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Introduction Electricity trends

As a spur: new paradigms of development

o Solar Thermal
1 Power Plants

b Photovoltaics
4 Wind

/7 Hydro

[ Biomass

o ¥

Concentrating Solar Thermal Power (CSP): ‘Sketch of High-Voltage Direct Current (HVDC)
grid: Power transmission losses from the Middie

« Solar heat storage for day/night operation 3
« Hybrid operation for secured power East and North Africa (MENA) to Europe less
« Power & desalination in cogeneration than 15%.
Power generation with CSP and transmission via future EU-MENA grid: 5 - 7 EuroCent/kWh @,
Various studies and further information at www.DESERTEC.org Aggregator
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Introduction Electricity trends

Electricity trends: main issues

@ |Increasing of electricity consumption
@ Lowering fossil fuel in the generation shares

o Integration of renewables
e Emergence of distributed energy resources
o Development of demand side management (demand response)
© Item 2 favours the development of smaller grids to reduce power
transmission losses.
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Introduction Technical background

It is too good to be true ...

Indeed, electricity must comply with real-time adequacy between supply
and demand. Future generation shares must fulfill constraints on:
@ Energy flows: adequacy in terms of quantity of energy supplied
© Power capacities: load adjustements (base, mid area, peak)

© Ancillary services: reliability of power systems to handle load
fluctuations

Definition

@ Ancillary services prevent from power outages, by ensuring the
quality of the power delivered.

@ Reliability is defined as the capability of a power system to recover a
stable state after a load fluctuation.
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Introduction Technical background

... because generation technologies are different.

@ Integrating renewable sources to a large extent leads to:
e Oversizing of generation capacities and investments: back-up reserve
© Power plants vs. constraints on power systems:

Conventional sources Renewables

1. Energy flows yes yes
2. Power capacities yes yes
3. Ancillary services yes ?

© |If your proposed generation share does not produce enough ancillary
services, then you have to ensure them anyway. Consequently you
need an extra-production of energy dedicated to reliability
requirements. That is what we want to quantity next.
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Method Thermodynamic framework for power systems

Thermodynamic framework

@ Necessary step.
@ A global description of power transactions.
© Finding the more reversible evolution.
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Method Thermodynamic framework for power systems

Thermodynamic framework: back-up slide

Subsystems exchange heat with the thermostat at the temperature T.

Generators and motors exchange mechanical work.

We introduce the coupling energy between the electromagnetic field
and the generators.

The operator can adjust the excitation 1.

Electrical charges are exchanged with the mass at the potentiel V.
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Method The “one-loop grid”

Aggregated representation of power systems

The reversibility condition enables a basic representation of power
systems.

£ UR R,

@ The electromotive force € represents the generators.

@ The impedances gather the inductive and resistive properties of the
system.

@ Connecting R> models a load fluctuation.
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Method The “one-loop grid”

Numerical application

@ Generator properties: 1650 MVA, 240 tons, 1 m radius.
@ Transmission properties: 400 kV, Ry null.
@ Demand side properties: Ry =110 €, Rjpq =55 Q2
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Method The “one-loop grid”

Equations ruling the “one-loop grid”

@ Mechanical energy conservation for frequency relaxation

14(J9?)
2 a4t = 111ech Z C¢ Z¢

@ Electrical equation for load voltage relaxation

dI,
(Raq + Rioad) Iy + L— = £(1)
dt
@ Relaxation time constants:
J03
Tmech =
Pmech 16 S
L

Telec = &5
Rioad 14 ms
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Results: load fluctuations management Frequency variations

Frequency variations

* Generator: NG — w \
1650MVA, rotor: 008 Bt iaieiaiingun
240tons, 1m radius. \\ o

¢ Transmission: 0.96 \ S
400kV, R null. 0.04

*R,=110 Q; after
fluctuation: R ;=55

/Q
<t0
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or 100Q.
e Frequency is 50Hz. ¥ oss \
~Roag=1002 L=08H G L
-—-R__ =1000, L=0.6H
load 0.84
---R _ =1000, L=0.4H :
load
—R,_ 550, L=0.8H o8z
load
—R, =550, L=0.6H 08 1 P 3 4 5 6
—Ripaq™29¢ L=0.4H t/z mech

@ L is crucial to increase the reaction delay.
© Maintaining reactive power (i.e. the value of L) and kinetic reserve
requires dedicated amount of energy.
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Discussion

Losses on power systems

Losses
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Network architecture
Micro grids Centralized power plant

Distributed energy resources integration
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Discussion

Thank you!
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