available online at
http://www.epa.state.il.us/air/climatechang/documents/subgroups/poweenergy/decouplingpf-utility -rates
and-profits.pdf

13Assumption by UNH Economic Team

*1SO New England Scenario Analysis Companion Report: Constructing a Future that Meets Regional Goals,
Synapse Economics, Inc., August 2003jlabie online at
http://www.neep.org/policy_and_outreach/synapse_sa_report.pdf

!> Conversation with PSNH Gil Gelineau, 2007
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to be $0.0618 per kW This was assumed to be ongoing through out the period of time
analyzed. The savings were basedkWh avoided and therefoneot purchased at the retail

rate. Thermal load was assumed to drive CHP demand and therefore not expected to result in
any thermal saving®lso included in economic benefits is a $1 economic multiplier for each $1
saved fronreduced fuel consumption.

Calculated Costs and Electricity Savings du€tdP

Cost oflmplementation Economic Benefit§Annual $2008
(Annual $2008 Millions) Millions)
2012 2025 2050 2012 2025 2050
$ 46 $ 161 $ 205 $ (228) | $ (803)] $(1,0209

EGU Action 2.1 Renewable Portfolio Standard (RPS)

9aitAYlIiSa 2F O2aild FyR o0SySTAda 2F bl wt{ &6SNB
RPS study performed in 2007 Cost is the added cost of Renewable Energy Certificates

required to be purchsed by the utilities that would be passed through to ratepayers.

Economic benefits include natural gas savings due to reduced consumption and employment
benefits. Current average wage per alternative energy job is ~$57,000 per year and overall
average vage is $41,00¢° For example, alternative energy employment was expected to

increase by ~250 in 2012 and ~550 by 2025. This increase in activity is expected to yield similar
job increases in the overall NH economy. The original study only went out tqg 20@5

renewable energy required by the portfolio for 2050 was taken from CSNE carbon analysis and
results from study extrapolated out to that time.

Cost oflmplementation (Annual Economic Benefits (Annual $2008
$2008 Millions) Millions)

2012 2025 2050 2012 2025 2050

$ 27 $ 24| $ 31 $ (26) $ (62)| $ (80)

EGU Action 2.2 Regional Greenhouse Gas Initiative (RGGI)

9audAYlGSa 2F O2aid FyR 0SySTAda 2F wDDL Ay bl
NH R&I study was performed in 2007 Cost is the added cost of carbon dioxide allowance
required to be purchased by the generators that would be passed through to ratepayers.
Economic benefits include energy efficiency savings due to investmengiron by

participation in RGGT.he original study only went out to 2018. Carbon allowance prices were
assumed to go to $10 per ton post 2018. kWh savings were determined using the CSNE carbon

8 Combined Heat and Power Partnership, US EPA, Available online at
http://www.epa.gov/combdhpp/basic/economics.html

Y Gittell and Magnusson, Economic Impact of a New Hampshire

Renewable Portfolio Standard, February 2007, Available online at
http://www.des.state.nh.us/ard/climatechange/pdf/UNH_rps_report.pdf

® Bureau of Labor Statistics, 2007

* Gittell and Magnusson, Economic ImpatiNew Hampshire of the

Regional Greenhouse Gas Initiative (RGGI): An Independent Assessment, January 2008, Available online at
http://www.des.state.nh.us/ard/climatechange/docs/09-08UNH_RGGI_study.doc
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analysis model. Employment is expected to increase by 900 in 202B280dn 2050 (linear
extrapolation from RGGI study). Average wage assumed to be $41,008c(mee2.1 for
methodology)

Cost oflmplementation (Annual $2008 Economic Benefits (Annual $2008 Millions)
Millions)
2012 2025 2050 2012 2025 2050
$ 40 $ 90 $ 122 $ (34) $ (290) | $ (500)

EGU Action 2.3 New Source Performance Standard (NSPS)

An average $0.029 premium per kWh was assumed for carbon sequestidtitural Gas (20

yr LCOB® Carbon Sequestration doestappear to be variable in emissions therefore cost is
the same regardless of level set. In the future, technologies with varying levels of capture may
be available, but research did not uncover any information related to this. There are not
expected to beany significant direct economic benefits related to the increased costs of the
sequestration.

Cost of Implementation (Annual $2008 Economic Benefits (Annual $2008 Millions)
Millions)

2012 2025 2050 2012 2025 2050

$ 36| $ 155 $ 383 $ (0 $ O] s (0)

EGU Action 2.4 Low and N@©2 Emitting Supply Side Resources
Assumed annual recurring costs of $200,000 for administrative costs to implémant
supporting mechanism for renewable energy development.

EGU Actin 2.5NuclearPower Capacity

Replace nuclear capacity with natural gas in 2030

Projected decommissioning costs for Seabrook in the neighborhood of $750 milliocaphal

cost of a new natural gas power plant is estimated at $800/kW to $1,000/kW faralaas

plants andit is also assumed thannual production costs for nuclear = $5,502 million

(compared to $6,825 million for natural gas plarfts)This indicates: high cost if plant were
prematurely closed and replaced with a 1000 MW of natural dais. not expected to have
significant impacts on electricity prices as marginal natural gas plants would still be expected to
set regional market prices as is currently the c#@sdetailed study is required to fully

understand the economic impacts oédommissioning of Seabrook.

?O\What are the costs and benefits of Carbon Captand Sequestration?, National Energy Technology Laboratory,
Available online at http://www.netl.doe.gov/technologies/carbon_seq/FAQs/benefits.html#

L Assumption from EGU working group

2 Assumption from EGU working group
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Replace petroleum, coal and a portion of natural gas base generation with new 1000MW

nuclear

The capital costs for new nuclear plant capacity ranging from $3,000/kW to $5,000/kW
(compared to $800/kW to $1,000/kW for natural galants)?® The cost of prematurely closing
natural gas plants would be expected to incur significant costs. A detailed study is required to

fully understand the economic impacts of this action.

% Assumption from EGU working group
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Transportation and Land Use

Carbon Emissions Model:

LightDuty Model

The lightduty automobile model addresses vehicles of gross vehicle weight rating (GVWR) less
than 8,500 Ibs. The model exjiig accounts for: vehicle sales rafésvehicle retirement

rates”>, number of vehiclésS, vehicle age, fuel efficienty vehicle miles travell€d, and fuel

carbon intensity®. Cars and light trucks are modeled separately. New vehicles, with
characteristicF dzSf SFTFFAOASYy O& | yR @S KA OoSel acdordiggdo G NI @S¢
sales rates. These vehicles age each gedrare eventually removed from the model

according to retirement rate distribution. Tables 1 and 2 present the values for sbthese
parameters which were determined and projected from best available s¢pdrtment of

Motor VehiclesNH Department of Transportatioand national National Automobile Dealers
AssociationFederal Highway Administratipaata. Fuel efficiendistorical and projected
CAFEand fuel carbon intensity values (Table 3) were applied to the VMT travelled by each
vehicle age and to calculate emissions

HeavyDuty Model

The heawyduty vehiclemodel addresses vehicles of GVWR greater than 8,500 s model
allocates heawguty vehicle miles travelled into heavy singieit trucks and combination
trucks. 2.4% and 2.2% annual increases in total VMT were applied to heavyusinglecks
and combination trucks, respectivelyased onlransportationData Energy Bodiables®.

Table 4 presents the values for selected parameters determined from best available state
(Department of Motor Vehicles, NH Department of Transportgtiand national
(Transportation Data Energy Book) data. Fuel efficiencywaidérbon intensity values (Table
3) were applied to the VMT to calculate emissions.

? http://www.nada.org/NR/rdonlyres/C18D73801754D46BC65

AF2AA8A2C268/0/NADA _DATA_2007_ NewVehicle Department.pdf

http://www.econstats.com/autos/wauto _a.hn

% Based on analysis by Chris Skoglund and NH DOT using equations from Mobile 6 model and NH registration and
NADA data.

6 Number of vehicles is modeled as the result of annual vehicle gains (new vehicle sales) and losses (vehicle
retirements). Vehiclén-migration (the net addition of cars to the state resulting from population migration) was
analyzed using NH Office of Energy and Planning data and was found to represent approximately 0.4% of total
vehicles. Because vehiclerigration is relatively ifficult to predict and has a negligible effect on the total

number of vehicles, it was not incorporated in the model.

2" http://dmses.dot.gov/docimages/pdf99/426721_web.pdf

28 http://www.eia.doe.gov/emeu/rtecs/chapterd.html ; http://www.fhwa.dot.gov/policy/ohim/hs02/vm1.htm
Annual VMT reduction per year of veld age from analysis by Chris Skoglund and NH DOT from Mobile 6 model.
% http://www.eia.doe.gov/oiaf/1605/coefficients.htm|

% http://cta .ornl.gov/data/index.shtml
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Table 2:Vehicle retirement rates useid NHLightDuty BAU modét

Vehicle age [years]  Car scrap rate  Truck scrap rate

1 0.0% 0.0%
2 0.0% 0.2%
3 0.0% 0.6%
4 0.1% 1.2%
5 0.3% 2.0%
6 0.7% 3.0%
7 1.2% 4.3%
8 2.0% 5.8%
9 3.1% 7.5%
10 4.6% 9.5%
11 6.5% 11.8%
12 9.1% 14.3%
13 17.8% 17.2%
14 26.1% 20.4%
15 26.1% 24.0%
16 26.1% 27.9%
17 26.1% 32.3%
18 26.1% 37.1%
19 26.1% 42.4%
20 26.1% 48.2%
21 26.1% 54.6%

Table 3:Carbon intensity of automotive fue{&IA)

Emissions factors [Ib CO2/gallo
Gasoline 19.564
Diesel 22.384

Table 4:Selected parameters used NHHeavyDuty BAU modéf

VMT (million miles/year) Truck Lifetime
Heavy Duty Gasoline Vehicles 495.9 20 useful life of trucks in US (years)
Heavy Duty Diesel Vehicles 720.7 5% Annual fleet turnover percentage

Fuel Economy (MPG)

Heavy single-unit trucks [gasoline] 8.8
Heavy single-unit trucks [diesel] 8.8
Combination trucks [diesel] 5.9

2006 2007 2008 2009 2010 2020 2030 2040 2050

BAU NH Vehicle Miles (millions) [2005]
Heavy single-unit trucks 443 453 464 475 487 617 782 991 1257
Combination trucks 802 819 837 856 874 1087 1351 1680 2088

¥ Based on analysis by Chris Skoglund and NH DOT using equations from Mobile 6 model and NH registration and

NADA data.
¥ Total NH Heavy Duty Vehicle miles from Highway Performance Monitoring System data.

!nstitute for the Study of Earth, Oceans, and Space, UNH
2Whittemore School of Business and Economics, UNH



Carbon Emissions and Economic Modeling: Approach and Assumptions

Solution Calculation Assumptions

TLU Action 1.A.4 Support Stricter Corporate Average Fuel Economy Standards
Combined average fuel economy of new cars and light trucks linearly phased in to 35, 40, 45, or
50 MPG by 2028

TLU Action 1.A.2 Support Fuel Economy Standards for HeBuyy Vehicles
Fuel efficiency improvement of 58% applied at annual fleet turnover percerifage.

TLU Action 1.A.3Adopt California Low Emission Vehicle (CALEV) Standards

Applied CALEV standardfor new cars tabulated belowSubtracted from a separate light duty
businessasusual case based on a characterization of current average totatQ@ialent
emissions (g/miy®

CO2-equivalent emission standard (g/mi)
Tier Year PC/LDT1 I.DT2
(Passenger cars and small trucks/SUVs) (Large trucks/SUVs)
2009 323 439
Near-term 2010 301 420
2011 267 390
2012 233 361
2013 227 355
. 2014 222 350
Midtesm 575 25 341
2016 205 332

TLU Goal1.B: Influence Consumer Demand for Higher Fuel Economegl®ghi

TLU Action 1.B.ACreate a Poinbf-Sale Financial Incentive for Higher Efficiency Vehicles
Modeled as a 14% and 22% increase in new light duty vehicle fuel efficiency (resulting from a
new car point of saleostdifferential of $500and $100Qper 0.01 gallon per mile

respectively)’

TLU Action 1.B.2implement a CarboiBased Vehicle Registration Fee Structure
Modeled as a 14% and 22% increase in new light duty vehicle fuel efficiency (resulting from a
new car registration fee differentialf $500 and $100Qer 0.01 gallon per milgespectivelyy®

% CAFE levels suggestey working group.

* Fuel economy targets from American Council for Energy Efficient Ecortoneygy Savings Through Increased
Fuel Economy for Heaauty Trucks, February 11, 2004 (Table 2).
http://www.bipartisanpolicy.org/files/news/finalReport/11l.4.a% 2% 20Heawbuty%20Trucks. pdf

% californiaPavely Amendment Fact Sheet

% californiaPavely Amendment Fact Sheet

%" ORNL report: Greene, D, P. teason, M.Singh, and J. Li. 2005. "Feebates, Rebates ai@GlLigaker Taxes: A
Study of Incentives for Increased Fuel Economyetr@y Policy, 33 (6): 75775.

% ORNL report: Greene, D, P. Patterson, M.Singh, and J. Li. 2005. "Feebates, RebateGardayakaxes: A
Study of Incentives for Increased Fuel Economyetr@y Policy, 33 (6): 75775.
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Carbon Emissions and Economic Modeling: Approach and Assumptions

TLU Action 1.C.1 Adopt a LowCarbon Fuel Standard
Assumed fuel containk0% less carbon per galldry 2025, linearly phased in from ye&015.%

TLU Action 1.C.2Promote Advanced Technologehicles and Supporting Infrastructure
Complementary action but not individually quantified

Electric Cars

Linear growth in electric car sales as a percentage of total Light Duty vehicle sales is modeled in
four scenarios: 1% by 2020 (3.5% by 2050), 52089 (17.5% by 2050), 10% by 2020 (35.0%

by 2050), and 20% by 2020 (70.0% by 20&ctric Car retirement rates and VMT/year are

OF £ OdzAf F ISR Fa GKS I @SNr3asS 2F a4/ N FYyR {YFff {
vehicles and total VMT remain cdast between electric car scenarios and the BAU.

Electric car efficiency is assumed to be 3.5 miles/KVNote: it is assumed that electric cars
are charged oftJS | 1 @ ¢CKS AYLI SYSyidlGadAaz2y 2F St SOGNRO C
technologies, but thestechnologies are not investigated in this limited study.

TLU Action 1.C.3Install Retrofits to Reduce Black Carbon Emissions

An emissions factor of 0.0000081987 short tavfdblack carbofgallonwas assumedBlack
carbon emissiong/ere multipliedby 2 to calculateblack carbon + organic mattewlichare
emitted at a ratio of 1:). The ratio of warming impact dbssil fuel black carbon plusganic
matter to CQ ranges from220:1 to 500:1. The model uses the central valo&360:1.**

All solutionsassume retrofit of all heavy duty diesel vehicles by 2025 (linearly pFiadeoim
2009). Modeled for 3 types of retrofitsDiesel Oxidation CatalysteOC3$whichreduce PM by
25%,Flow through FiltersHTFswhich reduce PM by 50%nd ActiveDiesel Pdiculate Filters
(DPF¥whichreduce PM by 85%ut increase diesel fuel use 3%

% Reduction level and phase periodsuggested aeasible by TLU Working Group.

“° pluginamerica.org

* http://www.ccap.org/Connecticut/20030ct24--CF-Transp-Diesel_Black_Carbedfract_Sheet.pdf;

al N %o WI O2 0 a 2fyekparticll@eybladkBaibor2afd offjanie mditér, possibly the most effective
YSGK2R 2F aft2¢Ay3a At 260Ff gl NYAYyIZTE W2dzNY ko 1822, DS2 LIK& 4 A |
2002.

2 http://www.ccap.org/Connecticut/20030ct 24--C F-Transp-Diesel_Black_Carbedfract_Sheet.pdf;

al N %o WI O2 0 & 2fyebparticll@eybladkBaibon2afid offanie mdttér, possibly the most effective

method of slowing global warkny 3> ¢ W2 dzNy I f 2F DS2LIKeEaA Ol t-1toMb2RSH NOKI =+ 2 f
2002.
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TLUAction 1.D.1. Reduce Speed limits

- Enforce Current Speed Limits on Highways
Modeled as a reduction in average highway speed from 70 to 65, resulting in aféidétey
gain.*® Efficiency gains applied only to highway miles (40% of total)\T

- Lower Posted Speed Limits on Highways
Modeled as a reduction in average highway speed from 70 to 55, resulting in a 17.1% efficiency
gain®® Efficiency gains applieonly to highway miles (40% of total VM¥).

TLUAction 1.D.2. Reduce Vehicle Idling

Based on average emissions savings per avoided idling*hdiatal number of heavy duty
truck idling hours in New Hampshire estimated from: annual average idled peutsuck and
annual average mileage per truék.Estimation of total annual heavy duty VMT described
above.

89 MTCO2e avoided from avoiding 10,000 hours of idling
0.0089MTCO2e avoided per avoided idling hour

250 average hours idled per year per truck
111,631 Annual milage per truck
0.00224 average hours idled per mile travelled

Resultsshow that total emissions frorall idling of singleunit and combination unit trucks is
approximately0.03, 0.04and0.07MMTCQel/yearin 2012, 2025, and 2050 respectively. Truck
stop electrification could only act to reduce a fraction of the total heavy duty fleet idTiihg.
carbon emissions savingse reportedas a 50% reduction in total heavy duty fleet idling
emissions

TLUAction 1.D.3. Improve Traffic Flow

Assumes a 1% fuel efficiency gain for the portion of NH fleet in the 4 most populated counties
(i.e., for roughly 70% of NH fleet or total NH VMT, based on 2000 Census populationdiglires
assuming that VMT distribution isosely related to population distribution) resulting from all

3 Estimates for the effect of speed on MPG are based on a study by West, B.H., R.N. McGill, J.W. Hodgson, S.S.
Sluder, and D.E. Smitbevelopment and Verification of higDuty Modal Emissions and Fuel Consumption Values

for Traffic ModelsOak Ridge National Laboratory, Oak Ridge, Tennessee, March 1999.

**From NH Department of Transportation data.

“® Estimates for the effect of speed on MPG are based on a study by WestRBN. McGill, J.W. Hodgson, S.S.

Sluder, and D.E. SmitBevelopment and Verification of Lightuty Modal Emissions and Fuel Consumption Values

for Traffic ModelsOak Ridge National Laboratory, Oak Ridge, Tennessee, March 1999.

*® From NH Department dfransportation data.

* Center for Clean Air Policy: Transportation Emissions Guidebook Part Two: Vehicle Technology and Fuels, Section
1.9

*® HeavyDuty Truck Idling Characteristics: Results from a Nationwide Truck Survey, Nicholas Lutsey, Christie., Joy
Brodrick, Daniel Sperling, and Carollyn Oglesby; Transportation Research Record: Journal of the Transportation
Research Board No. 1880, 2004.
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improvements to traffic flow (e.qg., traffic signalization, roundabouts, access manageniérs).
fuel efficiency gain is modeled to reaalilfeffectiveness (0.7% increase in fuel efficienciidf
light dutyfleet) by 2025, with continuing investments to sustain this reduction going for#’ard.

TLUAction 1.D.4 Reduce Emissions through Enhanced Vehicle Inspection Programs
Modeled as 50% of new vehicle sales being 3% more efficient tharn BAU.

TLU Goal 2Reduce Vehicle Miles Traveled

Applied reductions of 5, 10, 20, 30, 40, and 50% in vehicle miles travelled, separately for light
duty and heavy duty vehiclg’s These goals will be reached by implementing a combination of
supporting actions.The carbon emissions savings resulting from supporting actions are
individually quantifiedvhere possible

TLUAction 2.A.1. Implement Commuting Trip Reduction Initiative

Modeled as 3% reduction light duty VMT for lower 4 counties (about 70% of total NMIT)
from a broad Commuting Trip Reductimntiative phased in by 2025 and continuing at same
level through 2050 This is equivalent to a 2.1% reduction in light duty VMT statewide.

ThisVMT reduction estimates basedin parton 2000 Census populatioestimates. Bughly

70% of NH's population lives in the 4 southsoutheastern counties: Hillsborough, Menack,
Rockingham and StraffordThis action is applied to theaeeasonly because these counties are
expgcted to have greater travel options dahie to them in the near future #n other parts of
NH:

TLU Action 2.A.2lmplement Congestion Pricing

This &tion is assumed to only affect lightty vehicle (~90% of vehicles on toll roads)
commuter travel during peak periods (equals ~27% of VMIn-¢ommuter travel is assumed

to shift to other times of day rather than move to alternative modes) on the interstate highway
system (equals ~30% of VMT) in the four most populated counties within NH (70% of
population). An elasticity 6D.1 is assumedjiven the limited availability of alternatives for
travel. So, total VMT affected by congestion pricing is calculated as: Affed&Ed={(((Total

NH VMT*0.7)*0.9)*0.3)*0.27% 5% of Total NH VMTA $1 increase per toll is about a 100%
increase in the pde of tolls, resulting in a 10% decline in travel (with elasticitgpdf). A 10%
reduction of travel affecting% of total NH VMTesults ina 0.5% reduction in total NH VMY

*91-4% fuel savings with traffic light optimization from Center for Clean Air Policy Guidebook:
http://www.ccap.org/safe/guidebook/guide_complete.html

*% http://www.ccap.org/safe/guidebook/guide_complete.html

ot Suggested by TLU Working Group.

52 Apogee (1994), Costs and Cost Effectiveness of Transportation Control Measures; A Review and Analysis of the
Literature, Natimal Association of Regional Councils (www.narc.org). Various individual techniques were
estimated to resit in 3-12% reduction in VMT. VMT reduction scenario based on NHDES analysis.

*3Victoria Transport Policy Institute (updated August 20B8p ://www .vtpi.org/tdm/tdm35.htm), indicate a price
elasticity 0f¢0.1 toc0.4 for urban highways (10% increase in toll rates reduces vehicle usé%y, lepending on

a number of factors. Interstate VMT in the four most populated counties is about 30% of kdtaiiMthose
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TLU Action 2.A.3Create a VMBased Insurance Premium Structure
Modeled & a range of reductions in total light duty VMT (2.7%, 5%, and*7%).

TLU Action 2.A.4implement VMTBased Vehicle Registration Fees
Modeled as a range of reductions in total light duty VMT (2.7%, 5%, ant 7%).

TLU Action 2.A.5Increase the State Galste Tax

Assumed that with a $1 increase in the price of fuel (about a 36% increase), VMT is reduced by
4% in 2012, 11% in 2025, and 18% in 2050, (assuming elasticHde$, ed.3, and-0.5,

respectively)®

TLU Action 2.B.1-8Expand Local/Intr&Regimal Transit (Bus) Service
Calculated with TLU Action 2.B.1.b. (see description below under 2.B.1.b.)

TLU Action 2.B.1dmprove Existing Local/IntfBegional Transit (Bus) Service

Roughly 1.22.6 million additional trips are associated with the improments and expansion of
local/intra-regional bus servicNHDOT 2008)Assuming an average 10 mile thipx ! S NI IS { N
f SYy3adkKs It tNHIEzZRAWL,& S6adlliorfnil@ r¥duction in annual \@WEtimated

by 2012 &ssuminga highdegree of land us coordination occurs). By 202B¢reased bus
ridershipcould reduce passenger VMT in the 4 mpspulated counties (assumed to represent
70% of total NH VMT based on 2000 Census population distribution) by 5% with increased
transit @ssuming\H attainsnational average for % trips on transitoughly 5% of all trips
20002004 from USDOT Approximately 50% of this reductios attributedto

local/intraregional transitassuning 85% of trips are local/regional with @veragdength of 10
miles.Approxmately 15%of this reduction is attributed tanter-regional trips with araverage

length of 45 milegbased on US Census data indicating that roughly 15% of commuters working

counties (HPMS 2002 data). USDOT, FHWA, Summary of Travel Trends: 2001 National Household Travel Survey
(Dec 2004) indicates that commute VMT is about 27% of total VMT. NHDOT toll data (Bureau of Turnpikes FY 2008
data) indicates that roughl90% of toll trdfic is lightduty automobiles.

% Jason E. Bordoff and Pascal J. Noel (2008)A8#puDrive Auto Insurance: A Simple Way to Reduce Driving
Related Harms and Increase Equity, The Brookings Institution (www.brookings.edu); at
www.brookings.edu/~/media/Files/rc/papers/2008/0417 _payd_bordoff/0417_payd_bordoff.pdf. Driving

reduction from PAYD insurance for NH specifically is 7% with a 5.9¢ premium per mile according to Bordoff and
Noel, 2008. Todd Litman (2001), Distai@sed Vehicle Insunae Feasibility, Benefits and Costs: Comprehensive
Technical Report, VTPI (www.vtpi.org); at www.vtpi.org/dbvi_com.pdf. VMT based registration creates a 2.7%
reduction in VMT with a 1.5¢ premium per mile (Litman, 2001).

% Jason E. Bordoff and Pascaldel (2008), PajsYouDrive Auto Insurance: A Simple Way to Reduce Driving
Related Harms and Increase Equity, The Brookings Institution (www.brookings.edu); at
www.brookings.edu/~/media/Files/rc/papers/2008/0417 _payd_bordoff/0417_payd_bordoff.pdf. Oyivin

reduction from PAYD insurance for NH specifically is 7% with a 5.9¢ premium per mile according to Bordoff and
Noel, 2008. Todd Litman (2001), DistaiBaesed Vehicle Insurance Feasibility, Benefits and Costs: Comprehensive
Technical Report, VTPI (www.itprg); at www.vtpi.org/dbvi_com.pdf. VMT based registration creates a 2.7%
reduction in VMT with a 1.5¢ premium per mile (Litman, 2001).

*®Victoria Transport Policy Institute (updated August 2008) "Fuel Taxes: Increasing Fuel Taxes and Fees"

http://w ww.vtpi.org/tdm/tdm17.htm.
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outside of their county of residence and roughly 15% having travel times gribate”5

minutes). By 2050, increased transit service is assumed to reduce VNE4rcounties by

10%, of which 5096 attributed to local/intraregional transit. The &D split for intercity and

local travel is further supported by 2002 HPMS dataciimdicate that about 50% of VMT is
associated with interstate and lane highway traveBased on these assumptions, total
statewide VMT is modeled to be reduced by 0.16%, 1.8%, and 3.5% in 2012, 2025, and 2050
respectively.

TLU Action 2.B.1:&Expandand Improve Bicycle and Pedestrian Infrastructure
Modeled as a 1.4% reduction in light duty VMT (2% reduction of VMT in 4 populated counties
accounting for 70% of total VMT), linearly phasedby 2025 and constant from 2025 to 20%0.

TLU Action 2.B.2-:8Maintain and Expand Passenger Rail Service

According to NHDOT, up to roughly 3.1 million additional trips are associated with the
improvements and expansion of passenger rail from Newburyport to Kittery and Lowell to
Manchester and improved/new intermod#dcilities serving both bus and rail. Assuming each
rail trip offsets a 45 mile trip b8ingle Occupancy VehiceQY, this is equivalent ta 0.8%
reduction in VMT, which could be achieved between 20005 (negligible reductions could be
achieved by @12). By 2025, it is assumed that increased transit service of all types (bus and
rail) reduces VMT from the 4 most populated counties (assumed to represent 70% of total NH
VMT) by 5% (assumes NH attains national average for % trips on tramsihly 3% of all trips
20002004, USDOTH0% of this reductiors attributed to intercity transit and raildssuming

85% of trips are local/regionalith anaveragdength of 10miles). 15%is attributed tointer-
regional trips with araveragdength of 45 mes(based on US Census data indicating that
roughly 15% of commuters working outside of their county of residence and roughly 15%
having travel times greater than 45 minutes). By 2050, increased transit service is assumed to
reduce VMT in the 4 countidsy 10%, of whick0%is attributed to irter-regional transit and

rail (25%to railalong). The 5660 split for intercity and local travel is further supported by 2002
HPMS data, which indicate that about 50% of VMT is associated with interstate and lane
highway travef®

*’NHDOT 2008. Draft Final Bus Transit Needs Analysis foRlaoigg Transportation PlariTechnical Memo
calculations. Provided to NHDES by NHDOT.

National Household Travel Survey, FHWA, http://nhts.ornl.gov/2001/pub/STTUSIf Department of

Transportation (USDOT), Research and Innovative Technology Administration, Bureau of Transportation Statistics,
http://www.bts.gov/publications/journal_of transportation_and_statistics/volume_08 number_03/html/paper_0
3/figures_03_06.html

%% pedestriaroriented design is estimated to reduce sieel VMT by 1%:; Bicycle improvement policies are

estimated to reduce arewide VMT by 6% (http://www.ccap.org/safe/guidebook/guide_complete.html).

** NHDOT 2008. Draft Final Bus Transit Needfysisdor LondgRange Transportation PlapTechnical Memo
calculations. Provided to NHDES by NHDOT. US. Department of Transportation (USDOT), Research and Innovative
Technology Administration, Bureau of Transportation Statistics,

http://www.bts.gov/publications/journal_of transportation_and_statistics/volume_08 number_03/html/paper_0
3/figures_03_06.html Association of American Railroads
(www.aar.org/PubCommon/Documents/AboutThelndustry/RRState NH.pdf), indicates that in 2006 there were
96,124 carloadthrough NH, totaling 7,590,551 tons. Traffic originating or terminating in NH was 2,064,011 tons.
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TLU Action 2.B.2 dmplementation Recommendations of thé38 Transit Investment Study
NHDOT estimates ridership levels to be 10;20100 people daily (roundtrip) on eitheug
on-shoulder or rail service at $2.50 per gallon of gasoliRdership was estimated to increase

by 16% apas prices of $5/gallonAssuming each trip replaces an average 90 mile trip by SOV,
this action reduces VMT in 2012 by about 340 million, or about 2.1% from BAU. It is assumed
that buson-shoulder is immmented immediately, and either continued or replaced with rail
service, and will maintain a constant % reduction in VMT over %fme.

TLU Action 2.B.2€Expand Parand-Ride Infrastructure

NH currently has 28 park and ride locations with over 4000 spaa#s56% usage). By 2012,
1,150 additional spaces will be available (7% increase in spaces/yHa)model asunes an
average usage afb% of the proposed facilities (approximately 3,863 spaces used per day on
average) in 2012 The model also assuméhat each use of a space displaae®0 mile

roundtrip by SOV (average trip by pakd-ride user is assumed to be slightly longer than the
average trip length for NH). In 201Bjs is modeled to result in @.8%reduction intotal
statewideVMT wouldbe reduced. Assume continued expansidiparkand-ride facilities to
maintain 0.8% VMT reduction through 20%0.

TLU Action 2.B.2-gExpand InteiCity Bus Service
Calculated with TLU Action 2.B.2.h. (see description below under 2.B.2.h.)

TLU Action 2.B.h- Improve EXxisting Inte€ity Bus Service to Increase Ridership

Based on NHDOT 2008, roughly 893,000 additional trips are associated with the immediate
improvements and expansion of inteity bus service A40 million mile reduction in annual

VMT by2012is estimated assuming an average trip length of 45 miles (assuming a high degree
of land use coordination occUrs By 2025increased bus ridership is modeledreduce
passenger VMT in the 4 mggbpulated counties (assumed to represent 70% of tdtel VMT)

by 5% with increased transit of all formeséuming\NH attains national average for % trips on
transit - roughly 5%of all trips 20062004, USDOTApproximately50% of this reductioms
attributed to inter-city transit (estimate assumes 85% ops are local/regional, with an
averagdength of 10 miles, and 15% are integional trips with araveragdength of 45 miles
based on US Census data indicating that roughly 15% of commuters working outside of their
county of residence and roughly 15%wmng travel times greater than 45 minutes). By 2050,
increased transit service is assumed to reduce VMT in the 4 counties by 10%, ob0#tish
attributed to inter-regionaltransit and rd (25%to inter-regional bus). The 580 split for

intercity ard local travel is further supported by 2002 HPMS data, which indicate that about
50% of VMT is associated with interstate and lane highway tPABesed on these

® NHDOT communication (see Action Evaluation Report) based on preliminary resti& Transit Investment

Study. This action overlaps (partially) othera@iions involving rail and bus service expansions.

®.NHDOT 2008. Draft Final Bus Transit Needs Analysis foRlanigg Transportation PlayTechnical Memo

calculations. Provided to NHDES by NHDOT.

®2NHDOT 2008. Draft Final Bus Transit Needs AnalysisrigRange Transportation PlayTechnical Memo

calculations. Provided to NHDES by NHDOT. US. Department of Transportation (USDOT), Research and Innovative
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assumptions, total statewide VMT is modeled to be reduce@.B%%,0.9%, andl.8% in 2012,
2025, and 2050 respectively.

TLU Goal 2.6Develop Land Use Patterns that Support a Balanced Mltial Transportation
System and Reduce Vehicle Miles Traveled

Three estimates represent (1) directingdammunity only growth to their center areas [0%,

0.5%, and 2% reduction in light duty VMT in 2012, 2025, and 2050 respectively]; (2) directing
60% of all NH growth to center areas of 14 largest, densest communities in
central/southern/southeastern NH with walkable design and an integrated mix of use4%0%,

and 8% reduction in light duty VMT in 2012, 2025, and 2050 respectively]; and (3) directing 90%
of total NH growth to these 14+ centers [0%, 7%, and 11% reduction in light duty VMT in 2012,
2025, and 2050 respectively]. White paper on estimates ancotland use

patterns/transportation in NH forthcoming from Carolyn Russell, NHDES.

Economic Model:

TLU Action 1.A.4 Support Stricter Corporate Average Feeonomy Standards

The table below lists the assumed average incremental cost pevekigle® All new carst

the respective MP@re assumed to have the sarmeremental costn $2008 throughout the

period of analysis. New car salgsre based on modkng performedby CSNE carbon team.
Economic savings due to reduced fuel consumption were based on fuel consumption reductions
calculated by CSNE carbon analysis teamfaretastedfuel prices derived from the Energy
Information Administration 2008 Eneydoutlook.Also included in economic benefits is a $1
economic multiplier for each $1 saved from reduced fuel consumption.

MPG IncrementalVehicle Cost ($2008)

35 MPG| $2000

40 MPG| $2500

45 MPG| $3000

50 MPG| $4000

Technology Administration, Bureau of Transportation Statistics,
http://www.bts.gov/publicationgjournal_of_transportation_and_statistics/volume_08_number_03/html/paper_0
3/figures_03_06.html

% Suggested by TLU Working Group.
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Cost oflmplementation (Annual$2008 Economic BenefitéAnnual $2008 Millions)
Millions)
2012 2025 2050 2012 2025 2050
35 MPG| $198 $231 $311 $ (59) $ (689) $ (1,170)
40 MPG| $247 $ 289 $ 389 $ (96) $ (1,001) $ (1,669)
45 MPG| $297 $ 346 $ 467 $ (132) $ (1,247) $ (2,057)
50 MPG| $395 $ 462 $ 622 $ (165) $ (1,448) $ (2,367)

TLU Action 1.A.2 Support Fuel Economy Standards for HeBwyy Vehicles

Assumed 16%mnprovement in fuel economigased onwveighted average of VMT derived from
CSNE Carbon Analys# 7% improvement for trucks 10,0€88,000 GVW and 22%

improvement for trucks with GVWR over 33,08@ommercialtucks in NH were assumed to
be 24,006°. Cost of implementation was assumed to$8500 per truck for a total onéme
implementation cost of $150 million. Econontienefits includ€uel savings based on CSNE
carbon analysiand dso included in economic benefits is a $1 economic multiplier for each $1
saved from reduced fuel consumption.

Cost oflmplementation Economic BenefitéAnnual $2008
(Annual $2008Millions) Millions)
2012 2025 2050 2012 2025 2050
$ 150 $ 0 $ 0 $(78) $(92) $ (166)

TLU Action 1.A.3Adopt California Low Emission Vehicle (CALEV) Standards

Administrative costs of $100,000 annuadssumed to audit dealershi&The hcremental cost
per vehicle was assumed to B&100 per vehiclavith an impact of6160 inconsumersavings
expected annuallper vehicle®” Additional eéonomic benefitsalculated using $1 economic
multiplier for each$1 saved from reducedonsumer expenditure

Cost oflmplementation Economic BenefitéAnnual $2008
(Annual $2008 Millions) Millions)
2012 2025 2050 2012 2025 2050
$ 109 $ 127 $171 $ (16) | $ (238)| $ (325)

TLU Action 1.B.ACreate a Pimt-of-Sale Financial Incentive for Higher Efficiency Vehicles

Modeled as a 14% increase in new light duty vehicle fuel efficiency (resulting from a feebate of
$500 per 0.01 gallon per mile) and a 22% increase in new light duty vehicle fuel efficiency

64 Suggested by TLU Working Group.
®hSg | I YLAKANBY HnnuI Hnnu 902y2YAO
Available online alttp://www.census.gov/prod/ec02/ecO2tinh.pdf

/| Syadas +SKA O

% Based on assumptions from TLU Working Group.

" NESCAUM Madle Sources web site, Available onlinenétp://www.nescaum.org/topics/mobilesource
controlsand-programs
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(resulting from a feebate of $1000 per 0.01 gallon per nifiémplementation costs were
assumed to be revenueeutral except for $100,000 foadministrative®®

Cost of Implementation (Annual $2008

Economic Benefits (Annual $2008 Million

gallon/mile (new vehicles
22% more fuel efficient)

Millions)
2012 2025 2050 2012 2025 2050
Feebate of $500 per 0.01 $0.1 $0.1 $0.1 ($49) ($571) ($970)
gallon/mile (new vehicles
14% more fuel efficient)
Feebate of $1000 per 0.01 $0.1 $0.1 $0.1 ($54) ($630) ($1,070

TLU Action 1.B.2implement a Carboased Vehicle Registration Fee Structure

Same analysis as TLU Action 1.B.1

Cost of Implementation (Annual $2008 Millions)

Economic Benefits (Annual $2004

differential of $500 per 0.01
gallon/mile (new vehicles
14% more fuel efficient)

Millions)
2012 2025 2050 2012 2025 2050
New car regigtation fee $0.1 $0.1 $0.1 ($49) ($571) ($970)

TLU Action 1.C.1 Adopt a LowCarbon Fuel Standard

Assumption of 10% lower carbon fuel standard, linearly phasemim 2009and $200,000
annually for administrative cost8 Though a variety of competing technologies can be used to
meet the standard, it was assumed that cellulosic ethanol would be the technology that other
fuels would compete with and therefore set thearket price. It was assumed that ethanol has

2/3 the energy content of an equivalent gallon of gasoline. Assumedtethanol was $1.9
per gallon or a 53% reduction to the fuel forecasts used in this analysidditional eonomic
benefitscalcuhted using &1 economic multiplier for each $1 saved from redutessil fuel

expenditures.

Cost of Implementation (Annual Economic BenefitéAnnual $2008
$2008 Millions) Millions)

2012 2025 2050 2012 2025 2050

$ 02|%$ 02|3% 02| 3% (29 $ (76) | $ (110)

TLU Action 1.C.2Promote Advanced Technology Vehicles and Supporting Infrastructure

% Based on feedback from NHDES derived f@RNL report: Green®, P. Patterson, M.Singh, and J. Li. 2005.
"Feebates, Rebates and g@sizzler Taxes: A Study of Incentives for Increased Fuel Econoergy Policy, 33

(6): 757775.

*¥TLU working group assumption
“Based on assumptions from TLU Working Group.
™ puting the Pieces Together: Commercializing Ethanol from Cellulose, The Institute for LoBalli@atfe,
September 2006, Available onlinefdtp://www.newrules.org/agri/celluloseethanol.pdf
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Vehicles stimated to be 82% more efficient than gas powered vehiféscremental vehicle
cost was assumed to be $4000This scenario isomparable to Action 1.A.50 MPG scenario
both in terms ofcosts andenefits

Cost of Implementation (Annual $2008 Economic BenefitéAnnual $2008 Millions)
Millions)
2012 2025 2050 2012 2025 2050
$395 $ 462 $622 $ (165) $(1,448) | $(2.37)

TLU Action 1.C.3Install Retrofits to Reduce Black Carbon Emissions

Incremental vehicle cost was assumed to#2000 for a reduction of PM by 25%, $4000 for a
reduction of PM by 50%, and $10,000 for a 85% reduction (plus $400 in annual maintanance
increase in fel use 3%’} The existing fleet number was assumed to be 24,000 (see action
1.A.2). There are not expected to be significant direct economic benefits due to this policy.
However, an indirect benefit that was not calculated would be tpriowed human health

through reduced PM.

Cost of Implementation (Annual $2008 Millions)

2012

Employ DOCs (reduce PM $48
emissions by 25%)

Employ FTFs (reduce PM $96
emissions by 50%)

Employ DPFs (reduce PM
emissions by 85%, incase
diesel fuel use by 3%)

2025 2050

$240 $23 $33

TLUAction 1.D.1. Reduce Speed limits

- Enforce Current Speed Limits on Highways

Policy was assumed to be revenue neutral in terms of d6&sonomic savings due to reduced
fuel consumption were basedhduel consumption reductions calculated by CSNE carbon
analysis team and forecasted fuel prices derived from the Energy Information Administration
2008 Energy Outlook. Also included in economic benefits is a $1 economic multiplier for each
$1 saved fromeduced fuel consumption.

& Crunching the Numbers on Alternative Fuels, Popular Mechavimg 2006, Available online at
http://www.popularmechanics.com/science/earth/2690341.html?page=2

3 Based on assumptions from TLU Working Group.

" Based on assumptions frohH DES

®Based on assumptions from TLU Working Group.
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Cost of Implementation (Annual $2008 Economic BenefitéAnnual $2008 Millions)
Millions)
2012 2025 2050 2012 2025 2050

* * $- $ (35) $ (110) $ (156)

- Lower Posted Speed Limits on Highways

Policy was assumed to liesignificant in terms of costS Economic savings due to reduced fuel
consumption were based on fuel consumption reductions calculated by CSNE carbon analysis
team and forecasted fuel prices derived from the Energy Information Administration 2008
Energy @tlook. Also included in economic benefits is a $1 economic multiplier for each $1
saved from reduced fuel consumption.

Cost of Implementation (Annual $2008 Economic BenefitéAnnual $2008 Millions)
Millions)
2012 2025 2050 2012 2025 2050

s s $- $ (68) $(212) $ (301)

TLU Action 1.D.2. Reduce Vehicle Idling

Economic analysis was of truck stop electrificati@Qust was &sed orthe number of truck
idling hours avoided provided BYSNE carbomultiplied times $1.50 per hour (Amount
chargedby a New York truck stop for electrical hookiplFuel savings were calculated by
multiplying the idling hours avoided times &f®A estimate of 0.8 gallons of diesel per hour of
idling.”® Also included in economic benefits is a $1 economic multiplierdoh&1 saved from
reduced fuel consumption.

Cost of Implementation (Annual $2008 Economic BenefitéAnnual $2008 Millions)
Millions)
2012 2025 2050 2012 2025 2050
$ 2 $ 3 $ 4 $ (6 $ (8 $ (14

TLU Action 1.D.3. Improveatffic Flow.

There areestimatedto be 4-5 eligible projects eackiear.”® Roundabout construction is site
specific, which complicates the analysis as not all possible intersections are candidates for
roundabout construction for many reasoristeraturereview suggests a range of maximum

daily roundabout traffic between 16,000 and 50,000 vehicles peda@ierefore the

assumption was made that 2 projects would be good candidates for roundabouts per year at a
daily average of 25,000 vehicles per dainformal review of other traffic projectdiscussed in

®Based on assumptions from TLU Working Group.

" Center for Clean Air Policy: Transportation Emissions Guidebook Part Two: Vehicle Technology and Fuels
8 Smartway Transport Partnership, US EPA, Avaitatilee athttp:/epa.gov/smartway/idle
guestions.htm

" Based on assumptions from TLU Working Group.

8 planning documentation, US DOT, Available onlifretpt//www.tfhrc.gov/safety/00-0673.pdf
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US DOT planning documentation listedeaerage roundabout cost of ~ $3.2 million, compared
to average repded cost of intersection by the TLU working graf@2.5 million.In this

analysis each rouwtabout constructed representean incremental cost of $700,008Iso
assumed imnnualcosts is $500,000 for additional administratfite

Traffic benefits fronprevious experience with roundalts in NH are 46% in delays and 10%
reduction in vehicle stop®® This appears to be corroborated by a roundabout installed in
Keene Turn Roundabout, Brattleboro, Vermont in 1999. Analysis of this roundabout with daily
traffic of ~28,000 estimates a 31,008llonsannual reduction in fuel usage due to tfesm of
stop(assumed fuel reduction for all roundabouts in this analy$ig)lso included in economic
benefits is a $1 economic multiplier for each $1 saved from reduced fuel consumption.

Cost oflmplementation (Annual Economic Benefit§Annual$2008 Millions)
$2008 Millions)
2012 2025 2050 2012 2025 2050
$ 2 $ 2 $ 2 $ (1) $ (5 $ (1p

TLU Action 1.D.4Reduce Emissions through Enhanced Vehicle Inspection Programs
Expanded program expected to cover an additional,300 véicles®® Inspection ost increase
of $15 per vehicle was assumétliel savings benefits were based oiva failure raté3000
vehicled and a 106 improvement in fuel economg.¢ MPG® Theaveragemileage for failed
vehicles was assumed to be 15,000 midased onCSNEarbon analysis adverage light duty
truck (assumed to be same for mediumd)iso included in economic benefits is a $1 economic
multiplier for each $1 saved from reduced fuel consumption.

Cost of Implementation (Annual Econanic Benefits(Annual $2008 Millions)
$2008 Millions)

2012 2025 2050 2012 2025 2050
$ 2 $ 2 $ 2 $ (1) $ (1 $ (X

TLU Goal 2Reduce Vehicle Miles Traveled

In the actions analyzed the implementation costs were determined for eacbyp@conomic
benefits that are related t&/MT reduction were based on fuel $ags a $1 economic multiplier
for each $1 of fuel saved arde savings estimated due to reduced car crash and congestion.
The savings of reduced car crash and congestiore(tinly) was assumed to be $0.20 per

® Based on assumptions from TLU Working Group.

¥ Based on aumptions from TLU Working Group.

8 Redington, Tony, Modern Roundabouts, Global Warming, and Emissions Reductions, and
opportunities for North America, Available online at
http:/www.nh.gov/oep/resourcelibrary/referencelibrary/r/roundabouts/documents/vermontctrfpaper
.doc

8 vital Signs 2008: Economic & Social Indicators for N66ORH Employment Security

% New Hampshire OBD and Safety TesfitogramFrequently Asked Questions for MotossState of NH
Department of Safety and Department of Environmental Services
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VMT Althoughstakeholder feedback suggested benefits due to reduced infrastructure
requirementsthis analysis did not attempt to calculate a reduction in road construction and
maintenancecosts associated with reded VMT as therare other factors that would need to
be considered, such ageduction in gasolia tax and toll receiptsvhich directly go towards
funding this area.

Light Duty
Economic Benefit¢Annual $2008
Millions)

2012 2025 2050
5% | $ (29 $ (144 | $ (507)
10%| $ (49) $ (289) | $(1,019)
20%| $ (97) $ (577) | $(2,028)
30%| $(146) | $ (866) | $(3,042)
40%| $ (195) $(1,154) | $(4,056)
50% | $(243) $(1,443) | $(5,070)

Heavy Duty
Economic BenefitéAnnual $208
Millions)

2012 2025 2050
5%| $ (4 $ (30) | $ (140
10%| $ (8) $ (60) | $ (281
20%| $ 17) | $ (121) | $ (561)
30%| $ (25) $ (181) $ (842)
40%| $ (34) $ (242) | $(1,122)
50% | $ (42) $ (302) | $(1,403)

TLU Action 2.A.1. Implement Commuting Trip Reduction Initiative

Costs were assumed to $425,000 in ongoing administrative co&fsAlso assumeavasa tax
credit of $500 for businesses with more than 100 employ&ds 2005, there were
approximately 2000 NH busineses have over 100 emplo§éBssiness growth rate was based

86 £ x & x
a/ NI aKSa
http://www.aaanewsroom.net/Assets/Files/200835920140.CrashesVsCongestionExecutiveSummary2.2

8.08.pdf

g&2aK |/ s SEKS 2/y2 a i

g2

{20ASG@KZ /' YONRRI!

Schrank, David, The 2007 Urban Mobility Repiatas Trasportation Institute The Texas A&M University
System Available online at
http://financecommission.dot.gov/Documents/Background%20Documents/mobility _report_2007_wap

px.pdf

# Based on assumptions from TLU Working Group.
% CSNE Economic team assumption

% Statistics of U.S. Businessess: 2005, All Industries: NH, U.S. Census Bureau, Available online at
http://www.census.gov/epcd/susb/2005/nh/NH.HTM
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on assumptions provided by CSNE Carbon analxssumed achieves a 2% reduction in light
duty VMT®®

Cost of Implementation (Annual Economic BenefitéAnnud $2008 Millions)
$2008 Millions)

2012 2025 2050 2012 2025 2050
$ 2 $ 2 $ 3 $ (D) $ (58 $ (208

TLU Action 2.A.2Implement Congestion Pricing

Thecost ofanew facility and exsting facility retrofit of $42million was used fothe initial

cost® Annual salary cost and maintenance estimated at $50070@&sumed achieves a 0.5%
reduction in light duty VM

Cost of Implementation (Annual | Economic Benefit§Annual $2008 Millions)
$2008 Millions)

2012 2025 2050 2012 2025 2050

$ 42 $ 05|% 05 ]1% (2 $ (14 $ (51)

TLU Action 2.A.3Create a VM-Based Insurance Premium Structure

The policy is expected to be cost neutral at the consumer level with the exception of an
incremental cost of $6 per vehiclerfthe annual mileagaudit. A 10% uninsured rate was
assumed Also included in costs w&4.00,000 for administrative costa Economidenefits
were based ora2.7%, 5% and 7% VMT reduction rafge

Cost of Economic Beefits
Implementation (Annual $2008
(Annual $2008 Millions)
Millions
2012 2025 2050 | 2012 | 2025 | 2050
2.7% reduction in total $7 $7 $7 | ($13)| ($78)| ($274)
light duty VMT
5% reduction in total light|  $7 $7 $7 | ($25) | ($145)| ($507)
duty VMT
7% reduction in total light|  $7 $7 $7 | ($34) | ($202) | ($710)
duty VMT

90Assumption provided by NH DES

' Based on assumptions from TLU Working Group.

2 CSNE Economic team assumption

% Assumption provided by NH DES

o4 Compulsory Auto/Uninsured Motorists, Insurance Information Institute, August 2008, Available online
at http://www.iii.org/media/hottopics/insurance/@mpulsory/

% Based on assumptions from TLU Working Group.

% provided by NH DES
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TLU Action 2.A.4implement VMTBased Vehicle Registration Fees

Only assumed cost w&4.00,000 for administrative cost No additional costs expecteas it
is assumed to be implemented in a way that is revenue neutral to SEtmomicbenefits
werebased ora 2.7%, 5% and 7% VMT reduction raffge

Cost of Economic Benefits
Implementation (Annual $2008
(Annual $2008 Millions)
Millions

2012 | 2025| 2050 | 2012 | 2025 | 2050

2.7% reduction in total $0.1| $0.1| $0.1| ($13)| ($78)| ($274)
light duty VMT

5% reduction in total light| $0.1| $0.1| $0.1| ($25)| ($145)| ($507)
duty VMT

7% reduction in total light| $0.1| $0.1| $0.1| ($34)]| ($202)| ($710)
duty VMT

TLU Action 2.A.bIncrease the State Gasoline Tax

Assumed #1 increase ithe NH gstax. and$400,000 in starup costs® VMT is reducedy

4%, 11%, and 18% in 2012, 2025, and 2050, respectively (assuming elastigkigs@f3, and
-0.5, respectively}?® Economic benefits include VMT reduction and the additional revenue
generatedfrom the gas tax. These benefits will vary significantly depending on how the State
chooses to use the funds from the gas tax. It is important to note that thipiislaninary
analysisand that this is an area requiring significant further analysisitdyfrepresent all of the
expected economic costs and benefits of implementing a gas tax.

Cost oflmplementation (Annual Economic BenefitéAnnual $2008
$2008 Millions) Millions)
2012 2025 2050 2012 2025 2050
$619 $ 643 $ 736 $(529 | $0947 $ (3384

TLU Action 2.A.6.Apply a Surcharge to High Carbon Fuels
Only assumed cost was $1,280to study the policy® Supporting mechanism for VMT
reduction.

TLU Action 2.A.7Create Initiative to Reduce Availability of Free and Inexpensive Parkin
Only assumed cost was $1,280for administration and marketing®® Supporting mechanism for
VMT reduction.

" Based on assumptions from TLU Working Group.
® provided by NH DES

% Based on assumptions from TLU Working Group.
19 provided by NH DES

%1 Based on assumptions from TLU WorkBrgup.

Approach and Assumptions Pagel7 of 65 January2009 CSNE



Carbon Emissions and Economic Modeling: Approach and Assumptions

TLU Action 2.B.1=Expand Local/Intri&Regional Transit (Bus) Serv&d LU Action 2.B.1.b
Improve Existing Local/IntlRegional Transit (BuSgrvice

Assumed amannualized cost of $18%2005) million per yeafL03 Light duty VMT is reduced By16%,
1.8%, and 3% in 2012, 2025, and 2050, respectivély

Cost of Implementation (Annual Economic Benefit§Annual $2008
$2008 Millions) Millions)
2012 2025 2050 2012 2025 2050
$21 $21 $21 $(0.8) $ (52) $ (355)

TLU Action 2.B.1-&=xpand and Improve Bicycle and Pedestrian Infrastructure
Assumedan annualizedost of $17.2 ($2005) million per ye&r Light duty VMT is reduced by
1.4% in2012, 2025, and 205%°

Cost of Implementation (Annual Economic Benefit§Annual $2008
$2008 Millions) Millions)
2012 2025 2050 2012 2025 2050
$19 $19 $(7) $ (40) $ (142)

TLU Action 2.B.2:aMaintain and Expand Passenger Rail Service

Assumel an annualizedtost 0f$100 ($2005) million per yeAt’ Estimated annual economic
impact was based on the Amtrak Downeasterdy released in March 2008 Economic

benefits included construction, transportation savings and visitor spending. For Rockingham
and Strafford county, the study estimated an annual impact of ~$550 mittmmstruction

activity of $3 billion was annualized over 30 year period). The annual ecobemnetit was

$1300 per capita (based on Census estimate of 416,000 for 2006 fartheonties). This per
OFLIAGE AYLIOG ¢Fa FLIWXASR G2 bl Qa | Affaoz2NERdz3
Census Estimate) as it contains both Nashua and Manchester. Annual estimated economic
benefit was $532 million for that county for a totahpact of passenger rail of $1.1 billion per
year.

102
103

Based on assumptions from TLU Working Group.

Based on assumptions from TLU Working Group.

1% provided by NH DES

1% Based on assumptions from TLU Working Group.

% provided by NH DES

19" Based on assumptions from TLU Working Group.

198 Amtrak DowneasterOverview of Projected Economic Impacts, Center for Neighborhood Technology, March
2008, Available online at
http://www.amtrakdowneaster.com/documents/AmtrakDowneasterOverviewofProjectedEconomicimpacts2.pdf
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TLU Action 2.B.2 Maintain and Expand Freight Rail Service
Assumed an annualized cost&#00 ($2005) million per yeaf® Insufficient information to
calculate economic benefits at time of analysis.

TLU Action 2.B.2-dmplement Dedicated Funding Stream to Support Public Transportation
Assumedh cost 0f$400,000 to study actiah® Supporting melkanism for VM Feduction.

TLU Action 2.B.2 dmplementation Recommendations of th®3 Transit Investent Study
Assumel an initialcost of $237$2005)million.*** Light duty VMT is reduced by 2lin 2012, 2025,
and 20502

Cost of Implementation (Annual Economic BenefitéAnnual $2008
$2008 Millions) Millions)
2012 2025 2050 2012 2025 2050
$ 266 $@10) | $(61) $ (213)

TLU Action 2.B.2-eExpand Padand-Ride Infrastructure
Assumel an annualizedost of $3.1 ($2005) million per yedf Light duty VMT is reduced by
0.6% in 2012, 2025, and 205t

Cost of Implementation (Annual Ecoromic Benefits(Annual $2008
$2008 Millions) Millions)
2012 2025 2050 2012 2025 2050
$35 $35 $35 $@3 $(17) $ (61)

TLU Action 2.B.2-fProvide Financial Support of Transportation Management Associations
Assumed &ost of$750,000 per year for admin cosSupporting mechanism for VMT
reduction.

TLU Action 2.B.2:gExpand InteiCity Bus Servicg TLU Action 2.B.2 Wmprove EXxisting Inter
City Bus Service to Increase Ridership

Assumel an annualizedost of $92 ($2005) million per year'® Light duty VMTs reduced by
0.25%, 0.9%, 1.8 2012, 2025, and 2050 respectively

Cost of Implementation (Annual Economic BenefitéAnnual $2008

$2008 Millions)

Millions)

2012

2025

2050

2012

2025

2050

$10

$10

$10

$(1)

$(26)

$ (183)

109
110
111

Based on assumptions from TLU Working Group.
Based on assumptions from TLU Working Group.
Based on assumptions from TLU Working Group.
“2provided by NH DES

"3Based on assumptions from TLU Working Group.
"4 provided by NH DES

">Based on assumptions from TLU Working Group.
"8provided by NH DES
Approach and Assumptions
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TLU Goal 2.6Devebp Land Use Patterns that Support a Balanced Mddtdal Transportation
System and Reduce Vehicle Miles Traveled

Three estimates represent (1) directingdammunity only growth to their center areas [0%,

0.5%, and 2% reduction in light duty VMT in 20025 and 2050 respectively]; (2) directing

60% of all NH growth to center areas of 14 largest, densest communities in
central/southern/southeastern NH with walkable design and an integrated mix of uses [0%, 4%,
and 8% reduction in light duty VMT in 201228, and 2050 respectively]; and (3) directing 90%
of total NH growth to these 14+ centers [0%, 7%, and 11% reduction in light duty VMT in 2012,
2025, and 2050 respectively]’

Economic Benefits (Annual $2008 Millions)
2012 2025 2050

Directing inrcommunity
only growth to their
center areas
[0%, 0.5% and 2% light $ (1$4) (2?53)
duty VMT reduction by
2012, 2025, and 2050
respectively]
Directing 60% of all NH
growth to center areas
of 14 largest, densest
communities in central
/ southern /
southeastern NH with
walkable design and an
integrated mix of uses
[0%, 4% and 8% light
duty VMT reduction by
2012, 2025, and 2050
respectively]

(115) (811)

Directing 90% of all NH
growth to center areas
of 14 largest, densest
communities in central
/ southern /
southeastern NH with
walkable design and an $ $ $
integrated mix of uses ) (201) (1,115)
[0%, 7% and 11% light
duty VMT reduction by
2012, 2025, and 2050
respectively]

" provided by NH DES
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TLU Action 2.C.1:8Assess GHG Development Impact Fees
Assumed cost 0f$50,000 per year foadministration costsanyadditional permitcost may be
offset by savings associated with action 2.C#%Supporting mechanism for VMT reduction.

TLU Action 2.C.146treamline Approvals for LeBHG Development Projects
Assumed &ost of $50,000 per year fadminstration costs. Per TLU permitg process helps
offset cost of action 2.C.1’&° Supporting mechanism for VMT reduction.

TLU Action 2.C-2Develop Model Zoning to Support Bus/Rail Transit
Assumed a@ost 0f$115,000 per year foadministration costs'*® Supporting mechanism for
VMT rediction.

TLU Action 2.C-3Develop Model Zoning for High&ensity, MixeeJse Development
Assumed a@ost 0f$115,000 per year foadministration costs'** Supporting mechanism for
VMT reduction.

TLU Action 2.C.4Use State Funding and Grants to EncoaragwGHGImpact Development
Assumed a@ost 0f$25,000 for first 2 years for adnigtration costs*?* Supporting mechanism
for VMT reduction.

TLU Action 2.C.8Enable/Apply a Twiate Tax Structure Based on Ghpact
Assumed a@ost 0f$25,000 for first 3ears foradministration costs*?® Supporting mechanism
for VMT reduction.

TLU Action 2.C-8Promote Availability and Use of Location Efficient Mortgages

Only cost assumed to be amnual cost 100,000 for admin cost$* Mortgage savings were

estimated b be $1000 per lodi’and applytoy 2 Nli 3 3S&8 Ay bl Qa Y2NB RSy
cities with some levedf accesgo public transit: Concord, Dover, Manchester, Nashua,

Portsmouth, Keene and Rochester (~approximately 25% of total populgffibwas assumed

that all mortgages in these areas were eligible for the incentive. Annual number of sales for

existing home sales estimated to be 20,000, based on existing home sales for NH from

Realtor.org for 2008, new homes derived from CSNE carbon calculations (apisdyi6200

per year). Total annual listings estimated at 27,000. Therefore 6750 mortgages each year

118
119
120
121
122
123
124

Based on assumptions from TLU Working Group.

Based on assumptions from TLU Working Group.

Based on assumptions from TLU Working Group.

Based on assumptions from TLU Working Group.

Based on assumptions from TLU Working Group.

Basa& on assumptions from TLU Working Group.

Based on assumptions from TLU Working Group.

125 |nvest in Green Projects and Mortgages, Environmental Defense Fund, Available online at
http://www.edf.org/page.cfm?tagid=1574

126 New Hampshire QuickFacts from the US Census Bud&Census, Available online at
http://quickfacts.census.gov/qfd/states/33000.html
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would qualifyto be location efficientAlso included in economic benefits is a $1 economic
multiplier for each $1 saved frothe $1,000 per loan

Econonic Benefits(Annual $2008
Millions)

2012 2025 2050

$ (13 | $ (19 $ (14)

TLU Action 2.C.7Establish Entity(ies) to Support Compact Land Use Patterns and Open Space
Preservation

Assumed arnitial cost of$625,000for admin costs and $10000 recurring (recouped through
permit fees) *?’ Supportng mechanism for VMT reduoti.

TLU Action 2.C8Continue/Expand Funding, Education and Technical Assistance to
Municipalities

Assumed TLU initial cost of $500,000 for admin costs and $500,000ing(recouped
through permit feeg'?® Supporting mechanism for VMT reduction.

127
128

Based on assumptions from TLU Working Group.
Based on assumptions from TLU Working Group.
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Agriculture, Forestry, and Waste

Woody Biomass Model

A model of net carbon emission/sequestration was constructed pam@ting data obtained

primarily from the Forestry Inventory and Analysis (EfAational Program, from a Society for

the Protection of New Hampshire Forests (SPNHF) $fiéyd from personal communication

with experts in the forestry and wood products umtry. The basic approach of using FIA data

to estimate the potential energy content of New Hampshire wood is described in the

AdzLILR2 NI Ay 3 R20dzySyid a¢KS 222R . A2YIl aand 2 SR3S
comprehensivalescription of the forest and @od products model is in preparation fprint in

a peerreviewed journal.

This model estimates exchanges of carbon between terrestrial woody biomass sinks and the
atmosphere. Changes in standing woody biomass are modeled by ddiin¢puntiesand by

FIA forest classe@ classess a result of primary productivity, mortality, forest conversion,

and harvest. Decomposition and storage in the dead wood pool is included in the model. The
fate of harvested wood ipartitioned intoslash and cull, low gradproducts(pulp, cordwood,

or bark), andnill products (rough lumber, chips, sawdust, or bark.) Mill product use is modeled
as durable product, nodurable product, or wood for energy (electricity or home heating.)

The model projects the future sizé the terrestrial woody biomass carbon sink, the annual net
sequestration of forests, and the annual avoided fossil fuel emissions. Net avoided emissions
from various forest and wood management scenarios are compared against a beesnessl
(BAU) sceario. The basic structure of the model is represented in a schematic in Figure 1.

Figure 1:Simplified conceptual model of the carbon implications of the forestry and wood
product businesssusual scenario.

129 Eorestry Inventory and Analysis (FIA) Program. USDA Forest Service.

abSs |1 FYLAKANBQA [/ KI y FkegoRr, slippoyfifydiddd shadts. H nnpé {t bl
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Solution Calculation Assumptions

AFW Action 1.1.1 Increase Cover Crops

The increases in soil carbon sequestration from cover crops management are not well
constrained. However, they are generally characterized as being less tHalhpnactices

(AFW Action 1.1.2). Since the carbongsions savings of Al farming are calculated as

<0.01, the carbon emissions savings from increases in cover crops as also reported as <0.01.

AFW Action 1.1.2 Increase Conservation TillagefMd-arming Practices

Results indicate, on average, thatlaange from conventional tillage (CT) totilb(NT) can
sequester 57 +/14 (g Carbon)/(sq meter * yeal}* Increased carbon sequestration rates from
no-till practices applied to silage corn acreage (Table 1). Assumed that 50% of silage corn

acreage akady conducts naill practices.

Blgy2Af hNAIFIYAO
West and Wilfred M. Post. 2002.
¥ The application of ndill to silage corn only and the assumed percentage #ieeady conducts ndill practices

from AFW Working Group feedback.
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Carbon Emissions and Economic Modeling: Approach and Assumptions

Table 1:Agricultural acreage by typ@esonal comm. with working groQp
Farm Area [arces] Farm Area (% of NH land)

USDA "Land in Farms" 444,000
NH Current Use (Enrolled in Farmland Category) 210,000
USDA "Harvested Acreage" 96,000
- Forage crops (hay and pasture) 71,000
- Silage corn 14,000
- Vegetables 3,500

AFW Action 1.1.Protect AgriculturaLand

7.70%
3.60%

1.70%

Supporting mechanism for Smart Growth. Agricultural land sequesteB®2Z0less carbon than
forests or grassland$® Since rural developed land incorporates a significant fraction of these
land types, it is not known whether the conversion of agricultural land to developed land in NH
would result in net carbon storage. Analysis requires a systemagiprconsult TLU Smart

Growth analysis for potential savings.

AFW Action 1.2 Avoid Forest Land Conversion

Projected statewide loss of forested land (which is less than projected development of forested
land) is projected be approximately 5,0a6reskear'** This projected loss of forested land,
partitioned by county, is set to zero in the model under this scenario. This affects carbon
emissions and storage in two ways. First, the wood harvests associated with the clearing of
developed landsinder the BAJ scenarialo not occurin this scenario Second, the acreage of
forested landsa proportional factor in calculatingtal forest productivity, does not decrease

in this scenario Therefore, total productivity is highender this scenario

AFW Actiorl.3 ¢ PromoteDurable Wood Produst

Modeled asarise in the percentage of poshill rough lumber that becomes durable product

(from 60% to 90%).

AFW Goal 2Fuel and Electricity Generation

The effects of the Actions supporting this goal are aggregatéite outputs of the integrated
forest and wood product model. These outputs also inclieeffects ofavoiding forested

land losse$AFW Action 1.2) anithe promotion of durable wood produc{®FW Action 1.3).
The integrated output, reported underFAV Action 2.2, represents a balance between the use

of wood for electricity generation and residential heating.

AFW Action 2.2 Maximize Availability of Biomass for Electricity and Heating within Sustainable

Limits

Be{2Af hNBFYAO [/ FNDb2y {SljdSaiaNI GA2y wl (iS4 omO¢Atfl IS

West and Wilfred M. Post. 2002.

abSe |1 YLIAKANBQA / KBBNHRrgpart, suppyring dta kietst n n p €
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All suitable wn-durable wood productare used for energy, with a balance of wood for

electricity generation and residential heating. The energy implications of this model are
presented below in Table 2.

Table2: Energy implications of integrated forest management scenario (AFW ActionNb®)

that the current wood electric generation capacity of 89 MW includes wood from out of state,
while the scenario estimate of wood electric generation capacity of 87 MW includes only wood
from New Hampshire. Therefore, wood electric generation céypaould potentially be higher

if importation of wood into the state continues.

Wood electricity generation

(MW capacity, wood/total) AN AU
Current 89/1821

Scenario estimate 8712733
Wood home heating

(trillion BTU, wood/total) 2005 2009
Current 2.7/ 54

Scenario estimate 19.5/54

AFW Action 2.1 Encourage the Use of Bioreadtorsandfills
Not individually quantified, supports AFW Goal 2.

AFW Action 2.Maximize Availability of Biomass for Btagty and Heating within Sustainable
Limits
Not individually quantified, supports AFW Goal 2.

AFW Action 2.2.1 Maintain Infrastructui@ Biomass Production and Support Requlatory and
Business Efficiencies

Not individually quantified, supports AFW G&a

AFW Action 2.2.2 Ensure Biomass Consumption is within Sustainable Limits
Not individually quantified, supports AFW Goal 2.

AFW Action 2.2.Fnsure the Most Efficient Use of Energy/Biomass Stock
Not individually quantified, supports AFW Goal 2.

AFW Action 4.1 Strengthen Local Food Systems
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Considerable uncertainty remains in determining the amount of greenhouse gas reduction
associated with local food production. Research does show that food choices are critical for
determining greenhouse gaamissions:>

Calculated by analogy with low3 with NHgrowing and transporting an additional 10% of
food locally. Assumed savings are proportional to population.

Economic Model:

AFW Action 1.1.1 Increase Cover Crops

Assumed 100% of available farmland planted with 100,000 acres of land in NH actively used for
crop planting®®’ The cost of planting cover crops was assumed to be $28 pelé&é&mr an

annual costo farmers of approximately $2.8 million. $100,000 for administrative costs to
establish the program. Economic value of cover crop was assumed to be $95 per acre for
annud revenue of $9.5 million*®

AFW Action 1.1.2 Increase Conservation Tillagefld-arming Practices

Assumed 100,000 acres of land for crop planting (see Action 1.1.1). Assumed $100,000 for
administrative cost to establish program, no additional cost from farmers avidgsof $13

per acré®’, yielding savings of $1.3 million.

AFW Ation 1.1.3Protect AgriculturalLand

Assumed an annual conversiofi1,460 acres lost per yedf* Conservation costs considered
include acquisition and transaction costs. Average acquisition cost per acr®00%/as
assumed*? Theaverage transaction ereage size was assumed to5®'** Average

13 http://pubs.acs.org/cgibin/asap.cgi/esthag/asap/pdf/es702969f.pdf?isMac=902618
http://www.associatedcontent.com/article/407798/cornell_study assesses food print related.html?cat=22

13 http://www.leopold.iastate.edu/pubs/staff/ppp/index.htm

137 State Fact Sheets: New Hampshire, USDA EcarResiearch Service, Available online at
http://www.ers.usda.gov/StateFacts/NH.HTM

138 \Winter Cover Crop Program: Progress Update, Maryland Department of Agriculture, Microsoft PowerPoint
Presentation, August 2005, Available onlindntip://www.mde.state.mdus/assets/document/BRF
CoverCropProgramUpdate083105.pdf

39 Overview of Cover Crops and Green Manures, Appropriate Technology Transfer for Rural Areas, July 2003,
Available online alttp://attra.ncat.org/attra-pub/PDF/covercrop.pdf

149 University of Califoria: Davis, Available online bttp:/safs.ucdavis.edu/newsletter/vO5n3/pagel.htm

! National Resources Inventory: New Hampshire Statistics Sheet, Farmland Information Center, Available online
at http://www.farmlandinfo.org/agricultural_statistics/index.cf@function=statistics_view&state|D=NH

2 Email correspondence from Will Abbott, NH Society for Protection of NH Forests, Derived from LCHIP data for
average cost per acre for LCHIP transactions that had an assessed value.

3 City of Dover Open Lands Commitaed Conservation Commission

Land Protection Project Completion Report, City of Dover, NH, January 2007, Available online at
http://www.ci.dover.nh.us/boards/conservation/Project%20Completion%20Report.pdf
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conservation easement costs assumed to be $20,000 per ptjéot a $350 per ae

transaction fee. Total cosbr protectingall acreage is estimated at $10mllion per year. Tax
benefits are a financial benebf easements, estimated at $1000 per acre (based on example at
privatelandownernetwork.orjf*> or $1.5 million. Agricultural output per average acre of NH
farmland estimated at $36%°for an annual average output of $525 thousand for the

potentially conveted acres. Additional benefits include supporting smart growth.

Estimated Economic Benefits (Agricultural Output Preserved and Personal Tax benefits)
assumingdl00% of farmland was protected at a rate o480 acres per year:

2012 2025 2050

$4 million $10 million $24 million

AFW Action 1.2 Avoid Forest Land Conversion

Current forested cover is estimated at 4.2 million acres asi@ed an annual conversion of
17,500 acres lost per ye&t’ (Note: conversion refers to change in land use. It doesefer

to loss of forested land which is projected to occur at ~5,010 acres per year [see carbon
emissions analysis AFW Action 1.2 abov@oj)servation costs considered include acquisition
and transaction costs. Costs per acre were same as action T.dtd. costs for protecting all
acreage is estimated at329million per year. Tax benefits per acre were assumed the same as
1.1.3 and timberland economic benefits were assumed to be $1.5 billion anitfalconomic
output per acre of NH timberland wastimated at $340 per acre.

Estimated Economic Benefitsqrest ProducOutput Preserved and Personal Tax benefits)
assumindl00% of timberland was protected at a rate of300 acres per year

2012 2025 2050

$41 million $119 million $270 million

AFW Action 1.8 PromoteDurable Wood Produst

Assumed an annual marketing and administrative budget of $500,000 for program promotion
and a2% increase in economic activity due to marketing outreach was asstffhedonomic
benefits of forest industry to Niere assumed to be $1.5 billion annually (see Action 1.2.1).

1 Criteria for acceptance and selection of conséinmeasements, Aspen Valley Land Trust, Available online at

http://www.avlt.org/docs/AVLT_Criteria_Checklist_FinancialRequirements.pdf

145 Hypothetical Examples of the Tax Benefits of Donating Conservation Land, Private Landowner Network,

Available onlinet http://www.privatelandownernetwork.org/pInlo/taxbenefitexamples.asp

1“® State Fact Sheets: New Hampshire, USDA Economic Research Service, Available online at
http://www.ers.usda.gov/StateFacts/NH.HTM

“pSg 1L YLAKANBQA /KFIy3IAy3d [FYyRaOlI LS wnnps {20A8Ge F2NJ
online athttp://www.spnhf.org/research/papers/nhcl2005es.pdf

h1 ¢AYOSNIFYR hsySNDa | GEta/Avdw.hhibd@geducatiophthlf | 6t S 2yt Ay S
% Assumptions by UNH Economic team
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The marketing program would be expected to resmlanannual incremental activity 30
million.

AFW Goal 2Fuel and Electricity Generation

Wood for residential heat

13,300,000 MMBTU suwshable biomass available. Wood stove heat rate per cord, 13.475
MMBTU per cord, average price per cord of seasoned wood \g&3D0*° For a total cost of
$296 million.

Cost assumed to displace 150 gallons of No. 2 fuel oil per cord. 98%0fds of wod are
sustainable avoided oil cost of $387 million, yielding $90 million in annual savings, $1 multiplier
for dollars invested locally, total economic benefits $477 miltidn

Wood for electricity

There is not expected to be a change in the price ofte@@ty as the whole sale power price is
set by marginal producerdiomass would not be a marginal producer and would be expected
to meet its required rate of return through wholesale power sales and Renewable Energy
Credits.

CSNE heat rate assumptiorz@37 BTU/kWh benefits are power generated locally, heat rate
at a whole sale power price of $0.08 per kW~ 1 Million MWH, for total economic benefits of
$83 million annually®

AFW Action 2.1 Encourage the Use of Bioreactdos Landfills

Total maket potential for new landfill power generation assumed to be 4 MW\Landfill gas is
expected to have a negative cost per kWh that is less $0.[&E34than the wholesale price of
power™* however given the small amount of generation it is expected to mavperceptible
impact on electricity costs. Additional support may be necessary for projects that require
significantly higher development costs than average but that would be site specific and not
possible to model. Total Construction costs are estirddtebe $2million per MW for a total of

$8 million, which would be a orime benefit to the local economi® Jobs associated with LFG
are ~6 per MWor a total of 24™° Current average wage per alternative energy job is ~$57,000

130 hitp:/vww. tulsamastergardeners.org/blackbox/enrgcalc.htm

> hitp://www.cdc.gov/nasd/docs/d001204001300/d001235/d001235. html
http://www.newstimes.com/ci_10158299

152 http://answers.google.com/answers/threadview/id/271700.html

53 andfill Methane Outreach Program (LMQB$ EPA, Available online at
http://www.epa.gov/landfill/proj/index.htm#1

4 Gittell and Magnusson, Ecomic Impact of a New Hampshire
Renewable Portfolio Standard, February 2007, Available online at
http://www.des.state.nh.us/ard/climatechange/pdf/UNH_rps_report.pdf
5 Gittell and Magnusson, Economic Impact of a New Hampshire
Renewable Portfolio Standard glituary 2007, Available online at
http://www.des.state.nh.us/ard/climatechange/pdf/UNH_rps_report.pdf
8 Gittell and Magnusson, Economic Impact of a New Hampshire
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per year™’ for total annualwages paid of about $1.4 million. Property taxes from the facilities

would be another benefit.

AFW Action 2.2.1Maintain Infrastructure to Support Biomass Production and Support
Requlatory and Business Efficiencies

The AFW action report discussaanydifferent policies, many are advocacy or training related
that would be expected to have low costs relative to other policies under consideration. The
maintenance and upgrading ofZbridge infrastructure was focused on for this analysis. There
are curently 329 E2 or greater bridges in NH. An informal review of costs listed for redlisted
bridges in NH showed costs in the range of $1 anilto $10 million for rehabbin{® Assuming
an average cost of $5 million per repair and 2 repairs per.{8akverage cost would be $10
million. Assuming that good bridge conditions prevents 2% of economic activity related to
timber from being log®, it would save at least $30 million per ydaee action 1.2.1 for
economic activity discussion).

AFEW Action 2.2.2Ensure Biomass Consumption is within Sustainable Limits

Assumed study of $100,000 to establish sustainable biomass levels and ongoing administrative
costs related to this action of $100,068 A supporting mechanism for renewable power
generation in the egion.

AFW Action 2.2.Ensure the Most Effient Use of Energy/Biomass Stock
Similar costs expected as for action 2.2.2. A supporting mechanism for a combined heat and
power portfolio standard.

AFEW Action 3.1Implement aPayAsYouThrow Initiative PAYT)

In 2004, NH generated 1.7 million tons of trash (1.3 tons per capith)approximately a 25%
recycling rate'®® Residentiamakes up 55% of the waste streaPaper makes up 34% of the

waste stream by weight, plastics 12%, metals 8% and glasfos%total of ~60% of waste
stream™®® Therefore approximately 560,000 tons of residential recyclables are recyclable each
year, at a 25% recycling rate 420,000 tons of residential recyclables are disposed of. Assuming
that current disposal cost is $70 pten and average value of recycled material is $100 per
ton*®*and that the program captures an additional 35% of recyclable mat&tigie avoided

Renewable Portfolio Standard, February 2007, Available online at
http://www.des.state.nh.us/ad/climatechange/pdf/UNH_rps_report.pdf

"Bureau of Labor Statistics, 2007

¥ NH DOT Bureau of Bridge Design, Available online at
http://www.nh.gov/dot/bureaus/bridgedesign/Bridgelnspection.htm

%9 Assumption by UNH Economic team

160Assumption by UNH Econontéam

161Assumption by UNH Economic team

%2 state of Garbage, Biocycle, Available onlinbtat://www.jgpress.com/archives/ free/000848.html
183 Municipal Solid Waste Generation, Recycling, and Disposal in the United States:
Facts and Figures for 2005, US ERAjlable online at
http://lwww.epa.gov/epaoswer/osw/conserve/resources/msg005. pdf

1% Conversation with Waste Management, 2008
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disposal cost and total recovered value would be ~$25 million per year. Implementation costs
are expected to b low at the town level, but an additional recycling material recovery facility
would be required to process this level of material for the State volume, cost of facility
estimated at $6 milliort®

AFW Action 4.1Strengthen Local Food Systems

Action implenentation plan focuses on education, outreach and developing state government
resources to support stronger local food systems, these development costs are expected to be
low relative to other actions under consideration. Local agriculture had $144miilimarket

value in 2002°" A 2% increas&®in this numbe due to outreach efforts would increase
agricultural output by ~$3 million.

165
166
167

Assumption by AFW working group

Conversation with Waste Management, 2008

National Resources Inventory: New HampshireiStias Sheet, Farmland Information Center, Available online
at http://www.farmlandinfo.org/agricultural_statistics/index.cfm?function=statistics_view&state|ID=NH

188 Assumption by UNH Economic team
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Residential, Commercial, and Industrial

Residential Model

The residential model uses Energy Information Administration (EIA) Fuel Us® tata
characterizahe total themmal and northermal energy use in NH residences, and the fuels
profile used to satisfy those energy demands. Historical energy use data is usgavélon
historical NH populatiodata' "°to determine the average per capita energy intensity.
Population gravth projections’ are multiplied by average per capita energy intensity to
project future energy demand. For the businessusual(BAU case the total energy demand
rises due to population growth whikke fuel profile used to meet the energy demand rans
constant.

/ dZNNBYy i NBaARSyOSa OFly 06S O2y@SNISR Ayi2 WNB

are assigned separate thermal and rAitvermal energy intensities and fuel profiles. All

projected growth in housing due to population growthis R SNBE R Wy SgQ NBAARS

BAU case, no residences are renovated or refurbished, amtlalidualresidences maintain
the same energy intensities and fuel profiles.

Electricity emissions are calculated from a projection of thd J{&E marginal eresions factor
(Table 1) Fuel emissions are calculated using EIA fuel emissions f@tadle 2)

Note: direct emissions of natural gas due to leakageEnot modeled.
Tables3, 4 and Hresent values for selected parameters used for the ResidentideMo

Table 1:Historical and projected values of the New England marginal emissions factor
(projected values iitalics)* "

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011-205(

NE Marginal emissions , /g0 1 39, 1338 1179 1102 1107 1,063 1,028 994 961 930 899

factor [Ibs CO2/MWNh]

Table 2:Residentialtiel emissions factot$®

9 50urces: Energy Information Administration, Residential Energy Consumption Surveys, 1978, 1979, 1980, 1981,

1982, 1984, 1987, 1990, 1993, 1997, and 2001.

" Historical population recordstttp://www.nh.gov/oep/programs/DataCenter/Population/90web.htm
" New Hampshire Office of Energy & Planrfugpulation Projection®ublished November2006
Calculated fronhttp://www.iso-ne.com/genrtion_resrcs/reports/emission/2005_mea_report.pdf
73 http:/iwww.eia.doe.gov/oiaf/1605/coefficients.html

172
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Fuel emissions factor
[[bCO2e/million BTU]

Coal 225.130
Natural gas 117.080
Distillate fuel 161.386

Kerosene 159.535
LPG 139.039
Wood 0.000

Table3: Population pragction for NH™

2000 2010 2020 2030 2040 2050
Population 1,247,342 1,356,521 1,465,700 1,574,879 1,684,058 1,793,237
Average annual growth 0.88% 0.80% 0.74% 0.69% 0.65%

Table4: Residential enengonsumption and fuel profife®

Average annual thermal consumption [million BTU / person] = 40.1
Average annual non-thermal electric consumption [million BTU / person] = 8.7

Thermal fuel profile

Electric 7.5%

Coal 0.0%

Natural gas 15.0%
Distillate fuel 52.3%
Kerosene 6.0%
LPG 14.2%

Wood 5.1%

174
175

New Hampshire Office of Energy & Planrifagpulation ProjectionBublished November2006
Calculated fromEnergy Information Administration, Residential Energy Consumption Surveys, 1978, 1979,
1980, 1981, 1982, 1984987, 1990, 1993, 1997, and 2001.
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Table5: Other residential assumption®

1,247,342 NH Population in 2000
474,517 Number of occupied housing units in NH in 2000
2.63 Average members per household in 2000

26%of electricity is for thermal end use, historically

Commercial Model

The commercial model uses EIA Fuel Use'd&tmcharacterizehe total thermal and non

thermal energy use in NH commercial buildings, and the fuels profiletossatisfy those

energy demandsCommercial buildings classes inclug#ucation FoodSalesFood Service

Health CareLodging Mercantile, Office Public AssemblyPublic Order and SafetReligious
Worship ServiceWarehouse and Storages defined by ElAHistorical energy use data is used
along with historical NH commercial building square footage data to determine the average per
square foot energy intensity. Projections of commercial building floorspace growth projections
are multiplied by average pesquare foot energy intensity to project future ergy demand.

For thebusinessasusual BAU case, the total energy demand rises due to growth in
commercial floorspace whilihe fuel profile used to meet the energy demand remains

constant.

CurrentconY SNOA Lt o6dzAf RAy3a OFy 0SS 02y aSmifdedge Ay a2
which are assigned separate thermal and fibarmal energy intensities and fuel profiles. All

A w7 A @~

LINE2SOGSR INRGgGK Ay O2YYSNOALF T o drakfleoispage. Tt 2 2 N.
For the BAU case, no buildings are renovated or refurbished, and all buildings maintain the
same energy intensities and fuel profiles.

Electricity emissions are calculated from a projection of tBREdSO marginal emissions factor
(Tablel). Fuel emissions are calculateding EIA fuel emissions factors (Table 6).

Note: direct emissions of natural gas due to leakageEnot modeled.

Tables7, 8, and9 present values for selected parametersed for the Commercial Model.

78 Calculated fromEnergy Information Administration, Residential Energy Consumption Surveys, 1978, 1979,

1980, 1981, 1982, 1984987, 1990, 1993, 1997, and 2001 axelw Hampshire Office of Energy & Planning

Population PriectionsPublished November2006

" Energy Information Administration, Commercial Buildings Energy Consumption Surveys, 1992, 1995, 1999, and
2003.
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http://www.eia.doe.gov/emeu/cbecs/building_types.html#Worship
http://www.eia.doe.gov/emeu/cbecs/building_types.html#Worship
http://www.eia.doe.gov/emeu/cbecs/building_types.html#Service
http://www.eia.doe.gov/emeu/cbecs/building_types.html#Warehouse
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Table 6:Commaecialand Industriafuel emissions factoté®

Emissions factor
[[bCO2e/million BTU]

Coal 225.130
Natural gas 117.080
Distillate fuel 161.386

Kerosene 159.535
LPG 139.039

Motor gasoline 156.425
Residual fuel 173.906
Wood 0.000

Table7: Commercial energy consumption and fuel pegfi?

Average annual thermal consumption [thousand BTU / sqft] = 94.2
Average annual non-thermal electric consumption [thousand BTU / sqft] = 30.0

Thermal fuel profile

Thermal electric 14.0%
Coal 0.3%

Natural gas 29.4%
Distillate fuel 26.5%
Kerosene 1.2%

LPG 3.8%

Motor gasoline 0.3%
Residual fuel 23.3%
Biomass 1.2%

8 http:/lwww.eia.doe.gov/oiaf/1605/coefficients.html
1 Calculated fromEnergy Information AdministratioGommercial Buildings Energy Consumption Surveys, 1992,
1995, 1999, and 2003.
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Table8: Projections of number and flespace of commercial buildintf§
2000 2010 2020 2030 2040 2050
Number of commercial buildings 19,902 24,736 29,571 34,405 39,240 44,074
Commercial floorspace [thousand sqft] 321,417 399,496 477,575 555,654 633,733 711,811

Table9: Other commercial assumptiotfs

16,150 Average sqft per commercial building, New England [
8.8%NH % of total New England Commercial Emissions

30.6%o0f electricity is for thermal end use, historically

Industrial Model

The industrial model uses EIA Fuel Use fata characterizehe total energy use in NH

industry, and the fuels profile used to satisfy those energy demands. Historical fuel use data do
not show growth trends for energy use in the industrial sectéor the BAU case, the fuel

profile used to meet the projected constant energy demand remains constant.

LYRdzZGNE OFy 0SS O2y@SNISR Ayi2 WNBYy20FG§SRkKNBT
are assigned separate energy intensities and fuel ®filFor the BAU case, none of the

industrial sector is renovated or refurbished, and the industrial sector maintains the same

energy intensities and fuel profiles.

Electricity emissions are calculated from a projection of thd S{&E marginal emissionscfar
(Table 1) Fuel emissions are calculated using EIA fuel emissions faCatie 6)

Solution Calculation Assumptions

RCHAction 1.1 Maximiz&nerg\Efficiency in New Construction

Efficiency gains 0%, 70% and 100% (zero net energy) more efficilnan BAU.The model
assumestha0.5%2 ¥ (G KS OdzZNNBy (G o0dzAf RAyYy 3 & puidingsA & (0 dzNJ/ ¢
Additionally, the number of buildings is projected to rise and all additional buildings are

considered new buildingdn all three scearios assume onlg0% average improvement for the

first 5 years, thery0% thereafter in7f0% scenario, and0% fornext5 yrs in 100% scenario,

then 100% thereaftet®

% Calculated fromEnergy Information Administration, Commercial Buildings Energy Consumption Surveys, 1992,

1995, 1999, and 2003.

¥ Calculated fromEnergy Information Adminisation, Commercial Buildings Energy Consumption Surveys, 1992,
1995, 1999, and 2003.

182 http:/lwww.eia.doe.gov/emeu/states/sep_usefind/use_ind_nh.html

1% Efficiency levels and phage rate from RCI Working Group.
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RCIAction 1.2 Maximiz&nerg\Efficiency in ExistingesidentiaBuildings
Efficiency gms of 15, 30, and 60% for thermal and Ablermal energy at two phasm rates:
15,000 homes/year and 30,000 homes/yé&t.

RCIAction 1.3 Maximiz&nergEfficiency in Existingommercial, Industrial and Municipal
Buildings

Efficiency gains of 15, 30, aB8% for thermal and nothermal energy. Total phasa by 2030

is assumed. This corresponds to 1,100 commercial retrofits per year and retrofitting 4.7% of
existing industrial annuall{?®

RCI Action 1.4A Upgrade Building Energy Codes

Discussion with Aince to Save Energy indicated that compliance with the new 2006 Energy
Code does not result in energy savings over old codes. Rather, the new code is easier to apply
so it results in higher compliance rates (see Action 1.4B). A new code written fratthscr

could achieve any level of energy efficiency, so this action is modeled at 25% and 50%
efficiency. Note that the energy code only applies to the thermal energy load, not the non
thermal electric load. Code is applied to new residential and comndrailaings. 0.5%

annual old building turnover assumed.

RCI Action 1.4BniproveBuilding Energy Code Compliance

From discussion with Alliance to Save Energy: New homes that comply with the 2006 IECC are
assumed to use 12% less heating and cooling erierigyk Yy yS¢ K2YSa (GKIG R2y(
any code. They assume 25% current compliance and set a target of 50% compliance. This

means 25% more new buildings will be 12% more efficient than BAU, resulting in a 3% new

building efficiency gain. For compliarteeget of 80%, new building efficiency gain is 6.6%.

Note that the energy code only applies to the thermal energy load, not thethemnmal electric

load. Code is applied to new residential and commercial buildings. 0.5% annual old building

turnover assmed.

RCIAction 1.5 Establish an Enerqy Properties Section in MLS Listings
Action not individually quantified.

RCI Action 1.Preserve Older Buildings and Neighborhoods as Components of Sustainable
Communities
Action not individually quantified.

RCI Ation 1.8 Consere Embodied Energy in Existing Building Stock
Action not individually quantified.

184
185

Efficiency levels and phase rate from RCWorking Group.
Efficiency levels and phas$e rate from RCI Working Group.

Approach and Assumptions Page37 of 65 January2009 CSNE



Carbon Emissions and Economic Modeling: Approach and Assumptions

RCIAction 2.1Createlncentive Programs to InstalligherEfficiency Equipment, Processes, and

Systems
Action not individually quantified.

RCI Action 2.Require AnnuaC@ Emissions Reporting
Action not individually quantified.

RCI Action 2.BevelopBestPracticeGuidelines for Enerqy Efficient Process Equipment
Action not individually quantified.

RCI Action 2.5 Promote N&ero or MinimalEmissionsndustrial and Commercial Clusters
Action not individually quantified.

RCI Action 3.1PromoteRenewabléEnergyand LowCOZ2 Thermal Energy Systems
Modeled as a renovation of 15,000 homes per year at 7% thermal efficiencyain.

RCIAction 4.1IncludeEnergy Efficiency and Conservation in School Curriculum
Action not individually quantified.

RCIAction 4.2Increase Energifficiency through Building Management Education Programs
Action not individually quantified.

RCIAction 4.3ReduceResidentiaEnaqy Demand through Education and Outreach
Action not individually quantified.

RCIAction 4.4 Establish a Comprehensive Energy Efficiency and Renewable Energy Education

Program
Action not individually quantified.

RCIAction 4.5Create a Energy Efficienand Sustainable Energy Systems Web Portal
Action not individuallyguantified.

Economic Model:

RCIAction 1.1 Maximiz&nergyEfficiency in New Construction

Implementatbn costs were estimated onleusing unit basis for new residential constrioct
and a square foot basis for commercial and industrial. Estimates of cost on new construction
were not easily obtainables theconstruction costs can vary widely especially with

1% Efficiency levels and phage rate from RCI Working Group.
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commercial construction. Differential between new and existing conswadir residential
6l & NRAAKt & | LXK ASR (2 1.2an@Shssumptiont®s | NR&é FTNRY

Efficiency Type Cost Unit
30% Residential  $3,000 Residence
Commercial $25 SQFT

Industrial $5 SQFT
7% Residential $35,000 Residence
Commeraal $14 SQFT
Industrial $21 SQFT

100% Residential $80,000 Residence
Commercial $90 SQFT
Industrial $250 SQFT

The 100% scenario was calculated by assuming cost of 100% solar PV and solar thermal to meet

the electricity and thermal needemaining after implementing energy efficiency meeting 50%

of demand. Based on CSNE carbon mod@mmercial was calculated to have an unmet need

of 6 kWh per SQ FT for electricity and 13 kWh per SQ FT for thermal. Industrial was estimated

tobe 14kWHJISNJ {v C¢ F2NJ St SOGNROAGE YR pn 12K LIS
of PV is assumed to produce 1000 kWh annwlgninstalled cost of $8000 ($2008)kW of

solar is also assumed to produce 1000 kWh of thermal annually at an instalteaf §2500

($2008)"%8

Residential units and commercial square footage were taken from CSNE carbon analysis,
industrial square footage was estimated by taking number of industrial electrical accounts in
2006 (3,100¥° and multiplying aveage factory sq (25,000 sq ft)*°to obtain ~ 77,000,000 sq

ft of industrial.

Residential cost foB0% and 100% was based on assumptions provided byw&tkihg group.
70% residential was a linear interpolation based on these two other points. Implementation
costs are intllation and material costs only. Fuel savings were based on fuel consumption
reductions calculated by CSNE carbon analfdss. included in economic benefits is a $1
economic multiplier for each $1 saved from reduced fuel consumption.

¥"Based on assumptions from RCI Working Group.

188 photovoltaic Industry Statistics: Costs, Solarbuzz, Available online at
http://www.solarbuzz.com/StatsCosts.htm

Gallagher, Brian, Solar Tiheal Energy in Delaware, Microsoft PowerPoint Presentation, Available online
at http://www.seu-de.org/docs/Solar_Thermal_Presentation_Gallaghed63df

#92006 FERMEM 1 filing for PSNH, Unitil and National Grid

%9 Means Building Construction Cost Data 2008 Book, 66th EdRiSrMeans, 2008
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