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Mark showed us experience, cost decrease and global expansión of CSP



Worldwide lesson is: 

Solar and wind power have become competitive with fossil power worldwide



Renewables have become least cost electricity generation option

for many countries – they will have fastest growth from now on

• Renewables will have the fastest 
growth in the electricity sector, 
providing almost 30% of power 
demand in 2023, up from 24% in 
2017. 

• During this period, renewables are 
forecast to meet more than 70% of 
global electricity generation growth, 
led by solar PV and followed by 
wind, hydropower, and bioenergy. 

• To make such variable power 
generation dispatchable, the need 
for storage grows simultaneously



Energy transition from fossil to renewable has started

– for economic and environmental reasons



Techno-economic challenge is now to make variable renewable fully

dispatchable – this requires cheap and reliable electricity storage



Developers have become experienced and very creative

- to find least cost “hybrid” renewable generation system mixes with storage



600MW = 3x200 MW Dubai PTC 
Sponsor ACWA; Technologist Abengoa; 
EPC Shanghai Electric + Abengoa
3x2.900.000m2 parabolic trough
11 hours storage; >500.000tm molten salts
35 year PPA
0.073USD/kWh
Break ground  2018
COD 2021

Location: Dubai, UAE (DNI app. 2.000kWh/m2yr)

A 12.5h x 600MW molten salt storage with PTCs has been awarded in Dubai

- to complement PV day production between 16:00pm and 10:00am



What are the technical systems of a molten salt storage system and power

block in a CSP parabolic trough plant? – Example 100MW Kaxu in South Africa

Source: Acwa



Dubai set for world’s cheapest night-

time solar power of 7.3UScent/kWh 

for 700MW solar CSP Project +
Dubai gets record-low bid of

2.99UScent/kWh for 800MW solar PV 

Project

=
Combination of CSP and PV gives Dubai world’s

cheapest 24 hour dispatchable solar power at 

an average Price of some 5UScent/kWh!!!



Upcoming: 2x 150-190MW hybrid CSP&PV projects at Midelt, Morocco



Chile’s first step to hybrid PV-CSP plants: 100MW PV and 110MW CSP Cerro Dominador



Location: Calama , Chile (DNI 3.300kWh/m2yr)

110 MW  Cerro Denominador (Atacama-1)
Sponsor EIG; Technologist Abengoa; EPC Abengoa + Acciona
Molten Salt Tower with  1.484.000m2 heliostat field
290oC to receiver; 565oC receiver outlet
Storage Capacity: 17.5hours storage; 50.000tm salts
Storage tanks: 1 cold tank, 2 hot tanks
Planned COD March 31st 2020

Source: Abengoa

Next 110MW Cerro Denominador (formerly Atacama-1), Atacama Desert Chile

with 17.5 hour 565oC storage



By 2017 there was more molten salt storage than stationary electro chemical storage

Source: Michael Taylor,
IRENA, May 2017

https://www.irena.org/-/media/Files/IRENA/Costs/Slides/Battery-storage-Council-23-May-2017-MICHAEL-
TAYLOR-PDF.pdf?la=en&hash=B61257FC3AB1AF0C516EA8D241890DD426980974

World Storage Capacity in MW by 2017 World Thermal Energy Storage Capacity in GWh by 2016

http://www.ren21.net/wp-content/uploads/2017/06/17-8399_GSR_2017_Full_Report_0621_Opt.pdf

Source: REN21. 2017. Renewables 2017 Global Status  Report 
(Paris: REN21 Secretariat). ISBN 978-3-9818107-6-9



Advantages of molten salt thermal storage over batteries and pumped hydro

60% sodium nitrate

40% potassium nitrate

• Low cost – its components are mass used as fertilizer

• Inert – low corrosion with carbon steel

• Non Toxic / non penetrating in ground soil – its freezing at contact

• Durable – good for 35 years charge discharge cycles

• Capable of achieving high temperatures at ambient pressure

• Can be used as heat transfer fluid and easily exchange heat with 
other working fluids (water/steam, HTF)

• High mass specific energy density – magnitudes higher than water 
in pumped hydro and in comparable range of batteries

• Abundant availability

• Reusable

Solar Salt Components



Location: Fuentes de Andalucia , Spain (DNI 2.172 KWh/m2kWh/m2yr)

The CSP MS tower technolgy is commercially mature - first commercial

tower molten salt system started operation in 2011 - Gemasolar in Spain

19,9 MW Gemasolar
Sponsor Masdar+Sener; Technologist Sener; EPC Cobra + Sener
Molten Salt Tower with 304,750m2 heliostat field
15 hours storage; 8.500tm molten salt
25 year feed in tariff
COD April 2011

Source: Sener



In 2012 world’s largest molten salt storage system started operation

- the 6-hour storage of 280-MW Solana plant in Arizona

Source: Abengoa



280 MW Solana
Owner Atlantica Yield; Technologist Abengoa; EPC Abengoa
2.200.000m2 parabolic trough
6 hours storage; 125.000tm salt, 4.670MWh capacity
30 year PPA
0,14 US/kWh
Break ground 2010
COD  2012

Location: Maricopa County, Arizona (DNI 2.680kWh/m2yr)

In 2012 world’s largest molten salt storage system started operation

- the 6-hour storage of 280-MW Solana plant in Arizona

Source: Abengoa



20

Location: Oarzazate , Morocco (DNI 2.635kWh/m2yr)

Most recent: 150MWe molten salt tower at Noor 3 in Morocco

- with 7.5 hour 565oC high temperature molten salt storage

Source: Masen, Acwa, Sener
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Location: Oarzazate , Morocco (DNI 2.635kWh/m2yr)

Most recent: 150MWe molten salt tower at Noor 3 in Morocco

- with 7.5 hour 565oC high temperature molten salt storage

150 MW NOOR 3 
Sponsor ACWA; Technologist Sener; EPC Sepco3 + Sener
Molten Salt Tower with  1.321.197m2 heliostat field
290oC to receiver; 565oC receiver outlet
Storage Capacity: 7.5hours storage; 45.000tm salts
Storage tanks: 2 tanks; Ø: 36 m / H: 16 m ; 
25 year PPA
1.42MAD/kWh
(0.15USD/kWh)
Break ground May 2015
Startup Q3 2018

Source: Masen, Acwa, Sener



Chile has geographic space and world best direct normal irradiation
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Chile has also world best mineral resources for electricity storage systems

Lithium Mining in the Atacama Solar Salt Mining (NaNO3 and KNO3) in the Atacama



Conclusions and Recommendations

• Today, Chile’s region with world’s highest solar resource 
has lowest renewable share (9% as of 2017)

• Fossil production cost (coal and natural gas) are high

• Excellent potential to substitute fossil power production 
by dispatch able solar power production (hybrids of PV, 
CSP and storage)

• Next PPA tenders should consider a 24hour block for CO2 
emission free power generation for a term of 25+ years –
that would give developers an opportunity to bid hybrid 
PV-CSP-storage systems like have been bid in Dubai and 
Morocco.

• Extending the PPA term beyond 30years like in Dubai 
would further lower the cost2017’s installed capacity, 

generation and coal assets
Source: Chilean Ministry of Energy, CNE, 
BloombergNEF. 


