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Introduction

The Massachusetts Global Warming Solutions Act (B)\¥Svas signed into law in August of
2008. The major requirements of this statute ineiud

» Adoption of statewide greenhouse gas (GHG) emisdiamts for 2020, 2030, and 2040
that will maximize the ability of the Commonweatthmeet the 2050 limit of at least
80% below 1990 emissions,

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

» Mandatory reporting of GHG emissions by larger Gét@itting sources and retail sellers
of electricity in the Commonwealth.

GHGs accumulate in the atmosphere and trap hetawthdd otherwise be radiated back into
space. This “greenhouse effect” is the primary eafgylobal climate change. There are a
number of gases that are considered GHGs. Thepmstilent GHG is carbon dioxide (@O
which is emitted when fuels are burned. Methane,jOhitrous oxide (NO) and several other
compounds primarily used as refrigerants are akG$§of concern due to their potential to
contribute to climate chande.

GWSA established the Climate Protection and Gremm&my Act in Massachusetts General
Law, which requires the Massachusetts DepartmeBheironmental Protection (MassDEP) to,
among other actions. triennially publish a state greenhouse gas emmnssinventory that
includes comprehensive estimates of the quantgyesnhouse gas emissions in the
commonwealth for the last 3 years in which the datvailable; and “...determine the
statewide greenhouse gas emissions level in categreda 1990 and reasonably project what the
emissions lever will be in calendar year 2020 ifmeasures are imposed to lower emissions
other than those formally adopted and implemengedfalanuary 1, 2009[MGL chapter 21N,
section 2, subsection (c) and section 3, subse(aijn

GWSA section 14 further required MassDEP to esthlilie 1990 Baseline and 2020 Business
as Usual (BAU) Projection by July 1, 2009. The 182@eline and BAU Projection were
published July 1, 2009 and presented actual emis$iom 1990 through 2008 for most sectors,
and projected emissions to 2020 for all sectors.

GWSA required the Secretary of the Executive Of6E&nergy and Environmental Affairs
(EEA), in consultation with other state agencieg tie public, to establish a statewide limit on
GHG emissions of between 10 percent and 25 pebegotv 1990 levels for 2020 — on the way
to an 80 percent reduction in emissions by 2050ergawith a plan to achieve the 2020 limit
[MGL chapter 21N, section 4, subsections (a-g)P&tember 2010, EEA set the 2020 limit at
25 percent below the 1990 Baseline level. Massachusetts Clean Energy and Climate Plan

2 Seehttp://www.malegislature.gov/Laws/SessionLaws/A2#€8/Chapter298

% Not all GHGs have the same heat-trapping capdettyexample, one ton of methane is equivalenteatgr than
20 tons of C@with respect to their heat trapping potentialsatoount for these differences, a standard, kn@vn a
the global warming potential (GWP), relating theteapping potential of each GHG to an equivatgrantity of
CO,over a given time horizon, has been developed. &ams shown in this document utilize this standard are
expressed in units of million metric tons of carlboxide equivalents (MMTCé).




for 2020(2020 CECP), also published in December 2010 aoed strategies to meet that limit.
GWSA requires the Secretary of EEA to update th€E &t least once every five years [MGL
chapter 21N, section 4, subsection (h)]. The Srgear update is dated December 31, 20Ibe
1990 emissions baseline is the emissions levehagaihich Massachusetts’ future GHG
emissions reductions limits will be planned and soeed.

Updating the 1990 Baseline and the 2020 BAU Projection

The Statewide Greenhouse Gas Emissions Level: 1990iBasad 2020 Business as Usual
Projection(July 1, 2009) states: “The Department recognizes that the seiand practice of
determining GHG emissions is changing rapidly drad Massachusetts, being at the cutting
edge of this work, should avalil itself of advancetsan the science to the extent possible.
Therefore, MassDEP will reevaluate the 1990 Basalsineeded (e.g., significant new data
becomes available). If amendment is necessaryl jpublic review process will be used.”

Significant new data have become available, indgdevisions to the Global Warming
Potentials (GWPs) of GHGs. The original 1990 Bas£#020 BAU Projection and all MassDEP
GHG inventories published to date are based on GMBEshed by the Intergovernmental

Panel on Climate Change (IPCC) in its Second AssessReport (SAR) in 1996. This

inventory and baseline update uses the GWP valudssped by the IPCC, the Fourth
Assessment Report (AR4) in 2007. All national ineeies are being updated to AR4.The
Department went out to public comment on the GWiesthe methodologies and data described
in Appendix A that were used to estimate Massadtgi990 GHG emissions.

This updated 1990 Baseline inventory supports 68 2ZECP update.

» Part 1 of this document describes the update t4986 Baseline;

» Part 2 describes the updated Massachusetts 2020 d@jection;

» Part 3 is a comparison of the previous and updaté@ emissions; and

* Appendix A describes the updated sources of GHG®oms, data sources, and
methodologies used to determine the updated Massetth 1990 Baseline and the 2020
BAU Projection.

4 http://www.mass.gov/eea/docs/eealenergy/cecp-fae-alf
5 http://www.mass.gov/eea/agencies/massdep/climaeggitlimate/ghg/greenhouse-gas-ghg-emissions-in-
massachusetts.html#2




Part 1: Massachusetts 1990 GHG Emissions Baseline Update

What is the purpose of the 1990 Baseli@¥SA calls for the Commonwealth to adopt GHG
emissions limits for 2020, 2030, 2040, and 2050esged in terms of percent reductions relative
to emissions in the year 1990. The emissions bespliesented here will provide an updated
emissions level against which these future limii§lve set and against which progress in
achieving reductions will be measured.

Using the revised and updated data sources anddatigies described in Appendix A,
MassDEP estimates that economy-wide GHG emissiof990 were 94.4 million metric tons of

carbon dioxide equivalents (MMTGE).

Table 1 below shows a breakdown of the updated B2@@line GHG emissions by economic
sector calculated using the AR4 GWPs. The spreatishdppendix C contains the calculations
upon which the tables in Parts 1 and 3 and thedgin Part 2 are based.

Table 1: 1990 Baseline Update (MMTCOze)

AR4

1990

Energy Total 90.6
CO.efrom Fossil Fuel Combustion 88.1
Residential COe from Fuel Combustion 15.3
Residential CQ 15.1
Residential Other Gases (¢ & N,O) 0.2
Commercial COe from Fuel Combustion 8.4
Commercial CQ 8.4
Commercial Other Gases (G N,0) 0.1
Industrial COe from Fuel Combustion 5.7
Industrial CQ 5.6
Industrial Other Gases (G N,0) 0.02
Industrial from Waste (C£ CH, & N,0) 0.1
Transportation COe from Fuel Combustion 30.5
Transportation C@ 28.9
Transportation Other Gases (€& N,0) 1.6
Electricity Total CO,efrom Fuel Combustion 28.2
Electric Generation CO 25.1
Electric Generation Other Gases ({&IN,0) 0.1
Electric Generation from Waste (GQCH, & N,0) 1.1
Electricity Imports (CQ, CH; & N,0) 1.9
Natural Gas Systems (CH,) 2.4
Industrial Processes 0.7
Agriculture & Land Use 0.4
Waste 2.7
Gross Emissions 94.4

Note: due to rounding to 1 decimal place, somdsatppear higher or lower than the simple sum efséxctors.



Part 2: Massachusetts 2020 Business as Usual (BAU) GHG
Emissions Projection Update

What is the purpose of the 2020 BAU Projectidh®s projection allows MassDEP and
stakeholders to illustrate the magnitude of GHGQuo#idns necessary to achieve the limit set for
2020 (25% below the 1990 Baseline). It providesmtext to understand the emissions
reductions achieved by implementing measures taceeGHGs compared to what emissions
would be if such measures were not implemented Business As Usual.

The updated 2020 BAU Projection has been developed) the same approach as the original
2020 BAU Projection published in 2009, by extrapalgfrom historical emissions trends. The
updated 2020 BAU Projection shown in Figure 1, gsire AR4 GWPs, results in 2020 BAU
emissions of 92.7 MMTCg. The projection is labeled Projected Emissiombkiamepresented

as the heavy dashed line on Figure 1. This prajeds based on a straightforward extrapolation
of historical data rather than on a complex molat attempts to predict what the future holds.
This updated 2020 BAU projection extends from 208& to 2020 as required by MGL chapter
21N, section 3, subsection (a). However, for tindate, the data set from which the
extrapolation is made is complete from 1990 throR@D8 (which was not the case with the
original projection published in 2009, when a coet@ldata set was not available for all sectors).

Also shown on Figure 1, the lightly dashed lindtert a reasonable range of uncertainty in
emissions given the variability inherent in GHGvers such as economic activity and fuel
prices. As in the original 2020 BAU Projection pshed in 2009, these ranges are based on
historical variability (50% confidence that expettmissions lie between the two lightly dashed
lines) rather than on an analysis of factors thighidrive emissions higher or lower than the
historical trend line, and by how much.

® Exceptions to projecting from 2008 are the solabte sector (see section 4 in Appendix A) andriiastrial
process sector (see the ‘Process’ tab in Appengix C



Figure 1: Updated Massachusetts Baseline and Business as Usual (BAU)
Projection of GHG emissions 1990-2020 based on AR4 GWPs, with historical

emissions for 1990-2013
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Figures 2A and 2B provide a breakdown of the upta890 Baseline and 2020 BAU Projection
by major sector. The figures demonstrate how th®secomprising the overall Massachusetts
inventory may be projected to 2020. Actual hist@remissions are also shown for each sector
through 2013. Caveats noted above, along with akeats about data quality in Appendices A

and C, apply to each sector.



Figure 2A: Updated Massachusetts Baseline and BAU Projection of Fuel
Combustion GHG Emissions 1990-2020 by sector based on AR4 GWPs
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Figure 2B: Updated Massachusetts Baseline and BAU Projection of Non-Fuel

Combustion GHG Emissions 1990-2020 by sector based on AR4 GWPs
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Part 3: The Updated Massachusetts GHG Inventory

This updated 1990 Baseline/2020 BAU Projection amstcomplete GHG emissions through
the year 2013, with partial emissions for 2014ngshe updated data, methodologies, emission
factors, and GWPs discussed in Appendix A. Talgee8ents a comparison of GHG emissions
by year and GWP used. GHG emissions are showd ¥d990, 2) 2011 (the last year for which
a complete inventory was developed using the oetd@wWPs), 3) 2020 BAU Projection, and 4)
the 2020 Limit (25% below 1990). The first row hrettable shows GHG emissions which were
previously published by MassDEP and are based dd G/Ps. The second row in the table
shows GHG emissions which have been updated usuiged sector methodologies, updated
data sources, updated GWPs, and in some instapdaged emission factofs.

Table 2: Comparison of Massachusetts 1990 and 2011 GHG Emissions, 2020
BAU and 2020 Limit Using Various GWPs (MMTCO:e)

1990 2011 2020 BAU 2020 Limit:

(Baseline) (Actual) (Projection)* (25% below 1990)
Last published values (SAR 94.4 80.0 94.0 70.8
Updated values (AR4) 94.4 78.6 92.7 70.8

*AR4 BAU Projection based on complete emissions1f@®0-2008; original published BAU did not have gbete
emissions through 2008 for all sectors.

The spreadsheet in Appendix C was calculated usiRggGWPs and contains the GHG
emissions upon which this inventory is based. Tgteadsheet and the data presented have been
updated to include changes and improvements tgrthging of some of the sectors, color
coding, and graphs, as well as the presentatitimeoémissions by gas. The spreadsheets in
Appendices D through Q contain data upon whichréhresed 2001 through 2014 Electricity
Import emissions are based.

GHG emissions are provided for the following years:

* 1990 through 2010 (previously published as ‘firddta): now with revised sector
methodologies, updated data sources, updated GAMB3$n some instances updated
emission factors (see Appendix A below for details)

e 2011-2013: emissions are now complete for all tlyeses.

e 2014: incomplete for some sectors. The next updagpected with the early 2017
release of EPA’s SGIT (discussed in Appendix A).

MassDEP publishes a detailed inventory text docureeery three years as required by MGL
chapter 21N, section 2, subsection (c), and a dpheget inventory update twice per year when
major new data are released (by the U.S. Energyrirdtion Administration (EIA) for energy
consumption in mid-summer and by the U.S. EnviramiadeProtection Agency (EPA) for the

" AR5 GWPs are used for the refrigerants sectotferAR4 row in Table 2, as the underlying refrigenase data
source (EPA’s Vintaging Model) skipped from SARABRS without publishing refrigerant use based on AR4
GWPs.



remaining inventory sectors early in the calenasaryPrevious GHG inventory spreadsheets,
supporting appendices, and texts are avaitabiéne.

8 Seehttp://www.mass.gov/eea/agencies/massdep/climataggfrlimate/ghg/greenhouse-gas-ghg-emissions-in-
massachusetts.html#1
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Appendix A: GHG Emission Sources, Data Sources and
Methodology

This section describes the sources of GHG emisslates the methodologies that the
Department used to develop the updated Massach@dts inventory, and the differences
between the sources of GHG emissions and the matigds used to determine the original
1990 Baseline inventory and this update.

1. Sources of GHG Emissions

Combustion of Fossil Fuels. The biggest contributm CQ emissions comes from burning
fossil fuels for heat, transportation and eledyigeneration. Fossil fuel combustion also
generates ClHand NO. Residential, Commercial, Industrial, Transpaotatind Electric
Generation are the sectors in which fossil fuetscambusted.

Industrial Processes. The United States (US) Enmemntal Protection Agency (EPA) has
identified 15 specific United States industrial ggsses that emit significant quantities of GHGs:
Cement Production, Lime Manufacture, Limestone Ratbmite Use, Soda Ash Manufacture
and Consumption, Iron and Steel Production, Ammdfaaufacture, Urea Consumption, Nitric
Acid Production, Adipic Acid Production, Aluminuntduction, Hydrochlorofluorocarbon
(HCFC)-22 Production, Consumption of Substitutesdaone-Depleting Substances (ODS),
Semiconductor Manufacture, Electric Power Transimisand Distribution, and Magnesium
Production and Processing.

The industrial processes conducted in Massachugeeltsle Lime Manufacture, Limestone and
Dolomite Use, Soda Ash Consumption, Urea Consump@o@nsumption of Substitutes for
ODS, Semiconductor Manufacture, and Electric Polwansmission and Distribution.

Natural Gas and Oil Systems. The US EPA identdlephases of natural gas systems (including
production, transmission, venting and flaring, digdribution) and petroleum systems (including
production, refining, and transport) as sourceSlaf and CQ emissions. Of these, only the
transmission and distribution systems of naturalaya relevant for Massachusetts with
emissions coming from leaks from miles of pipelamel numbers of services, customer meters,
metering/regulating stations and venting.

Waste Management. The US EPA has identified sewarsie management activities that
produce significant GHG emissions: municipal sel@ste combustion, landfill methane
generation, and wastewater disposal and treatrAéirdf these are found in Massachusetts.

Agriculture and Land Use. The US EPA has identiBederal agricultural processes that are
important GHG sources across the country: enterroéntation (fermentation in the intestines of
certain animals such as cows and sheep), manuragaarent, management of plant residues
retained in soil, legume cultivation, agricultufaittilizer use, rice cultivation, and burning
agricultural residues. As with the industrial sagadentified above, some of these activities are
not found in Massachusetts or are at slelminimidevels that their contribution to GHGs in

11



the Commonwealth is negligible, if any (specifigalice cultivation and agricultural residue
burning are the two processes that do not occhtassachusetts). Land use means the
application of fertilizer (as discussed in sectobelow) and is different from land use change
(as discussed in section 6 below).

2. Data Sources and Methodologies for Developing the Updated 1990
Baseline/2020 BAU Projection

State and federal air pollution control programgehtaditionally estimated air emissions of a
wide variety of pollutants by applying pollutantegjific 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 activitiesyrskctors in the state’s economy. SGIT consists
of a series of modules, or spreadsheets, whichiled¢cemissions from the various sources of
GHG. Gases included in the inventory are: carboride (CQ), methane (CkJ, nitrous oxide
(N20), hydrofluorocarbons (HFC), perfluorocarbons (P&Gd sulfur hexafluoride (SF

The SGIT default data set provides a basis fomeging 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 methodolegg WMassachusetts electric generator fuel
use data (from the US Department of Energy’s Enérfprmation Administration (EIA)’s State
Energy Data System (SED'jo calculate the electricity sector emissionsrffoiel combustion.
The Department used SGIT’s estimates of GHG emmsdiom fossil fuel electrical generation
and other sectors to derive the inventory for Melssaetts.

The SGIT is updated annually (usually in Januarkeisruary) for all emissions sectors. Each
year, often by the end of June, EIA releases upd#tthe data that SGIT uses to calculate,CO
CH,4 and NO emissions from fossil fuel and biomass combugteept transportation sector
CH4 and NO, which SGIT calculates from other data). The Depant developed this revised
updated 1990 Baseline/2020 BAU Projection/GHG Inegnusing: a) the April 2016 release of
EPA’s SGIT populated with energy use by fuel antt@efor most fuel types from the June 29,
2016 release of EIA’'s SEDS, and b) a revised May62@lease of the SGIT Solid Waste
module.

3. Estimating GHG Emissions from Imported Electricity Generation

It is important to recognize that approximately 4d#the electricity used in the Commonwealth
in 2014 was imported from power plants locatedthreostates 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 stattft&jassachusetts-specific generation and load dat@ we

° See the EIA State Energy Data System (SED8itat/www.eia.doe.gov/emeu/states/_seds.html

9 From GWSA, ““Statewide greenhouse gas emissiahs’fotal annual emissions of greenhouse gaségin t
commonwealth, including all emissions of greenhayeses from the generation of electricity deliveieednd
consumed in the commonwealth, accounting for tréssion and distribution line losses, whether tleeteicity is
generated in the commonwealth or imported; provitiesvever, that statewide greenhouse gas emissitaiisbe
expressed in tons of carbon dioxide equivalents.”
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utilized to develop an imported emissions estinoat¢he ‘Elecimport’ tab of Appendix C. The
New England Independent System Operator (ISO-NRiclhwmanages the New England
electricity grid, publishes annual generation avatllmegawatt hour data for each New England
state. Data on electricity imported to New Englénodn the adjacent New York, New Brunswick
and Quebec control areas are also available fr@ANE.

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 Gtssions associated with electricity
consumption in regional and more state-specifidexds, since, due to the linked, regional
nature of the New England electric grid, electyigienerated in a state is not necessarily
consumed in that state, even if that state is am@arter of electricity.

The tables in this inventory present emissions@asad with electricity consumption using an
approach that more directly accounts for emissams®ciated with electricity generated in
Massachusetts, while an alternative regional amprasadiscussed further below. This approach
assumes that all electricity generated in Massaattaus used in Massachusetts (with the
exception of in-state generation for which a rert@e/@nergy certificate is used out-of-state, as
discussed further below). Thus, electric sectoissians in this approach are based on emissions
from Massachusetts power plants plus a portiomoe$&ons from power plants in the other New
England states that generate more electricity they use in a given year and in the adjacent
control areas (New York, New Brunswick, Quebecyears 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 sifammy excess generation (and associated
emissions) from each New England state that gexembre electricity than it uses. Thus, the
inventory includes a share of the emissions aswatigith each electricity-exporting state’s
exported electricity, as calculated from EIA fuebhcontent 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). Similarlg, ithventory apportions to
Massachusetts a percentage of the megawatt holassefs (and associated emissions) due to
pumped hydro and of the net annual imports intd&@-NE grid from the New York, New
Brunswick and Quebec gridSEmissions from the Canadian Provinces were cakilasing
Environment Canada’s National Inventory Regért.

1 The megawatt hours of imports and of losses asttivith pumped hydro were found in ISO-NE “NeeHjy
and Peak Load by Source” reporhétp://www.iso-ne.com/static-assets/documents/2Z0/5en_nel_iso_states.xls
The megawatt hours of losses associated with purnpe were apportioned to each New England staterding
to that state’s fraction of total New England load.

2 The New Brunswick and Quebec GHG emissions arecbas a Canadian report, the 2016 version of wisithe
National Inventory Report 1990-2014: Greenhouse &asces and Sinks in Canadavironment Canada, April
14, 2016 at

http://unfccc.int/national _reports/annex_i_ghg_imegies/national inventories submissions/items/9di®2 See
Table A13-5 “Electricity Generation and GHG Emissidetails for New Brunswick” and Table A13-6 “Elgcity
Generation and GHG Emission Details for Quebec’\ViViof electricity generated from wood combustioa ar
obtained from Statistics Canadlable 127-0006 - Electricity generated from fublgelectric utility thermal plants,
annual (megawatt hourBtatistics Canada, CANSIM (database), at
http://www5.statcan.gc.ca/cansim/a26?lang=eng&id90P6&p2=17(accessed April 2016).
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Massachusetts also considers electric sector emgss a broader regional context, due to the
linked nature of the New England electric gridwihich demand for electricity in one state
influences electricity generation in other stafgs alternative electricity consumption emissions
approach, documented on the far right of the ‘Ergrt’ tab of Appendix C, involves first
determining the fraction of New England electrigity MWh) that is consumed in
Massachusetts. Massachusetts is then assumeddspmmsible for that same fraction of the
GHGs emitted while generating that electricity. $helectric sector emissions in this approach
are based on the total New England GHG emissiams &lectricity generation plus GHG
emissions associated with electricity imported fribve adjacent control areas (New York, New
Brunswick, Quebec) in years that New England reszivet imports of electricity from those
control areas; this total was multiplied by theaaff Massachusetts to New England electricity
consumption.

The load, generation, and emissions data haveUggated in the ‘Elecimport’ and ‘EIA
Adjust’ tabs of Appendix C.

4. Updated Data Sources and Methodology Changes

Additional data sources have become available shmegublication of the initial 1990
Baseline/2020 BAU Projection in July 2009. The Me$risetts and EPA GHG Reporting
programs began collecting data with the 2010 emssyear and now provide some facility-
specific data that this inventory uses in plac8G1T defaults. GHG emissions data from these
reporting programs can be obtained from the MasssttsClimate Registry Information System
(CRIS)* and the EPAracility Levellnformation on GreenHouse Gases T@LIGHT).* This
inventory replaces certain SGIT data with Massaettsi$acility-specific data, particularly in the
industrial processes and solid waste sectors wher8GIT state level emissions are derived
from national emissions apportioned to states basgubpulation or sales. Another one of the
advantages of FLIGHT and CRIS data is that they#&sn available much sooner than SGIT.

In certain sectors, refinements have been madeetmput or output of SGIT using facility data
specific to Massachusetts (e.g., the Massachuakttsr Resources Authority (MWRA) digester
gas data in the wastewater sector). For otherisecoch as imported electricity and natural gas
systems, emissions are estimated outside of S@ially; for consistency, emissions from
certain sectors have been reassigned to otherséatalign this inventory with other inventories
or tracking systems which contribute to this ineent(e.g., emissions from municipal waste
combustors (MWCs) that generate electricity hawenb®oved to the electricity sector).

Specifically, the changes between the initial 1B88eline/2020 BAU Projection and this
Updated 1990 Baseline/2020 BAU Projection/Inventmey as follows:

Solid Waste - Landfills. The EPA’s revised May 2B6IT Solid Waste module has improved
its flaring and landfill gas-to-energy (LFGTE) dat@that the module no longer estimates

13 Seehttp://www.mass.gov/eea/agencies/massdep/climateggttlimate/approvals/ma-greenhouse-gas-emissions-
reporting-program.html#3
14 seehttp://ghgdata.epa.gov/
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negativelandfill emissions in Massachusetts. The 2016 S&dlid Waste module is used for
landfill emissions between 1990 and 2009; howeMassachusetts-specific landfill data is used
beginning with 2010. Massachusetts landfills weiguired to report to Massachusetts and EPA
beginning with their 2010 GHG emissiofsThis inventory uses emissions from FLIGHT rather
than CRIS for various reasons, including that #iewdations in EPA FLIGHT are more
transparent than in Massachusetts CRIS, and FLIG&$Tupdated to the AR4 GWPs while
CRIS has not.

The SGIT Solid Waste module assumes a state’s tinausaste landfill methane emissions as a
percentage of its MSW landfill methane emissiomevi®us versions of this inventory included
industrial landfill emissions that resulted fromngsthe SGIT default assumption of 7%. Further
review of landfills in Massachusetts revealed ang active industrial (limestone) mineral
waste landfill and several ash landfills. Sincesthenaterials do not decompose, methane
emissions from industrial landfills are considetedbe negligible. Therefore, the 2016 SGIT
Solid Waste module was run with the percentageathane from industrial landfills set to zero
for 1990 to 2009 and is no longer being used fgrsalid waste emissions beginning with 2010.
This change results in an approximately 0.2 MMTELE@ecrease in emissions from solid waste
each year, and therefore also from the Massaclusgdi, beginning with 2010.

Solid Waste - Municipal Waste Combustors (MWCs)wiNkata sources have led to a greater
understanding of the facilities combusting munitgmid waste (MSW) in Massachusetts
enabling the Department to fill in some of the remmay gaps in the GHG inventory, and to shift
the emissions from the combustion of solid waste imore representative sectors (i.e., electric
generation and industrial fuel use). Earlier ineeiais calculated the emissions from tons of
waste combusted in the SGIT Solid Waste module péackd the emissions from MWCs in the
Solid Waste sector. GHG emissions for each of évers MWCs in Massachusetts are available
from EPA FLIGHT beginning with 2010. The Departmpnfers to use the most specific
Massachusetts data available for this inventorgabse Massachusetts has implemented
regulations encouraging recycling and prohibiting disposal as waste of materials that have
other uses, which can result in lower GHG emiss{ets., due to increased plastics recycling
and thus reduced MWC emissions from combustiorastig). Therefore, emissions from
FLIGHT are used beginning with the year 2010.

There are seven existing MWCs in Massachusettof3hese generate electricity for
distribution on the grid. The emissions from thexeMWCs have been moved out of the Solid
Waste sector and into the Electricity sector. Htigns this sector with the Electricity Imports
calculations, which includes the MWh and emissimos1r MWCs in the base calculation
(NAICS-22 Non-Cogen in EIA Form 923), and with tiEPOOL-GIS tracking System, which
tracks RPS-eligible Municipal Solid Waste and Tr&stEnergy Renewable Energy Certificates
(RECSs) that are purchased by retail sellers oftetéty and settled into their various state
subaccounts for compliance with state RenewablégddorStandards (RPS). (See below for
details on Imported Electricity method changesdmoant for RPS-eligible RECs.) For these six

15 SGIT-estimated landfill emissions decline precipily from 1990 onward. If 1990 through 2008 enoissiwere
used to estimate BAU for this sector (as for ogemtors), unrealistically low landfill emissions it be projected
for 2020. Therefore, the 2020 BAU value for thistseis held steady at the 2010 emissions valuerteg through
FLIGHT.
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MWCs, GHG emissions are obtained from SGIT (a@noving the seventh MWC) for 1990-
2009 and from FLIGHT for 2010 to present.

Industrial sector - Waste Combustion. The seveniti®/in Massachusetts generates primarily
steam for use by local manufacturing. With this@988seline update, its emissions are being
moved to the Industrial sector. This requires sdiing the approximate tons of waste for this
MWC from the total tons of waste used to calcuakéGs from MSW for the Electricity sector
from 1990 until 2009 (see above) so that they atelauble-counted. EPA FLIGHT emissions
are used beginning with 2010.

During the 1990s there were other several other M\t¥@&t combusted MSW to generate steam
for the Industrial sector. EIA’s SEDS appears wude MSW combustion at the existing
industrial MWC and the other industrial MWC fag#ésg until they shut down, and Gldnd NO
were previously calculated by entering this datéCtbher” fuel in the Stationary Combustion
module. (CQ from this waste was not calculated as the Depanttnvas unable to determine the
disposition of this waste.) There appears to haglesMWC combusting MSW for the Industrial
sector after the year 2000.

Emissions from waste combusted in the Industrieiicseare now calculated on the ‘Solid Waste’
tab of Appendix C, applying the EIA national annbelgenic/non-biogenic MSW split to EIA
SEDS heat input data for the years 1990-2009. EFAI&HT emissions are used beginning
with 2010. This now allows the Department to cadtelinon-biogenic CHCH, and NO from

the combustion of the non-biogenic portion of EIBCE industrial waste combustion on the
‘Solid Waste’ tab, and to include those emissionthe Industrial Waste sector. ¢bhd NO

from the combustion of biogenic waste has beenatilthe emissions for this fuel source (see
section 6 of this Appendix A for a discussion afdenic waste).

Wastewater. The SGIT methodology calculates the &td NO emissions from the disposal
and treatment of municipal and industrial wastew&&IT uses a state’s population to calculate
the quantity of emissions. In Massachusetts, MWR#Vides wastewater treatment service to
approximately one thirf of the state’s population. The MWRA processeséiwage sludge at
Deer Island through 12 anaerobic digester “eggstiwhreak sludge down into biogas
composed primarily of methane gas, with some cadioxide, solid organic byproducts, and
water. This biogas is captured and burned in o#é@d steam generators to produce useful
steam and electricity for the siteln order to avoid double-counting the emissionsithis
biogas (as CHlin the wastewater sector and as,@@ce combusted), the population served by
the MWRA systertf has been removed from the SGIT Wastewater moduteducing the state
population used in the calculations by one thiegibning with the year 2000 (8 of the eggs
came online in 1995, the other 4 in 1998).

18 population for MWRA towns for 2000 and 2010 obéairfrom US Census website.

17According to the MWRA, a small amount of biogaflased. Flare data come from MWRA. The £&hd NO
emissions from the combustion of this biogas ackuged in the non-biogenic portion of this invegtdBee section
6 of this Appendix A for a discussion of flare bérgc emissions.

18 There are other smaller treatment plants servimgllsr numbers of municipalities which MassDEP rabsp be
able to account for in future inventories.
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The digested sludge from the eggs is then furthergssed into a pelletized-fertilizer product. A
2011 report on anaerobic digestion by MassDEP rb##s30% of Massachusetts biosolids are
used as fertilizer, with 8% being used in Massaetissind the remainder out-of-statén order

to avoid double-counting the emissions from thaesdlids (as NO in the Wastewater sector
and as fertilizer in the Agricultural sector), B@% of biosolids used as fertilizer was excluded
in the SGIT Wastewater module, reducing Wastewssetor NO emissions.

Industrial Processes - Lime Manufacture. Emissfonime manufacturing, historically absent
for long stretches of time from the EPA SGIT invagtfor Massachusetts and thus interpolated
for the missing years, now come from EPA FLIGHT ibagg with 2010 emissions.

Natural Gas Systems. The SGIT Natural Gas andy3ieths module does not contain certain
values needed to determine leak emissions frorrainemission or distribution of natural gas.
For natural gas transmission system emissions, M&Rsacquired the number of miles of
transmission pipeline from the US Department oin$§portation Pipeline and Hazardous
Materials Safety Administration (PHMSA) “Distriboti, Transmission & Gathering, and Liquid
Annual Data® collected from the natural gas transmission congsamperating in
Massachusetts, and used the SGIT default emisaaoré and number of gas transmission and
storage compressor stations.

However, emissions from the distribution systemraoe calculated on the ‘NatGas Systems’
tab of Appendix C. The data for distribution syssesme now obtained from EIA and from the
local distribution companies (LDCs). The leak emisdactors have also been updated.
Emissions are calculated for distribution pipelniées, services, customer meters, metering and
regulating stations, venting, pipeline blow dowdligj-ins, and pressure release valves.

Emissions from the natural gas distribution systemsist of leakage of the methane portion of
natural gas. Determining emissions from the systsnires knowledge of emission factors for
the various physical components composing theibligion network, and knowledge of the
number of such components in the network. Prighi®inventory update, the 2 components of
the distribution system that were used in detemgr@missions for this sector were the miles of
pipeline made of cast iron, cathodically-protectezel, cathodically-unprotected steel and

plastic, and the total number of service linesdmbs and businesses and the number of services
made of cathodically-protected steel and catholgicadprotected steel (available from the
PHMSA “Distribution, Transmission & Gathering, abiduid Annual Data” collected from the
local distribution companies in Massachusélts

This inventory update estimates emissions usingrites of pipeline and number of services
made of cast and ductile iron, cathodically-pratdctteel, cathodically-unprotected steel, plastic,
copper, and other. Additional distribution systesmponents that have been added in this
inventory update include the number of residentiainmercial and industrial customer meters

19 See Figure 7 in “Tapping the Energy Potential afnidipal Wastewater Treatment: Anaerobic Digestiod
Combined Heat and Power in Massachusetts,” MassDi?2011 at
http://www.mass.gov/eea/docs/dep/water/prioritieg/t 1. pdf
22 Seehttp://www.phmsa.dot.gov/pipeline/library/data-stptpelinemileagefacilities

Ibid.
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(available from the US Department of Energy’s Egdrdormation Administration data
collected from the local distribution companieMassachusett§ and the number of metering
and regulating stations in use in 1990 and cuydntitained from the local distribution
companies in Massachusetts).

Prior to this inventory update, the emission fagtased to estimate this sector's emissions from
pipelines and services were those found in EPAE SGhis inventory update uses a
combination of emission factors from SGIT, froml@fr report® for the Massachusetts
Department of Public Utilities, and from an Aprd25 stud¢” that measured equipment
emissions to estimate current emission factors.Aprd 2015 emission factors were combined
with the most recent miles of pipeline (for 201B)mber of services (for 2015) and number of
metering and regulating stations (for 2014). ThE-f€commended emission factors were
combined with the 1990 miles of pipeline, numbes@ivices and number of metering and
regulating stations, except for plastic pipelirfes which the SGIT emission factor was used
since it is more representative of the higher eimnissrate in 1990. The emission factors for
miles of pipeline and number of services from 188%bugh 2013 were interpolated using the
emission factors for 1990 and 2014. The GHG emissior metering and regulating stations
from 1991 through 2013 were interpolated usingetméssions calculated for 1990 and 2014.

For residential and commercial customer metersyvanting (consisting of pipeline blowdowns,
pipeline digins and pressure relief valves, withssmon factors expressed per pipeline mile) the
emission factors from the ICF report were usedafbyears, as the April 2015 study did not
assess such emission factors. For industrial meteremission factor was developed from
ICF’s underlying source documéhto exclude an extreme outlier that would othenifisticate
industrial meters to be a greater source of emmsdioan the sum of all other distribution system
emissions, and would represent unsafe operatidrdtes not match the Massachusetts
experience.

Application of Lime, Urea and Fertilizer to Agri¢utal and Settlement Soils (Land Use).

The Department has chosen to include,@@d NO emissions from the application of lime, urea
and synthetic fertilizers to soils calculated byl'&& Land Use, Land Use Change, and Forestry
(LULUCF) module for the first timé° The CQ emissions result from lime and urea applied to
agricultural soils, the pO emissions result from the application of synthértilizer to
‘settlement’ soils (lawns), however all emissioatcalated from ‘application to soils’ have been
added to the Agriculture sector for this inventapdate. The inclusion of emissions from this

22 Seehttp://www.eia.gov/beta/api/gb.cfm?category=481105

2 Lost and Unaccounted for Gadecember 23, 2014, shtp://www.mass.gov/eea/docs/dpu/gas/icf-lauf-
report.pdf

% Direct Measurements Show Decreasing Methane Emis$iom Natural Gas Local Distribution Systemshia t
United StatesApril 13, 2015, seéttp://pubs.acs.org/doi/abs/10.1021/es505116p

% See “Field Measurement Program to Improve Unaetits for Key Greenhouse Gas Emission Factors for
Distribution Sources” Gas Technology Institute, Romber 2009, dtttp://www.otd-
co.org/reports/Documents/77b_OTD-10-0002_GHG_Emisdtactors_FinalReport_v2.pdf

% The Department has not included any other data fre LULUCF module in the inventory. Forest sequagon
data has been provided separately and is documentadab in Appendix C. As noted in the April 2(Résponse
to Comments document, the Department is contintdrngork with EEA to further develop carbon sequesbin
data.
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land use sector results in an increase of less@HaMMTCQOe to the Agriculture sector, and
therefore also to the total inventory, each year.

Imported Electricity Generation. This inventoryagtates a change into the imported electricity
methodology to address the Massachusetts Departh&mergy Resources’ Renewable
Portfolio Standard that requires increasing amoahtenewable power be sold each year,
beginning with 2003’ Other New England states have similar programes&hmenewable
power sales are documented through the use of Rdahe\Energy Certificates (RECSs). While
the electric-sector inventory methodology (desailesection 3 of this Appendix A)

indirectly”® accounts for the use of RECs, this inventory leentexpanded to more explicitly
and fully account for the purchase of RECs by Melsssetts retail electricity sellers. Since the
RPS requires increasing amounts of renewable emmegytime, it is possible that the previous
methodology would have caused an increasinglydessirate Massachusetts GHG inventory
over time. Prior to this inventory update, onlyemtories for 2009 and later accounted for REC
use.

For example, if Massachusetts retail electricitg@iers buy RECs from a power plant in a state
that is a net importer of electricity, the inverptonethodology to-date has not reflected
emissions associated with such RECs. LikewiseEI€ER associated with power generated at a
Massachusetts in-state power plant are sold ostaté&, the Massachusetts inventory to-date has
included the emissions (or lack thereof, if thalfigcis non-emitting) from such a plant, when
they should more appropriately be allocated tostage that purchased the RECs.

Therefore, beginning with 2003, MassDEP has expaiite inventory’s electric-sector
methodology to address RECs generated in one Ngfaish state or adjacent control area, but
used in anothet’ Imported electricity emissions are now calculaiadseparate spreadsheets
(Appendices F through Q). The data sources for stth’'s GHG emissions have been
improved and are now calculated from a more rofagslity-specific data set that incorporates
Regional Greenhouse Gas Initiative (RGGI) emissfondlew England states and EIA’s Form
923 facility heat input data. In addition, biogenis, well as non-biogenic, emissions have been
included. Interim spreadsheets (Appendices D artthk¢ been used for the years 2001 and
2002. The interim spreadsheets also use the RGIGEBNForm 923 data to derive emissions
and introduce biogenic emissions from importedtelgty; however, they pre-date the RPS
program and therefore do not need to address RECs.

5. Global Warming Potential and Emission Factor Updates

Updated Global Warming Potentials (GWPR)e 1990 Baseline/2020 BAU Projection
published in 2009 used the GWPs from the IPCC Skémsessment Report (SAR), published

27 Seehttp://www.mass.gov/eea/energy-utilities-clean-tesewable-energy/rps-aps/

% The indirect accounting did not consider whetHecteicity was generated by RPS-qualified genestdo the
extent that RPS-qualified generation occurredsitage that generated more electricity than it uagghrtion of the
emissions of such generation were assigned to Mhassatts under the indirect accounting methodol®beg.
inventory now accounts for the state that RECdesiett

2 As documented in Appendix C, this methodology dsiibff MassDEP work associated with GHG reportigg b
Massachusetts’ retail sellers of electricity.

% The EIA Form 923 data is the source of the EIA SEiata.
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in 1996, consistent with the US National GHG InweptReports. The IPCC has published
several assessment reports since that time witatagdsWPs, most recently in the Fourth
Assessment Report (AR4) in 2007 and the Fifth Assest Report (AR5) in 2013. To comply
with United Nations Framework Convention on Clim&teange (UNFCCC) international
reporting standards, the US National GHG Inven®eyport, published in April 2015, moved to
the AR4 GWPs (with the exception of substitutesdmone depleting substances
(ODS)/refrigerant gases as noted below). That teptnoactively assigns the AR4 GWPs to all
emissions back through 1990.

The EPA GHG reporting program also moved to the ARMPs in 2015, recalculating all
facility emissions back through the earliest yegnorted to EPA (2009 or 2010, depending on
the sector). EPA’s January 2015 SGIT modules gislated all GHG emissions with AR4
GWPs retroactive to 1990 (again with the exceptib®DS substitutes/refrigerants). The
Massachusetts GHG Reporting Program Climate Rgdisiormation System (CRIS) is still
using SAR GWPs, but only negligible quantities ¢f,&nd NO from CRIS! are included in
this inventory.

The Department sought comment on whether AR4 or GREs should be used in the updated
1990 Baseline/2020 BAU Projection. AR4 was chosethat the Massachusetts inventory
would be consistent with all national inventorikattare also being updated to AR4.

Table Al below provides the GWPs from IPCC assessnegorts for a small sample of GHGs,
showing the difference, as a percentage, betweeSAIR GWPs used in the initial 1990
baseline/2020 BAU Projection and the AR4 and AR5R®\ihat were considered for this
updated 1990 Baseline/2020 BAU Projection. Of nata the release of the AR5 GWPs are the
separation of methane and fossil methane, andthasion of climate-carbon feedbacks. The
Department is considering incorporating this newiaee and feedback information into future
inventories, after guidance for their use has hacertime to develop at national and
international levels (see the cautionary note filBAC below Table Al regarding the use of
fossil methane values). Also of note with ARS is tisting of new ODS substitutes that have
been manufactured in recent years.

31 Specifically, this inventory incorporates CRIS £ahd NO emission from the combustion of landfill gas in
landfill flares and in non-grid-connected engines.
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Table A1: 100-Year Global Warming Potentials (GWPs) - for selected GHGs

)

GHG Second Fourth Difference Fifth** Difference
Assessment | Assessment | between | Assessment | between
Report Report SAR and Report SAR and
(SAR) (AR4) AR4 (AR5) AR5
1996 2007 % 2014 %
CO, 1 1 0.0 1 0.0
CHy4/Fossi| CH4* 21 25 19.0 28/30 33.3/42.4
N,O 310 298 -3.9 265 -14.5
SFe 23,900 22,800 -4.6 23,500 -1.7
HFC-134a 1,300 1,430 10.0 1,300 0.0
HFC-1234yf <1
C,F¢ (aka PFC-116) 9,200 12,200 32.6 11,100 20.7
CF,4 (aka PFC-14) 6,500 7,390 13.7 6,630 2.0
c-C,Fg (aka PFC-318) 8,700 10,300 18.4 9,540 9.7

* “Metric values for CH of fossil origin include the oxidation to GQbased on Boucher et al., 2009). In
applications of these values, inclusion of the,€ffiect of fossil methane must be done with caut@mavoid any
double-counting because €@missions numbers are often based on total cartvatient. Methane values without
the CQ effect from fossil methane are thus appropriatddssil methane sources for which the carbon leanb
accounted for elsewhere, or for biospheric mettsmueces for which there is a balance betweept@ken up by
the biosphere and G@roduced from Clloxidization.”

** Climate-carbon feedbacks in this table are id&d only for CQ.

Sources:

For GWPs, sehttp://www.ipcc.ch/publications _and_data/publicaoand data_reports.shtml#1

For Table Notes, see: Table 8.AClimate Change 2013: The Physical Science B&gking Group |

Contribution to the Fifth Assessment Report ofltitergovernmental Panel on Climate Change, see
http://www.ipcc.ch/report/ar5/wgl/

Updated Combustion Emission Factors (EFs). The ibeeat used EFs from EIA and IPCC

when developing the 1990 Baseline/2020 BAU Propectiublished in 2009. Now, additional
EFs from EPA’'s GHG Reporting Rifeare available, and were used in calculating eonissi
from imported electricity and biogenic fuel sourcése EFs used in this inventory are selected
by giving preference to EFs developed for areasitbst geographically proximate to

Massachusetts (e.g., preference for US EFs ovamiational default EFs) and temporally recent

(e.g., preference for more recent EFs over oldai).EFhis prioritization results in this inventory
using: EIA’s CQ EFs by fuel type where available to calculate, @®issions; EPA’s EFs by
fuel type to calculate C{emissions where EIA EFs were not available anchtoulate CH and

N>O emissions; and IPCC EFs by fuel type to calcuB# emissions where EIA and EPA EFs
were not available.

32 See Table C-1 dittp://www.gpo.gov/fdsys/pkg/CFR-2014-title40-vol@df/ CER-2014-title40-vol21-part98-

subpartC-appC.pdind Table C-2 atttp://www.gpo.gov/fdsys/pka/CFR-2014-title40-voladif/CFR-2014-title40-
vol21-part98-subpartC-appC-id656.pdf
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6. Biomass Biogenic CO: Emissions, Forest Sequestration and Land Use
Change Emissions

Biogenic GHG emissions are the emissions of @@t result from land use change and forest
sequestration, and from the combustion of biogeraterials. (Biogenic material means plant or
animal material, excluding fossil fuels.) Emissidrsn land use change include the one-time
release of previously sequestered soil carbonaltigetsoil disturbance involved. Given the lack
of annual data for biogenic sources and sinksDiggartment has estimated biomass biogenic
CO, emissions from forest sequestration and land naege. Despite the challenges in
accurately calculating these data on an annuas biasippears that other, non-annual, data
available for the biomass sector are sufficiend, #aeir magnitude is significant enough that it is
important to continue to track them going forwdbdetails of land use change and forest
sequestration emissions data between 1990 andc2dilbe found below and on the ‘Forest &
Land Use Change’ tab of Appendix C.

Biogenic CQ emissions result from the combustion of biomassésfuncluding: biofuels, such

as ethanol (used in vehicles and in the commeaaidlindustrial sectors), wood and paper
(largely combusted at residences and electric géinarplants), landfill gas (either flared or
combusted for electric generation), biogas (fromeaabic digestion of sludge waste), and the
biomass portion of municipal solid waste (combustedaste-to-energy plants). In presenting
the biogenic C@emissions associated with the combustion of bigirthass inventory uses the
convention for biogenic sources adopted by the WBdsources Institute, The Climate Registry,
and others, which report biogenic €émissions separately from other GHG emissionscelen
Tables 1 and 2 do not include €@leased during combustion of biomass.

For this updated 1990 Baseline/2020 BAU Projectid®; emissions due to biomass
combustion and oxidation for the years 1990 thra2@t3 were calculated using data from
ElA’s June 2016 data release, from the Massachuaett EPA GHG Reporting Programs (e.g.,
Massachusetts CRIS landfill oxidation and EPA FLIGMWC data), and from data obtained
directly from facilities (i.e., MWRA). These emissis calculations can primarily be found on
the ‘Biogenic Calcs’ tab of Appendix C. Gldnd NO emissions from wood and electric sector
MSW combustion continue to be calculated in an S@b6dule. CQemissions from
Massachusetts’ consumption of imported electriggperated from biomass combustion were
determined using the methodology discussed abavienfirted electricity generation.

Biogenic GHG emissions for 1990 and 2014 are sunzexdin Table A2 and Figure Al below.
While there are more sources of data availabléifagenic emissions now than there were for
the initial 1990 Baseline/2020 BAU Projection, theta continue to present some limitations.

For instance, to the extent that biomass harvestbthssachusetts is also combusted in
Massachusetts, such emissions are double-repateahsbustion and land use change
emissions. Some additional limitations include boar sink data that are only included for
forestry; annual forest sink data points, for tkeang in between forest surveys, that are based on
interpolated rather than measured data; and muisgdid waste combustion whose biogenic

% Note, CH and NO emissions associated with biomass combustiomaleded in emissions in Table 1, as part of
the Stationary Combustion, Waste, and Mobile Cornibnigategories. COemissions associated with biomass
combustion are not included in Tables 1 or 2.
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fraction is estimated using the national fractimmi 1990 to 2004.

Table A2: Biogenic GHG Emissions (MMTCOze) from Combustion, Oxidation,
Forest Sequestration, and Land Use Change

1990* 2014
Total Combustion Emissions 4.8 6.4
Residential from Fuel Combustion 1.7 1.1
Commercial from Fuel Combustion 0.2 0.2
Industrial from Fuel Combustion 0.7 0.4
Transportation from Fuel Combustion - 1.6
Electricity from Fuel Combustion 2.2 3.1
Electric Generation - 0.4
Electric Generation from Waste 2.2 1.7
Electricity Imports - 1.0
Waste Landfill Gas Combustion (non-electricity) - 0.1
Landfill -Landfill Gas in flares, engines & i 0.1
turbines '
Wastewater — Landfill Gas in flares - 0.002
Oxidation of Landfill Gasin surface cover - 0.1
Total Combustion, Imports & Oxidation 4.8 6.5
Forest Sequestration -8.3 -12.4
Land Use Change Emissions 1.6 0.8
Net Biogenic CO, Emissions -1.9 -5.0

Notes:
» Due to rounding to 1 decimal place, some totalsappigher or lower than the simple sum of theasct

* To the extent that biomass harvested in Massadbusaetombusted in Massachusetts, associated CO
emissions are double-reported in combustion andl lse change emissions.

34 Blank rows are due to either lack of data, or ¢esrin combustion fuels (e.g., ethanol) over time.
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Figure A1: Estimated Massachusetts Biogenic COz Combustion and Oxidation
Emissions 1990-2014 by sector
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Note: To the extent that biomass harvested in Mdmssaetts is combusted in Massachusetts, asso€i@ed
emissions are double-reported in combustion andi lse change emissions.

The Department made the following methodology cleangith this updated 1990 Baseline/2020
BAU Projection for the biogenic G&missions from the combustion of biomass fuel sesir

Solid Waste/Landfills. Beginning with 2010 emissspMassDEP obtains biogenic €0
emissions from the Massachusetts GHG Reportingr@no& RIS for the oxidation of landfill
gas and for the combustion of landfill gas in lalhéiares and in non-grid-connected engir@s.
(The CH, and NO emissions from combustion of this landfill gas arcluded in the non-
biogenic portion of this inventory.)

Solid Waste - Municipal Waste Combustors (MWC).ddscussed above, GHG emissions from
the six electricity-generating MWCs have been maweeithe Electric sector. Biogenic GO
emissions have been calculated for MSW combustidhe Electric sector, by applying the EIA
national annual biogenic/non-biogenic MSW spliEté SEDS heat input data from 1990-2000,
and then to EIA Form 923 heat input data from 200@4. EIA Form 923 heat input data is used

% In contrast, beginning with 2006 emissions, MasB@IEtermines grid-connected landfill gas enging CO
emissions based on EIA heat input data.
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directly from 2005-2009 and EPA FLIGHT providesili#g specific emissions beginning with
2010. (The ChHand NO emissions from combustion of the biogenic portdMSW are
included in the non-biogenic portion of this invenyt)

Industrial sector — Waste Combustion. As discusdree, GHG emissions from the seventh
waste-to-energy MWC have been moved to the Industector, along with the other industrial
MW(Cs that operated during the 1990s. Biogenig €Qissions have been calculated from EIA
SEDS from 1990-2009 using the national split methagly discussed above. EPA FLIGHT
emissions are used beginning with 2010. (Thq @kl NO emissions from combustion of the
biogenic portion of industrial waste are includedhie non-biogenic portion of this inventory.)

Wastewater. As discussed in section 4, the biagas MWRA's Deer Island anaerobic
digesters is combusted primarily to produce eleityrand steam for the facility, with some
biogas being flared. The G@missions from the combustion of this biogas fargy
production are included as Commercial sector bimgemissions. The C{emissions from the
combustion of this biogas in the flare are includsdVastewater sector biogenic emissions.
(The CH, and NO emissions from the combustion of this biogasrackided in the non-
biogenic portion of this inventory.)

Imported Electricity. Biogenic emissions from impeat electricity were not included in the
original 1990 Baseline/2020 BAU Projection and datastill largely unavailable for 1990-

2000. The calculation of biogenic emissions frorpanted electricity begins with 2001 and
benefited from the same methodology improvemerssudised above in section 4. Emissions are
calculated using the spreadsheets in AppendicesdEdor 2001-2002, and the GHG Inventory
Import spreadsheets in Appendices F through Q begirwith 2003. (The ClHand NO

emissions from combustion of biogas are includetthénon-biogenic portion of this inventory.)

7. Other Methodological Issues

Several potentially significant sources of GHGsraskincluded in the Massachusetts inventory
due primarily to the difficulty in quantifying eng®ns in these sectors. These notably include
GHG emissions and sequestration from embodied engsand Black Carbon.

Embodied Emissions.

» Traditional emissions inventories (including thel®Gand projections are based on the
production of emissions in a geographic area. Bussions can also be generated by the
manufacture of products elsewhere and the traretpmrtof these products into
Massachusetts (and thus “embodied” in these prejfludiith the exception of electricity
sector emissions (discussed in section 3 above$sems that occur during the manufacture
of products used in Massachusetts are not includ#ds inventory. For example, in the case
of gasoline, emissions from combustion in vehigheBlassachusetts are counted, but
emissions from extracting and refining petroleuradus Massachusetts are not. This
treatment of “lifecycle” or “embodied” emissionsdsnsistent with the structure of GWSA.

It also recognizes the difficulty in obtaining détd information about how items imported
into Massachusetts are produced, and ensuresithaaine emissions are not double counted
in more than one jurisdiction.
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» On the other side of the equation, some embodiasis@ns 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 piasti landfills, asphalt in roads and a
portion of construction materials in permanentdiands. While EPA’s SGIT does exclude
the non-energy consumption of asphalt and roaftail reported emissions, the fate of most
other materials consumed in Massachusetts is mpessed in the inventory.

Massachusetts data on consumption of such gooutd @&vailable. Detailed data on imports of
such goods to the state by industry, or whererttports come from, is also not available. At
best, the Department can only make rough extrapakfrom national data. Further, the
available academic studies do not have data foGIMSA base year of 1990. One study
presents 1997 — 2004 data, making it difficult to@polate backward to 1990Nor are there

good forecasts of where manufacturing will takecplan 2020, what Massachusetts consumption
will be in that year, or what the carbon intens$agtors will be in future years for each industry,
in each country and state.

For these reasons, the Department cannot makenadascestimates of net GHG imports to the
Commonwealth in 1990, nor project them to 2020. klesv, because of the importance of such
impacts, and possible future policy options thatld@ddress this, the Department will continue
to track research in this area.

Black Carbon. Black Carbon is one of the shortdieémate pollutants (SLCPY.It is “the most
strongly light-absorbing component of particulatattar (PM), and is formed by the incomplete
combustion of fossil fuels, biofuels, and bioma¥s0ver 50% of the black carbon emissions in
the U.S. come from mobile sources, particularhsdiengines. The Department, in partnership
with federal, state and private entities, has heerking to reduce diesel emissions from on- and
off-road sources, implementing many grant progreosipport installation of diesel retrofit
controls (e.g., diesel particulate filters and diexidation catalysts). Although the Department
does not have black carbon emissions data for i®8@lude in the GHG inventory, diesel
emissions reduction efforts in Massachusetts haea bngoing for many years. For a list of the
diesel reduction programs in Massachusetts seer&@pp8 “MassDEP Emission Reduction
Programs for Mobile Sources.”

EPA projects that black carbon emissions will dexi86% from 2005 by 2030 largely due to

3% “Embodied Environmental Emissions in U.S. Inteiorzal Trade,” 1997-2004,” Christopher L. Weber &hd
Scott Matthews, Environmental Science & Technol@p07; “CGQ 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.

37 As indicated by the California Air Resources BoBtort-lived climate pollutants are powerful clitedorcers
that remain in the atmosphere for a much shortéogef time than longer-lived climate pollutanssich as carbon
dioxide (CQ). Their relative potency, when measured in terfritsoav they heat the atmosphere, can be tens,
hundreds, or even thousands of times greater tramt CQ. The impacts of short-lived climate pollutants are
especially strong over the short term. Reducingdh@amissions can make an immediate beneficial ingraclimate
change. http://www.arb.ca.gov/cc/shortlived/shortlived.htm

%3ee US EPA Black Carbon webpagéiap://www.epa.gov/blackcarbon/basic.htanid EPA’sReport to Congress
on Black CarbonMarch 2012, ahttp://www.epa.gov/blackcarban/
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controls on new diesel-fueled equipment requiredlbyady-promulgated regulatiori$As EPA
indicates, “BC emissions from mobile diesel engiiesluding on-road, nonroad, locomotive,
and commercial marine engines) in the United Statedeing controlled through two primary
mechanisms:
* emissions standards for new engines, includingirespents resulting in use of diesel
particulate filters (DPFs) in conjunction with @tiow sulfur diesel fuel; and
» retrofit programs for in-use mobile diesel engireeg;h as EPA’s National Clean Diesel
Campaign and the SmartWay Transport Partnershigr&m”

Combustion of biomass in industrial and residentiad combustion also contributes to black
carbon emissions in Massachusetts. For industriaices, available control technologies and
strategies include direct particulate matter reidadiechnologies such as fabric filters
(baghouses), electrostatic precipitators (ESPs) dasel particulate filters (DPFs). Residential
black carbon emissions from wood stoves in the Conwealth have been addressed through
rebate offer® to assist Massachusetts residents in replacingsfok-certified wood stoves with
cleaner, more efficient EPA-certified wood or peioves. Wild fires, which contribute
substantially to black carbon emissions in mangestaare not a significant source in
Massachusetts.

Emissions of other SLCPs, such as methane andrfated gases, are included in this inventory.

8. Issues for Future GHG Inventories

Technology changes, methodology changes, and gdttes will inevitably affect future GHG
emissions inventories. Methodologies and data &susce subject to revisions and
improvements each year and the Department willicoatto use the best data and approaches
available. A few potential areas for change include

Industrial Processes. SGIT bases its calculatiddFpEmissions from Electric Power and
Distribution Systems on the ratio of each statéstecity sales to national electricity salesgSF
consumption in Massachusetts and the U.S. haslsdramatically since 1990. In
Massachusetts, emissions have decreased from4léhédric tons of S§ Beginning with spring
2016, compliance submittals under the new Mass2gRBlation 310 CMR 7.7Reducing Sulfur
Hexafluoride Emissions from Gas-insulated Switchgea due, and will be analyzed in
comparison to the GHG inventory.

Forest Sequestration and Land Use Change. The whfogested lands as a carbon sequestration
sink and the carbon released due to forest lartcgatorially to land use change were documented
in the initial 1990 Baseline. While other land uséso sequester carbinthe Department

39 Seehttp://www3.epa.gov/blackcarbon/mitigation.html

0 See the Commonwealth Wood Stove Change-Out progrgrartnership between MassCEC, the Massachusetts
Department of Environmental Protection and the Biepent of Energy Resources at
http://www.masscec.com/programs/commonwealth-wdodeschange-out

1 For example, blue carbon is a form of sequestratiat has gained attention in recent years. “@bha#ie carbon

is the carbon captured by living coastal and maoiganisms and stored in coastal ecosystems. Sadthes,
mangroves, and seagrass beds play two importat: rol
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focused on forests because those data are mosgy raeailable and forests account for the
largest portion of naturally sequestered carbon.

While overall forest acreage in Massachusetts edgdugreatly from a low point in the mid-
1800s (the peak of our agricultural period) toehely 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 timayal forest carbon sequestration is still
increasing as the Commonwealth’s relatively yowrg$ts mature. The Massachusetts Office of
Geographic and Environmental Information (Mass@&] the University of Massachusetts at
Ambherst have tracked land use via the interpretaticstatewide aerial photography since the
1970s, most recently for photography taken in 2d@binterpolate between available years, and
for years since 2005, the Massachusetts Execufifiee@f Energy and Environmental Affairs
has used housing permit data from the US CensusaBuo 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 Berat approximately 550 permanent
Massachusetts forest plots (known as the Foreshbovy and Analysis (FIA)). The net growth
is multiplied by the forest cover acreage to gieegrowth in tons per county, and converted to
tons of CQ using a formula derived from chemical analysisreés (approximately one-half of a
tree weight is carbon).

In addition to this aboveground forest carbon gera significant amount of carbon can be
stored below ground in coarse roots and in foreitd.SOrganic carbon accumulates in forest
soils and can reach density levels nearly equidabof above ground biomass of a mature forest
stand. All exposed soils sequester carbon (atadetermined by soil class, cover type, and
disturbance regime), but only forest soil sequéstnas included in Table A2. 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 tonthirae release of significant quantities of
carbon previously locked up in natural ecosysterkssias the development disrupts the normal
course of the long-term carbon cycle. In orderte@taccount of these emissions, this inventory
is using land use change data together with estgnatcarbon stored in forests and soil to
guantify the annual emissions due to land use ahagigtails of land use change and forest
sequestration emissions data can be found on thhesF& Land Use Change’ tab of Appendix
C)

EEA is exploring further improvements to the estioraof the benefits of forest protection;
such information will be incorporated in future @ntories, as available.

» Carbon sequestration—the process of capturing oadflmxide from the atmosphere, measured as a fate o
carbon uptake per year

« Carbon storage—the long-term confinement of caibgrlant materials or sediment, measured as a total
weight of carbon storedittp://www.habitat.noaa.gov/coastalbluecarbon.html
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Appendix B: MassDEP Emission Reduction Programs for Mobile

Sources
February 2015

Program/Activity

Funding

Type of Engines

Status

Alternative Technology

Diesel Hybrid Truck Purchasing Grant Program

MassDEP used funding from the federal American Regoand
Reinvestment Act (ARRA), the federal Diesel Emissi&Reduction
Act (DERA), and a MassDEP Supplemental EnvironmniePitaject
(SEP) from an enforcement-related project to offisetincremental
cost (up to 25% or $40,000) of purchasing 11 digssdium- and
heavy-duty hybrid trucks for commercial and utilikyets. The
hybrid vehicles replaced conventional diesel-podérecks.

$401,207

Commercial an
utility trucks

i Completed

April 2012

Electrification

Massachusetts Electric Vehicle Incentive PrograragsEVIP):
Fleets Grant Program

MassDEP is providing $2.5 million in incentivesNtassachusetts
public and private entities, including municipaigj state agencies
universities, and drivers’ education schools, Far acquisition of
electric vehicles and charging stations. ThusNassDEP has
awarded more than $1.3 million in incentives fo6 Electric
vehicles and 48 Level 2 dual-head charging statamkis currently|
accepting applications under Phase 3 of the program

$2,500,000

On-road
passenger
vehicles

Active

Massachusetts Port Authority (Massport) Fish Plectfication
Project

For this idle reduction project, MassDEP distriltlfeRRA funding
to Massport to install three Shore Connection Syst® provide
electricity for six fishing vessels berthed at Bwston Fish Pier.
Boat owners can use the 100-amp system to supgdirieity for
lighting, heat and other needs. Previously, vesaglers would idle
diesel generators 10 to 14 hours a day to suppbtradity. Vessels
typically dock at the Fish Pier 100 to 300 day®ary

$100,000

Fishing vessels

Completed
2012

Massachusetts Zero Emission Vehicle (ZEV) ActicanP!

The Massachusetts ZEV Action Plan, which grew dabheMulti-
State ZEV Action Plasee below), identifies actions and strateg
that are consistent with the multi-state plan alehiifies additional
state-specific actions that align with the Commaoaltfes climate
and renewable energy goals, policies, and curreit arket. The
MassEVIP Programs are part of this Plan.

N/A

On-road
passenger
vehicles

Active

MassCleanDiesel: Clean Markets Program

In Round I of this grant program, MassDEP used DERA SEP
funds to replace 52 diesel transportation refrig@naunits (TRUs)
with electric TRUs that will be connected to theattic grid. The
electric units will be installed on privately ownprbduce trailers
serving wholesale markets, distribution facilitiesd warehouses.
In Round II, MassDEP is replacing 23 diesel TRUthwiectric

Round I:
$716,243

Round II:
$373,684

units at fish and produce markets and distributienters.

Freezer units on
produce storage
trailers

Round I
Completed
May 2013;

Round I

Completed

September|
2015
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Program/Activity

Funding

Type of Engines

Status

MassEVIP: Workplace Charging Grant Program

MassDEP is providing $1.4 million in funding foretldeployment
of Level 1 and Level 2 electric vehicle chargingtigins at
workplaces across the Commonwealth. As of Dece@®g4, 153
charging points have been committed to at 87 diffestreet
addresses (51 employer/property manager entitbesise by
employees.

$1,400,000

On-road
passenger
vehicles

Active

Multi-State ZEV Action Plan

In May 2014, Governors of eight states, including,Meleased this
Plan to increase the number of ZEVs to a colledtwget of at leas
3.3 million vehicles in the eight states by 2028 &mestablish a
fueling infrastructure to support the vehicles. Fian identifies the
cooperative actions that each state must undera&ehieve the
target; however, each state must take its own stepshieve its
specific goal (seMassachusetts ZEV Action Plabove).

[

N/A

On-road
passenger
vehicles

Active

Emission Standards/Limits

Implementation of California Vehicle Emission Stards
MassDEP adopted the California Low Emission Veh{tEV)
Program for all gas and diesel passenger carsgtmdrucks sold
in Massachusetts. MassDEP also adopted the CadifaEV
Program for heavy-duty trucks with a Gross Vehisleight Rating
(GVWR) of 8,501-14,000 Ibs., which California cabeiges as
medium-duty vehicles. (For heavy-duty trucks ow&000 Ibs.
GVWR, federal standards apply.)

N/A

Diesel light-duty,
medium duty
vehicles

Active

Ventilation Certification Regulation

In 1991 MassDEP established emission limits fomezprecursors
and particulate matter for the day-to-day operatiointhe Central
Artery/Third Harbor Tunnel project.

N/A

On-road vehicles

Active

Idling Reduction

Idling Reduction Toolkits

For several years MassDEP used grant funding tdhulige idling
reduction toolkits to 71 Massachusetts communéies two
regional groups working to develop municipal oresakbased
idling reduction programs. The toolkits containé@st signs, hand
cards, and guidance materials on how to implemeff@ctive
idling reduction program. Although grant fundingis longer
available for this project, the toolkit brochurestinue to be
available on MassDEP'’s website.

$54,250

On-road vehicle

S

Complet
December
2009

Massachusetts Idling Regulation and Statute

The Massachusetts anti-idling statute and reguldimoit idling to
five minutes and, except in certain circumstanapgly to all
vehicles, including non-road, marine and rail opierss, regardless
of fuel type. Local boards of health are respomsibt enforcing the

regulation and statute.

N/A

On-road,
locomotive, and
off-road engines

Active
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Program/Activity

Funding

Type of Engines

Status

Repower/Engine Replacement

Massachusetts Bay Transportation Authority (MBTAcbmotive
Head-End Power (HEP) Unit Repower Program

MassDEP allocated ARRA, DERA, and SEP settlemamdguo the
MBTA to replace unregulated Tier O engines with néer 2
compliant (repower) on 18 HEP generator sets indtemuter
locomotive fleet. HEP generators supply electimaler used for
heating, cooling, and lighting in passenger coacAkkough much
smaller than main locomotive engines (670 horsepoersus
3,000 hp), HEP engines typically consume 40 percentore of
the diesel fuel used by a locomotive and emit aturtial amount
of the total emissions.

$1,754,766

Locomotives

Completed
Dec 2012

Retrofits

Clean Air Construction Initiative (CACI) (also cadl the
Massachusetts Diesel Retrofit Program)

Several large private contractors working for themttal
Artery/Tunnel Project installed pollution contraj@pment on 200
pieces of construction equipment, with equipmestsoanging
from $1,000 to $3,000 a vehicle. Diesel oxidatiatatysts (DOCs),
a type of retrofit technology, were installed ie ttxhaust systems
of bulldozers, excavators, cranes, and other aftirequipment.

N/A

Construction
equipment

Completed
early
2000s

Diesel Off-Road Engine Retrofit Grant Program

MassDEP used a demonstration EPA grant to instalC®verified
for highway engines on 23 municipal constructiogieas. Twelve
municipalities participated in the program andofired equipment
included front-end loaders, backhoes, and a 608eipawer tub
grinder.

$50,145

Construction
engines

Completed
March
2011

Diesel School Bus Retrofit Grant Program

Using an EPA grant, MassDEP worked with three vesitio
retrofit 46 school buses owned by two private conigs three
municipalities and three regional vocational schiistricts. DOCs
or flow-through filters (FTFs), another type ofnadit technology,
were installed in the buses’ exhaust systems aygdlcrankcase
ventilation (CCVs) systems were installed in thgiras. CCVs
prevent engine emissions from leaking into a birgkrior.

$119,408

School buses

Completed
March
2009

Massachusetts Environmental Policy Act (MEPA) Comngion
Equipment Retrofit Recommendations

Developers of private and public projects meetiegan minimum
thresholds for environmental impact must submiirtheojects for
review under the MEPA. MassDEP, which reviews ggutts air
guality among other impacts, recommends that deeetoof office
projects generating 3,000 or more vehicle trips @dmercial
projects generating 6,000 or more trips installssmin control
technology on their diesel construction equipmenttuce
emissions.

N/A

Construction
engines

Active

MassCleanDiesel: Clean Air for Kids’ School Bus fieét Program
Using state and federal funding provided by the $dabusetts
Department of Transportation (MassDOT), the MasaBesel
program installed DOCs and CCV systems on 2,11<etigowered
school buses that serve nearly 310,000 studer®30n
communities.

$3,700,000

School buses

Completed
June 2011
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Program/Activity

Funding

Type of Engines

Status

MassCleanDiesel: Clean Markets Program

In Round | of this grant program, MassDEP used DERA SEP
funds to install 23 DOCs and auxiliary power utia®Us) on long-
haul trucks serving wholesale markets, distribufamilities, and
warehouses. APUs are small, 35-horsepower endia¢srtickers
can switch on during periods of extended idlingefehwere no
applications for APUs and retrofits in Round |I.

Round I:
$268,911

Long-haul
heavy-duty
diesel trucks

Round I:
Completed
June 2013

MassCleanDiesel: State Fleet Retrofit Program

MassDEP provided DERA funding to MassDOT to retrofostly
John Deere Series 544 and 644 wheeled loadersligiiel
particulate filters (DPFs) verified by EPA. Thesghicles are
typically used for on-highway construction projeatsi/or roadway|
maintenance. DPFs remove up to 90% of fine pagteunatter
(PM).

$373,500

Off-road engine

s Complet
December
2014

1%
o

Municipal Sustainability Program Grants

Through this grant application, MassDEP awardedEXDin state
grants to six communities in FY 06 to retrofit theiunicipal on-
road and off-road diesel vehicles. Municipalitippled for DOCs
or DPFs.

$20,000

On-road and off
road engines

- Completed
2007

SEP Project with Aggregate Industries

As a result of a SEP with MassDEP, Aggregate Inihsst
Northeast Region Inc. installed DOCs on 108 coedmicks—one
third of its fleet. The Saugus company operatesrsgyuarries in
the state.

$125,000

Concrete trucks

5 Complet
2008

SEP Project with Mirant Canal, LLC

As a result of a SEP with MassDEP, Mirant Canalicvloperates &
power plant in Sandwich, retrofitted 28 school lsusened by the
Town of Sandwich with DOCs.

|

N/A

School buses

Complete
December
2007

o

State Agency Contract Requirements

MassDEP requires the MBTA and MassDOT to mandae th
installation of emission control technology on tuamstruction
engines used in their public works projects.

N/A

Construction
Engines

Active

State-Owned On-Road Heavy-Duty Diesel Vehicle Histrofit
Program

MassDEP provided ARRA and SEP funding to MassDCOd tae
Department of Conservation and Recreation (DCRgtimfit MY
1994 to 2006 dump trucks, plow trucks, rack trutkssk/crane
combination vehicles, and front-end loaders with@30

$699,000

Heavy-duty on-
road vehicles

Completed
2010

State Revolving Fund (SRF) Construction Requiresient
MassDEP requires contractors working on drinkingevand
wastewater infrastructure construction projectmstall exhaust
after-treatment technology on construction engaresvehicles
with greater than 50 brake horsepower except itraicer
circumstances.

N/A

Construction
engines

Active

Waste Collection Vehicle Retrofit Program
MassDEP used ARRA, DERA and SEP funding to ret20
waste collection vehicles with DOCs. Nine privataste haulers

and 16 municipalities participated in the threerymagram.

$478,876

Waste collectio
vehicles

n Completed
March
2012
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Program/Activity Funding | Type of Engines Status
Vehicle | nspection and Maintenance

MassDEP Inspection and Maintenance (I/M) Program FY 2013: | On-road vehicles Active
Under the statewide I/M program, all light-duty ie@bs 14 model $13.68

years old and newer receive an on-board diagn(SBD) test, million

regardless of fuel type, as do model year 2007nawer medium-
duty diesel vehicles and model year 2008 and neaerdiesel
vehicles. Any model year 1984 or newer diesel detoger 10,000
Ibs. GVWR that is not subject to an OBD test reesia tailpipe
opacity test (299 vehicles received the test in320th 2013,
12,388 light duty diesel vehicles were inspecteehitle inspection
tests finance the program.
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