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EXECUTIVE SUMMARY

BIOMASS SUSTAINABILITY AND
CARBON POLICY

INTRODUCTION

This study addresses a wide arvay of scientific, economic and
technological issues refated o the use of forest biomass for gener-
ating encrgy in Massachusetes, The study team, assermbled and
dirccred by che Manomer Cenrer for Conservation Sciences,
was composed of experts in forest ecosystems manags et and
policy; natural resource economics; and energy weehnology and
policy. The Commaonwealth of Massachusetts Deparcment of
Erergy Resources (D OER) commissioned and funded che stady:

The study provides analysis of three key energy and environ mental
policy questions that are being asked as the stawe develops ics
policies on the use of forest biomass.

1. What are the aumospheric greenhouse gas implications of
shifting energy production from fossil fuel sources to forest
biomass?

2. How much woed is available from forests to support biomass
energy developrent in Massachuserrs?

3. Whacare the potentiatecological impaces of increascd biomass
harvests on forests in che Commonwealch, and what if any
policies arc needed to ensure these harvests are sustainable?

The goal of thx reportis to inform the developiment of DOLRS
biomass policies by providing up-to-date information and analysis
on the scicnrific and economic issues raised by these qusstions.
We have not been asked to propose specific policies exceprin
the case where new approaches may be needed ro protect the
ecolo_gical Fum‘tioningofforésrs. We do nor consider non-forest
sources of wood biomass (¢.g., tree care and landscaping, mill
residucs, construction debris), which are porentially available in
significant quantities but which have very different greenhouse

gas (GHG) implicacions.

This Execurive Summary highlights key resules from our research
and the implications for the development of biomass encrgy
policies ity Massachuseres. While certain of the study’s insights
are broadly applicable across the region {¢.g., estimates of excess
lifecycle emissions from combustion of biomasscompared vo fossil
Fuels), it is also imporeant to recognize that many other conclu-
sionsare specific to the situation in Massachuserts— particularly
greenhouse gas accounting ourcames that depend on the forest
management practices of the state’s lindowrers, whichlikely difler
considerably from those in neighboring states. Nonetheless, the
framework and approach thar we have developed for assessing
the impacts of wood biomass energy have wide applicability for
otler regions and countries.

SUMMARY OF KEY FINDINGS

Greenhouse Gases and Forest Biomass: At the stare, national,
and international kevel, policies encouraging the dewelopment of

forest biomass encrgy have generally adopted a view of biomass
as a carbon neutral energy source because the carbon emissions
were considered part of a natural cycle in which growing forests
over time would re-caprure the carbon ernicred by waod-burning
encrgy facilities. Beginning in the 1990s, however, recarchersbegan
conducting studies thac reflect a more complex understanding,
of carbon cycle implicacions of biomass combustion. Our study,
which is based on a comprehensive lifecycle carbon accountdng
framework, explores this more complex piceure in the context of
biomass energy development in Massachusecss.

The acmospheric greenhouse gas implications ol burning forest
biomass for encrgy vary depending on the characteristics of the
bioenergy combustion technology, the fossil fuel technology ic
rc'pl:u:cs andche biophysical and forest mamgem':ntc]mmcrerisrics
of the Forests from which the biomass is harvested. Forest biomas
gererally emies more gicenhiouse gases chan fossil fusls per unit of
energy produced. We define these excessemissions as the biomass
carbor debt. Over time, however, re-growth of the harvested forest
removes chis carbon from the acmosphere, reducing the carbon
debr. After the poincac which the debt is paid off, biorwass begins
vielding carboir dividends in the form of acmospheric greenhouse
gas levels thacare lower than would have occureed from the v of
fossil fuels o preduce the same amount of ereigy (Figure 1). The
full recovery of the biomass carbon debrand dhe magnicude of the
catbon dividend benefis also depend onfucure forest managemene
actonsand natural disturbance evensallowingthatrecovery tooceur.
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Figure L{tonncsofcarbon). The schemaricabove represents the incremental
carbon storage overtime of a stand karvested forbiomass cnergy weod relacive
woacypically harvested stand (BAU). The inicial earbon dfebi (9 connes) isshown
as the diffcrence beeween the total carbon harvested for biomass {20 tonncs)
and the catbon released by fossil fucd burniag (11 connes) char produces an
cquivalent amouncof encrgy The carbon dividendis dcincdinche graph asche
portion of the fossil fucl emissions (11 connes) char arc offsce by forest growth
at a particular poine in tinve. Inche cxample, afterche 9 connes biomass cadbon
debis recovered by farest groweh (year 32), atmospheric GHG love s fall below
wha cheywould have beanhad an cquivalene amencof encgy been generared
from fossilfucks. Thisis che poin at which the beachies of bureing o masshegin
w accrue, rising over time as the frest scquesters greater amouncsof carbon
relarive co the cypical harvest.

The initial [evel of the carbon debt isan important determinant of
the desirabilicy of producingencrgy from forest biomass. Figue 2
providesasummary of carbon debrs, expressed as the pereeneage
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of total biomasse missions that are in excess of what would hawe

beenemiteed from fossil fuel energy generation. Replacenment of

fosl fuelsin thermal or combined heatand power (CHP) appli-
cations typically has lower Inidal carbon debrs than is the case
for utility-scak biomass cketric planes because the chermal and
CHP technologicsachicw greater relative efliciency inconverting

biomass ro uscable energy. As a result, the time needed to pay oft

the catbon debrandbeginacerving the benefits of biomassencrgy
will be shorter for thermatand CHP technologies when the same
Forest managenient approaches are used in harvesting wood,

compared towhatwould havebeen the case iffossil fuels had been
used over the same period —approximacely 25% lower over the
period undera rapid recovery seenario. Forbiomass replacement
of coal-fired power plants, the netcumulative emissions in 2050
are approximately equal to what they would have been burning
coal; and for replacement of natiral gas cumulatiwe total emis-
slonsare substantially higher with blomasselecuriciey generation.

Figure 4: Cumulative Carbon Dividends from Biomass
Replacement of Fossil Fuel

Figure 2: Carbon Debt Summary Table Biomass Cumulative % Reduction in Carbon Emissions
{Net of Forest Carbon Sequesteation)
Excess Biomass Emissionsas %6 of Total Bionmass Emissions Oil (#6)
Natuml Year Thermal/ Coal, Gas, Gas,
Scenarios | Coal Qil(#6) | Qil(#2) ‘ 1_“'] ' CHI; Electric | Thermal | Electric
Elecrric 31% 66% 2050 25% 3% -13% -110%%
P(I“‘I]j;;“m!/ 500.8% 1 996150 | 3306-379 2100 42% 19%% 1296 G385

The absolute magnitede and timing of the carbon debrs and
dividends, however, is sensitive to how landowners decide to
manage theirforests Sinve furure fandowner responses to increased
demand for forese biomassare highly uncertain, we modeled the
recovery of carbon ingrowing forests under a number of aleerma-
tive management saenarios.

Forascenario that resules in relatively rapid realization of green-
house gas benefits, the switch to biomass yicelds benehies wichin
the first decade when oilfired chermal and CHP capacity is
replaced, and berween 20 and 30 years when natural gas thermal
is replaced (Figure 3). Under comparable forest management
assumptions, dividends from biomass replacement of coal-fired
clectric capacity beginat approximacely 20 years. When biormass
isassumed to replace nacural gas electric capacity, carbon debrs
are still not paid off after 90 years,

Figure 3t Catbon Debt Payoft
Fossil Fuel Technology Catbon Debt Payofl (yr)
Qil (#6), Thermal/CHP 5
Coal, Electric 21
Gas, Thermal 24
Gas, Electric >90

Anather way to consider greenhouse gasimpactsof biomassenergy
isto cvaluate atsome fucure poincin time the cumudacive carbon
cmissions of biomass (et of forest recaprure of carbon) relacive
to continued burning of fossil fucls, The Massachuseres Global
Warming Solutions Actestablishes 2050 asan imporcane wfer-
(11N )L ar EO[ dL IMONSLT dtlnb[“ﬂé’lcs" in lLduL Inbg‘lunhollsc é_ﬂ\
emissions. Figure 4, comparing40 years of biomassemissions wich
40 yearsof continued fossil fucl burning, shows that replacenent
of oil-fired thermal/CHP capacity with biomass thermal /ACHP
fully offsers the carbon debe and fowers greenhouse gas levels
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Forest Biomass Supply: Future new supplics of forest biomass
available forencrgy generadion in Massachuseresdepend heavily
on the prices that biocnxrgy facilities are able to pay for wood.
At present, landownersin the region eypically receive beoween $1

and $2 per green ton of biomass, resulting in delivered pricesat
large-scale clectricity facilities of around $30 per green ton. Under
current policies that are influenced by the competitive dynamicsof
the clectricity sector, we do notexpect chac utility-seale purchasers
of biomasswill be able to significantly increase the prices paid to
landowners for biomass. Consequencly, if furure forest biomass
demand comes primarily from large-scale electric facilities, we
estimate the total “new” biomass thaccould be harvested annually
from forest lands In Massachuseres would be berween 150,000
and 250,000 green tons—an amount sufhcient to suppore 20
MW of ckeetric power capacity—swith these estimates potentially

increasing by 50%—100% when out-of-state fore st biomasssourees
are taken into account (these estimates do not include biomass
from land clearing or other non-forest sources such as tree work
and landscaping). This is the amount of incremental biomass
that would be cconomically available and reflects the costs of
harvesting, processingand rransporting, chis material as well as
our expectations about the area of fand where harvest intensicy
is likely ro increase, Thermal, CHP, and other bioenergy planes
can also compete for this sanke wood-—which could suppore 16
typically sized thermal facilities or 4 eypical CHP plants—and
have the ability to pay much higher prices ona delivered basis;
thus, they have more options for harwesting and processing torese
biomass and can outbid electric power if necessary,

Paying higher prices to landowners for forest biomass could
potentially increase forest biomass supplics signiticantly. For this
tooceur, electricity prices would need tovise, due tosubscancially
higher fossil fuel prices or signibicant policy shifts. Thermal, CHY,
and pellee facilitiescanalicady pay much higher pricesfor biomass
at current energy prices, and would remain competitive if prices
paid to landowners were to rise sgnificandy, IF these prices were
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foincrease to $20 per green ton, we estimate that supplicsof forest
biomass from combined in-state and out-of-state sources could
beashighas L2t 1.5 million greentons per year. However, this
high-price scenario isunlikely given currencexpecracions of fossil
fucl prices and existing renewable energy incentives.

Figure 5 shows the potential bioenergy capacity chat could be
supported from cheseestimated volumes of “new” forestbiomass
in Massachusetes, The upper end of the range for Massachusetts
forest biomass supplies under our high-price scenario is approxi-
marely 885,000 green tons per year— this is close to the annual
quantity ofbiomass thac can be harvested wichout exceedingthe
annual netgrowth of the forest an the operable privace land base.
If addicional Forest biomass supplics thar would be potentially
available from ourofstate sources are taken ingo account, the
biomass quancity and number of bicencrgy factlities tha could be
Farnished would be $0% 1002 higher than shownin chistable.

Figure 5: Potentinl Bioenergy Capacity from “New” Forest
Biomass Sources in Massachusetts

Green Tons per Year
Current Massachussres Harvest 323,000
Potential Forese Biomass Supply
{(Massachuscts only) '
Current Biomass Prices 200,000
High-Price Scenario 800,000

Number of Facilities

Electric Power Capacity:

Nurnber of 30 MW Plants

Current Biomass Prices 0.4
High-Price Scemario 1.6
Thermal Capaciry:
Number of 50 MMBeu/hr Plages **
Current Biomass Prices 16
High-Price Seenario 62

CHP Capaciry: Number of 5
M W/34 MMBeu/hr Planes ™

Current Biomass Prices 4

High-Price Scenario 15

Ndles. *Average of ncustrial rouner wad for 2001-2009,

»* Based on mid-point of the range of velunies estima ted fr s biovrass
in Massachusetts.

“** Thermal plaiits ave asssened to aperare 1800 bowers per yeas, while

CH P planteopente 7200 hotrs per yedl,
P 'L f

Forest Sustainabilityand Biomass Harvests: [nMassichuseres
che possibility of increased harvesting of biomass forenergy has
raised a number of sustainabilicy issues at both the landscape
and stand fevels, At che landscape scale, potential impacts to
a broad range of socicral values arise with increases in biomass
harvesting, However, in our fow-prive scenario for biomass, we

anticipare that harvested acreage will not increase from curren
Jevels—biomass will cone from removal of loggi ngresidues and
poor quality rrees at sites thac would be harvested for dmber
under a business-as-usual scenario. Furthermore, in this scenario

“the combined volumne of dmber and biomass harvests re presents

fess than half of the annual net Forest growth across the state’s
operable private forest land base. Under our high-price biomass
supply scenario, alchough harvests still represent annual cutring
on only about 1% of the forested lands in the stare, the rotal
harvest levels approach the rotal amount of woad grown each
year on the operabk privare forest land base,

Undereitler price scenario, however, harvestsforbicenergy facili-
ties could have more significant local or regional impacts on the
Jandscape, Thes might include aescheticimpaces of locally heavy
[mr\t‘:scingaswdi as potenrinl impaceson recreation and tourism
and the longer-term health of the wood products sector of the
economy. We have ouddined four gencral optionsencompassinga
wide range of non-regulatory and regulatory approaches that che
state may wish to consider if it determines thar further actionsare
necded to protece public values ac the [andscape scale.

« Oprion I: Establish a transparent sel-moniroring, self-
reporting process for bioenergy facilities designed ro foster
sustainable wood procurement practices.

¢+ Option 2: Require biocnergy facilitics to puschase wood from
forests wich approved forest management plans.

+ Option 3: Require bioenergy faciliries to subric wood supply
fmpact assessoKenes,

Oprion 4: Establish formal criteria for approval of wood
supply impact assessents—possible criteria might include
limirson e amount of harweses refagive to anticipated fore st
gx'owth in the wood basket zone.

At che stand level, che mostsignihicant sustainability concerns
associated withinceased biomassharvests are maintenance of soil
produciivity and biodiversiry. Curtent Chapter 132 Massachu-
scees Forest cutting practices re gulations provide generally strong,
profection for Massachusetrs forests, especially warer qualicy:
however, they are not cusrently adequace toensure thac biomass
harvesting is protective of ¢cologjeal values across the full rangg of
site condidonsin Massachuseres. Orher statesand couniries have
recently adopted biomass harvesting guidelines roaddress these
types of concerns, typicatly through new standards chat ensure
(1) enough coarse woody debrisis left on the ground, particularly
at nutrient poor sites, to cnsure concinued soil producrivity and
(2) enough standing dead wildlite treesremain to promow biodi-
versity. While tlye sciencific literacure does not provide definicive
advice on che appropriate practices for Massachusetrs' forests,
recentguidance from che Forest Guild and other states provides
the Stare Forestry Commitree with a useful starting, point for
developingadd cional scand level standards thacensure continued
prowction of ecological values in Massachuseres forests.
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