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Executive Summary

hy dl NR& 2Zr€@ra EnergyyPHhn (LTEP) places significant reliance upomudéstrEnergy Resources

659wl O2yaraidAiy3a 2F NBySgroftSa yR ad2Nr3S (G2 I RR
will emerge over the next fifteen years. This report examines the economimeeting this supply gap

with renewablesbased(solar and windDER and how the intermittéioutput of these variable generation
sourcednteracts with storage to undermine those economics.

Background

Today DER at the center of energy policy discussions around the wdHER can include solar panels,
electricity storage, smalatural gasfuelled generators, and controllable loads suchetectric vehicles

and water heaters. These resources are typiaalynected to distribution networks and asenaller in

scale than traditionatransmission griccomected generation facilities that serve most of Ontai@
demand. DER that includes renewables coupled with storisgelvocated ashe low-cost, lowemission

supply alternative to fossil fuels and the basisdddingmore intermittent renewableso the supply mix.

Three factors have played a critical role in this transition: renewables such as wind and solar are now
integral parts of the energy mix in many jurisdictiotf® next generation of these technologies have
experienced dramaticost declines; ad, Lithium-ion (LFon) batteries for energy storage are following a
similar cost reduction path.

DER is recognized as a critical component in the evolution of smart grid innovatifamsation and
communication technology €7 innovations irsmart corrol technologies aim to facilitate the integration

of renewables and storage technologiasd enabk two new paradigms: (1) a new class of customers:
O2yadzyYSNBE |IyR LINPRdAzZOSNA 2F St S chasednickogriéls andoviriMR & dzY S N
power plants. DER connected in a microgrid configuration has the potential to provide dispatch flexibility

at the local distribution levehat natural gadired generation currently provides for the transmission grid.

hydl NA2QA [¢9t ARSYEATFRIGAAY ENE sUINEOOF QB ®a St SO0 N
2F GKS t AO1USNAY3 bdzOt SF NI DSYSNrGAy3a {GFraGA2y FyR GF¢
renewables andhatural gasfired generation,30%2 ¥ hy Gl NA 2 Q& 3 Slyhdwltoibe 2y OI L
renewed or replaced by 2035 S @Sy dzy RI@Wwiemard$orefastd t Q&

The LTEP places significant emphasis and reliance upon renewab&sbDER to address this supply gap
and recognizes that storage is required to mitigate the effefthe intermittent output from wind and
solar generation. The LTEP is focusednaneasingthe adoption ofrenewablesbased DER to achieve
severalbenefitsthat are enabled by storagetilities can defer or avoidi g A NideStinentsthrough

& y #yk NIBERSolutionsaindcustomers can generatstore andselltheir own power,andensuee their
own reliable electricityboth during times of peak demand and duripgwer outagesYet the degree to
which the variable nature of wind and solar generation inipabe ability of storage to provide these
benefits is not well understood.

11ESO wbsite
2MoE,LTEP, 2017
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Context

Sudies undertakenin Ontario have examined how DIEBuld be used tamitigate electricity system
challengesesulting from the extensive deployment of renewables overltst decad€.In contrast, this
reportexamines the economics asingwind-based DER or sotaasedDER solutions thll the emerging

supply gapby 2035, explicitly considering the impact of intermittency.

To deliver theexpectedbenefits, DERnust supply either the daytime energy demand profile or the

0FaSt2FR RSYFYR LINRPFAES NBI dzA NS Ro thi® end) yhieé NBRZ2 Q &
configurations are examined:

1. Solar-based DERt the community level or microgridcalethat integrates solarpanelsandLi-ion
battery storage

2. Wind-based DERonsisting ofgrid-connected wind farms integrated withdjacentcompressed
air energy storage systems (CAER)

3. Baseloadgsupplied distributed energy storage (DES)risaliernativeapproach that constis of
grid-connectedbaseloadgenerationsuch as nuclear or hydrat suppliescommunity level
distributed storage. Thifatter baseloadsupplied DE®ption represents apathway to a low
carbon economy thatas received little attentioin the climate cangeand DERliscourse.

Findings

The unfortunate truthis that renewablesbased DER solutiorsre not a coskffective way to meet
Ontarild St S O NROGEbécauseyfhirieRittenkyyof renewables outpunhegativelyimpacts

the cost of storageThese intermittency costeutweigh the forecast cost declines of the renewables and
storage technologiedVVhen storage assets are coupled with intermittent renewables, storage operations
focus onmanaging the intermittency of the renewablé¥hen storage isoupled with a baseload supply,
storage operations can be focusedmanaging demand fluctuationa more direct use of the capabilities

of storage.This studyhas producedhe followingthree major findings:

1. hy G| Waath€iaduced intermittency underimes the economics of renewalsibased DER
1 Intermittency createsa need forgasbackup whichleads to high Levelized Cost of Energy
(LCOE) from DER systerh€OE of soldrased DER is $270/MW10% higher than today
1 Fullrenewabledhased DERllout would add $0.7B/year (solar DER) to $3.4B/year (wind DER)
G2 hy (olalNdstdieEctricity an increase oB% to 15% over the LTEP forecast
1 Smaliscale residential renewabldsased DER will remain too costly for several decades

2. Ontario renewabledased DER would havesgstemic35%higher cost structure than the U.S.
T hydlFrNA2Qa 6SHGKSNIJ ¢g2dzAf R Llzi odzaAySaasSa |

3. Ontario has a better option with nuclear baselesupplied DES
1 NuclearsuppliedDES LCOE of $18Wh is~60% of the solabased DER LCOE
f Nucleard dzLJLJt A SR 59{ O2dzZ R NBRdzOS hyidl NA2Qa
than windbased DERand 20% less than U(Sa competitive advantage for Ontario
1 Small modular reactors (SMRs) andoca capture may be the lowest cost solutions.

w

3|ESO, Energy Storage, 2016; Essex, 2017
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Discussion of Findings

Finding# ¢ch y (i I Wlath&€riaduced intermittency undermines economics of renevsibéesed DER

Figure EQ summarizes the costs of the assessed DER optmmseetingh y (i | NJA 2@paly gadi o p
The costs are compared to those of the existing sys&smwell as other newlevelopingtechnologiesn
terms of theLevelized Cost of Energy (LC&fte)the costs expected from each generation type as required

G2 YSSi

hy G NERsOpply dayit 203Beinditteén 8y Rredtes a need for gas backup, which

leads toa high LCOE fromenewables-basedDER systems.

Figure ES ¢ Total Annual Cost of DER and LCOE Comparison, Ontario, 2C
- SCAD Billions/year, LCOE S/MWh
SBillions/yr $/MWh
Today Renewables Advanced Conventionals
516 ‘ $400
| 380
$14 //\\ $350
512 / % $300
a0/ | 9.6
»10 7 W Totalw/o 5250
M\croturbme
58 ; $200
s e N -] 0
6.2 3 . ! 145 145
56 ; ; $150
% 29« - i 4.1
: 5.6 N : 3.7 3.7
S4 - 18 ‘ 1.9):( “ - 1.;‘1 $100
$2 12 BN =~ - R S “ $50
: 30 :
0 | i : | $0
Today's Mix* Wind DER Solar DER Nuclear DES SMR DES CCGT w/ CCS
Wind Solar . Nuclear
Storage m Gas I Peaking Supply
Carbon Price CZ21iMicroturbine Premium ——LCOE
1. LCOEofsol@ | aSR 59w Aad PHTAnka2KS HE: KAIKSNI GKIy

it would replace
a. TodayQsupply mix would have an LCOE of $240/M@/mclude carbon pricing)

b. Solarbased DER would have an LCOE 70$/Wh in 2017 dollar§ or $30Y/MWh if

microturbines are deployethstead of combined cycle gas turbines (CCGT)

c. The LCOE of the widzhsed [ER option would bapproximately$380/MWh

“¢KS aOSylINR2&a Fff FaadzyS GKS
nuclear assets and reflect industry projected 2030 costs.

5 Existing system cosfsom OEB RPP, OPO 2015 embedded generation, IESO 2016 Year End data

[ ¢Ot

8 All currencies in this document are in $2017 CAD except in Section 4.0 or where otherwise specified.
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2. A full rollout of enewablesd 8 SR 59w O2dzZ R FIRR banodt. keéeSFEN G2 |
electricity.

a. This is equivalent to a cost increase3®s to 15% over the030 forecast LTEP co'sts

b. The DER/DES optimhavewo distinct cost components: the cost of generation and storage; and
the cost of the backup natural gdised generation and peaking supply.

c. The future generation and storage cost of a sddlased DER option is projected to be $4.8B/year,
1.9 times the cost of a baseloaslipplied DES system comprised of conventional nuclear
generation and Lion battery storage. The generation and storage costs for the dvagkd DER
option are projected to be $7.4B/year, 2.9 times the cost of the nuclear basslogplied DES
solution.

d. All options include the same need for peaking naturaHigasl generation plants to satisfy the
extreme demand peaks that occur on a few days every summer. The cost for 3,000 MW of peaking
gas supply in 2030 is forecast to be ab$880M/year®

Natural gadired generation would still be required to supply 20% to 30% of the incremental
daytime demand mostly as a result of seasonal variations in both demand and generation. The
estimated future share of natural gdised generation ouput could range from 3% to 5% of the
Ontario supply mix, similar to the 4% in 2017, but less than the 8% realized i 2016

The cost of the backup natural gled generation required by winbdased DER is $1.9B/year,
12% more than the $1.7B/year requiréal solarbased DER and 62% more than the $1.2B/year
required for the nuclear baseloaglipplied DES option. The wibdsed DER cost is higher due to
a much greater need for backup gi@a®d generation capacity.

Some proposed DER schemes involve the usenicfoturbines in lieu of the gritbased
generation. The incremental cost of a microturbine was examined for the-satsed DER option.
Microturbines would increase the cost by @e to higher capital costs, low capacity factor and
carbon pricing.

3. The inpact of renewables intermittency on the LCOE of DER/DES options in Ontario is illustrated in
Figure EQ. Intermittencyresults in excess unutilized generation, conversion losses in the storage
system, low capacity factors of the storage asset, and tha& fie@ebackup generation.

a. The LCOE of the solbased DER has four contributing components:

1 The cost of solar panels is based on the forecast LCOE fecogmected solar of US
$47/MWh (for low cost areas of the U.S. with high levels of sun$hirihatsame technology
installed at communityscale in Ontario will cost $120/MWh, a generation premium of
$73/MWh.

"It is assumed that the OPO Outlook B total cost forecast of $20.2B/year in 20@iasis for the LTEP.
8EIA 2017 Annual Energy Outlook, Strapolec analysis.

9|IESO Year End Data, 2016, 2017

10 azard LCOE v11, 2017
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1 Solar output intermittency combined with demand fluctuations increases the cost of storage
and solar output by91/MWh for the energy that is used

1 DER solutions do not eliminate surplus from intermittent renewable energy production. Up
to 30% ofsolarenergy will be curtailed dost through storage inefficiencies19% of wind.

1 Natural gas wilbe required to backup ughe solar energy and suppB0%of the demand
increasing the total LCOE $§/MWh to $270/MWh

b. WindbasedDERsolutions are costlieat $380MWh.

Figure E€ ¢ Ontario vs U.S. DER LCOE Contribution:
$/MWh $CAD/MWh, 2030
$400 380 Ontari U.S. Equival
- ntario .S. Equivalent
5350 340
>300 270 B
e A 35% higher
5250 than U.S.
261 91 200
$200 e —
20%less 160 - 229
$150 E than U.S. 28
solar DER
25 i 64
$100 7 | S EE—
14 73 !
40 ’ — o
$50 87 i ————— 25 ———
K Ex
S0 . i
Wind + CAES Solar + Li-ion Nuclear + Li-ion Solar + Li-ion Wind + CAES
B Generation Reference (USD) Generation Premium Storage Intermittency  ® Natural Gas

4. Residential renewablelsased DER will be uneconomic for decades

To best provide the desired system asset optimization and custoereeflts, DER solutions should

be located as close to the demand load as possible, preferablyhe consumeé Qremises
Unfortunately, as DER systems are moved closer to loads, the scale of the DER installation decreases:
a 1.5 MW solar panel could supalycommunity of 1,000 homes and businesses; for a single home, a
0.25 kW solar panel could provide all of the daytime energy that would be needed above what could
be supplied by y (i | damitd baseload. The components of 5 kW or smaller scale DERIs®IU

are prohibitivelyexpensive without the substantial subsidies that have promoted their use.

a. Cost forecasts show residentisblarbased DER solutions will remain uneconomic beyond
2030.

B e anrs < LLLILLTLITL
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b. For solathased DER, communisgcale solutions may be the moptomising DER option.
Increasing the size of DER installations to-gcale solar offers little system benefits or cost
advantage.

c. Wind-based DER is only economic when usinggpgale wind, whiclalso offers the potential
advantage of being paired witlower cost storage, such as compressed air energy storage
(CAES). Howevarrid-scale winddoes not provide the desired DER benefit of reducing the
requiredcapacityof the transmission and distribution systenfhesenust accommodat¢he
backup natural gafired generationcapacity whichs not reduced.

Finding £ ¢ Ontario renewables®ased DER would have a systemic 35% higher cost structure than.the U.S

Figure EQ shows that the cost impacts of intermittency in Ontario are gretttan in the U.S. This
primarilyRdzS (2 GKS yI{Gdz2NE 2F hydFNA2Qa 3IS23INI LKe FyR
factors of the renewables. The higher capacity factors in the U.S. result from less variability or
intermittency of the renewable generation output.

1. TheLCOE of the U.S. scelzased DER would be $200/MWh. The $270/MWh LCOE of the solar
based DER in Ontario (usieguivalent DER components) is 35% higher.

2. Similarly, the LCOE of wibésed DER may be 12% more in Ontario compared to the U.S.

3. Pursuing nucleabaseloadsupplied DES options in Ontario could create a 20% cost advantage
over the U.S. solarased DER options.

Finding 8 ¢ Of the known and proven technology options, nuclear basekgiplied DES will be the
lowest-cost option in any geography thats high renewables intermittency ublearbaseloadsupplied
DEsalso has the greatest potential in Ontario to achieve the desired DER benefits of mitigating distribution
and transmission costs. Cost forecastsdtirer technologybeing developeduggest bhat:

1. The baseloagupplied DE®ould have an LCOE of $160/MWh. This opGiod dz2f R NB RdzOS hy i
annual electricity cost by ove8.

2. Small modular reactors (SMRs) may be the lower cost solution for a broad range of jurisdictions
and locations compareth conventional nuclear;

3. Natural gadired generation (CCGT shown) equipped with carbon capture and sequestration (CCS)
may also be a lowost lowcarbon generation optiod* However, CCGT with CCS would not offer
the cost benefits from distribution and tnemission system asset optimization and would not be
emissionfree ¢ three times more emissions than the solamsed DER and four times the
emissions of the nuclear baseloadpplied DES

11 Assuming an operating capacity factor of 49%.
Vi
il
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Implications

1. Renewabledased DER should not be looked to as @-803 F SOU A @S a2t emediggy T2 NJ
capacity gap identified in the 2017 LTEP.

1 RenewabledasedDERcan only bgustified today based on either direct subsidies or indirect
subsidies enabled by market arbitrage.

1 Investment in residential scale remablesbased DE uneconomic. Incentives such as net
metering noted in the LTERare anindirect subsig that would increase the total cost of the
entire electricity system.

2. hydFNA2Qa SYSNHAyYy3a OF LI OAdGe 3l L) OF,go0 MI\E ofedvd G |
low-emission baseloadlectricity supplyby 2035. New baseload capacity is required in Ontario to
supply two needs:

a) ¢2 TFAEE hydlNAR2Qa SYSNHAy3I OFLIOAGE 3IFHLI F2N o
2,250 MW of new lowemission basload supply.
1 These resources will be required as soon as possible after the Pickering Nuclear Generation
Station retires in 2024.
9 Based on 2030 cost projections, using renewablesed DER to perform a baseload function
will cost three to four times m@ than new nuclear stations and will not be emissifies
because of the requirement for backup natural gasd generation. With the cost projections
predicated on significant cost declines to 2030, procurements prior to 2030, such as to replace
the retiring Pickering Nuclear Generation Station, will be costlier.
b) To meet daytime demand, another 2,700 MW of lemission baseload supply is required by
2035 in order to implement the lowost baseloagupplied DES.

3. Given the immediate requirement for leemission baseload generation to fill the emerging capacity
gap after 2024, planning for such procurement should begin as soon as pdeditdst advance a
potential Ontario competitive cost advantage with respect to the U.S.

puf
pu

Analysis of the transmission,stlibution, and reserve capacity benefits should be conducted. It would
likely show improved relative economics of baselsagplied DES. Such analyses cadditionally
inform policy and investment decisienakers about the economics of DER/BBEgtions their ability to
KSt LI I RRNBaa hyil NAandike pdevitalraidugedvel elekttridity systemzosts)

Vil
I
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1.0 Introduction

Today, Distributed Energy Resources (DER) are at the center of energy policy discussions around the
world. DERcan include solar panels, electricityosige, small natural gdselled generators, and
controllable loads such as electric vehicles and water heaters. These resources are typically connected to
distribution networks and are smaller in scale than traditional transmisgibx) grid-connected
generation facilities that serve most of Ontario demahdER that includes renewables coupled with
storageare advocated ashe low-cost, lowemission supply alternative to fossil fuels and the basis for
addingmore intermittent renewabledo the supply mixThree factors have played a critical role in this
transition: renewables such as wind and solar are now integral parts of the energy mix in many
jurisdictions; the next generation of these technologies have experienced dramatic cost declines; and,
Lithium-ion (Ltion) batteries for energy storage are following a similar cost reduction path.

DER is recognized as a critical component in the evolution of smart grid innovations. Information and
communication technology (ICT) innovations in smart control teltgies aim to facilitate the integration

of renewables and storage technologies and enable two new paradigms: (1) a new class of customers:
O2yadzySNAER |IyR LINPRdAzZOSNAR 2F St S cohasednickogriéls andoviriMBR & dzY S N
power plants DER connected in a microgrid configuration has the potential to provide dispatch flexibility

at the local distribution level that natural géised generation currently provides for thexgrid.

The LTEP is focused omtreasingthe adoption ofrenewablesbased DER to achieve sevebehefits
enabled by storage:

GwSySégl o6t S RAA&GNR O dziloSaRdisHiGios dbimpanied PCrant tfieir ouStghterE:A
Utilities can defer or avoid certain costly investments in their local distribution network<Castomers

can generate and store their own power, lowering bills and ensuring reliable access to electricity when
L2 6 SN FNRY UGKSANI vwWSiig2N] Aa y20 | OFAflFof Sdé

Severabtudies undertakerin Ontario have examined how DE&uld be used to mitigate the eleity

system challenges resulting from the extensive deployment of renewables over the last détade.
contrast, this study looks at the emerging capacity gap and examines the economics of how new
renewablesbased DER solutions could fill the supply bg2035, explicitly considering the impact of
intermittency.

To deliver the benefits expected, DERist supply either the daytime energy demand profile or the
oFasSt2FR RSYIFYR LINPFA{S NBI dzi NBdReloasupphey didtinikde Qa T dzi
energy storage (DES) is an alternative approach that consists afognigcted baseload generation such

as nuclear or hydro that supplies community level distributed storage. This latter basslpptied DES

option represents a pathway to a lowrt®n economy that has received little attention in the climate

change and DER discourse

21ESO website
13 MoE,LTEP, 201Pg. 68
M|ESO, Energy Storage, 2016&exs2017
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The implications of DER scenarios are examined atwas$actors with specificattention paid to the
impacts thatrenewablegntermittency has on storage:

1. The totl costs of renewablelbased DER solutions in Ontario;

2. Potential for wind and solar renewablesised DER to fill the capacity gap and supply the
forecasted demand;

3. How those costs compare to baselesppliedDESesourcesand

4. How costs may differ beteen Ontario and the U.S.

11 Background

hydFNAR2Qa [ ¢9t A RSy (i Atfehpdvincelas ilBdtRed In Figure® By L2036, 8022 3 | LJ
2F hydl NA2Qa 3ISy S Ndbé verieyed O lreplac@AATHemogt dighificanKdediriés
availablecapacity occur i2023/2025 and2029/2030,

The change in the 2023/2025 timeframedge to the retirement of the Pickering Nuclear Generating
Station(PNGS)This will remove approximately 20%muiclearbaseload supply from Onta@supply mix
creating a future need for a baseload supply replacemkmtill also create the need for greater voltage
regulation services east of Toronto.

— Figurelchy 4 NA2Q& t Sk { dzLJLJ & —
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o B Existing Capacity Committed, Not Yet In-Service Directed Procurements
i} Expired Contracts == Demand Outlook

The remaining contributions to the capacity gap, including the large change in 20294263{ue to tle
gradud expiration ofthe20-year supply contracts for renewables and fjasd generationMuch of this
ddzLJLX @ | RRNB&aasSa hydl NA2Qa RI Egukenénts Ri& Yhelydes theJNR F A £ S

S Figure extracted from th@017 LTEP

18 One of the criticisms of the 2017 LTEP is that it did not address any demand expectations that may arise from
emissions reduction. Should there be appreciable demand growth as has been forecasted byhemaglditional
capacity will be required beyond what is shown in Figure 1.

7|ESO, Energy Storage, 2016, p.29
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SELANI GAZ2Y 2F GKS 02y NI lénticaphtdeNaf rampidiguplduzkly enodgif b & LIS |
YSSG hydl N A2Qa FfSEBAofS adziid & NBIdANBYSyiGao

The «isting and committed resourceddentified in Figure 1 that remain in 203re primarily low

emission low cost assetand includeh y (i | NR& 2 Q 3 refiri@BisRédBucl@atarsdBamass Along with

the import/export energy exchange capability with Hydro Quelteese resourceprovide Ontario with
alow-carbon,flexible baseloadapability.

Figure 2 contrasts the average cost of the committed baseload reseatc66/MWh against the average
cost of the expiring assets at $223/MWHhThe epiring assets reflect high cost resourc®stario has an
opportunity to switch out theehigh costresourcesand replacehem with lower costoptions.

Figure2¢. t SYRSR /248G 2F hydil

(S/MWh, Share of Category)
5250

$223
5200
Gas
5150
16%of _ Solar
5100 supply
$66
e Hydro
950 84y of Wind
supply
S0 —
Committed Clean Resources Expiring Contracted Assets
m Nuclear Hydro = Wind m Solar = Gas

With respect tocommitted resources, nuclear refurbishment is the single largest asset renewal
component of the 201 ZTEP. ThdarancialAccountabilityOffice of Ontario(FAOhas estimated thathe

cost of the refurbished nuclear will be $80/MWh when the program is comgt&ta 15% increase over

the cost of nuclear todayTte cost of refurbished nuclear represedenchmark fothe total generation

cost to provide baseloagower. It alsooffers areference by which DER applications that would supply a
baseload equivalentan be measuredor their impact on the cost of power assumptions in the LTAEP

cost of $223/MWh is assumed for supplying the resthoff G NA 2 Qa RS Y aadRis &NB Ij dzA NB
benchmark for comparing the cosffectiveness of deployin@ERsolutions to suppl the provinc&

daytime demand

The LTEP identifies three broad initiativeended to help find lower cost options to replace the expiring
contracts

1. Independent Electricity System OperattE$PMarket Renewalnitiative

York Energy Center per IESO Report: Energy Storage, 2016, p.25
19OEB RRR017
2 FAO Nuclear Refurbishment, 2017
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2. LDGQGrid Modernization
3. Integrated RegionalResourcePlans (IRRP)

The latter two initiatives botlsupport and enableenewablesbased DERBRNd instruct the Ontario Energy
Board OEB to develop regulations that price these optidiosaccelerate their adoption.

The LTEP places signifitamphasis and reliance upon renewablessed DER to address this supply gap

and recognizes that storage is required to mitigate the effects of the intermittent electricity production

from wind and solar generation. The LTEP is focussed on increasiadapgon of renewabledased

59w (G2 FOKAS@O®S &aSOSNIt o0SyST¥Aadta GKIG IINB SylkrofS
Ay@dSaityYSylashKNRR&ZABROwWY A¥f dziA2y AT YR Odzaid2YSNAE Ol
power, and ensure their owreliable electricity, both during times of peak demand and during power

outages. Yet, the degree to which the variable nature of wind and solar generation impacts the ability of
storage to provide these benefits is not well understodde focus of this remt isto assesshe ability of
renewablesbased DER costeffectively address y (i I NA 2 (rapadity3yspR A y 3

1.2 Structure of thisDocument
The body of this report consists of six main sections.

Section 2.0 provides a brief overview of the methodoldgployed in researching costs and modelling
hydFr NAR2Qa FdzidzZNBE SySNHe adaidsSvyo

Section 3.0 examines the DER promise of expected benefits, introduces the definitions of possible DER
locations, summarizes sample technologies that are being deployed, destitdbeemand conditions
that DER should be expected to solve, and defines what DER concepts are examined.

Section 4.0 addresses the perception in the public domain that renewables and storage costs are declining
so rapidly that they will be the best econamihoice of all generation options. This section presents the
research findings that quantify what the expected future costs of renewables and storage technologies
are expected to be. The implications for integrating solar and wind technologies with stioréige DER
concept are described. The concepts that are currently being used to establish economic viability of
renewablebased DER are summarized. The expected costs for conventional technologies are also
presented.

Section 5.0 examines the nature oftintermittency of renewables and the associated implications on
the use of storage. The nature of demand fluctuations is also described along with the implications on the
use of storage for both renewabldmsed DER as well as baselsagpliedDES

Secton 6.0 interprets the U.S. dollar cost forecast for DER technologies and applies that to the Ontario
situation The unique cost implications MXB Yy S 4 lintefmBen€y in Ontarioon the DER options are
explored along with the impact di y' i I NJ& 2 Q duturf Helnd&nd fiutéationsThe ability of the
DER/DES options to supply the needed future demand is summarizedost implications are compared
F2NJ 0KS 59w 2 LI emissan sippNdich y G F NA2Qa 26

Finally, Section 7.0 summarizes the findings afifieks several observations.
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2.0  Methodology
Thefollowing stepswere takento establish the basis for the findingsthis report:

1. Establishing the Ontario context for DER and the associated options

2. Identifying the globatonsensu®n future cost expetationsfor renewables andtorage

3. Analyzing the impact dhe intermittency ofrenewables and demanfiuctuations2 y h y (I NA 2 Q3
DER options

940Gl 0f A&AKAY3I hydGlINA2Qa 59w O2yGSEG

The 2017 LTEP provegléd KS F2dzy Rl G A2y f LIS NE LIS:Gdefe@e®ablgbasdd h y (i | NX
DERAY Of dzZRAY 3 GKS F2NBOlFad 27F hydl NRA 2 ESO dfinkheOA G & {2
impacts ofDER and storage challendes the operation of theTxsystem, and the Ontario Ministry of

Energy (MoE3ubsequentiicommissioned a study on the potential benefits of stordgethe province.

Forecasting Future Costs

Several sources were drawn upon to develop a consensus on the future costs of generation, renewables
and storage. The approach taken for this study was galyeto accept the most aggressively loast
forecast for the renewables and storagwailable The purpose of embedding low-cost bias in tfs

a (i dzRsBuiptions was to underscore the significance of the resulting highsietsmcostsafter taking

into account the impact of intermittencyl hisrepresents aonservative approach.

Generation costs were obtained from three U.S based sources published in 2017:

1. U.SEnergy Information Administration (EIA) 2017 Annual Energy Outlook (AEO)
1 The EIA basess forecasts on actual projects and applieseconony of scalefunction for
lessons learned approach to estimate future costs to 2050.
f ¢KS LINARYINE 9L! L&NBiFS adtyadSLevalizedl Avibife8 Cost of New
Generation Resourcé the 2017AEO
9 The research also drew upon reports that the EIA commissioned to support its 2017 AEO
estimates for small solar and wind applications.
A Distributed Generation and Combined Heat & Power System Characteristics and
Costs in the Buildings Sector, 2(prepared bylLeidos.
2. U.SNational Renewable Energy Laboratory (NRBLY Annual Technology Baseline (ATB)
1 The NREL mandate is to keep at the forefront of technology development in this space
3. Lazard) Bevelized Cost of Energyalysis; Version11.0
1 Lazardsurveys developers of technologies for their expectations on costs, both recent and for
the next five years.

Storage cost forecastvere derived and validatedased orfour sources

1. ¢ KS LINR Yl NEB & 2 dvblite8 CostlofiStofadeCOSNIR Q &
1 Theearlier version, LCOS 2.0, was also conspdted provided estimates for pumped storage
and compressed agnergy storage (CAES)
1 As Lazard only providelirectional longterm forecass, the forecastused in this studyvas
developed based oa reviewof industry ommentaiies, insights and other proxies
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2. Several secondary NREL research reports werecalssultedto understand component costs and
the opportunities that may arise when integnagj solar with storage.

3. The results of the forecasts used kewere then compared to forecasts from the 2018 Grd@enh
Media (GTMY and the 2017 International Renewables Energy Agency (IRENA) reports to validate that
the 2030 values used in this report were alsodothan forecass from thesesources.

Analysing Itermittency

To conduct the intermittency analysis, IESO data was obtained for the years 2015 thr&@tvtcrhis
dataincluded:

1. Generation output by hour, for all Ontario generation including wind and solar.
I Wind and solar data was obtained for both bef and after curtailment.
2. Demand data for 2015 through to 2017

To assess the implications of demand fluctuations on DER solutions, the 2017 LTEP was todsfiled
incremental assumptions to be added toe IESO 2016 Ontario Planni@gtlook (OPO)Jow growth
demand Outlook B scenario. From these souraedetailed hourly forecast was developfedt 2035

Separate simulations were conducted for wibdsed DERsolarbased DERand nuclearbaseload
supplied DBoptions. Assumptions were made on how e the storage for each case to best illustrate
the impacts of intermittency. High level sensitivity assessments were conducted to illustrate the impact
of storage capacity. There are many parameters that could be tuned to optimize an actual
implementaton. However, the results described in this report suggest that fine tuning is not expected to
materially change the relative outcomes of the scenarios.

Benchmark data was obtained for U.S. jurisdictions from the EIA and Lazard to assess capacity factor
differences between the 1& and Ontario These capacity factor differences fotne basisor projecting
relative impacts from intermittency.

21GTM, 2018
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3.0 Distributed Energy Resources Capabilities and Applications

DERsre being viewed as a potentighme changewith respectto how future electricity systems are
planned and developéd! OO2 NRA Yy 3 { 23 DERG@leNA 2 Q& L9{ h

oXelectricity-producing resources or controllable loads that are directly connected to a local
distribution system or connected to a host ili#g within the local distribution system.

DERs can include solar panels, combined heat and power plants, electricity storageasonall

gasfuelled generators, electric vehicles and controllable loads, sudteatsng/coolingsystems

and electric wagr heaters. These resources are typically smaller in scale than the traditional
ISYSNI GA2Y FFLOAfAGASE GKFG aASNBS Y2ad 2F hydal N

DER that includes renewables coupled with storageadvocated ashe low-cost, lowemission supply
alternative to bssil fuels and the basis faddingmore intermittent renewablego the supply mixThree
factors have played a critical role in this transition: renewables such as wind and solar are now integral
parts of the energy mix in many jurisdictions; the nexagation of these technologies have experienced
dramatic cost declines; and, Lithidion (Liion) batteries for energy storage are following a similar cost
reduction path.

Many proponents of renewablesased DER also advocate tiRdER representsn alterndive to nuclear.
Conventional power stations, such as efiad, gas and nuclegyowered plants, as well as hydroelectric
dams and largescale solar power stations, are centralized and often require electric energy to be
transmitted over long distances.yBcontrast, DER systems are decentralized, modular and flexible
technologies, that are located close to the load they serygcally withcapacities of 10 megawatts (MW)

or less. These systems can comprise multiple generation and storage compohentmtrast many
believe that nuclear must play a significant role in reducing emis$iom the production ofenergy in
particular for 24x7 baseloaglipply. The hypebole around DER falls intwo categories:

1. The degreeto which distributed storage can becoupled with renewablesto mitigate
intermittency and enablenore renewables and,
2. The degree to whicBER can provide broad system benefits beyjastsmoothing intermittency.

This section summarizes the DER promise, the types of DER installationawhdtteen identified in the
literature, thedemand profiles that DER should responddad examples of DER technologies that have
been consideredThis section concludes with a definition of the DER options that are contrasted in the
costing and intermitncy assessments of this report.

3.1 The DER Promise
The DER promise is that distributedergy productioncoupled with appropriate amounts of storage, can
provide several benefits to both thalectricitysystem and to consumerassummarized in Figurg®.

221ESO Energy Stge, 2016; MoE, LTEP, 2017
23|ESO website
24 Siemens 2011 TER017;CPR017 Massachusett&Energy Storage Initiative, 2016; Lazard LCOS v3.0; Mowat
2017
7
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Benefits for the System as a Whole:

1. Increased Grid Flexibility, Resiliency & Reliability

m Distributed storage is viewed as mitigation for intermittent
(i.e. renewable) generation

m Spreading resources improves response to localized
demand fluctuations

= Energy storage can be used to control voltage and frequency
in the case of local or system-wide disruptions

= Decentralizing energy generation and storage leaves the grid
less vulnerable to centralized attacks

2. Increased Asset Capacity Factors 1.  System Benefits Reduce Energy Bills

= Smoothes out demand from grid (night to day swings) = Moving energy retsource.s clo§er toloads
e Reduce required delivery infrastructure and costs
e Minimize line losses and avoid wasted electricity

Benefits for Customers:

= Increases capacity factors for generation, transmission, and
distribution

Pricing options 2. Generate Revenue for Customers with DERs
are subsidies = Surplus DER energy can be sold back to the grid
that allow higher
costs to enter the
system

m Storage charged at low cost and discharged when
rates are higher

3. Reliability of Power in Emergency
m DER can displace existing backup generators

System benefitsare mostlyenabled bythe capabilities of storage and fall into two main categories:

1. Increased Grid Flexibility, Resilierand Reliability
1 Among the soughafter benefits for grid reliability, where high renewables are deployed or
desired, is the potential foridtributed storagdo allow for easier integratiorof intermittent
renewable generation
o According to the IESE) energy storage can be used Yy Kl yOS (G KS 3INARQA
manage the influx of variable renewable generationthe following areas: load
following, ramping and dispatch flexibility; regulatiofx voltage control; operating
reserve; and zonal limitation§helESO also recognizes that storage is not the only
available option for addressing theeperating challages
1 Decentralizing energy generation and storagruld alsdeave the grid less vulnerable to local
or systemwide disruptionsor centralized cyber attacks and also suppos quicker local
energizing of the distribution system following a blackéutlowe\er, energizing the higher
voltage Tx system requires substantial reactive power support be availabknenat both
ends of longrxlinessuggesting DER solutions, may have limited benefit.
9 Distributingstorage and generatioresourceghroughout the gridamong and closer to user
demand centres shouldllow for better response to localized demand fluctuations

2. Increased Asset Capacity Factors for Generation, T>XDetidbution OX)
1 DER has the potential to provide a local demand management functidrcémasmooth out
the magnitudeof electricity demangeaks that are imposedponthe grid By doing so, DER

25|ESO Energy Storage, 2016
%6 Essex Energy, 2017
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can reduce the capacity requirements for the grid and hence, if the same enelgwiered
increase the capacity factoos generation,Txand pdentially Dxassetsn the bulk electricity
system.

1 Increasing the capacity factor of the deliyslystems reduces thieed capacity costs and the
effective per MWtelectricity rates

1 By potentially reducing the peak reserve margin requiremeDtR cameduce thecost of
reservecapacity that is very infrequently used

1 The ability to more efficiently sizgneration, Tx, and Dassetdo best meetenergydemand
lowers the fixed costs of capacity. Installed capacity represents th@ §hare of costs ia
low emission electricity systerbecause fuel costs are low or zerdReducing capacity
improvesthe costeffectiveness of the entire system.

Consumer benefitfall into three categories of interest:

1. Reducingenergy Bill3hrough System Benefits
1 System knefits of DERnpactconsumers through their energy bills. The ability of DER to help
optimize system capacities will reduce the effectladivery infrastructure costthat arepaid
for bythe consumer.
1 By locating generation closer to the consun®edricity lossesduring delivery to consumers
would be reduced

2. Generate Revenue for Customers with DERs

1 For consumers that have rooftop solaanelbasedDER systemgxperience shows thahe
electricityoutput does not generally match the consur@ed  dy yisd The ability tosell the
excess energyack to the gridallows the consumer to recover some of the costs of the
installation.Net meteringis one example of how such revenue opportunitas be enabled
Unfortunately, most pricing incentives thatgmote the deployment of high cost residential
generation systems are subsidies that increase the costs for categpayes. This is discussed
in Section 4.4.

i Storageon itsown, createshe opportunity for consumergo chargethe storagewhen retail
rates arelow, such as at nightand then dischargethe energyback tothemselves otthe
systemwhen retail rates are higherEffectively, onsumes can participate imetail pricing
arbitrageand benefit from low cost electricity. The pricing arbitragkso offers benefitsto
the system to the extent that peak demand shaving candmsistentlyachieved as illustrated
in Figure4®’.

3. EmergencyBackupGeneration
1 Some consumers feel the need to haae emergency backup electricity supgiyr when
unexpected outags occur on the bulk electricity systerSuch backup capabiligan be
provided by the storage capability of DER. Since diesel backup generators are relatively costly
and environmentally unfriendly, this DER benefit may be important to those customers
wanting emergency backupgHowever, electrical storage would typically be configured with a
shorter backup rusiime than diesel generators due to the higher cost.

2" MassachusettsEnergy Storage Initiative, 2016
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— Figure4 ¢ DER Potential for Peak Shaving —
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3.2 Locational Considerations for DER

DER can be deployed at many different points within thecteicity system. As shown in Figusé,
locational options fall into two categories: front of the meter; andbehind the meter.In either case,
installations can vary significantly in scale. Residential and commercial DER opportunities are referred to
asda éhind themetere, as they are installed on consumer premises and are not metered by the utility.
These installations are typically very smailth a capacityon the order of 1o 5kW for a singldlome but

could beup to 300 kWfor commercial appliations.In the case of storagé¢he amount ofstored energy
typicallyprovidesonly a few hours of rated capacity.

din front of the meteg applications involve solutions that would typically be managed by € These
solutionsrange in sizefrom smallercommunity installationgo largescale Dx installations. A small
community installatiorwould typically serve 000 homes with 1 MWo 1.5 MWof generation capacity
A largeDxscale installation would be optimized around tBgsubstations to help smobtpeak demands
and would serve larger communities of 10,000 homes for example.

The largest scale resources are high voltage grid connected resources typically in excess of 30 MW, which,
by definition, are not usually consideréalbe DER.

28 Definitions adapted from Lazard LCOS v3.0
10
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Figure5 ¢ DER Opportunities by Location

Integrating small power DER flexible peaking may Alternative to
systems, (renewables / defer some distribution peaking plants
microturbines) upgrades

Grid Grid = far from
30 — 100 MW load

30,000 — 100,000 homes - No Dx benefit

- No Tx benefit
e ¢S\
i -

vs Gas Plant

Front of Community Distribution
Meter 1-1.5MW 10 MW

~1000 homes ~10,000 homes
Further from ’

load
—>Less Dx

and Tx benefit ‘ j

|
Behind the Enhance use , S : peak
of rooftop shaving
Meter solar .
Residential ‘

At the |Oad 1 s
- Full Dx and =9

Tx benefit 1 — 4 homes 300 kW

System benefits from DERvary with locationras summarized in Tablé®1

Table 1¢ DER Use Cases by Location

DER Location Description and Use

Supports community or small power systems that t@ve some independence
Community from the broader powergrid. Could also provide ramping support to enhan
system stability and increase reliability of service.

Typically placed at substations or distribution feesleontrolled by utilities to
Distribution defer distribution upgrades. May also provide fldri peaking capacity anc
mitigate stability problems.

Frontof-Meter

Largescale energy system designed to replace peaking gas turbine facilities
the reliability services they provide. Can be brought online quickly to meet ray
ramping demand for power gbeak and taken offline quickly as power demat
diminishes.

Grid

Behindthe-meter residential use to provide backup power and exteiing
Residential usefulnessof seB SY SNIF A2y o6SdIdr Gazfl NI LXK
electricity sold back to the grid from distributesblarPV applications.

Behindthe-meter peak shaving and demand charge reduction services

Commercial commercial energy users. Option to provide grid servicehéautility.

Behind the Mete

2% paraphrased fromhazard LCOS v3.0
11
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The Ontario MoE commissioned a stéfdp evaluate the economics of using storage based on the value
elements of the DER promis@e studyfocused on thenearterm value of DERT 2 NJ h ycirlerdA 2 Q &
extensive deployment of renewéds and the associated system challenges identified by the IB®O.
possible valuef DERhat couldbe obtained fromdifferent types ofinstallatiors at differentlocationsis
summarized in Tabl2,

Table 2¢ Direct Benefits of Energy Storage

Distributed Connected Energy Storage Location
Lazard/IRENA Framework Grid Distribution |Community | ~coidential
Commercial
Benefits At TXMiddle  of|End olBehind
ly M izable Benefi .
Category Currently Monetizable Benefits Station Feeder Feeder Meter
NonSpinning Reserve Alatility N 6 6 6
Spinning Reserve Availability N 6 6 6
Reserve Activation n o] o] o)
SR Power Quality Improvement N N N N
Frequency Regulation n o)
VoltageControl o) o)
Black Start n o} o}
Distribution System Upgrade Avoidan(n n 6
Asset = = —
Optimization |New Generation Capacity Avoidance | N 0
Reduce Dispatching of Peaker Faciliti¢ n
Wholesale Market Arbitrage N N N 6
Consumer . . P P P
Price Retail Market Arbitrage 0O 0 0 N
Global Adjustment Charge Reduct < % % %
(Class A) 0 0 0 0
Consumer e gundanPower Supply (Reliability) n o)

9 & & &pofdidentified thatgrid-scale applications located tite Tx/Dx Interfaceffer the most benefits
Thisis becausayrid-basedwind intermittency reliability issuesccurat this interface. Since85% of the
installed wind in Ontario is connected to tA&system, mitigating the impacts of variable generatisn
best managedas close to the generation sources possible. From Bxsystem perspctive, the Tx/Dx
interface is the connection to the variable generatiofhe reverse is true for solavhich has been
predominantly installed atindividual residencesn Ontaria 9 8 8 SEQ& I LILINR | OK (i 2
challenges with DER is defined hergias y § SNXY A GG Sy O0é YI yI 3ASYSyié o

30 Essex Energy, 2017
31 Recreated from Essex 2017 report to regroup rows into the broader categories used in this report.
12
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In contrast,the approachtaken in this reporiooks at how to best meet demand through renewables
based DER. From that perspective, the conaépenewablesbased DER entails -tbacating the storage

with the generation, suclaswith behind the meter applicatiosm Colocation is inherently designed to
mitigate the intermittency effects of the generation, but aldelivers a broadercdemandml y I 3SY Sy (i
function by ensuring the DERRoduces an outputo meetconsumer demandh a specificarea. Effective
consumer demand management shouldtten the load presented back to the Dx and 3ystems
achieving the maximum asset optimization benefit.

To maximize the demand management benefits of DER and optimize system capacity fattbicns
are best located as close as possible to the user demand. For demand management purposes, the
following expectations arise:

1 Grid based solutionare likely tooffer little Tx and Dx benefit abe purposeof gridbased DER
would be tomimicthe cgability of gadired generation plants to meet the demand on the grid.
Someavoidedline loss benefits may be realized if their grid locations are closer to the demand
centres than heritage generation sites.

9 Dxscale installations would smooth out grieérdand but offer little benefit to theDx networks
downstreamwhere peak requirements remain driven by consumer behavior.

1 WhenDER is implemented at the community level or behind the meter, the demand management
or levdling function is better positionedo maximally optimize the entire delivery system
infrastructure.

3.3 Future Demand for DE®utput Gapabilities

Many of the benefits of DERr smoothing peak demand to optimize delivery infrastructued been
articulated. However in order to meet the apacity gap challenges that are emerging in OntabigR
solutionsshouldbe expected tasupply one of two components of user energy demand

1. Daytime demand to mitigate the need to renew or replace expired gas plant operations
2. Baseload demand to replaceda3,000 MW gap when thBNGSetires in 2024

The two profilesillustrated in Figures, reflect therequirements for a DER systeimat best suppors
hy (I aldctBidy Systemneedsand yieldthe desired benefits.

Since renewable outpatare determined by the natural energy supply (wind, sun or water) and are only
dispatchabldo the extent that the wind is blowing, the sun shining and water is availaldsg thsources

are to a significant extent uncontrollabl€hese meanstorage systermare requiedto providethe output

that meetsenergy user demands across the entire electricity system.

13
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Figure6ch y i I NR 2 Q& qSudply Nekdédfor D
Baseload and Peak Demand Profiles
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To provide a baseload function, storageist smooth intermittent renewables at a lower cost than low
emission baseload generatiossich as nuclear or hydroy even natural gas with carbon captuaad
storage

For renewabledhased DER solutions to supply daytime demand, the requisite stdoaigmanaging
intermittency must be enhanced to also manage demand fluctuatiohgh a baseloadsupplied DER
solution,the storage function must only manage the demand fluctuati@ection 5 discusses the nature
of intermittent renewables and quantifies the implicatiooksupplying the required demand.

34 Candidate DERechnologies

Several storage technolggdemonstrdions have been deployed in the mark@ace Theseprovide
examples for the concepts modelled in this report:

9 L-ionbatteries coupled with solao emulate anaturalgas peaker system
1 Pumped hydro storageoupled witheither hydroor windresources
1 CAESoupled with wind resources

A summary of storage technologies that are being piloted in Ontario is provided in3fable

Table3 ¢ Ontario Energy Storage Project Summary

Project Technology Capacity Benefits
POWER.HOUSE Lion Battery 228 kWh Redundant powr supply
Penetanguishene Micgpid |Battery 500 kWh Redundant power supply
Pan Am Games 2015 100 kVA, 125kWh Load shifting

%2 Reproduced fronEssex Energy, 2017
14
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Hydrostor- Toronto

CAES

Varies

Distribution line decongestion

eCAMION; TorontoHydro

Lion battery

25 kW, 16 kwh

Infrastructure support

eCAMION Toronto

Lion battery

500 kw, 250 kwh

Infrastructure support

NRStor Minto Flywheel +2 MW, 500 kWh  [Frequency regulation
HONI¢ Clear Creek Flywheel +5 MW, 500 kWh Voltage control
Battery Voltage support, generation

Opus One DEMSN

integration

RES Canaddtrathroy Lon battery 4 MW, 2.6 MWh Frequencyregulation
NEDQ; Oshawa Lion battery 10 kWh Load levelling
Convergent Energy Lion battery 7MW Reliability
Sault Ste. Marie

Power-to-Gas 2 MW Frequencyegulation

Hydrogenics

Ameresca; Phase |l

Solid Battery

(2xX) 2 MW, 8 MWh

Peak shaving

Baseload Power Phase I

Flow Battery

2 MW, 8 MWh

Grid support and arbitrage

NextErag Phase I

Solid Battery

2 MW, 8 MWh

Grid support and bitrage

NRStor Incg Phase |l

CAES

1.75 MW, 7 MWh

Grid support

SunEdisorg Phase Il

Flow Battery

1 MW, 4 MWh
(2x) 2 MW, 8 MWh

Grid support

Examples of underlying DER concepnd applications include:

a) Arizon& a

9 E LIS NS ghd@SorageA i K

One ofthe major benefits of pairing batteries with solar power is to fix the mismatch between patterns
of solar generation and demandhe cemand peaksf the morning and eveningn Arizonabookend
middaypeaksolar generationArizong at times has too much solar generaticand hasittle need for
additional generation with the same profile

Tucson Electrisigned gpower purchase agreemenPPA with First Solar for a solar plbsittery peaker
system in February 20¥8 Thepeaker system has been contracted to provide up to 50 MW of power
between 3pm and 8pmThe st of this systems expected to be competitive witkexistinggas peaker
plantswhen completed in 2021IThe storagesystemwill be paired with a new 65 MW solar plasud be
able to store 135 MWifor almost 3 hour®f dischargeduration.

b) Ontario Power Generatioqf@PGNiagara Falls Pumped Storage

33 GreenTech, 2018
15
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OPG has pumped hydro statiomext to the Sir Adam Beck hydro power qaex, both of which are
adjacent tothe Niagara RiveWater is pumped into a reservoit night when demand and electricity
prices are low. Filling the reservain take up to 8 hour®uring high demanadvater can be released to

flow through turbinesat the Sir Adam Beck Complprovidingup to 174 MWof capacity** The station

has a unique cascade configuration made possible by the unique geography of Niagara Falls and the
Niagara Escarpment. The effective power swing is several times greater thanwee gapacity of the
pumped storage facility.

¢) GermanyntegratedWind Farm andPumpedHydro Sorage®

Large wind turbines in Gaildorf, Germaarg connected to a nearby hydro pumped storage facalityg
store water within the towers themselves #disistrated in Figure 7.

Water from the turbines can be released and channeled into a hydro power station below when needed
Each of foud80-meter-high, 3.4 MW wind turbines can store up to 70 MWh of water pumped up from a
nearby lakeStored water is equivalemt over 20 hours of full capacity wind generatidMith wind blades

of over 60 Meters, these large gritale facilities are almost 80 stories high, larger than most skyscraper
office towers in the worl@ major cities.

Figure7 ¢ Wind Turbine System lllustrated

/g
Ly

d) Toronto Hydro @npressed AiEnergy Storage

Toronto Hydro isvorkingwith Hydrostor Incto analyze the electrical grid benefits of underwater CAES

The world's first systerhasnow beeninstalled in Lake Ontarid. KS LA f 23 LINRP2SOG 6Af ¢
ability to provide reserv@ower, shift load and smooth odixand DxcongestionThe system idesigned

to store exceseglectricity generated during lowdemand offpeak hourdy driving compressed air into

34 0OPG, 2018
35 Dvorak, 2017
36 Toronto Hydro, 218
16
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aflexible wall air accumulator below the lake's surface. When the energgqigired, the system is
reversed.

e) NRStoHydrostor Goderich CAES Demonstration Préject

Thisenergystorage facilityvith a fourhour discharge capabilityould provideenergy to helghe Ontario
electricity grid meepeakdemand.The expected alue br ratepayes is more efficient integrated wind
generated electricity antbad levellingGrid operators need flexible resources to offset erronsiimd and
solarforecasting.

The 1.75 MW, 7 MWh CAES facility will use proprietary technology to storei@tgdan the form of
O2YLINB&aaSR FANJ YR KSIFid® bw{ili2NDna y20St azfdzirzy
cavity. The projectis expectedto demonstrate the success of fueke CAES, creating market
opportunities for Canadian companiasdloballydeploy locally developed technology.

3.5 DER Scenarios
The scenarioxhosenfor this studyare:

1. Solarbased DERCommunityscalesolarintegrated withLFion battery storage
i This is one of the most prevalent architectures discussed in thatite.
9 Stakeholder interviews condted by the Essex study identifidkde 1 MW communityscale
as the most likely form of distributed storagé.
1 This optionoffers the best opportunity for optimising system capgditenefits andhas
storagecosts comparalel to larger scale installations.
2. Wind-based DERGridbased wind coupled wit€AES
1 For the majority of jurisdictiongnly gridscale wind is expected to ke viableeconomic
option (see Section 4.9 Smaliscale wind has relatively excessive land useligations
even atsmallscale40¢ KS LJ F yYYSR a29Qa ySi YSUSNARAyYy3I aAlA,
avyrftt aO0FftS GAYR AYStAIAOGES F24) hyldl NA2Qa NB
1 CAESs a lower cost gridcale storage option thahiion batteries.Ont: NJAtégpdyeaphy and
resource extraction legaayay presentmany options for integratingAESvith wind farm
output. However, because of the thermodynamics of compirggair, the roundtrip energy
lossesf the processare lessefficient than the Lion batteries
3. Baseloaesupplied DES3rid-based nuclear baseload coupled with distributgdon battery storage
systems
9 Lkion storage systembave theability to be ubiquitously distributed at the community level
and hence from a storage perspectivihis scenario is analogous to solar

37 Sustainable Development Technology Canada, 2018
38 Essex Energy, 2017
39 Remote community applications have not been considered
40 eibs, 2016
41 Environmental Registry Regulation Proposal #0986, Proposed New Regulation to be made under the
Electricity Act, 1998 (28 November 2017).
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3.6 Summary

There are many benefits thatarious DERconfigurations couldorovide to the electricity systemand
consumers. Howevenot all of the consumer benefits are in the best interests of thverall electricity
sysem. The ability to realize thgotential benefits also varies by location.

The system benefits from DER may be best achiéyatbsigning DER solutiotisat leverage the energy
FROFYyGF3Sa 2F hydlNA2Qa SEAaGAy3da St SOGNAROAGR
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4.0 Understanding the Cost of Renewables + Storage

The declining costs of renewables and energy storage solutions has received a lot of media coverage, with
advocates claiming that these technologies are how competitive with fossil fuels. Yet, thepgdogored

study foundthd o+ aSR 2y 6KId OFy 08 Y2ySiAi SR o0& Ay@dSal

are not economically viable, with the exception of commercial applications that aim to reduce demand
charge4’.

This section explores the costs of renewablst®orage andother generation required to enable DER
options. Specific attention is given to how the cost of renewables and storage may decline ®ar2d3
how that compares to the other components of low emission DER system options

The major finding$or the costs 6 generation, storage, and integrated DER systaredllustratedbelow
in Hguress§, 9, and10.

a) Costs of renewables are declining modestly

Figure 8% summarizes the expected future costs in the U.S., in terms of the Levelized Cost of Electricity
(LCOE) dhe low emission generation options that could support the léeign objectives of DER: solar,
wind, nuclear andCombined Cycle Gas Turbine (CCGT) najasdired generation with carbon capture

and sequestration(CCS)Communityscale solar systems aremected to havenaterial annual decline

rates with total declines ahpproximately30%from 2017 to 2030. However, the LCOE for community
scale solar installations will remain abd¥80YMWh**in regions withaverage U.S. capacity factors.

Figure8 ¢ DER vs. Conventional Generation Averagt
U.S. LCOE ]

$/MWh ($U.5./MWh, CAGR %)

$200

Renewables Advanced Conventionals
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m2017 #2030 CF30%

42 Essex identified monetizable and nomonetizable value areas. Strapolec disagrees with how the non
monetizable benefits have been calculated, the assumption of 100% capacity factor of the storage, and the
assumed ongoing existence of surplus energy. Essex use cases only economic due to pricing mechanisms arbitrage.
Refer to section 4.4.
43 CAGR is compoundannual growth rate from 2017 to 203Ratural gas plant assumes a 30% duty cycle for
supplying daytime demandRenewables costs without storage asubject tofrom intermittency;
4 All dollar figures in Section 4.0 are in US $2017 unless specifiedvidber
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At this leve] it would appear that the LCOEs of the grakeal solar and wind are indeed lower than
nuclear and natural gas with carbon capture. This section establishes that the LCOE of standalone
renewables is not the measure that should be used, but rather ieis @OE of the integrated DER solution

that should be the key benchmark. For renewables to be viable in a DER context, they must supply a
particular demand load, such as the daytime load that exceeds baseload. To do so, the renewables must
be coupled with ®rage so that the energy provided is coincident with ttemandedload. Power
engineers refer to this capability as capacity value. Without storage, intermittent renewables have
relatively little capacity value.

b) Costs obattery storage expected to deckab0%by 2030

Figure 9 summarizes the LCIdf storage systems evaluated in this stutlijion batteries ofresidential

to Dx scale; and, pumped hydro afdAESsuitable for some gridcale applicationsAt $363MWh,
residentialstorage is expected to rentabn excessively higtost option beyond the forecast time horizon

of this study. Even community scale storage is expected to remain higher than the more conventional
options of pumped hydro an@AESTheCAESechnologies are expected to remain the leagpensive
option by a wide margimooking forward to 2030

Figure9 ¢ Storage U.S. Average LCOS, 2017 vs. 2

$/MWh ($U.S./MWh, CAGR %)
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$700
$600 -
$500 |
$400 -

300 S_Oowt’\.'r
? 5.2%/yr ’
$200 -

e 0.6%/yr
$100 | 246 o od4mlyr
111 126 102 63
S0 | | . - L

Li-ion Battery  Li-ionBattery  Li-ionBattery Pumped Hydro Compressed Air

Residential Community Distribution 100 MW 100 MW
5 kW 1MW 10 MW
m2017 =2030

The benefits ofFion batteries over the other options are their low loss factor and the flexibility to locate
them where they are needed. Pumped hydro ab@dESre limited to where geologitdeatures or other
available physical characteristics enable their installation. They may have limited ability to support small
scale DER solutions.

The raw costs of renewables and storage do not reflect the cost of a DER system. The cost of a full system
that integrates renewables with storage options to meet a demand requirement is the relevant measure

45 Storage costs shown do not include cost of energy to be staneldreflect operating duty cycles where storage
is fully charged and discharged on a daily basis.
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for assessing how competitive these technologies are. The integrated performance of the DER system is
determined by several factors:

1. Integrating solar andtorage systems could allow for capital cost reductions due to sharing of
components.

2. Configuring the components (e.g. the solar panel and battery) to supply the expected demand
profile determines the blend of the electricity used

3. Storage systems are n@00% efficient in the process of charging and discharging the energy to
and from the storage. This inefficiency is measured as the rdtpmenergy loss. Losing energy
through the storage device increases the net cost of energy that is output fromdregst device
9 Lkion batteries are expected to have a 14% round trip energy [08& % expected to have

a 3% round trip energy loss.

c) Costs of DER will remain high

Figurel0* illustrateshow the cost of renewable energy changes when coupled wittag@iThree terms
capture how the costs are realized. The used generation is at the cost typically expected. Stored energy
has a higher cost for the generation that is stored because of the Himtbsses in the system. The cost

of the storage then getadded tothat of the storedenergy to get the full cost of the stored energy. The

net blended cost is a function of how much eneigyysed directly ersusstored.

Figurel0¢ Integrated DER LCOE Comparison
No Intermittency Scenario, Supply for Daytime Demand
$/MWh SU.S./MWh, 2030
Solar Wind Nuclear
$250 7
: : 218
194 i :
$200 : :
' 111
$150 134 :
107 | 117 : 120
$100 7 : ——
! 63 :
; 57 :
: 40 i
350 1T— 88 ! i
i 54 e
$0 . . : . : .
Used Solar  Stored Net Used Wind  Stored Net Used Stored Net
Solar Blended Wind Blended Nuclear Nuclear  Blended
Solar DER Wind DER Nuclear +
DES
Used Solar Used Wind  m Used Nuclear Stored Generation

46 azard, LCOE v11, 2017
47 Solar case is communigcale, while the wind case is gsdale with compressed gas storaylues reflect ideal
weather and demand conditions that do not introduce intermittency.
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The storage required to help renewables deliver enengygesponse taiserdemandwill add $107MWh

to the cost of any stored solar for a total LCOE of stored enefr§$94MWh in the U.SStorage costs
when integrated with solaphotovoltaic PV} panels in a tightly coupled manner can realize some capital
costsavings which have been refted. The net blendedolar DER cost ofiB4MWh reflects a solution
where half of the solar energy is directed to storage for use in supplying the expected demand profile. At
$134MWh, it is nd clear whether solabased DER @ompetitive withalternative generation.

For windbased DERhe expected blended cost could be as low as $57/MWh. This would be for-a grid
scale application and could be competitive with other solutions. The blended cost of a ratetoad
supplied DESolution is estimated at®B20/MWh, 11% less than sola&ection 5 of this document explores
the implications intermittencyas on the above LCQEs

Given these results, why is so much attention being paid today to renewbbtesi DER? There are two
possible answers to this questiofl) DER is considered applicable for optimizing revenue capture in fossil
based energy markets where prices peak with high demand; or, (2) creative subsidies, such as net
metering hide the full cost that is being incurred to the whole system.

As discuss® earlier, this study examines the costs of available technologies to supply a full demand
profile.

This section examines the following relevant subjects:

Projected costs for solar and wind generation

Projected costs of storage

The cost implications for iegrated DER solutions under ideal conditions

The marketing of DER solutions today

The costs of alternative lo@mission technologies, such as nuclear @@GT with CCS.

aprwbnE

4.1 RenewableGenerationCosts

This section examines the capital cost and L{o@d€asts of solar and wind technologiesbtainedfrom
multiple sources. For each technology, different scales of implementation are considered, from small
scale residential applications to large gsichle facilitiesFigures 11, 12 and 13 illustrate the exjmst
capital cost and LCOE decline rates
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Figurell g Solar US. Capital Cost
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Figurel2 ¢ Wind U.S. Capital Cost
Forecast, 2017 vs. 2030
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For solar applications, residential scale systems are expected to drop the fastest, but will remain 25%
higher than community solar and almost double tbagrid-scale solar by 2030. The capital cost forézas

for smaltscale wind suggest it will remairs4times the cost of gridcale wind. Given land use challenges,
smaltscale wind in a residential setting is not considered further in this study-sGaié wind is expected

Figurel3¢ Solar and Wind Average U.S.

LCOE Foreca

2017 vs. 2030
$/MWh ($U.S./MWh, CAGR %)
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to have more modest LCOE dec8riban solar.

4.1.1 SolarCost Assumptions
Three different scakeofsolar installations wereonsidered

1.

2.

Residential installations, of 5 kW or less, which are rooftop mounted and feature no tracking

mechanisms

Community and commercial scale installaso of up to 1.5 MW, consisting of both fixel

rooftop and pole mounted tracking systems; and,

oo/l 11111111111
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3. Gridscale solar installations from 5 MW to 150 MW

Residential solar systems were not examined, as the capacity size for a single home solar pantehis less t
1 kW and very expensive when connected to residestale storage

Community Scale Solar Cbstecasts

a) Capital costs

Commercidtommunity solar capital costsin $/kW,have been projected by Leidos, Lazard, NREL, and

IES®. The capacity of commertimstallations varied from 30kW NRE).to 1MW (Lazard)Lazard has
defined a community solar installation of 1.5 MW, which is ¢betdesign case useid this study. The
community installation costing is based on an optimized fittidhstallation. Figurel4 showsin redthe
estimated communitybased solar installationapital cost Most of the sources reflectostsfor rooftop

commercial installations

Figurel4 ¢ Solar Community and Commercial Scale Capita

Cost Forecast to 2040

S/kw (SU.S./kW)
$3,000

$2,500

$2,000

$1,500
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51,000
2015 2020 2025 2030 2035 2040
Lazard Rooftop C&I (1 MW) B Llazard Community (1.5 MW)
Leidos Commercial Large - Reference (650 kw-DC) Leidos Commercial Large - Advanced (650 kw-DC)

= = |ESO Small-Scale Ground-Mounted (500 kW)

=—t— Strapolec Community Solar (1.5 MW)

The average capital costsed for this analysis $2532kW in 2017 ands expected to dropd $1,686kW

by 2030.
[ FTFNRQE modp a2 OFasS Aa dzaSR

02

NB LINB & S v

iKS

generation The rationalés: (1) Lazar@estimate issimilar to thelL eidogeferenceestimate;(2) The Leidos
system is the lagest other system quotedind @) the IESO estimateuld not be reconciled with the

others(after an assumed exchange rate discount of 15%)

48| eidos, 2016; Lazard LCOE v11.0; NREL Annual Technology Baseline, 2017; IESO OPO, 2016
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Thecompound annual growth rate€AGIRused for each of the projections are summarized in Fidére
Leidos povideslow andhighCAGR#or reference and advanceefuipment respectively

The average of theeidos reference and advanced equipment CA@Rs chosen for the forecast in this
report yielding4.1% for 20172020 and 3.2% for 2028030 These are neahe high end of the rates of
decline in the sample set. Applying these CAGR®e 2017 Lazard dataeatesaforecast for community
scale solawith a capital forecast that declines frof2,532/kWin 2017to $1,686/kW in 203Q This is
withintherangeofi KS L9 { hQa T2NBOlIado®

—— Figurel5¢ Solar Community and Commercial Scale Capital Cost CA——
Forecast to 2040
(%)
7%

3.2%
6% k
20202030
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0os ] m B

20172020 20202025 20252030 20302035 20352040
 |[ESO Commercial Rooftop (500 k\ IESO Smaficale Groundilounted (500 kW)
M Leidos Commercial LargReference (650 kM»C) m Leidos Commercial LargAdvanced (650 kvibC)
NREL Commercial (300 kv m Strapolec Community Solar (1.5 MV

b) LCOHorecast
For this analysis, the LCOE is of greater interest and is what will be used directly in the cost comparisons

Several sources provided estimates of the cost of solar in 2017, but only NREL developed a forecast. The
Strapolec forecast useCAGRs from the above projected capital cost. This resulted in a lower cost than
that derived by NREL for 2030. This suggtstcost forecast for the DER optiarsed in this reporis
conservatively low
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Figure16 ¢ Solar Community LCOE Forecast to 2030 |
HMwh ($U.S./MWh)
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Grid-Scale Solar Cost Foests

For gridscale solarl.azard, IESO, and NREL provide capital costs, as shown in Figurdl@ 9 [ Qa T2 NB (
gra wp: 2SN GKFIY GKS L9{hQa F2NBOIFIalzI 6KAOK O2dz
(see Section 6.1). The CAGRs fiokgrale solar were smaller at only 1.3%/year after 2020 and lower again

after 2030. Nevertheless, gritale solar capital costs are expected to decline by 25% from 2017 to 2030

~ Figurel7¢ Grid-Scale Solar Capital Cost Forecast ti

2030
(SU.5./kw)
$1,600 1,457
$1,400 1238 1,255 1,756
51,200 +—
$1,000 4—— 948
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$400
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IESO Utility-Scale Ground-Mounted (> 5 MW)
B NREL Utility (100 MW)

Of the w LCOE forecasfeund for this study, as shown in Figure 18RO [ Q& F2NB Ol adGd RSO
$62/MWhin 2017to $47/MWhin 2030 was choseto be conservativeas it demonstrateshe highest
price decline The capacity factor assumptidwor the solar installationgs 20%.
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Figurel8¢ Grid-Scale Solar LCOE Forecast to 203

4.1.2 Wind Cost Assumptions
Wind capital costsvere projected by the EIA, Leidos, Lazard, and NRiBure 19 summarizes the capital
cost projections for a range of installations from these sources

Figure19 ¢ Wind Capital Cost Forecast to 2040

It is clear from FigureQlthat smaller scale wind installations are expected to remain four ttirees as
costlyasgriech OF £ S | LILX AOlI GA2yad /! Dwa INB Ay GKS m:ke&SlIhI
100 kW commercial application. This estimate is discounted from this analysis. With no prospect of
material cost declines, smaltale winds not considered further in this report.
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