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Heliostat Consortium (HelioCon) Objectives

 Form U.S. centers of excellence
focused on heliostat technologies to
restore U.S. leadership

» Develop strategic core validation and
modeling capabilities and
infrastructure at DOE’s national labs
(NREL and Sandia)

* Promote workforce development by
integrating academia, industry, and
all stakeholders

Image source:
https://heliocon.org/about/about heliocon.html
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Results of HelioCon TEA gap analysis

Identified TEA gaps:

o

Lack of a validated model for:
— solar field O&M costs

- :'g?_ll;;)emperature solar heating for industrial processes

Path forward:

o

Develop a heliostat field O&M model that accounts for the
cost of mirror washing and heliostat repairs and
replacements, and their impact on heliostat field
performance.

Develop a model that creates and incorporates
correlations for tower and receiver costs for SHIP
applications.

Develop an approach to determine the best heliostat
size given a collection of design parameters (e.g.,
project size, operating temperature).

Coordinate work with other HelioCon topics, perform
sensitivity analysis in models, and engage industry to
improve knowledge gaps.

Example schematic of a SHIP system in which red and orange
arrows denote hot and cold molten salt flows and blue arrows
denote water and steam flows; our analysis is primarily focused on

the solar field, tower and receiver encircled above.
Image adapted from Cox et al. (2023)
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Key questions we seek to answer

* How does operating temperature impact the tradeoff
between optical and thermal losses at the receiver, and
how does the heliostat size impact these?

« What is the impact of heliostat size on cost and
performance of a solar field for a given project?

« How do we select a heliostat size for a given project
that minimizes the levelized cost of heat (LCOH)?

National Laboratory of the Rockies | 6



Goal of methodology: Minimizing LCOH for a project’s solar

collection

Our main contributions

* \We subdivide the
method into the
following submodels:

o System performance

1 1 J
T
Direct Capital Costs Indirect Capital Costs
o Installed costs
\ e
e N\
L
o O&M Design search from | |
. Fixed Charge Rate Total Installed Cost [} O&M Cost System Performance
prior work | ),
L I
T

Find the minimum-

« The design selection .ezﬁzie;.fema;efsif.d :
assesses the heliostat size)

tradeoffs between Workflow for LCOH calculation
these three factors as
heliostat size changes
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Design requirements

» There are many options for a heliostat
design, including several options for
each component

* In the case study we present, there are
some design measures we include for
the sake of simplicity:

o Pedestal foundation
o Size-based canting configurations
o Wireless controls

o Size-dependent drives

Heliostat Main Component Concepts

Mechanical Structure and Power (Motors and Drive)

Select A Reference Heliostat Design

¥

Components Technical Requirements
Mirror = * High reflectance / High reliability
* Low weight
o * Low weight
POl —> © High resistant
= * High precision
Drive System == . Novel low-cost design
Control System . Hry!v accuracy / Low-cost wireless
* Reliable closed system
Conventional
Pedestal T-tube PV & Battery == *Durable and reliable system
Heliostat _]—. Structure Assembly ==> *Low weight
_‘—o Foundation ==« Novel concepts / site specific

Schematic of available designs, and summary of the
downselect process of design requirements for our case study
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Optical performance model

Slope error, o @

@
Tracking error, o, -
Canting error, o,

Reflected image error, o,

1.
Obtain error sources for commercial heliostats (slope,
tracking, and canting)

2.
Filter the data (choose the most reliable references from
literature — measured or known)

3

Develop optical performance function for each error source

4.
Calculate the total reflected image error
(i.e., single axis slope error equivalent)

57
Check/Update the outputs and consult with SME

Methodology for determining optical performance

\/ZjEJS-J}?-{—z-JE
TSSEE — 2\/5

Equation: aggregation of error sources into a single-
axis equivalent slope error

Vi€ J
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Thermal performance model

120%

» Asquare, flat-plate receiver in

SolarPILOT represents the
aperture of a cavity receiver ;//
« We assume uniform, blackbody e

—565

60% 900
1,200
1,550

loss at the aperture

» Consistent with assumptions by
Steinfeld and Schubnell (1993) and, a0%
more recently, Li et al. (2021)

Receiver Efficiency

20%

» Radiation losses increase
significantly with temperature

500 700 900 1,100 1,300 1,500

b Stefan-BO|t2mann’S IaW radlatIOn Concentration Ratio (suns)
directly proportional to the 4th power

Summary of a blackbody receiver’s thermal efficienc
of temperature (losses ~ T4) y Y Y

as operating temperature and concentration ratio vary
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Cost function assumptions and canting

configurations

Component

Assumptions

Mirror

- Mirror cost is a fixed cost rate (per m?).

- Heliostat sizes < 8 m? have one facet.

- Heliostat sizes above 8 m? are multi-faceted in a size-
dependent array.

Support Structure

- Cost rate is size-dependent and depends on the amount
of steel required.

Drive - Azimuth/Elevation tracking mechanism.
- Size-dependent cost function sourced from supplier
quotes
- Drive configurations change with size ranges
Controls - Power electronics defined as a per-heliostat cost

- Fully wireless communication

Power Supply

- Size-dependent, cost function for mounted PV and bat-

tery
Foundation - Size-dependent cost function
Others - Omnsite fabrication and assembly platform is a size-

dependent, project-specific cost

- Site infrastructure, site labor, and transport & shipping
cmploy cost functions that are part fixed (per m?) and
part per heliostat.

Cost function assumptions for individual heliostat components

FacetNumber

Facet Number vs Heliostat Size

=]

8x8
60
SolarReserve (115m?)
7x5
50
40
Cosin SupCon (30 m?)
2x4
30
5x4
ESELH:; (20 m?) 4x4 SenerHES4(178 m?)
x T EEmm s ]
20 4x3 r A \f 6
r i Y Abengoa ASUP (140m?)
0 2x2 4x8
1 e | AbengoaSolucar(120 m?)
ax7
0
0 10 20 30 40 S50 60 70 8 9 100 110 120 130 140 150 160 170 180 190 200

Heliostat Size (m?)

Canting configurations as a function of heliostat size
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Heliostat cost function (adapted from Blackmon 2013)

y 1f h
{ﬂ ( A0

y

_I_

["'1!1 (

N
Nﬂ

)

Thelinstalled cost rate of component j [$/m2]|is a function of:

- | a fixed cost rate, |

Viel

- | a size-dependent rate|(in which the size relative to a baseline is raised to an exponent), and

. | a per-heliostat cost|

For some components, such as drives, these are piecewise functions that have separate

coefficients for difference size ranges

Tower costs are from System Advisor Model; receiver costs are fixed per kW
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Selecting cost function coefficients

Bottom-up cost analyses can serve as input
to the cost models

 Inthe example StUdy, we utilize a Size range (m?) | Elevation | Azimuth | Reference heliostat
bottom_up Costing the SunLite design by A <15 Linear Linear Vast solar (64 m?)
SolarD . th f 15 < A<30 Linear Slew LH-2.3 (19 m?)
olarynamics as the reierence A>30 Linear Slew Cosin Solar (30 m?)
« Cost exponent assumptions for Summary of drive mechanisms as a function of heliostat size
components sourced from expert
elicitation

« Some components, such as drives,
include mode changes and so have
piecewise functions

« This case study includes quotes
from drive suppliers for each mode
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Cost adjustment for economies of scale

« We assume that the project size

leads to cost reductions due to SunLite® Installed Cost (DFMA)
economies of scale 203w @sesc

» Note: a stable supply chain of
projects can mitigate this effect o st

o
-

land revise cost estimates

60 MWt @1,200°C
2.970 units

(=
=]

100 MWt @900°C

Installed Cost ($/m2)
ot [ = o =
[

(=]

7.896 units
08
160 MWt @1.550°C SunLite DFMA
107 20,280 units production volume
54,845

106
105 e
104

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000 50,000 55,000 60,000
Heliostat Number
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Design selection method: Telescoping grid search

» We perform a telescoping grid search for the
best-found design, in which we vary:

o Design-point concentration ratio (CR) uﬁ_m | |
(translates into receiver surface area) 220 s eessessececs o .
oTowerheight :%—30 . * o o 8 8 0 0 " e e 0 . .
o Receiver elevation angle %—40 * eec s cscccsecs o .
And calculate the min-LCOH project §00 I i i |
delivering the specified energy to the 0 » . . ! !

receiver for each candidate system size. “ v " " e

Tower Height (m)

@ Initial Search ® Refined Search

* Prior work (Zolan et al., 2025) showed
empirical results SuggeSting the LCOH Example of the nested grid search to obtain near-
function is convex in these three parameters optimal tower receiver designs for our methodology
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LCOH multiple calculation

* We use a fixed cost ratio (FCR) to balance capital and annually recurring costs of the solar
field, tower and receiver, then use the performance model to estimate annual energy
production to calculate LCOH:

100(Anmual Cost ($) + FCR - Capital Cost ($))

(:() l 3. ]
LCOH (¢/kWhyy) Anmual Encrgy Production (kWhyy,)

» We divide the LCOH for a project by that of a commercial-scale, electricity-producing plant to
obtain an LCOH multiple for this analysis

« This is calculated for every solution in the telescoping grid search, for every heliostat size, to
obtain an estimate of LCOH and best-found design as a function of size
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Baseline case study

» We consider an aluminum treatment
process that requires 50 GWth of 565 C
heat input to the receiver per year:

o Offtake temperature of 500 C, 7.5 MWth
input

o Shift process (16 hours per day)
o 75% solar fraction

> 12.5% system-level loss, 65C temperature
drop
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Baseline case study results

» Key insights:

> 8-15 m? is a near-optimal range for the
heliostats under the given cost assumptions 19

—
oo

> A wide range of sizes are within 10% of the
best-found LCOH, indicating flexibility in the
size if other design advantages are found

LCOH Multiple
3

—
*

—
wn

o The cost curve is neither monotonic nor 0 15 10 4 60 25
convex, due to the nature of the cost Heivstat St (w?)

function and discontinuities for some Summary results for baseline case of 50 GWh-th
Components energy delivered to the receiver at 565 C
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Energy | Temp | Design| Tower | Heliostat LCOH
target (°C) CR height | size (m?) multiple
(GWhyy,) (suns) | (m) (¢/EW hyy)
H65 550 45 10 1.55
50 900 1000 50 8 1.65
“ 1200 1700 60 8 1.78
1550 2600 () 8 2.02
H65 500 110 12 1.07
250 900 900 120 10 1.14
1200 1400 140 10 1.28
1550 2100 190 8 1.63
565 500 150 10 1.00
400 900 900 150 10 1.07
1200 1400 175 10 1.21
1550 2100 210 8 1.51

Sensitivity analysis suggests a small best-found heliostat

size is robust to change in project size and temperature

Results of heliostat sizing study sensitivity analysis, including solar collection design variables as temperature and energy requirements change
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Changing the reference heliostat for component costs yields

similar results, except for the Stellio heliostat

Summary of best found heliostat size and LCOH multiple as reference design changes

Reference | Best found | LCOH multiple
heliostat | heliostat (¢/kW hyy,)
size (m?)
SunLite 10 1.57
SunRing 10 1.53
Stellio 30 1.58

* However, all best-found heliostat sizes under this methodology are significantly

lower than that of the design
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Discussion

« The methodology requires some refining upfront; our selected prerequisites
simplify the case study but are not intended to be recommendations

« The receiver is the most early-stage cost and performance model, due to a
lack of experience serving high temperature processes at scale with SHIP

* The results exhibit the potential for smaller heliostats to reduce project

costs, which is consistent with recent research and prototype development
(Pfahl et al. 2025)
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Conclusions

« We present a methodology that can select a heliostat size, as well as tower
and receiver characteristics for a given project (i.e., operating temperature
and energy requirements) that minimizes LCOH

« The model is intended to be sufficiently general to cover a wide collection of
component-specific options

* Results of a case study using a state-of-the-art design as a reference point
exhibit the potential for smaller heliostats to reduce project costs

» Opportunities for future work include:
o Incorporating uncertainty in performance modeling
o Increasing fidelity of the performance model to include multiple focal lengths

o Generalizing the scripts from this study for public consumption (GitHub release to
follow)
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