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Executive Summary

The Stateof Vermont has committed tmeet9 0 % of t he Stdemaadfom erewablésbye ner gy
2050. The 2016 Compieensive Energy Plan (CEP) calls foriaareasen the portion of renewable energy

used to heat Vermont 6s bui édffidiéencyqr intreased usé&of rengwalld 2 5 |
fuels (including wood).More specifically, the 2016 CEP calls for doubling the use of wood heating in
Vermont. Expanded use of advanced wood heat will hedprivbontmake measureable progestoward a

number of keygoals.

Developing local demand for cordwoastpod chips and pellés will help create vitamarkets for low
grade timber from managed forestdeating withlocal wood fuels reduces the economic drain on
Ver mont 6 sFacaimg that o2 cents of every dollar spent on heating oil or propaakkely
retained in the local economy, and 80 eaitevery dollar spent on woatelikely retained in the local
economy; an estimated net $70 million was retained in the Vermont economylit 20 Vermonters
choosing to heat wittvood rather than fossil fueld/ood heat lowers and stabilizes energy castskeeps
dollars circulating in the local economy. Wood heat alsatesand supportgobsin the forestry, wood
processing, and transportation sectors.

This road map detailsow the 35% thermal energy target can be met with expanded use of wood heating
and assesses the various strategies for achieving the target.

Based orthe most recent y& (2014) of US Energy Information Administration (EIA) data available, wood
fuels (both traditional and AWH) met an estimated 2f#eatingdemandn Vermontin 20142 Increasing

the use of wood heating in Vermont from 21% in 2014 to 35% by 2030 wotlonfy displace oil, but
also propane and to some extent natural gas.

If wood heating is to increase from 2.5 millioregawatt hoursf annualthermal energy generation in 2016
to 4.3 millionmegawatt hours in 2038gnificantly moreadvanced wood heatjsystems and pellet stoves
will need to be installed across the residential, commercial, and institutional building market sectors.

To reach the 35% targeyt2030, we would need to:

9 Install 38,905 more wood pellet stov@s about30% of all single fenily home$

1 Install 10,519 more bulk pellet fueled boiefor aboutl6% of all single family homes with
centralized hydynic heat distribution networks)

1 Install2,574 more pellet boilers in small commercial buildifmsabout6% of that market
segmenit

1 Install221 more woodchip boilers in larger commercial/institutional buildings and district heating
plants (or about 4% of that market segment).

http://www.nebioheat.org/pdf/heatne_vision_full.pdf
2value calculated using EIA data and data from the Vermont Residential Fuel Assessmen2(RBA),

3
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A variety of barriers to further development of theod heating markegxist -- including capital costs,
pubic perceptions, and lack of funding to support incentivEisere aréwo keydrivers that influence the
extent to which the market will adopt a renewable energy technology:

> <
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1 Market conditions (cost of competing equipment and fuels)
9 Policy and regulatorytife various incentives available)

With currently low fossil fuel prices and limited market awareness, there is significant need for integrated
programs to drive broader market adoption. Howevetheéory, there ig thresholdfor heating oil price

when essentially no direct subsidg neededo further stimulate market adoption. Sensitivity analysis
performed suggests that if oil prices were over $5.00 per gallon for the residential market and over $4.00
per gallon for the commercial market, there wowddb direct incentive needed to dramatically expand the

use ofwood heating. In the meantimeoligzies that direct funding toward program support, financial
support, and regulations that aggressively push the market toward the adoption of renewablarenergy
essential.
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Section 1- Introduction

Vermont has a long history of heating buildings with wood. While heating
homes with woodstoves has bemymmon for generationsieating entire
buildings with automated woodchip and wood pellet boilers in Vermg
started in the 1980sSSincethat time, there has been slow and steag
growth of the use of automated woodchip and pellet fueled boiler§
the commercial, institutionaand residential marketToday Vermont
is home to the greatest concentration of ifefaadvanced wood
heating (AWH)systems in North America.

The State of Vermont h@®mmitted taneeting9 0 % of t he
energy demandfrom renewables by 2050.h& 2016 Compiteensive
Energy Plan (CEP) calls for amcreasdn the portion of renewade energy
used to heat Vermontoés buildings ®¥ by 2025,
increased use of renewable fugigluding wood) More specifically, the 2016 CEP calls for doubling the
use of wood heating iMermont. The analysis and discussiorihwstakeholders undertaken via this report
further detail this targetasachieving35% of thermal energgemandoy 2030. The focus of this report is

on expanding the use of advanced wood heating as a replacement for fossil fuel heating sources, and is
premised on promoting best in class technology, and encouraging local, sustainable forest management.

Wood heating comes in many forms. There are three main categories of wodddorldsvood, pellets,

and woodchips. Cordwood is sold by volume and is used predominantly in the residential sector in stoves
that provide poinsource heat. Wood pellets solddi@é pound bags are commonly used with pellet stoves
that also provide poirdource heat. Bulk pellets are now widely available to the residentiasraat
commercial heating market and are most commonly used to fuel automated boilers that provide whole
building heating via hydroni¢hot water)piping and emittergradiators) Woodchips are used for larger
commercial and institutional buildings or networks of buildings with central hydronic or steam heat
distribution systemsAutomated woodchip and pellepiters are highly efficient with minimal emissions.
Pellet stoves also feed fuel automatically and are thermostatically contMleld traditional use of
cordwood in stoves is a significant portion of the total wood heating sector today (and will smain
important portion of sector in the years to corttdgroadmapexplores the opptunity of meeting the 35%
targetby dramatically expanding these of advanced woodeating(AWH- automated bulk pellet and
woodchip fueledboilers) and besn-class pdet stoves.

1.1Background

In 2016, Renewable Energy Vermont, in partnership with VE#&Ceived a grant from the State of

Ver mont 6 s WoEnterprisey Bodrch (WVHEBEto develop a road map document that further
develops details around how the 35% thermal energy target can be met with expanded use of wood heating
and assesses the various strategies for achieving the target.

The Working Lands Entprise Initiative supports innovative entrepreneurs aftleer e f r ont of Ver
Working Lands economy through technical and financial assistance to help growing businesses thrive. The
program is made possible through the support of the state legislaultgle state organizations and
public/private donors.
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The origin of the 35% wood heat target stems from
Department of Forests Parks and Recreation. The Vermont Wood Fuel Supply ZRLdyUpdate

estimated that there are roughly 890,000 green tons of additional (beyond existing harvesting levels) low
grade wood grown annuallyn the ecologically appropriate anactively managegp or t i on of Ver m
forestland. That amount of additional sustaingield forest resource capacity was estimated tolbse to

the equivalentamount wood fuel currently being used in Vermont for thermal energy (counting the
cordwood, chips, andgliets consumed each year). At the time of the study relbasamnount oddditional

forest resource capaciyood fuelwas estimated tmcreaseahe percentage of thermal energy derived from

wood from roughly 15% to 35%f the totalstatewide thermalemand Thenin 2016, the State of Vermont
Department of Public Service eglsedhe Comprehensive EnerglaR (CEP)that called for doubling the

use of wood heating by 203Bubsequentefinementanalysis and a more refin¢arget of reaching 35%

of Vermont s thermal energy from | ocal wood fuel s

In 2016 the Clean Energy Delepment FundCEDF) commissioned haselinestudy of wood heating in
Vermont. A short summary of the baselineportcan be found in &tion 2 of this document.

Recenty, support for advanced wood heatiagan effectivestrategyto help
meet renewableenergy andcarbon emission reduction targefshen
replacing fossil fuelshas grown. Butthere has also beenincreased
interest in the local economic opportunities and benefits of AWH.
Expandinghe local heating market in Vermaofters creation ohew
jobs, keep energy dollars inte Vermont economy, andelps
develop local markets for lograde wood harvested from private
% and public managed forestland.

Over the past two decadesaditional markets for lovgrade wood
have declined dramaticallyud to closures and reduced capacity of
regional pulp and paper mills. Without local viable markets for low
grade wood,it is difficult to carry outperiodic timber harvests in
accordance with forest management plar@Good forest management
sustairs the faested working landscape.

1.2 Methodology
The REV and BERC teamsed the following appach to craft this roadmap:

1. Engagea diverse group of stakeholders including members of the wood heating and forest
products industry, renewable energy advocatesnomic development advocatasd state
agency personnel.

a. Present the outcomes of the 2016 Baseline assessment
b. Clarify the target of 35%
c. Define the boundariesf the 35% target
d. Discuss andstablish the guiding principals
e. Presenactionplan for analgis
2. Perform aalysis(staring with just AWH and themddng pelletstoves)
a. Calculate themountof thermal energy target to achieyeals
b. Model the BAU trajectory for 2030

Shttps://www.biomasscenter.org/images/stories/VTWFSSUpdate2010 _.pdf
“http://publicservice.vermont.gov/sites/dps/files/documents/Renewable Energy/CEDF/Reports/AWH%20Baseline%20Report%20FINAL.pdf
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c. Quantify the difference
d. Run scenarios on market adoption rates for diffemearket sectors
I. Calculate numbersf @ppliance installation needed
ii. Assess theationalityof the numbers and make adjustmentaiiicomes areut
of balance in proportion to the size of théal market segment in Vermont
Reconvenetakeholders
a. Present angbis
b. Gather feedback and input dretresults and assumptions used
Revise analysis based on stakeholder input
Write uproadmap document
Present to stakeholdger
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Section 2 2016 Wood Heat Baselifeummary

In 2016 the State of Vermont, through the CleBnergy Development Fundijred the Biomass Energy
Resource Center to conduct a baseline assessment of theaAtMidtal wood heaharket in Vermont.

This baselineassessmentvas compiled primarily from existing sources of data. Existing data was
supplemated by information collected through interviews with key market playefse reportwas
comprised of two primary stons: (1) AWHand (2)total wood heat. The section on AWH presents
findings related to wood heating businesses, cumulative and annadltiwsts, wood fuel consumption,
trends in installations and consumption, and the overall economic impacts osARY Thereport also
preseredfindings related to thportion ofthermal energynet withall types ofwoodfuel and appliances
(includingAWH), as well as theveralleconomic impact odll wood heating

2.1 Advanced Wood Heating

In 2016 there were two operationaiood pellet fuel production mills located in
Vermont (and another two mills under development), dozens of woodchix
fuel producers, three primary bulk pellet fuilivery businesses, and 41
businesses offering the sale, installation, and service of AWH systeje
Overall, the AWH industry contributed over $8million in sales
revenue for installers, and producers and distributors of pellets
woodchips in Vermont with an additional $3 milén to businesseg
| ocat e de giinaefidbddh thisassessmeras within 200 miles
from the center of Vermont. The AWH industry directly creates 5/
full-time equivalenjobs in Vermont, with an additional 10 jobs outsidg:
of Vermont.

Using data from a variety of sources, BERC estimates that there “&
approximately 480 advanced wibheat installations in Vermornthe majority
areresidentig but approximately 100 amommercial or institutionddulk wood pellet
fueled systems anénother 62 areommercial or institutional woodchip systerBmased on information
gatheredfrom installer interviews, BERC estimatesathan additional 64 residential pellet systems are
installed in Vermont annually, as well as an additional 9 commercial and institutional pellet systems. On
average, one to two woodchip systems have been installed each year in Vermont in recent years.

BERC estimates approximately 8,000 tons of bulk wood péllatsl 79,000 tons of woodchips were
consumed in 2016 in Ver mo BYcongparisah,Wermontandgiona petlet h e a t
mills reported selling a total of 4,800 tons of bulk psitetVermont customers. This leav&g origin ofa

large amount of bulk pelletsn question.The report provides likely explanations for the difference.
Evidence suggests that three quarter of bulk pellets burned in VT are imported from outside Vermont.

50ne of the two mills operating in 2016 is no longer operational.

5The share ofevenue from pellet and woodchip distribution for businesses located outside of Vermont was not estimated.

For the analysis, BERC separated the production and use of bulk wood pellets from the production and use of baggeygetdatelets
representhe greatest share of pellet sales in Vermont and much of the bagged pellets are used in wood pellet stove and fitspladelénse
these are not included in the analysis of Advanced Wood Heating systems, their use is important in understandie fitrewoad pellets.

8
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In the commercial and institutional sector, thée of woodchip systems installatioslswed down after
2009, due to a funding moratorium for the School Construction pkajram, administered by the
Department of Education, which hglovided funding towardthe capital costs of woodchip system
installationsin schools.ln 20132011, the rate of installation of commercial and institutidmak pellet
systems increased ralpy, exceeding the pace wfoodchip system installations. This was primarily due to
the commerciaintroduction of lower capital costulk pelletfueled heating systems amdprovedbulk
pelletfuel delivery options. While woodchips are well suited fogéarbuildingsmanysmaller buildings

have been able to take advantage of develomiettie bulk pellet market The result waan increase in

bulk wood pelleinstallations in the school and multifamily housing sectors, as well as other commercial
and irstitutional installations

Quick Statisticss Advanced Wood Heating Sector in Vermont

Operational pellet mills in 2026 2
Expected operational pellet mills in 2618 2
Combined capacity of pellet mills in 2016 (tons/year) 37,500
Combined capacity of pellet mills expected in 2QtbBis/year) 84,500
Residential systems installed to date 377
Commercial/institutional systems installed to date 162
Bulk pellet fuel consumed by Vermosystems (tons/year) 8,000
Woodchip fuel consumed by Vermont systems (tons/year) 79,000
Percent of totadtatewideheating 2%

Looking into the future, AWHs expecedto continueto growand becora a more mainstreamheating
option However, some periods of stagnatiame expecteds thesectorfaces difficulties related to the
fluctuating price of competinfpssil fuels andcontinuing changes itechnologiegsuch as air source heat
pumps) Traditional wood heafmostly home heating with cordwood stovés)expected to continue
makingup a sigrnficant, but highlyvariableshare of total heatindemandn Vermont, with Vermorgrs
burning more or less wood depending on the price of competing &uetsg other factors

2.2 Total Wood Heating

Using the most recent year (2014) of US Endrggrmation Administration (EIA) data available, wood
fuels (both traditional and AWH) met an estimated 2f%eatingdemandn Vermontin 2014 Heating
with cordwoodor pelletstoves provides home owners a lot of flexibility to burn more wood anailess
and propane, and this, along with tteional economic recessiarereasongor the current share of wood
heat being twice as high in 20asit was a decade earlier, when oil prices were much lower.

8Note that the pellet mill located in West Windsor, Vermont was operational in 2016 and was shut down in 2017.
Note that a second pellet mill is scheduled to open in the Northeast Kingdom in 2018.
yvalue calculated using EIA datachdata from the Vermont Residential Fuel Assessment (RFA), 2015.

9
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THERMAL FUEL USE IN VERMONT - 2014

Bulk Pellets
Bagged Pellets 0.3%

RN

Woodchips
2%

Natural Gas
21%

Electricity
3%

Figure 1 - 2014 Heating Fuel Mix for Vermont

Theshare of the total wood heat market occupied¥H ranges from 0.5% for the residential sector to
approximately 88% for the commercial and institutional sedtothe residential sector, approximately

65,000 houdaolds'! heat with wood as #ir primary source of heat (208bhouseholds heat with cordwood

as primary fuel12% with pellets as primary and supplemental fuel), @mg 377 are estimated to have an

advanced wood heat system, which is equal to 0.6¢teafumber othouseholds heating with wood.

vermont Residential Fuel Assessment, 2015

10
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Tablel - Quick Statistics on wood heating in Vermont

Number of lomes heated in part with wood 96,951
Percent of bmes heated in pantith wood 38%
Firewood burned (cords/year) 347,000
Average firewood consumption per household (cords/year) 3.6
Households with pellet heating appliances 31,051
Households heated in part with pellets 12%
Bagged pellets burned (tons/year) 138,530
Bagged pellets produced in Vermont burned in Vermont (tons/year) 6,000
Percent of totadtatewideheating 21%

The annual revenue associated with cordwood fuel production and sale is approximately $8% iikon.

annual revenue associated with the installation of wood stoves was not estimated as part of this baseline
assessmenfhe fuel cost savings associated with heating with wood rather than with oil or propane were
estimated at&L.5million annually*?

Heating withlocalwood r educes t he economicFRactoding&atonld cents er mo n t
of every dollar spent on heating oil or propamnelikely retained in the local economy, and 80 saift

every dollar spent on woaatelikely retained inthe local economy, an estimated net $70 million was

retained in the Vermont economy in 2016 by Vermonters choosing to heawedgth rather than fossil

fuels Wood heat lowers and stabilizes energy casis keeps dollars circulating in the local economy

Wood heat alsoreatesand supportgbsin the forestry, wood processing, and transportation sectors.

2Assuming $19/MMBtu and 4.5 trillion Btu of cordwood are consumed annually in Vermont

BAssuming that wood heat systems replaced the same propafrtiirand propane systems as the proportion of oil and propane systems present
in Vermont overall.

http://www.nebioheat.org/pdf/heatne_vision_full. pdf
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Section3 71 Goals & Guiding Principals

N

Reaching 35%f Vermont thermal energyemandvith woodfuel by 2030 isanumerictarget notareally
agoal Reaching the 35% target is@eandor achievingthe following specifigyoalsthat are the primary
drivers for why the use of wood heat should be expanded

Enhance and sustaihe r m oferdstédsworking landscape

Createnew and retain existingbsin theadvancedvood heating and forest products sectors
Retain local wealth ansupport \é r mo econénsy

Lower and stabilize heating costs for Vermonters

Meetbroaderenewable energy goadd 90% by 2050

Meet carboremissiorreduction goalby replacimy fossil fuels

=4 =4 =8 -8 -8 A

If the 35%targetis tobe met and wood heating expanded to achieve the goals .
above guiding principles are needed to servéiagardailso t o en s '
do not stray from the patilthough wood heat has the potential tQg "
deliver a multitude of benefits, many people hold concerns abg
expanded wood heatirmye topotential impacts on forest health ang
air quality.

Guiding principlego help ensure expanded wood heating delivgg
intended benefitsclude

Source wood fuel locally

Encourage sustainable forest management

Use wood fuel talirectly displace fossil heating fuels
Promoteand usébest in class technologgefating to
efficiency and emissions)

= =4 -4 =9
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Sectionrd i Wood HeafTarget for 2030

The 35%wood heat targds built ona foundation oknowledgeregarding
Ver mont 6s forest resource capacity.
multitude ofecological and economi@lues includingprovidingclean
air and water, halat for wildlife, carbon storage, flood resiliency,
recreation, timber products, and fuel for heat and power.

In 2010, the State of Vermdnt®epartment of brests, Parks and
Recreation commissioned a study to quantify the amount of forest
resource capagitin Vermont to expand the use of wood energy

from harvested lovgrade wood? The objective of this study was

to calculate supply of Net Available Legrade Growth (NALG)

wood (wood that would be appropriate for use as fuel above and
beyond current levelsf harvesting) available annually in Vermolfbr

thisstudy; the total forestland area was filtered using GIS data and software

to remove inaccessible and ecologically sensitive areas of foresitznd
suitable for periodic harvestingorest inventory ahcomposition data were applied to this filtefegksted

footprint and averagannualrates of foreshetgrowth were applied to the portion of the inventory deemed
low-grade. Averagedmounts ofcurrent demand for lovgrade wood ere subtracted from thigrowth,
giving the amount of NALG wood. IiTchnsesvatigesnsodesageme n t V
and intensive. The moderate run was intended to serve as the best representation of reality, while the
conservative and intensive scenarios demeter and upper limits, respectively. The following table
provides the results of the study

Table2 - Results of the 2010 Vermont Wood Fuel Supply Assessment

Green Tons of NALG Wood

Conservative  Moderate Scenaric Intensive
Scenario Scenario
Vermont 246,798 894,892 1,940,694

It is important to note that while the 2010 study is the most recent irformavailable, it usedatathat is

now outdatedin the time since the study was performed, new information released by the US Forest Service

on Vermont 6s forest i nventory, composition, and r
tracked by the State of Vermont suggests that the anedNALG wood is considerably larger than the

amount estimated in 2010. Nonethele895,000 greentons of annuakustainedyield forest resource

capacity has considerable energy value. Factoring for water content and average combustion efficiency of
wood heating equipment, this amount of wood could displace the equivaleppaiximately56 million

gallons of number 2 heating oil annually.

Increasing the use of wood heating in Vermont from 212014to 35%by 2030would not only displace
oil, but al® propane and to some extent natural gas. Of cowmsmd heating is not the only strategy for
displacing the use of fossil heating fuél/eatherizatiorandstrategic electrification wilalsoplay major

Bhttps://www.biomasscenter.org/images/stories/VTWFSSUpdate2010_.pdf
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roles in decreasing our use of fossil heatingsughis roadmap does napproactthe expansion afvood
heating in isolatiomf other factors

What would it look like in 2030 if wood heat accounted for 35% of the total thermal energy sourcing for
Vermont? How far would thermal efficiency géfow will increased use of heat pumps and expanded
natural gas pipelines impact the overall pictuke@lysis was performetthatprojected the anticipated fuel

mix in 2030 if the 35% wood heat target were met and this analysis wagei@&nced against other
recentenergy planning modeling work to make sure the projections align with other forédzigtsre 2

below illustrates the projected heating fuel mix for 2030 where wood heating accounts for 35% of the total
(adding the bagged pellets, bulk pellets, woodghapsl cordwood together). Figure 2 also illustrates the
projected portion of heating fuel from oil, propane, and naturaby@930,while factoring the anticipated
increases in weatherizatiamd use of heat pumps.

PROJECTED THERMAL ENERGY SOURCE MIX
FOR VERMONT IN 2030

Thermal Efficiency

Woodchips . 6%

7%

Bulk Pellets
2%

Bagged Pellets
11%

Electricity
6%

Figure 2- Projectedthermal fuel mix for 2030
The projected heating fuel source mix depicte&figure 2 factors the followingssumedrends

1 Expected significanincrease irthethermal efficiencyof buildings. Weatherizing homes and
buildings can dramaticallyatrease the need for heating fuels. ThereSwate of Vermontarget
of weatherizing over @000 homes in VT b2020 to achieve 25% thermal energy savings in that
sector

1 Expected camatic increase in electric consumptfonheating. Air source and ground source
heat pumps are being broadly promoted and the numbers of units installed in Vermont is expected
to increase dramatically in the next decade.

8Energy Action Network, Solar Market Pathways, and State CEP

14
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1 Expanded natural gas pipeline service and increased use of naturasgsi portions of the
state such as Addison County.
1 Leveluse of cordwoodwWhile new cordwood stoves and boilers are being sold and installed, they
often replace older and less efficient cordwood appliahessa result the amount of cordwood
fuel isexpected to remain level.
91 Dramatic increased use of bagged pelietstoves bulk pelletdor automated boilers, and
woodchips for larger boilers
9 Significant decrease in heating aihd propanese

Projected Thermal Energy Sources 2016-2030:
Expanded Use of AWH Boilers and Pellet Stoves

14,000,000
§ 12,000,000 B Thermal Efficiency
Q) .
5 10,000,000 B Woodchips
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S
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Electricity
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Figure 31 Annual amountsnjegawatt hours) of thermal energy generated from different so2@des 2030
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The area @ph in Figure 3 depicts

the annual amounts of energy from

the different fuel types between 2016
and 2030.By the year 2030 wood
heat derived from cordwood, bagged LEADERS IN WOOD HEATMARKET

and bulk pellets, and woodchips will| DEVELOPMENT -- UPPER AUSTRIA

need to account for 4.3 million MWh
of thermal energy.

Upper Austrias a small state located in North Central Aust|
with a population of 1.4 million. In addition to a stror
economy with a mixture of manufacturing, tourism, agricultt
and forestry, Upper Austria is a world leader in renewa
energy. Upper Austriandiave been hugely successful ¢
establishing and growing a flourishing and robust mod
wood heating market. The

developed a @hesive program which combines technolog
business models, efficiency, environmental sustainability,
renewable energy, to create a streamlined implemente
process. In addition to this coordinated approach, they
wood heaffriendly policies in pace which encourage th
stimulation of their modern wood heating economy.

With approximately half the total land area and forested Ii
area of Vermont and more than two times the populati
Upper Austria isalreadymeeting over 40% of their therme
enegy demandvith wood fues.

A Memorandum of Understandingetveen Vermont and

Upper Austrian was signed 2013, which called for egoing
collaboration regarding the advancement of wood heatin
each respective stat e. sgfown
over the pastew year and was strengthened further dusng
delegation visit in 2015 and again in 2ab&liscuss enhancel
trade, information shang, and strategy developmen

16


http://www.oec.at/eu/the-oec/ooe-energiesparverband-the-energy-agency-of-upper-austria/

S
O

® 438

<able

S=" BERC

o % Biomass Energy
* Resource Center

o
ermo®™

Section 5 Getting to 35% by 2030

If wood heating is to increase from 2.5 million MWh of thermal energy generation in 2016mmillib8
MWh in 2030. Significantly morédWH systemsand pellet stovewill need to be installed across the
residential, commercial, and instiional building market sectots.

Each yeamew AWH equipment is installed in homes, businesaes public buildings across Vermont.
However, analysis performddr this studyindicates that at current rates of salesiasthllations of pellet
stovesand automated pellet and woodchip boiléne 35% target will not be metigure4 belowdepicts
the currentfibusiness as usuatrend for AWH and pellet stoveequipment sales and installations in
Vermont.

Projected Cumulative Appliances Installed

Business as Usual Scenario
40,000

35,000

=2 m EmBE B BB BB B
0000 W B W B
25,000
20,000
15,000
10,000
5,000

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Number of Appliances

B Pellet Stoves ® Residential Pellet Boilers ® Com. and Instit. Pellet Boilers Woodchip Boiler

Figure4 1 The projectechumber of wood heating appliances installedler the business as usual scenario

Given current market conditions (ilew price of fossil heating fuels) and the level of incentives available,

there is very littleincrease in wood heating. Figudeabove shows the projected number of appliances
installed between 2016 and 2030 under business as usual conditawesver,this graphsshows the

number of systems not the amount of thermal energy generat&ijure 5 below illustrates the same
business usual projection, but reports the amount of thermal energy generated and compares that against
the amount of thermal energyeneration from wood fuelgellets and woodchips for AWH and pellet

stoves, not considering imwood)that would be needed to reach the 35% target.

Yt is important to note that residential afrdwood stoves accounts for a large majority of thermal energy generated from wood fuels in Vermont
today. However, to meet the 35% target for 2030, we assume that all the increased use of wood heating will come frodhfael®fitetevood

pellets andlaips for use in best in class equipment including boilers, furnaces, and stoves. While cordwood plays a critical rolg ioum2e16

and 2030 thermal energy requirements, all wood heat market growth is expected to come from bagged and bulk peledshapsl The
projections depicted in this section assume the cordwood consumption will remain level between 2016 and 2030.

17



S BERC
& Q % Biomass Energy
e * Resource Center

X
ermo®™

Projected Thermal Energy from AWH and Pellet Stoves
(Business as Usual Scenario)
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Figure 5 - Business as usual thermal energy generation projection for pellet stoves and AWH boilers

Figure5 above clearly illustrates the considerable gap between the tratenfnewwood heatingystem
installationsand the rate necessary to meet the 35% taEget yearthe gap widens and at our current
pace we will fall far short of meeting the target in the year 2030.

Further analysis was performed to better undestiow the 35% target could be met. Figure 6 shows the
number of wood heating appliandg8/NVH and besin-class pellet stoveshat would need to be installed
to meet 35% of thermal energy by 2030.
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Projected Cumulative Number of Appliances Installed
(Increased AWH Boilers and Pellet Stoves Scenario)
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Figure 6 - Projected number of installed appliances needed to reach 35% target

Figure 6 illustrates the number of units needed to reach the 35% target, but it is important to note that, while
the number of pellet stoves is a large portion of the number of uritedethe fewer larger commercial

pellet and woodchip boiler systems will generate a large amount of thermal energy.

Table3 - Number of wood heating units needed to meet 35% target

Cumulative | Additional

Cumulative Units Units to

Units Installed | Installed by Install by

Year in 2016 2030 2030

Pellet Stoves Bagged Wood Pellets 31,000 69,905 38,905
Residential Pellet BoilersBulk Wood Pellets 377 10,896 10,519
CommercialPellet Boilers- Bulk Wood Pellets 94 2,668 2,574
CommerciaMWoodchipSystems 61 282 221

Figure6 and Table3 show the number afombinedappliances that would need to be installed to reach the

35% targetBy 2030, we would need to:

T
T

T

Install 38,905 more wood pellet stoves about30% of all single family homés
Install 10,519 more bulk pellet fueled boidefor about16% of all single family homes with
centralized hydynic heat distribution networks)
Install 2,574 more pellet boilers in small commercial buildifmsabout6% of that market

segment
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1 Install221 more woodchip boilers in larger commercial/institutional buildargkdistrict heating
plants(or about4% of that market segment).

Based on the numbef wood heating appliances shown in Fig@r@nd Table3, Figure7 below illustrates
the amount of thermal energy these appliance would generate and how they would add up to reach the 35%

target.

Projected Thermal Energy from AWH and Pellet Stoves
(Increased AWH Boilers and Pellet Stoves Scenario)

3,000,000

2,500,000

2,000,000

1,500,000

1,000,000

MWh of Thermal Energy

500,000

B Woodchips mm Bulk Pellets
I Bagged Pellets 35% Goal (AWH + Pellet Stoves)

Figure 7 - Amount of thermal energy needed to meet 35% target by 2030.

It is important to reiterate that the projection of thermal energy in Figjisreota forecast or prediction of
what will happen in the futuéeit is simply a depiction of how much thermal energy would need to come
from wood fuel{AWH and besin-class llet stoves)n order to meet the 35% target.
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Reaching the 35% target will require installing thousands of more heating
systems fueled with wood pellets awdodchips and that will require
considerable investment. Smw much investment would be needed

to reach the goand would thosenvestmens pay dividendover

. time? Basic financial costbenefit analysis was performedto

>, determine the total capitadvestmentand to calculate the likely

financial performance In reality, the cumulativénvestment cost

. necessary to reach the 35% target would be staggered over

: " multiple yearsbetween now and 203Mut for simplicity we

- = assessed the costs and benefitsatiing all the equipment into a

3 . single investment made ate time

Table4 below provides the estimated capitalestmentgor installing
the amount of various wood fueled heating equipment.

Table 4 - Assimed capital costssed in lifecycle analysis

Wood Heating System Assumed Average Incremental Capital
per Unit Capital Number of Units Investment
Investment needed (2018 Dollars)
Pellet stoves $3,500 38,905 $136,167,500
Residential pellet boilers $20,000 10,519 $210,380,000
Commercial pellet boilers $70,000 2,574 $180,180,000
Large woodchip systems $1,500,000 221 $331,500,000
TOTAL $858,227,500

$858 millionis asignificant investmentut would generate a multitude of financial and environmental
benefits Average historipricesof wood fuels aredss than those for heating oil ahdse lower fugbrices
are what generate financial savings and drive a return on investment.

Life-cyclecost analysigvas performen a scenario to cwertthe farget number dbuildings over to wood
heating The combinednvestmentgdebt service, fuel, and operation and maintenance) of wood heating
over a 3Byear periodwere compared against a businessuaual scenario where that target number of
buildings continue to heat with fossil heating fuel$ie analysis factored the cost of fossil heating fuels,
the cost of wood heating fuels, and the rate of price escalation over time féositand woodeating
fuels.

The resultof the costbenefit analysisuggesthat such an investmentould save Vermonters nearly $1
billion (in 2018 dollar value) over the 39ear period This equates to approximaté$o rate of return on
the investment.
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Beyond thdinancial benefits to Vermonters and the economy, there are numerous other benefits that would

be generated by expanded use of wood asa way to reduce fossil heating fuel udeeting the 35%

target by 2030 would:

T

T
T
T

Reduce Ver mont er étsgotandpsopamy bver®ott® of he

Replace or add anoth@00,000 green tons annualocal markedemandor low-grade
woodt o hel p sustain Vermontds forested
Avoid $112 million in annual energy expenditures exporfienin the \ermonteconomy®
Avoid 350,000 tons of net greenhouse gasssionsaannually®

8Based on displacing 56 million gallons of the 90 million gallons of heating oil used in Vermont in 2014.
%Based on 80% dollars ept on heating oil are exported from Vermont economy and $2.50 per gallon average price.
2Factoring 161 Ibs/MMBtu Ceemissions for heating oil and 29 lbs/MMBtu net &issions for wood fuel.
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Section 7 Strategies foAchieving theGoal

M. In July of 2017, Renewabl&nergy Vermont, in partnershipith
several other organizations and agencies releasegear5ndustry
action plan for achieving increased market adoption of advanced
wood heating in Vermortt. The plan was endorsed by numerous
\ other businesses and organizations and presented a list of
# recommended action across several categories including:

1 Policy and regulation
1 Outreach andnarketing
1 Education and training

While the 5year action plan provide clear, actionable
recommendations for making real progress toward the 35% target,
it was not intended to be a comprehensive, tiemm plan. This
roadmap document aims to build upon thge&r action plan and
providevital information necessary for megtithe 35% target by 2030.

A variety of barriers exist to further development of W@od heatingnarket. Presented below is an
overview of key market drivers affecting developmeraaianced wood heatindiscussion of key barriers

to further market evelopment, and suggestions forange ofpolicy solutions that could address the
barriers

7.1 Barriergo Market Adoption of Wood Heat

Capital Costs

Perhaps the single largest barrier is the upfront capital cosbfmiheating equipmen®he purchasand
installation costs for automated, stdéding wood pellet and woodchip systems range from two to five
times the cost of fossil fuel heating systems. A typical installed cost for a modern, efficient, bulk fueled
residential pellet boiler is roughlyl9,000 whereas a comparable oil system may cost approximately
$8,500%* Pellet stoves provide axcellent lower cost optiobutonly provide partial home heatingquire

daily fuel loading, and typically require buying fuel ingéund bags.

Despite tle compelling potential heating fuel savings, borrowing funds for the purchase and installation of
wood heating systemsan bea long and complicated procefs both the residential and commercial
customers

Public Perceptions

Modern, efficient, clean lvning, automaticalifed woodheating systems are not widely understbgpthe
general public or in the heating, ventilating, and air conditioning (HVAC) industry in the US. Lasting
impressiongemainof older wood heating systermikey areas where there continue to be misconceptions
about the potential impacts of expandezbd heatingre:

1 System performance and reliability;
1 Emissions;
9 Forest sustainability; and

2lhttp://www.revermont.org/wjgontent/uploadsAY earAction-Plan.pdf
22Based on recent direct communications with numerous pellet and oil boiler vendors.
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1 Howwood heasolutions compare against other heating options

Lack of Funding to Support Incentives

The thermal energgectoroperates in an open and qoetitive
market and isiot regulated in the same wasthe eletric and
gas utility industriesAs a result, the regulatoryafmework
and mechanisms thased to implerant energy effiency

and renewable energy progresmd requirements for ks
electric and gas utilities do notpically apply to propane
and heating oil suppliers. The thermal energy sector, .
result, lacks a regulatory structure and related regulal‘
mechanisms to incentivize thermal efficiency ar
renewable energy use compared to the electric s&ctc
Policies and programs designed to reduce consumptio
fossil fuels through thermal efficiency measures and the
of renewable energy face the chatjem of securing funding
sources and political difficulties in applying charges on fuels n8
regulated by thetate Public Utility Commissiothat oversegthe

natural gas andlectric sector.

— S .Rz Ry

7.2Market and Policy Drivers for Overcoming Barriers
Thereare different drivers that influence the extent to which the market will adopt a renewable energy
technology:

1 Market conditions (cost of competing equipment and fuels)
91 Policy and regulatory (the various incentives available)

_heating and these market conditiare difficult to predict angontrol.

—  For this reason, this roadmap docunees nopredict which specific

+*  combination of actions will trigger the necessary amount of etark

S ;ﬁt adoption to achieve the 35% target by 2030. However, further
i exploration of how changes to both market conditions and energy

policy can prove extremely useful in determining strategies for

stimulating market adoption.

Market Drivers
Fossil heating fueprices and volatility is one of the greatest

market factors that impacts interest in wood heating. Figure 8
below, illustrates therice history and trends for fossil and wood
fuels in Vermont over the past 25 years.

Znttp://wwwl.eere.energy.gov/wip/solutioncenter/pdfs/fundingforenergyefficiencyprogramsforunregulatedfuels.pdf

24


http://www1.eere.energy.gov/wip/solutioncenter/pdfs/fundingforenergyefficiencyprogramsforunregulatedfuels.pdf

q?z?{ _—— ’1@‘ B_ERC
e % Biomass Energy
x . Resource Center

60
Average Heating Fuel Price Trends in

Vermont 50
— Fuel Oil #2SAAMEBHY-pf heat after combustion)

Propané
- Propane - Residential -t
40
—Bulk Wood Pellets I\ LY
-
&
Woodchips Fuel ... 30 s
....... =
. ~
..... A
= Natural Gas -Commercial
Bulk Wood - 20
A
ot ..': ......................................... N-é't‘u'ral
e = o g . 10
...... % n A7 Woodchips
0
TN M LW ON~ND0DNDO dAN®MILWONODONO dNMS O © I~
O OO OO0 OO0 OO0 00O AdAdA A A A A A A
D OO OO0 0000000000000 OO0
A d ddd dddda N dNNNNNNNNNNNNNNNCN

Figure 8 - Heating fuel prices in Vermont over the past 25 years

As can be seen in Figure 8, the price of oil and propane have been very volatile, while wood fuel prices
have remained comparatively stable. In additithre prices for oil and propane have increasede rapidly
on average then rate of price increase for wood fuels.

Although there was a short period of time in 2@08.6 when oil prices dipped lower than pellet prices,
over time it is expected that local wood fuel prices will remain lower than heaitirgnd propaneln
general, there is a high level of market uncertainty about theteortforecast of fossil fuel pricing, but
there tends to be greater market consensus thatéomgtrends for fossil fuel prices will rise faster than
local wood fués.

Policy Drivers

To optimize the effectiveness of policies aimed to advarmmel heatideally policies should be developed
in a way that seeks to directly address the key barriers discussed above. Presente& ard alzkemples
of policy options ¢r solutions) for addressing the key barriers.
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Table5 - Policy options for overcoming barriers

Barrier

High capital costef wood heating
equipment

Lack of public awareness

Lack of regulatory framework for
thermal sector

The potential policy solutions provided in the Tabl@bove are just a limited list of tip@ssiblestrategies

=a =4 -8 -8 -9

BERC
\& Biomass Energy
Resource Center

Potential Policy Solution

FederaB0% tax crediproposed by BTU Act

Stateincome tax credits

Eliminate state sales tax on wood heating equipment

State funded rebate programs

Support education, outreach, and training for architectural,
building constructionHVAC contractors, heating fuel dealers
insurance, real estate, and engineering professions
Adopt policies such as Al e
and local government

Provide program support sel
projects using modern, efficiemtood heatingechnologies
Devel op comprehensi ve At ot
electrical, thermal, and transportation energy
ExpandreviseRenewable Energy StandaFder 3to more
directly support wood heatin@onsider adopting &hermal
RPS approach used in New Hampshire.

that could be used to drive expansion of the advanced wood heating market in Vermont.

There isa broaderangeof straegiesthatneal to be developed and implemented in combinatewgislative
and regulatory approaches are essential, but need to be combindthavittial asand programmatic

supportas part of an integrated approach

Legislative
Action
Regulatory
Framework
Program Financial
Support Support

Figure91 An integratedpolicy frameworkor expanding advanced wood heat in Vermont
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The integrated policy framework illustrated in Figure 9 consists of the following components:

0 Program Support. Programs that providethnical supporand education to the market are
essential

o Financial Support. Rebates and incentives on equipment. Financing pragtanimprove
financing optionslpwer interest rates, loegterms, etc.)

o Regulatory Framework. Strong, clear, and consistent regulaticas help expand market
adoption and stimulate private investments in the wood heat sector. Regudatainguality,
forest managemenioiler efficiency and emissionsind safety regirements caie set high
and still help stimulate the market and industry in Vermdegulatory approaches can also
be taken to set mandates for the use of renewable energy in Velmone s sence, Ver m
Renewable Bergy Standard is such a mandate on electric esliegarding how much of their
electric supply should come from renewable sourdesvever, there are examples in Europe
where mandates are commonly integratedliwnitding code requirements for the use of energy
efficiency and renewableblpper Austriafor example, has a requirement since 2008 that all
new or renovated private buildings larger than 10,000 square feet in size must use renewable
energy for space and hot water heatthg.

0 Legislative Action. The action needed to develop thecessary progranfinancial and
regulatory components.

This integrated approachis similar to the approach used by the Upper Austrian energy agency
(Oberosterreich Energiesparverband), an international leadke inse of advanced wood heatifidgne

OOESV advocates tiiec a rtrioak,, sand t a mibwhich the stiekdefeas popegabapproaches

(fuel quality, emissions, and efficiency standards as well as building energy code mandates), the carrot
refers to financial incentives (grant programs, etc.), andahwourine symbolizes the education and
outreach needed to build further market awareness as well as the programs that provide technical assistance
to the market.

Besides promotion and educatitm increase interest indvancedwvood heatthere are thre@rimary
mechanismshat can improve return on investmentsddvancedvood heat systems

1. Increasednarketprices offossil heating fuels
2. Decrease prices of wood fugtsd
3. Decreasehe capital costs of AWH system

While highemmarket pricesor fossilheating fuels will definitely help stimulate the rate of market adoption
of advanced wood heatingemgerally public policy has been historically focused aitherlowering the

cost of wood fuels or lowerinttpe capitabostsof purchasing and installinglasance wood heating systems.
There have been several policies aimed at lowering the cost of wood fuel in the last two decades, however
these policies are@idely considered as less effective at stimulating market demangaliaies that focus

on loweringthe capital costd-or example, several policies used to subsidize wood chip and pellet prices
to consumers have resulteddnly lowering thefuel costs for the existing wood fuel consumers, didt

not effectively causany more new systems to bénstalled Also, wood fuels are typically already less
expensive than fossil fuelsfurther subsidy on the fuel is less effective than policies aimed at lowering the
high capital cost barrier. For this reason, lowering the capital costs is the primasyofahe discussion

in the sections ahead.

There areaveral vays to bwer capital costthathave beemffered in the past

24http://www.energiesparverband.at/fileadmin/redakteure/ESV/Info_und_Service/Publikationen/Biomass_heating_2010.pdf
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Rebates

Income tax credit
Sales taxexemption
Finance programs to providewerinterestrates and longdimanceterns
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7.3 Assessment of Policy and Market Drivers
In effort to understanchow the market may respond to either changes in marke
conditions or changes in the public policy aimed to support the adoptio
advanced wood heating, sensitivity analysis was performed on typig
residential and commercial scale projecifis analys exploresthe
financial performance of typical projects in responsm#oketchanges
of oil prices and the capital costs for the wood heating system.

Typical ResidentialInstallation of a Wood Pellet Boiler

An analysiswas performed to understarttie tipping point conditions
neeadto acelerate market adoption rates. There asmyrvariables
that impact the overall financial performance of an investment to ing
a pellet boilerput thetop two are price of oil and the level of capital
cost subsidy.

For a typical 2bedroom home in Vermont consuming 800 gallons of heati
oil per year, the following assumptions were made:

Table 4i Assumptions foa typical singlefamily home

Parameter Assumed value
Capital costs $19,000
Amount financed 80%
Finance term (years) 10
Interest rate 5.00%
Pellet fuel price per delivered ton $240

Simple payback, internal rate of return, and other financial performance indicators are useful, but the
simplest indicator where a black and white threshold exisiasis flow Does a project save the building
ownermoneyin the first yeamfterall the costs are factored (including O&M and debt sendoe)pared

to the costgo heat with fossil fuels?
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YEAR 1 HEATING COSTS

M Fuel Cost m Debt Service

OIL HEAT BAU WOOD HEAT

Figure 10 - Conceptuabreakeverthresholdwhen market adoption will accelerate

To getto a breakeven or better scenatlte combined annual costs of wood pellets and debt semise
bebelow thedottedred line of the cost to heat with oil.

Figure 10belowillustrates the year ongash flow performance of installing a residential pellet boiler at
different prices for heating oil assumin@at $6,000boiler rebate level.

YEAR 1 CASH FLOW - RESIDENTIAL PELLET

BOILER
$800

$600
$400
$200
$_
$(200)
$(400)
$(600)
$(800)
$(1,000)
$(1,200)

$4.50/gallon
$4.00/gallon

$3.50/gallon

$3.00/gallon

$2.50/gallon

Figure11i Year one cash flow impact of varying heating oil prieéh fixed$6,000incentive level
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Oil price ha a big impact on the economic performaatthe investment im wood heat systerm small

percent of the prospective market will install wood heating systems without regard to financial performance.
However, to achieve ntastream market adoption rates needed to achieve 35% by 2030, oil prices will be
to beabove$3.75 per galloto tips the scales.

In addition to the price of oil, the amount of capital cost subsidy also has a significant impact on the financial
performanceof a pellet boiler investmenin 2018, currently there is $,000($3,000 from Efficiency
Vermont and another $3,06@mt he St ate of Ver mont 6s 2QavalabefoEner gy
residential pelleboiler rebate foinstallations in VermontUsing the same assumption for a typical 3
bedroom homeconsuming 800 gallons of heating oil per yeaalgsis was performed to determine the

impact of increasing the rebate level.

YEAR 1 CASH FLOW - RESIDENTIAL PELLET

BOILER
$-

$(200)
$(400)

$(600)

$(800) $9k rebate level

$8k rebate level
$7k rebate level

$6k rebate level
$5k rebate level

$(1,000)

$(1,200)
Figure12 - Year onecash flow impact of varying incentive level with fixed $2.50 per gallon heating oil price.

Figure 11 above clearly conveys that even at the $@@0tive level, a typical project is cash flow
negative in year oneAt $2.50 per gallon for oil priceselvate levelsvould need tde over $15,000 to
trigger yearone savings.

Largerbuildings have more demand for heating fusisl typically can save more money each year by
switching to wood heating than smaller single family homes. We performed the same analysis for larger
commercial sized buildingassumingnore heat demand, largepellet boiler, and higher capital costs.

For a 15,000 square foot commercial building in Vermont consuming 5,000 gallons of heating oil per year,
the following assumptions were made:

2Note that renaining CEDF funds are expected to be depleted in the second quarter of 2018 and it remains uncertain
if future funding sources will be found to replenish the fund.
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Table 51 Assumptions for 15,000 square foot commercial building

Parameter Assumed value
Capital costs $54,000
Amount financed 80%
Finance term (years) 10
Interest rate 5.00%
Pellet fuel costs $240

YEAR 1 CASH FLOW - COMMERCIAL
PELLET BOILER

—— Year 1 Cash Flow

$8,000

$6,000 $4.50 per gallon
$4.000 $4.00 per gallon

$2,000 $3.50 per gallon

$-
$3.00 per gallon
$(2,000)

$2.50 per gallon
$(4,000)

Figure 13- Cash flow analysis measuring the impact of market prices for heating oil on the economic pexéoofrewitching to
woodheating factoring 15% level of subsidy toward lowering the capital cost.

Only a very small percent of the prospective commercial market will install wood heating systems without
regard to financial performance. However, to achieve mainstream market adapg®needed to achieve
35% by 2030, oil prices will be to be abdd@00 per gallonto tips the scales for the commercial market.

Currently, thancentivesfor commercial wood pellet heatingusiclear. For the past two years, the Clean
Energy Developma Fund offered commercial rebaté®wever, thoséimited funds are expected tan
outin early 2018Using the same assumption for a 15,000 square foot building consgiab®gallons

of heating oil per year, analysis was performed to determine theeirapincreasing the rebate level.

31



S BERC
& Q % Biomass Energy
. Resource Center

YEAR 1 CASH FLOW- COMMERCIAL
PELLET BOILER

——Year 1 Cash Flow
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Figure 14 - Cash flow analysis measuring the impact of cost share subsidy level on the economic performance of switching to wood
heatingfactoring $2.50 per gallon heating oil price
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Section8 - Conclusions

Expanded use of advanced wood heat will helprnvont make
measureable progress toward a number of key goals inclu@idgp
of total energy from renewables by 2050, carbon emission targets,
a stimulated economy, increased jobs, andibrant working
landscape.

The 35% wood heat target is achievaltiieyeverit will
require thousands more stoves and boilers to be installed
over the next 12 year®il and propane prices have a major
impact on the extent to which the market ad@ut¢anced
wood heating technology

To stimulateadvancedwood hedhg systemadoptionin
Vermont acrossresidential and commercial marketan
integrated approach combining legislative, regulatory,
financial and programmatic approaches is needeticiesneed
to work in tandem with sustainable harvesting rates and need to
monitor to ensure forest health. Additionally, policigmt direct
funding toward program support, financial support, and regulations that
aggressively push the market toward the adaptibrenewable energy are essential. Financial support
offeringsaimed at lowering the first cost of equipmang critical, but other financiatitiatives that help
lower interest rates anektendfinance termsare also effectiveWhen fossil fuel pricesire low, more
incentives are needed. When fossil fuel prices rise, less incentive toward the capital costs will be needed.
In theory, there is threshofdr heating oil pricevhenessentiallyno direct subsidyis neededo further
stimulate market adoptio Sensitivity analysis performed suggests that if oil prices were &@0 fer
gallon for the residential market and ovérGp per gallon for the commercial market, there would be no
directincentiveneeded to dramatically expand the use of wood hgatin

While it is impossible to predict the right combination of policies and programs that will be necessary reach
the 35% target under fluctuating market conditions, Télelow presents best estimates of combined
market conditions and policies necessary to bend the curve toward achieving the 35% target.
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