
Presented by Alex Zolan

National Laboratory of the Rockies

April 29, 2026

Heliostat Sizing 

Methodology for Solar Heat 

for Industrial Processes



National Laboratory of the Rockies    |    2

Research Team 

• NLR:  Ahmed Gamil, Alex Zolan, Chad Augustine, Bill Hamilton, Guangdong Zhu

• Sandia: Ken Armijo, Phat Duc Doan

• ANU: Ye Wang, John Pye

• Acknowledgment: Steve Schell



1

2

3

4

5

6

7

National Laboratory of the Rockies    |    3

Motivation 

Methodology 

Case Studies

Discussion 

Conclusions

Accessing the Work

Next Steps

Agenda



National Laboratory of the Rockies    |    4

• 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

Heliostat Consortium (HelioCon) Objectives

Image source: 

https://heliocon.org/about/about_heliocon.html 

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

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)

• Identified TEA gaps: 

◦ Lack of a validated model for: 

– solar field O&M costs 

– high-temperature solar heating for industrial processes 
(SHIP)

• Path forward: 

◦ 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. 
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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)?
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Goal of methodology: Minimizing LCOH for a project’s solar 

collection

• We subdivide the 

method into the 

following submodels:

◦ System performance

◦ Installed costs

◦ O&M

• The design selection 

assesses the 

tradeoffs between 

these three factors as 

heliostat size changes

Workflow for LCOH calculation 
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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:

◦ Pedestal foundation

◦ Size-based canting configurations

◦ Wireless controls

◦ Size-dependent drives

Schematic of available designs, and summary of the 

downselect process of design requirements for our case study
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Optical performance model

Methodology for determining optical performance

Equation: aggregation of error sources into a single-

axis equivalent slope error
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Thermal performance model

• A square, flat-plate receiver in 
SolarPILOT represents the 
aperture of a cavity receiver

• We assume uniform, blackbody 
loss at the aperture

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

• Radiation losses increase 
significantly with temperature​

• Stefan-Boltzmann’s law: radiation 
directly proportional to the 4th power 
of temperature (losses ~ T4)

Summary of a blackbody receiver’s thermal efficiency 

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

configurations

Canting configurations as a function of heliostat size

Cost function assumptions for individual heliostat components
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Heliostat cost function (adapted from Blackmon 2013)

The installed cost rate of component i [$/m2] is a function of:

• a fixed cost rate, 

• 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

• In the example study, we utilize a 

bottom-up costing the SunLite design by 

SolarDynamics as the reference

• Cost exponent assumptions for 

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

Summary of drive mechanisms as a function of heliostat size
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Cost adjustment for economies of scale

• We assume that the project size 
leads to cost reductions due to 
economies of scale 

• Note: a stable supply chain of 
projects can mitigate this effect 
land revise cost estimates



National Laboratory of the Rockies    |    15

Design selection method: Telescoping grid search

Example of the nested grid search to obtain near-

optimal tower receiver designs for our methodology

• We perform a telescoping grid search for the 

best-found design, in which we vary: 

◦ Design-point concentration ratio (CR) 

(translates into receiver surface area)

◦ Tower height

◦ Receiver elevation angle

    And calculate the min-LCOH project

    delivering the specified energy to the 

    receiver for each candidate system size.

• Prior work (Zolan et al., 2025) showed 

empirical results suggesting the LCOH 

function is convex in these three parameters
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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: 

• 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:

◦ Offtake temperature of 500 C, 7.5 MWth 

input

◦ Shift process (16 hours per day) 

◦ 75% solar fraction

◦ 12.5% system-level loss, 65C temperature 

drop
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Baseline case study results

• Key insights: 

◦ 8-15 m2 is a near-optimal range for the 

heliostats under the given cost assumptions

◦ A wide range of sizes are within 10% of the 

best-found LCOH, indicating flexibility in the 

size if other design advantages are found

◦ The cost curve is neither monotonic nor 

convex, due to the nature of the cost 

function and discontinuities for some 

components

Summary results for baseline case of 50 GWh-th 

energy delivered to the receiver at 565 C
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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

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

lower than that of the design

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

◦ Incorporating uncertainty in performance modeling

◦ Increasing fidelity of the performance model to include multiple focal lengths

◦ Generalizing the scripts from this study for public consumption (GitHub release to 

follow)
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