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Background

Planning utilizes renewable cost outlooks to help inform ongoing power system planning activities and to

help inform discussions within the IESO and with stakeholders Specific examples of areas where these

cost outlooks are used include

Resource planning studies such as Ontario Planning Outlook 0P0
Context for comparing options to help inform investment decisions

Evaluation of alternative supply portfolios

Avoided cost estimates for Conservation and GreenON programs
Ontario Fair Hydro Plan studies

Grid paritynetmetering assessments

General market intelligence

Solar PV and wind cost outlooks are of particular focus here Planning produces updates to these outlooks

every 2 years The last update was produced in 2015 and prior to that in 2012 and 2014

The 2015 update helped inform the 2W6 PO Cost outlooks were included in the OM document

itself page 13
In past years outlooks tor installed cost in $kW of different Size tranches of wind and solar

resources were devekTed

In recent updates in addition to installed cost outlooks for aiim levelized unit energy costs in
fiVkWh were also developed to reflect cost of ownership

In preparation for future planning studies cost outlooks have been revisited in light of more recent

market information

A number of new reports and outlooks have lxtql released Since the 2015 update

Ontario base year costs have been adjusted to reflect more recent cost information
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Summary of observations

A variety of industry projections out to 2050 now exist IESO outlooks for solar PV and wind costs now extend

out to 2050 to help inform ongoing planning assessments that require longer term outlooks

Solar PV capital costs and outlooks for costs continue to decline driven by reductions in module costs and
balance of system costs

Residential and Commezcialtiralustrial rooftop solar PV cost outlooks are lower than the 2015 update

Utility scale solar PV capital costs are similar to thc 2015 update Leve zed cost of ownership is

marginally higher due improvements in how construction lead tiiTie3 and financing are refikcted

Wind capital costs remain relatively stable over the outlook reflecting the maturity of the technology Marginal

improvements are expected driven by incremental technology improvements turbine efficiency taller towers

and longer blades

Wind energy cost outlooks are lower than the 2015 update

Residential Rooftop Solar

CommercialIndustrial Rooftop Solar

Utility Scale Solar

Utility Scale Wind

$2647 $1518 $1281

$2089 $1200 $1010

$1850 $1072 $851

$2050 $1886 $1865

Residential Rooftop Solar

CommercialIndustrial Rooftop Solar

Utility Scale Solar

Utility Scale Wind

$226

$185

$150 $105

$94 $88

$148 $132

$120 $106

$87

Sensitivty analysis was performed on a number of key parameters Levelized cost is most sensitive to capital

cost and capacity factor assumptions

Industry trends will continue to be monitored Cost outlooks will be updated as information materially

changes
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1 Assessment approach assumptions and

considerations
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Approach to developing cost outlooks

Methodology for developing capital cost outlooks

1 Determine base year 2017 Ontario capital cost

Collect published cost outlooks by technology type

Convert cost outlooks to $2017 CAD
Produce industry average cost outlook based on published outlooks

Determine yearly percentage cost decline for industry average
outlook

Apply yearly percentage cost decline to 2017 Ontario capital cost to

develop cost outlooks

Methodology for developing levelized cost outlooks

For a given build year and installation type use the capital cost

outlook developed above

Input performance and financing assumptions into a 20 year cash

flow model

Determine levelized energy rate cost $MVVh that yields a 9
internal rate or return
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Major changes since previous IESO studies

The last two solar wind cost outlooks developed capital cost and LUECPPA rate outlooks for specific

procurement program tranches

microlIT Rooftop Solar PV 340 kW
PIT Rooftop Solar PV 10100 kW 100500 kW
111 Groundrnount Solar PV 10501 kW
1RP Solar >500 kW
lIT Wind <500 kW
IRP Wind >500 kW

As of the end of 2017 no future procurements are planned under any of the above programs

For this study outlooks are developed for the following categories

Residential Rooftop Solar

Conunercial gr Indtwtrial I Rooftop solar

Utility Scale Solar

Utthty Scale Wind

A further assumption is that future rooftop solar installations will proceed under a net metering regime as

opposed to a FIT style contract

The benefits for a net metering participant are reduced electricity bills through either self consumption

or bill iiredifi for electricity exports As such income tax will no longer be applied to rtxiftop solar when

determining leveled costs of energy
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Study financial assumptions Based on a variety of sources including the

2017 FIT Price Review 2016 LRP results a scan of industry data internal

analysis and previous studies

initial tipi6itYC6§1foftaSSibif2017$kW

Capacity kW
Average Cp icity Factor

Annual Degradation Rate

Connection Costs

Approvals legal Costs

OM Insurance Lease $kW

Construction Time ears
Vebt Equity Ratio

Debt Ferm yrs
Interest Rate on Debt

Income Fax Rate

Blended CCA Rate

Expected AfterTax IRR in Equity

10

0 50
$1079

$2089

500

050
$5300

$1850

10000

243M
050

$823281E
$706 $59719 $3132580

$0

$3700

2
1

7030

$0

$2400

2
2

8020

20 20

500

000
900

500

000
910

$2000

3

8020

20

500
2650
4t60
900

$2050

10000

000
lnduded

ttafle

$6300

2

8020

20

500
2650
3740
900

See Appendix for data sources
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A number of publicly available capital cost outlooks many out as far as 2050 have

been released since the previous study All outlooks go to 2050 except HS CERA
which is to 2040

A variety of industry reports were reviewed

Global Wind Energy Council Global Wind Energy Outlook 2016 October 2016

4 Wind Outlooks

National Renewable Energy Laboratory Annual Technology Baseline August 2017

3 Wind Outlooks

3 Reside ti Rooftop War OutArAks

4 3 Commercial 13n109idal Rooftop Solar Ontiook

3 Utility Scale Solar Outlook

1115 CERA US SolarWind PV Capital Cost and Required Price Outlook August 2017

1 Wind Outlook

1 Resident ii Rooftop Solar Outlook

1 C<ndi Sr Industrial Rooftop Solar Ouljook

2 Utility Sale Solar Outlooks

Greenpeace Energy Revolution 2015 September 2015

to 1 iVind OiSijiik

Outlook

International Energy Agency Energy Technology Perspectives 2014 September 2014

12 Solar Outlooks

Agora Energiewende February 2015

2 Utility Scale SOIRi 010009

To allow for comparison all cost outlooks are normalized for exchange rate and inflation into $2017CAD
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The previous outlooks developed by the IESO looked out 20 years ahead

The 2017 update extends the outlook out to 2050 due to better available

industry information and needs driven by planning studies that look

beyond the 20 year planning horizon

Many high quality industry projections released in recent years include cost

outlooks that extend out to 2050 These were not available at the time of

previous IESO updates

IESO has been asked to provide analysis to support the Ontario Fair Hydro
Plan To support financing decisions regarding the Ontario Fair Hydro Plan
the planning horizon is extended to 2050 Planning is required to make cost

assumptions related to replacement assets at the end of life of existing assets

PSP recognizes that the uncertainty surrounding any outlook increases the

further into the future one looks Continued regular updates to the wind and

solar cost outlooks allow for incorporating the latest available and reducing

uncertainty in the near term
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2 Updated assessment and discussion
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Residential rooftop solar PV Scan of industry capital cost outlooks
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Residential rooftop solar PV Updated IESO capital cost outlook

Using the 2017 benchmark capital cost of 52647kW in tandem with industry average

outlooks for rate of change in capital cost outlooks for residential rooftop solar capital cost

are developed The 2017 outlook is comparable to the 2015 outlook through 2022 but

declines more steeply after that date

Seffii

C

les°
Connecung roam 12

Powtoing TOMCSICW

I ESON0021168



Residential rooftop solar PV Drivers for cost decline

For the current outlook solar capital costs decrease 42 by 2035 The primary drivers of

the cost decline are a decrease in module price 60 of total decline and the balance of

system BOS 33 of total decline The cost decline drivers consistent across solar

installation types

0

70

60

3
20

Current Module
2017

BOS

is Inverter

Moclu le

nverter BC S ul ore

2035
Sources 111S CERA Sr Agora Energiewende
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Residential rooftop solar PV Levelized unit cost outlook

The capita cost out ooks are combined with operating and financing assumptions to

develop levelized energy cost outlooks for residential rooftop solar The major driver of the

lower cost compared to previous studies is a change in assumed capacity factor from 13
to 16 based on aria ysis of the historical performance of rooftop microFIT sites

4

2014 CA rkyak

Y157PV04

2015 Citilks14 C431kG14
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Residential rooftop solar PV Cost sensitivity analysis

A sensitivity analysis was performed for the 2017 levelized energy cost for residential

rooftop solar The major sensitivities are capacity factor and capital cost

Capacity Factor 4110

Capitol Cost 0

Cost of Debt +PC

RR

OM Cost I0

$80 $100 $120 $140 $160 $100 $200 $220 $240 $260

Levelized Cost of Energy 2017$MWN
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Commercialindustrial rooftop solar PV Scan of industry capital cost

outlooks
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commercialindustrial rooftop solar PV Updated IESO capital cost outlook

Using the 2017 benchmark capita cost of 52089kW in tandem with industry average

out ooks for rate of change in capital cost outlooks for CAI rooftop solar capital cost are

developed The 2017 outlook ranges from 1333 lower than the 2015 out ook
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commercialindustrial rooftop solar PV Levelized unit cost outlook

The capita cost out ooks are combined with operating and financing assumptions to

develop levelized energy cost outlooks for CI rooftop solar The major driver of the lower

cost compared to previous studies is a 75 reduction in year y OM costs based on an

analysis of current industry assumptions and the 2017 FIT price review
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commercial industrial rooftop solar PV Levelized cost sensitivity analysis

A sensitivity analysis was performed for the 2017 levelized energy cost for C841 rooftop

solar The major sensitivities are capacity factor and capital cost

oriocity F 1

Cost + Yf

Cns t Debtij10

1RR +
1

OM Cosi 10

$a $100 $ 120 1 40 V 60 $180 $200 $220 $240 $260

Leyeked Cost of Energy 2O74MW
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Utility scale solar PV Scan of industry capital cost outlooks
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Utility scale solar PV Updated IESO capital cost outlook

Using the 2017 benchmark capita cost of 51850kW in tandem with industry average

out ooks for rate of change in capital cost outlooks for utility scale solar capital cost are

developed The 2017 outlook is not substantially different from the 2015 out ook
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Utility scale solar PV Levelized unit cost outlook

The capital cost outlooks are combined with operating and financing assumptions to

develop levelized energy cost outlooks for uti ity scale so ar The current out ook is higher

than the previous study due to improvements in how construction times and financing

requirements were modeled
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Utility scale solar PV Comparison to LRP I and 2015 Study
The 2015 energy cost outlook for utility scale solar was much lower than the range of LRP1

awarded contracts The current study is within the range of 111P1 costs

$20C

43

$60

JP

Note All costs are for 201617 build year
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Utility scale solar PV Levelized cost sensitivity analysis

A sensitivity analysis was performed for the 2017 levelized energy cost for utility scale

solar The major sensitivities are capacity factor and capital cost
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Utility scale wind Scan of industry capital cost outlooks
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Utility scale wind Updated IESO capital cost outlook

Using the 2017 benchmark capita cost of $2050kW in tandem with industry average

out ooks for rate of change in capital cost outlooks for utility scale wind capital cost are

developed The 2017 outlook is 24 ower than the 2015 outlook
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Utility scale wind Drivers for cost decline

In contrast to solar PV utility scale wind capital costs outlooks only foresee

slight declines in the future about 8 by 2035 vs 42 for solar PV

Future cost dedines are mostly incremental technology and process

improvements for example

Improved manufacturing techniques

Taller towers and larger rotor diameters whieh improve efficiency

The upper limits on tower and rotor size may be reached soon limiting the

scope for further improvements

Other factors such as exchange rate and price fluctuations driven by

supplydemand can contribute to changes in wind technology costs looking

ahead
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Utility scale wind Levelized unit cost outlook

The capita cost out ooks are combined with operating and financing assumptions to

develop levelized energy cost outlooks for utility scale wind The current outlook is lower

compared to previous studies due to a a reduction in capital costs and yearly OM costs

based on an ana ysis of current industry assumptions
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Utility scale wind Comparison to LRP I
and 2015 Study

The 2015 energy cost outlook for utility scale solar was higher than the range of 1RP1

awarded contracts The current study is within the range of 111P1 costs

1
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Note All costs are for 201617 build years
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Utility scale wind Levelized cost sensitivity analysis

A sensitivity analysis was performed for the 2017 levelized energy cost for utility scale

wind The major sensitivities are capacity factor and capital cost
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3 Data tables and sources
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Data table 2017 updated capital cost outlook

Capital Cost Outlook 2017 $kW
Build Year>

esidential Rooftop Solar

2017 2018 2014 2020 2021 20221 20231 2024 20251 2026 2027 20281 2029 2030 2031 2031 2033

$2647 $2514 $2399 $2272 $2193 $2123 $2055 $1988 $1925 $1870 $1815 $1761 $1709 $1658 $1629 $1 $1572

I Rooftop Solar $2089 $1973 $1876 $1784 $1716 $1664 5164 $1567 51522 51478754 51392 $1350 $1310 $1287 $12641 $1242

tility Scale Solar $1850 $1747 $1667 $1596 $1541 $1496 $1453 $1411 $1372 $1334 $1294 $1256 $1219 $1184 $1160 $1137 $1115

tility Scale Wind $205 $2036 $2020 $2 $199 $1981 5197 $196 $195 $194 $1931 $1917 $190 $188 $1887 $1887 $1886

Build Year 4 20341 2035

esidential Rooftop Solar $1544 $1518

8l Rooftop Solar 51221 $1200

tility Scale Solar 51093 $1072

tility Scale Wind $1886 $18Et6

$1544

51221
510931

$18861

51510

51200
$1071

$1886

2036

$1492
$ 1180
$1051

$18861

Capital Cost Outlook 2017 $kW
20371 20381 2039

$1460 $1441

$1166
$1031

$1889

$1141
$1019

$1886

$1417

$1122
$999

$1884

2040

$1399

$1104
$971

$1889

2044 2042

$1381 $1370
$1094 $10941

595$ $940

$188Z $1881

$1358

$1074
$934

$1880

2044

$1347

$10651

$921

$1878

20451

$13351

$1056
$909

$1877

2049

$13241 $1333
$104d $100

$897 $889

51875i 51879

2049

$13021 $1292

$1024 $10191

$474 $462

$1870 $1868

2050

$1281

$1010
$851

$1869

10 ieso6 61014 32
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Data table 2017 updated levelized cost outlook

Levelized Cost Outlook 2017$MWh
Build Year> 2017 2018 20191 2020 2021 2022 20231 2024 2025 2026 2027 202 2029 2030 2031 2032 2033

esidential Rooftop Solar $2276 $2187 $2104i $2020 $1966 $1917 $1870 $1824 $1780 $1742 $1704 51667 $1631 $1595 $1575 $1555 $1536

8i Rooftop Solar $1903 $1817 $174e $1676 $1624 $1586 $1540 $1513 $1480 $1447r747 51382 $1351 $1321 $1304 $1287 $1270

ljtilityScaleSolar $1502 $1441 $1395 $1354 $1322 $1296 $1271i $1247 $1224 $1202 $1179 $1157 $1135 $1115 $1104 $1093 $1075

tility Scale Wind $935$930 $925 $920 $91 $91 $909 $90 $ $89 $89 $890 $88 $88 $881 $881i $88

Build Year

esidential Rooftop Solar

61 Rooftop Solar

tility Scale Solar

tility Scale Wind

Levelized Cost Outlook 2017$MWh
2034 20351

$1510 $1500

$1257 $1239
$1063 $10541

$88 $880

2038 20371 2038

$14621 514441 $14291

$11891

$1030

$879

$117Z
$102

$879

$1160
$101

$879$870

2034 2044
$1410 $1390
51144 $11331

$1007 599Z

$871 $879

2041

$1386

$112Z
598 Z

$879

2042

$1378

$11171

$9771

$8791

204t2044
$1370

$1110
$9671

$870

$1361

$1104
$963

$8876

20451

$135

2046

41 $13471

$1090
$95

$887

$10891

$959

$876

2047

$1339

$1081

$949

$871

204 2o49

$133Z $1325
$1070 $1070

$934

$873

$92

2050

$131

$1069
$92

$879

I ESON0021168



Data sources for study financial assumptions
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