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Central receiver CPS Plants :“iNREL

Transforming ENERGY

Molten Salt Thermal Energy

Storage
e Hot tank: 347H stainless steels, 565°C.

e Salt composition: 60% NaNO3 — 40% KNO3

Generator  Power
Turbine

e Commercial GWh energy storage at 10+ h | <j»
duration

* Low capex ; §£>
Hehostats@ Q@
Recenver

Heat

Thermal Rejection

Storage System

e Existing industry for valves and pumps Tower

Collector . R 7 %
e Well-understood heat transfer properties ot \
3 ' Heat Pump/
Tower / - Exchanger Compressor

* Increase in capacity factors Haceiyer Sysha Control Power
Room Bloc

e Levelized cost of Electricity

[Gen2 CSP Plant. Central Receiver, two-tank

) , , molten salt thermal energy storage, steam-
* Lower 1intermittent operation for the Rankine power generation cycle]

NREL



Problem Definition / Motivation L.:NREL

Transforming ENERGY

Several Failures have occurred in molten salt tanks in commercial CSP Plants around the world

30
Central Receiver Issues
r Proj-Engr-Technology Scale-up
/ /- Rec-Control Systems-Aiming strategy
25 5 @ € TES-Salt Tanks-QA/QC
Rec-Downcomer-Piping Support Design - pB-salt $GS-5GS Design
Proj-EPC-EPC Execution ° [ TES-5alt Tanks-Tank design
< 90 Rec-Control Systems-Receiver Reliability PB-Salt SGS-SGS Reliability
[ / Rec-Control Systems-Automation \ﬂ
* / PB-DCS-DCS Iogrc '
k3] Py 8 Rec-Tower-Tower construction
g_ /— HF-System-Design Standards
E PB-DCS-Au\tSmation Rec-Outlet Vessel QOutlet Vessel Desép Rec-Salt piping-Heat Tracing
:, 15 /9 (( ——Rec-Downcomer-Downcomer Design
I Proj-EPC-Schedule \\ \ & Proj-0&M-Heliostat cleanliness
s HF-System-Heliostat Qualification
\
[Crescent Dunes CSP Plant, Tonopah, NV] Z - TES-Salt Tanks-Tank Foundation @ ——  HF-Mirrors/Facets-Heliostat...
o e Rec-Salt piping-Valve Design
-
a 10 Y Rec- System-Heliostat/Recelver Integration

In general, in-service hot tanks in the CSP industry have been \_ Recssalt piping-Valve Reliabillty
generally designed based on American Petroleum Institute’s °\ Rac-antrol ustems R camers

Rec Tower Elevator Rec-Receiver-Receiver Reliability

(API) 650 and ASME BPVC Section Il standards. ; e e

APl 650 —. Guidf-:lines about dimensions and fabrication
for oil storage tanks up to 260°C. 5 X ) i : . . !

Number of Issue Occurrences

ASME BPVC ‘ Allowable stress values for various m.ajcerlals [Mehos et al. 2020. Concentrating Solar Power Best Practices
Section Il at a range of temperatures and conditions Study. NREL/TP-5500-75763]

API 650 and ASME BPVC Section Il seem to be limited for hot tanks design where
high temperatures, thermal cycling, and transient conditions are expected!



Problem Definition / Motivation L.:NREL

Transforming ENERGY

Project 38475 — “Failure Analysis of Molten salt Thermal energy storage tanks for in-service CSP plant”

Mechanism

Low-Cycle Fatigue

Design & Fabrication

Material Properties

v

Stress Relaxation
Cracking

mm<  Residual Stress

v v

A

; Welding Procedure

ﬁ

) Insufficient
i Salt Mixing
:T « High Friction Forces 3

Operation

Thermal Cycling

Operation Decisions

=< Floor Distortion

Nonuniform
Thermal Expansion _T
Floor Thermal
Gradients

Failure

High Stress

Cracking

Plastic Deformation
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Most tank failures have occurred in the tank floor and are mainly associated with improper design and fabrication
procedures of the floor, leading to high residual stresses after welding fabrication, high stress during operation, stress
relaxation cracking (SRC), buckling, and creep


https://www.nrel.gov/docs/fy24osti/89036.pdf

Molten Salt Hot Tank Modeling.iNREL

Transforming ENERGY
Sparger Ring Mechanical
CFD Model Model

Molten Salt CFD Model

Deformation and
residual stress

Thermal ", 1 Lifetime

Time  9gradients  gyacq distribution Low Cycle Fatigue  Prediction Tank floor fabrication

The hot tank model has been validated. It incorporates computational fluid dynamics (CFD)
models for the sparger ring and molten salt and a mechanical model for the tank shell and floor. NREL >



=N

<NREL

Transforming ENERGY

Representative Tank Design

SEE SALT PIPING
DIAGRAM NOT TO SCALE__{____.-—-7 DIAGRAMS
T M / TANK SHELL
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3m / \
R — / =
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«29.8mm LLL
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_____________ o\ MNOPERATING LEVEL=094m
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_f_ = > —
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o ¥ \ | ouTer
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1.0m
J SEE CORNER DETAIL THIN METAL PLATE
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416m

Dimensions are representative several existing hot tank designs w:: .
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Tank Floor Fabrication Modeling

Transforming ENERGY
The tank floor is the most critical component due to the large loads and High stresses have a negative
friction forces between floor and foundation during cycle operation. impact on the tank lifetime.

Under current fabrication e Frery
. . (Avg: 75%) +5.241e+08
procedures and implementation 1B Vo e
. . 14 s +3.9806+08
practices followed by industry, 143300103 +3:560e408
ot BRI 123605108
the floor fabrication and tank +3.086e102 1855108
... ) IR +1.459¢+08
commissioning usually result in i3 aeidt 163300407
. . . K U, U3 (mm) +1.988e+07
plastic deformations and high 413080402
residual stresses 139t (b) <+ Stress in the fioor
- +7.536e+01 — 170 surpass Yield Strength S
- +6.150e+01 ) L W e e s 440 &~
R nedrdy = SS 347H Yield Strength 2
- +1,992e+01 2 435 ®©
+6.054e+00 ® 5
- -7.808e+00 3 160 | Floor Temperature 2
-2.167e+01 - =
=3.553e+01 @ 430 %
= 5
a) Von Mises stress (half floor), & i g
b) floor plastic deformation = i %
Maximun Stress in =t
i theTank Floor -
Under current floor design, fabrication, J J - 2 4 5

Time (hours)
and operation our model pred'Cts a (a) Residual stresses in the floor after fabrication;
lifetime lower than 3 years! (b) Maximum stress in the floor during operation.

The floor is typically fabricated from several thin

Failures in current plants have occurred in less than 3 years of operation!!
rectangular plates that are welded together.



Stress Distribution in the Ta:..
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-I?]ggasa;;son in stress in the tank floor. (a-c) Residual stress &
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Sparger Ring Position LiNREL
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Sparger Ring Height 1.0 m Sparger Ring Height 1.5 m Sparger Ring Height 1.9 m [°C]
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Large radial and circumferential £
temperature gradients in the floor

Inventory level = 2m, Tinv. = 400°C, Tin = 560°C, inflow = 1200 kg/s 13



Sparger Ring Position

Tmax — Tmin radial line

A significant reduction in
the temperature difference
is observed for a sparger
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The Sparger Ring should be
optimized to reduce
temperature variations

30 Tmax — Tmin tank floor
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Operation Design Design/Fabrication ~ Implementation Design/Material ~ Design/Fabrication  Implementation

Safe Operation narger Ring nrove Weldinc
Protocols i atio Proced

Post Weld Heat New Welding Improve Tank
Treatment Filler Re-design Preheating

l"l ‘Fl¢"’ V“’Vll
Failure Low-Cycle Stress Relaxation Creep
Mechanism Fatigue Cracking

Failures in hot tanks can be attributed to multiple mechanisms, including low cycle fatigue, stress
0 relaxation cracking, excessive deformation (buckling), and creep.

Current faillures in hot tanks are strongly influenced by their design,
Q fabrication procedures, material characteristics, and challenging

operating conditions., , ,
0 The residual stresses and distortion of the tank floor

after welding fabrication exert a strong impact on the

stress levels developed during operation.
NREL 15



Final Remarks ::NREL
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Design changes such as floor thickness and sparger ring
Q location (height) could be improved to reduce stresses. T INREL

A definitive solution to tank failures
Q requires addressing multiple issues

during tank design, fabrication,

implementation, and operation.
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