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Levelized Cost of Energy

Total Costs over Service Life (S)

LCOE (S/kWh) =
(5/ ) Total Energy Produced over Service Life (kWh)

A
Installed

System Cost
(S/W)

O&M costs (S/kW-yr)
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Presets for Inputs.

Uze the Presets fbelow) to choose a different cell bechnalogy, package tyne, system type, lacation, or inverter loading rafia

for the inputs.
. oo e Pl el e e e
Simplified PV-LCOE Calculator =
I Apgly to baseine  Apply to proposed
Baseline Proposed EEra
Cost Cost
. o Front layer cost (USD/m?) Front layer cost (USD/m?)
* PV technology-specific - A
Cell cost (USD/m?) Cell cost (USD/m?)
a2 e
* Editable preset fields targeted towards research
Non-cell module cost (USD/m?) Non-cell madule cost (USD/m?)
M M e f | s
a p p I I Cat I O n S Extra component cost (USD/m?) Extra compenent cost (USD/m?)
0o K
. . D&M cost (USD/kWocfyear) D&M cost (USD/kWoc/year)
* |Instant comparison of proposed changes to a baseline o i
BOS cost, power-scaling (USDfW) IBOS cost, power-scaling (USD/W)
A o2 M o2
Syste m BOS cost, area-scaling (USD/m?) BOS cost, area-scaling (USD/m?)
A sae | sa2e
Performance Performance
Efficiency (%) Efficiency (%)
f es | 15
Energy yiald (kKWh/kWpe) Energy yield (kWh/kWpc)
o | s
Reliability Reliability
System degradation rate (¥%/year) System degradation rate (%/year)
a o i on
Servica life (years) Service life [years) I
fox n s i
Financial Financial
Discount rata Discount rate
# 63 g 83
Results
LCOE result
Baseline LCOE (USD/kWh) Proposed LCOE (USD/kWh)

Additional results
Baseline Proposed
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'] National o ook ule pri
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Total installed system cost (USDfW)




Presets for Inputs.

Uze the Presets fbelow) to choose a different cell bechnalogy, package tyne, system type, lacation, or inverter loading rafia
for the inguts.

el Technalogy @ Packags Type @ SystemType@  Location a

Simplified PV-LCOE Calculator A

Baseline Proposed oo o e |

* PVtechnology-specific
e Editable preset fields targeted towards research

1280 | ns

. . a
a p p I I Cat I O n S mmmmmmmmmmmm (USD/m?) Extra compenent cost (USD/m?)
foo ble

D&M cost (USD/kWoc/year) DBM cost (USD/kWociyear)
i A wm

* |Instant comparison of proposed changes to a baseline CIE CEN -n—
Syste m B%fc:::m—malmmsnm% B%c:n;:mmnnu (USD/m?

/System Advisor Model (SAM): https://sam.nrel.gov/ N HEm —

+ Different financial models — Learning curve &l |

Servica life (years) Service life [years)

+ Detailed options for module and — Difficult to quickly evaluate o = E .

m design o .
?’Ste jels & IS research directions without e el
+ Canm r + stor . : . - ol
an model solar + storage introducing confounding factors o
\ / LCOE result

Baseline LCOE (USD/kWh) 00517 Proposed LCOE (USD/kWh) 0.0517

Financial Financial

Additional results

Baseline Proposed

g? Ha3 N RE Sandia
D M A '] I National o prica o ule price [lo2s ]
u ra T el Lahoratories mfmu\mmjm (USDW) THM:I i‘rshlhd“:yssﬂ]ncsl (USDW)



https://sam.nrel.gov/

Presets for Inputs.

Use the BrESets fbelow) tn chiase a different coll technalogy, package tyme, system type, lacation, or imverter loading ratia
for the inguts.

Cell Technalogy @ Package Type @ System Type @

Simplified PV-LCOE Calculator = B e

Apglyto bassine  Agply to proposed

Baseline Proposed
E:TMW«nummmﬁ :::vaﬂﬂﬁmm§
Calculator access: I a O =
* pvicoe.nrel.gov PRT——— P
* nrel.github.io/PVLCOE/ e con V53 porenobie o 20D
. Extra companent cost (USD/m?) [Extra component cost (USD/m?)
* github.com/NREL/PVLCOE n o
D&M cost (USD/kWoc/year) D&M cost (USD/kWoc/year)
» datahub.duramat.org/dataset/lcoe-calculator-tool o e T
B;)s.:nm_ area-scaling (USD/m?) B;SCE', area-scaling (USD/m?)
iy 11 ey 00
Energy yiekd (kWh/kWpc) Energy yield (kWh/kWpc)
Reliability Reliability
System degradstion rate (¥/year) ‘System degradation rate (Y/year)

Previous Calculator Tutorials: ) o
— duramat.org/assets/pdfs/duramat-webinar-sept2020.pdf Francia Fnancil

Discount rata
CANE) @ |2

— nrel.gov/solar/solar-levelized-cost.html

Results
LCOE result
Baseline LCOE (USD/kWh) Proposed LCOE (USD/KkWh)

Additional results

€PDuraMAT INREL () Bl e @ aegei

Total installed system cost (USDfW) 0.72 Total installed system cost (USD/W) 072



http://pvlcoe.nrel.gov/
https://nrel.github.io/PVLCOE/lcoe_calculator.html
https://github.com/NREL/PVLCOE
https://datahub.duramat.org/dataset/lcoe-calculator-tool
https://www.duramat.org/assets/pdfs/duramat-webinar-sept2020.pdf
https://www.nrel.gov/solar/solar-levelized-cost.html

Presets for Inputs.

Uze the Presets fbelow) to choose a different cell bechnalogy, package tyne, system type, lacation, or inverter loading rafia
for the inguts.

el Technalogy @ Packags Type @ System Type @

Simplified PV-LCOE Calculator =

Apglyto bassine  Agply to proposed

Baseline Proposed EEra
::: layer cost (USD/m?) :::: layer cost (USD/m?)
Calculator access: I a O =
° DVl coe.nre I . gOV B;cklwsrmwsnfm‘a B;cu layer cost (USD/m")
* nrel.github.io/PVLCOE/ ol 5o e
. Extra companent cost (USD/m?) [Extra component cost (USD/m?)
* github.com/NREL/PVLCOE O — alo [
D&M cost (USD/kWoc/year) D&M cost (USD/kWoc/year)
* datahub.duramat.org/dataset/lcoe-calculator-tool \ e T R —
Calculator architects: O AE
BOS cost, area-scaling (USD/m?) BOS cost, area-scaling (USD/m?)
Tim Silverman c S
Mike De cegl ie T i

Energy yield (KWh/kWpc) Energy yiekd (KWh/kWpc)

Sophie Andrews o o
Kelsey Horowitz
N J

System degradation rate (¥/year) System degradation rate (%/fyear)
i e o

Previous Calculator Tutorials: e o
— duramat.org/assets/pdfs/duramat-webinar-sept2020.pdf Financi Fnancial

Discount rata

— nrel.gov/solar/solar-levelized-cost.html

Results
LCOE result
Baseline LCOE (USD/kWh) Proposed LCOE (USD/KkWh)

Additional results

€PDuraMAT INREL Mot Bl oo @ s

Total installed system cost (USDfW) 0.72 Total installed system cost (USD/W) 072



http://pvlcoe.nrel.gov/
https://nrel.github.io/PVLCOE/lcoe_calculator.html
https://github.com/NREL/PVLCOE
https://datahub.duramat.org/dataset/lcoe-calculator-tool
https://www.duramat.org/assets/pdfs/duramat-webinar-sept2020.pdf
https://www.nrel.gov/solar/solar-levelized-cost.html

Example Use

Energy Materials Network = Sanda [T o0 A F~ NATIONAL
@ LS OnaerlEvr :NREL Netorel ) SN SH




Presets Menus

Presets for Inputs

Use the presets [below) to choose a diff, t cell
for the inputs.

Cell Technology @ Package Type @

CdTe

13

Presets for Inputs

glass-polymer backsheij

System Type @
fixed tilt, utility scale j

type, system type, location, or inverter loading ratic

Location B
USA MO Kansas City

]

Apply to baseline  Apply to proposed

Use the presets (below) to choose a different cell technology, package type, system type, location, or inverter loading ratio

for the inputs.

Cell Technology @

mone-Si

Inverter Loading Ratio @

13

Package Type
glass-polymer backshej

Cell Technology B

System Type 2
+ fixed tilt, utility scale

single-axis tracked, utility scale

Location
MO Kansas City j

roof-mounted, residential scale

roof-mounted, commercial scale

fixed tilt, commercial scale

Presets for Inputs

Package Type @

mong-5i j

Inverter Loading Ratio @
13

iNREL

glass=-polymer bau:kshesj

‘Apply to proposed

System Type @
fixed tilt, utility scale :I

Apply to bast

@

Use the presets (below) to choose a different cell technology, package type, system type, location, or inverter loading ratio
far the inputs.

Location B

USA MO Kansas City —'J

USA CA Daggett
USA CO Denver

USA CT Hartford
USA DE Dover

(1T - R R

Sandia
National _
Laboratories

Presets for Inputs

Usa the presets (below) to choose a different call techralogy, package type, system type, location, or inverter laading ratio

for the inputs.

Cell Technalogy @

mana- -
Inverter Loading Ratic B

13

Baseline

Cost
Front layer cost (USDfm?)
Fe 111

Cell cost (USD/m?)
i 220

Back layer cost (USDfm?)
i 240

Mon-cell medule cost (USD/m?)
i 1380

Extra component cost [Ustmz)
oo

ORM cost (USD/kWoc/year)
e

BOS cost, power-scaling (USD/W)
i o2

BOS cost, area-scaling (USDfm?)
A s

Performance
Efficiency (%)
it 185

Enargy yield (kKWh/kWg:)
Fe i (-]

System Type @
fined tilt, utlity scale | =

Package Type @
glass-palymer hﬂ;rj

Location [
USA MO Kansas City J

Apsly to baseine  Apply to praposed
Proposed

Cost
Front layer cost {USD/m?)
i aEn

Cell cost (USD/m?Y)
i 220

Back layer cost (USDfm?)
i 240

MNon-cell module cost (USD/m?)
i 13ss

Extra compaonent cost [USD,l'mz)
n o

it 5a3e

Performance
Efficiency (%)

i 185

Energy yield (KWh/kWpe)
Fe iR ("]

€PDuraMAT



How much could this hypothetical backsheet cost?

Baseline

Cost
Front layer cost (USD/m?)

350

Cell cost (USD/m2)
£ 2220

Back layer cost (USD/m?)
£ 240

Non-cell module cost (USD/m?)
i 1360

Extra component cost (USD/m?)
oo

O&M cost (USD/kWpc/year)
0 1632

BOS cost, power-scaling (USD/W)
02

BOS cost, area-scaling (USD/m?)

it 5338

Performance
Efficiency (%)
1 195

Energy yield (kWh/kWpc)

i 1538

Reliability
System degradation rate (%/year)

£ o070

Baseline LCOE (USD/kWh)

Proposed

Cost
Front layer cost (USD/m?)

i 350

Cell cost (USD/m?)
£ 2220

Back layer cost (USD/m?)
£ 240

Non-cell module cost (USD/m?)
£ 1360

Extra component cost (USD/m?)
oo

O&M cost (USD/kWpc/year)
i 1632

BOS cost, power-scaling (USD/W)
£ 02

BOS cost, area-scaling (USD/m?)

£ 5338

Performance
Efficiency (%)

£ 195
Energy yield (kWh/kWpc)

£ 1638

Reliability
System degradation rate (%/year)

£ 070

Proposed LCOE (USD/kWh)

Sandia

National
Laboratories

A r~

N

NATIONAL
ACCELERATOR
AT




How much could this hypothetical backsheet cost?

Baseline

Cost

Front layer cost (USD/m?)
i 3850

Cell cost (USD/m?)
i 2220

Back layer cost (USD/m?)
& 240

Non-cell module cost (USD/m?)
£ 1380

Extra component cost (USD/m?)
i o

O&M cost (USD/kWpc/year)
i 1632

BOS cost, power-scaling (USD/W)
i 02

BOS cost, area-scaling (USD/m?)

i 5338

Performance
Efficiency (%)
i 195

Energy yield (kWh/kWpc)

£ 1538

Reliability
System degradation rate (%/year)

i 070

Baseline LCOE (USD/kWh)

Proposed

Cost

Front layer cost (USD/m?)

£ 350

Cell cost (USD/m?)

i 2220

Back layer cost (USD/m2)

& 240

Non-cell module cost (USD/m?)
£ 1360

Extra component cost (USD/m?)
© oo

O&M cost (USD/kWpc/year)
£ 1532

BOS cost, power-scaling (USD/W)
02

BOS cost, area-scaling (USD/m?)

§ 5338

Performance
Efficiency (%)

£t 195
Energy yield (kWh/kWpc)

£ 1538

Reliability
System degradation rate (%/year)

£ 050

Proposed LCOE (USD/kWh)

0.0500

Sandia

National
Laboratories

A r~

N

NATIONAL
ACCELERATOR
AT




How much could this hypothetical backsheet cost?

Baseline

Cost

Front layer cost (USD/m?)
i 3850

Cell cost (USD/m?)
i 2220

Back layer cost (USD/m?)
& 240

Non-cell module cost (USD/m?)
£ 1380

Extra component cost (USD/m?)
i o

O&M cost (USD/kWpc/year)
i 1632

BOS cost, power-scaling (USD/W)
it 02

BOS cost, area-scaling (USD/m?)

it 5338

Performance
Efficiency (%)
i 195

Energy yield (kWh/kWpc)

£ 1538

Reliability
System degradation rate (%/year)

i 070

Baseline LCOE (USD/kWh)

0.0517

Proposed

Cost

Front layer cost (USD/m?)
£ 350

Cell cost (USD/m?)
it 2220

Back layer cost (USD/m2)
240

Non-cell module cost (USD/m?)
£ 1360

Extra component cost (USD/m?)
oo

0&M cost (USD/kWpc/year)
£ 1532

BOS cost, power-scaling (USD/W)
i 02

BOS cost, area-scaling (USD/m?)

i 5338

Performance
Efficiency (%)

£t 195
Energy yield (kWh/kWpc)

£ 1538

Reliability
System degradation rate (%/year)

£ 050

Proposed LCOE (USD/kWh)

0.0500

Baseline

Cost
Front layer cost (USD/m?)

i 350

Cell cost (USD/m?)
#2220

Back layer cost (USD/m?)

= ——

Non-cell medule cost (USD/m?)
8 1380

Extra component cost (USD/m?)
o

O&M cost (USD/kWpc/year)
f 1632

BOS cost, power-scaling (USD/W)
& 02

BOS cost, area-scaling (USD/m?)

i 5338

Performance
Efficiency (%)
f 198

Energy yield (kWh/kWpc)

£ 1538

Reliability
System degradation rate (%/year)

i o070

Baseline LCOE (USD/kWh)

0.0517

Automatically adjust this
input to make LCOE match
the baseline LCOI

Proposed

Cost
Front layer cost (USD/m?)

£2 3850

Cell cost (USD/m?)

kt (USD/m2)

Non-cell module cost (USD/m?)
£ 1380

Extra component cost (USD/m?)
@ o0

0O&M cost (USD/kWpc/year)
£ 1532

BOS cost, power-scaling (USD/W)
o0z

BOS cost, area-scaling (USD/m?)

5338

Performance
Efficiency (%)

£ 195
Energy yield (kWh/kWpc)

£ 1538

Reliability
System degradation rate (%/year)

£ 080

Proposed LCOE (USD/kWh)

0.0517

MATIONAL
ACCELERATOR
LABORATORY




Updates to the Calculator in 2021

Energy Materials Network = Sandia
@ (VE-R Deogtgent of Energy E-E N R E L @ "Bﬁﬂ'lﬂ' .

¢



Updated Calculator Features

Cell cost (USD/m?) Cell cost (USD/m?)
o B re a keve n b u tto n S it 22.20 Automatically adjust this
input to miak: ol

Back layer cost (USD/m?) st (USD/m?)

it 240 it | 7.6694:

€3DuraMAT PINREL () =



Updated Calculator Features

B tt Presets for Inputs
. k b

re a eve n u O n S Use the presets (below) fo choose a different cell technology, package type, system type, location, or nverter loading ratio
for the inputs.

* Reconfigured preset menu  wrimms  swmiea N o

marea-5i j glass-palymer I:l:u:lc:lj fiwed tilt, utility scake j LISA& MO Kansas I:il:.rj

Inverter Loading Ratic B

13 Apply to baseline fpply to proposed

Baseline Proposed
Cost Cost
Front layer cost {USD/m?) Front layer cost {USD/m?)
-1 i | 2ED
Cell cost (USD/m?) Cell cost (USD/m?)
| 220 i 2
Back layer cost (USD/m?) Back layer cost (USD/m?)
i 240 i 240

Sandia

€PDuraMAT ©-iNREL () .



Updated Calculator Features

* Breakeven buttons
* Reconfigured preset menu
* Inverter Loading Ratio

Presets for Inputs

Use the presets (below) to choose a different cell technology, package type, system type, location, or inverter loading ratio
for the inputs.

Cell Technology Package Type @ System Type Location @

. . mono-Si - glass-polymer backshee ~| fixed tilt, utility scale - USA MO Kansas City -
Inverter Loading Ratio N a ] ]

Inverter Loading Ratio @
affeCtS bOth BOS COStS 13 Apply to baseline  Apply to proposed
and energy yield

€3DuraMAT PINREL () =



Updated Calculator Features

* Breakeven buttons

* Reconfigured preset menu
* Inverter Loading Ratio

e Commercial system types

Presets for Inputs

Use the presets (below) to choose a different cell technology, package type, system type, location, or inverter loading ratio

for the inputs.
Cell Technology E) Package Type System Type @ Location
mono-Si j glass-polymer backshe j ‘ + fixed tilt, utility scale MO Kansas City j
single-axis tracked, utility scale
Inverter Loading Ratio [ roof-mounted, residential scale
18 roof-mounted, commercial scale | apply to proposed
fixed tilt, commercial scale

€PDuraMAT



Degradation Rate Relationship

For a system with:

Exponential Relationship: *  0.7% degradation rate

* 1500 kWh/kW first year energy yield
_ -1

€n = eyield(l - r)(n )

1500

——Exponential

1000 ——Linear

Linear Relationship:

€n = eyield[l —r(n— 1)]

500

-500

r is the degradation rate
n is the year of operation
e is the energy produced e Years

-1000

Annual Energy Produced (kWh/kW)

€3DuraMAT PINREL () =



Limits on Numerical Ranges

Restricted service life range & added dead zone to slider to keep energy non-negative and prevent
continuous costs on a PV system that does not generate energy.

Choose a shorter service
life to enable a larger

degradation rate. rate (%/year)

it | 202
I

Service life (years)

it 50

Physically-motivated limits on:
— efficiency (0-100%)
— energy yield >0
— degradation rate > 0%

Sandia

€PDuraMAT .:NREL e



Discount Rate Comparison

Constrain baseline and

FlnanC|a| proposed discount rates to
Discount rate be equal.
ﬂ\ 6.3 *& 6.3

* Sync / unsync discount rates (instead of breakeven button)

€PDuraMAT



Updated Default Preset Values

Updated from 2017 data:
— System costs
— O&M costs
— Module-level costs
— Module efficiency values

€PDuraMAT



Updated Default Preset Values

Updated from 2017 data: Q1 2020 US PV System Cost Benchmark - nrel.gov/docs/fy21osti/77324.pdf

— System costs ok

$9
. Utility-Scale PV, Utility-Scale PV,
co St S Residential PV (22 Panel System) Commercial Rooftop PV (200 k) Fixed-Tilt (100 MW) One-Axis Tracker (100 MW)
— (Y] - > - > |4 = > |4 >
Module-level | *
. . L 557
— Module efficie
$5 467 4.75
4.09 408
$4 360 S5 357
7 s 316 ‘ 7
$3 7 202721 o 2&90 289 277
20 29 2.13
194 188 o 197 193
2 176
5 172 183 163
i ﬁ 108108 o 0oy 196 116 4 10 4 4
) | ﬁ ﬁ . | a ﬁ
. ﬁ E | | ﬁ ﬁ
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020|2010 2001 2012 2013 2094 2015 2016 2017 2018 2019 2020|2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 20202010 2011 2012 2013 2014 2015 2016 2017 2018 2018 2020|
m Additional Costs from Mode! Updates®
22 Soft Costs - Others (Pil, Land Acquisition, Transmission Line, Sales Tax, Overhead, and Profit)

3 Soft Costs - Install Labor

@ Hardware BOS - Structural and Electrical Components
W Inverter

O Module

Also removed BOS cost dependence on location

ﬂ'jDuraMAT @ [Tﬁ'g"?'m


https://www.nrel.gov/docs/fy21osti/77324.pdf

Updated Default Preset Values

Updated from 2017 data:

— System costs
2020 Module Cost Benchmark Report, Forthcoming

— O&M costs / \
$0.70 - $0.30
— Module-level costs D o maren) $025

=
S~
- g
2 $0.60 Depreciation (Building + Equipment) =  s0.25 -
IVI d I ff. . I E = Maintenance 3 * # MSP (15% gross margin)
— oaule elTiciency valuesS | g soso s utiities g = RED + SGRA (Module Assermbly)
o Hlabor @ $0.20 Depreciation (Module Assembly)
© .
a $0.40 5 B Maintenance (Module Assembly)
& E Utilities (Module Assembly)
] $0.25 $0.28 é $0.15 M Labor (Module Assembly)
& 50.30 . i 2 W Module Materials
_E * 0 M Cell Conversion Costs
S e 2 5010 .
g $0.20 r o March 2020 Wafer Pricing
@ 3
a. o
g $0.10 = $0.05
b $0.089 $0.069
. . o
Wsnpublis sults — t Cite

(mono-PERC) Monofadal PERC Bifacial PERC
(400 W) (390 W)

c-Simodules & cells CdTe modules Un@'dthhEd ReSUItS - DO NOt Clte /

€3DuraMAT PINREL () =



Energy Yield Values called directly from SAM

Previously, the calculator relied on a table of energy vyield values
built manually from SAM using the “Detailed PV Model”

Now, PySAM package is used by calculator to call SAM directly.
Relies on:

— PVWatts model
— NSRDB weather data

€PDuraMAT



Customize a Local Version of the Calculator

e rINREL @ i, Ty

¢



GitHub Repository Structure

build-presets
css

img

is

.gitignore
LICENSE
README.md

lcoe_calculator.html

rEErEErENr-rERr-EE BN BN BN |

lcoe_calculator_documentation.htmil

github.com/NREL/PVLCOE

€3DuraMAT PINREL () =



GitHub Repository Structure

build-presets

css Il
img | Icoe_calculator.htm|

is

.gitignore
LICENSE

README.md

lcoe_calculator.html ]

Pl 2 1 BB B

lcoe_calculator_documentation.htmil

github.com/NREL/PVLCOE

€3DuraMAT PINREL () =



GitHub Repository Structure

build-presets

Ccss N,
o Icoe_calculator.htm|

-
.gitignore

lcoe_calculator.html

rEErEErENrERrRl BN BN AN

lcoe_calculator_documentation.htmil

github.com/NREL/PVLCOE

€3DuraMAT IINREL



GitHub Repository Structure

build-presets

F 9

CSS l

" BOSCostTree.js
img [ lcoe_calculator.html

A A T PresetTree.js

is
I ] W ois bootstrap.min.js
.gitignore

jguery-3.2.1.slim.min.js

LICENSE E [ Icoe_calculator.js

README.md W img [ nouislider.js

|lcoe_calculator.html Y popper.min.js

)
rEErEErENrERrll B BN BN

lcoe_calculator_documentation.htmil

github.com/NREL/PVLCOE

€3DuraMAT PINREL () =



GitHub Repository Structure

build-presets ]

css
img

is

.gitignore
LICENSE
README.md

lcoe_calculator.html

rEErEErENr-rERr-EE BN BN 2N

lcoe_calculator_documentation.htmil

github.com/NREL/PVLCOE

EPDuraMAT ZINREL

@

Sandia
National _
Laboratories

Ir build-presets l

A

f

b

BOS_cost_data

weather_data

MakeBOSTree.py

MakePresetTree.py
get_weather_files.py
location_coordinates.csv
pvwatts_inputs.json

requirements.txt




GitHub Repository Structure

rEErEErENr-rERr-EE BN BN BN |

build-presets
css

img

is

.gitignore
LICENSE
README.md

lcoe_calculator.html

lcoe_calculator_documentation.htmil

github.com/NREL/PVLCOE

€PDuraMAT

nEm
']
=i

NREL

BOSCostTree.js

PresetTree.js

bootstrap.min.js
jquery-3.2.1.slim.min.js
Ilcoe_calculator.js
nouislider.js

popper.min.js

Sandia
National
Laboratories

IIE: build-presets I

A

f

BOS_cost_data

weather_data

MakeBOSTree.py

MakePresetTree.py
get_weather_files.py
location_coordinates.csv
pvwatts_inputs.json

requirements.txt

o



GitHub Repository Structure

build-presets lE build-presets I

|
( I
W css " BOSCostTree.js / N
W img 7 PresetTree.js ' I BOS_costdata |
W s wois §=< | bootstrap.min.js B weather_data
w3 o [ MakeBOSTree.py ]
% .gitignore | iquery-3.2.1,slim.min.js
. 9 MakePresetTree.py
[ LICENSE % Icoe_calculator.js
[ get_weather_files.py
nouislider.js 1
[ README.md ™ location_coordinates.csv
o] r.min.js -+
[ Icoe_calculator.html POFO ) N pvwatts_inputs./son
e |
[ Icoe_calculator_documentation.html ] requirements.txt

github.com/NREL/PVLCOE

€3DuraMAT PINREL () =



GitHub Repository Structure

build-presets
css

img

is

.gitignore
LICENSE
README.md

lcoe_calculator.html

rEErEErENr-rERr-EE BN BN BN |

github.com/NREL/PVLCOE
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lcoe_calculator_documentation.htmil

NREL

BOSCostTree.js
PresetTree.js

bootstrap.min.js

iquery-3.2.1.slim.min.js

lcoe_calculator.js
nouislider.js

popper.min.js

Sandia
National
Laboratories

li build-presets l

f

A
)

BOS_cost_data I
weather_data ..
MakeBOSTree.py

MakePresetTree.py

get_weather_files. pv]-

location_coordinates.csv

pvwatts_inputs.json

requirements.txt




GitHub Repository Structure

l iid- I
build-presets I build-presets

( X

Css 1 BOSCostTree.js \

img % PresetTree.js 0 BOS_cost_data

3 . ) weather_data
is — bootstrap.min.js

MakeBOSTree.py

iquery-3.2.1.slim.min.js

.gitignore
[  MakePresetTree .p;]
lcoe_calculator.js
LICENSE 1 get_weather_files.py
nouislider.js
README.md location_coordinates.csv

POPROL.ANN.J pvwatts_nputs,json

lcoe_calculator.html

requirements.txt

rEErEErENr-rERr-EE BN BN BN |

lcoe_calculator_documentation.htmil

github.com/NREL/PVLCOE
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Editing Your Local Version

If you want...
More locations to choose from: All this is documented
— add coordinates to “location_coordinates.csv” in more detail in the

repository README file

Changes to energy yield or SAM settings:
— Edit PVWatts inputs in “pvwatts_inputs.json”
— Edit SAM settings within “MakePresetTree.py”

Changes to cell technologies, package types, system types, non-BOS costs, efficiencies, or
degradation rates:

— Add menu items or edit values in “MakePresetTree.py”

Changes to BOS costs:
— Edit contents of the /BOS_cost_data/ folder within the /build-presets/ folder
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Citation

If you use results from this calculator in a publication or proposal, please cite:

SJ Andrews, BL Smith, MG Deceglie, KA Horowitz, and TJ Silverman. “NREL
Comparative PV LCOE Calculator.” Version 2.0.1, August 2021

Note: We recommend including the URL for a specific commit if citing results from an unreleased version.
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Thank You
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Preset Constraints

Cell Technology

Cell technology affects cell cost,
efficiency, and the available values ~ Choose a different cell technology, package type, system type, location, or inverter loading ratio

for package type and system type.

Cell Technology @ Package Type System Type @ Location
mono-Si j glass-polymer backshej fixed tilt, utility scale j USA MO Kansas City j
Inverter Loading Ratio ()
13 Apply to baseline  Apply to proposed
Presets for Inputs Presets for Inputs
Use the presets (below) to choose a different cell technology, package type, system type, location, or inverter loading ratio Use the presets (below) to choose a different cell technelogy, package type, system type, location, or inverter loading ratio
for the inputs. for the inputs.
Cell Technology @ Package Type System Type @ Location Cell Technology B Package Type System Type @ Location
mono-Si j glass-polymer backshej v fixed tilt, utility scale MO Kansas City j CdTe j glass-glass j + fixed tilt, utility scale MO Kansas City j
single-axis tracked, utility scale | single-axis tracked, utility scale
Inverter Loading Ratio @ rocf-mounted, residential scale Inverter Loading Ratio @ roof-mounted, commercial scale
P roof-mounted, commercial scale | Apply to proposed g fixed tilt, commercial scale ~ |Apply to proposed

fixed tilt, commercial scale
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Make-Preset-Tree.py
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This code uses the PySAM wrapper for the SAM GUI to generate energy yield and create a new preset tree.
It loops through every combination of cell technology, package type, system type, inverter loadimng ratio
and location to determine the energy yield with those settings.

Mote: this script runs PySAM 3380 times (for each preset combination) and takes ~38 mins to finish running.
import pandas as pd

import json

import PySAM.Pvwattsv7 as pvwatts

import glob

import PySAM.ResourceTools as tools

import PySAM.PySSC as pssc

from pathlib import Path # for platform independent paths

# to avoid rounding issues, the lat and lon returned by pysam are in this file
# locations maps a lat/lon pair to the string name of the location
locations = {}
df = pd.read_csv('location_coordinates.csv')
for index, row in df.iterrows():
locations[row['ID']1] = 'USA ' +\
row|['State'] + ' ' + row['Place’]

# Define feasible system configurations
cell_technologies = [*mono-5i', ‘multi-Si*, 'CdTe']

package_types = {
‘mono-5i': ['glass-polymer backsheet', ‘glass-glass'],
'multi-Si': ['glass—polymer backsheet®, ‘'glass—glass'],
‘CdTe': ['glass—glass']

system_types = {

‘mono-Si': ('fixed tilt, utility scale', 'single-axis tracked, utility scale', 'roof-mounted, residential scale', 'roof-mounted, commercial scale',
'multi-Si': ('fixed tilt, utility scale', 'single-axis tracked, utility scale', 'roof-mounted, commercial scale', 'fixed tilt, commercial scale'),
'CdTe': ('fixed tilt, utility scale', 'single-axis tracked, utility scale', 'roof-mounted, commercial scale', 'fixed tilt, commercial scale')

# Preset values for module parameters: costs are in USD per square meter, efficiency reported as a percentage
module_details = {

'cost_front_layer': 3.5,

‘cost_cell': {"mono-Si': 22.2, 'multi-5i': 19.4, 'CdTe': 21.3},

‘cost_back_layer': {'glass—polymer backsheet': 2.4, "glass—glass': 3},

'cost_noncell': 13.6,

‘efficiency': {'mono-5i': 19.5, 'multi-Si': 17.5, 'CdTe': 18.8},

# Preset values for operation & maintenance costs, reported in USD/KWI(DC) per year
cost_om = {

'fixed tilt, utility scale': 16.32,

'single-axis tracked, utility scale': 17.46,

National _
Laboratories

‘fixed 1




To keep energy non-negative, degradation rate and service life must satisfy the
inequality:

(n—0.5)/Rd < 1

Where:
n is service life
Rd is degradation rate
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O&M Costs

$35 4
W Operations administration
$30 1 O Insurance, asset management,
and security
- W Property tax
5 O&M cost tool
@ @Land lease
8 s - https://www.nrel.gov/docs/
1 I .
% pimenerieplscement fy200sti/74840.pdf
é $15 O Module replacement
2
]
o //j # 0O Component parts replacement
10 7%
@ System inspection and monitoring
—
- - O Module cleaning and/or
Veg ion and Pest g t
S0 T T r T ]
Residential Commercial (Roof- Commercial (Ground-  Utility-scale (fixed-tilt)  Utility-scale (tracking)
Mount) Mount)

€3DuraMAT PINREL () =


https://www.nrel.gov/docs/fy20osti/74840.pdf

Curve-fitting: BOS Cost as a Function of Efficiency

Area-dependent costs Cost fixed per watt
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