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INTRODUCTION AND QUALIFICATIONS

Please state your name, title, and employer.

My name is Elizabeth A. Stanton, and | am ai@eEconomist with Synapse Energy
Economics (Synapse) at 485 Massachusetts Av&uute, 2, Cambridge, Massachusetts
02139.

Please describe Synapse Energy Economics.

Synapse Energy Economics is a research arglittong firm specializing in electricity
and natural gas industry regulation, planning, amalysis. Our work covers a range of
issues, including integrated resource planningnemic and technical assessments of
energy resources; electricity market modelind) @sessment; energy efficiency policies
and programs; renewable resource technologekpdalities; and climate change
strategies. Synapse works for a wide rangdéafts, including attorneys general, offices
of consumer advocates, public utility commissj@nvironmental advocates, the U.S.
Environmental Protection Agency, U.S. DepartnwériEnergy, U.S. Department of
Justice, the Federal Trade Commission and thierNd Association of Regulatory

Utility Commissioners. Synapse has over 25 gitaal staff with extensive experience

in the electricity industry.

Please summarize your professional and educatiahexperience.

| have more than 14 years of professionakerpce as an environmental economist. At
Synapse, | have led studies examining envirotahesgulation, cost-benefit analyses,
and the economics of energy efficiency and rafdsvenergy. | have submitted expert
testimony in lllinois, Vermont, New Hampshiredaseveral federal dockets; and have
authored more than 70 reports, policy studiéstenpapers, journal articles, and book

chapters on topics related to energy, the ecgnand the environment.

On behalf of the Massachusetts Clean EnergyeCant its partners—the Massachusetts
Departments of Energy Resources, Environmemtaé€tion, and Public Utilities—I

recently provided consulting services to estaeaists and greenhouse gas emission
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reductions associated with Global Warming Sohgi#ct (GWSA) compliance. My
work analyzing climate policy in Massachusetsoahcludes modeling of the GWSA for
Synapse’#&voided Energy Supply Costs in New England: 20J®Rd describe my

role in this project in Section 4 of this testmyp“GWSA Compliance and the AESC
2013 Study.”

Prior to joining Synapse, | was a Senior Econbmith the Stockholm Environment
Institute’s (SEI's) Climate Economics Group, whéwas responsible for leading the
organization’s work on the Consumption-Based Emoiss Inventory (CBEI) model and
on water issues and climate change in the wekt&nWhile at SEI, | led domestic and
international studies commissioned by the UniNatlons Development Programme,
Friends of the Earth-U.K., and Environmental ébse.

My articles have been publisheddoological EconomicRRenewable Resources
Journal Environmental Science & Technolg@nd other journals. | have also published
books, includinglimate Economics: The State of the @®butledge, 2013), which | co-
wrote with my colleague at Synapse, Dr. Frankekman. | am also coauthor of
Environment for the Peop(@olitical Economy Research Institute, 2005, wiimés K.
Boyce) and coeditor &eclaiming Nature: Worldwide Strategies for BuilgliNatural

AssetgfAnthem Press, 2007, with Boyce and Sunita Narain).

| earned my Ph.D. in economics at the Universitylassachusetts-Amherst, and have
taught economics at Tufts University, the Ursigrof Massachusetts-Amherst, and the
College of New Rochelle, among others. My culttm vitae is attached as Exhibit
EAS-1.

On whose behalf are you testifying in this case?
| am testifying on behalf of the MassachusBipartment of Energy Resources and the

Massachusetts Department of Environmental Rrotec

What is the purpose of your testimony?

The purpose of my testimony is:
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1) to explain the appropriate methodology for detemgrthe cost of compliance with
the GWSA St. 2008, c. 298;

2) to determine the cost of GWSA compliance for 2G2@]
3) to determine the cost of GWSA compliance for 2030.

My testimony is accompanied by that of Tim WoMice President of Synapse Energy

Economics.

How is your testimony organized?

My testimony is organized as follows:

1) Introduction and Qualifications

2) Summary of Conclusions and Recommendations

3) Methodology for Determining the Cost of GWSA Coraplie

4) GWSA Compliance and the AESC 2013 Study

5) GWSA Emission Reduction Target for 2020

6) Policy-Based Emission Reductions Necessary for ZBABA Compliance
7) Demonstration of Cost of 2020 GWSA Compliance Mdtiogy

8) Policy-Based Emission Reductions Necessary for ZBBBA Compliance
9) Demonstration of Cost of 2030 GWSA Compliance Mdtiiogy

100 Recommended GWSA Compliance Costs

2. SUMMARY OF CONCILUSIONS AND RECOMMENDATIONS

Please summarize your primary conclusions.

My testimony explains the appropriate metHogdy for determining the cost of GWSA
compliance. This methodology is called the “nraababatement cost curve,” and
consists of adding the expected greenhousengiasien reductions from policies—

starting with the least expensive policy (oreametric ton basis) and moving toward the

! The GWSA includes the Climate Protection and Geemnomy Act codified at M.G.L. c. 21N.
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most expensive—until the total emissions reduactichieved by the policies is sufficient

for GWSA compliance.

| determine the cost of GWSA compliance for 2620e $52 per metric ton of carbon
dioxide equivalent (C&Y, $20 per MWh, $0.28 per therm, and $3.8 per MMBTinis

is the cost of Clean Energy Imports—the “mardipalicy (i.e., the most expensive
policy necessary) to achieve a 25-percent resludt statewide greenhouse gas
emissions from 1990 levels for 2020. Clean Enémgyorts are the import of
hydroelectric generation from Canada using nesvextisting transmission lines. The
incremental cost of this policy (above converdiageneration) reflects the levelized cost
of the new transmission needed to bring thesadian resources to New England load

centers.

| determine the cost of GWSA compliance for 2@80e $59 per metric ton of G&
$23 per MWh, $0.31 per therm, and $4.3 per MMBHus is, again, the cost of Clean
Energy Imports, which is the marginal policyatthieve a 43-percent reduction in

statewide greenhouse gas emissions from 19@Gs1ér 2030.

Please summarize your primary recommendations.

| offer the following recommendations: Thestof compliance with GWSA can be
calculated for 2020 and 2030. In his testimany,colleague Mr. Woolf explains that
compliance with GWSA is required by Massachsdat and that although the costs
cannot be quantified with absolute certainty gtill appropriate to take these costs into
account when calculating the GWSA compliancéscagoided by energy efficiency
measures. | recommend that the cost of GWSA tange be included in future

assessments of the costs avoided by energieefficprograms and measures.

2 Not all greenhouse gases have the same heat-tcapggiacity. To account for these differences, adstad
relating the heat trapping potential of each greeshk gas to an equivalent quantity of carbon deyxider a
given time horizon, has been developed. Emissibags in this document utilize this standard, arel ar
expressed in units of metric tons of carbon dioxadeivalent (CGe).

3 All monetary values in this testimony are repoiited013 dollars.
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3. METHODOLOGY FOR DETERMINING THE COST OF GWSA C OMPLIANCE
Q. Can the costs of complying with GWSA in 2020 and030 be determined?
A. Yes.

Q. Have you identified an appropriate methodologydr determining the cost of GWSA

compliance?

A. Yes.
Q. What key components are necessary to determinirthe cost of GWSA compliance?
A. Determination of the cost of GWSA complianequires the following components:

1) Total amount of emission reductions required: The required policy-based emission
reductions necessary for GWSA compliance irvargyear;

2) Policy options: The policy options capable of reducing greenhowaseggnissions in a
given year,

3) Cost (per metric ton of COe) for each policy option: The expected cost per metric
ton of CQe emission reduction for each potential policy adexed in a given year,
and

4) Emission reductions associated with each policy option: The expected Cs

emission reduction for each potential policysidared in a given year.

Q. Using these components, how is the cost of GW&Ampliance determined?

The cost of GWSA compliance for a given yisadetermined using the following three

steps.

Step A: Policy options are placed in order of their costipetric ton of CQe reduction

for a given year, from least expensive to mrpeasive.

Step B: Moving from the least expensive to the most expengolicies are added one at
a time until the point is reached where thel xaission reductions associated

Dir ect Teslimony of Elizabeth A. Stanton Page 9
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with the policies are sufficient to comply withP\GSA requirements. The last

policy added on is considered to be the “margooikty.”

Step C: The cost per metric ton of the identified margipalicy is the cost of GWSA

compliance for the given year.
This method is commonly referred to as a margabatement cost curve.
Has this method been used previously to investte the cost of GWSA compliance?

Yes. The marginal abatement cost curve metlesdribed above was used to investigate
the cost of GWSA compliance in tAgoided Energy Supply Costs in New England:

2013 Reportwhich | discuss in the next section of my testimony
What are the critical drivers of the cost of GW& compliance?

The cost of GWSA compliance is the cost efitiarginal resource and is, therefore,

driven by three main components:

(1) the total amount of emission reductions magl(i.e., the “reduction target”);
(2) the emission reductions associated with eatiby option; and

(3) the cost (per metric ton of G£) for each policy option near the margin.

The cost (per metric ton of G&) for policies located at the low end of the maag)i
abatement cost curve for GWSA compliance (ergergy efficiency and other policies
with net benefits or “negative costs”) couldyaignificantly and still have no impact on

the marginal abatement cost.

In contrast, the “width” of each policy (i.eaah policy’s anticipated emission
reductions)—even if the policy provides net bgse-is critical to determining the cost
of GWSA compliance. Variations in these valuasld@ shift the margin to another
policy. Similarly, changes in the emission readhwctarget could shift the margin to

another policy, resulting in a different mardiabatement cost for GWSA compliance.

Dir ect Teslimony of Elizabeth A. Stanton Page 1C
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4. GWSA COMPLIANCE AND THE AESC 2013 STUDY

>

What is the 2013 New England Avoided Energy SupypCost Study?

The regularly conducted New England Avoideciggy Supply Cost (AESC) study
projects marginal energy supply costs that wiecvoided due to reductions in
electricity, natural gas, and other fuels reaglfrom energy efficiency programs offered
to customers throughout New England. This rejgaiteveloped with participation from
more than 25 stakeholder groups and study spsnisctuding energy efficiency

Program Administrators, utilities, regulatorsgaonsumer and environmental advocates.
The latest versionAvoided Energy Supply Costs in New England: 20i8REAESC
2013)—was published in July 2013 (attached dsdEAS-2).

What was your role in the AESC 2013 study?

| was the lead analyst and author of ChaptarAESC 2013, which examines the
avoided environmental costs of both existingremvnental regulations (called
embedded costs in AESC) and environmental exdiges (called “non-embedded” costs
in AESC). This chapter explicitly evaluated #woided cost associated with the
Massachusetts electric sector’'s compliance thghGWSA.

Did AESC 2013 determine whether compliance witGWSA would impact directly

on generators?

Yes. AESC 2013 determined that GWSA comphkanrould have an impact on
generators and established a method for detergriime cost of compliance with GWSA.
Did AESC 2013 determine whether compliance witGWSA would impact natural

gas and oil use in buildings?

No, but that analysis has been conductethfertestimony as explained below.

What was the method for determining the cost ofompliance with GWSA

established in AESC 20137

AESC 2013 established a “marginal abatemesit curve” method for determining the
cost of compliance with GWSA. In this widely dsspproach, an economic supply curve

of policies expected to contribute to accomphiglemission reduction goals is

Dir ect Teslimony of Elizabeth A. Stanton Page 11
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constructed. Such a supply curve is composedfofmation regarding the cost per ton
of greenhouse gas emission reduction for eadghypahd the expected emission
reductions possible from each policy; these pediare ordered from least to most
expensive. The marginal cost of compliance igtreton cost of the most expensive

policy required to achieve the GWSA emissionstlfor a given year.

AESC 2013 summarizes its analysis of the cosbofpliance with GWSA as follows
(p.1-12):

* The Massachusetts Clean Energy [and] Climate RI&CP) assumes
the electricity sector will achieve significant tetions in emissions by
2020 under its Business as Usual Forecast. The @gPHdentifies six
policy measures the electricity sector could useotaply with GWSA
targets in 2020 and beyond, as well as the quanttityductions and cost
per ton of reduction from each. The AESC 2013 Baese reflects the
compliance measures that are currently enforcethtoMassachusetts
electricity sector except for energy efficiency,igthare RPS
[Renewable Portfolio Standard], RGGI [Regional Glemise Gas
Initiative], and EPA Power Plant Rules. The remagntompliance
measures are all cestfective energy efficiency, the Clean Energy
Import Strategy (CEI) and a Clean Energy Perforrag®tandard
(CEPS).

* The Massachusetts electricity sector will requaguctions from a CEPS
or other additional component in order to compliyhvthe GWSA at
some point from 2020 onward. However, there aresoived policy
guestions regarding the CECP targets for the @&égtsector beyond
2020 and the inventory method for accounting fdurtions in that
sector. As a result, the project team could natrddine the size of
reductions that would be required in the elecyrisgctor each year and
therefore could not quantify and credibly suppaoreatimate of the cost
of the marginal resource required to achieve thedactions.

Did AESC 2013 provide a high-level estimate ohe cost of GWSA compliance in
20207?

Yes. AESC 2013 did provide a high-level estienof the cost of compliance in 2020 as
follows (pp.1-12 to 1-13):

Dir ect Teslimony of Elizabeth A. Stanton Page 12
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* In the absence of detailed modeling, the projerntaentified
additional renewable generation, incremental to BRShtities, as the
marginal resource for electrgector compliance with the GWSA. If the
quantity of additional renewable generation requite GWSA
compliance in a given year is comparable to the @B2813 projected
guantity of renewable generation added to meet lRBSrements in that
year, it is reasonable to expect the cost of thditi@nal renewable
generation in that year to be comparable to the Riic@s estimated for
Massachusetts for that year (e.g., $18.40/MWh R0D20er Exhibit
6-30) plus the AESC 2013 estimate of electric enexggts for

Massachusetts in that year. If the quantity of tGaldal renewables

required for GWSA compliance is significantly largean those added

to meet RPS requirements, the cost of the margasalurce required to

achieve those larger reductions would have to berméned through

new modeling.
AESC 2013 presumed additional GWSA compliancasuees—beyond those with clear
costs and emission reductions in the CECP—welldccomplished by providing
incentives for developing renewables classifielass | under the Massachusetts RPS,
and would therefore need the same Renewablg¥EQartificate (REC) incentive as
Class | renewables. AESC 2013 is careful totpmih that its estimate is valid only for a
“limited quantity” of additional renewables coampble to projected RPS requirements.
(Note that, subsequent to publication of AESC3® became clear that acquiring even
that limited quantity of additional renewablesuld likely require major investments in
new transmission lines and the cost of thaemental transmission was not reflected in

the high-level estimate of the cost of complaim2020?)

AESC 2013 also points out that if the quantitpaditional renewables ultimately
required to comply with the GWSA in 2020 or tatears, would be materially larger
than the quantity AESC 2013 projected to meetddehusetts RPS requirements, those
guantities of incremental renewables would {ikedme at a price different from the
Class | REC (pp.4-59 to 4-60):

* Personal communication between Rick Hornby, Syn&psegy Economics, and Jason Gifford, Sustainable
Energy Advantage. October 23, 2013.
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In contrast, it is possible that the quantity ofiidnal renewables the
Massachusetts electricity sector will require f&W&A compliance in 2020 or
beyond will be significantly larger than the quanidded to meet RPS
requirements in the AESC 2013 Base Case. For examplupdated BAU
[business-as-usual] forecast may indicate thabMhgsachusetts electricity sector
is not on track to emit 4.4 million short tons 1€43, in 2020 than in 1990.
Similarly, updated estimates may project a smalieission reduction from
current energy efficiency programs than the CEGiPdmdicipated. Such
analyses may indicate that the Massachusettsielgctector will require
reductions much greater than the renewable geaeratiditions for RPS
compliance modeled in AESC 2013. If so, the coshefmarginal resource
required to achieve those larger reductions woalgeho be determined through
new modeling. The addition of such a significarampity of renewable
generation could have a material impact on the makgost of energy in the
New England market, and hence could affect the AEGIL3 estimates of
avoided wholesale energy costs for each statethiForeason, the impact of a
significant additional quantity of renewable enesgipuld be estimated through
additional modeling that is not within the scopet® current analysis.

Did AESC 2013 model GWSA compliance throughouts planning horizon?

No. The AESC project team concluded thagfakily 2013, several unresolved policy
issues made it impractical to model the co&WSA compliance through the 2043 (30-
year) planning horizon. The three policy issieesvhich details were not available to the
project team at the time were the MassachuSetisnhouse Gas Emissions Inventory
method, the costs and savings of the Clean Ei@gormance Standard, and the GWSA
emission reduction target for the Electric Symgactor in 2030.

Have the unresolved policy issues discussed ile8C 2013—cited as challenges to
modeling the cost of GWSA compliance—been resolved?

Since publication of AESC 2013, two of theykdallenges to more refined modeling of
the cost of GWSA compliance in 2020 and beyaneibeen resolved, and the third

challenge can be accommodated.

Massachusetts Greenhouse Gas Emissions | nventory Method: As of July 2013,
Massachusetts’ emissions inventory method didhawe the capability to account for

emission reductions from Massachusetts utilipeschase of out-of-state RECs for RPS

Dir ect Teslimony of Elizabeth A. Stanton Page 14
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compliance, or from any special claim the Commeaithh might have on purchases of
Canadian hydro-electric generation. However, pmil®2014, MassDEP posted 2908-
2010 Massachusetts’ Greenhouse Gas Emissions bryenthich includes a revision to
the electric-sector inventory method to accoanMassachusetts utilities’ purchase of
out-of-state RECs and out-of-state purchase afSslehusetts RECs (attached as Exhibit
EAS-3). This framework lays the foundation fojustinent of Massachusetts electric-
sector emissions for special claims on hydrotetepurchases, should such claims exist

in the future.

Clean Energy Performance Standard: AESC 2013 determined that electric-sector
GWSA compliance in 2020 and beyond would likelguire new policy measures in
addition to the specific measures with cleatand emission reductions identified in
the CECP. A major new policy measure that th€E khtroduces (but for which it does
not describe clear costs and emission redugtisiiie Clean Energy Performance
Standard (CEPSHowever, in October 2013 Synapse completed a strdie
Massachusetts Departments of Energy ResourngspBmental Protection and Public
Utilities—supported by the Massachusetts Cleagr@y Center—that investigated a
Clean Energy Standard. This rep&rClean Energy Standard for Massachusetts, Final
Report is submitted in this docket as Exhibit EAS-4ddiscribes the expected costs and

emission reductions associated with the CEPiS\piol detalil.

2030 Emission Reduction Target: On December 28, 2010, the Secretary of Energy and
Environmental Affairs established a specific stans limit for 2020 (attached as Exhibit
EAS-5). To date, no 2030 emissions limit haslestablished. AESC 2013 cited the
absence of a specific GWSA emission reductiggetdor the electric sector in 2030 as
an obstacle for modeling the cost of GWSA coamgé® In my opinion, the lack of a
2030 emissions limit should not prevent the Mabsasetts’ Department of Public

Utilities from establishing first-order estimaitaf the cost of GWSA compliance in years

® Massachusetts Clean Energy and Climate Plan fo0ZGECP), Exhibit EAS-6, p.47-48
® AESC 2013, Exhibit EAS-2, p.4-52
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after 2020, as demonstrated in this testimongthey, the framework recommended in

this testimony can and should be periodicallyatped as additional or updated

information becomes available.

5. GWSA EMISSION REDUCTION TARGET FOR 2020

Q.

>

Since the publication of AESC 2013, have you madin assessment of the cost of
2020 GWSA compliance?

Yes.

How did you determine the cost of GWSA compliarein 2020?

To determine the cost of GWSA compliance i@20assembled the following four

components and then followed the three stepmedtbelow:

Componentsin cost of GWSA compliance analysis:

1.

Total amount of emission reductions required: The required policy-based emission
reductions necessary for GWSA compliance irvargyear. (See Sections 5 and 6 of
this testimony: “GWSA Emission Reduction Target2020” and “Policy-Based
Emission Reductions Necessary for 2020 GWSA Ciamge.”)

Policy options: The policy options capable of reducing greenhoaseegnissions in a
given year. (See Section 7 of this testimonyertidnstration of Cost of 2020 GWSA
Compliance Methodology.”)

Cost (per metric ton of CO.e) for each policy option: The expected cost per metric
ton of CQe emission reduction for each potential policy adeed in a given year.
(See Section 7 of this testimony: “Demonstratbfost of 2020 GWSA Compliance
Methodology

Emission reductions associated with each policy option: The expected Cs

emission reduction for each potential policysidared in a given year. (See Section
7 of this testimony: “Demonstration of Cost 620 GWSA Compliance
Methodology.”)

Dir ect Teslimony of Elizabeth A. Stanton Page 1€
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Steps taken to determine the cost of GWSA compliance::

Step A: Policy options are placed in order of their costipetric ton of CQe reduction
for a given year, from least expensive to mopeesive. (See Section 7 of this
testimony: “Demonstration of Cost of 2020 GWSA@iance Methodology.”)

Step B: Moving from the least expensive to the most expengolicies are added one at
a time until the point is reached where the temaission reductions associated with the
policies are sufficient to comply with GWSA reggments. The last policy added on is
considered to be the “marginal policy.” (See Bect of this testimony: “Demonstration
of Cost of 2020 GWSA Compliance Methodology.”)

Step C: The cost per metric ton of the identified margipalicy is the cost of GWSA
compliance for the given year. (See Sectionthisftestimony: “Demonstration of Cost
of 2020 GWSA Compliance Methodology.”)

Did you determine the amount of emission reduatins required in 2020 for GWSA
compliance?

Yes.

What greenhouse gas emission reduction does tG&V/SA require for 20207
GWSA requires that:

» Statewide greenhouse gas emissions be retimbetween 10 and 25 percent below
1990 statewide greenhouse gas emissions in 2080;

* A 2020 emissions limit, and a plan for achievinig fimit, be established by January
1, 2011.

Has a 2020 greenhouse gas emission reductiongat been set and a plan for
achieving that target released?

Yes. On December 28, 2010, the Secretargf@rgy and Environmental Affairs (EEA)
established a legally binding statewide greesb@as emission limit for 2020 of 25
percent below the statewide 1990 greenhousergasions level (attached as Exhibit
EAS-5). On December 29, 2010, EEA publishedMhssachusetts Clean Energy and
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Climate Plan for 202QCECP), which describes a portfolio of policies aedvat enabling
the Commonwealth to comply with its 2020 statengdeenhouse gas emissions limit of
25 percent below 1990 statewide greenhouse gasiens (attached as Exhibit EAS-6).
To what maximum statewide greenhouse gas emissitevel does Massachusetts need
to limit itself in 20207

Compliance with GWSA in 2020 requires that BeEshusetts 1990 statewide greenhouse
gas emission levels be reduced by 25 percem, &6.4 million metric tons of C4 to
70.8 million metric tons. This is a 25-percemt28.6 million metric ton, reduction below
1990 levels (see background material to the C&i@Ziehed as Exhibit EAS-7).

Does the CECP describe emission reduction poks equal to a 25-percent, or 23.6
million metric ton, reduction below 1990 levels?

No. The CECP provides a mid-range estimadeith strategies would attain reductions
of 25.6 million metric tons of CO2e and estinsdfeusiness-as-usual” emission
reductions (discussed below) of 0.2 million neetions. Together these reductions total
25.8 million metric tons, or 27.3 percent of @9%8vels, slightly more than the amount of
reductions required for GWSA compliance.

In the CECP, do all economic sectors reduce gneleouse gas emissions by 25
percent?

No. The CECP sets different target reductionglifferent economic sectors.
Background materials to the CECP break dowR7t8 percent (25.8 million metric ton
CQe) estimated total reduction for 2020 into fourtsex Buildings, Electric Supply,
Transportation, and Non-Energy (attached astidBAS-7). Each sector has a 2020
emission reduction target (which includes bathcy-based and business-as-usual
changes to emissions) and, therefore, an anod@stimated emissions consistent with
GWSA compliance in 2020 as shown in Table 1c(dations used to produce Table 1
are attached as Exhibit EAS-8 and include eons®duction assumption taken from
Exhibit EAS-9 and Exhibit EAS-10). Buildings aBtectric Supply sectors are combined
in Table 1, because the CECP includes sevelialgmthat affect both sectors jointly.
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Table 1. Massachusetts 1990 emissions, CECP 202@al &keduction Target, and 2020 GWSA-
Compliant Emissions per the CECP

(million metric tons CO,-€) .
CECP 2020 AVAUEL L
1990 ; Compliant
Sector o less Reduction equals -
Emissions Target Emissionsper
g CECP
Statewide Total 94.4 25.8 68.6
Buildings and Electric Supply 57.4 28.8 28.6
Transportation 30.4 -0.4 30.9
Non-Energy 6.6 -2.6 9.1

CECP emission levels for GWSA compliance in 2B2the Transportation and Non-
Energy sectors are larger than these sector§ é8fissions, meaning that the CECP
goals for these two sectors are caps on emigsiogasesn 2020 (shown as negative
reductions in Table 1) rather than required eimimseeductions. To be clear, in the CECP,
the progress achieved in the Transportation antBhergy sectors for 2020 is that
growth in emissions in these sectors is limitefist 1-percent and 39-percent,
respectively, above their 1990 levels. In theealse of CECP policies, these two sectors
would (according to the CECP) be expected teatsincrease their emissions by 25-
percent and 68-percent above their 1990 levels.

Q. In the CECP, is this 27.3-percent, 25.8 milliometric tons, CO,e emission reduction
target achieved entirely by new policy measures?

A. No. The CECP plans for a 27.3-percent emmsseduction below 1990 emission levels

using a combination of:

(1) new policy measures expected to come iriexehfter the GWSA was established

(25.6 million metric tons); and

(2) a “business-as-usual” estimate of emissioi2920 in the absence of new policy

measures (0.2 million metric tons).
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What determines a business-as-usual emission pgotion?

The Climate Protection and Green Economy RcG.L. c. 21N § 3(a), required
MassDEP to “reasonably project what the emisdieved will be in calendar year 2020 if
no measures are imposed to lower emissions titaerthose formally adopted and
implemented as of January 1, 2009. This projectiwall hereafter be referred to as the
projected 2020 business as usual level.” In Hsemce of new policy measures aimed at
lowering emissions, 2020 “business-as-usual’rgrease gas emissions would be
determined by Massachusetts policy measuregantedt the time that the GWSA was
enacted, policy measures taken by federal aggramel non-policy effects such as
changes in fuel prices, changes in economicittond, and other factors not directly

driven by policy.

GWSA compliance requires the Commonwealth tdempent policies aimed at ensuring
that in 2020 statewide greenhouse gas emisarergss than or equal to 70.8 million
metric tons Cee. The difference between projected 2020 busingssaal greenhouse
gas emissions and the GWSA-compliant 2020 greeseghgas emissions level is the
amount of new policy-based emission reductieqgsiired to achieve compliance.
Together (1) the difference between 1990 greesdngas emissions and expected 2020
business-as-usual greenhouse gas emission&)ahe expected new policy-based
greenhouse gas emission reductions must sutidasa the total 25-percent (23.6
million metric tons Cge) emission reduction required for GWSA complia(ese

Exhibit EAS-7 and Exhibit EAS-8).

Does the CECP include assumptions regarding bum#ss-as-usual emissions for
20207?

Yes. The CECP includes a 2020 statewide legshas-usual projection of 94.2 million
metric tons of Cé& (as compared to 94.4 million metric tons in 1983) sector, the
CECP projects 2020 business-as-usual emissioBsiitdings, 21.3 million metric tons;
Electric Supply, 23.8 million metric tons; Traostation, 38.1 million metrics tons; and
Non-Energy, 11.0 million metric tons (see ExhibAS-7 and Exhibit EAS-8).
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For this analysis, did you need to update the QEP’s business-as-usual projections
for future years?

Yes. While business-as-usual projections ateffected by new policy choices, they are
certainly affected by economic factors such asghng fuel prices and the pace of
economic growth. For purposes of this analyhis Jdusiness-as-usual emission projection
made for the CECP has been updated to refledtasieinformation currently available
regarding past, current, and future economic itiomd.

Is the business-as-usual emission projection wbe this analysis the same as the
business-as-usual emission projection used in theeCP?

No. The updated business-as-usual projecisenl in this analysis differs from the CECP

business-as-usual projection, as discussed below

POLICY-BASED EMISSION REDUCTIONS NECESSARY FOR 2020 GWSA
COMPLIANCE

Have you made an assessment of the policy-basadission reductions necessary for
2020 GWSA compliance?

Yes.

In your assessment, what do you assume regardiegnission reductions necessary in
the Transportation and Non-Energy sectors?

| assume that the Transportation and Non-ggnsectors will achieve the 2020 sectoral
emissions levels set out in the CECP (attachdtkhibit EAS-6 and Exhibit EAS-7):
Transportation, 38.1 million metric tons; andNgénergy, 11.0 million metric tons. In
2020, emission reductions in the Transportadioth Non-Energy sectors will still be—as
they are today—Ilargely unrelated to emissiomicgdns in the Buildings and Electric
Supply sectors, and therefore largely unreladezhergy efficiency measures taken in
these sectors. My testimony focuses on the @nissductions in the closely interrelated
Buildings and Electric Supply sectors that d«ely to be interconnected with statewide
building energy efficiency policies. The avoidsxst methodology is a durable approach,

but it is recommended in this testimony thatkihsiness-as-usual emissions forecast and
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policy-specific avoided costs used in future gdae periodically updated as additional or
updated information becomes available, including update to expected sectoral
emission reductions.

Q. Have you made updated projections of 2020 busisg-as-usual greenhouse gas
emissions in the Buildings and Electric Supply seots?

A. Yes. My analysis completed for this testimamgludes updated business-as-usual 2020

greenhouse gas emissions forecasts for the Bgddind Electric Supply sectors.

Q. How did you project updated 2020 business-as-ualemissions in the Electric
Supply sector?
A. For the Electric Supply sector, | multiplypejected 2020 business-as-usual emissions

rate for New England generation (including imippby projected 2020 business-as-usual

retail electric sales for Massachusetts.

The business-as-usual emissions rate was cdadulaing the 2020 generation and
imports resource mix for New England used in BE2013, which includes expected fuel
price changes, retirements and additions, arekpected load with no new efficiency
measures after 2013. | adjust the 2020 resoopcéo remove all renewable resources
constructed after the Massachusetts RPS camefiett in 2008, and replace
renewables with natural gas generation—assumbeed the marginal resource in New
England—to maintain the same generation lewsdelthe AESC 2013 emission rates by
resource, but estimate a New England averagesemirate that is higher than that of
AESC 2013 due to additional generation from raigas.

Massachusetts’ 2020 business-as-usual loadsgashad to be the same load forecast
used for AESC 2013: the ISO-NE 2012 Capacitgrgy Load and Transmission
(CELT) Base forecast (attached as Exhibit EABtiat excludes new energy efficiecy

" Forthe 2012 CELT forecast, Synapse used the annuaMalaes, unadjusted for energy efficiency, devetbp
by ISO-NE for 10-year planning and reliability siesl The load forecast is derived from a statistiwadel that is
based on historic, annual data to project totatg@neonsumption within the ISO-NE area. The objextf the
model is to incorporate “underlining relationshgppaong input variables to predict electric consuompés
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(since energy efficiency impacts are policy-basadjusted to remove the load
reductions associated with increasingly string@teral Appliance standards (see
Exhibit EAS-11 tab 9 and Exhibit EAS-13) and dateal slightly to account for behind-
the-meter solar generation constructed after 200&h is replaced with natural gas

generation).

Based on these assumptions, | project that up@&20 business-as-usual emissions in
the Electric Supply sector will be 23.6 millioretric tons of C@e (as compared to 23.8
million metric tons projected in the CECP) (cddtions attached as Exhibit EAS-8).

Q. Are there any critical differences in the assumtons regarding the updated 2020

business-as-usual emissions used in your analysss@mpared to those used in the
CECP?

A. Yes. The CECP includes a policy measure @dNéore Stringent EPA Power Plant
Rules” that represents the impact of federalrenmental regulations on the retirement
of coal-fired power plants (attached as ExH#iB-6, p.44). Under this policy, the
CECP estimates 1.2 million metric tons of pel@sed emission reductions associated
with the retirement of the Somerset and Salenbétgpower plants. The AESC modeling
that underlies my business-as-usual emissigegiron for the Electric Supply sector
includes the retirement of numerous coal- ahfired power plants by 2020, including
Somerset and Salem (attached as Exhibit EA21(®), since | am appropriately using
the most up-to-date information available ongbeer plants that can supply electricity

to the New England electric grid.

accurately as possible” (A General Discussion effbrecast Model Structures of the ISO New Englaoty
Run Energy and Seasonal Peak Forecasts for the@BILZ Report and 2012 Regional System Plan. p. 1,
http://www.iso-ne.com/trans/celt/fsct_detail/20Técastdiscussion2012.pdBecause the model is based on
historical relationships, increasing penetratioeérgy efficiency programs are largely omittedrfrine 2012
CELT forecast (AESC 2013, p. 5-3). The structurthefmodel does allow for demand elasticity (risétectricity
prices would put downward pressure on energy dejnamdddition, the 2012 forecast includes existiegnand
side resources that participate in the forward ciéypauction (FCA) (thereby inflating the actuahtis on the
system) and also includes preset estimates reggitttnimpact of new Federal Electric Appliance Stads.
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The complementary impacts of counting Salem amdeBset retirements as contributing
to business-as-usual emission reductions ingtepdlicy-based emission reductions are:
(1) lower projected updated 2020 business-astesuigsions and, consequently, lower
policy-based emission reductions needed to rirecB020 GWSA compliance emission
target; and (2) the loss of a 1.2 million metan policy measure (older power plant

retirements) that is included in the CECP as ans¢o reduce 2020 emissions.

The same logic holds for the supplemental styatéghe retirement of Brayton Point
mentioned in the Global Warming Solutions Act &aY Progress Report (attached as
Exhibit EAS-12). That is, since the retiremenBo&yton Point is already included in the
lower projected updated 2020 business-as-usuakmns, it is not appropriate to include
a Brayton Point supplemental strategy in thegimat abatement cost curve developed in
this testimony.

How did you project updated 2020 business-as-ualuiemissions in the Buildings
sector?

For the Buildings sector, | use publicly dable projections of natural gas and fuel oil

use in the residential, commercial, and indalsgectors.

The CECP has projected that in the absencevotffeciency measures, 2020
consumption of natural gas in the Buildings ewiill result in the emission of 12.3
million metric tons (attached as Exhibit EAS-$8e also Exhibit EAS-14). The implied
2013-2020 annual growth rate for natural gakismforecast is 1.1 percent, which is
identical to the 2013-2028 annual growth ratdMassachusetts’ natural gas
consumption implied in Black and Veatch’s 2081y of New England natural gas
infrastructure and electric generation, whidoassumes no new Buildings sector
energy efficiency measures in its base casac(edt! as Exhibit EAS-15). As a point of
comparison, the U.S. Energy Information Admpnaison (EIA) forecasts natural gas
consumption for New England, but all of its saméos include some new Buildings sector

efficiency measures. In the EIA scenario theliudes the least efficiency (2012
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Demand Technology Case”), the 2013-2020 annwaithrrate for New England’s
Buildings sector natural gas consumption is @/&¢nt (see Exhibit EAS-14).

ElA’s 2020 forecast of fuel oil consumption foew England is 112 million MMBtus in

its least efficient scenario. Over the past twoaties, Massachusetts has been responsible
for approximately 35 percent of New England’sthmgpoil consumption. Using this same
percentage, Massachusetts’ share of emissiomsftrel oil would be 8.2 million metric

tons in 2020 (calculations attached as ExhibiSEA)®

Based on these assumptions, | project that up@&20 business-as-usual emissions in
the Buildings sector will be 20.5 million mettans of CQe (as compared to 21.3

million metric tons projected in the CECP) (cééddions attached as Exhibit EAS-14).
What is your projection of Massachusetts’ 2020 Usiness-as-usual greenhouse gas
emissions in the combined Buildings and Electric Saply sectors?

Based on these updated 2020 business-asfosedsts—Buildings 20.5 million metric
tons, and Electric Supply 23.6 million metriage—I project slightly lower combined
Buildings and Electric Supply 2020 business-sasatiemissions (44.1 million metric
tons) than did the CECP (45.1 million metricdp¢calculations attached as Exhibit EAS-

8) as shown in Figure 1.

8 Based on the fuel oil Btu to metric ton €Ebnversion rate used by MassDEP in Exhibit EAS-11.
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Figure 1. Massachusetts Buildigs andElectric Supply sector 1990 emissions, 202(dated

business-as-usual emisgig, and 202 GWSA-compliant emissions

2020 2020 Updated

GWSA-Compliant  Business-as-Usual 1990
Emissions Emissions Emissions
29-7 — 57-4
0 10 20 30 40 50 60

Building and Electric Supply Sector Emissions
(million metric tons CO,e)

What is the differencebetween 1990 Buildings and Electric Sudp sector emissions
and your updated prgections of 2020 business-as-usual greenhouga emissions
for these sectors?

The difference betweel®90 emissions (57.4 million metric tons &Pand updated
2020 business-as-usuabected emissions in the Buildings and HEliecSupply sectors
(44.1 million metric tonsis 13.3 nillion metric tons (calculations attagthas Exhibit
EAS-8). This differenceay also be referred to as the “business-astesussior
reduction.”

What statewide 202Musiness-as-usual emission reduction is imptieby this
updated business-as-ugl projection for the Buildings and Electric Supply sectors?
Using this updated busss-as-usual projection for the Buildings aneckic Supply
sectors, statewide 2020d9mness-as-usual emissions are projected g82emillion
metric tons Ce&: thesum of thc updated business-as-usual Buildiran( Electric
Supply sectors projeoti for 2020 (44.1 million metric tons), the CE®Bsiress-as-
usual Transportation gec grojection (38.1 million metric tons)nd theCECP business-

as-usual Non-Energy gecgrojection (11.0 million metric tons).

The difference betwed®90 statewide emissions (94.4 milliontmetors) and updated

statewide 2020 business-usual projected emissions (93.2 milliontnegtons) is 1.2
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million metric tons (calculations attached asiBRHEAS-8) as shown in Figure 2.
Buildings and Electric Supply sector emissions2@20 GWSA compliance are
combined in Figure 2 because the CECP includeaepolicies that affect both sectors
jointly.

Figure 2. Massachusetts 1990 emissions, 2020 updhleisiness-as-usual emissions, and 2020

GWSA compliant emissions

Errissions
(millien metric tons CO5e)

100
944 -93.37

Non-Energy

g

Transportation

3

3

2020
EMISSIOFIS Updated
Business-
as-lsual
Emissions

Q.

Do you consider the sensitivity of the calculatecost of 2020 GWSA compliance to
the assumption that a 25-percent reduction in stateide greenhouse gas emissions is
required, rather than the 27.3-percent reduction ingreenhouse gas emissions from
the Buildings and Electric Supply sectors used irhe CECP?

Yes. | discuss the results of this sensitigitalysis below in Section 10. In brief, using a
27.3-percent reduction in place of a 25-peroestiction would have no impact on the

marginal resource in 2020 or the cost of 2020Sa/&ompliance.
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Based on your updated projection of business-assual greenhouse gas emissions for
2020, what policy-based emission reductions are ressary for 2020 GWSA
compliance in the Buildings and Electric Supply seors?

Required statewide policy-based emission redns are the difference between the
statewide 2020 GWSA emission reduction targetp@®ent below 1990 levels, or 23.6
million metric tons C@e) and statewide business-as-usual emission redsati.2
million metric tons). Statewide policy-based esioa reductions required for GWSA

compliance in 2020 are, therefore, 22.4 milliogtme tons.

| allocate policy-based reductions to each offtlue economic sectors in proportion to
the share of policy-based emission reducticoms f£990 for 2020 from each sector
reported in the CECP: Buildings and Electric Bypectors, 64 percent; Transportation
sector, 28 percent; and Non-Energy sector, @epeicalculations attached as Exhibit
EAS-8).

The required 2020 policy-based emission redndbothe Buildings and Electric Supply
sectors combined is 14.4 million metric tonddigiations attached as Exhibit EAS-8). In
comparison, the CECP calls for a 2020 policyedammission reduction of 16.5 million

metric tons in the Buildings and Electric Suppégtors.

7. DEMONSTRATION OF COST OF 2020 GWSA COMPLIANCE METHODOLOGY

Q.

As described above, the first component in the anginal abatement cost curve
methodology is the amount of emission reductions gelired in 2020 for GWSA
compliance. What amount of Buildings and Electric 8pply sector emission
reductions did you determine was required in 2020dr GWSA compliance?

The policy-based emission reduction necessany the Buildings and Electric Supply
sectors for 2020 GWSA compliance is 14.4 milioetric tons CGe.
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As described above, the other three components the marginal abatement cost
curve methodology are: 1) a list of policy measuresapable of reducing greenhouse
gas emissions in 2020, 2) the cost per metric toh@O,e emissions for each policy in
2020, and 3) the expected Cf£ emission reductions of each policy in 2020. Dicby
compile a list of Buildings and Electric Supply seor policy measures capable of
reducing greenhouse gas emissions in 2020, determitie cost per metric ton of
CO.e emissions for each policy in 2020, and determitige expected CQe emission
reductions of each policy in 2020?

Yes.

What Buildings and Electric Supply sector policymeasures are capable of reducing
greenhouse gas emissions in 2020?

The CECP lists the Buildings and Electric flypsector policy measures that are capable
of reducing greenhouse gas emissions in 202&fed as Exhibit EAS-6). The

following policy measures are included in thegaal cost of GWSA compliance

analysis presented in this testimony:

» Solar Thermal Market and additional renewalidgmal market policies (CECP,
Exhibit EAS-6, p.29-31; see also Exhibit EAS-12)

* Federal Appliance Standards (CECP, p.35-36)

* Deep Energy Retrofits (CECP, p.26-27)

* All Cost-Effective Energy Efficiency (CECP, p.18)19

* Advanced Building Codes (CECP, p.20-22)

* Tree Retention (CECP, p.32-34)

* RPS Class I and Class | Solar Carve-Out (CECP;4130
* CEPS (CECP, p.47-48)

* Clean Energy Imports (CECP, p.45-46)
The following Buildings and Electric Supply sacpolicy measures are discussed in the

CECP but are not included in the marginal co&\WSA compliance analysis presented

in this testimony:
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* Regional Greenhouse Gas Initiative (RGGI) (CERR2-43): No explicit emission
reductions are expected for this policy in theOPE

* Building Energy Rating and Labeling (CECP, p.23:28) explicit emission
reductions are expected for this policy in theOPE

* Expanding Energy Efficiency to Commercial and Intdats Heating Oil (CECP,
p.28): No emission reductions are expected flumgolicy in 2020.

* RPS Class Il and Alternative Portfolio Standard QB p.40-41): No emission
reductions are expected from this policy in 2020.

* More Stringent EPA Power Plant Rules (CECP, p.B#)ission reductions from the
retirement of the Salem and Somerset plantsysised in the CECP, and of Brayton
Point, discussed in the Global Warming Solutidos5-Year Progress Report, are
included in the AESC Base Case and, thereforthe updated business-as-usual
scenario used for this analysis (see Sectidm@ydestimony).

Massachusetts’ Buildings and Electric Supply@eemission reduction policies for 2020
are listed in Table 2, ordered from least totregpensive per metric ton. Cumulative
emission reductions add each policy's emisstaluctions together with the reductions of

all less-expensive policies.

® Personal communication, Tina Halfpenny, DOER, Mar2h2014.
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Table 2. Massachusetts’ Buildings and Electric Supp sector emission reduction policies in 2020

Cost
(2013 ¢/

metric ton)

Program Savings

(000 metrictons

COZE)

Cumulative Savings
(000 metric tonsCO,e)

1 Federal Appliance Standards -$568 500 500
2 All Cost-Effective EE -$480 4,903 5,403
3 Deep Energy Retrofits -$458 193 5,596
4 Advanced Building Codes -$91 1,500 7,096
5 Renewable Thermal Market -$90 1,242 8,338
6 Tree Retention -$3 40 8,378
7 RPS - Class | — no Tx $48 1,899 10,278
8 CEPS w/out Transmission $48 160 10,438
9 Clean Energy Imports $52 6,959 17,397
10 RPS - Class | - Solar Carve-Out $152 817 18,213
11 CEPS (1st Tx upgrade) $306 1,137 19,350
12 CEPS (2nd Tx upgrade) $263 1,137 20,488
13 CEPS (3rd Tx upgrade) $228 2,274 22,762
Q. How did you model the emission reductions from Ectric Supply sector policies in
your assessment?
A. | created a spreadsheet model of the 2020 Blegland electric system, including load,

generation by resource type, and Massachusetss/ether-five-New England state

disaggregation (attached as Exhibit EAS-16 ReyisEhe model begins with a business-

as-usual scenario in which Massachusetts holelggmfficiency programs steady at the

2013 level until 2030, and does not undertakergawy policy-based emission reductions.

Each Electric Supply sector policy is addedumnm to the business-as-usual scenario, in

order of a preliminary estimate of their costs metric ton, from least to most expensive.

As the effects of each policy are added, Masssatts emissions change. Policies cause a

combination of the following effects trackedle model:
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Fewer GWhs of electricity generated in Massaelts

* Fewer GWhs of electricity imported into Massachtsset

* Import of more zero-carbon generation into Massaetis

* Decreased emissions rate for Massachusetts gemrerati

* Decreased emissions rate for five-state generatiported into Massachusetts

All of these effects, alone and in combinati@sult in lower emissions in Massachusetts.
What are the estimated cost per metric ton of Ce& emissions and the expected
CO.e emission reductions of the Federal Appliance Stdards policy in 2020?

The estimated cost of the Federal Applian@a&ards policy for 2020 is -$568 per
metric ton of C@e reduction—a net benefit. Like several other CEG&egies, Federal
Appliance Standards result in “negative cosis’iet benefits: The monetized benefits of
this policy are greater than the monetized cdsts expected C reduction of this
policy is 500 thousand metric tons. (Calculagiosed to develop these values are
attached as Exhibit EAS-16 Revised using 2028 flam Exhibit EAS-6.)

What are the estimated cost per metric ton of Cé& emissions and the expected
CO.e emission reductions of the All Cost-Effective Engy Efficiency policy in 20207
The estimated cost of the All Cost-Effectineergy Efficiency policy for 2020 is -$480
per metric ton of C reduction—a net benefit. The expected:€@duction of this
policy is 4,903 thousand metric tons. (Calcaolaiused to develop these values are
attached as Exhibit EAS-16 Revised using 2028 flam Exhibit EAS-13, Exhibit EAS-
17, and Exhibit EAS-18.)

What are the estimated cost per metric ton of Cé& emissions and the expected
CO.e emission reductions of the Deep Energy Retrofifsolicy in 2020?

The estimated cost of the Deep Energy Resrpfilicy for 2020 is -$458 per metric ton
of CQe reduction—a net benefit. The expected,€@duction of this policy is 193
thousand metric tons. (Calculations used toldpvibese values are attached as Exhibit
EAS-16 Revised using 2020 data from Exhibit E¥S)y
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What are the estimated cost per metric ton of Cee emissions and the expected
CO.e emission reductions of the Advanced Building Codeolicy in 2020?

The estimated cost of the Advanced Buildingl€opolicy for 2020 is -$91 per metric
ton of CQe reduction—a net benefit. The expected:€@duction of this policy is 1,500
thousand metric tons. (Calculations used to dgvilese values are attached as Exhibit
EAS-16 Revised using 2020 data from Exhibit EA55-6

What are the estimated cost per metric ton of Ce& emissions and the expected
CO.e emission reductions of the Solar Thermal Market plicy in 20207

The Global Warming Solutions Act 5-Year Pragg&eport (attached as Exhibit EAS-12)
expands the CECP’s Solar Thermal Market pobayntlude thermal energy from a
variety of renewable resources. A 2014 Repartrassioned by DOER details the costs
and emission reductions of this expanded pdétached as Exhibit EAS-19). The
estimated cost of the Renewable Thermal Marédityfor 2020 is -$90 per metric ton
of CO2e reduction—a net benefit. The expectegeGeduction of this policy is 1,242
thousand metric tons. (Calculations used toldpvibese values are attached as Exhibit
EAS-16 Revised using 2020 data from Exhibit EXSand Exhibit EAS-21 Revised.)
What are the estimated cost per metric ton of Ce& emissions and the expected

CO.e emission reductions of the Tree Retention poliap 2020?

The estimated cost of the Tree Retentioncgdbr 2020 is -$3 per metric ton of G©
reduction—a net benefit. The expected:€@duction of this policy is 40 thousand
metric tons. (Calculations used to develop thvedges are attached as Exhibit EAS-16
Revised using 2020 data from Exhibit EAS-22.)

What are the estimated cost per metric ton of Ce& emissions and the expected

CO.e emission reductions of the RPS policy in 2020?

The estimated cost of the RPS Class | pdticy020 is $48 per metric ton of GO
reduction—a net cost. No transmission upgradesecessary to comply with RPS Class
I in 2020. The expected GOreduction of this policy is 1,899 thousand meitvits.
(Calculations used to develop these valuesttehed as Exhibit EAS-16 Revised using
2020 data from Exhibit EAS-2.)
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The estimated cost of the RPS Class | Solar Gautepolicy for 2020 (including both
SREC-1 and SREC-2) is $152 per metric ton of&C@duction—a net cost. The
expected Ce2 reduction of this policy is 817 thousand metigst (Calculations used to
develop these values are attached as Exhibit EBABevised using 2020 data from
Exhibit EAS-23.)

What are the estimated cost per metric ton of Cé& emissions and the expected
CO.e emission reductions of the CEPS policy in 2020?

CEPS is a portfolio standard that providedea@ Energy Certificate (CEC) incentive for
additional clean resources, beyond those reqbiydRlenewable Portfolio Standard
(RPS) Class I. I assume that the resources/iegeLECs would be installed within New
England; new Canada resources are includeai@ligan Energy Import strategy
discussed below. While CEPS in this analysaldressing within-New England
resources, conceptually a CEPS could addressroes both within and imported to
New England. In 2030, CEPS generation wouldiredpoth the equivalent of the 2030
Class | REC projected in AESC 2013 and significeew investment in transmission as
projected by ISO-NE.

For this analysis | divide the CEPS policy itw@ planks:

* New renewables relying on a Clean Energy @Gaate (CEC) incentive that do not
need a transmission upgrade to connect to leatkis.

* New renewables relying on a CEC incentive that @edna transmission upgrade to

connect to load centers. This second plankribdu subdivided into three blocks of
transmission upgrades: first, second, and thiné. first, second, and third blocks of
transmission must be implemented in this of8ecause of economies of scale, this
means that the first block is the most expenaigethe third block is the least
expensive. | assume that no offshore wind ghabt already in the ISO-NE queue in
2014 can be brought on line by 2020.

The estimated cost of the CEPS policy for 208 no transmission upgrade necessary
is $48 per metric ton of G®reduction—a net cost. The expected.€@duction of this

policy is 160 thousand metric tons. (Calculagiosed to develop these values are
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attached as Exhibit EAS-16 Revised using 2028 ftam Exhibit EAS-4, Exhibit EAS-
24 and Exhibit EAS-25.)

The estimated cost of the CEPS policy for 202 whie first block of transmission
upgrades is $306 per metric ton of £@eduction—a net cost. The expectedh€0
reduction of this policy is 1,137 thousand metimigs. (Calculations used to develop these
values are attached as Exhibit EAS-16 Revisatgu)20 data from Exhibit EAS-4,
Exhibit EAS-24 and Exhibit EAS-25.)

The estimated cost of the CEPS policy for 202 wWie second block of transmission
upgrades is $263 per metric ton of £@eduction—a net cost. The expectedh,€0
reduction of this policy is 1,137 thousand neetions. (Calculations used to develop these
values are attached as Exhibit EAS-16 Revisewy @020 data from Exhibit EAS-4,
Exhibit EAS-24 and Exhibit EAS-25.)

The estimated cost of the CEPS policy for 202@ the third block of transmission
upgrades is $228 per metric ton of £@duction—a net cost. The expectedh,€0O
reduction of this policy is 2,274 thousand neetions. (Calculations used to develop these
values are attached as Exhibit EAS-16 Reviseny @020 data from Exhibit EAS-4,
Exhibit EAS-24 and Exhibit EAS-25.)

Because solar resources require additional fivemnbeyond a Class | REC or CEC, and
expected increments to generation from othesweable resources are, at present,
marginal, | assume that the expected availglafiend transmission costs associated
with wind resources in New England adequatgbyagents the availability and
transmission costs associated with all new rebég. The estimated costs of
transmission and the amount of generation freaw England renewables available for
the CEPS policy come from the New England Games’iNew England 2030 Power
System Studiattached as Exhibit EAS-25) and the ISO New ErdjaWind Integration
Study(attached as Exhibit EAS-24), respectively, whigly on analysis conducted in
20009.
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There have been no additional comprehensive seslyf large-scale wind integration in
New England released in the intervening years.mhjority of recent related work has
been conducted within the framework of ISO Newlgnd’s “Strategic Transmission
Analysis”—an ongoing project that is focused @m$mission upgrades associated with
large fossil unit retirements. This project hi® degun to include analysis of large-scale
wind integration. An expected result of new asalys that as transmission upgrades
planned to alleviate constraints associated foghil unit retirements are implemented,
the costs of the transmission upgrades requireldfge-scale wind integration will
decline. For this reason, projected transmissasts are likely to be lower in new
analyses, although how much lower is not yetAkmno

What are the estimated cost per metric ton of Cée emissions and the expected
CO.e emission reductions of the Clean Energy Importsglicy in 2020?

The estimated cost of the Clean Energy Inggoalicy for 2020 is $52 per metric ton of
CQe reduction—a net cost. The expected,€@duction of this policy is 6,959
thousand metric tons. (Calculations used toldpvibese 2020 values are attached as
Exhibit EAS-16 Revised.) Cost and savings assiomgpfor Clean Energy Imports are

based on the following assumptions:

* Imported electricity from Canada is availailehe market price plus the cost of
transmission from the Canadian border to Newldfabload centers; this energy does
not require a REC incentive;

* Two 1,200 MW transmission lines could be constrdidtem the Canadian border to
New England load centers by 208@n additional 1,200 MW transmission line
could be constructed from the Canadian bordbletw England load centers by 2030
(see, for example, Exhibit EAS- 26);

* Expected imported energy on these lines is 18,68 & 2020 and 27,800 GWh in
2030, and all of this electricity is exclusivaljocated to Massachusetts; and

* The levelized costs of these lines are $361 millioR020 and $618 million in 2030,
assuming a 30-year book life and a real discratetof 5.1 percent.

19 For example, Massachusetts House Bill 38@8Act relative to clean energy resourdgesludes a valuef
18,900,000 MWh, or 2,400 megawatts operating gd&@ent capacity over 8,760 hours epeér.
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Have you assembled all four components necessaoydetermining the cost of 2020
GWSA compliance?

Yes.

As described above, the three steps to complegim marginal abatement cost curve
analysis are: (A) place policy options in order byheir cost per metric ton; (B) add
policies one by one, from least to most expensiwatil policy emission reductions
are sufficient to comply with GWSA requirements; ard (C) identify the most
expensive policy needed for GWSA compliance as tinearginal policy and its cost as
the cost of GWSA compliance. Did you take the thresteps necessary to complete a
marginal abatement cost curve analysis and determenthe cost of GWSA
compliance in 20207?

Yes. These calculations are shown in ExIEBS-16 Revised.

Did you develop a graphical depiction of the “meginal abatement cost curve” for
2020 GWSA compliance?
Yes. This graph was developed in Exhibit EXBSRevised and is attached as Exhibit

EAS-27 Revised and shown here as Figure 3.

Figure 3. Massachusetts marginal abatement cost cug for GWSA compliance, 2020

2020 Folicy Cost
(2013 $/ metric ton COye)

$600
2020 MA Greenhouse
Gas Reduction Goal
$450 14,400 thousand metric tons CO,e
$300¢0 [olar g :
$150 Clean Energy Imports
I
RPS - Class | —
$0

— Renewable |.51 3rd

L Tree Retention

-$150 | Thermal Market CEPS i

Ac_lvgnced ! (cost decreases }

Building Codes { with economies |
-$300 i ofscale)
$450 — All Cost-Effective EE
-$600

] 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000
2020 Policy Greenhouse Gas Reductions
(thousand metric tons CO5e)
O The marginal policy for 2020 is Clean Energy Imports at $52 per metric ton COze, in 2013 dollars. Source: DPU 2-2 Exhibit 2
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What is the “marginal” policy (or most expensivepolicy necessary) for achieving the
14.4 million metric ton policy-based emission redumn needed for GWSA
compliance in 2020?

The marginal policy for 2020 GWSA complianseediean Energy Imports, which is the
import of hydroelectric generation from Canadagsew transmission lines. The
incremental cost of this policy (above converdiageneration) needed to bring these
Canadian resources to New England load centéasisd on the assumptions discussed
above in Section 7, and on the levelized coth®@hew transmission needed to bring
these Canadian resources to New England loadrsent

What is the estimated cost per metric ton of Cé2 reduction of the Clean Energy
Imports policy in 20207

The estimated cost of the Clean Energy Inggpalicy in 2020 is $52 per metric ton of
CQe reduction.

What, therefore, is the estimated cost of GWSAamnpliance in 20207?

The estimated cost of GWSA compliance in 2820e estimated cost of the marginal
policy for GWSA compliance, Clean Energy Impo#s2 per metric ton of C@. This
cost per metric ton translates into $20 per M#$h28 per therm, and $3.8 per MMBtu

avoided costs applied to energy efficiency asutised below in Section 10.

POLICY-BASED EMISSION REDUCTIONS NECESSARY FOR 2030 GWSA
COMPLIANCE

Have you made an assessment of the policy-basadission reductions necessary for
2030 GWSA compliance?

Yes.

Why do you assess emission reductions for 20307

After 2020, 2030 is the next major milestoidéed in the GWSA, which requires that a
2030 interim emissions limit be set that “maxes the ability of the Commonwealth to
meet the 2050 emissions limit.” (see M.G.L.XIN2Climate Protection and Green
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Economy Act). It is necessary to estimate theDZBBVSA compliance costs at this time
because the energy efficiency resources implezdantthe next several years will
operate well past 2020 and thus provide an oppitytto reduce GWSA compliance
costs in the years after 2020. There are relgtiesv energy efficiency resources that, if

installed in the next few years, would have sgviwell past 2030.

Q. What greenhouse gas emission reduction does tG&V/SA require for 20307

A. No 2030 emission reduction requirement hasgen set for GWSA compliance.
However, a linear interpolation between the 2820 2050 GWSA emission reduction
requirements would be a reasonable way to apmaei 2030 requirementsUsing this
method, GWSA compliance requires a 43-percat¢wide emission reduction from
1990 statewide emissions in 2030. The framewsr&mmended in this testimony,
including this 2030 estimate, can and shoulgdsedically updated as additional or
updated information becomes available.

Q. Given a 43-percent statewide emission reductiaequirement for GWSA

compliance in 2030, what assumptions are neededdstimate the emission
reductions necessary in the Buildings and ElectriSupply sectors?

A. As discussed below, | estimate 2030 busiassssual emissions for the Buildings and
Electric Supply sectors, | assume that 2030negsras-usual emissions for the
Transportation and Non-Energy sectors will lentatal to the 2020 CECP business-as-
usual projections for those sectors, and | asgt same allocation of policy-based
emission reductions across sectors as is dalted CECP for 2020. The framework
recommended in this testimony, including settaltacation of reductions, can and

should be periodically updated as additionalpmtated information becomes available.

" The Department used linear interpolation to esentia¢ GWSA emission reduction targets when it apgidong-
term contracts for the purchase of windpower anéw&ble energy certificate§ee Petition of Massachusetts
Electric Company and Nantucket Electric Companghegba National Grid, for approval by the Departrheh
Public Utilities of two long-term contracts to pts@se wind power and renewable energy certificatesymant to
St. 2009, c. 169, § 83 and 220 C.M.R. § 170B,U. 10-54, Final Order, p74, footnotel 50 (November 22,
2010).

Dir ect Teslimony of Elizabeth A. Stanton Page 3¢



© 00 N O o b~ WDNE

e S R S S
O A W N R O

16
17

18

19
20
21
22

23
24
25
26
27
28
29

Q.

DPU 14-86

Corrected Amended Testimony of Elizabeth AStanton
December 42014

Gold

Do you consider the sensitivity of the calculatecost of 2030 GWSA compliance to
the assumption that the allocation of policy-basedmission reductions across sectors
will be the same in 2030 as it was in 20207

Yes. | discuss the results of this sensitiaitylysis below in Section 10. In brief, |
allocate 64-percent of all policy-based emissexuctions in 2030 to the Buildings and
Electric Supply sectors, based on the sectdadation of policy-based emission
reductions for 2020 assumed in the CECP. Thatsatysanalysis that | perform
examines what changes in the sectoral allocafigolicy-based emission reductions
would be necessary to shift to a new marginacpdbr 2030 GWSA compliance and,
therefore, a new estimate of the 2030 GWSA cangé cost. Buildings and Electric
Supply sector allocations of 44 to 68 percestiltan Clean Energy Imports policy as the
2030 marginal policy. A change to a 43-percdotation to these sectors shifts the
marginal policy to Tree Retention and a lowdinested cost of GWSA compliance. A
change to a 69-percent allocation to these iseshifts the marginal policy to RPS Class
| and a higher estimated cost of GWSA compliance

Have you made projections of 2030 business-asda$ greenhouse gas emissions in
the Buildings and Electric Supply sectors?

Yes.

How did you project 2030 business-as-usual emisss in the Electric Supply sector?
For the Electric Supply sector, | multipliagrojected 2030 business-as-usual emissions
rate for New England generation (including imippby projected 2030 business-as-usual

retail electric sales for Massachusetts.

The business-as-usual emissions rate was cadulaing the 2028 (the final year in
AESC 2013 modeling) generation and imports nesomix for New England used in
AESC 2013, which includes expected fuel pricengjes, retirements and additions, and
an expected load holding efficiency measuresdstat their 2013 level until 2028. |
adjusted the 2030 resource mix to remove adlweaible resources constructed after
Massachusetts’ RPS came into effect in 200&wables were replaced with natural gas

generation—assumed to be the marginal resonfdew England—to maintain the same
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generation level. | use the AESC 2013 emissitasray resource, but estimate a New
England average emission rate that is higherttianof AESC 2013 due to additional

generation from natural gas.

Massachusetts’ 2030 business-as-usual load wamasd to be the ISO-NE 2012 CELT
Base forecast (attached as Exhibit EAS-11) f@120at excludes energy efficiency
escalated to 2030 using the CELT’s 2017 to 2@2tage growth rate. This projected
load is adjusted to remove the load reductioae@ated with increasingly stringent
Federal Appliance standards (see Exhibit EASabIStand Exhibit EAS-13) and then
escalated slightly to account for behind-the-mstdar generation constructed after 2008

(which is replaced with natural gas generation).

Based on these assumptions, which are simiktote used for the 2020 business-as-
usual calculation, | project that the 2030 bessas-usual emissions in the Electric
Supply sector will be 25.3 million metric tons@0.e (calculations attached as Exhibit
EAS-16 Revised).

How did you project 2030 business-as-usual emigss in the Buildings sector?

For the Buildings sector, | escalate the 2BRB@sachusetts’ emissions from Building-
sector natural gas and fuel oil use (descrilbbedain Section 7) using the 2021 to 2030
EIA annual growth rates for natural gas and @uleh their 2012 Demand Technology

Case”: natural gas, 0.5 percent; and fuel bil, percent.

Based on these assumptions, | project thatGB6 Business-as-usual emissions in the
Buildings sector will be 20.3 million metric ®of CQe (calculations attached as
Exhibit EAS-14)

What is your projection of Massachusetts’ 2030 usiness-as-usual greenhouse gas
emissions in the combined Buildings and Electric Saply sectors?

Based on these 2030 business-as-usual ftseeBsildings 20.3 million metric tons, and
Electric Supply 25.3 million metric tons—I projeBuildings and Electric Supply 2030
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business-as-usual emissions to be 45.6 milliamicrtens (calculations attached as
Exhibit EAS-8) as shown in Figure 4.

Figure 4. Massachusetts Buildings and Electric Supyp sector 1990 emissions, 2030 business-as-

usual emissions, and 2030 GWSA-compliant emissions

2030 2030
GWSA-Compliant Business-as-Usual 1990
Emissions Emissions Emissions
0 10 20 30 40 50 &0
Building and Electric Supply Sector Emissions
(million metric tons CO;e)

What is the difference between 1990 Buildings anElectric Supply sector emissions
and your projections of 2030 business-as-usual gr@@use gas emissions for these
sectors?

The difference between 1990 emissions (57 Hamimetric tons C@e) and 2030
business-as-usual projected emissions in theliBgs and Electric Supply sectors (45.6
million metric tons) is 11.9 million metric togsalculations attached as Exhibit EAS-8).
What statewide 2030 business-as-usual emissi@duction is implied by this
business-as-usual projection for the Buildings ané&lectric Supply sectors?

Assuming that business-as-usual emissiotiseii ransportation and Non-Energy sectors
remain constant from 2020 to 2030, and usirgg2BB0 business-as-usual projection for
the Buildings and Electric Supply sectors, state 2030 business-as-usual emissions are
projected to be 94.7 million metric tons £0the sum of the business-as-usual Buildings
and Electric Supply sector projection for 2088.6 million metric tons), the CECP
business-as-usual Transportation sector proje¢88.1 million metric tons), and the
CECP business-as-usual Non-Energy sector piapel.0 million metric tons).
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The difference between 1990 statewide emissi@hel (million metric tons) and updated
statewide 2030 business-as-usual projected emgs§94.7 million metric tons) is -0.3
million metric tons (calculations attached as iIBRHEAS-8) as shown in Figure 5.
Buildings and Electric Supply sector emissions2@30 GWSA compliance are
combined in Figure 5 because the CECP includessraepolicies that affect both sectors
jointly.

Figure 5. Massachusetts 1990 emissions, 2030 bussws-usual emissions, and 2030 GWSA
compliant emissions

100
94.4 - -94.7 - 944
e
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7 80 =
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iy
52 4
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E 20
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Emissions Business- Emissions GWWSA-
as-lsual Compliant
Emissions Emissions
Q. Based on your projection of business-as-usualggnhouse gas emissions for 2030,
what policy-based emission reductions are necessdiyr 2030 GWSA compliance in
the Buildings and Electric Supply sectors?
A. Statewide policy-based emission reductioeglae difference between the projected

statewide 2030 GWSA emission reduction targéfp@rcent below 1990 levels, or 40.9
million metric tons Cge) and statewide business-as-usual emission ché&tg@snillion
metric tons—an increase). Projected statewidieypbased emission reductions required
for GWSA compliance in 2030 are, therefore, 4fillon metric tons.
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| allocate policy-based reductions to each offtlue economic sectors in proportion to
the share of 2020 policy-based emission redustitcom each sector reported in the
CECP: Buildings and Electric Supply sectors, étcent; Transportation sector, 28
percent; and Non-Energy sector, 7 percent (caliculs attached as Exhibit EAS-8).

The projected 2030 policy-based emission redngeguired for the Buildings and
Electric Supply sectors combined is 26.5 millietric tons (calculations attached as
Exhibit EAS-8).

9. DEMONSTRATION OF COST OF 2030 GWSA COMPLIANCE METHODOLOGY

Q.

As described above, the first component in the anginal abatement cost curve
methodology is the amount of emission reductions gelired in 2030 for GWSA
compliance. What amount of Buildings and Electric 8pply sector emission
reductions did you determine was required in 2030dr GWSA compliance?

The policy-based emission reduction necessany the Buildings and Electric Supply
sectors for 2030 GWSA compliance is 26.5 milioetric tons CGe.

As described above, the other three components the marginal abatement cost
curve methodology are: 1) a list of policy measuresapable of reducing greenhouse
gas emissions in 2030, 2) the cost per metric toh@O,e emissions for each policy in
2030, and 3) the expected C4 emission reductions of each policy in 2030. Dicby
compile a list of Buildings and Electric Supply seor policy measures capable of
reducing greenhouse gas emissions in 2030, determitine cost per metric ton of

COe emissions for each policy in 2030, and determitiee expected CQe emission
reductions of each policy in 2030?

Yes.

What Buildings and Electric Supply sector policymeasures are capable of reducing
greenhouse gas emissions in 20307

The CECP lists the Buildings and Electric flypsector policy measures that are capable
of reducing greenhouse gas emissions in 202&(ed as Exhibit EAS-6). The

following measures can provide emission reduastia 2030 and therefore are included

in the marginal cost of 2030 GWSA compliancdysis presented in this testimony:
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Renewable Thermal Market (CECP, p.29-31, ExIiBiS-6; see also Exhibit EAS-
12)

Federal Appliance Standards (CECP, p.35-36)
Deep Energy Retrofits (CECP, p.26-27)

All Cost-Effective Energy Efficiency (CECP, p.18)19
Advanced Building Codes (CECP, p.20-22)

Tree Retention (CECP, p.32-34)

RPS Class | (CECP, p.40-41)

CEPS (CECP, p.47-48)

Clean Energy Imports (CECP, p.45-46)

Massachusetts’ Buildings and Electric Supply@eemission reduction policies for 2030

are listed in Table 3.

Table 3. Massachusetts’ Buildings and Electric Supp sector emission reduction policies in 2030

© 00 N o 0o B W N P

U ol =
w N B O

Cost Program Savings Cumulative Savings
(2013 ¢/ (000 metrictons (000 metrictons

metric ton) CO.e) CO%e)

All Cost-Effective EE
Deep Energy Retrofits -$464 191 8,409
Federal Appliance Standards -$390 1,569 9,978
Advanced Building Codes -$91 1,500 11,478
Renewable Thermal Market -$90 5,805 17,284
Tree Retention -$3 111 17,395
Clean Energy Imports $59 10,437 27,832
RPS - Class | — no Tx $75 2,184 30,017
Former Class | - Solar Carve-Out $152 803 30,820
RPS - Class | — with Tx $337 1,744 32,564
CEPS (1st Tx upgrade) $337 411 32,974
CEPS (2nd Tx upgrade) $294 2,236 35,211
CEPS (3rd Tx upgrade) $258 4,473 39,684
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What are the estimated cost per metric ton of Cé& emissions and the expected
CO.e emission reductions of the All Cost-Effective Engy Efficiency policy in 20307

| project All Cost-Effective Energy Efficien@mission reductions to 2030 assuming that
annual first-year savings will remain constana&hare of retail sales from 2020 to 2030
at 2.9 percent. | assume a 13-year measuraridetrith measures retiring at the end of

this lifetime, but 25-percent savings from end#af measures replaced without incentive

(see calculations attached as Exhibit EAS-13).

The estimated cost of the All Cost-Effective EyeEfficiency policy for 2030 is -$480
per metric ton of Cé& reduction—a net benefit. The expected.€@duction of this
policy is 8,219 thousand metric tons. (Calcaolaiused to develop these values are
attached as Exhibit EAS-16 Revised using data fExhibit EAS-13, Exhibit EAS-17,
and Exhibit EAS-18.)

Do you consider the sensitivity of the calculatecost of 2030 GWSA compliance to

the assumption that first-year energy efficiency sangs as a share of sales remain
constant from 2020 to 20307

Yes. | discuss the results of this sensitiaialysis below in Section 10. In brief, the
sensitivity analysis that | perform examines tdienges in first-year energy efficiency
savings as a share of sales would be necessghift to a new marginal policy for 2030
GWSA compliance and, therefore, a new 2030 @o&GWSA compliance. First-year
energy efficiency savings as a share of resdelssof 2.2 to 6.8 percent result in Clean
Energy Imports policy as the 2030 marginal gol&k change to a 6.9-percent share of
retail sales shifts the marginal policy to TRetention and a lower estimated cost of
GWSA compliance. A change to a 2.1-percent shiaretail sales shifts the marginal
policy to RPS Class | and a higher estimatet @oSWSA compliance.

What are the estimated cost per metric ton of Ce2 emissions and the expected
CO.e emission reductions of the Deep Energy Retrofifsolicy in 2030?

The estimated cost of the Deep Energy Resrpfilicy for 2030 is -$464 per metric ton
of CQe reduction—a net benefit. The expected,€@duction of this policy is 191
thousand metric tons. (Calculations used toldpwhese values are attached as Exhibit
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EAS-16 Revised assuming that the 2020 assumptidishibit EAS-13 remain constant
to 2030.)

What are the estimated cost per metric ton of Cé& emissions and the expected
CO.e emission reductions of the Federal Appliance Stdards policy in 20307

The estimated cost of the Federal Applian@a&ards policy for 2030 is -$390 per
metric ton of CQ@e reduction—a net benefit. The expected.€@duction of this policy
is 1,569 thousand metric tons. (Calculations wsetevelop these values are attached as
Exhibit EAS-16 Revised using 2030 data from EXHHAS-6 and Exhibit EAS-28, from
the American Council for an Energy-Efficient Eoomy and Appliance Standards
Awareness Project, the same organization usteki@ECP for the 2020 assumptions
regarding this policy. Exhibit EAS-28 is a 2Qiflate to the document used to develop
the CECP.)

What are the estimated cost per metric ton of Ce® emissions and the expected
CO.e emission reductions of the Advanced Building Codepolicy in 2030?

The estimated cost of the Advanced Buildirgl€s policy for 2030 is -$91 per metric
ton of CQe reduction—a net benefit. The expected€@duction of this policy is 1,500
thousand metric tons. (Calculations used toldpwhese values are attached as Exhibit
EAS-16 Revised assuming that the 2020 assungpitioBxhibit EAS-6 remain constant
to 2030.) This is a conservative assumptioredas the potential for savings from
Advanced Building Codes to overlap with All Gé&gtective Energy Efficiency and the
Renewable Thermal Market emissions savingsar2€20-2030 time period.

What are the estimated cost per metric ton of Ce& emissions and the expected
CO.e emission reductions of the Renewable Thermal Magk policy in 20307

The estimated cost of the Renewable Thernaakt policy for 2030 is -$90 per metric
ton of CQe reduction—a net benefit. The expected,€@duction of this policy is 5,805
thousand metric tons. (Calculations used toldpwhese values are attached as Exhibit
EAS-16 Revised using 2030 data from Exhibit EXSand Exhibit EAS-21 Revised.)

12 personal communication, lan Finlayson, DOER, May2DX.4.
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What are the estimated cost per metric ton of Cee emissions and the expected
CO.e emission reductions of the Tree Retention poliap 2030?

The estimated cost of the Tree Retention gdbc 2030 is -$3 per metric ton of GO
reduction—a net benefit. The expected,€&duction of this policy is 111 thousand
metric tons. (Calculations used to develop tivedees are attached as Exhibit EAS-16
Revised using data from Exhibit EAS-22.)

What are the estimated cost per metric ton of Cé& emissions and the expected

CO.e emission reductions of the Clean Energy Importsglicy in 20307

The estimated cost of the Clean Energy Impootgy for 2030 is $59 per metric ton of
CQe reduction—a net cost. The expectedh.€@duction of this policy is 10,437
thousand metric tons. (Calculations used toldpvibese 2030 values are attached as
Exhibit EAS-16 Revised based on the assumpt@tsissed in Section 7 above.)

What are the estimated cost per metric ton of Cé& emissions and the expected

CO.e emission reductions of the RPS policy in 2030?

| separate resources built with RPS ClasECihcentives into those that are built before
transmission upgrades are needed to add newabteegeneration in New England, and
those that are built after transmission upgrbeéesme necessary. The estimated amount
of generation from New England renewables abkslwithout a transmission upgrade
comes from the ISO New Englaniénd Integration Studgattached as Exhibit EAS-
24).

The estimated cost of the RPS Class | polic@30 for those resources that are built
before transmission upgrades are needed toeddemewable generation in New
England is the 2030 Class | REC value. The estichcost of the RPS Class | policy
without transmission upgrades is $75 per matroof CQe reduction—a net cost. The
expected Cg reduction of this policy is 2,184 thousand metits. (Calculations used
to develop these values are attached as EXA8t16 Revised using 2030 data from
Exhibit EAS-4 and Exhibit EAS-24.)
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The estimated cost of the RPS Class | polic@80 for those resources that are built
after transmission upgrades are needed to adder@wable generation in New England
includes both the 2030 Class | REC value ane#tienated cost of the transmission
upgrades necessary to allow new resources siffitd fulfill the Class | requirement.
The estimated cost of the RPS Class | polic3&7%per metric ton of C reduction—a
net cost. The expected @reduction of this policy is 1,744 thousand metiits.
(Calculations used to develop these values taehsd as Exhibit EAS-16 Revised using
2030 data from Exhibit EAS-4, Exhibit EAS-24 dixhibit EAS-25.)

RPS Class | Solar Carve-Out is phased out by.Z0@resources installed under the
SREC programs receive Class | RECs beginningedars after their installation. The
former Class | Solar Carve-Out resources anegkier, included in this 2030 analysis
separately from Class | resources becauselifieéime costs are different; in effect, the
former Class | Solar Carve-Out is a portionadélt Class | emission reductions in 2030.
The cost of the former RPS Class | Solar Carueglicy for 2030 is $152 per metric
ton of CO2e reduction—a net cost. The expecteédeXdeduction of this policy is 803
thousand metric tons. (Calculations used toldpwtiese values are attached as Exhibit
EAS-16 Revised using 2030 data from Exhibit EZ8S)y

What are the estimated cost per metric ton of Cé& emissions and the expected
CO.e emission reductions of the CEPS policy in 2030?

All CEPS resources require transmission ugegan 2030. New renewables will rely
both on a CEC incentive and a transmission wagt@ connect to load centers. CEPS
resources are divided into three blocks of trassion upgrades: first, second, and third.
The first, second, and third blocks of transmoissnust be implemented in this order.
Because of economies of scale, this meanshédirst block is the most expensive and

the third block is the least expensive.

The estimated cost of the CEPS policy for 2088 the first block of transmission
upgrades is $337 per metric ton of £@duction—a net cost. The expected,€0

reduction of this policy is 411 thousand metimigs. (Calculations used to develop these
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values are attached as Exhibit EAS-16 RevisatguA)30 data from Exhibit EAS-4,
Exhibit EAS-24 and Exhibit EAS-25.)

The estimated cost of the CEPS policy for 203t wie second block of transmission
upgrades is $294 per metric ton of £@eduction—a net cost. The expectedh,€0
reduction of this policy is 2,236 thousand metimigs. (Calculations used to develop these
values are attached as Exhibit EAS-16 RevisatguA)30 data from Exhibit EAS-4,
Exhibit EAS-24 and Exhibit EAS-25.)

The estimated cost of the CEPS policy for 203 wie third block of transmission
upgrades is $258 per metric ton of £@eduction—a net cost. The expectedb,€0
reduction of this policy is 4,473 thousand neetions. (Calculations used to develop these
values are attached as Exhibit EAS-16 Revisewy @030 data from Exhibit EAS-4,
Exhibit EAS-24 and Exhibit EAS-25.)

As discussed above, projected transmission aostiskely to be lower in new analyses,
although how much lower is not yet known.

Do the greenhouse gas reductions from the moddlgolicies ever exceed the total
possible greenhouse gas reductions?

Yes, but only in the Electric Supply secior2030, using the policies as modeled, it is
not possible to simultaneously implement atihef policies shown in the marginal
abatement cost curve because electric sectesems would drop below zero.
Achievable reductions are exhausted part wautiir the second CEPS transmission
block. If the Clean Energy Imports strategy weseimplemented, however, then the full
CEPS policy would be achievable. The marginétpan 2030 is reached before electric
sector emissions are reduced to zero; therdiméssue is not a limitation to the results
of this analysis. This possibility should be kiepmind in reviewing the results of any
future update to the framework recommendedigitédstimony.

Have you assembled all four components necessaoydetermining the cost of 2030
GWSA compliance?

Yes.
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As described above, the three steps to complegim marginal abatement cost curve
analysis are: (A) place policy options in order byheir cost per metric ton; (B) add
policies one by one, from least to most expensiwatil policy emission reductions
are sufficient to comply with GWSA requirements; ard (C) identify the most
expensive policy needed for GWSA compliance as tingarginal policy and its cost as
the cost of GWSA compliance. Did you take the thresteps necessary to complete a
marginal abatement cost curve analysis and determenthe cost of GWSA
compliance in 20307

Yes. These calculations are shown in ExhiiSEL6 Revised.

Did you develop a graphical depiction of the “meginal abatement cost curve” for
2030 GWSA compliance?
Yes. This graph was developed in Exhibit EESRevised and is attached as Exhibit

EAS-29 Revised and shown here as Figure 6.

Figure 6. Massachusetts marginal abatement cost cug for GWSA compliance, 2030
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O The marginal policy for 2030 is Clean Energy Imports at $59 per metric ton COgze, in 2013 dollars. Source: DPU 2-2 Exhibit 2
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Q. What is the “marginal” (or most expensive policynecessary) for achieving the 26.5
million ton policy-based emission reduction needefibr GWSA compliance in 2030?

A. The marginal policy for 2030 GWSA compliansedlean Energy Imports, which is the
import of hydroelectric generation from Canadagisew transmission lines. The
incremental cost of this policy (above converdiageneration) is based on the
assumptions discussed above in Section 7, drabexd on the levelized cost of the new
transmission needed to bring these Canadiannesoto New England load centers.

Q. What is the estimated cost per metric ton of Ce2 reduction of the Clean Energy
Imports policy in 20307

A. The estimated cost of the Clean Energy Ingppalicy in 2030 is $59 per metric ton of
CQe reduction.

Q. What, therefore, is the estimated cost of GWSAompliance in 20307

>

The estimated cost of GWSA compliance in 283De estimated cost of the marginal

policy for GWSA compliance, Clean Energy Impo#s9 per metric ton of C@.

10. RECOMMENDED GWSA COMPLIANCE COSTS

Q. How should the cost per metric ton value of GWSA&ompliance be applied to the
electricity, gas, and oil savings of Massachusetsergy efficiency programs?

A. For electricity efficiency savings, the estited cost per metric ton value of GWSA
compliance must be converted to dollars per MVéssume a New England marginal
emissions rate of 0.38 metric tons£@er MWh for this purpose (the emissions rate for
non-cogenerating natural gas in New EnglandEsébit EAS-16 Revised and AESC
2013 attached as Exhibit EAS-2).

For gas and oil efficiency savings, complianest ¥alues must be converted to dollars
per therm and dollars per MMBLtu, respectivelgssume the following emission rates for
this purpose: gas (0.005311 metric tonseCaer therm); and oil (0.073204 metric tons
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COe per MMBtu)*® Table 4 reports the GWSA compliance costs for 20202030 in
metric tons, and the corresponding costs for MdVélectric generation, therms of
natural gas, and MMBtu of heating oil (as showikxkhibit EAS-16 Revised). Also in
Table 4, for purposes of comparison, is the 260 of GWSA compliance reported in
AESC 2013, p.4-60.

Table 4. 2020 and 2030 GWSA compliance costs compdrto 2020 GWSA compliance cost
estimated in AESC 2013

2020
Unit 2020

(per 2013AESC)

2013 $ / metric ton $48 $52 $59
2013 $/MWh $18 $20 $23

2013 $ / therm natural gas $0.26 $0.28 $0.31
2013 $/ MMBtu heating oil $3.5 $3.8 $4.3

Q. Do you calculate the levelized cost of GWSA corignce?

>

Yes, these calculations are developed inlikBAS-16 Revised and presented in Table
5. To calculate a levelized cost, | assumedHheviing: a) the most recent RGGI clearing
price—$5.30 per metric ton in 2014—as reponteRGGI Auction 25 (attached as
Exhibit EAS-31), b) a linear trend from this 20dalue to the estimate marginal cost of
compliance with GWSA in 2020, c) a linear tréraim 2020 to 2030, and d) constant
costs from 2030-2034, and e) a real discouatafil.36 percent as used in AESC 2013,
Appendix B.

13 These emission rates are taken from the EIA’s TABeCarbon Dioxide Uncontrolled Emission Factors
(attached as Exhibit EAS-30) and are convertedkimtit EAS-10 from 117.08 Ibs. Cer MMBtu natural gas
and 161.386 Ibs. C{per MMBtu distillate fuel oil to the values in migttons CQe per therm and per MMBtu
shown above.
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1 Table 5. Annual and levelized cost of GWSA compliare

2013 $ / metric ton 2013 $ / MWh 2013 $ / therm 2615 / MMBtu

2014 $5 $2 $0.03 $0.4
2015 $13 $5 $0.07 $1.0
2016 $21 $8 $0.11 $1.5
2017 $29 $11 $0.15 $2.1
2018 $36 $14 $0.19 $2.7
2019 $44 $17 $0.23 $3.2
2020 $52 $20 $0.28 $3.8
2021 $53 $20 $0.28 $3.9
2022 $54 $20 $0.28 $3.9
2023 $54 $21 $0.29 $4.0
2024 $55 $21 $0.29 $4.0
2025 $56 $21 $0.30 $4.1
2026 $56 $22 $0.30 $4.1
2027 $57 $22 $0.30 $4.2
2028 $58 $22 $0.31 $4.2
2029 $59 $22 $0.31 $4.3
2030 $59 $23 $0.31 $4.3
2031 $59 $23 $0.31 $4.3
2032 $59 $23 $0.31 $4.3
2033 $59 $23 $0.31 $4.3
2034 $59 $23 $0.31 $4.3
10-year levelized cost
S $40 $15 $0.21 $3.0
15-year levelizedost
$46 $17 $0.24 $3.3
(2015-2029)
20-year levelizedost
$49 $19 $0.26 $3.6

(2015-2034)

Q. What was the result of the sensitivity analysithat you performed on the impact of
the assumption that a 25-percent reduction in stateide greenhouse gas emissions in
2020 is required, rather than the 27.3-percent redction used in the CECP?

abw N
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| analyzed the impact of changing the assutotad statewide greenhouse gas emission
reduction in 2020 from 25-percent (as requiredneyGWSA) to 27.3-percent (the
combined business-as-usual and policy-based tiedacalled for the CECP). This
adjustment would change the 2020 GWSA-compliemssgion reduction target from
14.4 million metric tons C£ to 15.8 million metric tons. This change in tangeuld
have no impact on the marginal policy in 2020, ahdrefore, no impact on the cost of
2020 GWSA compliance. This analysis is shownxhikit EAS-16 Revised.

What was the result of the sensitivity analysithat you performed on the impact of

the assumption that the allocation of policy-basedmission reductions by sector
would remain constant from 2020 to 2030?

In the CECP, the Buildings and Electric Sypg#ctors are responsible for 64 percent of
policy-based emission reductions in 2020. |yred the impact of changes to the
assumption that allocation of policy-based elsseductions by sector would remain
constant from 2020 to 2030. My findings werdaii®ws:

» To change the 2030 marginal policy to TreesR&@bn it would be necessary to
reduce the Buildings and Electric Supply setttscation to 43 percent. This
change would reduce the cost of 2030 GWSA canpé from $59 per metric ton of
COe to -$3 per metric ton.

* To change the 2030 marginal policy to formBiSRClass | with no transmission
upgrades it would be necessary to increasetfdiBgs and Electric Supply sectors’
allocation to 69 percent. This change wouldease the cost of 2030 GWSA

compliance to $75 per metric ton. This analigsshown in Exhibit EAS-16 Revised.

What was the result of the sensitivity analysithat you performed on the impact of
the assumption that first-year energy efficiency sangs as a share of sales remains
constant from 2020 through 20307

| analyzed the impact of adjusting the asslifiret-year energy efficiency savings as a
share of sales from 2020 to 2030. My findingsenses follows:
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» To change the 2030 marginal policy to Tree R&ea it would be necessary to
increase the share of sales from 2.9 percen®tpdcent. This change would reduce
the cost of 2030 GWSA compliance from $59 perimébn of CQe to -$3 per
metric ton.

* To change the 2030 marginal policy to the farRES Class | with no transmission
upgrades it would be necessary to decrease thlgrate from 2.9 percent to 2.1
percent. This change would increase the cost®d ZZWSA compliance to $75 per
metric ton. This analysis is shown in Exhibit EA& Revised.

Q. What is the cost of 2020 GWSA compliance?
A. The cost of compliance with GWSA in 2020 &2%er metric ton of Cg, $20 per
MWh, $0.28 per therm, and $3.8 per MMBtu.

Q. What is the cost of 2030 GWSA compliance?
A. The cost of compliance with GWSA in 2030 ¥9%er metric ton of C&, $23 per
MWh, $0.31 per therm, and $4.3 per MMBtu.

Q. Does this conclude your pre-filed testimony?

A. Yes, it does.
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