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Introduction

In response to overwhelming scientific evidence thanate change is occurring as a result of
human-created emissions of greenhouse gases (Gatt@shhat these changes pose significant
threats to public health and the environment, aethbse Massachusetts can seize significant
economic benefits by moving to a clean energy eegynohe Massachusetts Global Warming
Solutions Act (GWSA)was signed into law in August of 2008. The magmuirements of this
statute include:

* Adoption of statewide GHG emissions limits for 202030, and 2040 that will
maximize the ability of the Commonwealth to meet 2050 limit of at least 80% below
1990 emissions, as set by the Act,

* Implementation of plans to achieve these state@id& emissions limits, and

* Requirements for the mandatory reporting of GHGssions by larger GHG emitting
sources and retail sellers of electricity in ther@monwealth.

GHGs accumulate in the atmosphere and trap heawvthdd otherwise be radiated back into
space. This “greenhouse effect” is the primaryseanf global climate change. There are a
number of gases that are considered GHGs. Thepm®&tilent greenhouse gas is carbon
dioxide (CQ), which is emitted when fuels are burned. Meth@ld,), nitrous oxide (MNO) and
several other compounds primarily used as refrigsrare also GHGs of concern due to their
potential to contribute to climate charfge.

The GWSA established the Climate Protection anet@GEconomy Act in Massachusetts
General Law, which requires the Massachusetts Drepat of Environmental Protection
(MassDEP) to, among other actions, triennially publish a state greenhouse gas eimnssi
inventory that includes comprehensive estimatéseofjuantity of greenhouse gas emissions in
the commonwealth for the last 3 years in whichdda is availablé.[MGL chapter 21N,

section 2, subsection (c)]

Section 13 of the GWSA further state$he first inventory required pursuant to subsect(ion

of said section 2 of said chapter 21N shall be ighleld not later than December 31, 2016
preliminary GHG inventory for 2006, 2007 and 200&swpublished by the required deadline.
The Department used a similar approach to that tesddvelop the “Statewide Greenhouse Gas
Emissions Level: 1990 Baseline and 2020 BusinesssAml Projection? published on July 1,

! Seehttp://www.malegislature.gov/L aws/SessionLaws/AB€8/Chapter298

% Not all GHGs have the same heat-trapping capaéity.example, one ton of methane is equivalegtéater than
20 tons of CQwith respect to their heat trapping potential® aEcount for these differences, a standard reglatin
the heat trapping potential of each GHG to an exjait quantity of C@over a given time horizon, has been
developed. Emissions shown in this document etiliis standard, and are expressed in units ofomithetric tons
of carbon dioxide equivalent (G&).

3 Seehttp://www.mass.gov/eea/agencies/massdep/air/aitmgiabal-warming-solutions-act-gwsa-
implementation.html#2




2009, with the estimates for many sectors basdfRAis State GHG Inventory Tool (SGIT).
A final 2006-2008 GHG inventory was published ity2012°

Partial 2008 data were included in the originakayinventory in an attempt to get the most
recent data possible to the public. Subsequethtiy,to the interest in understanding trends in
Massachusetts GHG emissions more frequently thae every 3 years, MassDEP began
posting an updated inventory spreadsheet moredrabyu Therefore, the 3-year inventory is no
longer the means by which MassDEP makes the mosthrénventory data available to the
public. In order to avoid the extra steps involvath issuing both a preliminary and final
inventory, this 3-year inventory includes only thest recent 3 years for which we have
complete data (2008-2010); hence, 2008 appeavgil3tyear inventories.

MassDEP used the early 2012 version of EPA’s SGidoimplete the final GHG inventory for
2006, 2007 and 2008 which was published in Ju22(lassDEP used March and Septerhber
2013 releases of EPA’s SGIT to complete this GH¢&imory for 2009 and 2010.

This document describes the inventory. AppenddkeAcribes any differences between the
sources of GHG emissions, data sources and theodwtgies used to determine the final 2006-
2008 inventory and this inventory for 2009 and 20Appendices B, C and D are spreadsheets
containing data upon which this inventory is based.

Massachusetts 2008, 2009 and 2010 GHG Emissionséntory

Table 1 below shows non-biogenic GHG emissions fata008, 2009 and 2010 by economic
sector. Table 2 below shows biogénO, emissions data for 2008, 2009 and 2010 from
biomass combustion, landfill gas oxidation, foresquestration and land use change. Revisions
to data sources or methodologies used to calctilatenventory are described in Appendix A
below. The spreadsheet in Appendix B containgl#tia upon which Tables 1 and 2 are based.
Spreadsheets in Appendices C and D contain datawpich the 2009 and 2010 Electricity
Import values are based.

* Seehttp://www.epa.gov/statelocalclimate/resources/tunil

® Seehttp://www.mass.gov/eeal/agencies/massdep/air/a@itmiabal-warming-solutions-act-gwsa-
implementation.html#2

® The September 2013 SGIT release included onlth2FFC, Stationary and Mobile Combustion Modules.

" Biogenic greenhouse gas emissions means emissi@®, that result from the combustion of biogenic (plant
animal) material, excluding fossil fuels. Biogeeimissions include CGemissions from combustion of biomass,
biofuels, landfill gas and the organic portion aimrtipal solid waste.




Table 1: Non-Biogenic GHG Emissions, Million MetricTons of Carbon Dioxide
Equivalents (MMTCO ,e)

2008 2009 2010
Energy Total 80.1 75.8 73.1
CO; from Fossil Fuel Combustion 77.4 71.0 72.8
Residential CQ 14.2 13.9 13.6
Commercial CQ 5.7 5.8 6.7
Industrial CQ 4.1 3.2 3.7
Transportation C© 33.6 30.8 30.8
Electric Generation CO 19.8 17.3 18.0
Electricity Imports CQ, CH,;, N,O 3.0 2.2 2.0
Other Gases Total 2.8 2.6 2.5
Stationary Combustion 0.2 0.2 0.2
Electric Power 0.1 0.1 0.1
Other 0.2 0.2 0.2
Mobile Combustion 0.8 0.6 0.5
Natural Gas and Oil Systems 1.8 1.8 1.7
Industrial Processes 3.2 3.0 3.2
Agriculture 0.3 0.3 0.2
Waste 2.4 2.9 2.9
Gross Emissions 89.0 82.0 83.6

Note: due to rounding to 1 decimal place, somddatppear higher or lower than the simple sum ef th
sectors.

8 Unchanged from 2006-2008 Inventory.



Table 2: Biogenic GHG Emissions (MMTCQe)

2008 2009 2010

Energy Total 4.6 6.1 6.4
CO, from Biomass Combustion Total 3.9 4.7 4.9
Residential C@ 0.4 1.1 0.9
Commercial CQ 0.1 0.2 0.2
Industrial CQ 0.3 0.3 0.3
Transportation C® 1.2 1.3 15
Electric Generation CO 2.0 1.9 1.9

Landfill - Combustion of LFG in
flares, engines and turbirfes

Electricity Imports CQ 0.7 1.4 1.6
Landfill — Oxidation of LFG in landfill

surface cover ] ] 0.1

Forest Sequestration -10.8 -11.1 -11.3

Land Use Change Emissions 0.6 0.5 0.6
Net Biogenic CQ Emissions -5.6 -5.8 -4.2

Note: due to rounding to 1 decimal place, somddatppear higher or lower than the simple sum ef th
sectors.

To the extent that biomass harvested due to laadh&snge in Massachusetts is also combusted in
Massachusetts, such emissions are double-reporfeabie 2 in Combustion and Land Use Change
emissions.

° Added from MA GHG Reporting data first availabhe2010.



Appendix A. GHG Emission Sources, Data Sources ardethodology

This section describes the sources of GHG emissibasnformation available, and the
methodology that the Department used to develoR®08-2010 inventory.

1. Sources of GHG Emissions

Combustion of Fossil FuelsThe biggest contribution to G@missions comes from burning
fossil fuels for heat, transportation and eledyigeneration. Fossil fuel combustion also
generates CHand NO. Residential, Commercial, Industrial, Transpstaand Electric
Generation are the sectors in which fossil fuetscambusted.

Industrial ProcessesThe United States (US) Environmental Protectigerdcy (EPA) has
identified 14 specific United States industrial ggsses that emit significant quantities of GHGs:
Cement Production, Lime Manufacture, Limestone Rabbmite Use, Soda Ash Manufacture
and Consumption, Iron and Steel Production, Amm&aaufacture, Urea Consumption, Nitric
Acid Production, Adipic Acid Production, Aluminunrd®luction, Hydrochlorofluorocarbon
(HCFC)-22 Production, Consumption of Substitutesdaone-Depleting Substances (ODS),
Semiconductor Manufacture, Electric Power Transimmsand Distribution, and Magnesium
Production and Processing.

The industrial processes conducted in Massachugeltgle Lime Manufacture, Limestone and
Dolomite Use, Soda Ash Consumption, Urea Consump@onsumption of Substitutes for
ODS, Semiconductor Manufacture, and Electric Polwvansmission and Distribution.

Agriculture: The US EPA has identified several agriculturalgesses that are important GHG
sources across the country: enteric fermentafeamentation in the intestines of certain

animals such as cows and sheep), manure managenataggement of plant residues retained in
soil, legume cultivation, agricultural fertilizese, rice cultivation, and burning agricultural
residues. As with the industrial sources iderdifdove, some of these activities are not found
in Massachusetts or are at sgghminimidevels that their contribution to GHGs in the
Commonwealth is negligible, if any (specificallice cultivation and agricultural residue

burning are the two processes that do not occhtassachusetts).

Waste ManagemeniThe US EPA has identified several waste manageawtivities that
produce significant GHG emissions: municipal se@ste combustion, landfill methane
generation, and wastewater disposal and treatnfdhbf these are found in Massachusetts.

2. Data Sources and Methodology for Developingtlentory

State and federal air pollution control programgeh@aditionally estimated air emissions of a
wide variety of pollutants by applying pollutantegjfic emission factors to measures of
activities conducted by industrial sectors. TheEPA has developed a State GHG Inventory
Tool (SGIT) which employs this methodology to esttmGHG emissions from sectors of
concern in each state, based on the activitiegyrskctors in the state’s economy. Gases



included in the inventory are: carbon dioxide (Z@nethane (Clj, nitrous oxide (NO),
hydrofluorocarbons (HFC), perfluorocarbons (PFQJ anlfur hexafluoride (S4f.

The SGIT was used to estimate emissions from 20@810. This section discusses data issues
related to the SGIT.

The SGIT default data set provides a basis fomeding and reporting annual GHG emissions
by sector. For example, one large sector is @@issions from fossil fuel electrical generation
plants in Massachusetts. The EPA SGIT methodalsgg Massachusetts electric generator fuel
use data (the data is taken from the US Departofdanergy’s Energy Information
Administration (EIA)) to calculate the electricgctor emissions from fuel combustion. The
Department used SGIT’s estimates of GHG emissiam fossil fuel electrical generation and
other sectors to derive the inventory for Massaetiss

Each year, by the end of June, EIA releases updatethe data that SGIT uses to calculate
CO,, CH; and NO emissions from fossil fuel and biomass combudigxeept transportation
sector CH and NO, which SGIT calculates from other default datéhis 2008 to 2010
inventory used the June 2013 EIA data update f602hd 2010.

The Department made the following methodology clearaetween the final 2006-2008
inventory and the 2008-2010 inventory for years280d 2010 only.

Methodology Changes to the Massachusetts GHG lowent

The Massachusetts and EPA GHG Reporting prograowsda some facility-specific data used
in the inventory in place of SGIT values beginnimith 2010. GHG emissions data from these
reporting programs can be obtained from the MasssttsClimate Registry Information System
(CRIS)* and the EPAracility Levellnformation on GreenHouse Gases T@LIGHT).*? This
inventory replaces certain SGIT data with Massaetisisacility-specific data, particularly in the
industrial processes and solid waste sectors wher8GIT state level emissions are derived
from national values apportioned to states basqubpnlation or sales. In addition, the
methodologies used in EPA SGIT are sometimes upgd&egnificant methodological changes
begun with this inventory are noted below:

» Combustion of Municipal Solid Waste: Beginninglwi010, we uséVaste
Characterization Studiédthat determine Massachusetts-specific plastitsyeuand fiber
“Proportion of Discards” percentages instead ofSKdT default percentages. The
Massachusetts percentages are state averageeetdatermined every three years as
reported in Massachusetts Municipal Waste Combdatility reports. The Massachusetts
percentages are lower than the SGIT default pesigest resulting in a reduction in GHG
emissions from the combustion of plastics, rubloer féber.

19 see the EIA State Energy Data System (SEDSitat/www.eia.doe.gov/emeu/states/_seds.html

1 Seehttp://www.mass.gov/eea/agencies/massdep/air/aifmat-greenhouse-gas-emissions-reporting-
program.html#3

12 Seenttp:/ghgdata.epa.gov/

13 Seehttp://www.mass.gov/eea/agencies/massdep/recyptatsiwaste-reduction-and-recycling.html




Landfills: Landfills pose a difficult challenge estimating GHG emissions. Massachusetts
is one of the States for which EPA'S SGIT estimatsgative landfill sector GHG emissions
due to data gaps. Fortunately, Massachusetts lsna&re required to report their GHG
emissions to Massachusetts and EPA beginning W&l2010 reporting year. We have
substituted the 2010 EPA SGIT landfill emissiontadaith EPA FLIGHT data rather than
Massachusetts CRIS data, since more landfills teapdPA than to Massachusetts. CH4
data for industrial landfills are still obtainedifn SGIT since Massachusetts industrial
landfills do not report GHG emissions to Massactta<eRIS or EPA FLIGHT. We do not
have Massachusetts-specific landfill data for 20@8yever, rather than report a negative
value from SGIT, we set the landfill CH4 avoidedwea(from CH4 destruction in flares,
engines or turbines) equal to the landfill CH4 gated value (due to decomposing
municipal solid waste), and the value nets to zéfassachusetts GHG Inventories prior to
2009 are final, and therefore the landfill emissigalues for prior years are not being
changed.

Industrial Processes: Data for lime manufacturimstorically absent for long stretches of
time from the EPA SGIT inventory for Massachusettsy come from the EPA FLIGHT
data beginning with 2010 emissions.

Electricity Use: Changes were made to the invgniimaccount for the use of electricity
under the Commonwealth’s Renewable Portfolio Stethdes discussed in the following
section.

3. Estimating GHG Emissions from Imported EledyiGeneration

It is important to recognize that approximately oimed of the electricity used in the
Commonwealth is imported from power plants locatedther states and in Canada. In order to

account for the net electricity imports into Madsasetts from other New England states and
import areas, as required by stattftd)assachusetts-specific generation and load data we
utilized to develop an imported emissions estimdiee New England Independent System
Operator (ISO-NE), which manages the New Englaadtecity grid, maintains generation and
load megawatt hour data for each New England staga on electricity imported to New
England from the adjacent New York, New Brunswiokl ®uebec control areas are also
available from ISO-NE.

There are a variety of methods that can be usedtimate the emissions due to Massachusetts’
consumption of electricity, including emissionsasated with electricity generated out-of-state.

MassDEP believes it is appropriate to consider Grssions associated with electricity
consumption in regional and more state-specifidexis, since, due to the linked, regional
nature of the New England electric grid, electyigenerated in a state is not necessarily
consumed in that state, even if that state is amgadrter of electricity.

1 From GWSA, ““Statewide greenhouse gas emissidhg’total annual emissions of greenhouse gaségin t
commonwealth, including all emissions of greenhagesges from the generation of electricity deliveieednd
consumed in the commonwealth, accounting for tragsion and distribution line losses, whether tleeicity is
generated in the commonwealth or imported; provithedvever, that statewide greenhouse gas emissiailsbe
expressed in tons of carbon dioxide equivalents.”



Table 1 of this inventory presents emissions aasediwith electricity consumption using an
approach that more directly accounts for emissams®ciated with electricity generated in
Massachusetts, while an alternative regional agpraadiscussed further below. The approach
used in Table 1 assumes that all electricity geadrim Massachusetts is used in Massachusetts
(with the exception of in-state generation for whicrenewable energy certificate is used out-of-
state, as discussed further below). Thus, elestietor emissions in this approach are based on
emissions from Massachusetts power plants plusteopaf emissions from power plants in the
other New England states that generate more elggtiihan they use in a given year and in the
adjacent control areas (New York, New BrunswickeRec) in years that New England received
net imports of electricity from those control areas

Under this approach, emissions due to Massachusettsumption of imported electricity were
determined by apportioning to Massachusetts a sifaey excess generation (and associated
emissions) from each New England state that gezgembre electricity than it uses. Thus, the
inventory includes a share of the emissions astsatiaith each electricity-exporting state’s
exported electricity, as calculated from EIA fuebh content data. (These data are the basis of
EPA’s SGIT estimate of each state’s £0H, and NO emissions from fossil fuel combustion
and CH and NO emissions from biomass combustion). Similatg, inventory apportions to
Massachusetts a percentage of the megawatt holosses (and associated emissions) due to
pumped hydro and of the net annual imports intd8@-NE grid from the New York, New
Brunswick and Quebec grid3. Emissions from the Canadian Provinces were cafledlusing
Environment Canada’s National Inventory Repbrt.

A change integrated into this inventory addressesMassachusetts Department of Energy
Resources’ Renewable Portfolio Standard that reguircreasing amounts of renewable power
be sold each yedf. Other New England states have similar prografifeese renewable power
sales are documented through the use of Renewablg¥Certificates (RECs). While the
electric-sector inventory methodology describedvatiadirectly® accounts for the use of RECs,
this inventory has been expanded to more expliatig fully account for the purchase of RECs
by Massachusetts retail electricity sellers. Bameple, if Massachusetts retail electricity
suppliers buy RECs from a power plant in a staaéigha net importer of electricity, the

' The megawatt hours of imports and of losses aatativith pumped hydro were found in ISO-NE “NeeHy
and Peak Load by Source” reporhép://www.iso-

ne.com/markets/hstdata/rpts/net_eng_peak loadirsdeg/html The megawatt hours of losses associated with
pumped hydro were apportioned to each New Engltatd according to that state’s fraction of totaliNengland
load.

® The New Brunswick and Quebec GHG emissions arecbas theNational Inventory Report 1990—-2010:
Greenhouse Gas Sources and Sinks in Canadeironment Canada, April 11, 2012 at
http://unfccc.int/national_reports/annex_i_ghg_imegies/national_inventories submissions/items/G398 See
Table A13-5 “Electricity Generation and GHG Emissetails for New Brunswick” and Table A13-6 “Eldcity
Generation and GHG Emission Details for Quebect) Bable 127-0006 - Electricity generated from fublg,
electric utility thermal plants, annual (megawatiun), Statistics Canada, CANSIM (database).
http://cansim2.statcan.gc.ca/cgi-win/cnsmcgi.ex@@=E &CNSM-Fi=CII/Cll_1-eng.htn{accessed: May 5, 2010).
7 Seehttp://www.mass.gov/eea/energy-utilities-clean-tesewable-energy/rps-aps/

'8 The indirect accounting did not consider whetHecteicity was generated by RPS-qualified genegat®o the
extent that RPS-qualified generation occurredstate that generated more electricity than it smldortion of the
emissions of such generation were assigned to Mhassatts under the indirect accounting methodology.




inventory methodology to-date has not reflectedssions associated with such RECs.
Likewise, if RECs associated with power generatealMassachusetts in-state power plant are
sold out-of-state, the inventory to-date has inetuthe emissions (or lack thereof, if the facility
is non-emitting) from such a plant, when they stdaubre appropriately be credited to the state
that purchased the RECs. Therefore, beginning 2009, we have expanded the inventory
electric-sector methodology to address RECs gezgbiatone New England state or adjacent
control area, but used in anotH&rThe effect of this methodology change on Masssettsi

2009 “Electricity Imports” was a one third decreasaon-biogenic and a doubling of biogenic
emissions. Since the RPS requires increasing ammofinenewable energy over time, it is
possible that the previous methodology would haesed an increasingly less-accurate
Massachusetts GHG inventory over time.

Massachusetts also considers electric sector emgs a broader regional context, due to the
linked nature of the New England electric gridwinich demand for electricity in one state
influences electricity generation in other stat@s. alternative electricity consumption emissions
approach, documented in Appendix B, involves filestiermining the fraction of New England
electricity (in MWh) that is consumed in MassachtsseMassachusetts is then assumed to be
responsible for that same fraction of the GHGs &hitvhile generating that electricity. Thus,
electric sector emissions in this approach areasdhe total New England GHG emissions
from electricity generation plus GHG emissions aigged with electricity imported from the
adjacent control areas (New York, New BrunswickeRec) in years that New England received
net imports of electricity from those control areidiss total was multiplied by the ratio of
Massachusetts to New England electricity consumptibhis approach is documented on the far
right of the emission factors tab of the AppendiBe€ and D spreadsheets for 2009 and 2010.

4. Biomass Biogenic GEmissions, Forest Sequestration and Land Use Ghamgjssions

Given the lack of annual data for biogenic souaras sinks, the Department has estimated
biomass biogenic C{emissions, forest sequestration and land use ehemggsions. Estimates

of biomass combustion, forest sequestration andl lse change are documented in Table 2.
Despite the challenges in accurately calculatiegehdata on an annual basis, it appears that
other, non-annual, data available for the biomastos are sufficient, and their magnitude is
significant enough that it is important to trackrgpforward. Some of the limitations associated
with the data in Table 2 include: biomass emissamesdouble-reported when biomass harvested
as a result of land use change in Massachusettsasombusted in Massachusetts; carbon sinks
are only included for forestry; and annual forésk slata points for years between forest surveys
are based on interpolated rather than measured data

Biogenic CQ emissions result from burning biomass, includimigfuels such as ethanol (used
in vehicles and in the commercial and industriat@es), wood and paper (largely combusted at
residences and electric generation plants), ldrg#g (combusted for electric generation), and
the biomass portion of municipal solid waste (costbd at waste-to-energy plants). In addition,
emissions from land use change include the one+@ease of previously sequestered soll
carbon due to the soil disturbance involved. kspnting the biogenic G@missions associated

9 As documented in Appendices C and D, this mettamjobuilds off MassDEP work associated with GHG
reporting by Massachusetts’ retail sellers of eleity.

10



with the combustion of biomass, this inventory u$esconvention for biogenic sources adopted
by the World Resources Institute, The Climate Regisnd others, which report biogenic £0
emissions separately from other GHG emissions.ceélehable 1 does not indicate quantities of
CO; released during combustion of biom&S<Estimates of COemissions due to biomass
combustion are presented in Table 2 and were detedwsing EPA’s SGIT with the most
recent EIA dat&' CO,emissions from Massachusetts’ consumption of ingobeiectricity
generated from biomass combustion were determisied) the methodology discussed above
for imported electricity generation and are alsduded in Table 2.

The Department made the following methodology cleartg the 2008-2010 Massachusetts

GHG inventory for the biogenic G@missions from biomass fuel sources.

* Biogenic Emissions from RPS Imported Electricitgubject to same methodology
improvement as discussed above in section 3, begjr2909.

» SGIT does not calculate G@om biogenic sources. Beginning with 2010 enaiss|
MassDEP obtains biogenic G@missions from the Massachusetts GHG ReportingrBno
CRIS for the oxidation of landfill gas and for tbembustion of landfill gas through landfill
flares and non-grid-connected engifes.

In addition, the value of forested lands as a cad®muestration sink and the carbon released due
to forest land lost annually to land use changedaceimented in the spreadsheet in Appendix B.
While other land uses also sequester carbon, tpareent focused on forests because those
data are most readily available and forests acdourihe largest portion of naturally sequestered
carbon.

While overall forest acreage in Massachusetts edgrhigreatly from a low point in the mid-
1800s (the peak of our agricultural period) toelaey 1950s, net forest coverage has begun to
decline since then, principally due to the losfooésts to development of land for residential,
commercial and industrial uses. At the same taneual forest carbon sequestration is still
increasing as the Commonwealth’s relatively youwrgdts mature. The Massachusetts Office of
Geographic and Environmental Information (Mass@&]) the University of Massachusetts at
Amherst have tracked land use via the interpratadicstatewide aerial photography since the
1970s, most recently for photography taken in 2008.interpolate between available years, and
for years since 2005, the Massachusetts Execufifiee@f Energy and Environmental Affairs
has used housing permit data from the US CensusaBup estimate change in forest cover.

To estimate the net growth of the forest, the Dipant relied on net growth measured by the
United States Department of Agriculture Forest ®erat approximately 550 permanent
Massachusetts forest plots (known as the Foreshbovy and Analysis (FIA)). The net growth
is multiplied by the forest cover acreage to gieégrowth in tons per county, and converted to
tons of CQ using a formula derived from chemical analysisreés (approximately one-half of a

% Note, CH and NO emissions associated with biomass combustiomeleded in gross emissions in Table 1, as
part of the Stationary Combustion category and MoBombustion categories. @missions associated with
biomass combustion are not included in Table 1.

2LEIA released the data in June 2013 from which €@issions from biomass combustion for all sectaree
calculated using the EPA SGIT.

22 |n contrast, beginning with 2006 emissions, weehlagen determining grid-connected landfill gas ea§Q
emissions based on EIA data.

11



tree weight is carbon).

In addition to this aboveground forest carbon gjera significant amount of carbon can be
stored below ground in coarse roots and in foreit.s Organic carbon accumulates in forest
soils and can reach density levels nearly equilabof above ground biomass of a mature forest
stand. All exposed soils sequester carbon (aieadetermined by soil class, cover type, and
disturbance regime), but only forest soil sequéstnas included in Table 2. It should be noted
that the inclusion of carbon sinks only from forgsepresents a substantial but not complete set
of carbon sinks in the state.

As land is developed, trees and vegetation (whecjusster carbon) are replaced by buildings,
roads, etc. These changes in land use lead mndwime release of significant quantities of
carbon previously locked up in natural ecosystetkssias the development disrupts the normal
course of the long-term carbon cycle. In orddat@ account of these emissions, this inventory
is using land use change data together with estgraftcarbon stored in forests and soil to
guantify the annual emissions due to land use @ang

5. Other Methodological Issues

Several potentially significant sources of GHGsraseincluded in the Massachusetts inventory
due primarily to the difficulty in quantifying ens®ns in these sectors. These notably include
GHG emissions and GHG sequestration from embodiegseons:

» Traditional emissions inventories (including thel$Gand projections are based on the
productionof emissions in a geographic area. But emisgijenerated by the manufacture
of products elsewhere and transportation of theséygts into Massachusetts (and thus
“embodied” in these products) are potentially digant, and in the future could be tracked
and projected as well. This adjustment becomee ingportant as manufacturing shifts
from Massachusetts to other states and nationse(sbrvhich produce significantly more
carbon emissions per unit of output than does thdyztion of these goods in
Massachusetts). From 1990 to 2005, net importgdits minus exports) of manufactured
products to Massachusetts rose from $9 billion2® Killion (in constant $1997), becoming
equivalent to 41% of our output of manufacturedagoWhile some academic studies have
started to quantify embodied emissiéhghere is still great uncertainty in such estimates
Further analysis is needed in this area; theretardgodied emissions were not included in
the inventory.

* On the other side of the equation, some embodigssemns are essentially sequestered when
they are stored in landfills or used for the mantifee of long lifespan infrastructure. Some
examples of sequestered fossil fuels include gssti landfills, asphalt in roads and a
portion of construction materials in permanentdings. While EPA’s SGIT does exclude

% “Embodied Environmental Emissions in U.S. Inteimaél Trade,” 1997-2004,” Christopher L. Weber &hd
Scott Matthews, Environmental Science & Technol@f07; “CQ Embodied in International Trade with
Implications for Global Climate Policy,” Glen P.tees and Edgar G. Hertwich, Environmental Sciemzk a
Technology, Vol. 42, No. 5, 2008; “Consumption-lshaecounting of C®emissions,” Steven J. Davis and Ken
Caldeira, Proceedings of the National Academy déi®es online, March 8, 2010, at
http://www.pnas.org/content/early/2010/02/23/090687 .full. pdf+html

12



the non-energy consumption of asphalt and roaftait reported emissions, the fate of most
other materials consumed in Massachusetts is mipeasked in the inventory.

6. Issues for Future GHG Inventories

Technology changes, methodology changes, and gdttes will inevitably affect future GHG
emissions inventories. An example of a methodalmgmprovement made for this inventory is
calculation of emissions associated with elecyiBPS transfers between states to
Massachusetts, as detailed in section 3 above.ddtaefor imported electricity in this inventory
are developed using methodologies from retail gtatt seller GHG reporting; those
methodologies are subject to revisions and impr@rgmeach year, seeking to use the best data
and approaches available.

Beginning with the 2013 release of SGIT, £&issions from the mobile sector are calculated
using two separate approaches: the traditional mddblased on fuel sales and a new method
using vehicle miles traveled (VMT) and vehicle/esios control types as is done fos®land
CH, emissions from mobile sources. While the resfitsoth methods are documented in the
Massachusetts GHG inventory in Appendix B, we hehasen to continue to base the official
Massachusetts GHG inventory on the traditionaludaton of CQ from motor fuel sales
because this is consistent with how the 1990 haselnissions were calculated for this sector.
The graph below compares the results from the ppoaaches.
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In addition, future inventories may rely on additd data submitted under EPA’s Greenhouse
Gas Reporting Program or 310 CMR 7.71, MassaclaisBteporting of Greenhouse Gas
Emissions” rule (beyond landfill emissions and limanufacturing which are discussed above).
Massachusetts’ rule requires Massachusetts sotlraeksave an operating permit and/or that
emit greater than 5,000 short tons of GHGs anndalhgport GHG emissions to the
Massachusetts GHG registry. Note that reporting haited to CQ for the first reporting year
(2009 emissions), and the number of reporting itéesl expanded beginning with 2010
emissions when facilities reported six GHGs (COH,;, N,O, HFCs, PFCs, and §F The
reporting rule emissions data will always represestibset of the full Massachusetts inventory.
The full GHG emissions inventory includes emissitrosn small stationary and mobile sources
such as residential and commercial furnaces arsbpal vehicles, which are not reported
individually to MassDEP due to their small size.
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GHG emissions for municipal waste combustors (MWas)also available from EPA FLIGHT
beginning with 2010. The FLIGHT values are deriusthg different methodologies than the
current SGIT methodology used to determine 199@lbwsemissions, and are about one third
lower (approximately half a million metric tonsmdn-biogenic GHG) than the SGIT emissions
for 2010. The EPA FLIGHT emissions may be moraueatte, as they are largely based on
monitors measuring the emissions from most MWC satacks. However, for comparability to
the 1990 baseline, this 2008-2010 GHG emissionsnitory reports MWC GHG emissions
using the SGIT approach.

CO, emissions from facilities that report pursuan8i® CMR 7.70, the “Massachusetts £LO
Budget Trading Program” (which implements Massaetigsparticipation in the Regional
Greenhouse Gas Initiative (RGGI)), are also regouteder the 7.71 reporting rule, as all RGGI
facilities are operating permit facilities. RG@flity reporting under 7.70 and 7.71 began in
2009, and each year’s reported emissions reprassutiset of total electric sector emissions.

MassDEP posts summaries online of the GHG emissiatssreported under 310 CMR 72/1.

* see MassDEP GHG Reporting Program Summary Refmoryears 2009-2012 at
http://www.mass.gov/eea/agencies/massdep/air/aitmai-greenhouse-gas-emissions-reporting-progrardstm
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