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1. Context & motivations (1)

e Large solar tower thermal power plants built to this day:

Description Annual DNI  Refl. area  Tower height Rec. / Gen. pow.
[kWh/m? /y] [m?] [m] MW,] / [MWy]
2'441 165
150’600 | 2/20.0
PS20 n -
2’432 140
318’000
n I 120.0/19.9
Gemasolar -
2’646 1’408°000 140 -/126.0

Ivanpah n I L
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1. Context & motivations (2)

 |nterest of multi-tower set-ups?
* If yes, from what field size?
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2. Multi-tower layouts (
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2. Multi-tower layouts (2)
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2. Multi-tower layouts (3)
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2. Multi-tower layouts (4)
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3. Recelver selection (1)

Criterion. min. cosine+atmospheric+spillage loss

20/03
09:00 ST

12/09/2012 Germain Augsburger - LENI - EPFL 9



3. Recelver selection (2)

Criterion: min. cosine+atmospheric+spillage loss

20/03
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3. Recelver selection (3)

Criterion: min. cosine+atmospheric+spillage loss
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3. Recelver selection (4)
Receivers heat flux
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3. Recelver selection (5)
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4. Single- vs multi-tower

Set-up

Number of heliostats 2650 2650 [u]
Number of receivers 1 3 [u]
Energy performance

Annual field etficiency 45.3  59.8 [%]

Max. receiver incident power 138.2 179.2 [MWpy,]
Economic performance

Simulated cost 150.5 256.6 [MS$]
Levelised electricity cost 24.1  29.7 [¢/KWhg]
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5. Variables sensitivity (1)

Energy performance vs. towers distance
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5. Variables sensitivity (2)

Economic performance vs. towers distance
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6. Thermo-economic optimisation(1)

12/09/2012

Decision variables Range Unit
Heliostat width 1-30 [m]
Heliostat height 1-30 [m]
Number of heliostats 100-100°000 [u]
Towers height 1-1’000 [m]
Receivers diameter 1-100 [m]
Receivers height 1-100 [m]
Contradictory objectives
Total investment cost min. [$]
Annual electricity output max. [Whg]
Constraints
Receiver heat flux peak <1500 [kWi/m?]
Germain Augsburger - LENI - EPFL
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6. Thermo-economic optimisation(2)
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/. Optimum transition (1)
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/. Optimum transition (2)

Transition 1 to 2 towers 2 to 3 towers

Design variables E F G H Units
Number of towers 1 2 2 3[u]
Reflective area 179 16.2 19.6 18.6[mil. m?]
Energy performance

Annual field efficiency 0.46 0.52 0.51 0.53][-]

Max. receiver incident power 8.14 8.24 9.81 9.74 [GWth]
Economic performance

Total investment costs 448 453 5.4 5.43[b$]
Levelised electricity cost 15.16 15.17 15.23 15.24[c/kWh |
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/. Optimum transition (3)

From 1 to 2 towers

1-tower field
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/. Optimum transition (4)

From 1 to 2 towers

2-towers field

12/09/2012 Germain Augsburger - LENI - EPFL

=
T~

Heliostats efficiency [

©
b

22



8. Conclusions & outlook

« simple method for the design of multi-tower layouts

e Interest identified:

o efficiency increased significantly (15 points)
e but costs increased more

e thermo-economic optimisation:

e Optimum transition found

e SO far, costs too high for realistic transition size
(30-40xGemasolar)
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1. Context & motivations

e Large solar tower thermal power plants built to this day:

Description Annual DNI  Refl. area  Tower height Rec. / Gen. pow.
[(kWh/m?/y] [m?] [m] MW,] / [MWy]
2’646
) 55
27264 -
Sierra SunTower o ] /5.0
2’281
100
59653 29 13.
Coalinga o I 9.07eq.13.0
2’439 115
74880 I
PS10 n 47.7/11.0
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3. Receiver selection (5)

Heliostats efficiency
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Variables sensitivity
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Variables sensitivity
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5. Variables sensitivity

5.3. Summary of potential improvements
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/. Optimum transition

/.2. From 2 to 3 towers

2-tower field
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/. Optimum transition

/.2. From 2 to 3 towers

3-tower field
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6. Thermo-economic optimisation
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6. Thermo-economic optimisation
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