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Brief technology description 


Molten  salt  is  a  technology  for  storing  thermal  energy  sensible  at  high  temperature  and  an 
 electrochemical energy storage device that uses molten salts as electrodes and/or electrolytes 
 (DTU Energy, 2019; Lu & Yang, 2015) in the known high temperature batteries, such as sodium 
 sulfur (NaS) technology, or sodium nickel chloride (NaNiCl2). Thermal energy storage by molten 
 salts account for 75 % deployed thermal energy storage (TES) used for electricity applications 
 and are commercial solution (Fernández et al., 2019). 


It  is  heated  sensibly  and,  then  stored  in  large  insulated  tanks  for  later  use.  It  is  classified  like 
 thermal energy storage in liquids (DTU Energy, 2019). 


The compounds used in molten salt are inorganic salts and their operating temperature is at 
 500 – 600 °C. With this temperature, they produce superheated steam via a heat exchanger to 
 power a conventional steam turbine and then generate electricity. This technology offers high 
 energy  and  power  density  (Lu  &  Yang,  2015).  Consequently,  it  is  used  in  stationary 
 Concentrated  Solar  Power  plants  (CSP)  (DTU  Energy,  2019).  A  main  component  is  CSP 
 technology it shows in (Figure 2.41). 


Figure 2.41. CSP technology types. Source: (Fernández et al., 2019) 



Molten salt mixtures 


Nitrates  or  nitrides  salts  are  commonly  used  in  molten  salt  storage  technology  but  also 
 carbonates, for example binary mixture of 60 % NaNO3 and 40 % KNO3 by weight, this material 
 is called “solar salt”. It has a fusion point around 222 °C. It is not aggressive in terms of corrosion 
 of a variety of metals and alloys, including stainless steels and other ferrous alloys (DTU Energy, 
 2019).  These  salts  have  favorable  thermophysical  properties  and  low  cost  for  TES  (Bell, 
 Steinberg,  &  Will,  2019).  Some  key  properties  of  carbonate  salt  mixtures  developed  for  CSP. 


Some key properties of carbonates salt mixture are shown in Table 2.35. 


Table 2.28. Melting point and heat capacities of carbonate salt mixtures. Source: (DTU Energy, 
 2019) 


System  Temperature 


(°C) 


cp 


(J·g-1·°C-1 at 600 °C) 


LiF-K2CO3 482  1.85 


LiF-Li2CO3 608  1.88 


NaF-Na2CO3 690  1.78 


Li2CO3-K2CO3 503  2.03 


Li2CO3-Na2CO3-K2CO3 398  1.70 


LiF-Na2CO3-K2CO3 389  1.74 


LiF-NaF-K2CO3 422  1.81 


LiF-KF-K2CO3 438  - 


LiF-NaF-Na2CO3-K2CO3 423  1.85 


LiF-NaF-Li2CO3-Na2CO3 444  1.88 



Components in molten salt energy storage system 


There are many types of molten salt storage system, such as molten salt steam-accumulator, 
 two tanks direct, two tanks indirect, and concrete storage.  


The typical configuration for Parabolic Trough Systems (PTCs) the molten salt two tank indirect 
 system with synthetic oil heat-transfer fluid (HTF) (Figure 2.42). 


Figure 2.42. Molten salt two indirect concept. Source: (Fernández et al., 2019) 


Therefore, the components in molten salt storage system are: 


•  Concentrated solar power, mainly reflectors and receptors 


•  Heat exchanger 


•  Hot tank 


•  Cold tank 


•  Boiler 


•  Turbine 



Input/output 


The input of energy storage is thermal energy. The output of energy storage is electricity. The 
 temperature of solar salt for energy storage is between 200 – 250 °C. The mixture suggested for 
 energy storage is of 40% KNO3 and 60% NaNO3 by weight. 



Energy efficiency and losses 


The  thermal  efficiency  of  solar  power  tower  is  between  30  to  40  %  (Islam,  Huda,  Abdullah,  & 


Saidur, 2018). There is little information about energy efficiency, energy, and operational losses 
 because of the molten salt energy storage system always is associated with CSP. 



Typical characteristics and capacities 


Molten  salt  is  a  technology  for  storing  thermal  energy  sensible  at  high  temperatures  and  is 
 used in CSP.  In the world, just there are  two CSP with molten salt.  Consequently, the typical 
 characteristics and capacities will depend on plant size and the location. 



Typical storage period 


The typical storage period of molten salt storage in usage with CSP is between 6 to 10 h (Islam 
 et al., 2018). 



Regulation ability 


The  thermal  energy  storage  is  not  applicable  for  rapid  response  requirements  (Luo,  Wang, 
 Dooner, & Clarke, 2015). Consequently, the molten salts can provide the following applications 
 on the grid such as: 


Table 2.29. Type of services can be provided by molten salt. Source: (Luo et al., 2015) 
 Service  Can be provided 


Energy management  √ 


Peak shaving  √ 


Seasonal storage  √ 



Examples of market standard technologies 



Agua Prieta II, Mexico 


This plant  it was  design to use parabolic trough collectors (PTCs) but it does not use molten 
 salt TES, whereas it could use it. The project is an integrated solar combined cycle (ISCC) called 


“Agua Prieta II” (Figure 2.43) and began operations on July 1, 2018. It is considered such as the 
 first ISCC in Latin America. 


Figure 2.43. Agua Prieta II combined cycle power station. Source: (SENER, 2016) 


The Table 2.37 shown Agua Prieta II project overview. 


Table 2.30. Agua Prieta Project overview. Source: (CENACE, 2019; NREL, 2013) 
 Owner  Federal Electricity 


Commission  Land area  60 ha 


Turbine capacity 


(Net)  12 MW  Electricity generation  34,000 MWh/year 


Turbine capacity 


(Gross)  14 MW  Project type  Commercial 


Developer  Abengoa Solar  Solar field aperture 


area  85,000 m2 


# Solar collector 
 assemblies 


(SCA)  104  # of loops  26 


# SCA’s per loop  4  SCA length  150 m 


Mirror manufacturer  Rioglass  Heat-transfer fluid 


type  Thermal oil 


Output type  Steam rankine  Estimated 


investment  560,700,000 USD 
 Agua Prieta II has a capacity factor close to 0.3 (Figure 2.44). 


Figure 2.44. Capacity factor for PTCs and Linear Fresnel Reflectors (LFRs) technology CSP plants. Source: 


(Fernández et al., 2019) 



Solana Solar Generating Plant, US 


The  Solana  Generating  Plant  is  a  concentrating  solar  power  project  in  Arizona.  It  began  its 
construction in 2010 and started operation in 2013.  It has a power capacity of 280 MW with a 
duration of 6 h (Koohi-Fayegh & Rosen, 2020) from the energy produced by a 780-ha solar field 
formed  by  3232  PTC’s  (Figure  2.45).  Its  application  principal  is  for  renewable  energy  
time-shifting (Koohi-Fayegh & Rosen, 2020). 


Figure 2.45. Solana Solar Generating Plant. Source. (NREL, 2015) 



Ain Beni Mathar, Morocco 


The  Ain  Beni  Mathar  solar-gas  hybrid  power  plant  is  the  first  in  the  world  and  the  largest 
 capacity –  470  MW –  to  provide  services.  20  MW  of  its  capacity  is  obtained  from  the  energy 
 produced  by  a  62-hectare  solar  field  formed  by  224  PTCs.  The  remaining  450  MW  is  from  a 
 conventional combined cycle comprising a steam turbine (150 MW) and two gas turbines (150 
 MW x 2). 


Figure 2.46. Ain Beni Mathar power plant. Source: (ABENGOA, 2019) 
 The Table 2.38 shows Solana Solar Generating Plant project overview. 


Table 2.31. Solana Solar Generating Plant project overview. Source: (NREL, 2015) 


Owner  Atlantica Yield & Liberty 


Interactive Corporation  Land area  780 ha 
 Turbine capacity 


(Gross)  280 MW  Project type  Commercial 


Developer  Abengoa Solar  Solar field aperture 


area  2,200,000 m2 


# Solar collector 


assemblies (SCA)  3232  # of loops  808 


# SCA’s per loop  4  # of modules per 


SCA  10 


Mirror manufacturer  Abengoa Solar (E2)  Heat-transfer fluid 


type  Therminol VP-1 


Output type  Steam rankine  Estimated 


investment 


2,000,000,000 
 USD 


Storage type  2-tank indirect  Storage capacity  6 h 


Storage description  Molten salt 



Advantage/disadvantage 


The main advantages are (Fernández et al., 2019; Yang, Weng, & Xiao, 2020): 


•  Cutback in real time net power variability in the event of pool solar radiation 


•  Extension of the whole production period 


•  High faradaic efficiency 


•  High reaction rate 


•  Low temperature (< 500 °C) 


•  Rearrangement of production toward high-price periods 
 The main disadvantage are (Yang et al., 2020): 


•  Corrosive medium 


•  Low stability of electrode materials 



Environment 


In general, this type of storage is associated with the generation of electrical energy through 
CSP.  It  is  considered  a  high  impact  on  the  use  of  land  associated  with  solar  concentration 
fields, although storage is not in itself the cause of this impact.  



Research and development 


Since the technology depends on insulation to keep the temperature above the melting point 
 of the used salt, improved insulation techniques and materials are required. Furthermore, the 
 high temperature in combination with salts may set tough requirements on materials used in 
 pipes,  valves,  fittings  and  containments  in  general.  The  research  for  this  technology  is  to 
 operate  at  the  best  performance  with  temperatures  above  560  °C  and  the  phase  change 
 materials (PCMs) in their thermal storage systems (Bell et al., 2019). 


Other challenges are (Islam et al., 2018): 


•  Thermal performance and economics of storage medias 


•  Impact of different types of TES systems could reduce cost and increase CSP efficiency 



Prediction of performance and costs 


The  most  data  presented  for  molten  salt  were  obtained  from  (Epp,  2018)  and  (Fedato  et  al., 
 2019)  because  the  design  is  based  on  the  same  operational  capacities  of  the  energy  storage 
 system.  The  round-trip  efficiency  and  energy  losses  throughout  the  storage  process  is  the 
 average value obtained from a small number of references reviewed by different authors.  


It's supposed that the response time from idle to full-rated discharge of CAES is very similar for 
 molten  salt  because  the  technical  response  of  the  technology  is  comparable  because  the 
 energy generation equipment is similar. This data was obtained from (Danish Energy Agency, 
 2019).  The  specific  investment,  energy  and  capacity  component  was  obtained  from 
 consultation with analyst of the GRIDSOL (See: https://www.gridsolproject.eu/) project through 
 the Danish Energy Agency. 


It is expected the molten salt will not have a significant variation in  the near future due to its 
 technological maturity. 



Uncertainty 


Furthermore,  compressed  air  energy  storage  (CAES),  sodium-sulfur  batteries,  flywheel  (low 
 speed), molten salt, and lithium-ion batteries are in the stage of deployment technology, but 
 its capital requirements and technology risk are high. 


The most uncertainties for  molten salt will not  have a variation due to  its  limited technology 
 penetration.  The  energy  storage  by  molten  salt  is  a  deployment  technology  and  its  capital 
 requirements and technology risk are high. The uncertainty for energy losses during storage is 
 the same to as in (Epp, 2018; Trabelsi, Chargui, Qoaider, Liqreina, & Guizani, 2016). 


The  uncertainty  for  specific  investment,  energy  and  capacity  component  was  obtained  from 
consultation with analyst of the GRISOL project through the Danish Energy Agency. 



Data sheet 


Notes: 


A.  The value is inferred from reference [2], from the base capacity and storage values proposed for 
 the analysis 


B.  This is comprised by both reference [2] and [6]. It is inferred through the previous data of energy 
 component, capacity component and nominal capacity 


C.  Units adapted from the reference 


C1.  With  fixed  O&M  cost  of  the  steam  turbine  at  10.1kUSD/MW,  and  fixed  O&M  costs  of  the  thermal 
 energy storage at 8.0kUSD/MW 


C2.  With  variable  O&M  cost  of  the  steam  turbine  at  0.4  USD/MW,  and  variable  O&M  costs  of  the 
 thermal energy storage at 0.3kUSD/MW 


D.  In the information obtained by the analysts of the Gridsol project, it is mentioned an indication of 
 the  range  for  2020  was  between  18,000  (large  plant)  and  30,000  (small  plant)  €/MWh-th.  This 
 data was considered at the reference uncertainty 2020 


E.  The costs per kilowatt-hour also depend on the storage temperature, as this temperature has an 
 influence  over  how  much  energy  is  stored,  given  the  same  initial  capital  expenditures.  For 
 example, storing heat at 550 °C could double the storage capacity compared to heat at 400 °C, 
 which means that the costs per kilowatt-hour will be cut in half 


F.  Thermal energy storage expressed per capacity in reference [2] 


Technol ogy


G.  Dependent  on  the  power  conversion/heat  exchanger  and  derived  from  the  residual 
 characteristics mentioned in the sheet 


H.  An indication of the uncertainty for 2030 was obtained by a similar range of uncertainty of 2020. 


I.  Qualitative  assessment  by  the  authors  is  based  on  that  consideration  of  Molten  Salt  storage 
 shares  characteristics  with  CAES  to  an  extent  in  that  a  heat  exchanger  and  turbine  (driven  by 
 either hot air or steam) are applied. Therefore, expect similar response times 


The  references  in  data  sheet  can  be  found  in  the  quantitative  data  sheet  file  that  supplements  the 
 qualitative  technology  description  (“Molten_Salt.xlsx”  file)  as  well  as  in  “Appendix  B  references  of 
 datasheets” 
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