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Sustainable Energy Advantage, LLC
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Our Suite of Subscription Services

» Detailed REC market fundamentals analysis, briefings, providing actionable information on New
England’s complex REC markets to support informed business decisions. Delivered 3x per year
= Since 2005

New England Eyes & Ears: Renewable Energy Regulatory Policy & Legislative Tracking & Analysis

» Comprehensive service enhancing users’ government affairs and market intelligence functions
= Since 2007

Massachusetts Solar Market Study

» In-depth analyses of the Massachusetts solar markets since 2014, focusing on the solar renewable
energy credit market and the new Solar Massachusetts Tariff (SMART) program

New in 2018: New York Renewable Energy Market Outlook (REMO) Suite

= Suite of services including topical webinars, periodic bulletins, detailed REC Market Fundamentals
Analysis, and comprehensive regulatory, policy and legislative tracking and analysis, collectively
providing subscribers with comprehensive & timely insight into New York'’s evolving renewables market.
= New York Eyes & Ears: Regulatory Policy & Legislative Tracking & Analysis
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SEA’s Market & Policy Analysis Resume
A Sample

MA RPS Cost Study, Design & Implementation Support

New York CES Cost Study (2016)

(2000-02) « Analysis of MA CO, & Clean Energy Standard
« MA DOER Solar Policy Program and Post 400-MW Policy Regulations (2017)
Analysis (2013) « An Analysis of the Massachusetts Renewable Portfolio

Developing a Post-1,600 MW Solar Incentive Program:
Evaluating Needed Incentive Levels and Potential Policy .

Standard (alternative futures) (2017)
Massachusetts’ Electricity Future: Reducing Reliance on

Alternatives (2016)

« Crafting a Renewables Portfolio Standard for Rhode .
Island: Design Choices, Best Practices, and
Recommendations (2002)

* RI Renewable Energy Standard model legislation (2002)

 NY RPS, RES Procurement, RES Tier 1 Obligation &
Procurement design and implementation support

Natural Gas Through Renewable Energy (2016)
Solar Market Development Volatility in NJ (2014)

» Potential Benefits of Long-Term Contracts for RPS
Compliance in NJ (2015)

Estimated Ratepayer Impact of Increasing the Maryland
RPS (2013, 2014 & 2015)

Wiser, Ryan, Kevin Porter, Robert Grace, Evaluating Experience
with Renewables Portfolio Standards in the United States,
Prepared for the Conference Proceedings of Global Windpower
2004 Chicago, lllinois: March 28-31, 2004, published as a
Lawrence Berkeley National Laboratory report, March 2004.

« Large-Scale Renewable Energy Development in New
York: Options and Assessment (2015)

« Connecticut RPS Study (2013)
« Vermont RPS Study (2011)

* New York RPS Cost Study (2003, 2009, 2013) Customized Energy Solutions, Alevo Analytics, Sustainable

Energy Advantage, Daymark Energy Advisors & Strategen, State
of Charge: Massachusetts Energy Storage Initiative (2016)
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ITode’s acronym soup...

« APS = Alternative Portfolio Standard

« AECs = Alternative Energy Certificate (pronounced “aches”, not to be

associated with “pains”)
« ACP = Alternative Compliance Payment (effectively, price cap)
* CHP = Combined Heat & Power
« ESS = Energy Storage System

* GIS = NEPOOL Generation Information System (certificate tracking
system)

« REC = Renewable Energy Credit

* RPS = Renewable Portfolio Standards (a/k/a Renewable Energy
Standards)

% Copyright © Sustainable Energy Advantage, LLC.




I Overview

Objectives Outline

« Help participants understand, if ¢ Policy tools
MA seeks to add ESS to APS:  « Key MA APS Features

o ISsues, complexities « APS in ESS?
o portfolio design considerations - Why consider?
o Early insights o Objectives
o Opportunities, headaches o Common Portfolio Standard design

: Issues

» Address the question: =St
_ _ o Supply — Demand Balance
o What are considerations for MA .
o Compliance

2
DOER to add ESS to APS? o Differentiating incentives btw. ESSs

« Take-aways

% Copyright © Sustainable Energy Advantage, LLC. |7



MA APS Key Features

Today

« Targets

o 2018 = 4.50% of annual retail electricity sales = 5.00% by 2020, increasing by 0.25%/yr indefinitely

o Regs. require program review in 2020, incl. consideration of minimum standard

» Geographic Eligibility

o Electricity: Must be in ISO-NE; “Off-grid” and behind-the-meter generation must be located in MA

o Thermal: shall deliver Useful Thermal Energy to end-use load located in MA
« Technology Eligibility

o CHP, flywheels, renewable thermal generation, waste-to-energy thermal, fuel cells (thermal or electric)

o Liquid biofuel capped at 20% of total obligation

> 50% greenhouse gas reduction requirement for emitting renewable thermal

o Fuel cells must be more efficient than emitting locational marginal units
* One Alternative Energy Credit (“AEC”) =

o Fuel cells: 1 MWh [elec + useful thermal equivalent] generated

> Flywheel: 65% of MWh discharged

o ‘MWh equivalent’ for thermal energy

o CHP: elec. MWh/0.33 + Useful Thermal / 0.80 — energy content of fuel consumed

o Compliance multipliers for fuel cells (1.5) & non-emitting renewable thermal (up to 5.0)
» Can ‘double-dip’ with RPS Class | & |l (but can qualify as only 1 type of APS unit)
« 2018 ACP rate $22.64/MWh (vs. $68.95/MWh for Class | RPS), esc. @ CPI

« Key takeaway = VERY flexible tool for DOER

% Copyright © Sustainable Energy Advantage, LLC.

RPS: all eligible
supply gets 1 REC

per MWh
APS: Requires
relative valuation
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MA APS as a tfool to suppor
Energy Storage Systemse

« Selective references to: Wiser, Ryan, Kevin Porter, Robert Grace, Evaluating Experience with
Renewables Portfolio Standards in the United States (2004)

| Sustainable
Energy
/W Advantage, LLC



I Why consider APS 1o support ESSe

* Opportunity:
- DOER has broad authority over APS targets and details
> No new legislation required
=» Can be implemented relatively quickly

* APS designed to be flexible
o Electric generators
o Useful thermal
o EftcC.

o “The Island of Misfit Toys”
 Already supporting ESS
o Flywheels

* Copyright © Sustainable Energy Advantage, LLC.
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Portfolio Requirement Design Considerations:
Objectives dictate design: What is the standard attempting to accomplish@

Common Objectives, Issues APS + ESS
 Stimulate market for eligible technologies « What would be the
o Attract financing to new investments objective?
o Support continued operation of existing resources : 5
(supplemental revenue stream) ° Altract new investment:

o Supplemental revenue
stream of projects that
can already achieve
objectives?

o Price signals?

o Encourage certain

design, or actual
=>» Objectives dictate design operation of equipment?

=>» Objectives may conflict / Design for one objective may fall
at another

=» Tension btw goals vs. limiting ratepayer cost
=>»Lack of clear objectives sometimes hinders effective design

« Create price signals
 Alter/encourage operating decisions, capabilities

% Copyright © Sustainable Energy Advantage, LLC. |11



ISeIecTed ‘Common Design Pittalls’

* Poorly Balanced Supply-Demand Conditions

o S>>D: low prices, can’t increase supply, revenue shuts off (see
most New England ‘class 2" markets)

o D>>S: high costs, undermines political support

 Policy Instability (duration, targets, eligibility) impedes
commitment, investment

* Insufficient Duration and Stability of Targets
* Design Complexity

% Copyright © Sustainable Energy Advantage, LLC.
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Portfolio Requirement Design Considerations:
Carefully Balanced Supply-Demand Conditions

Well-Defined & Stable Resource Eligibility Rules APS + ESS
« "Ambiguity as to what resources are and are not eligible, or - Historically, as DOER has
may become eligible, creates market uncertainty for both added technologies, market
renewable developers and LSEs” has ramped up ge”erat'o’?
« What competes head-to-head? . ﬁ;’gﬁg;‘g;ﬁlm balance?
o Technology/fuel o Potential need for generation?

o Target increase required?

o Geography
° Vl ntage 4,500,000

4,000,000

Sufficient Duration and Stability of Targets

/
CHP projections versus APS minimum s.téidard

ESS has no R4
natural
3,000,000

« “Are targets too unclear or of inadequate duration to provide limitations

2,500,000

sufficient certainty to renewable energy investors?” -

1,500,000

Reliability/predictability impacts generation investment/entry —
decisions, LSE purchase decisions, and more generally, the market’s  swwo
faith (regulatory stability) necessary to support investments

Wh

CHP low
@==CHP high
e==APS Min. Standard

2010 2015 2020 2025 2030

From: MA DOER Renewable Thermal Technologies in the Alternative
% Copyright © Sustainable Energy Advantage, LLC. Portfolio Standard, Stakeholder Meeting Nov. 17, 2014 Boston, MA



I Factors Influencing REC Price Outlook
APS + ESS

e . APS is an isolated

C ME-1
: : system, resources don’t
- ( CT-1 h generally trade in other
_________ e !
- NH - 3 : : ! =>» no price-stabilizing
Cost of Entry for New Supply = | i ;! ion f
(Supply Curve: Wind & Its Competitors) '-'I-' y, ! i :‘E pr otection from
e | Mz [ ) market backtops
Supply =I \ D) :‘ \'/T-2 | =» far more
REC Banking Deposits, Withdrawals u NH -4 P il o S susceptible to
- d disruption from
Perceived Risk of Shortage '(__L L eligibility chan ges
Alternative Compliance Payment (ACP) / Price Cap , than the RPS
! ecosystem
- __ReNew, !

Time =
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Portfolio Requirement Design Considerations:

Compliance

Issues

e Units: AECs iIn MWh

« Unique for non-electric
generation = unit conversion
* Tiers & multipliers for
resources with materially
different...
o Costs
o Resource potential
o Supplemental revenue needs

* Tracking, Metering

% Copyright © Sustainable Energy Advantage, LLC.

ESS in APS

If add unique/different technology... do
they require carveout or tier to achieve
objectives?

o QOr other options?

Because ESS units not (necessarily) in
MWh...

o Not limited to 1:1,
o Flexibility to use multipliers
> (e.g., a TVR multiplier)

If use different multipliers...

o Basis for establishing the relative value of
different supply sources?

EX: provide SMART participants with
small multiplier to provide price signal
Incentivizing optimal performance

Interval metering, if time-varying value?

|15



APS + ESS

How to fairly incenftivize the many types of Energy Storage Systemse

* Different types of ESS doing different things
» Easier: different duration

o (see SMART program... more value for more hours of storage)
* Different services

o regulation/spinning reserve (flywheel) vs. moving large amounts of energy over
time (e.g., flow battery)

o What are you trying to accomplish?

o Basis to value such different services, in absolute value, relative to other APS
resources, and relative to each other??

o Cost (gap) basis?
o Other?

» Technology standard vs. performance standard
o EX: if storage hydro can provide same service, cheaper, than a battery...???

% Copyright © Sustainable Energy Advantage, LLC. |16



Key Takeaway: flexibility = unpredictabillity

Can ESS in APS atftract investment?

Policymaker view:

* What is MA trying to
accomplish?
o Fund new build?

o Price signal to change
operations?

o Encourage installation, or
operation, through supplemental
revenue streams

* Does the design align with
objectives?

% Copyright © Sustainable Energy Advantage, LLC.

Resource perspective:

* APS potentially very
unstable/unpredictable =
adding ESS could exacerbate

* |s the APS market & regulatory
construct...

o Predictable enough to finance
new investment?

o Encourage or reward... whatever
the objectives are?
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Intersection of Policy Tools
How do they fite

Regional Portfolio

Standards (RPS)

*MA: 1, 2, 2-WTE, APS,
CES, Solar Carveout

*(CT:1,2,3

* Rl: new, existing

*NH:1,2,3,4

*ME 1,2

*VT:1,2,3

e Objectives: vary

e Targets: general to
specific

* Focus: create(short-
term) demand

e Method: Market

¢ Tools: certificates
(SREC: floor price
auction)

e Section 83 C (OSW)

e Section 83D (Large
Hydro / Class | RPS

supply)

e Other states conduct
analogous events

e Objectives: enable
financing of new

e Focus: reliable
revenue

e Method: Competitive
RFPs

e Tools: offtake
contracts

% Copyright © Sustainable Energy Advantage, LLC.

e Solar Massachusetts
Targets (SMART)

* R| ReGrowth
¢ CT LREC/ZREC
e \/T SPEED

® Objectives: enable
financing of new

e Focus: reliable
revenue

e Competition (RFP) or
standard offer
(smaller)

e Tools: EDC tariffs

e MA Energy storage
targets

® Objectives: set broad
course of policy, but
limited direct effect

e Focus: technology
deployment

e Grants (e.g.
MassCEC’s ACES)

e Industry Support
* Grid modification
e Rate design
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I Resources

* Regulations

o December 15, 2017, DOER filed the final Alternative Energy Portfolio
Standard (APS) regulation with the Secretary of the Commonwealth to
Include renewable thermal, fuel cells, and waste-to-energy thermal as
eligible technologies

» https://www.mass.gov/files/documents/2017/12/14/225%20CMR%2016%20APS%20R
egulation%20121517%20FINAL.pdf

* PPT from Renewable Thermal Technologies in the Alternative
Portfolio Standard

o https://www.mass.gov/files/documents/2016/08/tw/re-thermal-aps-reqgs-
stakeholder-meeting.pdf

e Stats

o https://www.mass.gov/service-details/compliance-information-for-retail-
electric-suppliers

% Copyright © Sustainable Energy Advantage, LLC. |20
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IAPS Compliance: Supply and Demand

Table Six

Aggregated Data from the APS Compliance Filings, 2010-2015 (MWh)
2015 2014 2013 2012 2011 2010
CY Retail Sales (=Retail Load Obligation) 48.009,723 48,129,294 49,252 929 48,992 430 49 386,169 | 50,026,003
Exempt |.ﬂadm 34.578 79,801 973,011 1,584,015 3,799, 666 8,233,703
Net Load 47,975,145 48,049,493 48279918 47,408,416 45,586,504 | 41,792,390
Minimum Standard™ 3.75% 3.5% 3.0% 2.5% 2.0% 1.5%
Aggregated APS obligation 1,799,094 1,681,759 1,448,421 1,185,236 911,748 626,902
Total AECs from CY Generation 894,602 831,080 531,781 351,179 324,922 227,134
minus CY total surplus AECs (2,869) (261) (7.347) (1,239) (7,636) (520)
Net CY AECs for CY obligation 891,733 830,819 524,434 349,940 317,286 226,614
plus banked from pre-CY surpluses 261 7,347 1,239 7,635 515 8818
Total AECs used for CY obligation 891,994 R38,166 525,673 157,575 317,801 235,432
plus total ACP credits 902,605 835,505 921,626 827,661 593,947 391,470
Total for compliance obligation®’ 1,794,599 1,673,671 1,447,299 1,185,236 911,748 626,902
Surplus APS Attributes banked forward 2.869 261 7.347 1.239 7.636 515
ACP proceeds (rounded) | $19,875,362 | SI18,147,169 | §19,750,452 | $17.397,429 | S12,116,514 | $7,829.400

Source: MA RPS & APS Annual Compliance Report for 2015

* Copyright © Sustainable Energy Advantage, LLC.
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MARKET PERSPECTIVE: APS

PROJECTIONS
+

CARBON IMPLICATIONS IN
ENERGY STORAGE

May 2018
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ABOUT NEXT GRID MARKETS

= Energy Certificate Aggregator
= Client Base:

= Hospitals, universities, manufacturers, and municipal and state entities (hold state-wide DCAMM contract).

0000000
= 30+ MA Cogen and other APS ======= = 50+ MA Solar PV Customers
Customers 0000088 © 6.5 MW AC
= ~90 MW 2000000

= Services offered include:
= Renewable attribute qualification and monetization
= Development support and economic evaluation
= Distributed generation operations support & performance reporting

= DG optimization via software interface (via affiliate company, Icetec)

M
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ALTERNATIVE ENERGY PORTFOLIO STANDARD

State program creates an obligation of Load Serving Entities (LSE) to acquire Alternate Energy
Certificates (AECs) equal to a set percentage (Minimum Standard) of electric load served.

For every MWh short of Minimum Standard — LSEs must pay Alternative Compliance Payment
(ACP)

1 AEC =1 MWh of generation from an eligible technology

Calculation of AEC varies by technology
This strategy is to “green up” the ISO-NE grid and support creation of distributed generation
Eligible Technologies:

Flywheel, CHP

Starting in 2017: Thermal technologies (ex. renewable thermal, energy from waste, and fuel cells)

M A R KET S
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~ APS MARKET DRIVERS

Load CHP Increased- New Technologies-
Growth /Reduction Supply Increased Supply
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MARKET DRIVER: LOAD GROWTH/REDUCTION

Load Obligation (MWh)

Massachusetts Retail Electric Load Obligation Over Time

51,000,000
50,000,000
49,000,000
48,000,000
47,000,000
46,000,000
45,000,000

44,000,000

43,000,000
2009 2010 2011 2012 2013 2014 2015 2016 2017

Source: DOER Compliance Total Load Obligation
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MARKET DRIVER: NEW CHP SUPPLY

APS MWH Supply Over Time

2500
< 2000
2
=
'g 1500
§ mm CHP Generation
= 1000 —Requirement
B I I I I
, = | .
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 W
Source: DOER Annual RPS APS Compliance Report Projected > AT Wiw |IIJ
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~ MARKET DRIVER: NEW TECHNOLOGIES
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~ MARKET DRIVER: NEW TECHNOLOGIES
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~ MARKET DRIVER: NEW TECHNOLOGIES
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~ MARKET DRIVER: NEW TECHNOLOGIES
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~ MARKET DRIVER: NEW TECHNOLOGIES
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~ MARKET DRIVER: NEW TECHNOLOGIES
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~ MARKET DRIVER: NEW TECHNOLOGIES
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CARBON IMPLICATIONS IN
ENERGY STORAGE



~ SHIFTING C02 LANDSCAPE

Sources of Electricity Production

Major shift from oiland coal to natural gas over the past17 years
A

View the real- N ~ atdhn.
time fuel mix at E R m - n

iso-ne.com
Natural Gas Nuclear Renewables Hydro Coal Oil

2000 p D 4 4 > B

15% 31% 8% 7% 18% 22%

. R 4 p !
48% 31% 1% 8% 2% 1% wﬁ

) 1Y /\ s ill
Source: ISO NE k- KvE'T <



LOOKING AHEAD

New Regional Power Capacity
Procuredin FCAs #1-12*

¥ Closed or retiring

? Generation at risk

[ 13,000 MW |
Total*
Morfimack], § newington
Vermont *Schiller
Yankee
® Natural Gas (5,100 MW) ’fsmem Harbor
® Oil, Coal, Jet Fuel, and Kerosene (1,500 MW) Mfom Mystic
® Renewables and Other Resource Types (6,400 MW)* West Springfield fPilgrim
® EE and Other Demand Resources (5,500 MW) .. Y ¥ ?Canal
® Wind (300 MW) e @ icotil’  Brayton Point
® Other Renewables (200 MW) ¥ ?New Haven
® Hydro (200 MW) Bridgeport (Units 2 and 3) Source: ISO New England

® Nuclear (80 MW)

® Solar (90 MW) wﬂ/
tYL./\ )
R

vlll
Source: ISO NE M A K E T S
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‘ ENERGY STORAGE AS A CO, GAME CHANGER

“ Storage operators can manage the CO,
footprint of their energy discharge by:

" Managing and tracking charging from co-collected
DERS (Storage, CHP) or:

" Biasing Grid charging to take place during intervals of
min CO, levels
® Market and policy incentives could ensure
that discharge that occurs during peaks is
associated with significant CO, delta

1Y /\ s vlll
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LMP VS. GRID CARBON FACTOR m
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Peak Day Grid CO, Factor and Price £l
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" ENERGY STORAGE AS A (0, GAME CHANGER

Discharge ~650 COz@

lbs/MWh
Charge: ~650 lbs
CO,/MWh

Avoidance of grid
power of ~100 Ibs CO,

/MWh W
Il.l\ 1 |I|J
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~ QUESTIONS?

Matthew Wolfe
Managing Member

mwolfe@nextgridmarkets.com

(617) 721-0972
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nationalgrid

Energy Storage and the Alternative Portfolio Standard in
Massachusetts

A Distribution Utility Perspective
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MA Storage Projects & Pipeline nationalgrid

= Under Solar Phase Il and Il programs, National Grid is
installing 7.1 MWh/ 4.5 MW of lithium-ion battery systems
near company-owned solar PV

= Under earlier funding from DOE, National Grid has installed
two Vionix vanadium redox flow batteries, at 3 MWh / 500 kW
each, both near renewable DG installations

=  On Nantucket, New England Power Co., National Grid’s
transmission subsidiary, is deploying a 48 MWh/ 6 MW Tesla
battery system for reliability, along with potential demand
reduction and market participation benefits

=  Multiple third-party owned systems selected in the ACES and
Peak Demand Reduction programs now in process, for
additional 23 MWh

= Ability to rate base ESS while reducing net revenue
requirement with ISO-NE market participation has been in
guestion, but may be allowed due to Order 841and ISO-NE
compliance changes

4605 (40.2 MVA) & 4606 (38.7 MVA) Supply Line Routes

o B gy YRS
i T gm&:rg‘ql‘ L

L]




APS Compliance Dynamics nationalgrid

= The Alternative Energy Portfolio Standard has in past been difficult to meet with purchased certificates, leading to
certificate prices at the Alternative Compliance Payment level and substantial ACP payments

= New supply plus recent changes to the APS qualifications for thermal energy sources has expanded availability of
AECs, and reduced prices into the mid-teens

= National Grid’s served load (Basic Service) has declined significantly in recent years, reducing overall compliance
needs

= Looking ahead, additional supply from

storage devices would help meet increased National Grid APS Compliance
APS demand levels and moderate cost even .
50,000 90%
more 400,000 80%
_ _ 350,000 1 70% — AEC
= Compliance demand increases by 300,000 - 60%
0.25% of load each year to 5% in 2020 250,000 r 50%
200,000 - 40% m ACP

- 30%
- 20%
- 10%
- 0%

= DOER to review rate of increase and 1(5)8338

cost/benefit in 2019 50,000

Non ACP %

2010 2011 2012 2013 2014 2015 2016




Market Impacts from Energy Storage with On-Peak

Dispatch nationalgrid

= State of Charge report highlighted how Energy
Storage Systems (ESS) could provide energy market

benefits: ‘

= Energy price suppression

= Increased load factor/utilization EECs e e e

SofC: Energy price benefits of $275 million from 1,766 MW

= Energy storage would not likely reduce GHG

emISSIOnS In the reglon under RGGI Wlthout ﬁﬁﬁ;ﬁngiloﬁr:)il;house Gas- Initiative (RGGI) ?02 emissions cap and-actual emissions Ci-_f?'
L. . RGGI g-::es_\lnéo E}?iw Jersay capﬂredl_;ced gigoaucri_{usot?d;ﬁ -
mltlgaUOn measures ‘ 200 eﬁeCtmzLD] s REE oy 4o Elliowantcfes panked
175 grl:?;‘-‘;?(‘)ns Ccap
= Storage dispatch on-peak will likely lower RGGI prices = T
without offsetting overall emissions 100 emissions from revised
RGGI plants emissions cap
75 S
= Could be offset by RGGI retirements either at auction or 50
by ESS owners “
. . . . 20I(]5 2{).36 2DID? 2EIIGEI ZDIIDQ EDI1D 2EII‘1‘1 20I12 2{].13 2IJI14 20:15 2(!!.16 20I1? 2EII‘18 20I19 2DI20
= Storage will likely have modest FCM price impact due Figure 6-1: FCM Payments by Commitment Period
to CASPR and its “substitution auction” process and Y
already declining clearing price in the recent FCM i * %
auctions z % * 2
E_ $2.0 .’4‘\/ sa E
= §| ISO-NE 2017 Annual
o l l I 2 2| Markets Report, May 2018
e I Het Annual FOM Payrments L&) —i— Existing Capacity Clearing Price [FLA) ——
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APS Could Monetize Energy Benefits for ESS Owners and Lower nationa|grid

Customer Costs

= Performance requirements for inclusion in the MA

APS could focus ESS to perform at periods of :
peak energy demand and cost ESS on-peak energy price

= AECs could be created to monetize a portion of suppression
the price suppression benefits for ESS participants

= More AECs are then sold to load serving entities

across the state, lowering APS cost, which is then -
reflected in commodity supply costs AECs created for peak activity

= Potential 4X win: to monetize value thru APS

= Lower energy costs
=  Lower APS costs

= Funding for ESS deployment AECs sold to LSEs, valued in
= Offset to revenue requirement for EDC-owned ESS Supp|y COSt

= DOER should conduct study to assess these
impacts and consider dynamics of market entry on
effects diminishing over time

Reduced energy costs and

reduced APS costs for
customers
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Time Varying Design Considerations for the APS

May 30, 2018
Lon Huber



Strategies for clean energy

Strategen provides insight to global corporations, utilities and public sector leaders,
helping them to develop impactful and sustainable clean energy strategies

Y \'/
e
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CLIENTS MARKETS

We work with governments, utilities, research institutions, Our exclusive focus on clean energy and advanced grid
technology providers, project developers, and large energy technologies means we bring our clients a sophisticated
users seeking to evaluate and implement next generation understanding of industry trends, market drivers and
grid and clean energy technologies. regulatory policy.

About - W e
Strategen sl 2

DO

3
A

SERVICES TEAM

Our clients come to us for our expertise in developing Our team is comprised of well-respected thought leaders and
business models, commercial strategies, financing tools and industry experts who have played instrumental roles in shaping
regulatory support that empower them to create sustainable the power sector’s transformation in the 21st century.

value and long-term solutions.

Women's Business Enterprise OWN ED We are experts in power e Cost/benefit analysis e Product development

sector strategy. Our track e Market entry e Grid resource planning and procurement
e Public proceeding support e Stakeholder engagement and education
e Regulatory strategy e Mergers and acquisitions

record and networks are
unmatched in the business.
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Storage analytics and cost/benefit

C

New York City’s Aging Power Plants:
Risks, Replacement Options, and
the Role of Energy Storage

Prepared For: NY-

CONSULTING
September 20, 20

STRATEGEN

CONSULTING

ENERGY TRANSITION LAB

INSTITUTE ON THE ENVIRONMENT

UNIVERSITY OF MINNESOTA
Driven to Discover”

Cystrarecen € VCE

Evolving the RPS:
A Clean Peak Standard for a

MODERNIZING MINNESOTA'S GRID:

An Economic Analysis of Energy
Storage Opportunities

Minnesota Energy Storage
Strategy Workshop Final Report

July 11, 2017

sarlly reflect these of all participants.
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December 1, 2016
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Market segment

= Distribution or transmission connected resources

= Market participant
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Possible services and benefits

Locational Values

Energy

General Values

Capacity

P

Ancillary Services

Capacity
(pansion

Traditional Generation Valuation

% Capacity
Ancillary Services | Planned

Distribution

Asset
Replacement
Reliability
Improvements

Power Quality
Improvement

LIS
e
==

Upgrade
Replacement

!H . Capacity
Ancillary
Services

[ [E=s
||

Grid/Distribution Services

T&D Losses

Risk Hedge
[l Revenue Generating Value Locational T&D Losses
B cost Mitigation Value

: |
B Risk Reduction Value a7 < Benefits Risk Hedge

3

Il Non-Revenue Value Economic .
Development Environmental Benefits

Quantitative Benefits :
Economic Development
Soft Benefits —

!
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Flexible Capacity Multiplier for Non-emitting Resources

= Flexible Ca pacity Credit (FIeCC) - FleCC payment is designhed to compensate for non-market
benefits provided by fast acting dispatchable resources and provide revenue visibility for developers.

= Additional revenue stream independent of wholesale markets

= Revenue accounts for public benefits provided that are not reflected in existing
market based mechanisms (grid and non-grid benefits)

= Competitive procurement

= Price setting: Yearly competitive bid procurement for transmission connected procurement
annually, step downs for distribution connected market segments

= Payment terms would be predetermined for a set contract term of 15 years

Key enabling feature: new fixed
revenue stream based on

administrative calculation of non-
market benefits

C
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Eligibility

Technology must be dispatchable and non-emitting with a fast ramp rate
(e.g. must reach full continuous capacity rating within 5 minutes)

Distribution connected non-emitting resources

= BTM — Must be used for demand charge mitigation or enrolled in a load
reduction program

Front of meter non-emitting resources

= Must be participating as a capacity resource in NE-ISO

Renewable plus FleCC resources are also eligible for FleCCs (and RECs).

= If charged from RE the FleCC resource would have a clean capacity adder

( STRATEGEN o
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Potential Methodology to Calculate
Starting FLECC Value

A methodology is needed to determine starting FLECC prices.

Proposed Methodology:
Total FLECC Price ($/kW-mo) =

+ Avoided Local Criteria Pollutant Emissions

+ Avoided Generator Startup Costs

+ Avoided Incremental Transmission Costs

+ Avoided Flexible Capacity Costs

+ Avoided Natural Gas Pipeline Constraints

+ Avoided GHG Emissions

+ Avoided RE Curtailment

+ Avoided Hosting Capacity Costs (if applicable and in distribution system)

+ Policy Goals (Market learning, soft cost reduction, environmental justice, capacity
diversity, optionality (improved property values, industry building, etc.)

FLECC payment is designed to compensate for non-market benefits provided by storage and
provide revenue visibility for storage.

( STRATEGEN
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Load Modifier/Value Stack
Approach
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Market segment

= Distribution connected resources

= Non-market participant
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New York: VDER Stack

* Value of environmental attributes of the generation.
* Based on higher of the latest CES Tier 1 Renewable Energy Certificates (RECs) in New York
Market or the Societal Cost of Carbon.

* Value of avoided delivery system costs due to demand reduction

« Basic “Demand Reduction Value” linked to $/kW-year determined from utility Marginal
Cost of Service (MCOS) studies

« Can be enhanced with “Locational System Relief Value” in specific high-value locations

« Value of avoided capacity costs

« Dispatchable {e.g. storage) and intermittent (e.g. PV) technologies treated differently
Dispatchable Technologies: MW production {ex-post during peak hour) X ICAP Spot Price (month)

Capacity Value * Intermittent Technologies:
("ICAP?) Alternative 1 - (default) spread across all hours of year
. Alternative 2 - Higher rate but paid only on injection during 60 summer hours 2-7pm June-
o« Aug

* Reflects the avoided cost of energy purchases (and avoided line losses).
* Based on actual Day Ahead NYISO LBMP Energy Prices (varies by hour and location).

( STRATEGEN
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NEM Compensationvs. DG Value
Hypothetical 2 MW PV

$0.200
/.
55
$0.150 j
G0 < | Storage provides
7 $0.16/kWh
_— added value to
,.. basic PV system
o $0.13/kwh average >>‘>>‘>>>>.>>n>> I y
: e DL
$0.120
£~
_% $0.100
vy
50.080
ICAP, $0.030 ICAP, $0.030
$0.060
- .
50.020
S0.000
Retail NEM Credit Old Distributed Gen. Value REV Distributed Gen. Value
Noteg:

1 The "retail NEM Credit" column represents compensation NEM provides per kWh

2. The "Old Distributed Gen. Value” column represents the potential value that may be provided under NEM price signals, when the kWh and kW
benefits are calculated and then expressed on a per kWh basis

3.The "REV Distributed Gen. Value" represents the potential locational kW and kWh value that could be created ifNEM pricecignalsarereplaced
with more efficient pricesignals.

Source: Staff Report and Recommendations in the Value of Distributed Energy Resources Proceeding, October 27, 2016, 15-E-0751
{4 STRATEGEN
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Load Modifier (VDER) Approach for New England ISO

= Value of environmental attributes of the generation
= “Shaped value” of RECs to meet RPS requirements

Transmission » Value of avoided transmission system costs due to demand reduction
Value = ISO-NE transmission regional network system (RNS) charges and LNS
= 12CP

= Discussed later

Distribution
Value

. * Value of avoided capacity costs
Ca paCIty " |SO-NE net regional clearing price * DER’s prior year coincident peak

Value * Demand reduction induced price effects (DRIPE)

= Reflects the avoided cost of energy purchases {(and avoided line losses)
" |SO-NE real-time Nodal LMP Energy Prices (5 min intervals)
= Demand reduction induced price effects (DRIPE)

= Reflects the avoided cost of ancillary service purchases

Ancillar
y = ISO-NE ancillary market charge * DER’s prior year output

Service Value

( STRATEGEN
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Distribution Valuation Strategies

= Through rate cases distribution companies know their average marginal system cost

= Locational granular values aren’t typically available

" Traditional solutions (eg. Transformers, lines) have a known cost and capabilities. The

following details are well established:

Various methods to value grid have been

considered in the past

Marginal Costing
Method

= Timing
Total Investment

Description

Comuments

» Load forecast and work backward with known lead times Toisl Briesiny
Similar to New York -~

" Locatlon DRV process Discounted Total
. . . . Investment Method —
= Controllable, install equipment in area required DTIM
= Amount/Capacity Central Hudson & Luga P Worth =PV
= Size and rating of equipment known
= Regression Method

Availability
" Generally understood but system planning does utilize

(NERA)-RM

Replacement Cost
New —RCN

redundancy for failures

Discounted capital budget cash
flow divided by additional peak
demand.

Discounted capital budget cash
flow divided by discounted
additional peak demand.

Deferment value from shifting
optimal capifal plan in time due
to change in peak demand from
base case.

Slope of linear regression based
on historical and forward-
looking cost vs. demand.

Average cost based on cost to
replace. Marginal cost based on
"engineering elasticity" derived
from simulation.

Longer time horizon appears
less expensive. Cannot compare
areas with different timing.
Equivalent to constant $/kW
payment needed to match cash
flow. Does not capture avoided
cost of a KW saved.

Captures avolded cost of a kW
saved.

Historical costs skew results.
Does not capture avoided cost
of a kW saved.

Does not retlect actual costs.

General value vs. locational value

Figure source: E3 California LNBA Update

() STRATEGEN
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Cost Duration Method

Hour (Rank) Allocated Cost, % Cumulative
of Rev Req
(Lauriol Method)
1 2591 4.11% 4.11%
2 2527 1.65% 5.76%
3 2515 1.42% 7.19% Has Xcel Minnesota designed the
a4 2515 1.41% 8.60% ideal residential time-of-use
rate?
The pilot program, to determine if pri‘ce signals can get cu§tomers t.o
8757 483.4 0.002% 99.994% shift energy usage away from peak times, has garnered wide acclaim.
8758 482.9 0.002% 99.996%
8759 480.2 0.002% 99.998%
8760 479.8 0.002% 100%
{4 STRATEGEN .
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Distribution Valuation Strategies - NY

*Central Hudson has specific LSRV values from their study rather than a blanket MCOS x 150% multiplier.
04) — *
(MCOS x 150%) — DRV S
AVOIDED D x 100%

AVOIDED D

DRV rate (S/kW-year)

Utility

NYSEG $29.67
CAPACITY National Grid $61.44 CAPACITY
Con Edison - Westchester $199.40
Con Edison - New York City $199.40
Orange & Rockland $64.29
RGE $31.92
Central Hudson $14.55

Central Hudson’s MCOS=DRYV. The remaining area’s DRV are adjusted
down from their MSOC to compensate for the higher LSRV areas with a
value of 150% MCOS, so the system wide MCOS remains the same.

Source: NYSERDA VDER Stack Calculator
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Distribution Valuation Strategies - NY

C
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Table 1. Initial LSRV Areas with MW Available for LSRV Compensation

Sub-transmission

Name

Plymouth

Borough or

County

Brooklyn

MW

Available for
LSRYV (As of
May 1, 2017)

143 MW

CSRP Zone

2 PMto 6 PM:
Borough Hall
network

Sub-transmission

Water St.

Brooklyn

30.1 MW

7PMto 11 PM:
Williamsburg and
Prospect Park
networks

Sub-transmission

Glendale, Newtown

Queens

8.1 MW

11 AM to 3 PM:
Borden network

4 PM to 8 PM:
Sunnyside
network

7PMto 11 PM:
Maspeth network

Area Station

E. 179" St.

Bronx

7.9 MW

7PMto 11 PM:
Fordham network

Area Station

Parkchester No. 2

Bronx

28 MW

4 PM to 8 PM:
Northeast Bronx
network

Area Station

Parkchester No. |

Bronx

0.7 MW

7PMto 11 PM:
Southeast Bronx
network

Area Station

W. 42" St. No. 1

Manbhattan

11 AMto 3 PM:
Pennsylvania
network

Area Station

W. 65" St. No. 1

Manbhattan

11 AMto 3 PM:
Plaza network

Area Station

Wainwright

Staten Island

4 PM to 8 PM:
Wainwright load
area

High value locations have capacity limits




Distribution Valuation Strategies — Central Hudson

= Central Hudson was the only area to develop location specific values through
probabilistic load forecasting methods

= Central Hudson Methodology:

= Probabilistic load forecasting methodology for granular transmission areas and
substations

= Analyze load patterns, excess capacity, load growth rates, and the magnitude of
expected infrastructure investments at a local level

= Develop location specific forecasts of growth with uncertainty
= Quantify the probability of any need for infrastructure upgrades at specific locations
= Calculate local avoided T&D costs by year and location using probabilistic methods

= ldentify beneficial locations for DERs

Source: Joint Utilities Presentation, (5th April 2017) Value of Distributed Energy Resources Technical Conference
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Distribution Valuation Strategies — Central Hudson

= DRV for CH based on most recent MCOS = $14.55
= 5 Areas — two transmission/3 distribution or substation growth areas

= Preliminary Locational Values based on MCOS study
= RD-RJ Line $58.05 kW-year (transmission) TN
= WM Line $102.11 kW-year (transmission)
= Hunter $31.46 kW-year (Substation) (Winter Peaking)
= Lawrenceville $275.34 kW-year (Substation) (Winter Peaking) e LSRV values for
» Coldenham $119.91 kW-year (Substation) Central Hudson

« 8 transmission areas $0 kW-year

» 50 substations areas $0 kW-year

Source: Joint Utilities Presentation, (5th April 2017) Value of Distributed Energy Resources Technical Conference
{4 STRATEGEN 0a
CONSULTING




Distribution Valuation Strategies - CA

= Local Net Benefits Analysis (LNBA)

= Builds on the DERAC model, DERAC model lacked granular distribution
data

= Many values are fixed over the year but distribution and transmission
deferral and capacity are only valuable during summer where they can
defer infrastructure

5250 AC Calculator Update (2017) Distribution
$200 /ocietal Criteria Pollutants

M Societal Carbon

M Distribution

v
=
v
(]

M Transmission
Capacity
M Emissions

® Avoided RPS

W
=
(=]
o

Ancillary Services

$50 M Losses

Average Monthly Value of Energy
(S/MWh)

W Energy

50 -
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Table source: SCE Valuation and Integration of Distributed Energy Resources presentation
Figure source: E3 California LNBA Update
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DRP LNBA
Components

Generation
Energy

Losses

Generation
Capacity

Ancillary
Services

Transmission
Capacity

Distribution
Capacity

Environment

Avoided
Renewable
Portfolio

Standard energy

requirement

Additional
Components

pL




California : VOS Component Methodology

Figure 6: Three-Day Snapshot of Energy Values in CZ2 n E3 developed hour|y avoided cost

o curves
$1,800 - R
oo | = E3 used hourly solar production

i profiles for the different climate

S $1,400 - .

-3 zones in CA

§$1,200 ' u Avoided RPS

2 =T&D . .

5 ] capalty = By multiplying those curves

g e e together, the result is the solar

£ sw09 avoided cost, i.e., the VOS

T mEnergy

Solar could produce more value if generating during high value of energy hours
Figure source: £E3 — 2013 California NEM Impact Evaluation
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6" Energy Storage North America (ESNA)

Conference + EXpO: November 6-8, Pasadena, CA
Largest grid-connected energy storage conference in
North America, covering all applications including EV

charging
(Www.eshnaexpo.com)

Questions?

Thank You!

Lon Huber
Vice President

Strategen Consulting, LLC

5
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Appendix
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Environmental Value

* Renewable Energy Credits (RECs)
* ACP

* Regional Greenhouse Gas Initiative (RGGI)

« Shape the value over high emitting hours

{4 STRATEGEN o
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Transmission Value

= |SO-NE Regional Network Load (RNL) Charge
= |nfrastructure: RNS rate (based on annual infrastructure revenue
requirement) * IOU’s monthly coincident peak (12-CP)
= Reliability: Total ISO-NE payments to resources / RNL monthly peak *
IOU’s monthly CP
=  Administrative: Tariffed rate (based on annual administrative revenue
requirement) * IOU’s monthly CP

Transmission
Value

DER Transmission Value determined by monthly coincident peak * total
*= RNL rate (sum of infrastructure, reliability, & administrative)
Adjusted for IOU-specific line losses

Note: Local Network System (LNS) charges are a component of the RNS rate, which is broken into charges for pre-97 (LNS) and post-96 transmission infrastructure

( STRATEGEN -
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Capacity Value

= |SO-NE Forward Capacity Market (FCM) Charge
= Net Regional Clearing Price (NRCP) = Payments made to Capacity
Supply Obligations (CSO) / Sum of Capacity Load Obligations (CLO)
= FCM Charge = NRCP * IOU’s previous year’s CP
DER Capacity Value = DER reduction of IOU’s CP * NRCP
" ___ Note that this value lags a year because of its dependence on the

= previous year’s CP

: DRIPE Capacity Value
Capacity . DER Capacity DRIPE Value is determined by the reduction in the FCA'’s
Value clearing price due to DERs multiplied by amount capacity called in the
= FCM
This value is difficult to determine because while the change in the
FCA’s clearing price due to DERs can be estimated using the FCA'’s
supply and demand curves, the amount of capacity called in the
=« FCM will not be determined for 3 years

( STRATEGEN 20
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Energy Value

Energy
Value

( STRATEGEN
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ISO-NE Energy Locational Marginal Price (LMP)
Real-time (RT) Nodal LMPs (5 min intervals) adjusted by IOU-

specific line-losses

ISO-NE Net Commitment Period Compensation Charge
Compensates resources for deviations between day-ahead and
real-time prices

DRIPE Energy Value
Due to the fact that LMPs are derived incorporating the demand
reductions caused by DERs, LMPs are lower than they would be

= without the presence of DERs

DER Energy DRIPE Value estimated based on average of DRIPE
impacts in latest reports on Avoided Energy Supply Costs (AESC) in
New England

31



Ancillary Service (AS) Value

= |SO-NE Ancillary Market Charge
= Regulation Market
= Total hourly cost of resource regional compensation / Region’s RT
Load Obligation (RTLO)
= Forward Zonal Reserves (only during peak hours)
= Total hourly cost of zonal resource compensation / Zonal RTLO
= RT Zonal Reserves (all hours)
= Total hourly cost of zonal resource compensation / Zonal RTLO
= Transitional Demand Response (DR)
= Total cost of regional resource compensation / Regional RTLO

DER AS Value is estimated by summing the AS rates above (AS Market
Ancillary " Charge) and multiplying by output
Service Value

( STRATEGEN =
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