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Key Takeaways:

 FERC filing will be made this week
for estimates of MISO’s CONE
values for 2020/2021 Planning Year
« MISO’s estimates are up on last

year’s estimates systematically
across all LRZs.
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Cost of New Entry is an industry-wide term, used to indicate

the current, annualised, capital cost of constructing a power
plant.

- The plant is assumed to be used infrequently.

- The calculations made by various entities use dlfferlng
assumptions and methods.

CONE is used by MISO primarily as the maximum offer and

maximum clearing price, converted to a daily value, in the
Planning Resource Auctions.

Net CONE is a related concept, wherein expected

inframarginal rents from energy & ancillary services are
subtracted from the CONE value.

- Not currently in use at MISO
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Section 69A.8

MISO and the Independent Market Monitor (IMM”) determine thé CONE
value for each LRZ, as follows:

Consider factors, including, but not limited to: (1) physical factors
(such as, the type of Generation Resource that could reasonably be
constructed to provide Planning Resources, costs associated with
locating the Generation Resource within the Transmission Provider
Region, the estimated costs of fuel for the Generation Resource); (2)
financial factors (such as, the hypothetical debt/equity ratio for the
Generation Resource, the cost of capital, a reasonable return on
equity, applicable taxes, interest, insurance); and (3) other costs (such
as, costs related to permitting, environmental compliance, operating
and maintenance expenses). In calculating the CONE, the
Transmission Provider and the IMM shall not consider the anticipated
net revenue from the sale of capacity, Energy or Ancillary Serwces
CONE values will be calculated for each LRZ.
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Primary Inputs

@

Economic

Implicit price deflator

O&M escalation factor (2.37%)
Financial

55/45 debt/equity ratio

20-year project/finance life
6.20% cost of debt

13.4% after tax return on equity
26.7% effective tax rate

Capltai Costs, by Local Resource Zone (EIA)
See filing, Attachment A

Operation & Maintenance Costs (EIA)




Capital costs annualised using net present value (NPV)
method

O&M costs escalated, then annualised using NPV

Insurance & property taxes are add-on costs
- 1.5% of the capital costs

Results checked and normalised against IMM calculations

~¥
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- Contact Michael Robinson
(mrobinson@misoenergy.org )
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Ex. AA-D-20

L ARD S LEVEL!AI‘.D COST OF ENERGY ANAL\‘SIS-—-VERS[ON 10.0

Introduction
Lazard’s Levelized Cost of Energy Analysis (“LCOE”) addresses the following topics:

# Comparative “levelized cost of energy” analysis for vatious technologies on a §/MWh basis, including sensitivities, as relevant, for U.S. federal
tax subsidies, fuel costs, geography and cost of capital, among other factors

® Comparison of the implied cost of carbon abatement for various generation technologies

Hlustration of how the cost of vatious generation technologics compares against ilfustrative generation rates in a subset of the largest
metropolitan areas of the U.S,

Nlustradon of utility-scale and roofiop solar versus peaking generation technologies globally :

Hlustration of how the costs of utility-scale and rooftop solar and wind vary across the U.S., based on illustrative regional resources
Illustration of the declines in the levelized cost of energy for various generation technologies over the past several years
Comparison of assumed capital costs on a $/kW basis for various generation technologies

ustration of the impact of cost of capital on the levelized cost of energy for selected generation technologies

Decomposition of the levelized cost of energy for various generation technologies by capital cost, fixed operations and maintenance expense,
variable operations and mainienance expense, and fuel cost, as relevant

2  Considerations regarding the usage characteristics and applicability of various generation technologies, taking into account factors such as
location requirements/constraints, dispatch capability, land and water requirements and other contingencies
Summary assumptions for the various generation technologies examined
Summary of Lazard’s approach to comparing the levelized cost of energy for various conventional and Altemative Energy generation
technologies :
Other factors would also have a potentially significant effect on the results contained herein, but have not been examined in the scope of this
current analysis. These additional factors, among others, could include: capacity value vs. energy value; stranded costs related to distributed
generation or otherwise; nerwork upgrade, transmission or congestion costs or other integration-related costs; significant permitting or other
development costs, unless otherwise noted; and costs of complying with various environmental regulations (e.g., carboﬁ emissions offsets,
emissions control systems). The analysis also does not address potential social and environmental externalities, includi:;lg, for example, the social
costs and rate consequences for those who cannot afford distribution generation solutions, as well as the long-term residual and societal
consequences of various conventional generation technologies that are difficult to measure (e.g-, nuclear waste disposal, environmental impacts,
etc.)
While prier versions of this study have presented the LCOE inclusive of the U.S. Federal Investment Tax Credit and Production Tax Credit,

Versions 6.0 — 10.0 present the LCOE on an unsubsidized basis, except as noted on the page titled “Levelized Cost of Energy—-Sensmwty to 1J.5.
Federal Tax Subsidies”
1 L AZARD  Now T study has been prepared by Lazard for general mformasnnal purmpases only, and 4 13 notanteaded 1o be, and should not be con::!rucd 35, financial oe other advice.
Caaprrnphe 2036 Lazard.
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LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—~VERSION (0.0 i

Unsubsidized Levelized Cost of Energy Comparison

Certain Alternative Energy generation technologies are cost-competitive with conventional generation technologies under some scenarios;
such observation does not take into account potential social and environmental externalities (e.g., social costs of distributed generation,
environmental consequences of certain conventional generation technologies, cic.), reliability or intermittency-related considerations (c.g.,
uansmission and back-up generation costs associated with certain Altemative Energy technologies)

i
S PV - Roefiop Readennal

Sofar PVRoofap Cad’

Salar V—Conunuaity

Solar PV—Crvstatline Udhey seald®

Sedor PV—Thin ey Uriliey Scald

Solar Thermal Power with S:(pmgc{:]

tued Lol

Micrangrhing® 76

Geothermal $79

Ihenmmass Dircet $77

Dieseld Reciprocasng bngheo®s

Nuteerat Cias Reciprocating Sngind™s

Cias Peaking

Lo m
1
&
MNuclear 5136
- ' )
Coal $143
Cas Combined Crcle $48
50 50 5100 150 5200 § $250 5300

Levelized Cost ($/MWh) |

Sarrr: Lagund extesutes,

Note: e and tbroughout this presentaton, unless atherwise midscaced, analysis 2ssuenes 6P delst a1 85 interest mie 20d 4P exuty 3t 12%% cost for conveniional and Adeenztive Energy gonertum technologis. Refleers global,

dlustrative e of capital, whath sy be symuficantly hagher than QECD country costs of capial. See page 13 fir addwonal detads on cost of @
emusswons uader Nectson 111{d). See pages 15202 for fuel eoses for cach technokogy. See fillowings page Rooe finstaoter,
t Denotes dhatnbuted gencranon technolgy.
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LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 10.0

Unsubsidized Levelized Cost of Energy Compartison (conca

(@  Analysis excludes integration (e.g, grid and conventional generation investment o overcome system intermittency) costs for
intermittent technologies.

(®) Low end represents single-axis tracking system. High end represents fixed-tilt design. Assumes 30 MW system in a high insolaton
jurisdiction {e.g., Southwest U.8.). Does not account for differences in heat coefficients within technologies, balance-of-system costs
or other potential factors which may differ across select solar technologies or more specific geographies.

(6 Low end represents concentrating solar tower with 18-hour storage capability. High end represents concentrating solar tower with
10-hour storage capability. '

(@ Tustrtive “PV Plus Storage” unit. PV and battery system {and related mono-directional inverter, power control electronics, etc.)
sized 1o compare with solar thermal with 10 hour storage on capacity factor basis {52%). Assumes storage nameplate “usable
energy” capacity of ~400 MWhy,, storage power radng of 110 MW, and ~200 MW, PV system. Implied output degradation of
~0.40%/year {assumes PV degradation of 0.3%;/year and battery energy degradation of 1.5%/year, which includes calendar and
cycling degradadon). Battery round trip DC efficiency of 90% (including auxiliary losses). Storage opex of ~$10/ kWh-year and PV
O&DM expense of ~§9.2/kW DC-year, with 20% discount applied 1o total opex as 4 result of synergies (e.g., fewer truck rolls, single
teamn, etc.). Total capital costs of ~$3,900/kW include PV plus battery energy storage system and selected other development costs.
Assumes 20 year useful life, although in practice the unit may perform longer. Illustrative system located in U.S. Southwest,

(e) Diamond represents an illustrative solar thermal facility without storage capabiliry.

(®  Represents estimated implied midpoint of levelized cost of energy for offshore wind, assuming 2 capital cost range of $2.75 — §4.50
per watt. :

(@ Represents distributed diesel generator with reciprocating engine. Low end represents 95% capacity factor {i.e., baseload generaton
in poor grid quality geographies or remote locations). High end represents 10% capacity factor (L.e., to overcome pedodic blackouts}.
Assumes replacement capital cost of 65% of initial total capital cost every 25,000 operating hours,

{h}  Represents distributed natural gas generator with reciprocating engine. Low end represents 95% capacity facror (L., baseload
generation in poor grid quality geographies or remote locadons). High end represents 30% capacity factor (i.e., to overcome periodic
blackouts). Assumes replacement capital cost of 65% of initial total capital cost every 60,000 operating houss.

(®  Does not include cost of transportation and stommge.

(®  Does not reflect decommissioning costs or potendal economic impact of federal loan guarantees or other subsidies.

{9 Reflects average of Northern Appalachian Upper Ohio River Barge and Pitsburgh Seam Rail coal. High end incorporates 90%

carbon capture and compression. Does not include cost of transportation and storage.

3/ LAZARD
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LAZARD'S LEVELIZBD COST OF ENERGY ANALYSIS-~VERSION 1¢.0

Levelized Cost of Energy—Sensitivity to U.S. Federal Tax Subsidies®

Given the extension of the Investment Tax Credit (“ITC”) and Production Tax Credit (“PTC”) in December 2015 and resuking subsidy
vigibility, U.S. federal tax subsidies remain an important component of the economics of Alternative Energy generation technologies (and
government incentives are, generally, currently important in all regions)

Solar 'V—Ruooftop Resudental

Solar PV—Rouoftop C&I

Sulae MVetLlommunity

Solar PV -—Cryualline Uslity Scale ™

Solac PV—Thin Film Urility Seale

O]

" Solar Thermal Tower with Storge ¢ $182

Fuel Celi ™ T $167

- . il
Micmtucbine

Geothermal B

sl
$110

Biomass Direer ™

Wind® |
| SLd
58 S 3100 S150 52040 ©BE0 S350
Levelized Cost (5/MWh)
2 Unsubstdized B Subsidized
Yeuree: Lorurd extimates,
{a) Unless othurwise noted, the subsidized analysis assumes projects pliced into service in time to qualify for full FUC/TC. z\ssumc« 30 debe ar H0P s intereac raze, Sﬂ" e 1ax egudy a1 1007w cost anmd 200
cemmion cquaty at 120 cost, unless utherwise noted.
o) Low end seprescats a single-axis teacking system, 1ligh end cepresents a fxed-tlt desipn. Assumes 30 MW sastallazion in Tagh inselation junsdicnon feg., Southwest U.b}
) Law end represents concenteating solar 1ower with 18-hour stomge. High end represents coneentrating solar eower with 10-hour storage capability.
i) The ITC for fued el wohnobogies is eapped ar 51,500/0.5 KW of capacity. ‘
{6} Reflegrs 10% 1TC ony. Reflects no I7°C, Capual structore adjusted For lower FTT assumes 5005 debt at 81P% interest sate, 307 tax equity st 1048 cozt and 20P% :nmmun equity ar 124P. cost,

) Refleers no 1TC. Reflects S23/MWh PTC, esealated 3t ~1.5%% annually for 2 rerm of 1) years,

i Refleets no 1T, Reflears $23/MWh P1C, escalated 21.~1.5% - sonually fora 2 term of lﬂ}m Bue to h.-;,h capacity fagtoe and, relatedly, high PTE investor appcuu.. assumes 15% debr at 8070 inter
rare, (P 1ax eguity 2t FOUP : cost and 157 common equity at 1208 cost. . .
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__LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERS TON 190
Levelized Cost of Energy Comparison—Sensitivity to Fuel Prices

Variations in fuel prices can materially affect the levelized cost of energy for conventional generation technologies, but direct
comparisons against “competing” Alternative Energy generation technologies must take into account issues such as dispatch
characteristics {e.g, baseload and/or dispatchable intermediate load vs. peaking or intermittent technologies)

Solar PA - Roofiop Residontal

Solar PV—Rooftop (&t

Sodar PV —Lommusey
Salar PV —Cosmtine Uslter Seale
Sobar PV — e Biln Unriiey Seale
Solar Phermal T ower wirk Stomge C oS82
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Migrorarbing

Lieathynimad

Brooues Dot 5118
\ifind $32 LD 62

Diceel Rectprocadng Puagdne

Natueal Gy Reaprocsang Fagine

5113
Gas Prulung
1G4
Nuochar
ol

Cras ¢ ombered Cvele 542

56 s $200 : $300 5350
LLeveliz_ed Cost ($/MWh) I

Saurver {azunt estinmites.
Note: Darkened aras in honzamal bass sepresent low end and high end levelbized cost of energy comesponding with £25%» fuel prce Suctustions.
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LAIARD S LEV[‘.LIAED COST Ol' ENERGY ANALYSIS-—-VERSION 10. 0

Cost of Carbon Abatement Companson

As policymakers consider the best and most cost-cffective ways o limit carbon emissions (including in the U.S., in respect of the Clean
Power Plan and related regulations), they should consider the implicit costs of carbon abatement of various Altcmative Energy
gencration technologies; an analysis of such implicit costs suggests that policics designed to promote wind and uu]hty-scnlc solar
development could be a particularly cost-effective way of hmmng carbon emissions; rooftop solar and solar thermal semain expensive, by
comparison :

B Such observauon does not take imto accoum potcnnal soc:al and cnwronmcntnl extemahtlcs or reliability or gnd-telatcd

considerations o : :
CONVF-.NTIONAL GENERATION ALTERNATIVEENERGY RESOURCES
Gas Combined Solar PV . Solar BV Solar Thermal
Units Coal™ Cycle Nuclear Wind Rooftop Residential " Utility Scaleic) with Storapd?
Capital Investment/ KW of Capaciy™ S/ S3.0000 S1,006 55,345 -7 81,250 S0 51,450 510,206
‘Total Capial Investment $tnm 31,800 3704 53,339 51,263 56,380 $2,697 56,795
Factluy Quiput MW 600 ik 621 1o 3o 1860 664
Capacity Factor ®u 93%% B Ko 3370 18 LA #5%s
Effective Facility Output MW 558 558 558 558 558 : 558 558
MYUh/Year Produced”™ GWhysr 4,888 g 48R L8R 4488 4,888 4 HE8
Levelizad Cost of Enenry S/NWh S04 S48 $97 $32 5138 : S 5119
Total Cost of Encrgy Produced Smm/yr 2] $234 5474 5158 $673 5 [ 5237 b 5582
CO; Equivalent Emissions Tons/MWh 092 .51 — — _— : — —_
Carbrn Lmuted mm Tons/yr 4.51 250 — v —— : — —
Difference in Carbon Emistions mm Tons/yr :
vs. Caal — 20 451 451 451 ) 451
v Gas e — 250 154 250 L) 250
Differcnce in Total Encray Cost Smm.yr
vs, Cral — (562 5179 (5138 $377 T S2HG
vs. Gias —_ —_ 5241 (576) $439 T S34B
{ Implicd Abatcment Cout/(Saving) Sfran | CTTTTTTTTTTmmE TS oo TTTTmE T e TTEmmmmTTT
P s Coal - (s31) 540 (S31) S84 [ee 563
L T i SO U L B M .. Sl e S __

Sowreer Larzurd estinmaftes.

Note: Unsubsidized figores. Assomes 2016 dollars, 20 =30 year economic life, 40°% wax eae and five < 30 year rax life.
Assumes 2.25% annual escalation for Q&M eosts and fucl prices. Inputs foe cach of the vasious techaokygics are thase
associated with the Jow end levelized coxt of energy. LCOE figures calewlated an 2 21yesr basiz,

)  Encludes capitalized financing costs duong construction for geacraton types with over 24 muontha construction time.

®)  Refleets averape of Northern Appalachian Upper Ohies River Bange snd Diesburgh Seam Rail coal, Doces nor
incuepacat cardkin capiure and compression,

(£ Repeesents erystalline wtifity-seale solar with single-axis tracking.

@)  Low end represints concentrating solar tower with 18-hour storage capability:

& Al facilives sllusteauvely sized 1o produce 4,888 GWh/yr,
i
6] LAZARD
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Illusteative Implied Cacbon A!Sn.lcmcnt Cost Calculation:

& Difference in Toml Encegy Costve. Coal= 8 — £
= 5237 mm/yr (sokar) — 5296 mm/yr {coal) = (558) rmm/yr

© 1mplicd Abatement Costvs, Coal =@ + @
= (858) mm/yr = 4.51 mm Tons/yr = (513)/Ton
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LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 10.0

Generation Rates for Selected Large U.S. Metropolitan Areas®

Senting aside the legislatively-mandated demand for solar and other Alternative Energy resources, utility-scale solar is
becoming a more economically viable peakmg encrgy product in many key, high population areas of thc U.S. and, as pricing
declmes, could become economically competitive across a broader array of geographiecs

® Such observation does not take into account potential social and environmental externalities or rehab:hty-related

considerations
3200 - s Peaker $191 |
180 - “Rocfiop Rexndenpal
Solze S180
160
140 :
$126 _*-[ Communicy Solar 5107 1;
120 :
100
$85 —
80 - M. CCGTSes
: Ceysealiine Uglisy-Seale
60 = : Salar® §55
“Thin bl Uility-Seale
40 - Salact $51
20 -
0
Metropolitan Los Chieago Philadelphia D.C. Boston [Husteative UAS.
Seadstical Area Angeles Generation-Only

Charge

Sonrre: V2L, Lasand estimates,

Nowe: Actual delivered generation prees may be higher, seflecring hisioncal composinen of eesource poetfolio. Al technotiyges represent an average of the high and lmx Tevelzed cost of energy values unbess
otherwise moted. Represents average renail rare. For generton-only utility charges per EET foe 12 months ended December 31, 2015,

() tecludes only those citics among top ten i papulation (per U35, consus) for which gencrationaaaly averspe $/KWh Ggures are available,
&) Represents erysialline unilisy-seale solar with single-axss teackmyg desysns Excludes Investment Tax Gredit.
(¢} Represents thin film wtilicy-seate solae with single-axas tracking desgm., Exeludes Investment Tax Credin,
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Solar versus Peaking Capacity—Global Markets _
Solar PV can be an attractive resource relative to gas and diesel-fired peaking in many parts of the world due to high fuel costs;
without storage, however, solar lacks the dispatch characteristics of conventional peaking technologies

us.

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 10.0 ;

Austraita
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1 R L
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Sourese World Bank, IHS Waterborne JING umd Lugund estimater :

{2} bane end assumes crystalling utibiy-scale solar with 3 Gred-l design, 1ligh end assumes moofiop G sotar. Solar projects assurme Hlustrative. capacity factors of 26%a « % for
Austalia, 26% « Hita for Brazil, 229 — 23% for India, 27% — 20% for South Afviea, 167 — (8% foc Japan and 13% - 16% for Northern Europe. Eguity IRRs of 12 on: assumed
for Australia, Japan and Northern Furope aad 18 for Lazi!, India and South Adiica; assumcs cost of debr of 8% for Austratia, Japan and Northem Burope, 14.5% for Brazil, 132
for India and 11.5% for South Africa, :

() Assumes natural gas prices of 400 Tor Austratia, SBAN far Brazll, STAM for India, ST for South Africa, ST.O0 for Japan and 5640 for Ntlrfllcm Europe (alin US.S per MMBiu).
Assumes a capacity factor of 107, ' :
(5] Divsed assumes high end capacity factor of 1% represening intermuttent wtilization and low end eapacity fagtor of %5% representing bascload utitization, Q&AL cost of $30 per

: KW /ear, heat mte of 1WLKK) Bra/kWh and total capital costs of $5tK) to S8 per kW of capacity. Assumus diesel prices of $3.60 for Austealia, S290 for Brazil, $3.00 for Inde,
8! LAZARD 53.20 for South Afnea, $3.56 for fapan and $4.80 for Northem Evmope (all in US.S per galion).
Copyright 2016 Lazard.
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LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION10.0;

Wind and Solar Resource—U.S. Regional Sensitivity (Unsubsidized)

The availability of wind and solar resource has a meaningful impact on the levelized cost of energy for various regions of the
U.S. This regional analysis varies capacity factots as a proxy for resource availability, while holding other variables constant.

There are a variety of other factors (e.g., transmission, back-up generation/system reliability costs, labor rates, permitting and
other costs) that would also impact regional costs

L.COE v10.0 Solae 519" € s61 |

Northeast

Southeast

Midwest -

Texas

Southwest

LCOKE v10.0 Wind $32

Naortheasr
Southeast
Muicdhwvest $32

Texas $36 ¢

Southwest

30 $50 - 5100 §150 $200 5250
{ Levelized Cost ($/MWh)| '

Sounr: furzunt cxtinates,

Newer Assumes solar capaciry faciors of 16% 185 for the Nonheast, 17% — 19%% for the Southeast, 18%%— 20 fir the Midwest, 2090 « 26" for Texas and 220 - 284 for the Southwest, Assusmes wind
capacity (actoes of 35%s — Ui for the Norheast, Pa — 35% for the Southeast, 45% — 55%% for the Midwest, 4575 — 5075 for Texas and 35% = 40°% for the Southwest.

2 Loww end assumes a erystaline vtility-seale solar fixed-1il design, as teackmg technelogies may rat be svailable i all geographnes, | Bigh end assumes 3 roftop Cél salae system.
® Low end assumes a erystatling wility-scale solze ficed-tik desym with 3 capacety fctor of 21%%
el Dmamond represents a crystalline wilitysseake solar stnpgle-axis rracking spstem with s capacity factor of 30
) Astumes an eashore wied peneraton plant with eapuat cots of 51,25 — SE7 per wate.
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RD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 10.0 |

Unsubsidized Levelized Cost of Energy—Wind/Solar PV (Historical)

Over the last seven years, wind and solar PV have become increasingly cost-competitive with conventional generation
technologies, on an unsubsidized basis, in light of material declines in the pricing of system components {e.g:, panels,
inverters, racking, turbines, etc.), and dramatic iroprovements in efficiency, among other factors
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Lazand's LCOH snitzated reponting of exdtop C&JT solar in 20410,
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LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 10.0 -

Capital Cost Comparison

While capital costs for 2 number of Alternative Energy generation technologies (e.g., solar PV, solar thermal) are cucrently in
excess of some conventional generation technologies (¢.g., gas), declining costs for many Alternative Energy generation
technologies, coupled with uncertain long-term fuel costs for conventional generation technologies, are working to close
formerly wide gaps in electricity costs. This assessment, however, does not take into account issues such as dispatch
characteristics, capacity factors, fuel and other costs needed to compare generation technologies

Solae PV—Roofiop Resdential 52,000 52,800 I
Solar PV eRuoftop Cd 2,100 ©$3,750 :
Salar PY'—Commany 2 8600 : - $2.B00 |
Solar PV—Crysralline Utility Seale 51,300° SL,450 $3,000( <
Sohac PV—Thin Film Utility Seale # $1,300 & 51,450 53,9006 &
Salar Thermal Tower with Storage @ 56,5004 &%

Fuct Cell £3,800 $7,500
Microtrbme $2.500 O $2.700

Geothierma) 56,100

Buymass Direct $2,500

Wind SL250 ¢ $L,700 §3,625(0

Dieset Reaprocaong Bngne 5500 07 $806
Nawral Gas Reaprocaong Engne 8650 2507 51,100
Gas Peaking  © 800 ¢ 51,000

e $4,000

Nuclear 55,200 <P $8.650

Coat® 53,000 | $8,400

Gas Combined Cycle fOsLBlD 51,300

S S1,5(H S3,001) 54,500 56,000 57500 : SUAHHY S10.508
Noany:  Lartund vatimater, &P“ﬂl Cost (s/kw) |

fa) Eligh end apal cost spresents the capial st azsescaed with 1he low ead LCOE, of wibiy xeale solar, Eow end caperal cont epresents the capel eont assocnted wath the gk ond LOOE, of uakey-seale solar.
1] bt ond cepresents congentaatny, solar wer with Hhhaue stoage capabahity. | Igh end represenis concentanng solar wwer wih 18- houe stoeap eapabidity.
(e} Duamoad cepresent PV ples stomge.
{d) Damond represents solar thermad tower capatal coats witheat stomye.
11 LAZA R. D (s} Represents estsmaied mudpont of capeead costs fogoffshane wmd, assumung 2 capual cost range of 5275 - 54,30 por wae.
tn Fhyh end represents Kemper and i incogporates "M carbon caprare and < mperssion. Docs net inchude costof transporaton and worape.
Copyright 2M6 Tazand, © Represents estmate of cureear U8, new nuchear construction,

(k) Reflects avenage of Northerm Appalachan U pper Ghio Kiver Bange and Putsbumgh Seaen Radt cual Dises ain mgcrporie carbon caprute 2ad compresson.

Narjraes of tlue marerad max be copaed, phaopeed tr dupbeated m any form by s means i redistntiaed wahint e prowe copune of Lazand



Ex. AA-D-20

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERS!ON 10, 0'

Levelized Cost of Energy Components——Low End

Certain Alternative Energy generation technologies are already cost-competitive with conventional generauon technologies; a
key factor regarding the long-term competitiveness of currently more expensive Alternative Energy technologies is the ability
of technological deveiopment and increased production volumes to materially lower the capital costs of certain Alternative
Energy technologies, and their levelized cost of energy, over time (e.g,, as has been the case with solar PV and wind
tcchnologles)

Solar PV—Rooftop Residential

Solr PY—Roofiop C&I
Solar PVe—Community
Solar PV ystalline Uiility Seale®

Sodar PV—Thin Film Unilisy Scale®

Selar Thermal Tower with Sl:nngc(b}

Fue] Cell
Microturbme
Gembierrnal

Buovmaxs Diceet

Diesel Reciprocating Eogine

Narural Gas Reetprocatiag Engine
CGas Peakingy
gee 594
Nuclear 597
Coal®?
Gas Combined Cycle :
s S50 SHK} : $150 204 5250
| Levelized Cost (5/MWh) | '

20 Giet BhLed Q&M 8 Varkd2e ORM 2 Fuel Cos

Sounr lusuntetioaics,
{a} Hepresents the fow end of 3 unlity-zeale sobsr single-axis trcking system.
0] Hepresents concentrating solar tower with 18-hour storage capability.
; © Represents continuous operaton,
12 LAZA RD 4] Does notincorpoate carbon capture and compression,
Cupyriginn 2016 Lazaed. 6 Daows not sefleet decommissioming onsts o pownnal egonemic impoctaf federl loan guarantces arother subsidics, :
i) Refleca average of Northem Appatachian Upper Ohio River Barge and Pitsbensh Seam Rail eoal, Drocz not incorporate carbon caprure and Ct)mpn.'smm

N part of thus mateoal mar e o ek phoncopel of doplicated w any fonm by any means i redisindastod sithout the price zinsent of | azaal,



| Levelized bbét of Eﬁérgy Components--—High End

Ex. AA-D-20

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 10.0

Certain Alternative Energy generation technologies are already cost-competitive with conventional generation technologies; a
key factor regarding the long-term competitiveness of currently more expensive Alternative Energy technologies is the ability
of technological development and increased production volumes to materially lower the capital costs of certain Alternative
Energy technologies, and their levelized cost of energy, over time (e.g., as has been the case with solar PV and wind

technologies)

Solar

Sodar PV'—Roaflinp Resddentaal

Solar PVe—Crysialline Utdlity Seale™
Solar PV—Thn Film Utility Sealel® |

‘Thermal Tower with Smngccb’ :

Natural Gax Reaprocanng iingu;c

5222
Solar PV—Ruonftop &l

Solar PVe—{lommumty

Fuel Cell
Abcroturbine
Geothermal

Biomaxs Dircect

Dicsd Reaprocaung Eagine'© : 5 SITLOS1S : 5281

Gas Peaking

IGCCY

Nuclear ®
Coalil}
Gas Combined Cycle
S(—.‘: S5 V S100 SES S2UKE 5250 SN S350
Levelized Cost {(S/MWh) [ .

Sapal Coa Blsed Q&N mVanable Q%M ol Cos

Seane Purunt estomates

A
&
©
13 LAZARD @

Gopynght 2016 Lazand.

Repeczents the high cod of oli-seale solar fxed-tlt design.

Reprucenis congentmbng sobr wower wath 10-hour storage capabsiliey.

Reprausenes mneeemitient operation.

Incorpumtes 905 carbon capture and comprasion. Docs not include cose of transporttion and o,

Duowes no reflecs decommissioning castyor potential ceonamic impact of federat kan guasaniees or other tubsidics.
Based on of Noather Appahichian Upper O River Bagee and Pittsburgh Seam Rail coal, | ligh end incorporates W +-calon eapture and compresston. Daocs not include cost of
transponstion and worge. :

Sopan ofthe matenal may be copred, photocoped or duplicated s any forn by any meansar eodisinduted wubhint thet Dvind Cotinentt oof | azan)



Ex. AA-D-20

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 10.0

Levelized Cost of Energy—Sensitivity to Cost of Capital

A key issuc facing Alternative Energy generation technologies is the impact of the availability and cost of capital® on LCCEs
{as a result of capital markets dislocation, technological maturity, etc.); availability and cost of capital have a particularly

significant impact on Alternative Enetgy generation technologies, whose costs reflect essentially the return on, and of, the
capital investment required to build them

LCOE
(s/MWH
- $225 - : $202
,
si71 $181 3192 r - +34%
17 5
$161 : _ $161
o | $151 - $142 $151 _ - +42%
e 1 ey ¥ :
123 : 128 ; +53%
s114 3 _ O $119 s : “ﬁs "
& $100 $109 o 5109 $US w39
- — 539 % ' :
. s $63 $66 08 421%
; $56 $58 $61 ~ s
3 7 - I
e —— 50 : 564
$43 §47 $51 3% ¥ :
0 ;
After-Tax IRR /WACC 5.4% 6.2% 6.9% LO1T% r 8.4% 9.2%
Cost of Equity - 9.0% 10.0% 11.0% [ 120% | 13.0% ' 14.0%
Cost of Debt 5.0% 6.0% 7.0% P 8.0% | 9.0% - 10.0%
=g~ Solar PV—Rooftop Residential waee Solar PV—Rooftop C&:I o~ Solar PVewlUtlity Seale
—Nuclear © wizioe Copl ¥ wefm (Gas—Combined Cycle

T Reflects cost of capital assumpiion utilized in Lazaed’s Levelized Cost of Energy analysis

PRy

—— Reflects potendally more prevalent North American cost of capital—see next page for additional details

Sourre: bagurd ectimates,

)] Cost oof capital as used hercin sndicates the cost of capital for the asser/plan: vs. the cost of capital of 2 particular investor/owner,
el HeBects average of high and low LCOE for piven cost of capiral sssumptivn,
{) Daoes not refleer decommissioning eosts o patential economic impactof fider] loan guamntass or ether subsidies,

14 LAZARD ®

Based on average of Norhem Appalachian Upper Ohio River Barge and Piresburgh Seam Rail eoal, Ducs ot incorporte carbon capture and compression,
Capynght 2006 1azand. )

N pact ol shis matertal may be copaed, phrnxtpued or doplicated w sy fom by any meas ot tedestnbuted wthout the pruw ennisent nf 1azard



Ex. AA-D-20

LAZARD'S LEVELIZED COST OF ENERGY AN‘ALYSIS-——VERSION 10.90

Unsubsidized Levelized Cost of Energy—-—-—Cost of Capital Cbmpai:ison

While Lazard’s analysis primarily reflects an illusirative global cost of capital (i.c., 8% cost of debt and 12% cost of equity), such
assumptions may be somewhat elevated vs. OECD/U.S. figures currently prevailing in the market for urility-scale renewables
assets/investment-—in general, Lazard aims to update its major levelized assumptions (e.g., cost of capital, capital structure, etc.) only in
extraordinary circumstances, so that results track year-over-year cost declines and technological improvements vs. capital markets

Solar PV —Rooftep Residenial

Solar PV —Rooftop C&1

Salar PV—Community

Solbar PV—Eeysealline Loy Scate™ !

Sular PY—Thun Film Utiity Sealed?

ssolar Theemal Tower with Storage™ o £99 g v SHY s
e SIS T, $155 $194
Fuoel Cell : §156
mEm 5167
Mrceoturbine
Geethermasl
Buemass Direct ‘
Wind PR 7 3 B
o 537 Cremeeeem 562 sigg "
——————————————————— _—— - Lad Ay L R R e P N N N P |
[hesel Reaprocanng Enpinci s :

Natural Gas Reciprocating Engine™

Gas Peabung 5151 S300
o ey 5217
1GECT
i 5210
Nuckar?
Cn:.l-'l]
| S
Gas Comboed Crele ¢
2 S150 320w Co$23n 2300
_ Lavelized Cost {(§/MWh)
Sosins | aimurd estimater © Cost of Capitak 6% Cold / 108 CoE Cost of Capital: 8% Col) / 12% CoE
Soume: L .

Note:  Refleers equvalent eost and operatwrral assumptions as paes 2 = 3. Analpsis assumes 6P » debt al 6% interest eate and 40 equity 3t 10° = cost for convenntional and Alternative Energy generation
twehnologes. Azzumes an averge coal price of SLAT per MMBru based on Nosthern Appatachen Upper Ohin River Bange and Pstisburgh Seam Rail coal. Assumes 3 range of $SI,65 - 51,33 per
MAlHw based on Hinos Based Rail for JGCC. Assumes a nataead gas poce of $3 45 pee MMBua for Fuel Cell, Miceturbine, Gas eakng and Gas Combined Cyele, Analysis does not zefleer potential
wnpact of recent deaft rule e repulare carbon cmssions uader Seenon 111d).

t Dennes disiributed genemuan technology.

15 LAZARD

Copyeghn 2006 | zzacd.
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Energy Resour

ces: Matrix of Applications

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS~VERSION 10.0

Ex. AA-D-20

While the levelized cost of energy for Alternative Energy generation technologies is in some cases competitive with
conventional generation technologies, direct comparisons must take into account issues such as location (e.g., centralized vs.

distributed) and dispatch characteristics (e.g., baseload and/or dis

technologies)

patchable intermediate load vs. peaking or intermittent

B This analysis does not take into account potential social and environmental externalities or reliability-related considerations

CARBON
LEVELIZED NEUTRAL/

COST OF REC .
ENERGY POTENTIAL TECHNOLOGY DISTRIBUTED CENTRALIZED GEOGRAPHY INTERMITTENT PEAKING FOLLOWING LOAD

STATE
OF

LOCATION

DISFATCH

LOAD- BASE-

SOLAR PV S~ 2200 v Commercial v v Universalt v ¥
SOLAR THERMAL  S{IV—1R2 i Commereiat v Varies v L L
B ol
FUEL CELL SHG ~ 167 H] Emergng; o Universal v
Commercial
MICROTURBINE - 576 — 39 ? fmesging/ v Universal v
Commereial
GEOTHERMAL 79 . 117 v Mature Vanes v
BIOMASS DIRECT ~ 577110 Mature Universal “ '
ONSHORE WIND S3z. a2 v Macure v Vanies v
DIESEL
RECIPROCATING 5212 24| = dargre o Universal v v v v
ENGINE
NATURAL GAS
RECIPROCATING  $68 — ) x Marure - Universal u’ o v v
ENGINE
GAS PEAKING 5165 ~ 217 x Mature o v Universal - v
1GCC $94-210 x Ermerging® v Coclocarsd or v
rurzl
NUCLEAR $97 - 136 v !‘\latux_:/ 7 Colocatef or v
Emerging rural
COAL 5o - 143 x Matoret v Corlocated ar v
rural
GAS
COMBINED SR - 74 * Marure v ¥ Univeesa) v v
CYCLE
Yeuree:  Lirand extimuates,
) Represents the fult mnge of solar PV ceehnologies; ow emd represents thin flm wdlity-seale solae single-axis tracking, high cad represents the high end of soofiop residential sobar
) Qualificaton for RPS reguirements varies by location. :
: {e) Could be enngidered carbon acutral technology, assuming carbon caprun: and compreision.
16: I—-AZARD (03] Carbon caprure and compression wehnologies are in emenping stagie,

Copyrghe 2016 Lazand.

No past of this materl may be enpred, phomovpacd ore dupSeated e any fom iy anp means or zedsentned eithout the poaor ciistent of |1zand



Ex. AA-D-20

LAZARD'S LEVELI?’ED COST OF ENERGY ANAL\SIS-—--VERSION lD I]

Lazard’s Levelized Cost of Energy analysis consists of creating a power plant model representing an illustrative project for cach relevant

technology and solving for the $/MWh figure that results in a levered IRR equal to the assumed cost of equity (scc pages 18 =20 for

detailed assumptions by techoology) WIND — HIGH CASE SAMPLE CALCULATIONS

Year™ g ! 2 3 -+ 3 Key Assumptions(®)
Capacity {(MW) = (A) 100 100 100 100 100 Capacity {AN)
Capacity IFactor 3%) — (13) 38% 38% 38% 38% 38% jCapacity Factor
Total Generation (000 MWhi - (A) x (B} = (O* 329 339 329 329 329 Fucl Cost (S/MMBa)®
] cvelized Enegy Cost (S/MWh} — (D) S6.75  $61.75  S61.75  $61.75 S6L75 1  {Heat Rate (Bru/kWh)
| Total Revenues ~ (C) x (D) = (E)* $20.3 $20.3 520.3 $20.3 520.3 Fixed Q&M (S/kKW-year)
? Variable O&M (S/MWh)
Toral Fuel Cost - {I7) $0.0 50,0 50.0 S0.0 50.0 Q&M Escaladon Rate
Total O&M — (G 4.0 +.1 4.2 13 44 . [Capital Stmcmrc
Total Operating Cosis — (F) + (G) = (H) S40  §4.1 42 S4.3 St Debe
Cost of Debr
EBITDA - (E) - (H) = (I) $163  $162  $161  $160  S159 {quity
Cast of Eguity
Bebr Questanding - Beginning of Period - ()} 1020  35100.0 507.8 5954 5928
Debr - Interest Expense — (K (8.2 8.0) 7.8} 7.6 T4 Taxcs and Tax Incentives:
Debe - Principal Pfayment - (1) (2.0} (2.2 2.4 {35 {2.8) Caombmed Tax Rare
Lavelized Debr Service - (K) + (1) = (AL} (510.2y {5102}y (S10.3) (5103  (510.2) Economic Life ()z.:m)(c)
MACRS Dcprcunnnn (Year Scheduice)
EBITDA-(I) 8163 5162 $16.1 516.0 5159 Capex
Depreciation (MACRS) ~ (N} (34.03 (534.4) (326} {19.6} (19.6) EPC Costs {S/k\V)
Interest Expense -~ {K) 8.2 (8.6} 7.8 {7.6) {7.4) Additional Owner's Costs (S/kW)
Taxable Income —~ (I) + (N} + (K) = (0) (525.9) (546.2) ($244) (S11.2) (SILD) Transmission Costs (S/kW)
"Total Capital Costs. (5/k\W)
Tax Benefit (Liability) - (O) x {tax ratc) = (B) $104  SI18.5 $9.7 845 54.4 :
. Total Capex (Smm)
After-Tax Net Equity Cash Flow—(I) + (M) + (P) =(Q)  (568.00  516.5 524.5 515.7 $103 510.2 :
o ¥ JIRR For Equity Lavestors 112,0% § <€

Sour:  Larqurd estimuttes.
Now:  Wind—l hyh LCOE cane presenied for duatratve purposes only.
Denntes vt osverson.

e Technolopy-dependent

) Assumes halfeyzae ennvention for discaunting pumtnses. i Levebzod
() At full monetzanon of tix benefits of ksses wmediaely.
L {c) Hefloers 3 "key”” subnet ol all axsumpunas for methodology ilusicason purposcs only Boes not seflece all axnampnons.
17 AZARD {8 il costa convened from relevant source 1o §/MMDBs five comverson purposes.
Copyrght 2016 Lazard, ) Eennemic bie setx debn amomznon schedule. For comparnen pumposes, al) echnobig Leubate FASOIE on Mbyear IRR base.

Nor pant o thic marenal map e copred, phosscoped e dopheated i any fom by ang oveans :m tedistnbnated wathout the poos consenmt of Lizand



Levelized Cost of Energy—Key Assumptions

Ex. AA-D-20

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS-—VERSION 106.6 :

Solar BV
Utility Scale— Utility Scale— Solar Thermal Tower
Uniis Rooftop—Resideatial Rooftop—C&I] Cotmtnunity Crystalline'® Thin Ejim™ with Storagc™!
Net Focility Qutpur g 2005 002 1 L5 30 30 110
EPC Cost S/kW $2000 - 52800 S2,100 -~ 53750 S2,000 - 52,800 $1,450 - SL300 : 51450 - $1,300 59,000 - 58,750
Capital Cost During Construction 5/k\wW o - ) — . — 51,300 $1,230
Other Owner's Costs S/ includded included g inchueded included included included
Total Capital Cont™ $/hW 52000 - S2800 S21060 - S3750 S$2,000 - $2.800 $1,450 - 51,300 $1450 -. 1,300 §10,300 - 510,000
Fixed O&M S W ey $20.00 82500 S15.00 -~ $20.00 S1200 - 51600 S1200 $9.00 $12.00 - 59.00 S115.00 - S580.00
Variable Q&M $/MWh — — — — —
Heat Rate Bew/k\Wh — - — _ —
Capacity Factor Yo 18 - 15% 35% - 20% 5% - 20% 0% - 2% 3% ««-: 23% 85% - 52%
Fuel Price S/MAMBru ¥ o 0 0 [}l 0
Construction Time Months 3 3 6 9 ’ b 36
Faciliry Liic Years 20 25 3G 30 30 35
CO, Emissions b/ MABru —_ - — — . »
Levelized Cost of Encrgy™ S/MWWh s138 - s s&8 - 5193 §78 - 5135 S99 - so S - S5 SIY - S182
Sourver Largund estinmates.
(2 Includes eapitalized financing cosis dunny constructon for generation ypes with over 24 manths coastauction time. :
(b While prioe versions of dhis siedy have presenred LCOE incluswve of the U8, Federal Investreat Tax Credit and Production Tax Credit, Versions 640 10,0 progent LEOE on a0 unsubsdized basss.
Iy Left columa represents the assumptions used to caleulate the low end LCOTE for single-axis macking. Hyght cofumn represents the assumptions vsed tw caleulme the biph end LCOT for ficed-tilt

dusign. Assumes 30 MW systern in high wsolation jurisdiction {e.g. Southwest U.S). Does not accoent for differences in hear coefficients, balance-of-syswem custs or other potential fctors which may
differ across solar technulogies

) Left columan represents concentrating solar sower with §8-hour stomge capabilicy. ught column wepresents concentrating solar tower with 10-hour ssacape c:p:biﬁly.

18 LAZARD

Copymphe 2006 Lazand,
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Ex. AA-D-20

LAZARD'S LEVELIZED COST OF ENERGY ANALVSIS—VERSION 10.0 |

Levelized Cost of Energy—Key Assumptions onrd)

Units Fucl Cell Microturbine Geothermal Biomass Dircct Wind-—dn Shore Wind—OIf Shore

Net Facility Ourpus AW 24 S 0.35 20 35 : 100 210 385
EPC Cost S/ $3000 - S7,500 $2500 - S2700 | S3IO0 - $5600 $2300 - $3,500 $950 . S1,100 $2,750 - $4,500
Capital Cost During Construction SIKW - - LSS0 - S80S0 - S500 - ~
Other Ovwmer's Costs S/kW s800 - S0 included included ~f included | s - se00 | included
Total Capital Cost™ S/ 33800 - $§7,500 $2500 - $2700 S4250 - $6.400 52500 - S4900 © S1,2%0 - S1700 S3750 - $4,500
Fixed O&M S/ - — s - Sor2 — 595,00 | S3500 - S4000 | SBL00 - 51000
Variable O&M SANG | SI000 - 000 S0 - S1000 | SH000 - SW00 | $15.00 - —
Heut Rate Bra/kWh | 7,260 - 6600 10300 - 12000 | — 14,500 - —_
Capacity Factor S 95%% ﬁ 954 S P 85 D osse - L oare - e
Fuel Price S/MMB 3.45 §3.95 - {os100 - 5200 — —
Construction Time Months | 3 3 3 36 ; (2 12
Facility Life Yars 20 20 : 25 : 25 : % 20
€O; Emissions b/MMB 0~ U7 - — . : -+ -
Levelized Cost of Encrgy®™ S/MWR  SNO6 - SHT . ST - SBY G S -~ ST | ST - S$1o $32 < se2 | oS82 . s1ss

Sonrve: dazgund extimates.

(a Includes capatalized financing costs duemg comstrucuon for generation types with over 24 months constructon time. :

) While poor versons of this study have prosented LCOE snclusive of the US. Federad Tnvestment “Tax Credic and Producton Tax Cradit, Virsions 6.0 — HILO present 1LUCOE an an unsubsidized basis.

19 LAZARD
Copyaghe 2016 1.5zard,
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Levelized Cost of Energy—Key Assumptions concq)

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 10.0

Ex. AA-D-20

Dicacl Reciprocating Matural Gas
Units Enginc™ Reciprocating Enpine Gas Poaldng iGee™ Nuclear™ Coal® Gas Combined Cycle
Net Fagility Gutput AW 025 25 26 . 3 SN 1,10HY o S54)
EPC Caost S/ SSIKE -~ SBIKE $650 - S1 W SSE0 - STBN S3I3H - SLLGW SIBIG ~ S5 Sz.ncim - 86,100 $750 -~ S14K0
Capital Cost During Construction S/8W - - - ST - 52U SLIOD -~ §1500 S5 1,610 SHH - Sl
Other Owner's Costs S/ mchudoed inchuded $3: - S3N S - %0 SGH - S1.500 550 - SHW S0 - SAH
Total Capital Coxt™ S/ SsE - SHM SG30 - S0 SHIK - SLMX) SHIKKE - 514,500 §5400 = S840 53,()§n1 = SHANG SLIKY = S13K
Fixed Q&M S/KWyr SI5.06 SIS0« S204M S5 - S25.4M) $6225 - S73.0M) S13500) satt.t:m - SHOSH 620 - 5550
Variable Q&M S/MWI: S15.00 SI000 - 1540 S~ 5750 STAX) - SH3 S50 -~ S5 Slliﬂ - 550K $350 - S200
Heat Rate !inl/kWh?. MG AN - 0000 0300~ 9000 HABD - 11700 10,450 s,‘?én - 12000 G~ AN
Capacity Factor “oo o - g5t~ 3 1 5% 9re 1% B - 0%
Fuel Price S/MMB | S18.23 55.50 $3.45 S133 - S0 K5 $1.97 $345
Casstruction Time Months 3 3 25 5T - & @ o0 06 36
Eucility Life Years 21 20 20 40 a0 30 20
CO; Emissions Tb/MMBw ] 1] - 7 BT Hr 19 — ©o2 117
Levelized Cost of Encrpy™ §/MWh S22 - S s68 - stn S165  ~ 247 I ) ] 897 - S13G S0 - 5143 58 - STR
Sourver  Taszn! estimutes,
{a} Includes capitalized finanaay, custs doring construction lor genertion rypes with over 24 manths construction ame,

fep Low end eepresgnt continuous opemtion. 1ligh end sepresents mtermittent sperstion. Assumes divsel price of ~S2.50 per mllon,
i) ¥ligh end ncorparates 9080 carbun captun: and compression. Does not include cost of swrrage and transportation,
(5] Daoes aut relleat desommussioning costs ar putential economic impact of foderal kan guacntees or other sulswes,

(b Whik: prior veesions of this study have presented LCOE nclusive of the U8, Federal Investment Fax Crodit and Priduction Tax Credit, Versions 6.0 = 100 present LCOUE ¢n an vnsubsized bases.

® Redleets average of Nosthern Appalachian Upper Ohio River Barge and Pitcsburgh Seam Rail coal, ) [l end tncorporates K.
transpontation,

20 LAZARD

Copyaght 2016 Lazand,

carbon capture and compression. Deoes not include cost of starage and
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Ex. AA-D-20

LAZARD'S LEVELIZED COST OF ENERGY ANALYSISwVERSION 10.0 ;

Summary Considerations

Lazard has conducted this study comparing the levelized cost of energy for various conventional and Alternative Energy
generation technologies in order to understand which Alternative Energy generation technologies may be cost-competitive with
conventional generation technologies, either now or in the future, and under various operating assumptions, as well as to
understand which technologies are best suited for various applications based on locational requirements, dispaich
characteristics and other factors. We find that Alternative Energy technologies are complementary to conventional generation
techinologies, and believe that thelr use will be increasingly prevalent for a variety of reasons, including RPS requirements,

carbon regulations, continually improving economics as underlying technologies improve and production volumes increase,
and government subsidies in certain regions.

In this study, Lazard’s approach was to determine the levelized cost of energy, on a $/MWk basis, that would provide an after-
tax IRR to equity holders equal to an assumed cost of equity capital. Certain assumptions (e.g., required debt and equity
returns, capital structure, etc.) were identical for all technologies, in order to isolate the effects of key differentiated inputs such
as investment costs, capacity factors, operating costs, fuel costs (where relevant) and other important metrics on the levelized
cost of energy. These inputs were originally developed with a leading consulting and engineering firm to the Power & Energy
Industry; augmented with Lazard’s commercial knowledge where relevant. T}us study (as well as prewous versions) has
benefited from additional input from a wide variety of industry participants.

Lazard has not manipulated capital costs or capital structure for various technologies, as the goal of the study was ro compare
the current state of varfous generation technologies, rather than the benefits of financial engineering. The results contained in
this study would be altered by different assumptions regarding capital structure (e.g, increased use of leverage) or capital costs
(e.g, a willingness to accept Jower returns than those assumed herein).

Key sensitivities examined included fuel costs and tax subsidies. Other factors would also have a potentially significant effect
on the results contained herein, but have not been examined in the scope of this current analysis. These additional factors,
among others, could include: capacity value vs. energy value; stranded costs refated to distributed generation or otherwise;
neswork upgrade, transmission or congestion costs; integration costs; and costs of complying with various environmental
regulations (e.g., carbon emissions offsets, emissions control systems). The analysis also does not address potential social and
environmental externalities, including, for example, the social costs and rate consequences for those who cannot afford
distibution generation solutions, as well as the long-term residual and societal consequences of various conventional
generation technologies that are difficult to measure (e.g., nuclear waste disposal, environmental impacts, etc.).

21, LAZARD
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LAZARD LAZARD'S LEVELIZED CCST OF ENERGY; ANALYSIS—VERSION 13.0

Introduction
Lazard’s Levelized Cost of Energy (“LCOE”) analysis addresses the following topics:

» Comparative LCOE analysis for various generation technologies on a $/MWh basis, including sensitivities for UJ.S. federal tax subsidies, fuel prices
and costs of capital

* lliustration of how the LCOE of onshore wind and utility-scale solar compare to the marginal cost of selected conventional generation technologies

» Historical LCOE comparison of various utility-scale generation technologies
* lliustration of the historical LCOE declines for wind and utility-scale solar technologies
» lllustration of how the LCOEs of utility-scale solar and wind compare to those of gas peaking and combined cycle

» Comparison of capital costs on a $/kW basis for various generation technologies

¢ Deconstruction of the LCOE for various generation technologies by capital cost, fixed operations and maintenance expehse, variable operations
and maintenance expense and fuel cost '

* Overview of the methodology utilized to prepare Lazard’s LCOE analysis
» Considerations regarding the operating characteristics and applications of various generation technologies
* An illustrative comparison of the value of carbon abatement of various renewable energy technologies

» Summary of assumptions utilized in Lazard’s LCOE analysis

» Summary considerations in respect of Lazard’s approach to evaluating the LCOE of various conventional and renewable energy technologies

Other factors wouid also have a potentially significant effect on the resuits contained herein, but have not been examined in the scope of this
current analysis. These additional factors, among others, could include: capacity value vs. energy value; network upgrades, transmission,
congestion or other integration-related costs; significant permitting or other development costs, unless otherwise noted; and costs of
complying with various environmental regulations (e.g., carbon emissions offsets or emissions control systems). This analysis also does not
address potential social and environmental externalities, including, for example, the social costs and rate consequences for those who cannot
afford distributed generation solutions, as well as the long-term residual and societal consequences of various conventional generation
technologies that are difficult to measure (e.g., nuclear waste disposal, airborne pollutants, greenhouse gases, etc.)

LAZARD 1

Copyright 2019 Lazard

This study has beon prepared by Lazard for genaral informational purposes only, and itis not Intended to be, and should not be construed a5, fnancial or
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LAZARD

Levelized Cost of Energy Egjmparisonm—Uhéubsidized Analysis

LAZARD'S LEVELIZED CCST OF ENERGY ANALYSIS-VERSION 13.0

Selected renewable energy generation technologies are cost-competitive with conventional generation technologies under certain circumstances

Source:
Note:

{1
(2)

3)

(4)

(5)
LAZARD
Copyright 2019 Lazard )

Solar PV—Rooftop Residential $151
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Coal® 5339 66 $152
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Gas Combined Cycle®™ |
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| Levelized Cost ($MWh) |

Lazerd estimates.

Here and throughout this presontation, unless otherwise indicated, the analysis assumes 60% debt at 8% interest rate and 40% equity at 12% cost. Please soe page titled “Lovelized Cost of Enargy Comparison—Sensitlvity to

Cost of Gapltal” for cost of capital sensitivitios. These results are not intended te rapresent any particular geography, Please seo pago titled "Solar PV versus Gas Peaking and Wind varsus CCGT—Global Markets” for regional
sensitives to solocted tachnolegies. :

Unless otherwise indicated harein, the low end represents a singlo-axis tracking system and the high end represents a fixed-tilt system.

Represents tho ostimated implled midpoint of the LCOE of offshore wind, assuming a capital cost range of approximately $2,33 — $2.53 por watl.

The fuel cost assumption for Lazard's global, unsubsidized analysls for gas-fired generation resources Is $3.45/MMBTU,

Unless otharwise Indicated, the analysis herein does not reflect decommissioning costs, ongeing maintsnance-refated capital expenditures or the potantial economic impacts of federal loan guarantees or other subsidies.
Represents the midpoint of the marginal cost of operating coal and nuclear facitities, inclusive of decormmissioning costs for nuclear faciities. Analysis assumes that the salvage value for & docommissioned coal plant is equivalent
lo its docommissioning and site rostoration costs. Inputs are derived fram a benchmark of operating coal and nuclear assols across the U,S, Capacity factors, fue! and variable and fixed oparating expensos are based on upper
and lower quartile estimates derlved from Lazard's research. Please soe page titled “Lavelized Cost of Energy Comparison—Renawablo Energy versus Marginal Cost of Seiected Exlating Conventional Generation” for additional 2
detalls. :

High end incorporates 90% carbon caplure and compression. Does not include cost of transportation and storage.

This study has been prepared by Lazard for general informational purposes only, and it is not intended td be, and should not be construad as, financial or
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY?ANALYSES—VERSION 13.0

Levelized Cost of Energy Comparison—Sensitivity to U.S. Federal Tax Subsidies®

The Investment Tax Credit {“ITC”) and Production Tax Credit (“PTC”), extended in December 2015, remain an important component of the
levelized cost of renewable energy generation technologies '

Solar PV—Rooftop Residental $242 '

j_ $139
Sclar PV-—Roofiop C&l $75 $154
Solar PV—Community $148
$61 $142
Sclar PV—Crystalline Utility Scale
Solar PV—Thin Film Utiity Scale $32
Solar Thermal Tower with Storage $126 EREEEEEEREEE 315G
$125 $154
Geothermal $69 $112
| $107
Wind $28 ;
$0 $25 $50 $75 $100 $125 $150 $175 $200 E$225 $250 $275
| Levelized Cost (S/MWh) | :
Source: Lazard astimates. B Unsubsidized & Subsidized

Note:  The sensitivity analysis presented on this page also includes sensitivities related to the U.S. Tax Cuts and Jobs Act ("TCJA" of 2017, The TCJA contains several provisions that impact the
LCOE of various generation technclogies (e.g., a reduced federal corporate income tax rate, an ability to elect immediate bonus depreciation, limitations on the deductibifity of interest

expense and restrictions on the utilization of past net operating losses). Cn balance, the TCJA reduced the LCOE of conventional generation technologies and marginally increased the .
LAZARD LCOE for renewable energy technalogies. 3.

Copyright 2019 Lazerd {1} The sensifivity analysis presented on this page assumes that projects qualify for the full ITC/PTC and have 2 capital structure that ingludes sponscr equily, tax equity and debt.

This study has been prepared by Lazard for gonoral informational purposes only, and it Is not intended te bo, and should nat be construed as, financial or
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYS!IS—VERSION 13.0

Levelized Cost of Energy Comparison—Sensitivity to Fuel Prices

Variations in fuel prices can materially affect the LCOE of conventional generation technologies, but direct comparisons to “competing”

renewable energy generation technologies must take into account issues such as dispatch characteristics (e.g., baseload and/or dispatchable
intermediate capacity vs. those of peaking or intermittent technologies)

Sclar PY—Rooftop Residential $151 $242 ]
Solar PV—~Rooftop C&l 5715 £ §154
Sclar PY—Community $148
Solar PV—Crystalline Utility Scale
Solar PY—Thin Film Utility Scale
Solar Thermal Tower with Storage $126 EREEEE A |55
Geothermal :
Wing $28 [

Gas Peaking
|
R . Nuclear 3
Conventional ;

' Coal : . $157
Gas Combined Cycle E
L

$0 $25 $50 375 $100 $125 $150 $175 $200 $225 $250 $275
| Levelized Cost (§/MWh} |
B Unsubsidized = +25% Fuel Price Adjustment .
Source: Lazard estimates. :
LAZARD Note:  Unless otherwise noted, the assumptions used in this sensitivity correspond to those used in the global, unsubsidized analysis as presented on the page titled “Levelized Cost of Energy 4

Copyright 2019 Lazard Comparisen—Unsubsidized Analysis'.

Thig study has been preparad by Lezard for general informational purposas only, and it is notintended 16 be, and should not be construed as, financlal or
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LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS~VERSION 13,0

Levehzed Cost of Energy Comparison—Sensitivity to Cost of Capital

A key consideration in determining the LCOE values for utility-scale generation technologies is the cost, and avallabihty, of capital"; this
dynamic is particularly significant for renewable energy generation technologies

Midpoint of Unsubsidized LCOE®

| LCOE LCOE v13
i {$/MWh) -
! $199
e wem oo o e Gas Peaker
$200 - H et
: : y $187 .-t $190
: i g R
i e e
r 5175__---*@""— $172 __.---"" Nuglear
$163 DN SR & E - .- Lo
g 8 g__,—-" e -7 $172
M52 e - - S5 -y ST Solar Thermal
150 - $142 - -t I TP U Tower
: IR S k- $156
-7 51353_ e £ T H
PO vemrm T ‘ $130
$122  __.-- - ST E $141 E ______ @ Coal
I > ! 0D oo
e B 2 e--"
$108 __.--- B S : $109 g _----T
5 ®- Tl - - $114 99 R @ --"" & e Geothermal
g U e e T aeemm=mmTT -
100 - $103 $89 _aammro - g - °--" $105
§80 _no-me-mm=TTTT e P F T, e i $97 Gas—Combined
gL @ : $91 Cycle
o $79 $85 ; ]
74 .
] ) 56 $58 ie- ?31 Solar PV-
$52 $54 E - _$ __________________ P . H
: $50 mEE e Pl 2 1 : Crystailine
50 - wrmoomm oo m oo T i 41 $44 = —-"‘:%a
; $38 _$ " JE e é’ """""" mEEEREETTT $47
$34 $35 R S R - -] sE= il $44 .
@--—————«-—-::::::::@::::::::::::: ::::: LEEEE S % $40 ] Wind
Gommmmm $36 1
$30 $33 § ]
é y ]
0 - £ g
X 5.4% 6.2% 6.9% LTy 8.4% 9.2%
Cost of Equity 9.0% 10.0% 11.0% : 12.0% H 13.0% 14.0%
' H
Cost of Debt 5.0% 6.0% 7.0% ? 8.0% i 9.0% 10.0%
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Note:  Analysis assumes 60% debt and 40% equity. Unless otherwise noted, the assumptions used in this sensitivity correspond to those used in the global, unsubsidized analysis as presented on
LAZA RD the page titled *Levelized Cost of Energy Comparison—Unsubsidized Analysis”.

(N

Copyright 2018 Lazard ()

Cost of capital as used herein indicates the cost of capital applicable to the asset/plant and not the cost of capital of a particular investor/owner,
Reflects the average of the high and low LCOE for each respective cost of capital assumption.

This study has bean prepared by Lazard for goneral informational purposes only, and it is net Intended to be, and should not be construed as, financial or
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LAZARD

Levelized Cost of Energy Comparison—Renewable Energy versus Margmal Cost of
Selected Existing Conventional Generation

Certain renewable energy generation technologies are approaching an LCOE that is competitive with the marginal cost of existing
conventional generation

ICostof Energy ($/MWh) !

§70 o

60

A

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 13.0

Levelized Cost of New-Build Wind and Sclar
A

Marginal Cost of Selected Existing
Conventional Generation(®
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Source: Lazard estimates, (Subsidiz ed)(z) Scale Scale (Subsid ized)(z)

Note:

LAZARD

Copytight 2018 Lazard (2)

Uniess otherwise noted, the assumptaons used in this sensitivity correspend to those used in the global, unsubsidized analysis as presented on the page titied ‘Levehzed Cost of Energy
Comparison—Unsubsidized Analysis”

Represents the marginal cost of opcrallng coal and nuclear facilities, inclusive of decommissioning costs for nuclear facilities. Analysis assumes that the salvage value for a decommissioned coal

plant is equivalent to its decommissioning and site restoration costs. Inputs are derived from a benchmark of operating coal and nuclear assets across the U.S, Capacity factors, fuel and variable &
and fixed operating expenses are based on upper and lower quartile estimates derived from Lazard's research.

The subsidized analysis includes sensitivities related to the TCJA and U.S. federal tax subsidies. Please see page titied “Levelized Cost of Energy Companson—-Sensrtwnty to U.S. Federal Tax
Subsidies” for additional details. This study has been prapared by Lazard for goneral informational purposes only, and it is not Intended to be, and should not bo construed as, financial or
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[LLAZARD LAZARD'S LEVELIZED COST OF ENERGYEANALYSIS—VERSEON 13.0

Levelized Cost of Energy Comparison—Historical Utility-Scale Generation
Comparison |

Lazard’s unsubsidized LCOE analysis indicates significant historical cost declines for utility-scale renewable energy generation technologies

driven by, among other factors, decreasing capital costs, improving technologies and increased competition
Selected Historical Mean Unsubsidized LCOE Values(
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3 s L d estimatas,
L AZ AR (ﬂc;urce azard estimates, 7

Reflects the average of the high and low LCOE fer each respective technology in each respective year. Percentages represent the total decrease in the average LCOE since Lazard's LOQE—

Capyright 2019 Lazard Version 3.0.

This study has been prepared by Lazard for general informational purposes only, and it is not intended te 5o, and should nat bo construed as, financial or

nthar ariica Mo naet of thie metarial mowu ha rnniad nhateeaniad ae duslicatod in s e bt ame enaans ar radictrihotand withond tha ariae sameant af | osaedd



LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 13.0

Levelized Cost of Energy Compar1son—-—-~H1stor1(:a1 Renewable Energy LCOE
Declines

in light of material declines in the pricing of system components and improvements in efficiency, among other factors, wind and utility-scale
solar PV have exhibited dramatic LCCE declines; however, as these industries mature, the rates of decline have diminished

Unsubsidized Wind LCOE Unsubsidized Solar PV LCOE
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I_, Source: Lazard sstimates 8 :
AZARD (1) Represents the average percentage decrease of the high end and low end of the LCOE range.
Copyright 2019 Lazard (2) Represents the average compounded annual rate of decline of the high end and low end of the LCOE range.

This study has been prepared by Lazard for general infarmational purpesas only, and itis not intended to be. and should not be construed as, financial or
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY .ANALYSIS—VERSION 13.0

Solar PV versus Gas Peaking and Wind versus CCGT—Global Markets®

Solar PV and wind have become increasingly competitive with conventional technologies with similar generation profiles; without storage,
however, these resources lack the dispatch characteristics, and associated benefits, of such conventional technologies

LCOE V3

us.

Austratia

Brazil

India

South Africa

Japan

LCOE v13

us

Australia

versus:

India

South Africa

Japan

Europe ¢

$0 $25 $50 $75 $100 $125 $150 $175 $200 $225 $250 $275

Source: Lazard estimates. B Unsubsidized LCOE ~ E Solar PV Gas Peaker Levelized Cost {$/MWh) 8 Wind B CCGT

Note:  The analysis presented on this page assumes country-specific or regicnally-applicable tax rates, :

(1) Equity IRRs are assumed to be 10.0% ~ 12.0% for Australia, 15.0% for Brazil and South Africa, 13.0% - 15.0% for india, 8.0% — 10.0% for Japan, 7.5% — 12.0% for Europe and 7.5% — 9.0% for
the U.S. Cost of debt is assumed to be 5.0% — 5.5% for Australia, 10.0% — 12.0% for Brazil, 12.0% — 13.0% for India, 3.0% for Japan, 4.5% — 5.5% for Eurcpe, 12.0% for South Africa and 4.0% —
4.5% for the U.S. :

) Low end assumes crystaltine utility-scale solar with a single-axis tracker, High end assumes rooftop C&l solar. Solar projects assume ilustrative capacity factors, of 21% — 28% for the U.S., 26% —
30% for Australia, 26% — 28% for Brazil, 22% — 23% for India, 27% — 28% for South Africa, 18% — 18% for Japan and 13% — 16% for Europe,

3) Assumes natural gas prices of $3.45 for the U.S., $4.00 for Australia, $8.00 for Brazil, $7.00 for India, South Africa and Japan and $6.00 for Europe {(all in U.S.$ per MMBtu). Assumes a capacity
factor of 10% for all geographies.

(4) Wind projects assume illustrative capacity factors of 38% — 55% for the U.S,, 29% — 46% for Australia, 45% — 55% for Brazil, 25% — 35% for India, 31% — 38% fOl' South Africa, 22% — 30% for
LAZARD Japan and 33% — 38% for Europe.

Gopyright 2019 Lazard (5 Assumes natural gas prices of $3.45 for the U.S., $4.00 for Australia, $8.00 for Brazil, §7.00 for India, South Africa and Japan and $6.00 for Europe (all in U.S.§ per MMBtu). Assumes capacity
Py azar factors of 55% —70% on the high and low ends, respectively, for all geographies. :

This study has been prepared by Lazard for general informationa! purposes anly, and it Is not intendad to be, and should net be construad as, financlal or
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 13,0

Capital Cost Comparison

in some instances, the capital costs of renewable energy generation technologies have converged with those of certain conventional

generation technologies, which coupled with improvements in operational efficiency for renewable energy technologies, have led to a
convergence in LCOE between the respective technologies
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Source: Lazard estimates. :
LAZARD 1) Represents the estimated midpoint of the total capital cost for offshore wind, 10 :

Copyright 2018 Lazard

This study has been prepared by Lazard for general informational purposes only, and it is net Intended to be, and should not be construed az, financial or
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 13.0

Levelized Cost of Energy Components—Low End

Certain renewable energy generation technologies are already cost-competitive with conventional generation technolbgies; a key factor
regarding the continued cost decline of renewable energy generation technologies is the ability of technological development and industry
scale to continue lowering operating expenses and capital costs for renewable energy generation technologies
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[LAZARD

Copyright 2018 Lazard

1

Source: Lazard estimates.

This study has been propared by Lazard for ganeral Informational purposes only, and it Is not intended to:be. and should not be construed as, financial or
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 13.0

Levelized Cost of Energy Components—High End

Certain renewable energy generation technologies are already cost-competitive with conventional generation technolbgies; a key factor

regarding the continued cost decline of renewable energy generation technologies is the ability of technological development and industry
scale to continue lowering operating expenses and capital costs for renewable energy generation technologies
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Levelized Cost of Energy Comparison—Methodology
(¥ in millions, unless otherwise noted) .
Lazard’s LCOE analysis consists of creating a power plant model representing an illustrative project for each relevant technology and solving

for the $/MWh value that results in a levered IRR equal to the assumed cost of equity (see subsequent “Key Assumptions” pages for detailed
assumptions by technology)

LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 13.0

Unsubsidized Wind — High Case Sample lliustrative Calculations

1

Year 0 1 2 3 4 5 20 Key Assumptions
Capacity {(MW) (A) 150 150 150 150 150 150 Capacity (M\N)
Capacity Factor (B) 38% 38% 38% 38% 38% 38% Capagity Factor
Total Generation ('000 MWh) (A} x (BY =(C)" 499 499 499 4399 499 499 Fuel Cost (S:’MMBtu)
:,%Leveh‘zed Energy Cost (S/MWh) ()] 354.1 $54.1 $54.1 $54.1 $54.1 $54.1 ; Heat Rate {Btu/kWwh)
: .Total Revenues (Cyx (Dy= (B $27.0 $27.0 $27.0 $27.0 $27.0 $27.0 Fixed O&N ($/KW-year)
Variable &M (S/MWh)
- Total Fuel Cost (P - - - . - O&M Escé!ation Rate
. Total Q&M @ 5.4 58 5.7 58 59 : 8.5 Capital Structure
. Total Operating Costs (F) +(G) = (H) $5.4 $5.6 §5.7 $5.8 $5.9 $8.5 Debt :
Cost of Debt
| EBITDA (B - =0 $216  $21.5 $21.3  $21.2  $2141 $18.5 Equity
. Cost of Equity
Debt Qutstanding - Beginning of Period {5 $1350  $1323  $1284  $126.3 $12.5 :
Debt - interest Expense {K) {10.8) {10.8) (10.4) {10.1) (1.0) Taxes anﬁ Tax Incentives:
Debt - Principal Payment (L 2.7 (2.9) a1 (2.4) (12.5) Combined Tax Rate
. Levelized Debt Service (K) + (1) = (M) (813.5)  (313.5) (5135) ($13.95) ($13.5) Econormic :Life (years)®
. MACRS Dépreciation (Year Schedule) :
| EBITDA 1) $216  $215  S213  §212 $18.5 Capex
| Depreciation (MACRS) N) {(45.0)  {720)  {432)  (25.9) - EFC Costs ($/kW)
Interest Expense {K) {10.8) {10.6) {10.4) (10.1) (1.0} Addttional Ow ner's Costs ($/kW)
' Taxable Income {5+ (N) + (K) = (O) ($34.2) ($61.1) ($322) (314.8) $17.5 Transmission Costs ($/kW)
: Total Capital Costs (S/KW)
| Tax Benefit (Liability)'? (O} x (tax rate) = (P) $13.7  $245  $12.9 $5.9 $5.9 ($7.0) '
: Total Cap:ex {Smm)
- After-Tax Net Equity Cash Flow (1) + (M) + (P} = (Q) ($90.0/” $218  $324  $207  $137  s135 ($2.0) '
s LIRR For Equity Investors @ 12.0% E <
ﬁg;g::o: mﬁ:ﬁ:ﬁg& case prosented for flustrative purposes only. B TEChnOIOQy'dE"pendent
E1) E::S::;:;ﬁ;g;f :c':?w:lcn!ion for discounting purposes. % Levelized
LAZARD & i arenzaten ofox enefts o losoes immedati. 13
Copyright 2019 Lezard {4 Retflocts a “key" subset of alt assumptions for methodology ilustration purposes only. Boes not reflect all assumptians,

%) Economic life sats debt amortization schedule. For comparison purposes, all technologles calculate LCOE on a2 20-year IRR basis,

This study has been propared by Lazard for general informational purposes only, and # is not intonded ta bo, and should not be construod as, financial or
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 13.0

Energy Resources—Matrix of Applications

Despite convergence in the LCOE between certain renewable energy and conventional generation technologies, direct comparisons must take
into account issues such as location {e.g., centralized vs. distributed) and dispatch characteristics (e.g., baseload and/or dispatchable
intermediate capacity vs. those of peaking or intermittent technologies)

» This analysis does not take into account potential social and environmental externalities or reliability-related considerations

Carbon Location Dispatch
Neutral/ :
REC Load~
Potential Distributed Centralized Geography Intermittent Peaking . Following Baseload
Solar PVIT v Universal®@
Solar Thermal N Rural
Geothermal v Varies
Onshore Wind v Rura!
Gas Peaking x Universal
Nuclear v Rural
Coal x ¢ Co-located or rural TV
Gas ) I
. X H o
Combined Cycle Universal / L
Source: Lazard estimates.
LAZA RD M Represents the full range of solar PV technologies; low end represents thin film utility-scale solar single-axis tracking, high end represents the high end of rooftop residential solar. 14
Copyright 2018 Lazard 2) Qualification for RPS requirements varies by location,

This study has been prepared by Lazard for ganeral informational purposes only, and i is not Intended to be, and should not be construed as, financial or
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LAZARD

LAZARD'S LEVELIZED COST OF ENERGY :ANALYSIS—VERSION 13.0

Value of Carbon Abatement Comparison

As policymakers consider ways to limit carbon emissions, Lazard’s LCOE analysis provides insight into the economic value associated with
carbon abatement offered by renewable energy technologies. This analysis suggests that policies designed to shift power generation towards
wind and utility-scale solar could be a particularly cost-effective means of reducing carbon emissions, providing an abatement value of $36 ~
$41/Ton vs. Coal and $23 - $32/Ton vs. Gas Combined Cycle

» These observations do not take into account other environmental and social externalities, reliability or grid-related considerations

Conventional Generation

Renewable Energy Generation

Gas Combined Solar PV Solar Thermal
Units Coal Cycle Nuclear Wind Rooftop Utility Scale with Storage
Capital Investment/K\W of Capacity SIkW $2,975 $700 $6,900 $1,100 $2,800 $900 $9,100
Total Capital Investment Smm 1,993 560 4,209 1,111 8,232 1,476 7,462
Facility Output MW 670 800 810 1,010 2,840 1,640 820
Capacity Factor % 83% 70% 91% 55% 19% 34% 68%
MWh/Year Produced @ GWhiyr 4,888 4,888 4,888 4,888 4,888 4,888 4,888
_Lewelized Cost of Energy $/MWh $66 $44 $118 $28 $151 $32 $126
~~_Total Cost of Energy Produced Smmiyr 22 @ | $215 $576 $136 $740 $159 $618
‘ CO; Equivalent Emissions Tons/MWh :
i_(_:g[tgc_)g Ermitted____ mm Tonsiyr %
_Difference in Carbon Emissions mm Tons/yr
{ s, Coal
Lo vs.Gas .. N .
Difference in Total Energy Cost Smmyyr
'— vs. Coal
_mw vs. Gas
Implied Abatement Value/{Cost) $/Ton
vs. Coal
vs. Gas

: Favorable vs. CoaliGas

L A Z AR. Source: Lazard estirmates.
(1}

Assumptions utifized for the technclogies presented in this analysis correspond to those associated with the Low LCOE cases,
All facilities Hlustratively sized to produce 4,888 GWhiyr,

Copyright 2019 Lazard (2

“  Unfaverable vs, Coal/Gas

@ Bifference in Total Energy Cost {(Wind vs. Coal) = o - e = $136 mmfyr (Wind) ~ $322 mmiyr (Ceal) = ($187) mmiyr

Implied Carbon Abatement Value Calculation (Wind vs. Coal)—Methodoloay

: @ mplied Carbon Abatement Value (Wind vs, Coal) = £

= $187 mmhyr + 4.51 mm Tonsfyr = $41/Ten

15
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LAZARD . LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 13.0

Levelized Cost of Energy-—Key Assumptions

Solar PV
Utility Scale- Utility Scale—
Units Rooftop—Residential Rooftop—C&l Community Crystalline @ Thin Film @

Net Facility Output MA 0.005 1 5 100 i 100

EPC Cost $ikw . $2.806 - $2,950 $1,750 - $2,950 i 81800 - $2,250 $1.100 - %900 $1,100 - $9C0

Capital Cost During Construction S _— . — — —_ o

Other Owner's Costs 3w included included included included : included
Total Capital Cost $/kw ! $2.800 - 52,950 $1.750 - $2950 i $1,800 - $2,250 $1,100 - $900 $1,100 - $200
Fixed O&M $rwW-yr 1 $14.00 - $25.00 ©$1500 - $20.00 $12.00 - 3$16.00 $12.00 - $9.b0 $12.00 - $9.00
Variable O&M $MWR — — : — ; — : —
Heat Rate Btwkwh — — — — —
Capacity Factor Yo 3 19% -  13% 25% - 20% 25% - 15% 32% - 2% 34% - 23%
Fuel Price SMMBtY — — ! — — —
Construction Time Menths : 3 32 4 - 3] 9 9
Facility Life Years 25 25 30 30 '; 30
Levelized Cost of Energy SMWh 1 $151 - $242 1§75 - $154 | §64 - $148 G $36 - $44  S32  _ 342

Source: Lazard estimates.
LA ZA RD (1) Includes capitalized financing costs during construction for generation types with over 24 months construction time. )
Copyright 2019 Lazard 2) Left column represents the assumptions used to caiculate the low end LCCE for single-axis tracking. Right column represents the assumptions used to calculate the high end LCOE for fixed-tilt
1 .

design.

This study has been prepared by Lazard for general informational purposes only, and it is not Intended to: be, and should not be construed as, financial or
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LAZARD

LAZARD'S LEVELIZED COST OF ENERGY ‘ANALYSIS—VERSION 13.0

Levelized Cost of Energy—Key Assumptions conrq)

Solar Thermal Tower

Units ' with Storage® : Geothermal . Wind—Onshore | . Wind-—Offshore .
Net Facility Qutput MY 110 - 150 ' 20 - 50 : 150 ‘ 210 - 385

EPC Cost 3w $7.950 - 85,250 ’ $3.450 - 85,750 ; $1,100 - $1,500 $2,350 - $3,550 |

Capital Cost During Construction S/ $1,150 -~ 8750 E $500 - 3850 i — E —_—

Other Owner's Costs $rw included , included f included included :
Total Capital Cost ¥ $/kW $9,100 -~ $6,000 é $3,950 -~ $6,600 f $1.100 - $1,500 ' $2,350 - $3,550
Fixed O&M $/RW-yr $75.00 - $80.00 $0.00 -~ $0.00 $28.00 - $38.50 $80.0¢ - $110.00
Variable O&M $/MWh — $24.00 - $34.00 — —
He at Rate Btu/kWh — — ) — —

Capacity Factor % 88% - 39% 90% - 85% 55% - 38% : 55% - 45%

Fuel Price $/MMBLU — — — —
Construction Time Months 36 36 é 12 : 12
Facility Life Years 35 25 { 20 20
Levelized Cost of Energy $/MWh $126 -  $156 % $69 - 8112 : $28 - 8§54 $64 - 3115

Source: Lazard astimates.

LAZARD §

Copyright 2019 Lazard

includes capitalized financing costs during construction for generation types with aver 24 months construction time, 17
Left column represents the assumptions used to calculate the low end LCOE, representing a project with 18 hours of storage capacity. Right column represents the assumptions
used to calculate the high end LCOE, representing a project with eight hours of storage. :

This study has been prepared by Lazard for genaral informational purposes only, and itis not intended to be, and should not be construed as, financial or
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 13.0

Levelized Cost of Energy—Key Assumptions (coarq

Units Gas Peaking Nuclear Coal Gas Combined Cycle
Net Facility Output MY 240 - 50 2,200 600 550
EPC Cost SwW $650 - $900 i $5400 -  $9,600 i $2400 - $4,900 P $650 - $1200
Capital Cost During Construction SKW — — : — — :
Other Owner's Costs SKW ncluded | 81500 -  $2650 . $600 -  $1300 | 850 -  $100 |
Total Capital Cost ™ SKW $700 - $950 86900 - $12200 | $3000 -  $6.250 . s700 - $1300
Fixed O&M SKW-yr  $550 - $2075 | S$108.50 -  $133.00 . $40.75 -  $81.75 L8100 - $1350
Variable O&M SMMh 8475 - $6.25 L8350 - $4.25 L8275 - §5.00 P 3300 - 83715
Heat Rate Bukwh 9,804 - 8000 10450 - 10450 - 8750 - 12,000 . 8133 - 8900
Capacity Factor % _ 10% 9% -  S0% 83% - 66% i 70% - 55%
Fuel Price $MVBIU  © $345 - $345 i 8085 - 8085 L$145 - $145 L %345 - $345
Construction Time Months 1z - 18 89 - &9 80 - 66 24 - 24
Facility Life Years 20 40 40 ;; 20 §
Levelized Cost of Energy Sivwh $150 - $199 i $118 - $192 $66 - $152 $44 - $68
Source: Lazard estimates. :
LAZARD 1) Includes capitalized financing costs during construction for generation types with over 24 months construction time. : 18 ;

Copyright 2019 Lazard

This study has been prepared by Lazard for general Informational purposes only, and it Is not Intonded 1o be, and should not be construed as. financial or
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 13.0

Summary Considerations

Lazard has conducted this analysis comparing the LCOE for various conventional and renewable energy generation technologies in order to
understand which renewable energy generation technologies may be cost-competitive with conventional generation technologies, either now
or in the future, and under various operating assumptions. We find that renewable energy technologies are complementary to conventional
generation technologies, and believe that their use will be increasingly prevalent for a variety of reasons, including to mitigate the
environmental and social consequences of various conventional generation technologies, RPS requirements, carbon -regulations, continually

improving economics as underlying technologies improve and production volumes increase, and supportive reguiatory frameworks in certain
regions.

In this analysis, Lazard’s approach was to determine the LCOE, on a $/MWh basis, that would provide an after-tax IRR to equity holders equal
to an assumed cost of equity capital. Certain assumptions {e.g., required debt and equity returns, capital structure, etc.) were identical for all
technologies in order to isolate the effects of key differentiated inputs such as investment costs, capacity factors, operating costs, fuel costs
(where relevant) and other important metrics. These inputs were originally developed with a leading consulting and engineering firm to the
Power & Energy Industry, augmented with Lazard’s commercial knowledge where relevant. This analysis (as well as previous versions) has
benefited from additional input from a wide variety of Industry participants and is informed by Lazard's many client interactions on this topic.

Lazard has not manipulated the cost of capital or capital structure for various technologies, as the goai of this analysgis is to compare the
current levelized cost of various generation technologies, rather than the benefits of financial engineering. The results contained herein would

be altered by different assumptions regarding capital structure (e.g., increased use of leverage) or the cost of capital (e g., a willingness to
accept lower returns than those assumed herein).

Key sensitivities examined included fuel costs and tax subsidies. Other factors would also have a potentially significant effect on the results
contained herein, but have not been examined in the scope of this current analysis. These additional factors, among others, could include:
capacity value vs. energy value; network upgrades, transmission, congestion or other integration-related costs; significant permitting or other
development costs, unless otherwise noted; and costs of complying with various environmental regulations (e.g., carbon emissions offsets or
emissions contro! systems). This analysis also does not address potential social and environmental externalities, including, for example, the
social costs and rate consequences for those who cannot afford distributed generation solutions, as well as the long-term residual and

societal consequences of various conventional generation technologies that are difficult to measure (e.g., nuclear waste disposal, airborne
poliutants, greenhouse gases, etc.).

LAZARD 19

Capyright 2018 Lazard

This study has bean prepared by Lazard for goneral informational purposes only, and it is not intended to:-bo, and should net be construed as, financial or
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LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—-VERSION 9.0

Introduction

Lazard’s Levelized Cost of Energy Analysis (“LCOE”) addresses the following topics:

% Comparative “levelized cost of energy” for various technologies on 2 $/ MWh basis, including sensitivities, as relevant, for U.S. federal tax
subsidies, fuel costs, geography and cost of capital, among other factors
Comparison of the implied cost of carbon abatement for various generation technologies

Hlustration of how the cost of various generation technologies compares against illustrative generation rates in the largest metropolitan areas
of the U.S.

Mlustration of utility-scale and rooftop solar versus peaking generation technologies globally

i

Ilustration of how the costs of utility-scale and rooftop solar and wind vary across the United States, based on average available resources

® Ilustration of the declines in the levelized cost of energy for various generation technologies over the past several years
8 Comparison of assumed capital costs on a $/kW basis for various generation technologies
®  Ilustration of the impact of cost of capital on the levelized cost of energy for selected generation technologies

Decomposition of the levelized cost of enetgy for various generation technologies by capital cost, fixed operations and maintenance expense,
variable operations and maintenance expense, and fuel cost, as relevant

Considerations regarding the usage characteristics and applicability of various generation technologies, taking into account factors such as
location requirements/ constraints, dispatch capability, land and water requirements and other contingencies

Summary assumptions for the various generation technologies examined

Summary of Lazard’s approach to comparing the levelized cost of energy for various conventional and Alternative Energy generation
technologies

Other factors would also have a potentially significant effect on the results contained herein, but have not been examined in the scope of this
current analysis. These additonal factors, among others, could include: capacity value vs. energy value; stranded costs related to distributed
generation or otherwise; network upgrade, transmission or congestion costs; integration costs; and costs of complying with various environmental
regulations (e.g., carbon emissions offsets, emissions control systems). The analysis also does not address potential social and environmental
externalities, including, for example, the social costs and rate consequences for those who cannot afford distribution generation solutions, as well
as the long-term residual and societal consequences of various conventional generation technologies that are difficult to measure (e.g., nuclear
waste disposal, environmental impacts, etc.)

While prior versions of this study have presented the LCOE inclusive of the U.S. Federal Investment Tax Credit and Production Tax Credit,

Versions 6.0 — 9.0 present the LCOE on an unsubsidized basis, except as noted on the page titled “Levelized Cost of Energy--Sensitvity to U.S.
Federal Tax Subsidies” '

1 L AZARD  Note: This study has been preparcd by Lazard for general informational purposes only, and it is not intended 1o be, and should not be construed as, financial or other advice.
Copyright 2015 Lazard,

No part of this material may be copicd, photocopied or duplieated in any form by any meagy or redistributed without the prior consent of Lazard,
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LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 9.0

Unsubsidized Levelized Cost of Energy Comparison

Certain Alternative Energy generation technologies are cost-competitive with conventional generation technologies under some scenarios;
such obscrvation does not take into account potential social and environmental externalities (e.g., social costs of distributed generation,
environmental consequences of certain conventional generation technologies, etc.) or reliability-related considerations (e.g., transmission
and back-up generation costs associated with certain Alternative Energy technologies)

Solar PV—Rooftop Residendal ¥

Solar PV—Roofrop C&I*

$78

Solar PV—Comrmunity

Solar PV—Crystalline Utility-Scale®™ | 346 & 558

$70
Solar PV—Thin Film Utlity-Scale™ T ga3® G507 se0 ; | ) )
Solar Thermal Tower with Storage® s151 N0 o e
Fuel Cell® $106 : ]
Microturbine ¥ $79 e S50 T
Geothermal s82 117 - I
e e = -
Wind $77 $152% & .

Energy Ef ﬁc.icncy(h}

Diesel Reciprocating Engine® ¥

Natural Gas Reciprocating ]3.1'1(_:'{1'.11(:0j : $68

- 5281

Gas Peaking $218

1cec

Nuclear®

Coal™

Gas Combined Cycle $52 $78

30 $50 $100 $150 $200 : $250 $300
! Levelized Cost ($/MWh) |

Sources Lazard ertimates. :
MNote:  Here and throughout this presentation, unless otherwise indicared, analysis assumes 60% debt at 8% interest rare and 40% equity at 12% cost for both conventional and
Alternative Energy gencration technologies. Assumes diesel price of ~82.50 per gzllon, Northern Appaiachian biruminous coal price of ~$2.00 per MMBtu: and a natural gas
price of ~53.50 per MMBru for all applicable technologies other than Natural Gas Reciprocating Engine, which assumes ~$3.50 per MMBtu, Analysis does not reflect potential
| impact of evolving regulations/rules promulgated pursuant to the EPA’s Clean Power Plan. See following page for footnotes. '
2 i L.AZAP\D b Denotes distributed genemtion technology.

Copyright 2015 Laxard.

No part of this material may be copied, photocopicd or duplicated in any form by any means of redintributed without the prior consent of Lazard.
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LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 9.0 i

Unsubsidized Levelized Cost of Energy Compatison (conrq)

@)

Analysis excludes integration costs for intermittent technologies. A variety of studies suogest integration costs ranginge from $2.00 to
y g gt g g : ging

$10.00 per MWh.

() Low end represents single-axis tracking system. High end represents fixed-tilt design. Assumes 30 MW system in high insolation
jutisdiction (e.g,, Southwest U.S.). Does not account for differences in heat coefficients, balance-of-system costs or other potential
factors which may differ across solar technologies. :

() Diamond represents estimated implied levelized cost of energy for crystalline utility-scale solar in 2017, assummg $1.35 per wart for
a single-axis tracking system. :

(d) Diamond represents estimated implied levelized cost of energy for thin film utility-scale solar in 2017, assuming $1.35 per watt for a
single-axis tracking system.

(@ Low end represents concentrating solar tower with 18-hour storage capability. High end represents concentrating solar tower with
10-hour storage capability.

( Diamond represents an illustrative solar thermal facility without storage capability,

(® Represents estimated implied midpoint of levelized cost of energy for offshore wind, assuming a capltal cost range of $3.10 — §$5.50
per watt.

(hy  Estimates per National Action Plan for Energy Efficiency; actual cost for various initiatives varies widely, Estimates involving
demand response may fail to account for opportunity cost of foregone consumption.

@  Represents distributed diesel generator with reciprocating engine. Low end represents 95% capacity factor (Le., baseload generation
in poor grid quality geographies or remote locations). High end represents 10% capacity factor {i.e., to overcome periodic blackouts).
Assumes replacement capital cost of 65% of initial total capital cost every 25,000 operating hours.

(»  Represents distrbuted natural gas generator with reciprocating engine. Low end represents 95% capacity factor (i.e., baseload
generation in poor grid quality geographies or remote locations). High end tepresents 30% capacity factor (i.e., to overcome periodic
blackouts). Assumes replacement capitai cost of 65% of initial total capital cost every 60,000 operating hours.

&)  Does not include cost of transportation and storage.

@  Does not reflect decommissioning costs or potential economic impact of federal loan guarantees or other subsidies.

(m) Represents current estimate of levelized cost of Vogtle project. _

(r)  Based on advanced superctitical pulverized coal. High end incorporates 90% carbon capture and compression. Does not include cost
of transportation and storage.

3/ LAZARD

Copyright 20135 Lazard.

Mo part of this material may be copied, photocopied or duplicated in nny form by any means or redistdbured withaut the prior conuent of Lazard,
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LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 9.0 ‘

Levelized Cost of Energy—Sensitivity to U.S. Federal Tax Subsidies®

Notwithstanding the recent expiration of the Production Tax Credit (“PTC”) and planned step down of the Investment Tax Credit
(“ITC”), U.S. federal tax subsidies remain an impottant component of the economics of Alternative Energy generation technologies (and
government incentives are, generally, currenty important in all regions)

Solar PV—Rooftop Residential . /$300";‘

Solar PV—Rooftop C&I

Solar PV—Comumunity

$58
sol: wstalline Utiliry Scale®
Solar PV—Crystalline Utlity Scale 5380 & $47

$50

Solar PY—Thin Film Utlity Scale®

Solar Thermal with Storage®

Fuel Cell®

Microturbine®

Geothermal™

Biomass Dircet™

Wind®

$100 $150 $200 _ $250 $300
Levelized Cost (3/MWh) | :
Source: Lazurd estinates. * Unsubsidized ¢ Mustratve 10% ITC Subsidy® & Subsidized

Note:  Despite clear current legislation concerning the expitation of the PTC at the end of 2014 for wind and the planned step down of the ITC from 30% to 10% for apiplicablc technologies/projects put into
service after December 31, 2016, the analysis on this page assumes Fustrative 10% and 30% ITCs and reinstatement of the PTC,

o} Unless otherwise noted, the subsidized information reflects an illustratve 30% I'TC regardless of time placed into service. Reflects no PTC. Assumes 30% debr ar 8.0% interest rate, 50% tax equity at
12.0% cost and 20% common cquity at 12.0% cost, unless otherwise noted. :

(5] Low end represents a single-axis tracking system. High end fepresenss 2 fixed-tl design. Assumes 30 MW inszallation in high insolation jurisdiction: {e.g- Southwest U.5.).

(@ Blue diamond sepresents estimated implied levelized cost of encrgy for crystalline utility-scale solar in 2017, assuming §1.35 per watt for a single-axis tracking system.

Gy Blue diamond represents estimated implied levelized cost of energy for thin film utility-scale solar in 2017, assuming $1.35 per watt for a single-axis tracking system.

{e) Low end represents concentrating solar tower with 18-hour storage. High end represents concentrating solar tower with 10-hour storage capability.

(n The I'TC for fuel cell technologies is capped at $1,500/0.5 kW of capacity.

(@) Reflects 10% ITC only, Reflects no PTC. Capital structure adjusted for lower ITC: assumes 50% debt at 8.0% interest rate, 20% tax equity at 12,0% cost and 30% common equity at 12.0% cost,

) Refleets no ITC, Reflects a $25/MWh illustrative PTC, escalated at ~1.5% annually for a term of 10 years. Due to
8.0% interest rate, 70% tax equity at 12.0% cost and 15% common cquity at 12.0% cost,

0] Reflects dlustrative 10% ITC. Reflects no PTC, Capital stucture adjusted for lower ITC; assumes 50% debt at 8.0% interest rate, 20% tax equity at 12.0% cost and 30% commen equity at 12.0% cost.

4| LAZARD
Copyftight 2015 Lazard.

high capacity factor and, relatedly, high PTC investor appetite, assumes 15% debt at
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Ex. AA-D-22

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 9.0‘

Levelized Cost of Energy Comparison—Sensitivity to Fuel Prices

Variations in fuel prices can materially affect the levelized cost of energy for conventional generation technologies, but direct
comparisons against “competing” Alternative Energy generation technologies must take into account issues such as dispatch
characteristics {(e.g:, bascload and/or dispatchable intermediate load vs. peaking or intermittent technologies)

Solar PN—Rooftop Residendal
Solar PY—Rooftop C&I

Solar PV—Community
Solar PV—Crystalline Utlity-Scale
Solar PV—Thin Film Utility-Scale

Solar Thermal with Storage
Fuel Cell

Microturbine

Geothermal

Biomass Direct

Wind

Energy Efficiency

Diesel Reciprocating Engine

Natural Gas Reciprocatng Engine
Gas Peaking
IGCC

Nuclear
Coal
Gas Combined Cycle

R

30 $50 $100 3150 $200 $250 : $300 $350

Levelized Cost ($/MWh)

Sonrze: Lagard extimates.

Note:  Darkened areas in horizontal bars represent low ¢nd and high end levelized cost of encrgy corresponding with £25% foel price fluctuations.
5 LAZARD
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Ex. AA-D-22

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS-——VERSION 9.0 ‘

Cost of Carbon Abatement Comparison

As policymakers consider the best and most cost-effective ways to limit carbon emissions (including in the U. S in respect of the Clean
Power Plan and related regulations), they should consider the implicit costs of carbon abatement of various Alternative Energy
generation technologies; an analysis of such implicit costs suggests that policies designed to promote wind and utility-scale solar
development could be 2 particularly cost effective way of limiting carbon emissions; rooftop solar and solar thermal remain expensive, by
comparison .

Such observation does not take into account potential social and environmental externalities or reliability-related considerations

CONVENTIONAL GENERATION ] ALTERNATIVE ENERGY RESOURCES
Gas Combined Solar PV Solar PY Solar Thermal
Units Coa™ Cycle Nuclear Wind Rooftop Residential Ur.i]jty—Scaicw with Storage
Capital Investment/ KW of Capacity™ S/w $3,000 _ $1.006 : $5385 $1,250 : $4,100 - §1,730 $10.296
Total Capital Investment $mm $1,500 $305 : $3,339 $1,263 : $9,143 : $3,255 $6,795
Facility Output MW 400 : 800 - 620 . 1,010 : 2230 1,860 . 660
Capacity Factor % 93% ' 0% 90% - 55% : 25% : 30% | : 85%
Effective Facility Qutput MW 558 . 358 " 558 558 558 : 558 ¢ : 558
MWh/Year Produced™ GWh/yr 4883 4588 4,888 : 4888 4888 : 4,888 _ 4,888
Levelized Cost of Energy S/MWh %63 %52 : $97 %32 $184 . %58 ) $119
Total Cost of Encrgy Produced $mm/yr (o 1@ $255 : $474 : $158 : 5897 o Cesl® $582
€O, Equivalent Emissions Tons/MWh (.94 0.39 : - : — — : - : —
Carbon Emitred mm Tons/yr 4.58 1.92 : — — —_ : — : —
Difference in Carbon Emissions mm Tons/yr : : :
vs. Coal — 266 : 458 : 458 : 458 238 1@ 458
v, Gas — — 192 192 192 192 _ 192
Difference in Total Encrgy Cost Smm/yr . : :
vs. Coal — (363) $154 ‘ $162) : $577 f SN, $262
T U S S D - S SB__ LS S8 ___
lImp].lcd Abatement Cost/ (Saving) $/Ton ; : ‘ L
f v Codl _ : $25) : s34 i 35 | $126 e $57 ;
| v Gas - = SUS 650 _ L S5 . Msio o o_osm ]
Sourve: Lagurd estimotes ) ) ) . lustrative Implied Carbon Abatement Cost Calculation:
Noter Does not teflect Production Tax Credit ox Investment Tax Credit. Assumes 2015 dollars, 20 - 40 year economie life, :
40% tax rate and five - 40 year tax life. Assumes 2.23% annual escalation for O&M costs and fuel prices. Inputs for €5 Difference in Total EnergyCost vs. Coal = o -8
cach of the xtarif)us tcchno!ogics arc those nssociatcd. with the low end levclizec.l cost of energy. . = $283 mm/yr (solar) — $320 mm /vt (coal) = (§37) mm/yr
{a) Includes capitalized financing costs during construction for generation types with over 24 monrhs constraction time.
{b)  Based on advanced supercritical pudverized coal. Does not incorporate catbon capture and compression, & Implied Abatement Cost vs, Coal = -©
(<) Represents crystalline urility-scale solar with single-axis tracking, = ($37) mm/yr + 4.58 mm Tons/ yr = ($8)/Ton

(d}  Low cnd represents concentrating solar tower with 13-hour storage capability.
(e All facilities sized to produce 4.888 GWh/yr.

61 LAZARD
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Ex. AA-D-22

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 9.0

Generation Rates for the 10 Largest U.S. Metropolitan Areas®

Setting aside the legislatively-mandated demand for solar and other Alternative Energy resources, utility-scale solar is

becoming a more economically viable peaking energy product in many areas of the U.S. and, as pricing declines, could become
economically competitive across a broader array of geographies

Such observation does not take into account potential social and environmenta] externalities or reliability-related
considerations

$

Merropolitan
Statstical Area

Population (mm)

Cumulative % of
U.S. populaticn®

250 -

225 -

200
175

150

7

Rooftop Residentdal
Solar $242

, Gas Peaker $191 ]

$150” : $145

5116

$105" | |
Community Solar 3107 |
$82(f) $76(f) CCGT 365 i
. Crystalline Udlity-Scale
Solar 2015858
Thin Film Utlity-Scale
Solar 2015@ 8§50
Utility-scale
Solar 20174 $45
New Los Chicago Dalias Houston Phila. D.C Miami Atlanta Boston ﬁ [ustrative U.S,
York Angeles ) Generation,
20 13 10 7 6 6 6 6 6 5 ) Transmission and
Delivery Chazge
6% 11% 14% 16% 18% 20% 22% 23% 25% 27%

Soure: EEIL Ventyx, Lazard estinates.

Note: - Actual delivered generation prices may be higher, reflecdng histotical composition of resource portfolio. All technelogies represent an average of the high and low levelized cost of energy values unless
otherwise noted.

@) Defined as 10 lazgest Metropolitan Statistical Areas per the U.S, Census Bureau for 2 total population of ~85 million,

b Represents a crystalline utliey-scale solar with single-axis rracking design. Excludes Investment Tax Credit,

© Represents a thin film urility-seale solar with single-axis wacking design. Excludes Tnvestment Tax Credit,

() Represents estimarted implied levelized cost of energy in 2017 as the mean of erystalline and thin film utilicy-seale solar single-axis tracking svstems, assuming $1.35 per watt for both. Excludes
Investment Tax Credit,

© Represents average projected hourly 2015 Ventyx powet price for applicable judsdiction.

6] Represents 1000 kWh generation rate (sourced from EEI) in effect as of January 1, 2015 in applicable jurisdicton.

) Represents 2014 census data.
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Ex. AA-D-22

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 9.0 i

Solar versus Peaking Capacity—Global Markets

Solar PV can be an attractive resource relative to gas and diesel-fired peaking in many parts of the world due to high fuel costs;
without storage, however, solar lacks the dispatch characteristics of conventional peaking technologies

us. $70

$49

Australia 3149

Brazil -

India

South Africa $61 5

Japac

Northern Evrope &

Us
.i $49
Australia 82591 $289 $358
L $68 $201
Brazil | 52098 $242 $351
fedi : $83 $224
1 82161 3249 $355
. $169
South Africa s230" 5263 $366
Japan $82 1 $239
P $2521  s281 Y $351
: $92 i $298 :
Northern Europe 53 4_;5 . §375 ,.
$0 $30 ) $100 $150 $200 3230 3300 $350 $400 $450
© Levelized Cost ($/MWh) '
% Solar { Diesel Fuef Cosr i+ Gas Peaker/Diesel Generator

Sourer World Bank, IHS Watcrborne LING, and Lagard cstimates. :

(2 Low end assumes crystalline udility-scale solar with 4 fixed-tilt desipn. High end assumes rooftop C&d solar. Sclar projects assume illustrative capacity factors of 26% — 30% for
Australia, 26% — 30% for Brazil, 22% -- 23% for India, 27% — 29% for South Africa, 16% — 18% for Japan and 13% — 16% for Northem BEurope. Equity IRRs of 12% arc assumed
for Australia, Japan and Northern Burope and 18% for Brazil, India and South Africa; assumes cost of debt of 8% for Australia, Japan and Northern Europe, 14.5% for Brazil, 13%
for India and 11.5% for South Africa.

(o) Assumes natural gas prices of $4.00 for Austealia, $3.00 for Brazil, $7.00 for India, §7.00 for South Aftica, $7.00 for Japan and $6.00 for Notthern Europe (all in US.$ per MMBru),
Assumes a capacity factor of 10%, .
3 LAZAP\D () Diesel assumes high end capacity factor of 10% representing intermittent utilizagion and low cnd capacity factor of 95% representing baseload udlization, O&M cost of $30 per
i kW /year, heat rate of 10,000 Bru/kWh and total capital costs of $500 to $300 per kW of capacity. Assumes diesel prices of $3.60 for Australia, $2.90 for Brazil, $3.00 for India,
Copyright 2013 Lazard.  $3.20 for South Africa, $3.50 for Japan and $4.80 for Northern Hutope (all in U.S.$ per gallon). '
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Ex. AA-D-22

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS-»-—-VERSION 9.0 ‘

Wind and Solar Resource—U.S. Regional Sensitivity (Unsubsidized)

The availability of wind and solar resource has a meaningful impact on the levelized cost of energy for various regions of the
United States. This regional analysis varies capacity factors as a proxy for resource availability, while holding other variables

constant. There are a variety of other factors (e.g., transmission, back-up generation/system reliability costs, labor rates,
permitiing and other costs) that would also impact regional costs

LCOE v9.0 Solaz™ 358 © € 70 |

Northeast

Southeast

Midwest

Texas

Southwest

LCOE v0.0 Wind $32

Northeast

Southeast

Midwest

Texas

Southwest ©

$66

50 $50 $160 $150 $200 $250

Levelized Cost (3/MWh)

Source: Lagard eotinates,

Note:  Assumes solar capacity facrors of 16% — 18% for the Northeast, 17% — 19% for the Southeast, 18% — 20% for the Midwest, 20% — 26% for Texas and 22% ~ 28% for the Southwest. Assemes wind
capacity factors of 35% — 40% for the Northeast, 25% — 30% for the Southeast, 45% — 55% for the Midwest, 45% — 50% for Texas and 35% — 40% for the Southwest.

{a} Low end assumes a crystaliine wtility-seale solar fixed-tilt design, as tracking technologies may not be available in all geogeaphics. High end assumes a rooftop C&I solar system.

b Low cnd assumes a crystalline urilicy-scale solar fixed-lt design with 1 capacity factor of 21%,

() Diamond represents a crystalline utility-seale solar single-axis tracking system with a capacity factor of 30%.

) Assumes an onshore wind generation plant with capital costs of $1.25 — $1.70 per watt,

9. LAZARD
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Ex. AA-D-22

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS - VERSION 9.{)‘

Unsubsidized Levelized Cost of Energy—Wind/Solar PV (Historical)

Over the last six years, wind and solar PV have become Increasingly cost-competitive with conventional generation
technologies, on an unsubsidized basis, in light of material declines in the pricing of system components {e.g., panels,
inverters, racking, turbines, etc.), and dramatic imaprovements in efficiency, among other factors

WIND LCOE SOLAR PV LCOE
LCOE "LCOE
$/MWh $/MWh
$250 - §450 1
400 <
200 - 350 A
300
150 -
250 - ; |
200 - $226 : ~ %‘204 §”204
00 4 - $95 SO S r
D - - $166 $186 ™ - — — o
$01 899 (7 B g7 150 - G SM9] il
N e “ - $148 7 - - 8149 5149
! T~ . S 5104
50 - - LT 100 7 S0
$50 $48 $45 o :
$37 $32 50 =
0 7 . c T y 0 T v T v ey v :
2009 2010 2011 2012 2015 2014 2015 2009 2010 2011 2012 2013 2014 2015
LCOE OE '
. 3.0 4.0 5.0 6.0 7.0 8.0 9.0 Lc . 3.0 4.0 50 6.0 7.0 8.0 9.0
Version Version
— = AWind LCOE - Wind LCOE w e Crystalline <o+ Crystalline — =« Rooftop C&l Solar Rooftop C&I Solar
Mean Range Utdlity-Scale Solar Udliry-Scale Solaz LCOE Mean LCOE Range®
LCOE Mean L.COE Range®
Seurce:  Lagard estimates,
) Represents average percentage decrease of high end and low end of LCOE range. _
b Low end represencs crystalline utility-scale solar with single-axis tracking in high insoladon jurisdictions (e.g., Southwest U.S.), while high end represents crystalline utility-seale

10| LAZARD | solar with fixed-tlt design.

<) Lazard’s LCOL inidated reporting of rooftop C&I solar in 2010.
Copyright 2015 Lazard.
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Ex. AA-D-22

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 2.0 ‘

Capital Cost Comparison

While capital costs for a number of Alternative Energy generation technologies (e.g., solar PV, solar thermal) are currently in
excess of some conventional generation technologies (e.g., gas), declining costs for many Alternative Energy generation
technologies, coupled with rising long-term construction and uncertain long-term fuel costs for conventional generation
technologies, are working to close formerly wide gaps in electricity costs. This assessment, however, does not take into account
issues such as dispatch characteristics, capacity factors, fuel and other costs needed to compare generation technologies

Solar PV—Rooftop Residential $4,100 A: 85,300

Solar PV—Roofrop C&l $3,750

$2,000 :
$1,350%51,500° $1,750

Solar PV—Community

Solar PV—Crystalline Utility Scale™

Solar PV—Thin Film Utility Scalc® $1,350 %6400 $1,600

Solar Thermal Tower with Storage $10,000

Fuel Cell

Microturbine

Geothermal

Biomass Ditect

Wind

Diescl Reciprocating Engine

Nartural Gas Reciprocating Engine

GasPeaking  © $800  $1,000
e |

$9,800
Nuclear

Coal” $3,000 7

Gas Combined Cycle  ~ $1,000 7% $1,300

$0 $1,500 $3,000 $4,500 $6,000 §7.500 £9,000 $10,500
© Capital Cost ($/kW)

Sowrce: Lagand estimetes,

) Hligh end capiral cost represents the capital cost associted with the low end LCOE of utility-sczle solar. Low end capital cost represents the capital cost associated with the high end LCCGE of utility-scale solaz.
e Diamond cepresents estimated capital costs in 2017, assuming $1.35 per watt for a erystalling utility-seale solar single-axis eeacking system.
(o) Diamond represents estimated capital costs in 2017, assuming $1.35 per watt for a thin film utlity-scale solar single-axis tracking system.
{dy Low cnd represents concentrating solar tower with 10-hout stormpe eapability. High end represents concentrating solar towet with 18-hour storage capability.
{¢) Diamond represents solar thermal tower capital costs withour storage.,
6] Represents estmated midpoint of capital costs for offshore wind, assuming a capital cost range of $3.10 — $5,50 pet watt,

1 1 LAZARD ) High end represents Kemper and it incorporates 90% carl?on capture and compression, Does not include cost of teansportation and stomge.

B ! Represents esdmate of carrent U8, new nuclear construction,

6 Based on advanced supereriticnl pulvetized coal. High end incorporates 90% carbon capture and compression. Daes not include cost of tansportation and storage.
Copyright 2015 Lazard.
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Ex. AA-D-22

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 2.0 ‘

Levelized Cost of Energy—Sensitivity to Cost of Capital

A key issue facing Alternative Energy generation technologies resulting from the potential for intermittendy disrupted capital
markets (and the relatively immature state of some aspects of financing Alternative Energy technologies) is the impact of the
availability and cost of capital® on their LCOEs; availability and cost of capital have a particularly significant imapact on

ternative Energy generation technologies, whose costs reflect essentially the return on, and of, the cap1tal investment
required to build them

LCOE
(8/MWh)
$300 -
el +36%
250
200 g
— +420/,
150 = +53%
B — £
100 - _ = |
| =8 4219,
After-Tax IRR/WACC 5.4% 6.2% 6.9% E 77% i 8.4% 9.2%
Cost of Equity 9.0% 10.0% 11.0% E 12.0% i 13.0% : 14.0%
Cost of Debt 5.0% 6.0% 7.0% PO80% | 9.0% _ 10.0%
Solar PY—Rooftop Residential Solar PV—Rooftop C&I ~m-Solar PV—Utility Scale™

Nuclear(® s C0gl

Gas—Combined Cycle
et Reflocts cost of capital assumption utilized in Lazard’s Levelized Cost of Energy analysis :

Source: Lazard ectimates.

@ Cost of capital associated with the particular Alternative Energy generation technolagy (not the cost of capital of the investor/ developer).
&) Assumes a thin film vtility-scale solar fixed-tie design with capital costs of §1.40 per watt.
© Does not reflect decommissioning costs or potential economic impact of federal loan guarantees or other subsidies,
{d) Based on advanced supercdtical pulvetized coal,
12 LAZARD
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Ex. AA-D-22

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 9.0 ‘

Levelized Cost of Energy Components—Low End

Certain Alternative Energy generation technologies are already cost-competitive with conventional generation technologies; a
key factor regarding the long-term competitiveness of currently more expensive Alternative Energy technologies is the ability
of technological development and increased production volumes to matesially lower the capital costs of certain Alternative

Energy technologies, and their levelized cost of energy, over time (e.g., as has been the case with solar PV and wind
technologies)

Solar PV—Rooftop Residential

Solar PV—Rooftop C&I

Solar PV—Community Scale

Solar PV—Crystalline Utilicy Scale®

Solar PV—Thin Film Utiliry Scale™

Solar Thermal Tower with Storage™

Fucl Cell

Microturbine

Geothermal

Biomass Direct

Dicscl Reciproeating Enginc(c)

Natural Gas Reciprocating Engine
f=

Gas Peaking

1o

Nuelear®

Coal®

Gas Combined Cycle

$0 $50 $100 $150 $200 $250
Levelized Cost ($/MWh) |
Sourer Lusmairidesti # Capital Cost & Fixed Q&M & Vardable O&M Fuel Cost
: RATR CSRAales. .
(a) Represents the low end of a utiliry-seale solat single-axds tracking system.
1) Represents concenttating volar tower with 18-hour storage capability.
o Represents continuous operation.
16) Dous not incorporate carbon capture and compression.
13 L AZARD () Docs not reflect decommissioning costs or potendal cconomic impact of federal loan guarantees or othet subsidics.
: 6] Based on rdvanced supercritical pulverized coal. Docs not incorporate carbor capture and compression.
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Ex. AA-D-22

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 9.0 ‘

Levelized Cost of Energy Components—High End

Certain Alternative Energy generation technologies are already cost-competitive with conventional generation technologies; a
key factor regarding the long-term competitiveness of currently more expensive Alternative Energy technologies is the ability
of technological development and increased production volumes to materially lower the capital costs of certain Alternative

Energy technologies, and their levelized cost of energy, over time (e.g., as has been the case with solar PV and wind
technologies)

Solar PV—Rooftop Residential $300

Solar PV—Rooftop C&I

Solar PV—Community

Solar PV—Crystalline Utility Scale™

Solar PV-—Thin Film Urility Scale®™

Solar Thermal Tower with Storagcfb)

Fuel Ceil

Microtusbine
Geothermal

Biomass Direct

Dicsel Reciprocating Enginc@

Natral Gas Reciprocadng Engine
p=)

Gas Peaking
IGCC@
Nuctear™
Coal® o
Gas Combined Cycle i
50 $50 $100 $150 $200 $250 $300 $350
‘ Levelized Cost ($/MWh) .
7 Capttal Cost = ﬁited Q&M & Variable O&M ® Fuel Cost

Sonree: Lagurd estimates.
{a) Represents the high end of utility~scale solar fixed-tilt design,

) Represents concentrating solar tower with 10-hout storage capability.
© Represents intermitent operation,
) Incorporates 90% carbon capture and compression, Does not include cost of transportation and storage.

‘ G] Doces not reflect decommissioning costs or potential cconomic impact of federal loan guarantees or other subsidics. :
14 1 LA ZARD H Based on advanced supereritical pulverized coal. High end incorporates 90% carbon capture and compression. Docs not include cost of transpormnon and storape.
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Ex. AA-D-22

LAZARD'S LEVELIZED COS8T OF ENERGY ANALYSIS—VERSION 9.0 [

Energy Resources: Matrix of Applications

While the levelized cost of energy for Alternative Energy generation technologies is in some cases competitive with
conventional generation technologies, direct comparisons must take into account issues such as location (e.g., centralized vs.
distributed) and dispatch characteristics (e.g:, baseload and/or dispatchable intermediate load vs. peaking or intermittent

technologies)
B 'This analysis does not take into account potential social and environmental externalities or reliability-related considerations
CARBON LOCATION DISPATCH
LEVELIZED NEUTRAL/ STATE
COST OF REC OF

: LOAD- BASE-
ENERGY POTENTIAL TECHNOLOGY DISTRIBUTED CENTRALIZED GEOGRAPHY INTERMITTENT PEAKING FOLLOWING  LOAD

SOLAR PV $50 ~ 3006 v Commercial | 4 v Universal® v v
SOLAR THERMAL © $119 — 181 v Commercial v Varies : v v 4
FUEL CELL $106 — 167 ? Emesging/ v Universal | ' v
: Commercial :
MICROTURBINE & §79-89 ? Emezging/ v Universal | ' v
. ) Commercial i .

GEOTHERMAL | $82-117 v Mature Varies ; : Y
BIOMASS DIRECT  §82-~110 v Mature Universal | : v v
ONSHORE WIND @ $32-77 v Marure § v Vades : v

DIESEL : g : :
RECIPROCATING $212 281 x Mature ‘ v Universal ¢ v v v v

ENGINE

NATURAL GAS

RECIPROCATING - $68 — 101 x Mature v Universal | v v v v
ENGINE :
GAS PEAKING $165 - 218§ x Matuze v v Univessal | v v
) ) . S IR L LR, e ‘ .
oo P e Emee Y m ’
NUCLEAR L %97 —136 v Mam’f"/ : v Co-located or .
o Ememging i S 2| S S
COAL 865130 e Mature® v Co-located or v
..... : oooomeml
GAS : : .
COMBINED  © $32.7% x Marure ; v v Universal : v v
CYCLE ; :
Svsree: Lagard cotimates, )
® Represenes the full range of solar PV technologies: low end represents thin film uriliry-scale solar single-axs tracking, high end represents the high end of rooftop residential
solar, :
(b Qualification for RPS requirements varies by location.
| L.. AZARD © Could be considered catbon neuttal technology, assuming carbon eapture and compression.
15 \ () Carbon capture and compzession technologies are in emerpging stage.
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Ex. AA-D-22

LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 9.0 ‘

Levelized Cost of Energy—Key Assumptions

Solar PV
Utility Scale— Utility Scale—- Solar Thermal Tower
Units Rooftop—Residential Rooftop--C&I Community Crystalling™ Thin Film® with Storage™
Net Facility Qurput MW 0.005 1 ? 1.5 30 30: 110
EPC Cost $/kN $4100 - $5300 §2,600 - $3,750 : $2000 - $2.800 $1,750 - $1,500 E $1.600 - $1,400 $9.000 - $8,750
Capital Cost During Construction § /KW — — : — — : — %1300 - $1,250
Other Ownet's Costs $7KW included included included included ' 'mcluc%lcd included
Total Capital Cost™ § /%W #4100 - 83300 $2,600 - $3750 ; $2,000 $2,800 §1,750 - $1.500 : $1.600 - $1.400 $10,300 - §10,000
Fixed O&M $/ Wy $17.50 -~ $2250 $15.00 - 320,00 § $12.00 - $l16.00 $13.00 - $10.00 $13.00 - $10.00 311500 - $80.00
Variable O&M $/MWh — —_ : — — — _
Heat Rate Ba/kWh — - ; - - - -
Capacity Factor Yo 2B% - 20% 25% - 20% j 25% - 20% 30% - 21% 32% - | 23% 85% - 32%
Fuel Price §/MMBtu o — ; — — — —
Construction Time Months 3 3 6 9 9 36
Facility Life Years 20 25 E 30 30 30 35
CO, Emissions 1b/MMBiu — — — — — —
Levelized Cost of Encrgy®™ $/M¥h §184 - 3300 $i09 - 8193 ; $78 - S136 $58 - §70 $30 -~ 360 119 - s181
Source: Lagard estimates.
() Includes capitalized financing costs during construction for generation types with over 24 months construction time.
) While prior versions of this study have presented LCOE inelusive of the U.S. Federal Investment Tax Credit and Production Tax Credit, Versions 6.0 — 9.0 present LCOE on an unsubsidized basis.
6] Left column represents the assumptions used to caleutate the low end LCOE for single-axis tracking, Right column represents the assumptions used to calculate the high end LCOE for fixed-tile

design. Assumes 30 MW system in high insolation jurisdiction (c.g., Southwest U.S.). Does not account for differences in heat coefficients, balance-of-system costs or other potential factors which may

differ across solar technologies.

Q) Left column represents concenteating solar tower with 18-hour storage capability. Righe column reptesents concentrating solar tower with 10-hour storage capability.
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LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 9.0%

Levelized Cost of Energy—Key Assumptions (contq

Units Fuel Cell Microturbine Geothermal Biomass Direct Wind-—On Shore Wind—O#f Shore
Net Facility Qutput MW 24 1 - 0325 : 20 - 50 “ 35 k 100 : 210

EPC Cost S/ $3,000 - $7,500 \ $2,500 - $2,700 \: $3.900 - $5,600 : $2,600 - $3,500 : $950 - S1.100 ' $2.500 - §4.600

Capital Cost During Construction S/kW — — : $600 - $BOO : $400 - $300 : — : —

Other Orwner's Costs S/ 5800 - $0 ‘ included ; included : included : $300 -~ 5:600 % $600 — S900
"Total Capital Cost™ $/6W $3,800 - $7,500 $2500 - $2.700 : $4,500 - §6.400 ; $3,000 - $4,000 5 $1.250 - $1.700 : $3,100 - $5,500
Fixed O08&:M 8/ KWy — ; $685 - $9.12 E — : $95.00 : $33.00 - $~:10.00 j $60.00 - $100.00
Variable O&M $/MWh $30 - %50 E §7.00 - $10.00 : $30.00 - §40.00 i $15.00 : — : $13.00 - $18.00
Heat Rate Bru/kWh 7260 - 6,600 f 11,000 - 12,000 ‘ — : 14,500 % — : —

Capacity Factor % 95% i 95% E 90% - 85% ; 85% g 35% - :50% : 45% - 40%
Fuel Price $/MMBru $3.45 $3.45 : — ; $1.00 - $2.00 : — : —
Construction Time Months 3 i 3 : 36 ; 36 : 12 !; 12
Facility Life Years 20 20 25 25 20 20
CO; Emissions b/ MMBtu 0 - 117 . — : — ' — : — : —
Levelized Cost of Energy™ $/MWh §106 - $167 $79 - $89 382 - 8117 $82 - 110 $32 - %77 $105 - 5198
Source:  Lazard cxtimates.
oy Includes capitalized financing costs duting construction for generarion types with over 24 months construction time.
b While prior versions of this study have presented LCOE inclusive of the U.S, Federal Investment Tax Credir and Production Tax Credit, Versions 6.0 — 0.0 present LCOE on an unsubsidized basis.
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LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 9.0 |

Levelized Cost of Energy—Key Assumptions (concq)

Diesel Reciprocating Natural Gas :
Units Engine’® Reciprocating Engine Gas Peaking 1Gec® Nuclear™ Coat™ Gas Combined Cycle
Net Facility Output MW 2 2 26 - 103 580 : 1,100 § " 600 : 350
EPC Cost S/W 8500 - 3800 l 3650 - 31100 §600 - %700 $3,300 - §7.800 $3.800 - 85200 . %2000 - S6100 ¢ 8700 - $1,000
Capital Cost During Construction /W — : — : — [$700 - 32,000 $1,000 - S1500 ¢ §500 oo~ S1600 3100 - S100
Other Ownet's Costs S/RW included : included $200 - §300 : 30 = $o $600 - $1,500 8500 - S§7T00 §200 - S200
Total Capital Cost™ /KW $500 - $800 ©  S630 - SL100 | 3800 - S$1000 ©OSHD00 - $9.800 1 5400 - SB200 | S3000 - $8A400 1000 - $1300
Fixed O&M /KW yr $15.00 © 1500 - $2000 $5.00 - S2500 | $6225 - ST300 §135.00 | S4000 - $S000 ¢ $620 - 3550
Variable O&M §/MWh $15.00 ©SI000 - $1500 § ST - S250 . $700 - $850  © S050 - S075 . S200. - $500 . $50 - 8200
Heat Rate Bru/kWh 10,000 ©8EO0 - 9000 1 10300 - 9000 | 8800 - 1L700 | 10,450 L8750 - 12000 1 6700 - 6900
Capacity Factor % 95% - 1% 9% - 0% . 10% ; 75% : 90% C93% T - a0%
Fuel Price §/MMBru §18.23 : $5.50 §3.45 PosLas - g065 ! $0.85 § $1.96 j §3.45
Construction Time Months 3 ' 3 : 25 - A 69 D60 - 66 36
Facility Life Yoars 0 : 20 : 20 - 40 40 40 20
€O; Emissions Ib/MMBu o - u7 o 17 17 169 — S an 117
Levetized Cost of Encrgy™ $/MWh $212 - §281 $68 - §101 5165 - S218 | $96 - §183 1§97 - $136 . $65. - §150 $52 . §T8
Soarce: Laturd estdmates.
) Includes capitalized financing costs during construction for gencration types with over 24 months construction time.
®) While prior versions of this study have presented LCOE inclusive of the U.S, Federal lavestment Tax Credit and Production Tax Credit, Versions 6.0 — 9.0 present LCOE on an unsubsidized basis.
(<) Low end represents continuous operadon. High ¢nd represents intermittent operation. Assumes diesel price of ~$2.50 per gallon.
() High end incorporates 90% carbon caprure and compression. Does not include cost of storage and transportation.,
{©) Docs not reflect decommissioning costs or potential economic impact of federal loan guarantees or other subsidies.
16} Based on advanced superctitical pulvesized coal. High end incorporares 90% carbon capture and compression. Does not include cost of storage and transportation,
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LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS~VERSION 9.0

Summary Considerations

Lazard has conducted this study comparing the levelized cost of energy for various conventional and Alternative Energy
generation technologies in order to understand which Alrernative En ergy generation technologies may be cost-competitive with
conventonal generation technologies, either now or in the future, and under various operating assumptions, as well as to
understand which rechinologies are best suited for various applications based on locational requirements, dispatch
charactedstics and other facrors. We find thar Alternative Energy technologies are complementary to conventional generation
technologies, and believe that their use will be increasingly prevalent for a variety of reasons, including RPS requirements,

carbon regulations, continually improving economics as underlying technologies improve and production volumes increase,
and government subsidies in certain regions. :

In this study, Lazard’s approach was to determine the levelized cost of energy; on a $/MWh basis, that would provide an afier-
tax IRR 1o equity holders equal to an assumed cost of equity capital. Certain assumptions (e.g., required debt and equity
returns, capital structure, etc.) were identical for all technologies, in order to isolate the effects of key differentiated inputs such
as investment costs, capacity factors, operating costs, fuel costs (where relevant) and other important metrics on the levelized
cost of energy. These inputs were originally developed with a leadipg consulting and engineering firm to the Power & Energy
Indusicy, augmented with Lazard’s commercial knowledge where relevant. This study (as well as previous versions) has
benefitted from additional input from a wide variety of industry participants. ;

Lazard has not manipuiated capital costs or capital structure for various technologies, as the goal of the study was to compare
the current state of various generation technologies, rather than the benefits of financial engineering. The results contained in
this study would be altered by different assumptions regarding capital strucrure (e.g., increased use of leverage) or capital costs
(e.g, a willingness 1o accept lower returns than those assumed herein). :

Key sensitivities examined included firel costs and tax subsidies. Other factors would also have a potentially sienificant effect
on the results contained herein, but have not been examined in the scope of this current analysis. These additional factors,
among others, could include: capacity value vs. energy value; stranded costs related to distributed generation or otherwise;
nerwork upgrade, transmission or congestion costs; in tegrarion costs; and costs of complying with various environmental
regulations (e.g., carbor emissions offsers, emissions control systems). The analysis also does not address potential social and
environmental externalities, including, for example, the social costs and rate consequences for those who cannot afford
distribution generation solutions, as well as the long-term residual and societal consequences of various conventional
generation technologies that are difficult to measure (e.g., nuclear waste disposal, environmentral impacts, etc.).
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 12,0

Introduction
Lazard’s Levelized Cost of Energy {“LCOE") analysis addresses the following topics:

* Comparative LCOE analysis for various generation technologies on a $/MWh basis, including sensitivities, as relevant, for U.S. federal tax
subsidies, fuel prices and costs of capital

» lltustration of how the LCOE of wind and utility-scale solar compare to the marginal cost of selected conventional generatién technologies
+ Historical LCOE comparison of various utility-scale generation technologies

+ lltustration of the historical LCOE declines for wind and utility-scale solar technologies

* lltustration of how the LCOE of utility-scale solar compares to the LCOE of gas peaking and how the LCOE of wind compar;es to the LCOE of gas
combined cycle generation '

» Comparison of assumed capital costs on a $/kW basis for various generation technologies

* Decomposition of the LCOE for various generation technologies by capital cost, fixed operations and maintenance expense, variable operations
and maintenance expense and fuel cost, as relevant

» A methodological overview of Lazard’s approach to our LCOE analysis
» Considerations regarding the usage characteristics and applicability of various generation technologies

¢ An illustrative comparison of the cost of carbon abatement of various Alternative Energy technologies relative to conventional generation

» Summary assumptions for Lazard’s LCOE analysis
* Summary of Lazard’s approach to comparing the LCOE for various conventional and Alternative Energy generation technoglogies

Other factors would also have a potentially significant effect on the results contained herein, but have not been examined in the scope of this
analysis. These additional factors, among others, could include: import tariffs; capacity value vs. energy value; stranded costs related to
distributed generation or otherwise; network upgrade, transmission, congestion or other integration-related costs; significant permitting or
other development costs, unless otherwise noted; and costs of complying with various environmental regulations {e.g., carbon emissions
offsets or emissions control systems). This analysis also does not address potential social and environmental externalgities, including, for
example, the social costs and rate consequences for those who cannot afford distributed generation solutions, as well as the long-term

residuai and societal consequences of various conventional generation technologies that are difficult to measure (e.g., nuciear waste
disposal, airborne poliutants, greenhouse gases, efc.)

LAZARD | .
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 12.0

Levelized Cost of Enetgy Comparison—Unsubsidized Analysis

Certain Alternative Energy generation technologies are cost-competitive with conventional generation technologies under certain circumstances(”)

Solar PV—Rooftop Residential

Solar PV—Rooftop C&l

Solar PY—Community $73

Solar P¥—Crystaline Utility Scale @ $40 ! $46

Solar PV—Thin Film Utiity Scale @ $36 E $44

Solar Thermal Tower with Storage $98 $181

Fuel Cell $103

Geothermal

Gas Peaking

4 » o
Nuclear % sz80

Coal® 5360 ¢ $60

Gas Combined Cycle $41 §74
$0 $50 $100 $150 $200 $250 ) $300 $350
[Levelized Cost ($/MWh)]
Source:  Lazard ostimalos. .
Nota: Hore and throughout this prosentatien, unkss atherwise Indicated, the analysis assumes 60% dabt at 8% interast rata and 40% oquity at 12% cost. Pleasa see pago titled “Levelized Cost of Energy Comparlson—Sensitivity o
Cost of Capital” for cost of capital sensitivitles.
{1} Such absarvation doas not take into account othor factors that would elso have g potenttally significant effect on the rasults contained harein, but have not baen examined i the secope of this analysts. Thesa addltional factors,

among others, could Include: impert tariffs; capaclly value vs. enorgy value: stranded costs related to distributed genaration or otherwise; notwork upgrade, transmission, congestion or othar Integration-related costs: significant
permitting or othar development costs, unloss otherwise noted; and costs of complylng with various onvironmaental ragulations (e.g., carbon emissions offsets or emissions control syslems). Thisiznalysls also dooes not address
potential socinl and environmontal oxternalities, Including, for example, the socia! costs and rate consoquonces for those who cannot afford distrbution generation solutions, as well as the long-term residuat and societal
consequonces of varlous conventional generation tachnaleglos that ara difficult to measur {e.g., nuclear wasta dlsposal, irborhe pollutants, greanhouso gases, ofc.). .

Unioss otharwiso indlcated heroln, tha low ond roprezants a single-axls tracking system and the high end represents a flxed-tit design.

Reprasents the estimatod Implied midpoint of the LCOE of offshoro wind, assuming a capltel cost range of approximately $2.25 — $3.80 par watt.

Unless otherwise indicated, the analysls hereln daos not refloct docommissloning costs of the potontial economic impacts of fodoral loan guarantees or other subsidies. .

Represents the midpoint of the marginal cost of aperating fully dopreclated coal and nuclear faciities, inclusive of docommissioning cests for nuclear facllities. Analysis assumes that the salvagevalue for a decemmissioned coal
plant is oquivalent to the decommissloning and slte rostoration costs. Inputs are dorlved from a benchmark of cparating, fully depractated coal and nuclesr assets across tho U.S. Capoclty factors, fuel, varlablo and flxed operating

L AZ ARD expenses are basad on upper and lower quantie estimates derived from Lazard's research. Plsase see page fitled "Levallzed Cost of Enorgy Gomparison—Alternetive Enargy varsus Marginal Cost of Selected Existing
Cenventionzl Generation” for acditional detaits.

Copyright 2018 Lazard {6) Unless otharwiso Indicated, the onalysis herein roflects averaga of Nerthern Appalachlan Lippor Ohlo Rivar Barge and Pittsburgh Searm Rail coal. High end incorporatos 90% carbon capture and comprassion. Does not includo
cost of transportation and storaga.
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 12.0

Levelized Cost of Energy Comparison—Sensitivity to U.S. Federal Tax Subsidies®

Given the extension of the Investment Tax Credit (“ITC”) and Production Tax Credit (“PTC”) in December 2015 and resulting subsidy visibility,
U.S. federal tax subsidies remain an important component of the economics of Alternative Energy generation technologies

Solar PYv—Roaftop Residential $267

Solar PV—Rooftop C&1 $81
: $74
Solar PV—Community 573 TEE— 145
$70 $139
Solar PV—Crystalline Utility Scale 540 ﬂ $46
" $37 ° 544
Solar PV—Thin Film Utility Scale $36 [ sa4
$32 0 sad
Solar Thermal Tower with Storage $98 $181
| s96 U
Fuel Celt® | $103
f $140
Geothermal $71
$67
Wind $29 | ] 356
s14 o osar
$0 $50 $100 $150 $200 $250 © $300 $350

|_Levelized Cost (S/Mwh) |

. B Unsubsidized # Subsidized
Source: Lazard estimates.

Note:  The sensitivity analysis presented on this page also includes sensitivities related to the U.S. Tax Cuts and Jobs Act ("TCJA") of 2017. The TCJA contains several provisions that impact the
LCOE of various generation technolagies (e.g., a reduced federal corporate income tax rate, an ability to elect immediate bonus depreciation, limitations on the deductibility of interest
expense and restrictions on the utilization of past net operating losses}. On balance, the TCJA reduced the LCOE of conventional generation technologies and marginally increased the
LCCE for Alternative Energy technologies.
LAZARD { The sensitivity analysis presented on this page assumes that projects qualify for the full ITC/PTC and have a capital structure that includes sponsor equity, tax equity and debt. 3
Copyrlght 2018 Lazard (2) The ITC for fuel celt technologies is capped at $1,500/0.5 kW of capacity.

=
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 12.0

Levelized Cost of Energy Comparison—Sensitivity to Fuel Prices

Variations in fuel prices can materially affect the LCOE of conventional generation technologies, but direct comparisorjs against “competing”
Alternative Energy generation technologies must take into account issues such as dispatch characteristics {e.g., baseload and/or
dispatchable intermediate load vs. peaking or intermittent technologies)

Solar PV—Rocftop Residential $287
Solar PV—Rooftop C&i 581 [

Solar PV-——Community $73 |

Solar PY—Crystalline Utility Scale $40 i $46
Sclar PV—Thin Film Utility Scale $36 E $44

Solar Thermal Tower with Storage

Fuel Cell

Geothermal 71 3111

Wind $29 & $56

Gas Peaking

Nuclear

Coal

Gas Combined Cycle $35

$200

$150 $250 - $300 $350

[Levelized Cost ($/MWh)]

B Unsubsidized ¥ £ 25% Fuel Price Fluctuation
L AZ ARD Source: Lazard estimates. : 4
Copyright 2018 Lazard
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LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 12,0

Levelized Cost of Energy Comparison—Sensitivity to Cost of Capital

Akey consideration for utility-scale generation technologies is the impact of the availability and cost of capital”} on LCOE values; availability

and cost of capital have a particularly significant impact on Alternative Energy generation technologies, whose costs reflect essentially the
return on, and of, the capital investment required to build them

Midpoint of Unsubsidized LCOE!2

LCOE
($/MWh)
$250 Gas Peaker
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200 - $179 $187 - & Thermal
sim. P e $173 Tower
$164 . @ -----"""""7777 8162 0 _—ea--- --
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; @ammmm T $I51 T e $165
150 = §138 o mmemmmmeT L - :
‘ $128 .. o -t T e &~ $152 : Geothermal
s8¢ ___. i @ -7 $140 : $115
--------------------- 12
e @ - $128 $108 eaeeii-® Gas—
. @ $117 102 .= N _ ,
100 $107 389 M-S EE @----omTTTITTTTT PRSP ® COgbllned
5 $83  ___cemeee- - ®r--onommTToneT $101 yele
e @ -msenTeTTTITIT $96
- o T 586 $91 : s 2
78 382 . $6
253 $55 $56 838 ] ¥ gf’ ___________________ P Solar PV
50 B e e f N T T TP Bermmmsmmosssssenns - 46 850 Crystalline
: $36 §38 40 %3...”;—.;m:::::::::::$=====::::=:::: ------
: R F S L L E L L LR R i 8-- $44 $46
- $37 $40 $42
334 Wind
After-Tax IRR/IWACC  5.4% 6.2% 6.9% 7.7% 8.4% . 9.2%
Cost of Equity 9.0% 10.0% 11.0% 12.0% 13.0% 14.0%
Cost of Debt 5.0% 5.0% 7.0% 8.0% 9.0% 10.0%
Source: Lazard estimates.
Note:  Analysis assumes 60% debt and 40% equity.
LAZARD (1) Cost of capital as used herein indicates the cost of capital for the asset/plant and not the cost of capital of a particular investorfowner. : 5 .
Copyright 2018 Lazard {2) Reflects the average of the high and lew LCOE for each respective cost of capital assumption.
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS— VERSION 12.0

Levehzed Cost of Energy CompansonwAlternatwe Energy versus Margmal Cost of

Selected Existing Conventional Generation

Certain Alternative Energy generation technologies, which became cost-competitive with conventional generation technologies several years
ago, are, in some scenarios, approachmg an LCOE that is at or below the marginal cost of existing conventional generatlon fechnologies

'
A t
i H .
$75 . o : , | -
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{Subsidized)® Scale Scale (Subsidized)
Scurce: Lazard estimales.
{1 Represents the marginal cost of operating, fully depreciated coal and nuclear facilities, inclusive of decommissicning costs for nuclear facitities, Analysis assumes that the salvage valua for a
decommissicned coal plant is equivalent to the decommissioning and site restoration costs. Inputs are derived from a benchmark of cperating, fully depreciated coal and nuclear assets
LAZARD across the U.S. Capacity factors, fuel, variable and fixed operating expenses are based on upper and lower quartile estimates derived from Lazard's research.:
Gooyriaht 2018 Lazard (2) The subsidized analysis includes sensitivities related to the TCJA and U.S. federal tax subsidies. Please see page titled “Levelized Cost of Energy Comparison—Sensitivity ta U,8. Federal
opyrig azar

Tax Subsidies" for additional details.
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 12.0

Levelized Cost of Energy Companson—-Hlstoncal Ut111ty-Scale Generatmn
Comparison
Lazard’s unsubsidized LCOE analysis indicates significant historical cost declines for utility-scale Alternative Energy generation technoiogies

driven by, among other factors, decreasing supply chain costs, improving technologies and increased competition
Selected Historical Mean Unsubsidized LCOE Values!!

Mean LCOE
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S0 1 gase .
Gas Peaker
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320 A Nuclear
23%
Solar Thermal
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20 : : E ‘ , . . . — 2
2008 2010 2011 2012 213 2014 2015 2018 2017 2018
LCOE Version 3.0 4.0 5.0 6.0 7.0 8.0 8.0 10.0 110 12.0
Source: Lazard estimates. .
L A Z ARD (1} Reflects the average of the high and low LCOE for each respective technology in each respective year. Percentages represent the total decrease in the average LCOE since Lazard's 7
LCOE—Version 3.0.
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 12.0

Levelized Cost of Energy Comparison—Historical Alternative Energy LCOE
Declines |
In light of material declines in the pricing of system components (e.g., panels, inverters, turbines, etc.) and improvements in efficiency, among

other factors, wind and utility-scale solar PV have seen dramatic historical LCOE declines; however, over the past several years the rate of
such LCOE declines have started to flatten :

Unsubsidized Wind LCOE Unsubsidized Solar PV LCOE
LCOE Wind 8-Year Percentage Decrease; {§6%)" LCOE Utility-Scale Solar 9-Year Percentage Decrease: (85%%)
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— =~ ~ Wind LCOE Mean - == =~ Crystalline Utility-Scale Solar LCOE Mean
Wind LCOE Range Crystalline Utility-Scale Solar L.COE Range
Source: Lazard estirmates. . )
LAZARD (13 Represents the average percentage decrease of the high end and low end of the LCOE range. 8 .
@ Represents the average compounded annual rate of decline of the high end and low end of the LCOE range,
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LAZARD LAZARD'S LEVELIZED COST -OF ENERGY ANALYSIS—VERSION 12.0

Solar PV versus Peakmg and Wind versus CCG{[‘;éiobal Markets®

Solar PV and wind have become an increasingly attractive resource relative to conventional generation technologies with similar generation
profiles; without storage, however, these resources lack the dispatch characteristics of such conventional generation technologies

LCOE v12

us.

Australia E

Brazil

India

South Africa

Japan :

Northern Europe

LCOE viz ™
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Australia -
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South Africa

Japan

Northern Europe

$60 = i
$0 850 3150 $200 $250 ' $300 $350
® Unsubsidized LCOE & Solar PV Gas Peaker Levelized Cost ($/MWh) B Wind B CCGT

Source: Lazard estimates. :

(1) Equity IRRs are assumed to be 10% for the U.S., 12% for Australia, Japan and Northern Europe and 18% for Brazil, India and South Africa. Cost of debt is assumed tc be 6% for the U.S.,
8% for Australia, Japan and Northern Europe, 14.5% for Brazil, 13% for India ang 11.5% for South Africa. :

(23 Low end assumes crystalline utility-scale solar with a single-axis tracker, High end assumes rooftop C&I solar, Solar projects assume illustrative capacity factars of 21% — 28% for the us.,
26% — 30% for Australia, 26% — 28% for Brazil, 22% — 23% for India, 27% ~ 28% for Scuth Africa, 16% — 18% for Japan and 13% — 16% for Narthern Europe. -

(3) Assumes natural gas prices of $3.45 for the U.S., $4.00 for Australia, $8.00 for Brazil, $7.00 for India, South Aftica and Japan anc $6.00 for Northern Europe {all in U.S. § per MMBtu).
Assumes a capacity factor of 10% for all geographies., :

4) Wind projects assume illustrative capacity factors of 38% — 55% for the U.S., 29% — 46% for Australia, 45% — 55% for Brazil, 25% « 35% for India, 31% — 36% for South Africa, 22% — 30%
LAZARD for Japan and 33% — 38% for Northern Europe. : o
(5) Assumes natural gas prices of $3.45 for the U.S., $4.00 for Austratia, $8.00 for Brazi!, $7.00 for India, South Africa and Japan and $6.00 for Northern Europe (all in U.S. § per MMBtu).
Copyright 2018 Lazard

Assumes capacity factors of 43% — 80% on the high and low ends, respectively, for all geographies.

This study has baen preparad by Lazard for genaral informationai purposes only, and it is not infended to ba. and should not be construed as, financial or
othor advice. No part of this matortal may be coplad. photocopied or duplicatod in any form by any means or redistributad without the prior consent of Lazard.
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 12.0

Capital Cost Comparison

While capitai costs for a number of Alternative Energy generation technologies are currently in excess of some conventional generation
technologies, declining costs for many Alternative Energy generation technologies, coupled with uncertain jong-term fuel costs for
conventional generation technologies, are working to close formerly wide gaps in LCOE values

Solar PY—Rooftop Residential - $2,950 ! $3,250

Solar PV—Rooftop CAl $1,900 § UEE ] o3 o5o

Solar PV —Community $1,850 4 $3,000
Solar PY—Crystaline Utility Scale $950 E $1,250
Solar PV—Thin Fiim Ltility Scale $950 ! $1,250

Solar Thermal Tower with Storage $3,850 .

1 510,000 °

Fuel Cell $3,300 | ] 36,500

Geotherma 54,000 | s$6.400

Wind - $1,150 ' $1,550 < $3,02500

Gas Peaking $700! $950

Nuclear $6,500

$12,250
Coal $3,000 [
Gas Combinec Cycle  :$700 ' $1,300
30 $1,500 $3,000 $4,500 $6,000 $7.500 $9.000 $10,500 $12,000 $13.500
| Capital Cost ($/kw))] :
L AZ ARD Saurce: Lazard estimates. 10
(1) Represents the estimated midpoint of the total capital cost for offshore wind. :

Copyright 2018 Lazard

This study has baen prepared by Lazard for genaral Informational purposes only, and Itis not intended to be, and should not be construed as, financial or
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 12,0

Levelized Cost of Energy Components—Low End

Certain Alternative Energy generation technologies are already cost-competitive with conventional generation technologies; a key factor
regarding the long-term competitiveness of Alternative Energy generation technologies is the ability of technological development and
increased production volumes to materially lower operating expenses and capital costs for Alternative Energy generation technologies

Solar PV —Rooftop Residential $160

Solar PY—Rooftop C&I

Selar PV—Comrmunity 5 573
Solar PY—Crystaline Utlity Scale

Solar PV—Thin Film Utiiity Scale

Solar Thermal Tower with Storage $98

Fuel Cel! $103

Geothermal

Wind

Gas Peaking

MNuclear

Conventional Coal

Gas Combined Cycle

$0 $50 $100 $150 $200 $250 $300° $350
[Levelized Cost (5/MwWh)] '

™ Capital Cost = Fixed O&M  * Variable O8M " Fue! Cost

L AZARID  Source: Lazard estimates. 11

Copyright 2018 Lazarg
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 12.0

Levelized Cost of Energy Components—High End

Certain Alternative Energy generation technologies are already cost-competitive with conventional generation technologies; a key factor
regarding the long-term competitiveness of Alternative Energy generation technologies is the ability of technological development and
increased production volumes to materially lower operating expenses and capital costs for Alternative Energy generation technologies

Solar PY—Reoftop Residential

Solar PV—Rooftop C&l

Solar PV—Community

Solar PV—Crystaline Utility Scale

Selar PV—Thin Film Utility Scale

Solar Thermal Tower with Storage

Fuel Cel!

Geothermal

Wind

Gas Peaking

Nuclear
__anvént na Coal

Gas Combined Cycle

30 550 $100 $150 $200 $250 $300 $350
[ Levelized Cost ($.'MWh)|
® Capital Cost = Fixed O&M = Variable C&M Fuel Cost

L AZ ARD Source: Lazard estimates. . 12

Copyright 2018 Lazard

This study has been prepared by Lazard for general Informational purposes snly, and It Is not intended to be, and should not 9o construed as, financial or
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LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 12.0

Levelized Cost of EnergyComp arison—Methodology

{3 in millions, unless otherwise noted)

Lazard’s LCOE analysis consists of creating a power piant model representing an illustrative project for each relevant technology and solving
for the $/MWh figure that results in a levered IRR equal to the assumed cost of equity (see appendix for detailed assumptions by technology)

Yearih

Unsubsidized Wind — High Case Sample lllustrative Calculations

0 1 2 3 4 5 20 Key Assumptions 4)
Capacity (MW) {A) 150 130 150 150 150 Capacity (MW)
Capacity Factor {B) 38% 38% 38% 38% 38% 38% Capacity Fattor
Total Generation (000 MWh) (B x(3) = (Y 499 499 489 499 499 Fual Cost ($/MMBtu)
--»-w-«}‘y%l.eveﬁzed Energy Cost (5/MWh) fizh $55.6 $555.6 $55.6 $55.6 $55.6 $55.6 ﬁ Heat Rate (Btu/kWh)
' Fotal Revenaes ©1x O = ) $278  $27.8 %218 $27.8  §27.8 T 8278 Fixed O&M (§/W-year)
i Variable O&M (S/MWh)
- Total Fus! Cost {F) - - - - - 0&M Escalation Rate
; Total O&M Gy 55 5.6 5.7 5.9 6.0 24 Capital Structure
Total Operating Costs {F) +{G) = (H) $5.5 $5.6 $5.7 $5.9 $6.0 $8.4 Debt
_ Cost of Debt
. EBITDA {E} - (H) = (1) $223  $222  $220  $21.9  $21.8 $19.4 Equity
Cost of Equity
Debt Outstanding - Beginning of Period [a)) $1385  $1367 $133.7  $130.5  $127.0 $24.8 :
: Debt - Interest Expense (K) {11.2) {10.9) (10.7} (10.4) (10.2 (2.0) Taxes and Tax Incentives:
i Debt - Principat Payment w 2.8) (3.0) (3.2) (3.5) (3.8 (11.8) Combined Tax Rate
Levelized Debt Service Ky +(Ly=(w) ($13.9)  ($13.9) ($13.9) ($513.8) (8139 ($13.9) Econemic Life {years) (5}
MACRS Depreciation (Year Schedule)
EBITDA ) $223  $222  $220  $219 5218 $19.4 Capex
| Depreciation (MACRS) ) (46.5)  (T44)  (448)  (268) (268 - EPG Costs &/KW)
Interest Expense () {11.2) (10.9) (10.7) (10.4) (10.2 (2.0) Additional Owner's Costs {$/kW)
¢ Taxable Income (1) + (N} + (K} = {O) ($35.4)  ($63.2)  ($33.3) (315.3)  ($15.2 $17.4 Transmissiqn Costs ($/kW)
Total Capital Costs ($/kW)
Tax Benefit {Liabitity) 2 {O} x {tax rate) = (P} $142  $253  $13.3 $6.1 $6.1 ($7.0} :
: Total Capex {($mm)
After-Tax Net Equity Cash Flow {0+ (M) + (P) = (Q) 593.00% $225  $335 214 §144 $13.9 {$1.5) :
PN BQR For Equity Investors b 12.0% E e

Sourco:  Lozard ostimates.

Nota: Wind—High LCOE case prosonted for lustrative purposes only, o Technoiogy-dependent

- Denotes unlt convarsion, ’

{1 Assumes hall-yaar cenvention for discountlng purposes, o .

{2} Assumes tull monetization of tax benefits or losses immediately, = Levelized
LAZARD (3 Reflects initlal cash outflow from equity invastors.

Cepyright 2018 Lazard

)
&H

Reflects a "key" subset of all assumptions for methodolegy Iluatration purposes only, Deos not reflect alt assumptions. 13
Economic life sets dobt amortization schedule. For comparlson purpeses, all technologies calculate LCOE on a 20-year IRR basls.

This study has been preparad by Lazard for ganaral informatlonal purposes only, and it is nat intended to b'a. and should not ba construed as, financial or
other advica. No part of thls materizi ray be copled, photocoplod or dupticatad In any form by any moans or redistributed without tho prior consent of Lazard.
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 12.0

Energy Resources—Matrix of Applications

While the LCOE for Alternative Energy generation technologies is, in some cases, competitive with conventional generation technologies,
direct comparisons must take into account issues such as location (e.g., centralized vs. distributed) and dispatch characteristics {e.g.,
baseload and/or dispatchable intermediate load vs. peaking or intermittent technologies)

¢ This analysis does not take into account potential social and environmental externalities or reliability-related considerations

Carbon Location Dispatch
Neutral/ -
REC : Load-
Potential Distributed Centralized Geography Intermittent Peaking " Following Base-L.oad

Solar PV e Univergali®
Solar Thermal v Varies
Fut ot 3 nversal
Geothermal v VariesI ............
Onshore Wind v Varies
Gas Peaking % Universal
Nuclear o Rural
Coal X oo
Gas

Combined Cycle Universal

Source: Lazard estimates.

(1) Represents the full range of solar PV technologies: low end represents thin fim utifty-scale solar single-axis tracking, high end represents the high end of rooftop residential solar.
LAZARD (2) CQualification for RPS requirements varies by location. '
(3

Gopyright 2018 Lazard 3 For the purpeses of this analysis, carbon heutrality also considers the emissions produced during plant construction and fuel extraction.

This study has been prepared by Lazard for general Informational purposes only, 2ad it Is not intended to be, and should not be tonstrued as, financlal or
ather advice. No part of this material may be coplad, photocopied or duplicated in any form by any means or redistributod without the prior consent of Lazard.
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LAZAP\D LAZARD'S LEVELIZED COST OF ENERGY ANALYS[S-VERS&ON 12.0

Cost of Carbon Abatement Comparison

As policymakers consider ways to limit carbon emissions, Lazard’s LCOE analysis provides insight into the implicit “costs of carbon
avoidance”, as measured by the abatement value offered by Alternative Energy generation technologies. This analysis suggests that policies
designed to promote wind and utility-scale solar development could be a particularly cost-effective means of limiting carbon emissions:

providing an implied value of carbon abatement of $26 - $34/Ton vs. Coal and $10 - $25/Ton vs. Gas Combined Cycie

» These observations do not take into account potential social and environmental externalities or reliability or grid-related

considerations _
Conventional Generation Alternative Energy Generation
Gas Combined Solar PV © Solar PV Solar Thermal
Units Coal Cycle Nuclear Wind Rooftop - Utility Scale with Storage
Capital Investment/KW of Capacity ™ $/kw $3,000 : $700 ' $6,500 : $1,150 j $2,950 © $950 $3,850
Total Capital Investment $mm 1,800 490 ; 4,030 1,162 ; 8,673 LE 1,558 5,044
Facility Cutput MW 600 ' 700 ' 620 : 1,010 2,940 B 1840 1,310
Capacity Factar % 93% . 80% : 90% : 55% 19% e 34% 43%
Effective Facility Qutput Mw 558 558 ' 558 : 558 558 B 558 558
MWh/Year Produced ¥ GWhiyr 4,888 : 4,888 4,888 j 4,888 _‘ 4,888 ‘ 4,888 4,888
__tevelized Cost of Energy $MWh $60 : 541 : $112 : $29 ? $160 $36 $o8
~ Total Cost of Energy Produced $mmjyr 5296 @ $203 : $546 : $140 : $781 F $178 $480
0O, Equivalent Emissions Tons/MWh 0.92 0.51 — e — —— —
5_99:1_39:1__Emn_1ittea“- mm Tons/yr 4.51 2.50 Nt — : — : — : — o —_— k
Difference in Carbon Emissions mm Tonsiyr '
i vs. Coal —_ 2.01
L__vs Gas = =
Difference in Total Energy Cost $mmiyr
7 vs. Coal — (883)
__ vs, Gas — —-—
Implied Abatement Value/{Cost) §/Ton
vs. Coal e $46
vs. Gas : — —
: Favorable vs. CoaliGas """ : Unfavorable vs, Coal/Gas

: @ Implied Carbon Abatement Value (Solar vs. Coal) = @ +

' = $118 mmiyr + 4.51 mm Tons/yr = §26/Ton

e e e e e — e — e — — o

Source: Lazard estimates.

LAZARD [4D] Inputs for each of the various technologies are those asseciated with the low end LCOE.
Copyright 2018 Lazard All facilities Mustratively sized to produce 4,868 GWhiyr,

@ Difference in Total Energy Cost (Solzr vs. Coal) = 0 - 9
X = $178 mm/yr (Sofar) -~ $296 mmyr (Coal) = ($118) mmiyr

: Implied Carbon Abatement Value Calsulation (Solar vs. Coall—Methodology

This study has been preparad by Lazard for genaral informational purposes only, and it is not intended to be, and sheuld not ba construed as, financlal or
other advice. No part of thle material may be copled, photocopled or guplicated in any form by any means or re_dlstrlbuted without the prior consent of Lazard.
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 12.0

Levelized Cost of Energy—Key Assumptions

Solar PV
Utitity Scale— Utility Scale—
Units Rooftop—Residential : Rooftop—C&l ; Community : Crystalline @ L Thin Film @ 5

Net Facility Cutput [i%4Y 0.005 f 1 ’ 5 : 50 50
Total Capital Cost $kw $2,950 - $3.250 , $1,900 - $3.250 ‘ $1,850 - $3.,000 $1,250 - 395@ } $1.250 - $950
Fixed O&M S/RW-yr $14.50 - $25.00 ‘ $15.00 - $20.00 f $12.00 - $16.00 $12.00 - 39.06 $12.00 - $9.00
Variable O&M gwh — — — — —
Heat Rate Btu/kwh — — é — — —
Capacity Factor % 18% -  13% 28% - 20% ; 25% - 20% 2% - 21 CVio 34% - 23%
Fuel Price $/MMBtu — — — — _
Construction Time Months ! 3 3 : 4 - 8 : g 9
Facility Life Years . 25 25 30 , 30 a0
Levelized Cost of Energy $/MWh $160 -~ 82587 $81 - $170 $73 - $145 340 - 548 $36 - %44

Source: Lazard estimates.

1) Includes capitalized financing costs during construction for generation types with over 24 menths construction time.
LAZARD 2) Left column represents the assumptions used to calculzte the low end LCOE for single-axis tracking. Right column represents the assumptions used to calgulate the high end 16

LCOE for fixed-tilt design. Assumes 50 MW system in high insolation jurisdiction (e.g.. Southwest U.s.).
Copyright 2018 Lazard

This study has been prepared by Lazard for general informational purposes only, and it fs not intanded to be, and should not ba construed as, financial or
other advico, No part of this material may be coplod. ahetocopled or duplicatod In any form by any maens or rodistributed without the prior consant of Lazard,
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LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 12.0

Levelized Cost of Energy—Key Assumptions (conca)

Solar Thermal

Units _Tower with Storage , Fuel Cell ' Geothermal ' Wind—Onshorg ' Wind--Offshore .
Net Facility Output MY 135 - 110 24 j 20 - 50 150 210 - 385
Total Capital Cost " e $3,850 ~ $10,000 $3.300 - $6,500 $4,000 - $6,400 J 31,150 - $‘E.5$O $2,250 - $3,800
Fixed O&M W=y $75.00 - $80.00 s — $28.00 - $36.$0 $80.00 - $110.00
Variable O&M S/MWh — $30.00 - $44.00 $25.00 -~ $35.00 — — E
Heat Rate Btu/kwh — 8027 - 7,260 ‘ — —_ —_
Capacity Factor % 43% - 52% 95% 90% - 85% i 5% - 38% 55% ~ 45%
Fuel Price $/MVBty -— 3.45 ' — ' - ' -
Construction Time Months 35 3 ; 35 ‘ 12 ‘ o
Facility Life Years 35 20 , 25 20 20
Levelized Cost of Energy SV §98 - 3181 $103 - 3152 :‘ $71 - $111 ; $29 - %56 : 382 - 121 |
LAZARD (Sﬁurce: ;iﬁgzseigzgﬁ;éd financing costs during construction for generation types with over 24 menths construction time. 17

Copyright 2018 Lazard

This study has besh prapared by Lazard for general informational purposos oniy, and it is not intended to bo, and should not be construed as, financial or
other advico. No part of this material may be copied, photocopled or dupllcated in any form by any means or rofdlslribumd without the prior consent of Lazard.
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS_VERSION 12.0

Levelized Cost of Energy—Key Assumptions (conrq)

Units Gas Peaking , Nuclear 7 Coal . Gas Combined Cycle
Net Facility Qutput My 241 - 50 2,200 600 550
Total Capital Cost " $/kwW $700 - $850 $6,500 - $12.250 $3,000 - $8400 . §700 - $1,300
Fixed Q&M SW-yr $5.00 - $20.00 $115.00 - $135.00 $40.00 - $80.00 $5.00 - $5.50
Variable O&M $/MWh $4.70 - $10.00 $0.75 - $0.75 $2.00 - $5.00 $3.50 - $2.00
Heat Rate Btu/kwh 9,804 - 8,000 10,450 - 10,450 8,750 - 12,000 8,133 - 6,900
Capacity Factor % 10% 80% 93% 80%
Fuel Price S/MMBtu $3.45 - $3.45 $0.85 - $0.85 $1.45 - $1.45 ' $3.45 - $3.45
Construction Time Months 12 - 18 69 - 689 60 - 56 24 - 24
Facility Life Years 20 40 40 20
Levelized Cost of Energy $/MWh $152 - $206 $112 - $18% $50 - $143 $41 - §74

Bource: Lazard estimates.

LAZARD {1 Includes capitalized financing costs during construction for generation types with over 24 months construction time. 18

Copyright 2018 Lazard
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LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 12.0

Summary Considerations

Lazard has conducted this analysis comparing the LCOE for various conventional and Alternative Energy generation technologies in order to
understand which Alternative Energy generation technologies may be cost-competitive with conventional generation technologies, either now
or in the future, and under various operating assumptions, as well as to understand which technologies are best suited for various
applications based on locational requirements, dispatch characteristics and other factors. We find that Alternative Energy technologies are
complementary to conventional generation technologies, and believe that their use will be increasingly prevalent for a variety of reasons,
including environmental and social consequences of various conventional generation technologies, RPS requirements, carbon regulations,

continually improving economics as underlying technologies improve and production volumes increase and government subsidies in certain
regions. :

In this analysis, Lazard’s approach was to determine the LCOE, on a $/MWh basis, that would provide an after-tax IRR to equity holders equal
to an assumed cost of equity capital. Certain assumptions (e.g., required debt and equity returns, capital structure, etc.} were identical for all
technologies in order to isolate the effects of key differentiated inputs such as investment costs, capacity factors, operating costs, fuel costs
{(where relevant) and other important metrics on the LCOE. These inputs were originally developed with a leading consulting and engineering
firm to the Power & Energy Industry, augmented with Lazard’s commercial knowledge where relevant. This analysis (as well as previous
versions) has benefited from additional input from a wide variety of Industry participants. '

Lazard has not manipulated capital costs or capital structure for various technologies, as the goal of the study was to compare the current
state of various generation technologies, rather than the benefits of financial engineering. The results contained in this study would be aitered

by different assumptions regarding capital structure (e.g., increased use of leverage) or capital costs (e.g., a willingness to accept fower
returns than those assumed herein). -

Key sensitivities examined included fuel costs and tax subsidies. Other factors would also have a potentially significant effect on the results
contained herein, but have not been examined in the scope of this current analysis. These additional factors, among others, could include:
import tariffs; capacity value vs. energy value; stranded costs related to distributed generation or otherwise; network upgrade, transmission,
congestion or other integration-related costs; significant permitting or other development costs, unless otherwise noted; and costs of
complying with various environmental regulations (e.g., carbon emissions offsets or emissions control systems). This analysis also does not
address potential social and environmental externalities, including, for example, the social costs and rate consequences for those who cannot
afford distribution generation solutions, as well as the long-term residual and societal consequences of various conventional generation
technologies that are difficult to measure (e.g., nuclear waste disposal, airborne pollutants, greenhouse gases, etc.).

LAZARD : 19

Copyright 2018 Lazard
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1. Executive Summary

Ameren Missouri continues to execute on the preferred resource plan presented in its
2017 Integrated Resource Plan (IRP) filing. Our pian is focused on transitioning our
generation fleet to a cleaner and more fuel diverse portfolio in a responsible fashion and
achieves reductions in CO2 emissions of 35 percent by 2030, 50 percent by 2040, and 80
percent by 2050, compared to 2005 levels. The plan includes continued customer energy
efficiency program offerings, retirement of approximately half of our coal-fired generating
capacity, which will be reaching the end of its useful life, and expansion of renewable
generation, including the addition of at ieast 700 MW of wind generation by the end of
2020 and 100 MW of solar generation by 2027. By executing our plan, we will ensure
that our customers’ long-term electric energy needs are met in a safe, reliable, cost-
effective and environmentally responsible manner.

Key steps that Ameren Missouri has taken since the filing of our 2017 IRP include:

o Received approval from the Missouri Public Service Commission (the
Commission or the MoPSC) for the construction and acquisition of two wind
projects — the up to 400 MW Terra-Gen High Prairie wind facility in northeast
Missouri and the up to 157 MW EDF Brickyard Hills wind facility in northwest
Missouri.

» Continued to work with developers for the acquisition of further wind projects to
bring total wind resource additions to at least 700 MW by the end of 2020.

* Received approval from the MoPSC for our third three-year portfolio of customer
energy efficiency programs and the addition of demand response programs
under the Missouri Energy Efficiency Investment Act (MEEIA).

¢ Continued projects to close coal ash basins and switch to dry handling of coal
ash ahead of EPA mandated deadlines.

» Published our report on climate-related risks, Building a Cleaner Energy Future,
in March, 2019.

e Began to evaluate the proposed Affordable Clean Energy (ACE) rule regulating
carbon dioxide emissions from electric energy centers.

+ Filed our Smart Energy Plan with the Commission pursuant to Senate Bill 564.
This forward-looking plan is designed to upgrade the electric grid and bring
significant benefits to customers for decades. The plan includes $5.3 billion of
electric and $1 billion in wind investments from 2019 through 2023 that will,
among other things, accelerate our investment in smart grid technologies and
renewable energy as we build the grid of the future, while keeping electric rates
stable and predictable through the state’s first-ever rate caps. The plan also

2019 Integrated Resource Plan Update Page 1
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accelerates smart energy infrastructure construction that will drive job creation
and economic development in Missouri.

2. Compliance Overview

2.1 Purpose of Annual Updates

Annual updates are required by 4 CSR 240-22.080(3). The rules indicate that the purpose
of annual updates is to ensure that members of the stakeholder group have the
opportunity to provide input and to stay informed regarding the items listed below.

» The utility’s current preferred resource plan (see section 1)

¢« The utility's progress in implementing the resource acquisition strategy (see
section 2.3)

* The status of the identified critical uncertain factors (see section 3.5)

+ Analyses and conclusions regarding any special contemporary issues identified by
the Commission (see Compliance References at the end of this report for the
location of specific discussion on each issue)

Ameren Missouri has created this annual update report to satisfy the intended purpose
established in the IRP rules and has updated its assessment of general planning
conditions. Each item explicitly cited in the rules is addressed in the referenced chapter
or section of this report as noted above.

2.2 Ameren Missouri’s Approach to its Annual Update

In its Order in File No. EO-2012-0039 establishing special contemporary issues to be
evaluated by Ameren Missouri in its 2012 IRP Annual Update, the Commission noted
that, “the requirement to examine special contemporary issues should not be allowed to
expand the limited annual update report into something more closely resembling a
triennial compliance report.” Ameren Missouri agrees with the Commission that the scope
and depth of an IRP Annual Update should not be comparable to that for a triennial IRP
filing. Also in its Order in File No. EO-2019-0065 establishing special contemporary
issues for Ameren Missouri’s 2019 IRP Annual Update, the Commission stated if the
Company believes it has already adequately addressed some of these issues in its IRP
filing or some other filing, then it does not need to undertake any additional analysis
because of the special contemporary issue designation. The Commission stated the
same approach is acceptable if the Company intends to address any of the issues in a

future IRP filing.
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On that basis, Ameren Missouri has relied heavily on the groundwork developed in its
2017 IRP as a basis for reviewing its assumptions and analysis and reporting its findings.

The Company also views the IRP Annual Update in its proper role as just that, an update
on the nature of key variables and the conclusions that follow. Based on the conclusions
drawn from the review and analysis discussed here, the Company believes that its
preferred resource plan, as presented in its 2017 IRP filing, is still appropriate at this time.
Should the Company's continued planning and consideration of relevant issues lead to a
conclusion that its Preferred Resource Plan is no longer appropriate and should be
replaced with a new Preferred Resource Plan, the Company will notify the Commission
of its decision in accordance with 4 CSR 240-22.080(12).

2.3 Implementation of Current Preferred Resource Plan

Ameren Missouri adopted a new preferred resource plan with its 2017 IRP filing. In that
filing, the Company indicated that its new Preferred Resource Plan includes the addition
of 700 MW of new wind generation and 100 MW of new solar generation and
implementation of energy efficiency and demand response programs, as well as
continued pursuit of demand side management (DSM) programs throughout the entire
planning horizon at the Realistic Achievabie Potential level. The Company also indicated
that the implementation of future programs will depend on policies that reflect timely cost
recovery, proper alignment of incentives, and appropriate earnings opportunities, as
required by the MEEIA. Also included in the filing was an updated implementation plan.
Following is an item-by-item update on the status of the implementation steps listed in the

Company's 2017 IRP filing.
Demand-Side Resources Implementation

MEEIA requires that utility incentives be aligned with helping customers use energy more
efficiently by providing timely recovery of program costs, elimination of the throughput
disincentive and timely earnings opportunities. Ameren Missouri has successfully
implemented its second three-year cycle of approved MEEIA programs (third three-year
cycle of programs when counting pre-MEEIA activities) which commenced on March 1,
2016. Figure 2.1 below provides a summary of the annual energy savings, with 2012
being a "bridge" year from the Company's pre-MEEIA programs to the MEEIA programs.
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Figure 2.1 Historical Ameren Missouri Energy Efficiency Program Savings
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Ameren Missouri filed its application for its third MEEIA portfolio of demand-side programs
on June 4, 2018. Ameren Missouri worked with stakeholders to reach agreement on a
portfolio that includes a three-year term for residential and business efficiency and
demand response programs, while integrating a six-year implementation for income-
eligible offerings. Included was a cost recovery and earnings opportunity mechanism that
addressed the stakeholders’ concerns with the Company's initial proposal. A stipulation
and agreement was filed on October 25, 2018. The Commission unanimously approved
Ameren Missouri's MEEIA 2019-21 stipulation on December 5, 2018.

Table 2.1 below provides a summary of the annualized energy savings and peak
reduction goals, as well as budgets, for residential, business and income qualified
programs in the Company’s approved MEEIA 2019-21 portfolio. It should be noted that
the goals and budgets are re-aligned on calendar years, therefore 2019 reflects a 10-
month program year.

Page 4 2019 Integrated Resource Plan Update




Ex. AA-D-25
Ameren Missouri

Table 2.1: MEEIA 2019-21 Implementation Plan (Annualized Savings)

2019* 2020 2021 2022 2023 2024 Total
Estimated Program Net Savings MWh S S
Low Income** 10,443 13,858 15,201 12,112 13,115 12,915 77,644
Residential *** 112,823 84,450 82,467 na na na 279,740

78,626 152,847 205,044 na na 436,587

Business

Estlmated Program Net Savings MW
Low Income **

2.4 . 4.1 4.2 4.7 4.7 23.4
Residentialt*** 57.4 . 47.9 na na na 151.1

Estimated Program Costs {$millions) it iminnns R SRy e

Low Income** $5.41 $6.85 $8.19 $9.85 $11.04 $10.98 $52.32
Residential *** $26.58 $28.39 $29,37 na na na $84.34
Business 518_.15 $31.58 $40.93 na
TOTAL: Program Costs. {S mitlions) $50,1 46683 $78.48° %035
* The MEEIA 2019-21 goals and budgels are re- ahgned on calendar years, therefore 2019 is a 10 month program year.
**The MEEIA 2019-21 plan included Low income programs for a 6 year period and all other programs for a 3 year period.
*#* Due to a one year persistence for the Behavior Modification Pregram, this is only included oncein the table above.
The above summary matches Appendix A from the MEEIA 2019-21 Plan with all costs allocated.

Renewables

Ameren Missouri solicited proposals from wind developers through a request for proposal
process for wind projects in order to meet Missouri's Renewable Energy Standard (RES)
requirements as laid out in the preferred resource plan. Ameren Missouri signed the first
contract for an up to 400 MW project in Northeast Missouri in April 2018 and applied for
a certificate of convenience and necessity (CCN} in that same month. The CCN was
granted by the Commission in October 2018. The Company signed a contract and
applied for a CCN in October 2018 for an up to 157 MW wind project in Northwest
Missouri. The Commission granted the CCN in March 2019. Ameren Missouri continues
negotiations for a third wind project iocated in either Missouri or surrounding states to
complete the required wind build-out for RES compliance and expects to have all three

projects on-line by the end of 2020.

The Company is evaluating options for the deployment of solar resources, including
resource investments required by Senate Bill 564. -

Meramec Energy Center

Ameren Missouri reaffirmed its decision to retire the Meramec Energy Center by the end
of 2022 in the 2017 IRP and is taking the necessary steps for retirement including the
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implementation of transmission system upgrades and required notifications to the
Midcontinent Independent System Operator, inc. (MISQ).

Environmental

The Company continues to refine its estimates for environmental mitigation as part of its
ongoing environmental compliance analysis. Dry fly ash systems and new wastewater
treatment plants were completed at both the Labadie and Rush Island Energy Centers in
2018. Dry bottom ash projects were completed at Rush Island in 2018. Two remaining
dry bottom ash systems at Labadie, on Units 1 & 2, are scheduled to be completed in
2019. Construction has started on dry ash handling and wastewater treatment systems
at Sioux, with scheduled completion in 2020.

3. Planning Environment

3.1 Environmental Regulations

Ameren Missouri has reviewed its assumptions on the eventual requirements for pending
environmental regulations. Table 3.1 summarizes the current and pending environmental
regulations for which Ameren Missouri must implement mitigation measures, along with
expectations for compliance requirements for certain potential regulations.

Ameren Missouri has made significant investments to comply with existing environmental
regulations and maintain a sufficient compliance margin. Rules proposed or promulgated
since the IRP filing in September of 2017 include revisions to the Clean Power Plan, final
attainment designations for the national ambient air quality standards for ozone, revisions
to the Coal Combustion Residual Rule and the proposal of Missouri regulations for the
management of coal combustion residualis.
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Table 3.1: Current & Pending Environmental Regulations
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Clean Air Act Regulation of Greenhouse Gases/Affordable Clean Energy Rule’

In 2015, the EPA issued the Clean Power Plan, which would have established CO3
emissions standards applicable to existing power plants. The United States Supreme
Court stayed the rule in February 2016, and the Clean Power Plan was not impiemented.
The EPA has proposed to repeal and replace the Clean Power Plan. The U. S. EPA
proposed the Affordable Clean Energy (ACE) rule in August 2018 as a replacement for
the Clean Power Plan. The public comment period concluded in October 2018. The
proposed rule would establish emission guidelines for states to follow in developing plans
to limit CO2 emissions from coal-fired electric generating units. The EPA proposes to
define certain efficiency measures as the Best System of Emission Reduction (BSER).
The EPA also proposed to update the New Source Review Permitting program to
incentivize efficiency improvements at existing power plants. The EPA is expected to
finalize the Affordable Clean Energy Rule in mid-2019.

The proposed ACE rule has several key components: 1) Defines BSER for
greenhouse gas (GHG) emissions from existing power plants as on-site, heat-rate
efficiency improvements; 2) provides states with a list of “candidate technologies” that
can be used to establish standards of performance and be incorporated into their state
plans; 3} updates EPA’s New Source Review permitting program to incentivize efficiency
improvements at existing power plants; and 4) aligns Clean Air act section 111(d) general
implementing reguiations to give states adequate time and flexibility to develop their state

plans.

The Clean Air Act sets a framework in section 111(d) under which EPA issues guidelines
that determine BSER for existing sources, and the states develop plans to establish
standards of performance for their existing sources. The states then submit those plans
to EPA for approval. The proposal gives states the flexibility to design a pian that, in the
state’s judgment, will work best under its particular circumstances. EPA also solicited
comment on the range of state flexibility for state plans including the use of trading and
averaging between sources.

EPA is proposing to provide states three years to develop state plans. The EPA would
have 12 months to act on a complete state plan submittal. If states do not submit a plan
or their submitted plan is not acceptable, EPA will have two years to develop a federal
plan. A possible timeline based on a final rule in 2019 is for state plans to be duein 2022

EPA approval in 2023 and initial compliance no earlier than 2024, - :

! File No. EO-2019-0065 Paragraph 1.0 (1)(3)
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Attainment Designations for the National Ambient Air Quality Standard (NAAQS)
for Ozone

The air quality in the St. Louis area continues to improve. The EPA re-designated the St.
Louis and Metro-East Illinois area to be in attainment with the 2008 eight-hour ozone
standard. The EPA lowered the ambient standard for ozone from 75 ppb to 70 ppb in
December 2015. EPA made final designations for about 85 percent of the country in
November, 2017, however those designations did not include the St. Louis/Metro-East
lllinois area. The EPA released final designations for the St. Louis/Metro-East lllinois area
as well as the other remaining areas of the country on April 30, 2018. The final designation
for the St. Louis area reduces the size of the nonattainment area by removing Jefferson
County in Missouri and Monroe County in lllinois, as well as all but a small portion (Boles
Township) of Franklin County in Missouri. The St Louis/Metro-East lllinois ozone
nonattainment area includes St. Louis City, St. Louis County and St. Charles County in
Missouri and Madison and St. Clair counties in lllinois. The St. Louis area is designated
as marginal which is the least severe category. Marginal areas have ozone design values
from 71 ppb to 81 ppb. The St. Louis area has a design value of 72 ppb based on the last

three years of monitoring data.
Coal Combustion Residuals

The federal Coal Combustion Residuals (CCR) rule was published Aprit 17, 2015, and
became effective October 19, 2015. It establishes national standards for the
management of CCRs. The CCR rule is self-implementing, however in December 2016,
Congress amended federal solid waste statutes to classify coal combustion residual units
as “sanitary landfills” and authorized the states under the WIIN Act to develop programs
that, following EPA approval, would act in lieu of the federal rule. Under the WIIN Act,
each state may submit to EPA a permitting program or other system of approval to
achieve compliance with the CCR rule or "other State criteria that [EPA] determines to be
at least as protective as" that rule.? The amendments afford states flexibility in
establishing a CCR management program, and state agencies are not required to adopt
verbatim the federal CCR Rule. On February 1, 2019, the Missouri Department of Natural
Resources (MDNR) proposed state rules to implement a CCR management program.
The public comment period closed on March 28, 2019, and it is expected that the MDNR
wiil finalize the state rules and submit the rules to EPA for review and approval in 2019.

-~ While mitigation has been included in our analysis for current and certain potential future
regulations, further changes in regulations are possible. The Company continues to
monitor the potential for further changes in regulation that may impact resource planning

2 Solid Waste Disposal Act ("SWDA") §4005 (d)(1)(B), 42 U.S.C. §6945(d)1)(B)
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decisions. Table 3.2 below shows the capex and O&M assumptions for environmental
mitigation.

Table 3.2: Environmental Mitigation Costs?®

03
0.2
0.1

Ash Pond Closure
Meramec¢ Activated Carbon
Groundwater Momtorl
Meramec . Total Environment:
Ash Pond Closure
Landfill Cells
Dry Ash Conversion

Labadie Waste Water Treatment Plant 0.7
Activated Carbon MATS 2016 - 4.1
Aquatic Life CWA 316 2022 35 0.4
Groundwater Momtormg CWA 2021 1 0.1
Labadie - Total Environmenta 19
Ash Pond Closure CCR 2020 14 0.3
Waste Water Treatment Plant ELG 2018 - 0.4
Rush Island Activated Carbon MATS 2014 - 1.2
Fine Mesh Screens CWA 316 (b} 2024 25 0.4
Groundwater Monitoring CWA 2023 0 o 0.1
Rush Island Total Environmental 9 2
Ash Pond Closure CCR 2021 21 03
Landfill Cells CCR 2022 42 -
Dry Ash Conversion CCR 2020 64 -
Sioux Waste Water Treatment Plant  ELG 2020 31 03
Fine Mesh Screens CWA 316 (b) 2023 16 0.2
Activated Carbon MATS 2014 - 0.1
Groundwater Momtormg CWA 2023 1 0.1

Sioux.  Total Environmenta
TOTAL

Total Environmental

3.2 Supply-Side Resource Review*

Ameren Missouri has analyzed cost and performance characteristics of a wide range of
supply side resources in its 2017 IRP and has documented its analysis in Chapter 6 of its
2017 IRP filing.. New- supply side resources that were evaluated in the alternative
resource plans in the 2017 IRP include the following;

3 File No. EQ-2019-0065 Paragraph 1.8 (1)-(9)
4 File No. EO-2013-0065 Paragraph 1.T
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s+ Gas Combined Cycle
o (as Simple Cycle Combustion Turbine

o Wind

¢ Solar

¢ Pumped Hydroelectric Energy Storage
¢« Nuclear

Since the development of costs for supply side resources for the 2017 IRP, Ameren
Missouri’s expectations associated with owning these resources, with the exception of
solar and wind, have not materially changed.

For solar and wind resource costs, Ameren Missouri solicited input from stakeholders and
received Lazard's Levelized Cost of Energy Analysis version 12.0 and NREL 2018 Annual
Technology Baseline (ATB) from Renew Missouri and Clean Grid Alliance, respectively.
Ameren Missouri updated its cost and capacity factor expectations using these
recommendations along with costs based on the four wind projects that it either has
signed agreements with or is in negotiation for.

Table 3.3: 2017 IRP vs 2019 Annual IRP Update Wind and Solar Characteristics
(2019 $)

Project Cost . First Year | Assumed
. First Year ]
. with Owner's . Variable Annual
Resource Option . Fixed O&M .
Cost, Excluding Cost, ($/kW) O&M Cost, | Capacity
AFUDC ($/kW) ’ ($/MWh) | Factor (%)
Missouri Wind - o
2017 IRP $1,973 $28 $0 40%
Wind - 2019 IRP o
Annual Update $1,594 $16 $0 41%
Solar-2017 IRP $1,665 $17 $0 19%
Solar - 2019 IRP o
Annual Update $1.314 $9 $0 20%

It should be noted that solar costs reported in this table are based on AC power rating;
NREL solar cost data has been converted to a $/kW AC rating using an inverter loading
ratio of 1.3 as included in the 2018 ATB.>. IO

5 hitps://atb.nrel.gov/electricity/2018/index.himl?t=su
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The levelized cost of energy for wind and solar resources using the same financial
assumptions as in the 2017 IRP are shown in the figure below. The estimates show the
effects of cost declines from the 2017 IRP to 2019 IRP Annual Update. The figure also
displays the reduction in costs when production cost credits (PTC) for wind, and
investment tax credits (ITC) for solar are utilized.®

Figure 3.1: Levelized Cost of Energy

Levelized Cost of Energy
Cents/kWh

Wind - 2019 IRP Annual Update

MO Wind - 2017 IRP

Solar - 2019 IRP Annuaf Update

Solar - 2017 IRP

0 2 4 6 8 10 12

Note: Wind costs are shown with and without PTC. Solar costs are shown with 30%, 10% and no ITC.

Because this is only an annual update and not a full IRP, Ameren Missouri has not
performed a new screening analysis. A new supply side screening analysis will be
performed as part of the development of Ameren Missouri's 2020 IRP. This will inciude
both renewable and energy storage resources, which will be screened for inclusion in
alternative plans, including any plans reflecting alternative retirement dates for existing

coal-fired resources.”

Renewable Energy Offerings®

Senate Bill 564, among other things, allows the Commission to approve investments in
small or pilot projects if the project is designed to advance the electrical corporation's
knowledge of deploying certain technologies, including gaining operating efficiencies that
result in customer savings and benefits.

8 File No, EQ-2019-0065 Paragraph 1.K

7 File No. EQ-2019-0065 Paragraph 1.R

& File No. EO-2019-0065 Paragraph 1.E; File No. EO-2019-0065 Paragraph 1.M (1)-(2); File No. EO-
2019-0065 Paragraph 1.N; File No. EO-2019-0065 Paragraph 1.Q

Page 12 2019 Integrated Resource Plan Update




Ex. AA-D-25
Ameren Missouri

Ameren Missouri filed its Smart Energy Plan with the Commission in February, 2019. The
Smart Energy Plan includes a pilot portfolio to test microgrid technology, net metering
inverters and other technologies to better understand future grid characteristics and
needs and potential customer impacts. We plan to work with customers and universities
to develop a test facility with a working microgrid and applicable technologies so we can
evaluate the benefits associated with these devices and how they can best be integrated
into the energy grid. Also included in the plan are investments in community solar and
solar partnership projects along with other solar opportunities.

Ameren Missouri has initiated, and the Commission has approved, a number of programs
that are designed to address the corporate social responsibility and/or renewable energy
purchasing goals of commercial, industrial, institutional, and public-sector customers for
increased access to renewable energy and distributed generation resources. For years,
the Company has offered its Pure Power program — a voluntary program through which
customers can obtain the benefits of renewable energy through the acquisition of the
renewable energy credits associated with existing renewable generation. However, in
response to increasing customer expectations for a more direct connection between their
usage and energy generated by specific renewable generation facilities developed on
their behalf, the Company has also initiated its Community Solar Program and its

Renewable Choice Program.

The Community Solar Program is an option available to residential and small commercial
customers to participate in the development of one megawatt of local solar resources and
offset a part of their energy usage with generation from that resource. The Renewable
Choice Program is a larger program, with up to 400 MW of wind capacity, designed for
larger power users to choose to obtain access to renewable energy to offset some or all
of their energy usage. The Renewable Choice Program was deliberately designed with
municipal and other government entities' preferences for renewable energy in mind to
enable the Company to accommodate goals or resolutions such as those adopted by the
Board of Aldermen for the City of St. Louis. The program is only available to larger
commercial and industrial customers that meet a demand qualification requirement, but
it is available to all government entities regardless of the total demand of the electric

account or accounts.

While both of these programs are limited in scale by the terms approved by the
Commission, they both represent opportunities to meet growing customer demand for
renewable energy options and to learn about customer interest in, and satisfaction with,
the program structures. That information and continued assessment of customer
preferences and needs create the potential to expand the existing programs in the future
or develop new or related programs to further assist customers in meeting their renewable
energy goals. The agreement that enabled the implementation of the Renewable Choice
Program specifically contemplates that, once that program is fully subscribed, interested
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stakeholders will convene to determine whether and how additional renewable capacity
should be developed in support of those goals.

Ameren Missouri is currently looking for ways to provide solar energy options to its low-
income customers pursuant to the Joint Agreement signed by stakeholders resolving
certain issues raised with our 2017 IRP. The Company participated in the Missouri
NAACP Energy Justice Roundtable on October 30, 2018, to brainstorm with participants
and explore options. The Company received input from NAACP representatives in the
subsequent months regarding the potential elements of and effective low-income solar
program. Ameren Missouri is working towards having a program proposal in the near
future for its customers that reside in low-income communities.

On August 30, 2018, Ameren Missouri announced the donation of $5 million over the next
three years to provide energy assistance and new programs for our limited income
customers to address immediate needs and help them keep bills lower over time. In
2018, approximately $1 million was allocated to Ameren Missouri's energy assistance
partners to provide immediate energy assistance to customers impacted by last summer's
extreme temperatures. The remaining $4 milion wiil be administered by Ameren
Missouri's community partners through 2020 for additional energy-assistance programs
and long-term sustained energy improvements, such as weatherization support and

equipment repair.

Senate Bill 564 also requires Ameren Missouri to invest $14 million in utility-owned solar
facilities through the end of 2023. Under this act, an electrical corporation's decision to
invest in utility-owned solar facilities shall be deemed prudent, and permission from the
Commission for construction of such facilities shall not be required. Ameren Missouri has
not made a final decision on the specifics of how it will comply with this portion of the new
law. The scope of implementation may include investment in some of the projects
described above, specifically in our efforts to develop solar projects in low income areas

of the Company's service territory.

Existing Resources

A detailed analysis for Ameren Missouri's existing resources was included in the 2017
IRP along with evaluation of alternative resource plans that included early retirement of
two of its coal-fired energy centers. Analysis of these alternative resource plans resuited

in significant expected cost increases to customers. Figure 3.2 shows the total variable

costs (fuel and non-fuel) for coal energy centers in the MISO market. With the exception
of Meramec Energy Center, which is scheduled to retire by the end of 2022, all Ameren
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Missouri coal-fired energy centers are in the lowest-cost quartile of the coal-fired plants
within the MISQ footprint.®

Figure 3.2: MISO Coal Plant Variable Cost (Fuel and Non-Fuel)!0**

CONFIDENTIAL

ik

Securitization?!

As indicated in the MoPSC Order in File No. EO-2019-0065, some point to securitization
as a potential tool for transitioning utility generation fleets from coal to renewable
generation. While there are likely to be significant complexities when it is executed, the
concept itself is relatively straightforward, and securitization has been used by ultilities or
proposed for the recovery of costs in the context of utility restructuring, retirement of coal
and nuclear generation, investments in pollution controls, and disaster recovery due to

9 File No. EQ-2019-0065 Paragraph 1.L
10 Source: FERC Form 1 via SNL (Major 500 - 514 for Individual Energy Centers)
1 File No. EQ-2019-0065 Paragraph 1.F
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major events such as storms and fires. For the specific application of securitization
referenced in the MoPSC Order, the process includes the following steps:

+ The utility determines that accelerated retirement of a coal-fired generator or
generators is appropriate.

¢ The utility establishes a Special Purpose Entity (SPE) to issue bonds backed by a
statutorily guaranteed revenue stream via a non-bypassable charge on utility
customers’ bills; the bonds thus carry the highest ratings from the rating agencies.

¢ The SPE issues the bonds and exchanges the net proceeds (after issuance costs)
for the remaining balance of the utility coal assets being retired.

« The principal and interest payments on the bonds are serviced by the guaranteed
customer revenue stream via a trust.

» The utility uses the proceeds received from the SPE to invest in renewable
generation assets.

As is evident, the employment of securitization in this context is dependent on the
adoption of appropriate and workable legislation, followed by several key decisions on
the part of the utility. First, the utility must determine that it is appropriate to accelerate
the retirement of coal-fired assets. As with any resource planning decision, a decision to
accelerate the retirement of coal generation includes consideration of long-term
economics, customer rate impacts, emission reduction goals, and other objectives as well
as risks including those associated with reliability, system operations, financing, and
regulation. Such considerations were accounted for in the Company's 2014 decision to
accelerate the retirement of its Meramec Energy Center and the depreciation of its
associated plant investment.

Second, the utility must determine that it is appropriate to expand its investment into
renewable generation beyond its existing plans in conjunction with the aforementioned
accelerated coal retirement. Such a decision necessarily inciudes consideration of those
factors mentioned above in the discussion of coal retirement decisions. It may also
include consideration of compliance with renewable portfolio standards, such as
Missouri's RES, programs offering customers the option of meeting their energy needs
with renewable energy, such as Ameren Missouri's Renewable Choice Program, or other

planning and policy drivers.

Third, the utility must determine that the use of the securitization approach outlined above
is an appropriate step for executing on the first two decisions. By its nature, securitization
is a complex undertaking that involves coordination among the utility seeking to execute
the strategy, rating agencies who establish the ratings for the bonds, and the MoPSC,
which reviews and approves the securitization plans. Because implementing
securitization is complex, it is extremely important that the decisions regarding coal
retirement, renewable investment, and the securitization strategy are meticulously
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planned. it may also involve some degree of pre-approval for utility actions undertaken
to execute the plan. The utility must also consider other alternatives for achieving its
objectives with respect to potential accelerated coal retirements and additional
investments in renewable generation. Such alternatives may include accelerating the
retirement date of coal units and increasing the annual depreciation expense as a result,
traditional financing, and tax equity financing. Ameren Missouri continues to execute its
acquisition of renewable generation pursuant to its preferred resource plan using a
traditional financing approach.

At this time, Ameren Missouri has not yet made decisions with regard to accelerating the
retirement of coal generation beyond its Meramec Energy Center nor any additional
investments in renewable generation associated with such accelerated retirements.
While no such decisions have yet been made, the availability of securitization as a
potential tool for accelerated coal retirements and renewable investments could provide
another viable option and additional planning flexibility for utilities when considering such
decisions. The potential value of this option and flexibility depends in large part on the
specific provisions of the necessary statutory authority that would have to be carefully
crafted through the legislative process. Ameren Missouri is open to further discussion
and exploration of this idea to determine its value and viability.

3.3 Transmission and Distribution Review?

Ameren Missouri continues to maintain and replace aging infrastructure to serve its
customers. The Company has filed its Smart Energy Plan that includes investments to
transform its system to a stronger and smarter grid to meet its customers' rising
expectations for greater reliability, security and control over their energy usage. Ameren
Missouri will be implementing over 2,000 Smart Energy Plan projects to provide
customers with improved safety, security, reliability and resiliency, while also committing
to keeping rates stable and predictable. Some examples of these projects are:

e Automating the electric distribution system to help isolate problems and restore
service more quickly following storms and other power interruptions by deploying
switching devices and accompanying communications technologies to build self-
healing power lines, which are designed to significantly reduce the length of
outages.

» Hardening the electric distribution system to better withstand severe weather. This

“includes 12,000 new utility poles for storm hardening, many fortified with composite
materials and stronger equipment.

12 File No. EQ-2019-0065 Paragraph 1.G
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 Employing smart grid technologies (e.g., relaying, monitoring, fault information,
communications) as we upgrade existing substations and construct new ones.

¢ Developing a communications network to monitor and enable analytics from
connected grid devices. To enable the grid of the future, the system requires a
smarter, stronger and more secure communications network with far greater
bandwidth. Our plan is to develop a wireless footprint statewide, starting with the

St. Louis metropolitan area.

Smart Meter Program™

The Smart Meter Program (SMP) is part of Ameren Missouri's Smart Energy Plan and is
being implemented to modernize Ameren Missouri's metering system. Ameren Missouri
was one of the first utilities in the country to install Automated Meter Reading (AMR)
technology across its system more than 20 years ago to help maintain customer
affordability. While AMR has provided benefits to our customers, it doesn’t allow for two-
way information flow and can't provide reai-time information to our customers. The SMP
includes replacing all electric meters, gas modules, and the associated communication
network in the Missouri service territory over approximately seven years beginning in

2019:

+ 1.2 million electric advanced metering infrastructure (AMI) meters (residential and
commercial/industrial) with remote connect/disconnect (RCD) capability for
residential meters.

+ 130,000 gas AMI modules (residential and commercial/industrial, not including
new gas meters, only the communication module of the meters).

« RF mesh network, enabling two-way communication.

s Modifying the existing Meter Data Management System and Head End System to
accept Ameren Missouri data.

¢ Upgrading the Dorsett Meter Shop to facilitate the receipt and testing of AMI
meters.

¢ Creation of an Ameren Missouri Network Lab and Integrated Operations Center.

This project is estimated to cost a total of $392.4 million in capital investment based on a
100% deployment assumption by December 2025.

The project cost estimate includes 15 months to design and build out the digital
{information technology) system, followed by five and a half years for electric meter, gas
module, and network purchase and deployment. As a provision within the Smart Energy
Plan {SEP), this project is subject to a yearly expenditure cap of 6% of Ameren Missouri's
total capital spend which dictates the iength of the deployment. Network deployment will

13 File No. EO-2019-0065 Paragraph 1.D
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begin in early 2020, electric meter deployment will begin in mid-2020, and gas module
deployment wilt begin in 2024.

Table 3.4: SMP Capital Investment ($Million)

Prior Costs

2019 2020 2021 2022 2023 2024 2025

$6 $49

$48 $62 $57 $51 $60 $59

The SMP team has identified and categorized the AMI benefits into 2 categories:

Operational Benefits — $309 Million reduction in operations and maintenance
(O&M) costs. Examples of these cost reductions are the elimination of AMR meter
read fees paid to our AMR vendor and elimination of fees paid to contractors to
manually disconnect and reconnect customers.

Customer Benefits — These benefits may still have a small impact on O&M costs,
but mainly are a customer benefit or improved functionality.

Customer Benefits:

Lower Overall Cost of Service:
Reduction in truck rolls for numerous activities (Service Extenders,

Reprogramming, and Testing).

This will allow for additionatl focus on other customer priorities.

Will allow for efficient deployment of line assets during storms and outage

evenis

AMI technology will detect anomalous energy patterns, reducing non-

technical usage, avoiding unneeded energy costs and increase revenue
Improved Billing:

Reduction in estimated billing

Increased Meter accuracy

QOutage Management:
Will allow Ameren MO to obtain outage information quickly and send out

notification when power has been restored

Increased Customer Functionality (Future Development):

2019 Integrated Resource Plan Update

increased Rate Options such as TOU
Peak Time Rewards (Demand Response)
Convenience Pay (Pre-Pay)
Manage Energy Use:
Empowers customers to manage energy usage through alerts or viewing
the web
Enables customers to analyze how their living habits, home
improvements, and the weather impact their bill
Energy Efficiency:
Improved web functionality provides energy-saving recommendations
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Allows customers to build a tailored energy savings plan and track
progress

Enhanced Services:
Allows customers to take advantage of targeted promotions based on their

customer profile
Faster reconnect response time

Ameren Missouri SMP implementation can be adapted to meet customer expectations
for new energy products and services such as demand response, additional time of use
tariffs, and improvements to the intelligent storm response systems. Additionally,
customers will see improved usage insights and outage communications. The financial
analysis for the Smart Meter Program is provided in Appendix A.

Ameren Missouri had analyzed conservation voltage reduction (CVR) in its 217 IRP. In
that filing, Ameren Missouri indicated that smart meters that can communicate voltage
levels along the distribution circuit need to be in place for CVR. With the SMP
implementation, a CVR program that saves energy may be possible in the near future.

Transmission .Costs”

Ameren Missouri updated its cost expectations for transmission upgrades needed for
Meramec Energy Center retirement to $92 Milion (nominal $). Ameren Missouri's
expectations on transmission interconnection costs for new supply-side resources as well
as the transmission system upgrade costs that might be incurred following retirement of
its existing coal-fired energy centers, with the exception of Meramec Energy Center
transmission upgrade costs have not materially changed since the 2017 IRP. These
costs can be found in Chapter 7 of the 2017 IRP filing.

3.4 Demand-Side Resource Review

Ameren Missouri began offering energy efficiency programs to its customers in 2009, and
has implemented the largest portfolio of utility energy efficiency programs in Missouri with
its MEEIA Cycle 1 & 2 energy efficiency portfolios in 2013-2018. Ameren Missouri's third
cycle of MEEIA energy efficiency programs was approved by the Commission on
December 5, 2018, and Ameren Missouri began implementation in March 2019.

Ameren Missouri has conducted a comprehensive DSM potential study with the
assistance of a nationally recognized independent contractor to estimate demand-side - -
resource potential that was used in its 2017 IRP and that informs the MEEIA Cycle 3

™ File No. EQ-2019-0065 Paragraph 1.H
'8 File No, EQ-2019-0065 Paragraph 1.C
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energy and demand savings and cost estimates. The comprehensive DSM potential
study, which was included in the 2017 IRP filing, reviewed and considered the impact of
foreseeable emerging energy efficiency and demand response technologies throughout
the planning period.'® In its 2017 IRP, Ameren Missouri evaluated alternative resource
plans without any further deployment of DSM resources after MEEIA Cycle 2; these
included add at least 1,800 MW of new supply-side resources to meet the load and
reserve margin requirements.'’

Ameren Missouri has initiated development of its 2019 DSM Market Potential Study that
will inform its next triennial IRP filing. The 2019 Market Potential Study will also consider
the impact of emerging energy efficiency and demand response technologies, and it will
also ensure we capture data needed to evaluate what would be required in a DSM
program to address customers' needs that might otherwise "opt out” of participation in
MEEIA. Sources utilized to identify primary drivers for a customer to opt out will include
Ameren Missouri customers that are currently opted out or have indicated plans to opt
out. Results of the evaluation will be applied to existing DSM Programs and potential
future programs to identify the effect on program costs, program cost effectiveness,
associated charges to customer classes, and ability to achieve estimated savings

targets.'®
Electric Vehicle Charging Infrastructure™

Electric vehicle (EV) charging infrastructure, in and of itself, is by definition not a resource
that can be used by the Company to meet its customers' energy or capacity needs. To
that end, charging infrastructure cannot itself be screened as a resource. The very
existence and availability of charging can, however, encourage EV adoption by
customers. Those EVs represent a flexible load that may have the potential to become a
valuable resource in time. Because EVs consume energy from batteries, the timing of the
charging of batteries can be managed. Rate options and/or demand response prograims
can, therefore, be designed to take advantage of this flexibie load resource. The first step
in building this resource is to encourage the adoption of EVs, so that there is load to be
managed. The Company has analyzed the ability of charging infrastructure to be a cost-
effective means to encourage EV adoption in the context of its proposed Charge Ahead
program (File No. ET-2018-0132) and has proposed a third patty incentive approach to
developing this infrastructure to encourage this beneficial load. The Company's current

Plans regarding EV infrastructure, as discussed in section 3.6 of this report, are focused

i File No. E0-2019-0065 Paragraph 1.U
17 File No. EQ-2019-0065 Paragraph 1.G
'8 File No. EQ-2019-0085 Paragraph 1.1

9 File No. EOQ-2018-0065 Paragraph 1.P
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on this approach, rather than the ownership model that is enabled by the Court of
Appeals, Western District’s decision in KCP&L v. PSC, No. WD80911 (Aug. 7, 2018).

As EV load grows on the system, as mentioned above, that load has the potential to be
a valuable resource. In the Company's 2016 Market Potential Study, rates to shift EV
charging to off-peak were screened as a measure and were determined not to be cost
effective. However, metering, communications, smart charging, and other technologies
are evolving rapidly and the Company continues to monitor these developments. The
Company will continue to screen EV-related rate and DR options in the context of that
evolution in its 2019 Market Potential Study.

Distributed Energy Resource Potential’®

The continued advancement of distributed energy resources (DER}) is driving additional
focus on a broad range of distributed resources. These include energy efficiency (EE),
demand response (DR), energy storage, and distributed generation (DG) such as solar
photovoltaic, wind, and combined heat and power (CHP). Ameren Missouri has
performed potential studies covering EE, DR, DG, and CHP specifically and will continue
to evaluate these types of DERs in future potential studies. Please refer to Chapter 8 —
Demand-Side Resources and associated appendices in the Company's 2017 IRP filing
for full details of our potential assessments for these resources. Ameren Missouri has
also included in its IRP supply-side screening evaluations consideration of utility-owned
DG resources, such as solar photovoltaic, reciprocating engine, and battery storage
technologies. These and possibly other DG technologies will continue to be evaluated as
part of future IRP analyses. Finally, Ameren Missouri has included estimates for
penetration of customer-owned solar generation as part of its IRP load forecasting
analysis, with three different levels of penetration corresponding to our base, high and
low load forecasts. We will continue to evaluate the potential deployment of DERs as

part of our ongoing IRP analysis.

Ameren Missouri maintains a database of customer-owned generation in conjunction with
net-metering agreements and makes an annual filing with the Commission that
summarizes the number of net-metered customers, capacity and energy received by
Ameren Missouri in accordance with 4 CSR 240-20.065 (10)(A). Utility-owned resources
are listed in our supply-side analysis chapter of the 2017 IRP.

20 File No. EO-2019-0065 Paragraph 1.A (1)-(3)
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3.5 Uncertain Factors
3.5.1 Price Scenarios

Ameren Missouri has reviewed its assumptions for load growth, coal retirements, carbon
prices, and natural gas prices, which are the major drivers of power prices. As discussed
in more detail in this section, Ameren Missouri has determined that its current
expectations for these driver variables are within the ranges established in the 2017 IRP.
As a result, it is not necessary to update our power price scenarios. Each unique
combination of uncertain factors is probability weighted and allows for analysis over a
wide range of potential future conditions. Figure 3.3 shows the scenario tree from the

2017 IRP.

Figure 3.3: Scenario Tree

Coal Carbon Load Natural End Point
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Carbon $5.8 Real
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Coal Retirements

As specified in the 2017 IRP, a range of coal retirements was assumed to reflect a variety
of factors that can significantly affect power prices over the 20-year planning period. The
range of retirements is intended to capture the effects of market pressures on existing
coal resources. This includes increasing investment in renewable generation resources,
greater investment in efficient gas-fired generation and potential future environmental
regulations. The current expectations for coal plant retirements have not materially
changed from our assumptions in the 2017 IRP.

As of January 2019 the most current Annual Energy Outlook (AEQO) includes a reference
case that reflects an expected 101 GW of coal retirements. This reference case generally
assumed only current laws and regulations are in place throughout the study period and
does not make additional assumptions that may accelerate this retirement expectation.
All of our cases include a higher level of coal retirements than this reference case
assumption. The pressures that accelerate coal retirements are considered to be greater
than those that are currently reflected in regulations. To highlight this effect of changing
expectations, one of the cases reflected in the AEQ for 2019 is characterized as a "High
Oil and Gas Resources and Technology case," which represents a future with lower gas
prices. These effects are due to advancing technology and productivity gains associated
with higher oil production. In this case coal retirements increased from 101 GWs in the
reference case to 129 GWs.

Figure 3.4 shows the assumptions used in the 2017 IRP and continues to reflect our
planning assumptions.

Figure 3.4: Coal Retirement Assumptions

2017 IRP Assumptions

Remaining Carbon
Coal Prices
Low- 28.3%
Remairing Coal No Carbon §
2035 174 GW

127 GW Retired from 2016 Levels

RBase - 3%
Remaining Coal Carbon $5 8 Real
12035 154 GW 2025-2037

1680 GW Retired frorm 2016 Lavels

High 36.7%
Remaining Coal g2 Carbon $5.8 Real
2035 128 GW 2025-2037

178 GW Retired frorn 2016 Levels
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Carbon Dioxide Emission Prices

In addition to coal plant retirements, the above figure shows the carbon price expectations
assumed in the 2017 IRP. We used a CO2 emissions price as one of the factors that
would affect COz2 emissions in two of three cases but would not be the only, or even the
main driver of reduced CO2 emissions in each case.

This perspective is also in alignment with the 2019 AEO. As the two charts from the 2019
AEOQ below illustrate, even in the reference case, carbon intensity is expected to decline
in the electric power industry based on the reduced usage of coal resources and an
increasing reliance on renewable and natural gas generation. This expectation is in
alignment with all of our cases, even with a zero or a small CO2 value. Ali three of our
coal retirement scenarios assume greater levels of coal retirements than the 2019 AEOQ
reference case and therefore each will provide a lower level of carbon intensity than is

reflected below.

Figure 3.5: U.S. Electricity Fuel Mix and Carbon Intensity

Carbon dioxide intensity by end-use sector
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Table 3.5: CO2 Price Assumptions

2025 | $0.00 $3.11 $3.11 $0.00 $3.71 $3.71
2026 | $0.00 $3.42 $3.42 $0.00 $4.17 $4.17
2027 $0.00 $3.77 $3.77 $0.00 $4.68 $4.68
2028 | $0.00 $4.15 $4.15 $0.00 $5.26 $5.26
2029 | 30.00 $4.57 $4.57 $0.00 $5.91 $5.91
2030 | $0.00 $5.03 $5.03 $0.00 $6.64 $6.64
2031 $0.00 $5.54 $5.54 $0.00 $7.46 $7.46
20327 $0.00 $6.11 $6.11 $0.00 $8.39 $8.39
2033 | $0.00 $6.73 $6.73 $0.00 $9.43 $9.43
2034 | $0.00 $7.42 $7.42 $0.00 $10.60 $10.60
2035 | $0.00 $8.18 $8.18 $0.00 $11.91 $11.91
2036 | $0.00 $9.01 $9.01 $0.00 $13.39 $13.39
2037 | $0.00 $9.93 $9.93 $0.00 $15.05 $15.05

It should be noted that the price assumptions shown represent an explicit price on CO2
emissions, not necessarily an estimated cost to comply with CO2 emission regulations.
White these prices may factor into the cost of compliance, the cost to comply is
necessarily a function of the form of the regulation and the compliance options available.

Natural Gas Prices

Supply — According to 2019 AEQ, natural gas production from shale gas and tight oil
plays as a share of total US natural gas production continues to grow, both in share and
absolute volume because of the sheer size of the associated resources. Associated
natural gas production from tight oil production in the Permian Basin grows strongly as
does the oil co-production from Eagle Ford and Haynesville regions. The continued
development of the Marcellus and Utica shale plays in the east are also robust.
Technological advancements and improvements in industry practices continue to lower
production costs and increase volume of natural gas recovery per well. These
advancements have a significant cumulative effect in play that extend over wide areas
and that have large undeveloped resources. Our expectations for natural gas supply in
the 2017 IRP remain consistent with the current view from AEOQ 2019.

Demand — In reviewing the drivers of demand, we continue to see several drivers shaping
it fong term. The drivers are energy efficiency programs, coal to gas switching, industrial
growth and LNG exports. Upward pressure on demand will result from expanded coal to
gas switching, industrial growth and global exports of LNG with only efficiency having a
moderating impact. The 2019 AEO includes an expectation that the United States will
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remain a net natural gas exporter in all cases due to the robust supply and increasing
productivity advances to access this resource.

Infrastructure — The expectations for infrastructure remain consistent with the 2017 IRP.
The developments in large gas production in the Marcellus and Utica shale reserves in
the Northeast continue to create a dramatic shift in flow. These changes in the interstate
pipeline system will occur as the supply pool from the Noirtheast grows. Natural gas will
be directed toward the growing demand from: the petro-chemical industry in the
Southeast, gas-fired generation throughout the Midwest and East, and LNG exports in

the Gulf Coast.

Figure 3.6: Natural Gas Price Forecasts
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_Price — Current expectations are for prices to trend closer to the low end of our IRP

range. However, as we move forward in time demand from LLNG exportis, coal-to-gas
switching and increased industrial demand could drive higher prices in later years. As
demonstrated in Figure 3.6, EIA’s 2019 Annual Energy Outlook reflects future gas prices

that are well within the range used in the 2017 IRP.
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Load Growth

In the probability tree in Figure 3.3, load growth has 3 different value levels — one features
a 0.48% compound annual growth rate {CAGR) over the IRP 20-year timeframe, with a
20% subjective probability; the other is -0.37% CAGR over the IRP 20-year timeframe,
with a 60% subjective probability; and the last level features -1.36% CAGR with a 20%
subjective probability. We continue to use these three levels to represent the distribution
of potential load growth based on a review of assumptions with our internal subject matter
experts. Our load growth assumptions for Ameren Missouri’s service territory continue to

fall within this range.

3.5.2 Scenario Modeling

Because current assumptions for each of the three scenario variables described in
section 3.3.1 are within the ranges defined in our 2017 IRP, no updated scenario modeling
is warranted at this time. The power price forecasts for the scenarios modeled for the
2017 IRP are presented in Figure 3.7 below.

Figure 3.7: Market Price Scenarios

Ameren Missouri Power Prices

€0

50

$/MWh

30

20

o A N & (] o AN o
A Q- v an {5 ) ) 0 )
S A

Page 28 2019 Integrated Resource Plan Update




Ex. AA-D-25
Ameren Missouri

3.5.3 Independent Uncertain Factors

Ameren Missouri reviewed a broad range of uncertain factors, including foreseeable
emerging energy efficiency, storage and distributed generation technologies in its 2017
IRP?* and identified two independent uncertain factors to be critical as a result of the
sensitivity analysis conducted and presented in the 2017 IRP: DSM costs and coal prices.
The Company reviewed its expectations and previous value ranges for these critical
uncertain factors and determined the % deviations for the low-base-high values from the
expected values of each uncertain factor are stiil valid.

3.5.4 Coal Price Forecasts

The 2017 IRP long-term coal price assumptions included a review of the drivers that most
affect the coal industry and more specifically thase affecting Powder River Basin (PRB)
coal. The overall assumptions about US coal supply have not materially changed.

Ameren Missouri continues to maintain an expectation that long-term demand for PRB
coal will be negatively affected by lower energy prices and coal-fired power plant
retirements. Additionally, how environmental regulations, transportation costs and even
producer solvency will influence the coal markets are continually under review.

The factors reviewed that affect PRB production costs remain the same and are:

e Strip ratios (overburden vs. coal seam) are expected to increase.

« Government regulations continue to increase reclamation costs including coal
producers potentially having to insure payment of future reclamation costs (“self-
insurance” will be more limited in the future).

+ Severance taxes and coal lease fees.

« Cost of materials, supplies and capital equipment such as diesel fuel, explosives
& haul trucks.

e Haul distances from coal pit to load-out are expected to increase.

» Eventual interference with the railroad mainline.

The cost of mining PRB coal has recently declined and stabilized as producers have
reduced operations and focused on more cost-effective reserves to meet the declining
demand base. However, long-term production costs are projected to rise as strip ratios
increase. Strip ratios are forecasted to increase by 25% over the next 20 years based on
current supply and demand fundamentals. Mining companies have reduced cash costs

21 File No. EO-2019-0065 Paragraph 1.A (1}-(3)
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over the past few years but long-run costs will increase in real terms due to the increasing
strip ratios as production moves westward.

Coal prices may vary from the forecast due to the drivers mentioned above but are not
limited to those drivers alone. Examples of other drivers that may impact coal prices are
new mining, generation or environmental technology, changes in the electric grid and load

loss/growth.,

Our plan to meet emission compliance standards is to continue utilizing environmental
controls and burn predominantly ultra-low sulfur coal (typically considered 0.55 ib.
SO2/MMBtu or less) remains consistent with assumptions made in the 2017 IRP. Ameren
Missouri expects long-term production/supply of uitra-low sulfur PRB coal to be 200-350

miilion tons per year.

3.6 Energy and Peak Forecasting?

Ameren Missouri has reviewed its key drivers for long-term load expectations and has
concluded that current expectations are materially unchanged.

in its 2017 IRP, Ameren Missouri has evaluated the impact of distributed generation and
electric vehicles at low-base-high levels of penetration. The analysis can be found in
Chapter 3 of the 2017 IRP. Ameren Missouri will be providing $28 Million in solar rebates
to customers that install solar systems between 2019 and 2023 as included in Senate Bill
564 and Ameren Missouri Smart Energy Plan. Solar rebates accelerate customer-owned
solar installations in the first few years but are not expected to materially change the total
installation expectations through the planning horizon.

The Company's current and planned EV-related initiatives focus on the Charge Ahead ~
EV proposal that was partially approved by the Commission in February, 2019 (File No.
ET-2018-0132). The Corridor Subprogram was approved and allows Ameren Missouri to
provide incentives to stimulate the private sector to develop, own, and operate
approximately 11 DC-fast charging islands in the Company's service territory. This
innovative program is designed to jump start the free market in order to leverage private
investment in a manner that develops infrastructure that meets EV-owning customers’
changing service needs and helps encourage broader EV adoption by customers. The
other localized charging station incentives proposed by Ameren were not approved and
the Commission has ordered the MoPSC Staff to open a working docket (File No. EW-
2019-0229) to further evaluate various options for development of localized EV charging
stations.

22 File No. EO-2019-0065 Paragraph 1.B; File No. E0Q-2019-0065 Paragraph 1.J
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In addition, Ameren Missouri has a commitment that is memorialized in the Stipulation
and Agreement in File No. ER-2016-0179 to propose amendments to its existing
residential time-of-use rate that, among other abjectives, are designed to promote
additional off-peak charging of EVs.

The EV landscape is rapidly evolving, and Ameren Missouri continues to monitor
emerging technologies, trends, and developments in other jurisdictions. Through these
activities, Ameren Missouri will consider on an ongoing basis new beneficial ways to
support its customers' adoption and use of EVs. Ameren Missouri is very cognizant of
the Court of Appeals Western District decision regarding utility ownership of EV charging
equipment and the options that provides to meet customer needs going forward, but has
no current plans to change the incentive-based approach to EV charging development
proposed in the Charge Ahead proceeding.
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