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Structure presentation

Dr. Paul Kesselring

Pioneering Head of Laboratory for 

Energy and Process Technology at PSI.

-Where are we coming from?

- Where are we now?

-Where are we going to?

-Where are we coming from?

- Where are we now?

-Where are we going to?
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Three market waves in  few years!

CSP market experience mostly happened in just 13 years

Spain 2007-2013

Early market

Routine operation

Industrial network

50 MW units

Storage/capacity factor

Feed-In-Tariff (FIT)

USA 2013-2015

Scaling-up

100-400 MW

Utility PPA

Dispatchability value

Environmental impact

World 2015-2022

Globalization (MENA, 
SA, Chile, India, China)

Indigenization

Market competition

Hybridization (CSP/PV, 
Bio, Fossil)

Gen 1+ Gen 2 Gen 2+
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There are few projects in the short term pipeline but ambitious 

programs are expected when a thorough approach for the Energy 

Transition will be done in Sunbelt countries
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Where are we coming from?

Gen 1   Gen 1+

“Solar Colloquium”, Mont Louis, CNRS, 

1958

The symposium drew more than fifty 

scientists and engineers to Mont-Louis, a 

citadel built in the 17th century under Louis 

XIV in the eastern Pyrenees and now the 

home of the world's biggest solar furnace 

designed and operated by Prof. Felix 

Trombe and a team of French research

workers”.

The UNESCO Courier, Nº 9, September

1958.
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Gen 1   Gen 1+

Decades of R&D leading to early markets

Spain 2007-2013

Early market

Routine operation

Industrial network

50 MW units

Storage/capacity factor

Feed-In-Tariff (FIT)
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Type Plants Power (MW)

Parabolic Trough 50 MW
without Storage

27 1350

Parabolic Trough 50 MW
With storage

17 850

Saturated Steam Tower 2 31

Molten Salt tower with storage 1 20

Fresnel 1 30
Hybrid Solar/Biomass 1 22

TOTAL 49 2303



Slide 8

75-MW Solar Thermal Power Plant in Nevada
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Nevada Solar One – 75 MW



Slide 10



Slide 11

La Risca, Alvarado

Acciona/ Mitsubishi Corp (Alvarado, Badajoz)

Break Ground Date December 2007

Start Production Date June 2009
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DISPATCHABILITY:

Breakdown of  CSP plants in Spain

Power: 2303 MW

Production: 4500 GWh/year

CO2 Emissions avoided: 4 Mt/year

96.5%

Parabolic trough

1.3%  Fresnel
2.2% Tower

~

62 %

38 %

Relative to power installed
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Andasol 1 and 2: Thermal storage with molten salts

Break Ground Date July 3, 2006

Start Production Date November 26, 2008
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Plant PS10

Schematics of PS10 plant with saturated steam

11.0MWe

Heliostat Field

Solar receiver 

Steam Storage System

40 bar, 250ºC
»

Steam 
Drum

Turbine

Heliostat Field

Steam Storage System

Steam

Condenser

0,06 bar, 50ºC

Steam 
Drum

Turbine



Optical Efficiency   77.0%    67.5MW   ->   51.9MW

Receiver and Heat Handling Efficiency    92.0%    51.9MW   ->   47.7MW

Thermal Power to Storage      11.9MW

Thermal Power to Turbine      35.8MW

Thermal Pow. -> Electric Pow. Efficiency   30.7%    35.8MW   ->   11.0MW

Total Ef f iciency at  Nominal Rate

Mean Annual Optical Efficiency 64.0%  148.63GWh(useful) -> 95.12GWh

Mean Annual Receiver&Heat Handling Efficiency 90.2%    95.12GWh           -> 85.80GWh

Operational Efficiency (Starts Up/Stops) 92.0%    85.80GWh           -> 78.94GWh

Operational Efficiency (Breakages, O&M) 95.0%    78.94GWh           -> 75.00GWh

Mean Annual Thermal Ener. -> Electric Efficiency 30.6%    75.00GWh           -> 23.0GWh

Total Annual Ef f iciency 15.4%

Nominal Rate Operat ion

21.7%

Energet ical Balance in Annual Basis
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DESIGN PARAMETERS

Total Reflective Area 304.750  m2

Number of heliostats 2650

Total Area covered by Heliostat Field 195 ha

Thermal output of the Receiver 120 MW

Tower height 140 m

Heat Storage Capacity 15 hours

Steam Turbine power gross 19.9 MWe

Projected Operative Figures

Annual solar irradiance 2062 kWh/m2

Annual Energy sales 80,000 MWhe

CO2 savings 30.000 t/y

Capacity factor 55%

Solar Towers and storage: Gemasolar plant

Potencia

Salida

Energía almacén

media-

noche

medio-

día

Radiación

solar

Radiación

solar

media-

noche

media-

noche

medio-

día
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Gen 1+   Gen 2

Where are we coming from?

USA 2013-2015

Scaling-up

100-400 MW

Utility PPA

Dispatchability value

Environmental impact
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Project Ivanpah Genesis Solana Crescent

Dunes

Mojave

Utility SCE + PG&E PG&E APS NVE PG&E

State California California Arizona Nevada California

Size 390 MW 250 MW 280 MW 110 MW 280 MW

Technology Power Tower Trough Trough/

Storage

Power

Tower/Storage

Trough

Price kWh ? ? $0.14 $0.135 ?

Cost $2.18 B $1.20 B $2.00 B $0.91 B $1.6 B

Company BrightSource NextEra Abengoa SolarReserve Abengoa

Total CSP in operation 1,804 MW

Second wave: USA the Scaling-Up
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- Large plants: 100-400 MW per unit

- Land: Solana occupies 774 hectares; Ivanpha 1600 ha.

- Typical Power Purchase Agreement with utilities (Time of 

Delivery value) with selling price $0.14/kWh

- Commissioning and routine operation  more complex (3-4 

years  from groundbreaking to start up)

- Environment: Visual impact, glint and glare, birds, water

Prospects

• Strong competition with PV at the short term

• Future STE plants will depend on the position of the utilities 

regarding dispatchability.

Second wave: USA the Scaling-Up



Slide 23

- Routine operation of Gen 1+ in Spain

- Early feedback from Gen 2 in US

- Aggresively fighting for globalization (Gen 2+)
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 The plants don’t show degradation signs and they are continuously breaking

specific records. 2019 is getting the maximum cumulative yield

 Lessons learned on specific operational issues are part of the knowhow of the 

Spanish companies for design and operation of future plants

Routine operation of Gen 1+ in Spain
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Routine operation of Gen 1+ in Spain
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Operational Experience in Spain
✓10% of instantaneous contribution has been achieved. 8% is oftenly achieved in summer

months. 5% daily max achieved.

✓3 weeks have been running some plants in a non stop 24/7 mode. Gemasolar, in particular,
reached 36 non stop days at nominal power

✓Montly contribution raised 3.65% in August 2019.

✓5,300 direct employment in 2017.
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 Performing as planned

 Typical size 50 MW (land > 1 km2)

 Already 6-7 hours nominal storage

BUT…..

 96.5% installed capacity in parabolic 

troughs 

 Efficiencies below 20% nominal solar 

to electricity, 

 Only feasible with FIT of 27 c€/kWh

 High water consumption (0.5-1 million 

m3 per year and plant), 

 The limitation to reach the 

temperatures needed for 

thermochemical routes of solar fuels.

First market wave: Features

Extresol 1 and 2 (ACS/Cobra)

Nevada Solar One 75 MW (Acciona)
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Ho. CK, AIP Conference 

Proceedings 1734, 070017 

(2016)

Early feedback from Gen 2 in US
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The 110-MW Crescent Dunes Concentrated Solar Power facility near Tonopah, Nevada, was offline most of the second quarter of this year 2019, 

The facility has experienced outages before. It reported no wholesale sales in November and December 2016 after a leak in a tank filled with

molten salt forced a shutdown.

It also has a 25-year power purchase agreement with NV Energy subsidiary Nevada Power for power priced at 13.5 cents/kWh. An NV Energy 

spokeswoman on Friday declined to comment on the status of the Crescent Dunes facility.

Solar Reserve’s subsidiary Tonopah Solar Energy, which owns the facility, reported no wholesale power sales to FERC in the entire first half of 

2017. It had a slow operational rebound, with capacity factors of just 4% and 5% in Q4 2017 and Q1 2018, respectively.

The facility’s highest average quarterly capacity rates have come in the summer of 2016 and 2018. Its record high quarterly capacity average was

36.7% in Q3 2018.
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Solana (280 MW) in Arizona
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STE/CSP Dispatch Profile Storage Capacity

Future CSP plantswould be constructed with
10 – 12 hours of storage

Proposed STE/CSP fleet dispatch profile - Spring example
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STE/CSP Dispatch Profile Solar Direct Irradiation

Current fleet consist of 1/3 plantswith 7,5 hours
of storage and 2/3 without storage

Current STE/CSP fleet dispatch profile - Spring example

Current and – most likely – future STE/CSP dispatch

profiles by year 2030 (Spanish Case)
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Globalization (Gen 2+) or just

China/MENA receiving the baton?
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Globalization (Gen 2+)



Slide 37



Slide 38

New developers in the field
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New EPCs in the field
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New EPCs in the field
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China National Solar Thermal Energy Alliance

• 1.3 GW/ 20 demonstration 

Projects

• 200MW already grid 

connected in 2018

The first batch of CSP demonstration projects which are completed and put into 

operation by December 31, 2018, will have on-grid price of RMB 1.15/kWh 

(inclusive of taxes). 

• An electricity price reduction mechanism for overdue projects in operation: 

• since January 1, 2019 1.14 RMB /kWh, 

• since January 1, 2020 till December 31, 2021 1.10 RMB/kWh. 

• It's expected there'll be 6 projects (350MW) put into operation in 2019.
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China National Solar Thermal Energy Alliance

200MW were completed and connected to the grid, in one year (2018):

•CGN Delingha 50MW Parabolic Trough CSP project—June 30th

•Shouhang Dunhuang 100MW Molten Salt Tower CSP project—December 28th

•SUPCON Delingha 50MW Molten Salt Tower CSP project—December 30th
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In 2018, around 500 MW of new concentrating solar power was

commissioned – predominantly in China, Morocco and South 

Africa. The global weighted average LCOE in 2018 was USD 

0.185/kWh – 26% lower than in 2017 and 46% lower than in 

2010.
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Global weighted average total installed costs, capacity 

factors and LCOE for CSP, 2010–2018

CSP investment costs have dramatically declined from : 

• the USD 6 100–13 100/kW range in 2010 – 2012, 

• to USD 3 200–7 300/kW in 2018 for projects with higher storage capacities (4 – 8 hours or more).
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What Does the Future Look 

Like for CSP?

That’s anybody’s guess!
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Gen 2++ or Gen 3?

Roadmaps: “The EU style”
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Cost reduction estimations: The view from the 

European Industry 

Objective

SET Plan 2020
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1. Advanced Linear Concentrator Fresnel technology with direct molten salt 

circulation as HTF and for high temperature thermal energy storage

2. Parabolic Trough with Molten Salt 

3. Parabolic Trough with Silicon Oil 

4. Solar Tower Power Plant to commercially scale-up and optimize the core components 

of the Open Volumetric Air Receiver technology 

5. Improved Central Receiver Molten Salt technology 

6. Next Generation of Central Receiver power plants 

7. Pressurized Air Cycles for high efficiency solar thermal power plants 

8. Multi-Tower Central Receiver Beam Down System 

9. Thermal Energy Storage

10. Development of innovative concepts for supercritical turbine trains for CSP

11. Development of advanced concepts for improved flexibility in CSP applications 

12. Development and Field Test of CSP Hybrid Brayton Turbine Combined Cycle 

sCO2 System 

Initiative for Global Leadership in 

Concentrated Solar Power 

Implementation Plan
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US DOE’s vision 2030
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Various pathways for CSP Gen3 technology. No one pathway through all sub-systems exists 

without at least one significant technical, economic, or reliability risk. 

Concentrating Solar Power Gen3 Demonstration Roadmap

(Technical Report.NREL/TP-5500-67464 January 2017 
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Does it make sense to build large plants?

Solana was built large to take advantages of economies of scale. 

 Economy of scale achieved in solar field assembly.

 Economy of scale not achieved as well in other areas:

• Two 140 MW steam turbines

• Four steam generators – two 50% trains per steam turbine

• 6  parallel thermal energy storage (TES) units

• 8 solar fields and 2 HTF pump groups

 The HTF system is large and complex 

• Twice the HTF per m2 of collector area relative to 50 MW plant.

 Schedule – Took almost 3 years to build

 O&M – Large complex plant 

• Lots of equipment to operate and maintain

• Takes time to get around.

Hank Price - Solar Dynamics LLC/Abengoa

Sunshot CSP Program Summit 2016 

Build smaller plants in a power park configuration
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Modularity: Multitowers

Multitower arrays
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50MW Beam-down molten salt tower in Yumen, Gansu

-15 mirror field Modules, and each module 

consists of 17MWth solar filed and one beam-

down tower, totaling 50MWe. 

- One 9-hour molten salt thermal storage system 

& steam turbine set are also equipped in the 

project.

It is expected that No.1-3 Modules will be 

completed and connected to the grid in 

September 2019.
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• Steam heating

• Brayton cycle
• Air heating

• Air heating

• Dish Stirling

• Air heating
• Rankine cycle
• Steam heating

Oil 

receivers

Water/Steam

receivers

Solarized Stirling 

engines

Ceramic receivers 

Low P, T

Temperature (thermal fluid)
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• Solar fuels and chemistry
• Brayton cycle
• Air heating

Ceramic receivers 

High P, T

Sodium

Receivers

Molten salts 

receivers

• Brayton cycle
• Air Pre-heating

500 ºC 1000 ºC 1500 ºC

• Rankine cycle
• Steam heating

Current
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Solid particles 

receivers

Volumetric air 

receivers (metallic)

… to Market Implementation 
of Advanced Technologies

Solar Thermal Electricity

Efficiency (high-temperature /high-

flux/new HTF/solar receivers)

Integration in advanced cycles and 

direct conversion systems
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Solar receiver: Reliable black-body is the key

Operational range for different solar 

receivers (Source: A. Kribus)
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Future
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Tubular external
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 All should accumulate 

operational experience and 

long-term endurance tests.

 Volumetric

 Particle receivers
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Source: A. Kribus



Slide 57

Thank you very much for your attention!

http://www.eon.com/en/index.jsp
http://www.eon.com/en/index.jsp
http://www.topsoefuelcell.com/
http://www.topsoefuelcell.com/

