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DOE Reorganization: EERE has become CMEI
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integration budgets
operate within IESO.

Major DOE civilian R&D
Department Elements by

FY26 Budget:

» Science: $8B

CMEI: $2B

Nuclear Energy: $2B
Hydrocarbons & Geo: $650M
* ARPA-E $350M

About $14B of DOE’s
$49B FY26 Budget
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Integrated Energy Systems Office (IESO) Overview

The Integrated Energy Systems Office drives strategic research and development

of advanced energy solutions, focusing on enhancing grid reliability and resilience, fostering U.S.
technological leadership across diverse energy generation sources, and reducing the cost of energy
for Americans.

VISION

The Integrated Energy Systems Offices strives to enable a secure, integrated, and affordable
energy future—powered by innovation and built to serve all Americans.
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Integrated Energy Systems Office Objectives

Solar in Space Initiative: Establish the United States as the global leader in space-based solar
power generation and advanced photovoltaic material science, significantly contributing to national
energy security, reducing the cost of electricity, and advancing next-generation energy systems.

Wind and PV Systems Recycling: Establish successful and economical recycling for wind and
solar energy technologies, significantly reducing waste, recovering critical materials, and reduce
cost of PV and wind component recycling.

Grid Integration, Data, Interconnection, and Cybersecurity: Develop advanced grid data and technology
including Al to support rapid load growth, address technical challenges, and enable expedited and cost-effective
Maximize Performance and Reduce Costs: Improve long-term reliability and performance of existing

energy assets through Al and other advanced technologies, apply wind and solar capabilities to high-priority

grid infrastructure expansion while enhancing the reliability and cyber-physical security of the power system.
\ applications, and support domestic manufacturing, optimized O&M, and a highly skilled workforce. /

Solar Heat for Industrial Process (SHIP): Grow the US fuels, chemicals, mining, and industrial sectors by \
developing turnkey, American manufactured solar thermal systems with applications including produced water
desalination, remote mining, fuel conversion, growth of the food and beverage industry, and manufacturing.

Permitting and Impact Reduction: Develop data and tools, Al applications, scientific research, and
best practices to reduce permitting time, increase certainty, and reduce the negative impacts of energy
development on people and the environment.

U.S. DEPARTMENT | Offijce of Critical Minerals 4
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Maturing CSP Industry




Commercial Concentrating-Solar Thermal Plants

'Solana’s Generation Station (280 MW 0la ' DU 00 MW
1.1 GWh, Thermal Energy Storage Dimethyl Ether Production & Almond

Processing

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



Concentrating Solar Power 15-year trend

Figure 5.1 Global weighted average and range of total installed costs, capacity factors and LCOEs for CSP,

Renewable Power Generation Costs in 2025. IRENA

» LCOE down 77% 2010-2024
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Concentrating Solar Power 15-year trend

Figure 5.3 Capacity factor trends for CSP plants by DNI and storage duration, 2010-2024

Figure 5.6 Reduction in LCOE for C5P projects by source, 2010-2024
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e Renewable Power Generation Costs in 2025. IRENA
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Results of China’s Policy led CSP build out

Build Phase |Installed | # of LCOE Power Thermal Capacity
Capacity plants $/kWh Block Size | Storage Size | Factor

2015-2021 1 GW

2022-2025 1.7 GW 27

2026-2030 15 GW >100
(Target) (Target)

As of June 2026, China has 30 power plants with > 5
GW of capacity under construction. CSP is now a
similar cost as energy from Chinese Coal plans.

Many of the 2026+ plants will allow the grid to also
charge thermal energy storage, adding value to the
plants.

With a learning curve and supply chain development
CSP becomes a cost competitive technology. Similar to
Nuclear and Geothermal, it requires significant scale.

~0.17 50-100 MW  0-8 hours 35%
0.08-0.10 100 MW 8-12 hours 50%
0.055-0.07 > 200 MW 10-16 hours 60%
(Target)

Figure 5.2 TIC breakdown for ST projects in China, 2022 and 2025

2022 % 15% 15% 5% 5

2025 % 14%

16% 5% 7%

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 O% 20% 40% 60% 80%
2025 USD/kW Percentage of total
® Heliostat field @ Thermal energy storage @ Receiver @ Power block

® Tower @ BoP and engineering Contingencies @ Owners costs

Notes: kW = kilowatt;



Relative Internal Rate of Return (IRR)

Thermal Energy Storage would have made Ivanpah
a first of a kind success story

1 2014 Prices
1.2 1 @@ 2024 Prices
Higher IRR than Ivanpah
B e | TS et it
Lower, but positive IRR than Ivanpah
0.8 A1 Takeaway #1
Economic viability of
lvanpah changed when grid
0.6 1 price signals changed
Takeaway #
0.4 - Adding stora
' fundamentall
economic via
0.2 - at 2024 grid
0.0 - e - - - - |\ -~~~ === - St ===
Negative IRR
_02 -
Direct Steam MST + No Storage MST + 12-hr TES

Mojave Desert- California. 392 MW,
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It has taken iterations and failures to mature
molten salt thermal energy storage

Failure Anal ys is Mechanism Design & Fabrication Operation Failure

blicate Floor Buckles
Energy Storage’ | [ el Prop i

T e — rt Drewes
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i Salt Mixing
Julian D. Osorio," Mark | : ‘ 1 T
Hank Price,? Jose Torre: 5‘“’(":‘__’4'.‘:;“““ % Residual Stress Transient Operation Cracking Owner'’s
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e

Figure 4. Failure behaviors in SS 347H molten salt hot tanks

Understanding failure i1
salt storage in CSP appl

Sergio Andrés Ardila-Parra”, ( Buckling

' |
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SHIP Opportunity




Many industrial processes need heat

Cement

Chemicals

Oil reflnlng ,-;‘

L )
l\- .

lll\

13
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SHIP systems are conceptually straight forward

SHIP technologies collect and concentrate sunlight to deliver heat to a variety of industrial applications, like water desalination,
food processing, chemical production, and mineral processing. They use thermal storage to provide energy on demand.

storage
unit

e -_- = __ . )|
| e \-\\—\___

5 \\%_;;‘:r_'__"‘“ : -
Balance of plant

Heat
exchanger

Existing 30 MW SHIP system at a Heineken facility in Seville, Spain. Source
Example SHIP system diagram. Source
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https://www.solar-payback.com/technology/
https://solarthermalworld.org/news/we-absolutely-recommend-this-investment-to-other-manufacturers/

Synhelion & German Aerospace Research Center
generating Jet Fuel at 1500 °C

SYNHELION TECHNOLOGY — THE 3 INNOVATION FRONTS

The solutions of Synhelion are based on the combination of 3 nearly-independent innovation fronts, all of which have
independent application opportunities.

1) Gaseous Solar 2) Chemical
Receiver Reactor

3) Thermocline TES

U.S. DEPARTMENT | Office of Critical Minerals https://cleantechnica.com/2025/04/20/spain-will-host-a-concentrating-solar-power-plant-to-make-jet-fuel-from-sunlight/
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Leveraging CSP Technology for SHIP

1500 °C

Point Focusing Systems Gen 3 CSP: Flowing Particles (SNL Demo)

Nickel Alloy 700

°C -
Limit : : R R 50% efficient sCO, Brayton Cycle
Smelting, Chemical D z
crfcking) Parabolic Dish) Aspirational 5¢ / kWh with 12 hours Thermal Storage
folgrSalt 550 °C Gen 2 CSP: Molten Salt
mit 42% efficient steam Rankine Cycle
~9¢ / kWh with 12 hours Thermal Storage
Z::Talon 400 °C Line Focusing Systems Gen 1 CS.P.: Thermal Oil (so.me steam)
Thermal Processing (Parabolic Trough & 34% eff|C|ent. steam Rankine Cycle
(Distilling, Nitratee Melting) Linear Eresnel ~21¢/ kWh (less if Thermal Storage added)
100°C

Thermal Treatment
(Boiling, sterilizing, drying)

Industrial Heat <\ Electricity q | =
Solar Collection I +

U.S. DEPARTMENT | Office of Critical Minerals In all nearly systems IESO supports, thermal storage is required between solar collection and the application
of ENERGY | and Energy Innovation 16



Leveraging CSP technology for SHIP

A
1500 °C

Nickel Alloy 700 °C
Limit

Solar Salt

Limit 550°C
Thermal Oil o
Limit 400 °C

kK ﬁ" f Elclactricity :L L

Solar Collection

_ o In all nearly systems SETO supports, thermal storage is required between solar collection and the application
U.S. DEPARTMENT | Office of Critical Minerals
of ENERGY  and Energy Innovation 17



Analysis on select favorable SHIP markets in the US
STEP14g WORKFLOW

SOLAR THERMAL ENERGY PLANNER

Tell STEP 1 about your
location, land
availability, process

Let STEP 1 find the STEP 1 gives you
most cost-effective optimal solar thermal
solar thermal system system size, cost
that meets your needs. savings/increases, and
(10-15min) levelized costs.

temperature, and load
profile.
(< 5min)

NLR analyzed select industrial sector plants (based on NAICS codes) representing food & beverage,
chemical, and other industries. These analyzed facilities represent about 10% of the US industrial sector. NLR
then focused on half of these facilities in_high-sunlight regions.

Figure 60. Distribution of LCOH/LCOH,, for CST+TES systems at 25% capacity factor for Task 3

N LCOH l dataset.
———— < 1.0 —— Cost-saving
., 100 LCOHNG 14
v LCOH
! 7 510 —» | Not .
2 e LCOH Cost-saving o
° Cost effective facilities represent 0.51 E
2" guads of energy per year within this LR
o 0.50 0.75 1.00 1.25 1.50 Ilmlted Study
Why hasn’t SHIP been deployed more today?
1) Lack of user awareness of the technology. Savings with 25% of the energy load displaced

2) Lack of domestic manufactures and few qualified project developers.

3) Project specific engineering costs that haven’'t been standardized. by SHIP in select low temperature industries

LCOH = Levelized Cost of Heat, accounts for a SHIP system’s CAPEX and OPEX, as well as the solar resource at the specific facility.
U.S. DEPARTMENT | Office of Critical Minerals

of ENERGY  and Energy Innovation https://stepl.nir.gov/ 18
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Many remote areas with critical mineral deposits
have high sun and low gas/grid connectivity

3

Direct Normal Sol
National Solar Radiation Datab

Legend

—— Interstate Pipelines
Intrastate Pipelines

Source:
Energy Information Administration, Office of Oil & Gas, ;
Natural Gas Division, Gas Transportation Information System s
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Remote mining: Glasspoint’'s boron extraction project in CA

750 MW solar-thermal to deliver 250 MW of steam round the clock —
« Searles Valley Minerals uses 1.2 million Ib/hr of steam via coal burner. : .  Direct Normal Sol
« SHIP retrofit with molten salt will provide 700,000 Ib/hr. " | e | | Ron2l Spar padktion Davt

» Facility is a second-of-a-kind deployment of Glasspoint’s collector A [ \F bl e i\.
technology following a 350 MW facility in Oman for Enhanced Oil A °‘5\‘ R
Recovery. o R | o — 9

 Facility owners anticipate cost savings. . -':'ﬁ-_ 7 | e

7 f":%u#* 'f ) L

s
|£J

I'\i

Extracted borax and borates can be

used for: *
* Neutron shielding for nuclear
energy

* Production of permanent magnets
and super alloys

« High temperature glass and
ceramics

« Oil & gas and geothermal drilling
fluids

U.S. DEPARTMENT | Offijce of Critical Minerals
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Cooling i1s Major Energy Demand by Datacenters

Nearly all energy into the datacenter becomes heat

IT Load + Non IT Load
2025 Datacenter average Power Usage Efficiency PUE ~1.4-1.5 PUE = IT Load

 For 100 MW IT load, need ~150 MW of total electrical grid
interconnect (~30% for cooling)

10’s to 100’'s MWs of low grade (30-40 °C) heat needs to be
removed at each datacenter
 Low temperatures means few useful offtake solutions
(district heating needs to be nearby)
 High water consumption - Often need water (evaporative
chillers) depending on outdoor temps

Offloading datacenter cooling to SHIP cooling can create
new IT capacity from existing assets. Gas turbine supply chain
bottleneck >5 years for time to delivery

U.S. DEPARTMENT | Offijce of Critical Minerals
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SHIP cooling data centers

How Absorption Chillers Works

Water vapour

Solar Heat - Absorption Refrigeration Cycle - Cooling

Commercially available 10-
100 MW scale

PR — : :
SRS s Litiium Bromide mix 5
EA M s i e - Condensed liquid Water ; ’
/Steam = bl 3 !"
. =y . Cooling
ft-:@m :'_ ~=T" Water Spray _-/ : Tower
Chilled i o i, S ;
Water 0 - ' " '
" aﬂf-"w'lxu;n: R L Ltk e :
Heat —Pfl | SRS ' 200 °C Solar heat unlocks:
Exchanger J _-.:“}ﬁ;mmgﬁf%““””m3’“"‘"‘"9‘“"‘“““"“’"""""F““ﬁ“ 1) Dr COOIln
Chilled water to cool -.._t_.-d y J
data centers ° P Womce Wb Sombie . S 2) Smaller HX
& Pump TheEngineeringMindset.com 3) Higher COP
4) More robust operation

envelope

5) Decreased grid Impact
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Solar Desal Prize & NOFO conclusions | = ==

Sunny regions of the US overlap with critical water scarcity regions.
Additionally, a key challenge of the oil and gas industry in the Permian
Basin is disposing or treating produced water.

Radipulse’s non-tracking SolMem'’s integrated multi
collector effect membrane distillation

I
Accepted range of sun’s position

Reflectors Receiver tubes "
1

The final contest of the Solar Desalination Prize will result in novel solar collectors and novel thermal desalination

+40°
-/’//\\ [\ - // processes piloted at water treatment sites. These technologies can enable zero liquid discharge, removing the need
\%\ . @) -1« for brine management outside the facility. The technologies shown here will be demonstrated at two sites in TX.

~_ Reverse osmosis is inadequate for very high salinity brines- necessitating new thermal processes. The industry

foofTop partners from O&G sector report cost savings versus alternative options for handling produced water.

U.S. DEPARTMENT | Offijce of Critical Minerals
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Value proposition

10,000

= =]
o
=]
(=]

Nuclear Reactors | B

Industrial Heat Pumps 1
Geothermal | 1l

35% of thermal energy
consumption 130°C - 500°C

E

SHIP; Concentrated Solar Power

Fuel Combustion (Natural Gas, Hydrogen,... . |

Electric Heat (Electric Dryer, Electric Arc Furnace)

43% of thermal energy
consumption <130°C

Cumulative Thermal Energy
Consumption in US Industrials (TBifu)
(%] [=]
_§ 2
(=]

0 500 1000 1500 2000
Process Heat Temperatures ("C) 0 100 200 300 400 500 600 700 @800 900 1000 1100 1200 1300 1400 1500 1600

=

Process Heat Temperature (°C)

» SHIP can provide heat for industrial needs for temperatures > 1000 °C.

 Thermal energy storage (TES) can provide round-the-clock or dispatchable heat delivery.

» SHIP can be directly competitive with the lowest cost heat sources in some markets.

* SHIP may be the best option in some remote markets where fuel and electricity sources are not practical.
« SHIP can help diversify the energy mix and provide a hedge against fluctuations in fuel price.

* Hybridization with combustible fuel is a near-term opportunity to lower energy costs at existing facilities
and seed a domestic supply chain and expertise.

U.S. DEPARTMENT | Offijce of Critical Minerals
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IESO TES Technology
Development




Durion: “Ultra Low Cost Long Duration Storage”

e Specifically designed to use affordable and available oil and gas supply chain components
® Five patents already granted, covering our storage and power generation systems

Traveling separator piston divides high and low
temperature sections of each pipeline during operation

.0 Dl‘ in .

Operates up to 350°C & 85 bar

h‘\“\-‘.,

Uses pressurized hot water
as a low-cost media for long
duration storage

Proprietary control and separator piston technology
enable use of commercial oil & gas pipeline supply
chain for energy storage application

DOE AWARD 11494 includes:
-Design, installation, and testing of 24/7 thermal storage
for cold climate heat application using electric boiler &

Flex Load Management utility rates.
-Design of full-scale 24/7 combined heat and power
system for SunBelt distributed-scale customer

U.S. DEPARTMENT | Offijce of Critical Minerals
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GEOLOGIC THERMAL ENERGY STORAGE - ANTELOPE HILL

GeoTES |

Firm, dispatchable power from sunlight stored in
California's depleted oil reservoirs.

5-8 hr 1,000 hr

DAILY DISPATCH INTEGRAL STORAGE

Radiant Solar Energy

. Fluids
SEFGI'EHOI'I

Concentrated solar thermal charges a sandstone
reservoir; stored heat drives a turbine on demand.

Premier Resource Management, LLC

PARTNERS

National Laboratory of the Rockies (NLR)
U.S. Department of Energy — CMEI - HGEO | Award DE-EE0011495



Flowing Particles for 600 °C to beyond 1000 °C

Sandia National Laboratories’ Gen3 Particle Pilot Plant (G3P3)
775 °C flowing particles TES system. 6 MWh demonstration.

U.S. DEPARTMENT | Offijce of Critical Minerals
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There are over 200 pages of lessons |learned from
the TESTBED project available to the public

3.3.5 Permitting Lessons Learned

Massef;l%fatw nac=82% _Recompression Fraction = 0.38 The following permits were required as part of the project approval.
f . TIT=600°C Permit Name Agency Status
Key Perforfrff_'a_nce "_'dlcawfs Land Use permit applications
Cyﬁle E vae_ncy =41% Land Use permits and CEQA submitted Q3 2021. CEQANOP
Capital Cost = 900 $/kW,, ) " published April 2022. As of Q3
LCOE =5.5 ¢/kW,-hr compliance (specifically, a \ 2 -
: e Conditional Use Permit: Zone Kern County Planning 2024, first Administrative Draft of

the EIR/EA nearly completed and

classification change from A-1 and Natural
Volumetric (Limited Agriculture) to A Resources targe_:ted_ for Q.4 2024 Draft EIR/EA
Receiver Exclusive Agriculture); and a Department publication. Final approval and
(Exclusive Ag ) @ Board of Supervisor Hearings
request to vacate a public were tentatively scheduled for Q1
Uhiom access easement) 2025.
60 kW/K HTR aJ state _1/°C | P/bar | p/kg/m' ]
UAm=960 kW/K UAre= 1 600 248 142 Environmental Assessment
] S50kW/K -, 562 181 112 U.S. Depart t underway as part of a joint
3 0w e NEPA Compliance Eres epartmen CEQA/NEPA document. See note
; ;ﬁ :: :;: nergy above and status of required
\[\ j\ W\ j\ . s . e consultations below.
Heliostat —{ S 55 & : - owbe= =il U.S. Deoart of (B:ompll\tnapeq. EdSwa;ds Air Ftog_ce
. -~ - —— ) . .S. Department o ase Mission Sustainment Team
Field Packed Bed TES : ::: :z :2 Figure 48: Screenshots of the latest plant CAD model including the power island (left) and plan view with heliostat field (right). Airspace Consultation from U.S. Defensep(DoD) Siting elected a “No Object”

®

Department of Defense

10 181 250 354 Clearinghouse recommendation to the
11 450 48 176 Clearinghouse July 2023.
Figure 4: A preliminary cycle model with component and system performance and cost targets. Obstruction Evaluation / Airport | Federal Aviation Completed. Determination of No
Airspace Analysis Administration (FAA) Hazard issued December 2023.

Snapshot of lessons learned

» Reaffirmed particle advantage over air-based systems for power generation

« Diffusion bonded primary heat exchanger faced manufacturing challenges

* Permitting should be considered from day 1

« Underlined cost uncertainty for first-of-a-kind technologies (costs ballooned from Class-5 to Class-2 estimates)
« Highlighted importance of receiver scalability for commercial systems

U.S. DEPARTMENT | Offijce of Critical Minerals
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https://www.osti.gov/servlets/purl/2570080

Sign up for funding
opportunity notifications
and CMEI news

https://public.govdelivery.com/accou
nts/USEERE/signhup/39334

Come talk with us!

Matthew Bauer
matthew.bauer@doe.qgov

James Ma
lames.ma@doe.qov

Rebecca Mitchell
rebecca.mitchell@doe.gov

O

How can DOE best impact
technology maturation and
commercialization?

4% U.S. DEPARTMENT  Offjce of Critical Minerals

(\ Y of ENERGY  and Energy Innovation
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ORISE Science and Technology Fellowship

Develop leadership skills in science and technology by designing and implementing national
research and development programs aimed at advancing a resilient, integrated, and

affordable energy future.

Strategic Areas:

Advanced solar photovoltaic technologies
Wind energy technologies

Solar heat for industrial processes

Thermal energy systems

Grid integration technologies

Distributed energy technologies
Interconnection innovation

Permitting and environmental impact reduction

Cross-cutting analysis and program impact evaluation

Energy materials and recycling
Manufacturing and technology transfer

Communications, graphic design, and stakeholder engagement

Eligibility:

* One-year appointment, renewable for a

second year
» Competitive stipend and paid leave
* Mentorship from DOE officials
» Travel/professional
development allowance
» Local transportation stipend

Application Deadline: July 31

Direct background in solar, wind, or other energy resources is not required for this opportunity, but strong candidates will have skill sets that transfer directly
to the work done at IESO. IESO is interested in candidates with backgrounds including but not limited to physical and natural sciences, social science,
engineering, public administration, entrepreneurship, community and sustainability work, and others with bachelor’s, master’s, or doctoral degrees, as well
as established professionals with relevant post-degree experience. Participants must be a U.S. citizen or have Permanent Resident (Green Card) status.

# W U.S. DEPARTMENT | Office of Critical Minerals

¥ of ENERGY | and Energy Innovation

VISIT: bit.ly/IESO-Fellowships « EMAIL: DOE-RPP@orise.orau.org
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Stakeholder Engagement Key Learnings

No one wants to change their key industrial processes
 “The plant manager just wants to be left alone. If the plant goes down for a day, they get fired.”

Accurate performance models are important to set customer and financier expectation. Limits of laboratory
testing.
« “large collectors deployed in the field are often not tested because they are difficult to test [impacting the cost of
capital]”
« “Atthe end of the day, financiers want a predictable annual yield to know if they can make money”

Need to convene broad expertise to implement good SHIP systems
 “Engineers from oil and gas can do a better job engineering a steam system, but these projects don'’t typically
include them, so you have solar engineers trying to do plant engineering”
« “It's crucial to involve local contractors in plant design”

Permitting remains challenging because of lack of familiarity
« “we’re having to spend months educating AHJs each time because they are unfamiliar with the technology”

People are interested but they also don’t know where to start
» “lack of information centralization”
 "DOE could play a role of spreading that knowledge so that people don't have to learn on their own".

®W U.S. DEPARTMENT  Office of Critical Minerals 32
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Collectors
Convert sunlight
to process heat
temperatures

Thermal Energy
Storage
Stores heat to
deliver a
consistent and
high-quality supply

SteamSHIP

\

Manages solar heat, auxiliary boiler,
storage, and facility demand to provide a
seamless supply and repeatable design

Boiler
‘ Pre-existing steam generator

Turnkey System
Integration

No changes to internal
facility or processes

End Goal
Grow American industry



Integrating SHIP into
American Facilities
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