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CSP in the worldwide power market
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Vorführender
Präsentationsnotizen
Note: Although renewables account for almost 25% of the worldwide installed power plant capacity, they do not produce 25% of the worldwide electricity demand, due to their lower annual full load hours. This can be mitigated in the future by utilization of CSP dispatchable power with storage and (renewable) fuel back-up.
Today, CSP is in the position like Wind in 1995 or PV in 2005. And it took 10 years for Wind and 6 years for PV to reach 50 GW. 
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CSP projects and plants worldwide overview

Status July 2016

CANADA - 1 MW
> ;

USA - 1745 MW

MEXICO - 14 MW

®

WORLDWIDE - 8059 MW

1994

CHILE - 840 MW

110
2805 .
730

- Operational:
- Under Construction:
- Project Development:

EUROPE - 56 MW
. 5

. <
. 21
SPAIN - 2304 MW ""

ame
-y

MENA - 700 MW

MOROCCO - 530 MW B
o -IN.
230 1 '

SOUTH AFRICA - 700 MW

400 100

“ >

SolarPAGES '.,ﬁ

http://www.nrel.gov/csp/solarpaces/

~ CHINA- 634 MW
3 <

INDIA - 500 MW ks

-

.= .zos
b3
3

@ 295

THAILAND -5 MW~
® 4
> S /}

Y _d

AUSTRALIA - 30 MW

@”
20

® OPERATIONAL ~ ® UNDER CONSTRUCTION = DEVELOPMENT  Last updated July 2016

4805 MW
1260 MW
1994 MW



Vorführender
Präsentationsnotizen
Largest operating capacities in Spain and USA
Strongest construction activities in Morocco, India and China
Grows Regions: Chile, MENA (Middle East and North Africa), South Africa, China
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CSP technology representation in the market
Status July 2016
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Commercial Parabolic Trough Technology
Solana, Arizona, USA

- Thermal OiIl

- 280 MWe

- 6h storage
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Vorführender
Präsentationsnotizen
Commercial development of parabolic trough is basically replication and upscaling of EUROTROUGH / ANDASOL Technology.
ANDASOL 50 MWe, 7-8 hr storage (note the storage tanks multiplication in Solana)

EUROTROUGH collector module: 5,78m x 12m => SENERTROUGH 2(to be implemented in NOOR2, Morocco): 6,87m x 13,23m => ULTIMATE TROUGH (not yet commercially deployed): 7,5m x 24m
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Commercial Tower Technology
lvanpah, California, USA

- Steam
- 3x125 Mwe

- No storage!
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CSP cost reduction potential
Study by DLR under contract from and in co-operation with IRENA

Present LCOE: 15-19 $ct/kWh depending on DNI and financing conditions
- Published reference values NOOR ppa: 14-15 $ct/kWh - -
LCOE below 10 $ct/kWh achievable by 2025
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Main drivers for LCOE reduction 3 - -
- Efficiency increase 8" |
- Solar field cost reduction 5
- Improved operation and maintenance ,
- Improved financing conditions — “bankability” rouh  Tower | Touh o Tower
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- IRENA: The power to change: Solar and Wind cost reduction potential to 2025
(download: www.irena.org/publications)

- Dieckmann et.al.: LCOE reduction potential of parabolic trough and solar tower
CSP technology until 2025, SolarPACES2016 AbuDhabi, Oct.11-14, 2016



Vorführender
Präsentationsnotizen
When I was given the task to report the worldwide CSP development in 30 minutes, I thought about how to identify the most relevant issues, which I could possibly cover within the given timeframe. Since we need to speed up our learning curve, cost reductions enhancing the market penetration would be most sigificant. A recent study on CSP cost reduction potential gave usefull hints.

http://www.irena.org/publications
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CSP current R&D activities
My personal selection from SolarPACES 2015, Capetown

Efficiency increase

- Increased temperature

- New heat transfer media
- New power cycles

Solar field cost reduction

- Collector design optimization
- Heliostat optimization

Improved operation and maintenance

- Optimized control and operating strategies
- Dynamic modelling, control and operation optimization

Improved financing conditions — “bankability”

- Reduce risks and uncertainties
- Quality assurance and standards

For details and references refer to: Proceedings of SolarPACES 2015 International Conference on Concentrating Solar Power
and Chemical Energy Systems, Capetown Oct. 13-16 2015 http://scitation.aip.org/content/aip/proceeding/aipcp/1734
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Vorführender
Präsentationsnotizen
I reviewed the R&D activities reported at the last SolarPACES Conference with a view to those most significant to the identified “drivers“ for  cost reduction. The chosen examples are my personal selection and cannot be exhaustive (due to time constraints). For more detailed comprehensive information, please refer to the Proceedings of that conference or join us at the next SolarPACES conference in Abu Dhabi, October 11th-14th, 2016.

http://scitation.aip.org/content/aip/proceeding/aipcp/1734
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Efficiency increase
New heat transfer media

- Improved thermal oil for higher temperature (Parabolic trough)
- No system change, limited potential (up to 450°C approx)

- Direct steam Generation (Power tower, Parabolic trough, Linear fresnel)

- Commercial plants realized without storage
- Once-through process for cost reduction
- High research activities for cost-effective steam storages

- Liquid Metal (Power tower)

- Good heat transfer characteristics for high flux / high temperature systems,
but safety concerns

- Particles (Power tower)

- Direct absorption and storage for high temperature systems
- Medium to long term research activities

- Molten salt (Power tower, Parabolic trough, Linear fresnel)

- Commercial in power tower, good Rankine cycle efficiency, cost effective
storage
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Vorführender
Präsentationsnotizen
There is a number of developments regarding new heat transfer media for higher temperatures. 
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Efficiency increase
New heat transfer media: Molten salt :

R&D on open issues in line-focus systems

- Freeze Protection
Eickhoff et al.. New operating strategies
for molten salt in line focusing solar fields —
daily drainage andsolar receiver
preheating

- Experimental facilities and experience
Gaggioli et al.: Effects assessment of 10
functioning years on the main componets
of the molten salts PCS experimental |
facility of ENEA

hh:mm

- System integration
Seubert et al.: Analysis of a helical coil
once-through molten salt steam generator:
Experimental results and heat transfer
evaluation
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Efficiency increase
New power cycles

Supercritical CO, brayton cycle Supercritical steam cycle
Supercritical CO; Brayton Power Cycle For Molten Salt Receivers Dynamic modeling of concentrated solar power molten salt
Liu Sijie and Yann Le Moullec tower system with supercritical steam and with Thermal Energy Storage

Baligh El Hefni*
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Solar field cost reduction
Heliostat optimization

- Commercial systems from 1m2to 140m?

- Size optimization
- Structure costs proportional r@
- Actuator costs, foundations, controls etc. <r2

- Optimization study by SBP concludes 40-60m?

Balz et.al.: Stellio — development, construction and
testing of a smart heliostat

- Factors motivating choice of smaller units:

- Small modular towers need smaller heliostats

- Optics for future higher T processes (Brayton,
Fuels etc.)

- Easier to prototype

- Mass production volumes reached with smaller
total field sizes

Summary based on K. Lovegrove: Trends in concentrating solar collectors, Presentation at SolarPACES 2015, Capetown



Vorführender
Präsentationsnotizen
Daten für Spiegel / Absorberrohre recherchieren


Tin Lizzy
Oder those magnificent men in their flying machines als Bild
Fieseler Storch Ca?
Ju52 / A380?
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Improved operation and maintenance
Dynamic modelling, control, operation optimization
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Improved financing conditions — “bankability”
Quality assurance and standards

Steps towards a CSP Yield calculation guideline: A first draft for discussion
in the SolarPACES working group guisSmo (Hirsch et al.)

Meteo Operation Availability :
resource - strategy Degradation Uncertalnty

System level modelling (general approaches)
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Steady-state performance broken down to sub-systems (technology specific) - *
S| |E
x| 5
Solar field Power block Storage Aux. Heater Electrical g '::;g:g
| Ref: Trough oil | | Rankine - oil | | Two-tank indir. | [ Gas burner | o =
[ Ext. fresnel || Rankine - salt || Two-tank dir. ] 5]
| ExtMS | [ Rankine-dsg | [ Regen. TES |
| Ref: Tower | | Brayton |
Not available
[ Ext. Open vol. | in first version.
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CSP current R&D activities
Other prominent issues

Industrial solar process heat and decentral
CSP applications

New mirror materials |
- Polymer films or Aluminium, durability issues =

Receivers E AL s S L. R i
-  Parabolic tI’OUth h|gher temperatures, Oroz et al.: Low-Cost Small Scale Parabolic Trough Col-

e lector Design for Manufacturing and Deployment in Africa
durability issues

- Tower: Great variety of receiver types for

S—

different media, detailed investigation on ~ SFfEC 1o DSOERe . H

= 3-tank configuration

Partial load

losses and their mitigation
Thermal/Thermochemical Energy Storage
- Sensible: molten salt, cheap solid materials

......

- Latent: cost reduction, de-coupling of storage e . = Meeen e e
capacity from heat exchanger size :L
. . Dymamic modelling
- Thermochemical: Materials research and .
labscale demonstrators sk H_ -
Solar Fuels . =
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- Different approaches for Iong term vision Rojas: Thermal/Thermochemical Energy Storage at
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Summary and Conclusions

CSP will have an important role in a renewables based energy system
- Dispatchable power to cover residual load and stabilize the grid

R&D activities to support near term market deployment
- System trend: Molten salt, direct storage, Rankine cycle
- Potential conflict: innovation versus “bankability”

Long term research on solar fuels
- Synergies with high temperature developments for power generation

CSP is still at the beginning of the learning curve
- Research and development must go on
- Joint efforts needed to transfer innovation quickly into applications
- Reference installations facilitate “bankability”
- This still needs financial and regulatory support

i DLR
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