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4 control centres
® 43.801 km of transmission grid

® 4.360 busbars

* 85.144 MVA transformer capacity
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The energy transition in the Canary Islands
The Canary Islands

®* 6isolated electrical systems on 7 islands

*  Generation mainly based on fossil fuels At
* Low meshed weak infrastructure Oporto Barcelona
® High wind and solar potential Madrid
Portugal - Espana Vale;nc'a
Lnsgoa
El Hierro Tenerife  Spanish mainland
Sevilla
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The energy transition in the Canary Islands

Renewable Energy integration evolution

Annual demand covered by RES (2017)
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Gran Canaria ‘ ‘ Tenerife
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Annual demand covered by RES (2018)
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The energy transition in the Canary Islands

Renewable installed capacity:

current vs future

Current

August 2017 scenario
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Main Challenges

EgEEE

482

System frequency 23/01/2014

System frequency 23/01/2017

W

System stability Uncertainty and
on low inertia variability of RES
scenarios generation

Synchronous
Network generation

congestion requirements
due to balancing
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Facing the challenges:
the approach
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The approach

Study methodology scheme

Considering: |
* RES variability ey

wi Ireguency
* Frequency degradation

i

Wariakility
{primary response time: 16to <——
30 4 by RES generalion level)
i =

wariation
analysls

Tranzient
®* Minimum synchronous generation i RES data ‘
Matwork | analysis
* Thermal units flexibility capabilities s

® Reserve requirements

Mirimum
cormventonal
generalbn

Generation i o

dispatching REserye Tegu rerments
DALY prodiciion erron s and
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® RES generation forecasts

® Overall system economics

v
°
Network topology S C onerimis
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analysis -awailability
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Transient stability analysis and frequency

Considering:

®* A wide range of future RES penetration scenarios have been created
* Different demand power levels have been analyzed

®* Minimum reserve requirements defined in network codes have been

considered Frequency

50,2
® Acritical loss of generation is considered as the most severe incident,

both for Gran Canaria and Tenerife.

50

49,8
® Positive and negative ramps, in 30s timeframe have also been

. 49,6
considered.

. . . . 49,4
®* Validation criteria:

®* Fmin>49 Hz
49

° df/dt > -2 HZ/S 0 5 10 15 20 25 30 35 40

— Instant loss of 70 MW

49,2

Results: —— Negative ramp of 70 MW/30s

* A “must run” set of synchronous units is identified.

® Several thermal units configurations are possible, allowing to deal
with maintenances or availabilities.
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RES generation variability

Total uncertainty Partial uncertainty (with RES forecasts)

Maximum variations Real variations
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RES generation variability (Il)

As a result we defined:

TEMERIFE: Series de origen: frecuencia, renovable y variaciones,

s AN doh FF—WWMWMNVWWWWW
® Primary reserve requirements from the analysis with total w‘?mlwﬂ
uncertainty. ,/«I : A W

® Secondary reserve requirements from the analysis with partial
uncertainty.

FRELS

Reserve requirements:

BEN

Maxima pérdida en 30 s por rango de generacion fotovoltaica
Con un paso de 0,001 PU (tanto 13 pérdida como &l nivel de ganeracidn previo se ofrecen en por unidad de |3 potencia instalada)

® Tertiary reserve requirements from a combined analysis:
® For the first hours there is a chance to be right

®* From there on there is not (low frequency model

refresh). .
Curtailment requirements: :
®* From the analysis with total uncertainty.
® High amount of RES variations (upwards or downwards) with a
potential relevant effect on the system - curtailments to limit | 3
the risks. ?
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Network limitation studies

The current situation:

® Large network infrastructure developments planned ahead for the
short-term high RES scenario

* Almost all planned developments, mainly new substations in the
areas of RES development, have been built

®* The recent announcement of new RES tenders have triggered the
need to properly analyze new potential future scenarios

Analysis performed:
® N-1situations in all relevant network areas.

* Potential congestions in specific areas were an overcapacity is
expected

Results:

®* No scenarios have been found as problematic

* Specific solutions have been designed for the future, among them:

®* Topology maneuvers to change power flows
® Extra thermal generation in specific power plants

® RES curtailments

RED 4% |nternational Hybrid Power Systems Workshop
ELECTRICA

DE ESPANA May 2019

W

il .
/L M

r - ‘\\
[ :
\ ; Isla de Tenerife
Vall2 Aridane Guinchos
N im oo L2 Brenias a
i S
cod de (112513 La Village
s
,___,«._f
cod

Isla de l‘kv,' Isla de
La Palma La Gomera

e
Firacioss

Isla de

Isla de El Hierro £ T Lanzarote

9 f 2
Eiﬂaln':l‘n!’__-’ ! i Y i P (

Gorona del Vierf ? b 7
P e
P
! Llanc:fs lancos

G
K ET Salinas del Rio
J

5 /
{
l,/sanaarmme Caligjoges

Isla de Gran Canaria

|
y  Islade
Fuerteventura

»w o Salinas

Telde-Cirsg-
Bary

Corvizmi- I
e 1y Bomencode Thofanal yl




Restrictions due to balancing

Controlled RES plants
RES maximum integration

limit

capacity
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Non-controlable RES generation

The analysis:

®* Thermal units restrictions considered: Start-up time, shutdown time
before start-up, running time before shutdown and shutdown time

®* Monthly scenarios

([

Simulation of day-ahead scenarios vs actual situation with real RES
generation data

Results:

®* No feasible solution in real time
® Must-run and reserve criteria redefined
[ ]

Changes of the combined cycles modes are sometimes needed
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Day ahead simulations
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Massive renewable Energy integration: Large scale energy storage

STORAGE: CENTRAL HIDROEOLICA DE PFESEﬂt FUtUFE STORAGE: SORIA-CHIRA
EL HIERRO (CHE) ’ REVERSIBLE PUMPED STORAGE

' ‘ e
“3% RED ELECTRICA DE ESPARIA Central Hidroedlica de El Hierro - ‘ v \ /\ | |
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Massive renewable Energy integration: Energy storage

Flexibility tools for system stability

PowerStogy

1,6 MW /0,005 MWh
:{2 » » : : .
LANZAROTE uj’? ‘ > :
'ty s SN
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Hybrid Storage system )
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-’ STATCOM + i 3 L
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https://www.osmose-h2020.eu
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Conclusions

. is already ongoing in the isolated power systems of the Canary Islands.
* Big challenges arise from the perspective of system stability and maximization of RES integration.
e RED ELECTRICA, as the TS0, has built a methodology used to perform an of the implications for the
mid-term scenario, covering:
0 System stability
o Uncertainty and variability of RES generation
o Network congestion
0 Synchronous generation requirements due to balancing

. in order to securely integrate RES generation in the , mainly related with
must-run, reserves and curtailment criteria, as well as topology maneuvers.

e RES developments are expected to continue in the coming years, forcing to reevaluate the systems’ behavior on a
continuous basis.

* Flexibility solutions will be needed in the mid-term, mainly energy storage, as without it large RES energy integration
into the islands’ mix won't be possible.
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