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L overview

Overview

o Off-Grid Micro Solar Power Plants

@ The Micro Solar Thermodynamic Plant

@ Modeling and Control Energy conversion system
@ Simulation Results

@ Validation on Experimental Testbed

@ Conclusion and Future Work
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Llnterest of OFF-Grid Micro Solar Power Plants
:

Off-Grid Micro Solar Power Plants

o Today, 1.4 billion people, or 300 million households, have no

access to electricity. They earn less than 2 dollars per day and

spend more than 15 dollars per month per family on energy.
(India, Indonesia, Bangladesh, Nigeria, Sub-Saharian Africa)

@ Schneider Electric launched the Microsol project that aims at
developing micro solar thermodynamic plants producing a

minimum of 150kWhe/day functioning 24h/24 thanks to an
appropriate thermal energy storage.
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|—Presentation of the micro solar thermodynamic plant

Micro Solar Thermodynamic Plant

1- Solar thermal collectors

2 - Hot water

3 stirling Engine

4- Anair cooler
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|—Modelling and Control of the Energy conversion system Energy Conversion System
|—Modeling of the energy conversion system
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L Modelling and Control of the E ion syst .
|_0 e |n$ and Control of the ner.gy conversion system Energy Conversion System
Modeling of the energy conversion system
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|—Modelling and Control of the Energy conversion system

L Model Analysis

Model Analysis
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Model Analysis
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L Model Analysis
Model Analysis
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|—Modelling and Control of the Energy conversion system
|—Control Design

Control Architecture
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|—Control Design

Control Architecture
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L Control Architecture
Control Design
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L Simulation Results

Simulation Results
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|—VaIidation on Experimental Testbed . . .
Validation on Experimental Testbed

LDescription of the experimental testbed
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The torque controlled DC machine emulates the Stirling Engine.
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MPC based on 2d order approx. of exp(A(u1)).
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Validation on Experimental Testbed
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"~ Validaton on Experimental Testbed Validation on Experimental Testbed

L Experimental Results
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|—Conclusions and Perspectives

Conclusion

Conclusions and Perspectives

@ Setting the mean model of the energy conversion system.
e Control of the DC bus voltage (Stiff) and the voltage of the
super-capacitor for step power demand variations.

@ Experimental Validation on a dedicated testbed
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LConclusions and Perspectives

Conclusion

Conclusions and Perspectives

@ Setting the mean model of the energy conversion system.

e Control of the DC bus voltage (Stiff) and the voltage of the
super-capacitor for step power demand variations.

@ Experimental Validation on a dedicated testbed
Future work

e Validation with the thermodynamic Stirling Engine

@ ldentification of the torque expression with respect to
temperatures and mass flow rates using real data

@ Identification of the Stirling engine model using real data
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|—Appendix

Model Analysis
.
(] A( uy ) is Hurwitz Evolution of the stability indicator for A(u,}
0
-5
-10
% 0.2 0.4 0.6 0.8
uy

M. A. Rahmani, M. Alamir and D.Gualino

(=]

&
American Control Conference 2013, Washington DC.

Control Strategy For An Off-Grid Hybrid Stirling Engine/Supercapacitor Power Generation System

DA




L Appendi i
ppendix Model Analysis

o A(uz) is Hurwitz
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) = (A B (5] T
5

9T 07 03 04 0% 06 07 05 09 0707 05 04 95 w6 07 05 09
uy uy

J =
I ] "ol
%0 ¥

T 02 03 04 05 06 07 05 05 T7 0z 03 04 55 06 07 08 03
iy iy

o = = = E 9Dace
M. A. Rahmani, M. Alamir and D.Gualino American Control Conference 2013, Washington DC.

Control Strategy For An Off-Grid Hybrid Stirling Engine/Supercapacitor Power Generation System



L Appendi i
ppendix Model Analysis

o A(uz) is Hurwitz
e Yup € [0, 1], steady-state :

() = —[A)] B (%) 1) i

5 T e T e e o e o o o o
i iy

J =
T Tl
%0 ¥

T 02 03 04 05 06 07 05 05 T7 0z 03 04 55 06 07 08 03
iy iy

o Let 7 = 10* be given

o = = = E 9Dace
M. A. Rahmani, M. Alamir and D.Gualino American Control Conference 2013, Washington DC.

Control Strategy For An Off-Grid Hybrid Stirling Engine/Supercapacitor Power Generation System



|—Appendix

o A(uz) is Hurwitz

Model Analysis
e Yup € [0, 1], steady-state :
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o Let 7 = 10* be given

e Compute Py(u1) s.t.

A[XT[Pd(ul)]x} <0

o = = E A
M. A. Rahmani, M. Alamir and D.Gualino American Control Conference 2013, Washington DC.
Control Strategy For An Off-Grid Hybrid Stirling Engine/Supercapacitor Power Generation System 13/12
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Model Analysis

o A(uz) is Hurwitz
e Yup € [0, 1], steady-state :
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|—Appendix

Model Analysis

Some Open Loop Simulations

1000,

1
04

05
Temps (sec)
M. A. Rahmani, M. Alamir and D.Gualino

o

Control Strategy For An Off-Grid Hybrid Stirling Engine/Supercapacitor Power Generation System

American Control Conference 2013, Washington DC.

DA




L Appendix Model Analysis
.
Some Open Loop Simulations :
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|—Appendix

One Step MPC for Subsystem 1
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