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Technoeconomic Analysis for CSP
* Grid-scale
* Plant-scale
* Heliostat-scale...

HelioCon Topic 8: Technoeconomic Analysis Overview
HelioCon Proposed Baseline Solar Fields
Preliminary Results
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CSP Technoeconomic Analysis H
Model Types: Grid Capacity Expansion

CSP as One of Grid Unit-Commitment Dispatch

Many !Energy Key Metrics: Installed Capacity (GW)
OptA'O”S Annual Generation (GWh)
Firm Capacity Value (S/kW)

CSP as a Power
Plant

Y

Heliostats as a
CSP Component

Z S

Heliostat
Components Cost
and Performance
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CSP as Energy Option — Grid View
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CSP as Energy Option — Grid View

Table 4. Summary of Solar Futures Study Core Scenarios

RE & Storage

Demand

Scenario Name Technologies | Flexibility Et:;::ﬂty Policies
(ATB 2020) (EFS)
Existing policies as of
Reference Moderate None AEO2020 June 2020
Reference
Decarbonization (Decarb) 95% reduction in grid
CO2 emissions from
Decar_bom_zallon with Enha i EFS High 2005 levels by 2035,
Electrification (Decarb+E) 100% by 2050

Installed Capactiy (GW,.)
= = (] N [#¥] w = Az
(%] o un o u o i o U

Source: NREL Solar Futures Study (DOE 2021)
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Figure 17. CSP deployment in Solar Futures Study core scenarios, 2020-2050
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CSP as Energy Option — Grid View

Table 4. Summary of Solar Futures Study Core Scenarios

RE & Storage | Demand
Scenario Name Technologies | Flexibility Et:;t:ncc:ty Policies
(ATB 2020) (EFS)
Existing policies as of
Reference Moderate None AEO2020 June 2020
Reference
Decarbonization (Decarb) 95% reduction in grid
CO2 emissions from
Decarbonization with Enhanced EFS High 2005 levels by 2035,
Electrification (Decarb+E) 100% by 2050

Source: NREL Solar Futures Study (DOE 2021)
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Figure 2 - 4. Capacity by technology in 2020, 2035, and 2050 in core scenarios
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CSP as Energy Option — Grid View

Table 4. Summary of Solar Futures Study Core Scenarios

RE & Storage | Demand
Scenario Name Technologies | Flexibility Ele;trlncc:ty Policies
(ATB 2020) (EFS) ema
Existing policies as of
Reference Moderate None AEO2020 June 2020
Reference
Decarbonization (Decarb) 95% reduction in grid
CO2 emissions from
Decarbonization with L Enhanced EFS High 2005 levels by 2035,
Electrification (Decarb+E) 100% by 2050

8,000 TWh

Coal

Natural

Source: NREL Solar Futures Study (DOE 2021)
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2035
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Decarb Decarb+E
2050

Figure 2 - 3. Generation by technology in 2020, 2035, and 2050 in core scenarios

Bio = biomass, Geo = geothermal, Hydro = hydropower, CT = combustion turbine. Hydro includes pumped hydro-
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CSP as Energy Option — Grid View

Energy storage
projections in the US
are dominated by
short-term (2-4 hours)
storage needs

As RE penetration
increases, longer
storage options
compete better

As 95% CO2 reduction
is approached, need
for firm capacity value
increases

conceptual design

components

Net New
Capacity
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’—-’/__

2045

———Reference =———Decarb ———Decar

Figure 17. CSP deployment in Solar Futures Study core scenarios, 2020-2050

2030-2045
A mix of 2-4 hour and
6-8 hour storage

2020-2030
Mostly 2-4 hour storage

integration e
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Figure 5 - 4. Storage by duration in the Decarb scenario

mass production e  heliostat field



CSP Technoeconomic Analysis

< Techno Economic >

CSP as One of
Many Energy
Options

CSP as a Power
Plant

i

Heliostats as a
CSP Component

)

Heliostat
Components Cost
and Performance

¥ngm
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Model Types: Power Plant/System Model

Key Metrics: LCOE (S/kWh), NPV
Overnight Capital Costs (S/kW)
Capacity Factor (%)

All models are approximations.
Essentially, all models are wrong, but
some are useful. However, the
approximate nature of the model

must always be borne in mind.
(}k'lf‘zy( (V(’, P Br’ﬂ( —

AZQUOTES




Photovoltaics
Detailed & PVWVatts
Battery Storage

Weather Data

e
+
(oo oses

Concentrating solar power
Fuel cell-PV-battery

Wind

Marine Energy

System Specs

Geothermal

Technologies

Solar water heating
Biomass

System Losses
Behind-the-meter

residential

+ + +

commercial
Electricity

third-party owned

Power purchase agreements

Production

single owner

equity flips

Financial

sale-leaseback

Host/developer

Results

Merchant plant

Simple LCOE calculator Annual, Monthly, and Hourly Output, Capacity Factor, LCOE, NPV, Payback, Revenue




System Advisor Model (SAM) H L

No other tool provides detailed, time-based financial modeling
across multiple market sectors, including complex utility rates,
combined with detailed performance modeling

FHONRR R IO I | — Built-in parametric, stochastic, probability of exceedance
" S B B P50/P90), and scripting features enable complex questions to be
answered quickly and easily

Peicdz [ oan17
Peiod 3 [ 1018
Penod & 12855
| esm

Peicd %[ 11327
0703

Peiod % [ 09977 )

Input varisbles: | Add..| |Edit.| Remove

f : ? ’ o € T
el ( RO LI R RN AL, YN, ENUGL .
R P ¢ ume s mT s w G T o g;&mmn{:so,?m

TR

»  |mw

TJEnable westher file analysis |DNI | Select foldes |

C:\Code\zam-documer
o

) Plo | pso [

Annusal AC energy (kWh) 37480 B9 Iz

lnvarter dlipping loss DX MPPT voltage fmits (kW) w0255 233.596 g 2,

/ Fl . Wwerter cipping loss AC power fimit Wivyr) 103057 104495 6571 £
eXI e Inverter power consumption loss (kKWhfyr) 597443 57T e s

Inverter night time loss (KWh/yr) W72 944359 ]

Annual GHI (W/m2/ye)  1.9015%e+05  1.85727e«06 187115+ .1

POA front-side inradiance tolal nominal (WIyr)  247032e+05 241334e-06 233477

POA front-side irradiance beam nominal (kWi/yr) 121376408 1757e+06 16564524

V/ Transpare nt POR ot e e oo fter g g Mg ore-s| 12srcte conse, Moo N N 0 S .S S :
POA tront -side mm:-um 227805e+06 22262e+06 214926e« \.
-
v" Collaborative

POA irradiance total after cover (KWhvyr) 2274050405  22282e+06 2149260+
'OA front-side irradiance beam after shading and soiling (kWivyr) 1723010406 1.66345¢. 06 1,57162"&! 2
Annual DC energy nominal (KWh/yr) 432430 42333 408700
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SAM
Power Tower CSP

“Modeling Power
Towers in SAM”

https://www.youtube.c

om/watch?v=xVILbvRS8

MkM

Inputs grouped by tabs

on left
Uses SolarPILOT to

optimize field, tower
height, and receiver

dimensions

Tower (salt), Single owner

Location and Resource
Systern Design
Heliostat Field u
Tower and Receiver
Power Cycle

Thermal Storage

System Control

Grid

Lifetime and Degradation
nstallation Costs
Operating Costs
Financial Parameters
Revenue

ncentives
Depreciation

Electricity Purchases

Simulate > I.‘_

Parametrics Stochastic

P50/ P90 Macros

st Ao
-1002.61  |-1012.78
401,573 -788.76
-169.031  |-1332.73

1100.72 -905.183
-196.239  |-1329

224 042 RELTE]
[] Generate heliostat layout using tower dimensions Calculate
[] Optimize heliostat layout and tower dimensions Calculate
Solar field geometry optimization calculates the number of heliostats

above, and tower height, receiver height and diameter on Tower and
Receiver page.

~Heliostat Field
Import... X Position | Y Position ~
330826 |-1302.04
gz -884703 | -47.7732
1000

Copy -1402.95 |-562.913

1576.82  |636.808

Paste 1610.68  367.021
Heliostats: -114413  |-1338.53

Position, north-south {m)

-1000

-1500 -1000 -500 500 1
Position, east-west (m)

[=1
=

00 1500

Optimization Settings

Initial optimization step size
Maximum optimization iterationsm
Optimization convergence tolerance 0.001

rHeliostat Properties

Heliostat width 12.2 |m
Heliostat height 12.2 |m

Ratio of reflective area to profile 0.97
Single heliostat area 144.37 |m?
Image error (slope, single-axis) 1.53 |mrad
Reflected image conical error 4.327 |mrad

Murmnber of heliostat facets - X

Murnber of heliostat facets - ¥

Heliostat focusing method | [deal bt
Heliostat canting method | On-axis i

Mirror reflectance and soiling

r Heliostat Operation

Heliostat stow/deploy angle_deg
Wind stow speed ‘ mys
Heliostat startup energym kWe-hr
Heliostat tracking powermkWe
Design-point DI'*JIm‘."-‘;'m2

rAtmospheric Attenuation

Polynomial coefficient Dw
Polynomial coefficient 1 m‘l;’km
Polynomial coefficient 2m1;’km2
Polynomial coefficient 3 w 1/km?
Average attenuation Iossm%

rLand Area

Mon-solar field land area 45 |acres
Solar field land area multiplier
Base land area 1,900.45 |acres

Total land area 1,945.45 |acres

Total heliostat reflective area 1,382,100.0 |m®

rSolar Field Layout Constraints

Mazx. heliostat distance to tower height ratio 1
Min. heliostat distance to tower height ratio m
Tower heightm
Maxirnum distance from towermm

Minirnum distance from tower 156.8 [m

rMirror W.

Water usage per wash L.a'mz,aper.

|—Heliostat Field Availability



https://www.youtube.com/watch?v=xVILbvR8MkM
https://www.youtube.com/watch?v=xVILbvR8MkM

“Overview of NREL's SolarPilot(TM) and SolTrace Open-source Software”
SO I a rPI LOT https://www.youtube.com/watch?v=wiYV2VLar kp .. .
o SrPLOT | Hew Case o5 e '
Solar Power Tower Integrated = = - s (o) | e (sl | BEAAE
Layout and Optimization Tool = =" TSR AT S e S 2N
> N T AL L TS YA R L OER T
SolarPILOT K- iy YYES G NG AT TR e
( olar ) A tvoutsewp = :: .-#iig**ﬁﬁ‘::‘#*#‘ ALY
. 'J_' Helizkels 15 ....‘*"' ':.x*“"“:‘,“ “::‘“
* Create heliostat layouts P Se ,::g
* Simulate receiver flux profiles _ #=~
. . . E Field Leyout - i
 Optimize tower, receiver, and 8, reminsan £
layout configurations e j -
= :di]h"'"'" g
* Integrated SolTRACE ray- g
tracing engine
* Accessible by external
programs
* QOpensource



https://www.youtube.com/watch?v=wiYV2VLqr_k

CSP as a Power Plant

conceptual design

components

integration

The Role of Concentrating
Solar-Thermal Technologies in a
Decarbonized U.S. Grid

Chad Augustine, Craig Turchi, and Mark Mehos
National Renewable Energy Laboratory

NREL is a nati y of the U.S. Depat of Energy Technical Report
Office of Energy Efficiency & Renewable Energy NREUTP-5700-80574
Operated by the Alliance for Sustainable Energy, LLC September 2021

This report is available at no cost from the National Renewable Energy
Laboratory (NREL) at www.nrel.gov/publications.

Contract No. DE-AC36-08G028308
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CSP as a Power Plant

Power Cycle
$1,471/kWe
29%

Thermal Energy Stroage (T
$590/kWe
12%

Receiver

Heliostat Field
$1,903/kWe

/_ 38%

Tower
$243/kWe
5%

5$819/kwe
16%

Direct Capital Costs for 100 MWe Gen2 CSP Plant
Excludes indirect costs, contingency, and sales tax

conceptual design e components e integration e mass production e heliostat field



A Pathway To $0.05 per kWh for CSP *;:'-

10.3¢ 2.3¢

9¢

e 1.1¢

2017 Real LCOE (U.S. Cents/kWh)

2017 Baseline Low Cost Solar Low Cost Power High Efficiency Low Cost TES SunShot
Field ($350/m?3) Block and BOP Power Cycle ($15/kWht), 2030
and Site ($900/kWe) (50% net)* Receiver CSP Goal
Improvement ($120/kWt), oa
($10/m?) O&M ($40/kWe-yr)

*Assumes a gross to net conversion factor of 0.9

conceptual design e components e integration e mass production e heliostat field



CSP Technoeconomic Analysis H L

CSP as One of
Many Energy
Options
Y S

CSP as a Power

Plant
Yy N
Model Types: Bottom Up
Top Down
Heliostats as a
CSP Component Key Metrics: Installed Cost (S/m?)
A O&M Costs (S/m?/year)

Heliostat Performance Metrics
Heliostat

Components Cost

and Performance

conceptual design e components e integration e mass production e heliostat field



e Bottom-Up Analysis

In-depth, expert-level analysis of heliostat based on its components

Describe heliostat design, components, construction, performance, etc. in as
much detail as possible
Goal is to “build” heliostat in as much detail as possible

Used to develop detailed cost estimates and identify cost drivers, key
components, and specific opportunities for improvement

 Top-Down Analysis

High-level view of heliostat — break it down into its key metrics
Blackbox-ish, as simple a description as necessary

Goal is to identify how heliostat cost and performance affects larger system
Used to identify research areas and quantify their potential impact



Bottom-Up Cost
Analysis

 Bottom-up cost estimate
for sbp Stellio
(commercial) and Solar
Dynamics Drop-C
(advanced) heliostats

 Uses Design for

Manufacture and Cost Update: Commercial and
Assembly (DFMA) Advanced Heliostat Collectors
Parthiv Kurup, Serta¢ Akar, Stephen Glynn,
e Assumes field for 80 Chad Augustine, and Patrick Davenport
Mwe CSP power tower National Renewable Energy Laboratory
with 12-16 hours TES,
~1.1 million m* of .

February 2022

heliostat surface area

conceptual design e components e integration e mass production e heliostat field



|
B Otto m ) U p Co St Pre-Commercial Design Chosen *. -

A n a I ys i S SD SunRing advanced design SBP Stellio commercial design

 Design for Manufacture

an d AS sem b |y ( D F M A) Engineering prints and CAD models obtained for SunRing Engineering prints and CAD models obtained for Stellio
* Modelthe
man Ufa cturin g p rocess Acquire Industry Quotes for Specific Manufactured Components

for each heliostat
component (bill of

materials — BOM)
* Includes assembly costs Build Detailed BOM

(eX . — We I d in g) 40,000 Heliostats for SunRing 22,239 heliostats for Stellio
* Accounts for

e.g. Mirrors, drives, fasteners, and controls for each design

Mman Ufa ctu ri ng VO I ume Input Components and Subassemblies into DFMA Package
° C o) St e Stl ma t es fo r Manufacturing analysis completer:‘ia :‘: f:llt':::d r(i:::rtzdﬁc;:in::sr::\ﬁ; ::se‘“nmstz’y":zzn .sis performed for sub assemblies
urchased components
rom manu fa Ct urers Field assembly and installation

* I NC I u d es OonN-S |te Work with manufacturer's construction experts to estimate field assembly, construction, and labor costs.

construction and
installation costs

Installed Cost ($/m?)

conceptual design e components e integration e mass production e heliostat field



|
B Otto m ) U p Co St Pre-Commercial Design Chosen *. -

SD SunRing advanced design SBP Stellio commercial design

Analysis

Effects of
manufacturing the
SunRing actuator arm
plate at various
production scales

conceptual design e components e integration e mass production e heliostat field

CAD model Of a Obtain Access to Proprietary Designs and Research Publicly Available Data

So | ar Dy namics SunRin g Engineering prints and CAD models obtained for SunRing Engineering prints and CAD models obtained for Stellio

actuator arm plate
USEd as input intO DFM Acquire Industry Quotes for Specific Manufactured Components

e.g. Mirrors, drives, fasteners, and controls for each design

CostusLite/Volume, %

22,239 heliostats for Stellio

10000 -
e ] bnts and Subassemblies into DFMA Package
.;J,? 2
8 -d pfior to ﬂeld assembly and installation
© 100 =
o <
(@] 4
-
S n experts to estimate field assembly, construction, and labor costs.
(=
[
0 ——ry ey ———rr
1 1000 1000000 1000000000
Life volume Installed Cost ($/m?)




sbp Stellio Bottom-Up Analysis

Stellio installed cost ($/m?) for 22,239 Heliostats (2021)

$140

Mirrors $120
Purlins —— =

~— Boomerang $100

Secondary Hydraulic Drive

Cantilever Arm Pylon Head

580
Control Unit
$60
Foundation

sTetlio

540
Reflective area of ~¥48.5 m?
Assumed solar field with 22,239 »20
heliostats represents 1,067,472 m?
of total aperture area 5
conceptual design ¢ components

$127/m?

_—52.06

—$5.15 —5$2.29

$17.00

$19.96

integration

mass production e

¥ngm
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Stellio Installed Cost Breakdown for 22,239 Heliostats

Site Labor

13% )
_Site Infastructure

6%

_-Transportation

[ Fasteners 2%

_Foundations
4%
O Transport

Purchased Parts
a4%
1 Foundations

I Mirror Support

[ Infastructure

[ Power and energy storage

~$127/m? installed cost (+10%)
e ~S$7.5M assembly facility

Base assembly (15.7%)

M Drives * Mirrors (13.4%)

Breakdown by category

* 44% purchased components
(e.g., rivets, mirrors, drives)

* 31% manufactured parts (e.g.,
arms, frame...)

[ Rotation Assembly

@ Controller °

O Site Labor

1 Mirrors+ adhesive

[ Base Assembly

22

heliostat field



Solar Dynamics Drop-C Ring Bottom-Up Analysis *_ﬁ:i:

Mirror
Support
Structure vd

Lower
Structure

Base
assembly
and drives

Anchors /

Reflective area of ~26.9 m?

Assumed solar field with 40,000
heliostats represents 1,078,560 m?
of total aperture area

conceptual design

Azimuth track

PV panel

~$99/m?2 installed cost (+5%)

*  ~$0.85M assembly facility
e Drives (16.6%)
*  Mirrors (16.0%)

Breakdown by category

*  54% purchased components
(e.g., rivets, mirrors, drives)

*  27% manufactured parts
(e.g., frame...)

SunRing Installed Cost Breakdown for 40,000 Heliostats

Site Infastructure
1%
Transportation
1%
Foundations
6%

Purchased Parts
56%

Manufactured Parts
28%

components e integration e

Drop-C installed cost (S/m?) for 40,000 Heliostats (2021)

$100

$80

$60

$40

$20

$99/m?
$0.82

—— $1.37

$6.00

$6.74

$7.08

$8.11

$8.64

$9.25

$11.12

$15.88

$16.39

[ Infastructure

O Transport

O Power and energy storage

O Controller

1 Rotation Assembly

[ Site Labor

[J Mirror Support

[] Fasteners

Foundations

1 Base Assembly

[ Mirrors+ adhesive

[J Drives

23
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SBP Stellio Heliostat — Example of Detail

. Fixturing costs associated with welding the subassemblies Share of raw material cost and manufacturing cost
and manufacturing jigs, (not including the equipment (including coating) with respect to total cost of

investment), is approximately $300,000.

SBP Stellio heliostat assembly process requires
e 16 person hours per heliostat

e 5 person hours for the rest of tasks for Pylon
installation Cantilever Arms

. Capital cost for the assembly building, assembly lines, Boomerang
overhead cranes, and rest of equipment such like trolleys,
heliostat transportation platforms are based upon the Pylon Head
months available for the solar field execution:

Central Hub

e For 21 months execution = 1 Assembly Lines, CAPEX
required of $7.5M

e For 15 months execution = 2 Assembly Lines, CAPEX
required of $10.5M

energy.gov/solar-office

Main Component Raw Material Cost

vs Total Cost

63%
45%
53%
56%
49%

main components based on SBP's cost estimates.

Manufacturing
Cost + Coating vs
Total Cost

37%
55%
47%
44%
51%

SOLAR ENERGY
TECHNOLOGIES OFFICE
U.S. Department Of Energy




CSP Technoeconomic Analysis H L

CSP as One of
Many Energy
Options
A

Top-Down Analysis
CSP as a Power * How much do the inputs
Plant matter?
* Error range
e Parametric Analysis
* Monte Carlo simulations
e Tornado Plots
* Screening
* Role of Topic 8 TEA in HelioCon

O
&
=
S

Heliostats as a
CSP Component

7 X

Heliostat Model Types: Component-specific (mirror, base)

Components Cost Key Metrics: Unit Cost
and Performance Unit Performance Metrics

conceptual design e components e integration e mass production e heliostat field



Topic Objectives:

1. Develop baseline heliostat field and benchmark
existing heliostat/CSP costs

2. Assess R&D ideas from other topics for potential
CSP cost reductions (i.e., is it worth studying?)

3. Develop TEA tools to aid HelioCon and CSP industry

Team Members: Kenneth Armijo, Sandia (Co-Lead)
Alexander Zolar (NREL)



 The TEA topic assumes that other topics will need (us) to model solar

fields to fill in knowledge gaps and determine the cost/benefit ratio of
their research efforts

* We want to have HelioCon analysis across topics to be done on a
consistent “apples-to-apples” comparison as much as possible

* To achieve this, we shall develop a set of base case heliostat fields to be
used in HelioCon analysis

* The base cases should span the reasonable use cases for heliostat fields in the
present and future

27



TEA Models Scope
Heliostat Field +

Receiver

Aiming and ray-
tracing models

Heliostat
performance

Heliostat + Receiver
interaction

Determines thermal
energy input to plant
(Levelized Cost of
Heat — LCOH)

28



SAM has five main “levers” for exploring heliostat *.‘=.=
field cost and performance

Installed heliostat cost (S/m?)
Reflected image error (mrad)
Reflectance (%)

Field O&M cost (S/m?2/year)
Construction time (months)

Al S

conceptual design e components e integration e mass production e heliostat field 2
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TEA Model Systems View

Increasing Scope
Decreasing Detail

HTF Flow and
4 ) [ Temperature

Heliostat Heliostat Field CSP Plant
Model + Receiver Model

Model
| Performance Specs N ) | LCOE
Costs... Capital Costs

Decreasing Scope
Increasing Detail

conceptual design e components e integration e mass production e heliostat field %0



Reflected Image Error (mrad)

Slope error

Pointing error
Reflected beam error
Error from wind load...

Washing schedule
Design (height)
Repairs and replacements...

Field O&M Cost (S/m?2/year) *

Installed Cost (S/m?)

Heliostat design
Material cost
Manufacturing cost
Assembly cost
Installation cost...

Reflectance (%)
Material
Degradation
Soling rate
Washing schedule...

Construction Time (months)

Field installation time
# of assembly buildings
Tower install time
Heliostat calibration...

31



1L
NEgH

Use Case —single surround field around central external receiver to supply
thermal energy to thermal power plant

 SAM molten salt power tower default case can serve as base case
* Net Power Output: 100 MW,_/727 MW,

Surround Heliostat Field
e Solar Multiple: 2.7

External Receiver
» Solar Salt (60% NaNO3/40% KNO3)
* Max heat flux—1 MW/m?2
* Hot Side Temp: 575°C
* Cold Side Temp: 290°C

W e

Installation cost: $140/m?2
Reflected image optical error: 4.3 mrad
Reflectance (includes soiling): 90%
Field O&M cost:

e Still need to break out field O&M

from plant O&M

* Includes availability

Construction time: 24 months

32
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LCOH Parametric Ar';‘ e\-\m’“\aN .<ctrical Field

2.75 2.75
2.55 2.55
= =
z s
5 2% < 235
g 2.15 I 2.15
o)
= =
1.95 1.95
175 175
1 2 3 4 5 6 7 8 9 10 70 90 110 130 150 170 190 210
Reflected Image Optical Error (mrad) Field Install Cost ($/mA2)
2.75 2.75
2.55 255
= =
2 2
< 235 < 235
(%) (%)
= €
8 g
T 2.15 I 2.15
o)
S S
1.95 1.95
1.75 1.75
0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 30 40 50 60 70 80 90 100
. Field Reflectance (fraction) . . Fixed O&M Cost per Unit Capacity ($/kW -yr) . . 33
conceptual design ¢ components e integration e mass production heliostat field
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LCOH - Equivalent P"P , e\'\m'\“aw.ustat Cost .

200 200

180 180

£ 160 T 160
- c =

g 2 140 g 2 140
£z £z

g S 120 g S 120
_ _

o 8 o 8 100
I

T 2 80 S

338 60 238 60
w % - =

E 40 E 40

20 20

0 0

1 2 3 A 5 6 7 8 g 10 0.8 0.82 0.84 0.86 0.88 09 0.92 0.94
Reflected Image Optical Error (mrad) Field Reflectance (fraction)

FAV.Y,

=
[02]
(=]

Equivalent Breakeven
Installed Capital Cost:
Cost of the heliostat that
would offset the observed
60 change in LCOE

e
5 &8 8

Equivalent Breakeven
Installed Heliostat Cost ($/m?)
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Use Case — single polar field with cavity receiver to supply thermal energy
to large thermal power plant fed by one or multiple fields (doesn’t matter

for base case since we stop at tower/receiver)

 Molten salt power tower
* Net Equivalent Power Output: 30 MW,_/220 MW,,

 Polar Heliostat Field
e Solar Multiple: 2.7

* (Cavity Receiver
» Solar Salt (60% NaNO3/40% KNO3)
* Hot Side Temp: 575°C
* Cold Side Temp: 290°C

5.

W e

Installation cost: $145/m?2
Reflected image optical error: 4.3 mrad
Reflectance (includes soiling): 90%
Field O&M cost: need to break out
field O&M from plant O&M

* Includes availability
Construction time: 12 months (?)

* Assume this is more efficient (and cost effective) than an external receiver
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Use Case — single polar field with cavity receiver to supply thermal energy
for high-temperature industrial process (ex. - calcination of limestone)

 Molten salt power tower

Net Equivalent Power Output: 10 MWth
* 1.5 MWe equivalent

* Needs work —what is concentration ratio limit?

Polar Heliostat Field
* Solar Multiple: 1.0 (assume no storage)

Cavity Receiver
 Temp: 1,000 °C (continuous process)
* Receiver is the reactor

5.

W e

Installation cost: $145/m?2
Reflected image optical error: 4.3 mrad
Reflectance (includes soiling): 90%
Field O&M cost: need to break out
field O&M from plant O&M

* Includes availability
Construction time: 12 months

Note how for the SAM inputs, the values don’t differ among base
cases, except for construction time. Analysis should reveal relative
importance of parameters to solar field for each base case
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Summary — CSP Technoeconomic Analysis

< Techno Economic >

CSP as One of
Many Energy
Options

CSP as a Power
Plant

i

Heliostats as a
CSP Component

)

Heliostat
Components Cost
and Performance

0

e d 1L
1 1L
TEA Goals
* Develop Baseline cases
* Consistent assumptions across

topics
* Identify and quantify

opportunities
* Develop useful tools and models

to HelioCon

All models are approximations.
Essentially, all models are wrong, but
some are useful. However, the
approximate nature of the model

must always be borne in mind.
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Questions?
Thank youl!

T
] |

www.nrel.gov
chad.augustine@nrel.gov

Subscribe to HelioCon:
- Heliostat.Consortium@nrel.gov
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More From the HelioCon |Next seminar February 16!
Seminar Series

Slides and presentation recording
coming soon

Subscribe to the seminar series or get in
touch: heliostat.consortium@nrel.gov

Access past seminar’s here:

Dr. Margaret Gordon’s seminar on

Sandia’s CSP capabilities

Mark Mehos’ seminar on NREL's CSP

capabilities

HelioCon Seminar Series: An Undervalued
Foundation for Heliostat Technologies — Optical
Characterization, Modeling, and Measurement
Speaker: Guangdong Zhu, NREL

When: 1-2pm Wednesday February 16t
Zoom:https://nrel.zoomgov.com/j/16111108237
pwd=Z0NQTIVMZ2NhSXZmbnlwNnhRZWNWQTO0
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