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LAZARO'S LEVELIZED COST OF ENERG Y ANAL\' SIS - VERSION 10 . 0 

Introduction 
Lazard's Levelized Cost of Energy Analysis {"LCOE") addresses the following topics: 

• Comparative "levelized cost of energy" analysis for various 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 

• Illustration of how the cost of various generation technologies compares against illustrative generation rates in a subset of the largest 

metropolitan areas of the U.S. 

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

• Illustration 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 

• Illustration 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 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 Ievelized 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 additional factors, among others, could include: capacity value vs. energy value; stranded costs rcla ted to distributed 

generation or otherwise; network 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., carbon emissions offsets, 

emissions control systems). The analysis also does not address potential social and environmental externalities, including, for ex11mple, 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 -10.0 present the LCOE on an unsubsidized basis, except as noted on the page titled "Levelized Cost of Energy-Sensitivity to U.S. 

Federal Tax Subsidies" 
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LA Z ARO'S LEVELI Z ED COST OF E N E RG Y AN A L Y S IS - VERSION 10.0 

Unsubsidized Levelized Cost of Energy Comparison 
Certain Alternative Energy generation technologies are cost-competitive witl1 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, etc.), reliability or intermittency-related considerations (e.g., 
transmission and back-up generation costs associated with certain Alternative Energy technologies) 
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LAZARO'S LEVELIZED COST OF ENERGY ANALYSIS - VERSION 10.0 I 

Unsubsidized Levelized Cost of Energy Comparison (cont'd) 

{a) Analysis excludes integration (e.g., grid and conventional generation investment to overcome S}'Stem intermittency) costs for 
intermittent technologies. 

(b) Low end represents single-axis tracking system. High end represents fixed-tilt design. Assumes 30 M\V system in a high insolation 
jurisdiction (e.g., Southwest U.S.) . 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. 

(c) Low end represents concentrating solar tower with 18-hour storage capability. High end represents concentrating solar tower with 
to-hour storage capability. 

(d) Illustrative "PV Plus Storage" unit. PV and battery system (and related monoTdirectional inverter, power control electronics, etc.) 
sized to compare with solar thermal with 10 hour storage on capacity factor basis (52%). Assumes storage nameplate "usable 
energy" capacity of ~ 400 1\,1\VhJc, storage power rating of 110 I\-IW""' and ~ 200 MW"' PV system. Implied output degradation of 
~0.40%/year {assumes PV degradation of 0.5%,/year and battery energy degradation of 1.5%/ year, which includes calendar and 
cycling degradation). Battery round trip DC efficiency of 90% (including auxiliary losses). Storage opex of ~$10/ kWh-year and PV 
O&M expense of ~ $9.2/kW DC-year, with 20¾ discount applied to total opex as a result of synergies (e.g., fewer truck rolls, single 
team, etc.). Total capital costs of ~$3,900/k\X' 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 capability; 

(t) Represents estimated implied midpoint of levelized cost of energy for offshore wind, assuming a capital cost range of $2.75 - $4.50 
per watt. 

(g) Represents distributed diesel generator with reciprocating engine. Low end represents 95% capacity factor {i.e., 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. 

Q1) Represents distributed 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 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 hours. 

(i) Does not include cost of transportation and storage. 

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

(le} Reflects average of Northern Appalachian Upper Ohio River Barge and Pittsburgh Seam Rail coal. High end incorporates 90°/o 
carbon capture and compression. Does not include cost of transportation and storage. 

31 LAZARD 

~~or.MI of 1h1s m.1tC"n.1I rt1.1F hr '1'('1.rd,pho1ncnpnJ or ~.attU 1n mr fonn h1 utJ mc:.aru, OT q-du1nhutttl \l'Uhuut Im" pnor con1C11t n(l..iz.arJ 

Ex. AA-D-20



LAZARO'S LEVELIZED COST OF ENERGY ANALYSIS-VERS I ON 10.0 

Levelized Cost of Energy-Sensitivity to U.S. Federal Tax Subsidies<a) 
Given the extension of the Investment Tax Credit ("ITCtt) 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 (and 
government incentives are, generally, currently important in all regions) 
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LA Z AR D'S LEVELI Z ED C OST OF ENERG Y ANAL YSIS-VERSION 10 . 0 I 

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.t baseload and/or dispatchable intermediate load vs. peaking or intermittent technologies) 
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LA Z ARO'S LEVELl 7. ED COST OF ENERGY ANAL Y SIS - VERSION 10 . 0 I 

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 a 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 or grid-related 

considerations 
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LAZARO'S LE V ELIZ E D COST OF ENERGY ANALY SIS - VERSION I ~ 

Generation Rates for Selected Large U.S. Metropolitan Areas(a) 
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 key, high population 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 environmental externalities or reliability-related 
considerations 
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LAZARO'S LEVEL17.ED COST OF ENERGY ANALYSIS - VERSION 10.0 

Solar versus Peaking Capacity-Global Markets 
Solar PV can he 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 
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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 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, permitting and 
other costs) that would also impact reg ional costs 
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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 improvements in efficiency, among other factors 
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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 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 
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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 materially lower the capital costs of certain Alternative 
Energy technologies, and their lcvelized cost of energy, over time (e.g., as has been the case with solar PV and wind 
technologies) 
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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) 
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Levelized Cost of Energy-Sensitivity to Cost of Capital 

A key issue facing Alternative Energy generation technologies is the impact of the availability and cost of capital<a) on LCOEs 
(as a result of capital markets dislocation, technological maturity, etc.); 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 
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Unsubsidized Levelized Cost of Energy-Cost of Capital Comparison 
While Lazard's analysis primarily reflects an illustrative global cost of capital (i.e., 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 utility-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 
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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) 
• This analysis does not take into account potential social and environmental externalities or reliability-related considerations 
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COST OF REC OF LOAD- BASE, 
ENERGY POTENTIAL TECHNOLOGY DISTRIBUTED CENTRALIZED GEOGRAPHY INTERMITTENT PEAKING FOLLOWING LOAD 

SOLAR PV 54(,- -,,.,.;: ✓ Commcn:ial ✓ ✓ Unh-crsal~•: ✓ ✓ 

SOLAR THERMAL Sl19- l1!2 ✓ Commcn:i3I ,/ Varies ✓ ✓ ✓ 

FUEL CELL 5106 - 1(,7 ? 
Emerging/ 

✓ Unh·crsal ✓ Cnmmcn:i3l 

MICROTURBINE 576- K'> , Emerging/ 
✓ Unh·crsal ✓ Cnmmcn:i3l 

GEOTHERMAL S79-117 ✓ l\la1urc ✓ Vanes ✓ 

BIOIIIASS DIRECT S77- 110 ,/ l\la1urc ✓ Unil·crsal ✓ 

ONSHORE WIND S.12 6:? ✓ Maiurc ✓ Vanes ✓ 

DIESEL 
RECIPROCATING $21:?-2111 II l\hmta, ✓ Unil•crsa1 ✓ ✓ ✓ 

ENGINE 

NATURAL GAS 
RECIPROCATING S<,K - Hit • l\laiurc ✓ Uni,·crsal ✓ ✓ ✓ ✓ 

ENGINE 

GAS PEAKING $165 - 217 " l\la1urc ✓ ✓ Uninrsal ✓ ✓ 

JGCC S<J4-2111 _..1 EmcrginglolJ ✓ 
Cu•lnc:ucJ or 

✓ 
rural 

NUCLEAR S97 - 13<, ✓ Mature/ 
Emeq,,ing 

✓ 
Cn.JocatcJ nr 

rural 
✓ 

COAL S<~l - 1-13 jl/p l\h1urc<J) ✓ 
Cn-lnca1cd or 

rural 
✓ 

GAS 
COMBINED S4H - 7H II Mature ✓ ✓ Uni,·crsal ✓ ✓ 

CYCLE 

SoNrrt: I.JJZ!lnl t1li11tlllt1. 

(•) Represents 1hc full range of sol:tr I'\' 1cchno!ogics; lo\l• end n:pn:scn1s thin film utilil}'·scalc solar singlc•axis tracking, high end n:pn:scnts the h,gh end of mofu1p n:si<Jcmial sobr. 
(b) Qua~f,catmn for Rl'S requtrcmcnts \'3ncs b)• k,catinn. 

16 1 LAZARD ,(c) Could be cunsidcn:d carbnn n~utr.tl 1cchnolog)', assuming carbon capture and cnmpressinn. 
(J) Carbon capture nnd compression technolo!,'icS an: in cmcq,>tng st31,>e. 

Copynght 201(, l.a.zanl. 
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LAZARO'S LEVELIZED COST OF ENERG Y ANAL'\' SIS - VERSION 10 . 0 I 

Levelized Cost of Energy-Methodology 
Lazard's Levelized Cost of Energy analysis consists of creating a power plant model representing an illustrative project for each relevant 
technology and solving for the $/M\Vh figure that results in a levered IRR equal to the assumed cost of equity (see pages 18 - 20 for 
detailed assumptions by technology) 

WIND- HIGH CASE SAMPLE CALCULATIONS 

l 'tar~1 

Capacity (M\V) - (.-\) 

Capacity Factor (%) - (H) 

Total Generntmn ( 000 i\l\'<-'h - (A x {ll) - ((.)• 

Lcvr:lizcd Enc Cosr '$/1,,/Wh) - 'DJ 
Total Revenues - (C) x (D) = (E)* 

Toti1I Fuel Cost - (F) 

Total O&J\I - (Gt 

Total Operating Costs - (F) + (G) = (H) 

EBIIDA - (E) - (H) = (I) 

Debt Outstanding - Hcginnmg of Period - 0) 
Debt - Interest Exrcnse - (K) 

Debt - Principal l>ayrnent - (L) 

J,41vcJized Debt Service - (K) + (I,) ~ (1\1) 

EBIIDA - (1) 
Depreciation (.I\IACRS) - (N) 

I ntercst Expen~e (K) 

Taxable Income - (I) + (N) + (K) = (0) 

Tax Benefit (Liability) - (0) x (tax rJtc) = (Pt> 

0 

After-Tax Net Equity Cash Flow-(1) + (M) + (P) = (Q) ($68.0) 

!IRR For Equity Investors j 12,00/o I 
l~o!Ulldlri 

f J 
100 100 

35•1() 38,. 

329 329 
$61.75 $61.75 

$20.3 $20.3 

so.o S0.0 

4.0 4. l 

S4.0 S-1.1 

S16.3 $16.2 

S102.0 SIO0.0 

(8.2) (8.0) 

(2.0) (2.2) 

(SI0.2) (SI0.2) 

S16.3 S16.2 

(34.0) (54.4) 
(8.2} (8.0) 

(S25.9) ($46.2) 

$10.4 $18.5 

$16.5 $24.5 

~ -
SOlltrr. 

Note: \~·,nJ- 1 hgh I..COE case 1""54-ntc:J for Jlusln.11\·c purr,o'\C."'!li onlr. 
Dt.-n1ucs un11 c•1n\~n111,n 

(•) 
(b) 

1\ s sUfflL*S h~lf•)'L':IC c,1nn-n1u,n ftlf J1w:,1unun,t ru~KCJ, 

J\ssucm-s full muncuzataon or ta:s: benefits u( losses 1mmafu1dr 

J -I 5 

100 100 l00 

38% 38% 38% 

3:!9 .}29 329 

$61,75 $61.75 $61.75 I 
$20.3 $20.3 $20.3 

so.o so.o so.o 
·'-2 -l3 4.4 

S-t2 S4.3 SH 

$16.1 $16.0 $15.9 

597.8 S95A S92.9 

(7.8) (7.6) (7.4) 

{2.4) (2.5) (28) 

(SI0.2) (S10.2) (SI0.2) 

516.1 S16.0 S15.9 

(32,6) {19.6) (19.6) 

(7.8) (7.6} (7.4) 

($24.4) ($11.2) ($11.1) 

$9.7 $4,5 $4.4 

$15.7 $10.3 $10.2 

17 LAZARD (<) 
(d/ 

kdlL'CIS a ··kcr'' subscr n( ~u u sumpunns fnr mcthriJi:111,g)" 1Uus1r:1bcm f1Ul'JM)M:'5 ,ml)· ll4M..-s not n:fL.-CI :di as,umr111>ns. 

Fuel co~1s connncJ £mm n:lcnn1 source u, S/MMlh\l for (c,n\·cn">n ruff'nst."S. 

Key Assumptions<c) 

Capacity (M\V) 100 

Capacity Factor 388/ i 

Fuel Cost (S/ M.I\IHtut,I) S0.00 

I foat Rate (Htu/ kWh) 0 

Fixed O&M (S/ kW~yL·:u) S40.0 

Vnnable O&i\l (S/ MWh) so.o 
O&i\l Hscalarion Ral>C 2.25% 

Capital Structure 

Debt 60.0% 

Cost of Debt 8.0% 

Equity , ll'I M /o 

Cost of Equity I 12.001< 

Taxes and Tax Incentives: 

Combined Tax Rare 40"/. 

Hconomic Life (yean;i<> 20 

i\l,\CIL'i Depreciation (\'car Schedule) 5 

Capex 

EPC Costs (S/ k\V) s1.100 

Additional Owner'~ Costs (S/kW) $600 
Trnn~rnis,iun Costs (S/k\X~ so 
Total Capital Costs (S/ k\V) S1,700 

Total Capex (Smm) S170 

Tcchnc•l••ro·-Jcpcrn.lcnl 

Coprngh1 201<, l.:iianl. <•> Econu,mc hfc sc-" Jcb1 .1ffll,mnllnn sch .. -J"k-. For ,omp:anson ('\l'flOl'>L-S1 =-ll fL'1;.'.hnoloJ.,'U.~ c::alcubtc u:oJ~ on :?0-}'L":n lk.R b:uu. 

-
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LAZARO'S LEVELIZED CO S T OF E NERG Y A~ AL Y SIS - VE RS ~ - ~ 

Levelized Cost of Energy-Key Assumptions 

Solar PV 

Utility Scale- Utility Scale- Solar Thermal Tower 

Unils Rooftop-Residential Roof1op--C&I Community Crystalline1
'
1 Thin Film1' 1 with Storage<•I 

Net Facility Output 111\V 0.005 -0.000 I.S 3() lO 110 

EPC Cost S/k\V S2,000 S2,800 S2,100 - S3,750 S2,000 - S2,800 St,-150 - Sl ,300 51,-150 51,300 59,000 - S8,750 

Capital Cost During Construction S/ k\V S1 ,300 - St,250 

Other Owner's Costs 

Total Capital Cost1"1 

Fixed O&M 

Variable O&M 

Heat Rate 

Capacity Factor 

Fuel Price 

Construction Time 

Facility Life 

CO2 Emissions 

Lcvclizcd Cost of Encrgy(bl 

SoHn"t: 
(>) 
(bl 
(c) 

(..!) 

S/ k\V inclu<lc<l inclu<lcJ inclu<lcJ mcluJcJ incluJcJ incluJcJ 

5/k\V 52,000 - 52,800 52,100 - S3,750 52,000 - S2,800 S1,-150 St,300 S1,450 - Sl,300 S10,300 - S10,000 

S/ k\V-}·r S20.00 - S2500 S15.00 - S20.00 S1200 - S16.00 S12.00 S9.00 S12.00 S9.00 S115.00 - 580.00 

S/ i\l\Vh 

lltu/ k\Vh 

% 18¾ 15% 25% 20¾ 25% 20% 30% 21% 32,•r. 23¾ 85% 52% 

S/ MMHru 0 0 0 0 -0 0 

Month~ J 3 6 9 I) 36 

\'cars 20 25 30 30 JO 35 

lb/1\IMHtu 

S/1'1\Vh S138 S222 S88 S193 S78 S135 S-19 S61 S46 556 $1 19 Sllt1 

I ~nf t1ti11111ttJ. 

lndu<lcs c:ipicaUzt'll financmg coses dunng cons1ruccmn for h"'ncrntinn types wich m·cr 24 momhs cons1ruc11on rime. 
While prior \'tTsions of this stu<lr ha,·c prcsenlt'll I.COE incluSll"C nf 1hc U.S. Ft'llcrnl ln.-cstmcnt Tax Crc<lir anJ l'ro<luc!ion Tax Crcdi1, Versions 6.ll - Ill.Cl prcscm I.COE on an unsulm<lizcJ lnsrs. 
l..cfr rnlumn rt.1'rcsen1s the assumprinns used 10 calculate the low cn<l I.COE for singlc-:i.~is 1r.1ck,ng. R,ghc column rcprcscncs 1hc assumprinns uS<.'tl lo calculate 1hc h'!lh cnJ I.COE H>r fLtc<l-1ih 
Jesih'"· Assumes ]0 t,IW syslcm in high ,nsola1ion jurisJicrinn (e.g., Suu1hwcst U.S.). Docs nnl account for differences m heat cocffic1cn1s, balancc-of-S}'Slcm costs or other potcnlral focrnrs which may 
J,ffcr acmss solar lt-clmnk1i;,c1. 
l..cfr column represents conccntrnting solar u11•·cr wi1h I K-hnur stnr.lh'C capability. lught column rcprcsenls cnnccmrnting solar tower wnh 111-hnur s1nr.11,'C capab,~I}'-

ts ! LAZARD 
Cnpyrigh1 :mu, l.azanl. 

~np.1n 11(1h111n.artnal in.ay l11r,c,ipiinl.pbt.rt,ctipnl t1.-~t.c~,rJ .-.. --r ftnml'Y mr mum ctr rnSutnbutNl 11,11NM 1he 11nocc11nS(."flrn(J..-zuJ 
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LAZARO'S LEVELIZED COST OF ENERGY ANALYSIS-VERSION I ~ 

Levelized Cost of Energy-Key Assumptions (cont'd) 

Unils Fuel Cell Micro1urbine Gco1hcrmal Biomass Dircc1 Wind-On Shore Wind-Off Shore 

Nel Faciliiy Ou1pu1 J\J\V 24 0.25 20 35 100 210 385 

EPCCosl S/k\V S3,000 - S7,500 S2,500 - S2,700 S3,100 - S5,600 S2,200 S3,500 S950 - S1,100 S2,750 - S-1,500 

Capi1al Cosl During Cons1ruc1ion S/k\V S550 S800 S300 S500 

O1her Owner's Cos1s S/k\V S800 so inclmkJ indu<lcJ incluJcJ S300 S600 incluJcJ 

To1al Capilal Cos11•> S/kW S3,800 - S7,500 S2,500 - S2,700 S4,250 - S6,100 S2,500 - S-1,000 Sl,250 - Sl,700 S2,750 S-1,SOO 

FixedO&M S/ kW-yr S6.8j - S9.12 S95.00 S35.00 - S40.00 S80.00 - S110.00 

Variable O&M S/ MWh S3000 - S50.00 57.00 - S10.00 S30.00 - S-10.00 S15.00 

Heat Ible Htu/ k\Vh 7,260 6,600 10,300 - 12,000 14,500 

Capaciiy Fac1or •·· 95• ·· 95° . 90•. es•. es•. 55•. 3s•. -is•. 40oG 

Fuel Price S/ IIIIIIHru l 3.-15 SJ 45 S1.00 - S2.00 

Conslruclion Time lllnnlh~ 3 3 36 36 12 12 

Faciliiy Life YL-:JfS 20 20 25 25 20 20 

CO1 Emissions 11.,/ 1\11\IHtu 0 117 

Levelizi,d Cos! of Energy~> S/ 111\Vh S106 SS67 576 S89 S79 51 17 S77 S110 SJ2 $62 S81 ms 

Sonny; I ..J:;_anf tJllflt,J/tJ. 

Jncludcs capn.:ili1.L-J fin3ncmg cosls t.lurmg cnns1rucuon for ~~ncr:1uc•n 1ypcs \\ uh o,cr 24 months C:tlft:!ii lfUCHon 1imc, I>) 
(b) While p nnr n:ro1ons of 1his stuJr h»·c r """ntL..J I.C:OE onclus,n, nf 1hc U$. FcJcral ln\'Cslmcnt Ta~ C:rcJ,t anJ l'mJuc11nn Ta, CrcJ,1. \'crs,ons r,.O - HUI present I.COE cm an unsubs,JizcJ basos. 

19 LAZARD 
C:orynght 2111<, l.az:lnl. 

Ex. AA-D-20



LAZAR D'S LEVELIZED COST OF ENERGY ANALYSIS-VERSION 10.0 

Levelized Cost of Energy-Key Assumptions (cont'd) 

Diesel Reciprocating N11rural Gas 
Units Enginc:" 1 Rc:ci~rocaling Engine: Gaa Pc:akini: IGCC141 Nuclear") Coal<Q Gas Combined Crclc: 

Net Facility Output MW 11.25 0.25 21<, 10.l 51111 t,IIHI '""' 550 

EPCCosr S/1..\V S54NI S!«KI S<,541 - Sl,UMl SSK0 - S7CNJ 5:l.>lHI - Sll,(ilNl S3,IIINI - 55,llMI S2,CMMI - Sli,ICMI S750 - Sl,INNI 

Capital Cost During Construction S/1..W S?INI - S2.9jHI Sl,INNI - Sl,41NI S51NI - Sl,<~NI SUMI - SICHI 

Orhrr o.,.,,cr's Costs 

Total Capital Cosr<•l 

FindO&M 

Variable: O&l'tl 

Hrat Rate, 

Capacity Factor 

Fuel Price: 

Conslruction Time 

F,u:ility Life 

COz Emissions 

Lcvclizeil Cost of Enc:rgy<'1 

SoHtrt: 
(•) 
(b) 

(<:) 
(J) 

(e) 
(I) 

S/k\V . inclu,ktl included S2211 S11Nl so so S<.IHI SI ,51NI SSIN> S7CMI S2lNI S21HI 

S/kW SS(NI SIUHI S<,So - Sl,IINI SBINI - S1,INMI 54,INMI - Sl-l,5(N> S5,-l(NI - SH,l(NI SJ,CNNI - SH,4(NI Sl,(HMI - Sl,11Nl 

S/k\V-yr 515.CNI SISJNI - s211.m 55.CNI - 525.CNI Sr.US $73.(NI sns.cx, S-111.CNI SIIIJJNI S<,.20 - S5.50 

S/M\Vh SIS.IHI srnm - 515.CNI S-1.70 - S7.50 57.INI - Sll.50 so.so - S0.75 52.INI - 55.CNI SJ.So - 52.CHI 

llru/ 1..Wh ! IO,INHI H,(NMI - 9,CNNI 111,JINI - 9,(MNI 11,HIMI - I l,71Nl 111,450 H,7541 12.(NKJ 6,1!NI - 6,9jNI .. ~ 95°0 10"• 95•. .>41° I IO"u 1s~11 '.Hr' ... ~l•u IUl"o -10•. 

S/Mll.11\ru ! SIH.2.l S5.541 SHS SI H - su.r,s SO.HS $1.47 s:us 
ll.lnnths r 1 3 25 57 r,1 Ii? w (,6 36 i 
Yc;a.rs [ 211 211 20 -10 411 -Ill 20 I 

I 
lb/ll.ll\lll1u I II 117 117 117 l(,'J 211 117 

S/ M\Vh S212 S2HI S<,H SUII Sl<,5 - S217 S?-1 S2111 5•)7 S13<, S611 S14.l 5411 S7H 

I .a-;µnl tJlimultJ. 

Include, capi1:1~zL'tl financing cos1s Jurini: construction for i:cner:nion 1ypcs with o\'cr 24 mon1hs cons1ruc1inn rime. 
While prior \'crsions of 1his s1uJ1· ha\·e prcscnlL'tl I..COH mclus1\·c of 1hc U_<;, Fctlcr:,l lm·csltnLnt Ta~ C:n:Jit anJ l'mJuc1inn Ta.~ C:n:d,1, \'cr<1ons (di - Ill.II pn::<cm I.COH on an unsubS1d1zcJ bam. 
IA1w cnJ represent._ con1inuous opcr.uion. I l,gh end reprcscnl• in1~rmi1tcnt opcr.llinn. Assumes diesel price of ~S2.50 per h"'llon. 
I litlh cntl oncorpor;ucs 91l"+ carbon captun: anJ compn:$!<iun. Docs not incluJe cos1 of sU>l'3!lC :ind 1r:msporta1ion. 
Docs nm n:ncc1 Jccomm1ss1oning cosl5 or potential ecnnumic impact of fL'tlcr:il loan h'll:lr:Jntccs or other subs,J,cs. 
ltcRL-cls a\·cr:lj,'C of Non hem , \ppaloch,an Upper Ohio l!.inr lbq,'C anti l'inwurgh Scam Rail coal. I hgh end incnrpor:itcs 1)(l"'• carbon cap1urc and cnmpression. Docs not include cost of 51orah'C anti 
1ranspnr1:uion. 

20 1 LAZARD 
C:op1·n~l,t 2016 l.:izanl. 
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LAZARO'S LEV ELIZ ED COST OF ENERG Y ANAL Y SIS-VERSION 10 . 0 I 

Summary Considerations 
Lazard has conducted this study comparing the Jevelized 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, dispatch 
characteristics and other factors. Jl7e 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 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 Jevelized cost of energy, on a $/MJl7h 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 im,estment costs, capacity factors, operating costs, fuel costs (where relevant) and other important metrics on the levelized 
cost of energy. These inputs ,vere originally de,,eloped witl1 a leading consulting and engineering firm to the Power & Energy 
Industry, augmented with Lazard's commercial knowledge where relevant. This study (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 altered by different assumptions regarding capital structure (e.g., increased use of leverage) or capital costs 
(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 ,,s. 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 Jong-term residual and societal consequences of various conventional 
generation technologies that are diflicult to measure (e.g., nuclear wa~te disposal, environmental impacts, etc.). 

21 1 LAZARD 
C.opyni;lu 201(, l..:lzanl. 
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