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Electrical grid stability with high wind energy penetration
Outline

1. Wind energy production: perspectives and “problems”

2. Dynamic grid stability: electric grid parameters, guality supply

3. Electrical network: wind energy limitations and codes
4. Grid studies methodology

5. Case study: Lanzarote-Fuerteventura system & €orvo Island
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Wind energy productions Perspectives inAfrica

» Wind energy potential vs. African electric network

Potential wind power production
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Wind energy productions Perspectives inAfrica

= Wind energy potential vs. African electric network
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Windienergy preductions CONCERLS
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Wind energy production: perspectives and “problems”

MISMATCH BETWEEN WIND GENERATION AND DEMAND

600 1
] 1 140 - 140
%004 + 120 + 120
$ 400 + - 100 || £ - 100
1 =
= ] =
S 1 80 © 80
S 300- g
< ] c
I} 9]
5 ] + 60 2
(o] 4
T 200 g 200
] + 40
i 100
100 : P
0 T T T
0 T T T T 0 o o o o o o o o o o o o o
o o o o =] o o o o o o o o S S S Q [ = (<} o o o (=} =} (=)
Q e Q e Q Q e e O S e e e o 3V < © o] o N < © [ee] o N o
o N < © [ee) o N < «© [ce) o N o — — — — — N N
- — - - - N N
Hora Hora
|—Demanda — Generacidn edlica Fuente: REE ‘_ Demanda — Generacién edlica ‘ Fuente: REE
1
|

» Limits the integration capacity of wind energy in the electric network
» Requires the actuation of conventional spinning generation
» Deviation in wind energy production means over-cost for the electric bill

NON CONTROLLABLE GENERATION > NO ELECTRICITY SUPPLY GUARANTEE



\Wind energy productions prokvlems

Solution:
energy storage systems

Demand coverage limitation
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Windenergy: preductions conclusions

= Demand coverage - premises
1. Electric supply is an essential service

2. Electrical power systems only can work at any moment when there is
an instantaneous balance between generation and demand

= Consequence

Careful planning of the generation and protection systems to grantee
the viability of the electrical system balance

STABILITY STUDIES FOR PLANNING AND VERIFICATION
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Electrical network: electric grid parameters

Balance between GENERATION and DEMAND

Power System Frequency

51.5 Demand and Generation vary continuously @

Hz causing frequency to change
Frequency sets magnitude G & D @
Absolute balance maintained
G=D @
50.5
Hz
1 500
Hz
49.5
Hz @
Generation varies
= By inertia, response and
(el instruction
48.5 (2]
Hz = G
A Demand varies by consumer action
With some frequency sensitivity.
Some demand offers response control
25 Movernber 2007 ©5tephen B Browning 4




Electrical network: electric grid parameters

Electric grid parameters and codes

Voltage level +/- 10% de Un (Integrated over 10 minutes)
Quick voltage variation +/- 8% de Un (Integrated over 3 seconds)
Overvoltage due to line-earth short-circuits Un<140%

Voltage harmonic distortion THD-U < 8%

Frequency variation limits on steady state 49,85Hz/50,15Hz

conditions (Integrated over 5 minutes)
Frequency variation limits on contingency +/- 2% de 50Hz; 49Hz/51Hz
situations (Integrated over 240 ms)

Any modification on the electric network, due to enlargement, entry of new

equipment or change in exploitation criteria could cause codes breaking of any
security requirements or technical limitation.
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Electrical network: COMPLEMENTARY SERVICES

Active systems that participate in modern electrical grids have to
offer COMPLEMENTARY SERVICES to guarantee stable exploitation:

Z1=0.05+j0.3 pu Infinite Bus

Voltage control

3LGFault

Inertia

) 66/3.3 KV,

y 10MmvA 50 Hz, 10 MVA Base

Wind Turbine X=0.1

Primary and secondary regulation
Capacity of supply short-circuit current
Short and medium term energy storage

Demand side management

]
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Electrical network: COMPLEMENTARY SERVICES

Start-up of a 500 kW pump in a valley scenario with hydraulic
generation:
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Electrical network: COMPLEMENTARY SERVICES

Reactive capacity regulation of wind energy converters (WEC):
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Electrical network: COMPLEMENTARY SERVICES

WEC power-frequency regulation:

Pactual OF r

. ' Example for Power-Frequency Limitation
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Electrical network: wind energy limitations and codes

Criteria (ex.):

1.

Voltage at the electrical grid nodes should stay between +/- 7%
during lost of 100% RES production

. Voltage variation during connection/disconnection of the wind farm

(in worst scenario) should stay under 5% Un.

. Power flow on voltage control equipments (nodes) should never be

iInverted due to the increase of wind energy production

50% of the conventional power capacity should not be overpassed
by the wind power for any node of the power line

. 50% of the transformation capacity of the substation should not be

overpassed by the wind power connected

. 5% of the short-circuit power of the node/substation bus (in worst

scenario) should not be supplied be wind farms

i tc INSTITUTO TECNOLOGICO



Grid studies methodology

Object: analysis of the critical scenarios in the electrical systems to ensure
compliance of the codes, and to verify the security & quality guarantees

| VOLTAGE / FREQUENCY |
STABILITY

POWER FLOW CONTINGENCY
OPTIMIZATION ANALISYS

GRID @
@ _ STUDIES

SHORT-CIRCUIT
LOAD SHEDDING ANALISYS

OPERATION & DYNAMIC
CONTROL <:> STABILITY

STRATEGIES

Optimal solution after several iterations

i tc



Grid studies methodology

Steady-State Analysis

NODAL STUDY

Generation by nodes - Transported power at N-1 + off-peak demand
Installed wind power < 5% short-circuit power

Territorial criterias = Energy infrastructure Planning

SYSTEM CAPACITY STUDY

Conventional power plants units = minimum power, power factor

Voltage profile of the system

Spinning reserve N-1 criterion requires that the
o system be able to tolerate the

Distribution network criterias SLTS LSl



Grid studies methodology

Dynamic Analysis

= Evaluation of the feasible Steady-State

Scenarios

= Simulation of the grid on:
- three-phase short-circuits

- lost of a conventional generation unit
(with & without wind generation, N-1 / N-2 criterion)

= Oscillation of the power, overcharges & load shedding due to
sub-frequency

Voltage (pu)
1

Di

stur

bance stating point

0.8

Time (sec.)

0,95 pu (15 sec.)

= Voltage (voltage dip) &
Frequency Behavior

|
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Grid studies methodology

Voltage Dips (Sags)

0.95

0.8

0.2

U /Un
/

Point of start-up of the fault

Fault in the transport network

! 0.95 pu
FAULT | e
IN THE 0,85pu
SECOND AREA ’ :
FIRST AREA

ACTUATION OF
THE PROTECTIONS | DECONNECTION DUE TO DEMAND / GENERATION
(SWICH FAILURE) ) OVER-SPEED AREA OF REACTIVE POWER

\ FROM / TO THE “PCC”
T INCREASE OF THE

Lost of / REACTIVE POWER DEMAND

Wind

generation
Duration of o ‘ REDUCTION OF THE
the fault Remove of REACTIVE POWER GENERATION
the fault
0 0.5 1 15
u Temp (sg)
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Grid studies methodology

Voltage Dips (Sags)

Actlve and reactlve wind farm power durlng a voltage dlp
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Grid studies methodology

Example of current harmonic distortion

of a wind turbine

current distortion: [% of I]
Distorsion lotal maxima de corriente armanica

Or- |Harm. Output  |Or- JHarm. Output JOr-
der Jcurrent |[power |der Jourrent |power [der
[96] [kW1 [%%] KW

Ord- JComienta Potancia Ord- §Corrienta Polencia

i armdnica producida  Jen amdnica producida fen
1 1" 0.11 546 | 21
2 0.20 1171 12] 010 1300 | 22
3 1.62 1140 |13]) 047 230 123
4 0.14 1304 |14 014 250 | 24
5 0.45 372 15) 0.21 318 |25
6 0.1 1295 |16 26
7 0.47 295 17 27
8 012 1285 |18 0.15 544 | 28
9 0.326 1171 19) 0.0 1239 | 29
10 20 30

Maximum total harmonic

1.73

Harmonic study

Output power at maximum total

harmonic current distortion: [kW]
Paotancia producida en la dist. total max. de corrienta amm

1140

Example of voltage harmonic distortion
in a weak electrical grid with high power
electronics penetration (RES)
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CASE STUDY 1: Fuerteventura — Lanzarote electrical network

Planning: horizon 2017

LANZAROTE
PEAK OF THE DEMAND
170,30 MW

POWER PLANTS

PUNTA GRANDE
INSTALLED POWER: 244,24 MW
TECHNOLOGY: Diésel motor, Gas turbine

Tsladelanzarote.com

ol LAS SALINAS
/ INSTALLED POWER: 187,43 MW
; ; TECHNOLOGY: Diésel motor, Gas turbine

FUERTEVENTURA
PEAK OF THE DEMAND
123,80 MW

n
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CASE STUDY 1: Fuerteventura - Lanzarote PSAT model

Steady-State Analysis
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CASE STUDY 1: Fuerteventura - Lanzarote PSSE model

Steady-State Analysis
™, LANZAROTE
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CASE STUDY 1: Fuerteventura - Lanzarote PSSE model

FUERTEVENTURA

Interconnection
Substation
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CASE STUDY 1: Fuerteventura - Lanzarote PSAT model

Dynamic Analysis

EVALUATION OF CONTINGENCIES
S

Break out of the connection

W
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Macher
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Corralejo: STRONG RISE .
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SUBSTATIONS:
Corralejo - Playa Blanca (66 kV)

POWER PLANTS:
* Punta Grande (Lanzarote)
» Las Salinas (Fuerteventura)
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CASE STUDY 1: Fuerteventura - Lanzarote PSSE model

Conventional generation units model

Modelo de alternador de Polos salientes
Salient Pole Generator Mode| (Quadratic Saturation on d-Axis)

Thiz model iz located at system bus # BUS,
maching # 1
—_— p_ PMECH SPEED
This model uses COMs starfing with  # J s —lE?D m“
and STATES stariing with £ Kk F——» |
The machine MyA is foreachofunits = Vr ol i) GENSAL | ETERM
MBASE Termeal
B Bua
ZEORCE for this maching is o |
on the abxove MBASE. ANGLE N

COMe | # | Value Dascriplion
Jd T (=00 {sec)

J+d T g (=0) [3ec)
J+2 Tgp (=00 (380)
J+#3 Inenia, H
J-4 Speed damping, D
J+5 ¥y
J+6 ){q
J+7 g
8 Hg=Xy
J+8 X

J+10 501.0)

J=11 5(12)

Note. Xy, Kq X'g, Xa X X, H, and D ara in pu, machine MVA basa.

Source Current

Terminal Veltage

Modelo de excitacion v regulador de tension
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Modelo de regulador de velocidad de grupo diesel
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CASE STUDY 1: Fuerteventura - Lanzarote PSSE model

Wind generation system model

Diagrama genérico aerogenerador
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CASE STUDY 1: Fuerteventura - Lanzarote energy balance

WIND ENERGY LIMITATION:

SPANISH CODES: P.O 3.7 SEIE

5.2.5 Excedentes de generacion no integrables en el Sistema.—En determinadas
circunstancias, en las que se presente una demanda inferior a la prevista y/o una produccién
de las unidades objeto de este procedimiento superior a las previsiones realizadas
anteriormente, el Operador del Sistema podra precisar reducir la produccién de la
DEMAND 878’7 GWh generacion objeto del presente procedimiento.

Para ello se tendra en cuenta la tecnologia de cada una de |las unidades de produccién,
coh objeto de minimizar la modificacién de generacion necesaria.

CONVENTIONAL GENERATION 223 MW

TOTAL RES (PV+WIND) 106 MW
(WIND POWER) (78 MW)
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CASE STUDY 2: Corvo Island

SQUEME OF THE SYSTEM:

Charges
400 V
2 x Transformer HT/LT
315 kKVA A IO: Y Enercon E30 wind

i j N A generator

5— 15 kV -

—~—Hgs

15 kV Line

Hydraulic power
~
2 % Transformer LT/HT | O_@,:SJ
315kVA -

L OH
- 0H
[>~< é

400V

Inertia flywheels

(aa)

—
& &
Clutches (

)
N X % \GS) GS)
% db CH’/
D1 D2 D3 D4

150 kVA 150kVA 150 kVA 135 kVA
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CASE STUDY 2: Corvo Island

PROPOSED SYSTEM OPERATION=-> DIESSEL / WIND / MIXED

Charges
%400\, » Diesel power units, three of

2 x Transformer HT'LT () ( () Y . 150 kVA and one Of 135 kVA
315 KVA |L< A IC__)\I Enercon E30 wind
N & generator .| t ﬂ h | . t f th
. — nertia flywheels in two of the
MR NES) power units of 150 kVA
15 kV Line
I = 1 wind generator of 300 kW,
7 ydraulic power ] ]
1k — variable speed and blade pitch
2 % Transformer LT/HT .E_ \ 2 ; Y 0—'\51\51/%: control
315 kVA *\_a & A
400V » Transport line of 15kV, 600 m
] ] = 2 boosting transformers of
Inertia flywheels 400V/15kV
® @
X & I 1 = 2 step-down transformers of
Clutches E 1 E | {me N
Syina— gs) &s) 15kV/400V
L b SIS <ic
D1 D2 D3 D4

150kVA 150kVA 150 kVA 135 kVA i t c
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CASE STUDY 2: Corvo Island

EXAMPLE OF DYNAMIC STUDY: Functioning of the power station is studied with
variations of charge and generation in the wind mode with only one inertia flywheel

150 KvVA

cosfdp.=038ind

' "\I Ly
E‘?‘ AN Q. P. |
w38 mm e
Qm/l_\ Pat |
15kV
()
=
NPAVAN
400V i
[ afl e L
——(Gs) n”fﬁg‘j

INITIAL CONDITIONS:

Powered at a charge of 150 kVA with an inductive
power factor of 0.8

It is connected to the synchronous generator (with
its corresponding flywheel) with the diesel motor
uncoupled.

The wind generator has sufficient wind to generate
160 kVA.

The action of frequency control leads it to adjust to
power the charge and maintain the frequency.

SIMULATIONS:

Variation of the charge, where the disconnection is
done at t =45 s and reconnection att =55 s

Disconnection of the wind generator, where the
wind generator is disconnected att =45 s



CASE STUDY 2: Corvo Island

kW
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EXAMPLE OF DYNAMIC STUDY:
Disconnection of the wind generator

CONCLUSION:

In wind mode the most unfavorable
situation comes from the disconnection
of a charge

The disconnection of the wind
generator may cause the engaging of
the diesel motor

The strategy of control of the wind
generator is decisive for the power
station stability in the wind mode

The contribution of the inertia flywheel
in these situations is fundamental to
guarantee a maintenance of frequency
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