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1. Introduction



Introduction

Grid stability refers to the power

system's ability to:

1. Maintain a constant frequency, . eIl |
Voltage, and POWEr flow increase High | Low management
equilibrium

2. Recover quickly from
disturbances

&

Ancillary Services
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Introduction

Outage of French-Spain interconnection (24" July, 2021)

France-Spain disconnect
~2500MW lost

FCR and load shedding
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Source: Entsoe

https://www.entsoe.eu/news/2021/08/20/outage-of-french-spanish-interconnection-on-24-july-2021-update/
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2. Types of Ancillary
Services
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Types of Ancillary Services

Frequency
Regulation

Keeps frequency stable
adjusting active power

Operating
reserves

Provides backup power for
sudden imbalances

Voltage and
Reactive Power
Control

Regulates voltage using
reactive power

Black Start
Capability

Restarts the grid after a
blackout



Types of Ancillary Services

Frequency Regulation

- FCR (Primary reserve):

- Immediate A
— Automatic
-> aFRR (Secondary reserve): g‘ Primary reserve Secondary reserve Tertiary reserve (depending on
. © dispatching approach
- Up to 5 minutes § / of specific TSO)
— Automatic ] — @ @ oo @ @i b
. 'O 30s 5 min 12,5 min 60 min
- mFRR (Tertiary reserve): = \
- Up to around 15 minutes @
-  Manual
- RR (Replacement reserve): Operating
- Until frequency is stable reserve

- Manual
— Can be “spinning” or “non-spinning”
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Types of Ancillary Services

FCR (Frequency Containment

Reserve)
- Contains frequency immediately A
5 A aFRR mFRR Possibly RR
. . L Primary reserve Secondary reserve Tertiary reserve (depending on
- Full activation ~30 seconds 3 iing aporoach
8 / of specific TSO)
o [ [ (A [ (R [ (TR [ [T >
— Upto 15 minutes e \ 30s 5 min 12,5 min 60 min
:
m
- Automatic

Operating
- Part of the capacity market reserve
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Types of Ancillary Services

aFRR (Automatic Frequency

Restoration Reserve)
- Restores frequency to nominal value A
5 A aFRR mFRR Possibly RR
. . . = Primary reserve Secondary reserve Tertiary reserve (depending on
- Full activation ~5 minutes 3 B hing approach
8 / of specific TSO)
Y [ YO @ -, [ Y{ETTTIT TR [ JETT TR [S
— Can operate until imbalance is corrected g \ 30s 5 min 12,5 min 60 min
:
m
— Automatic via TSO signal

Operating
- Part of the capacity/energy market reserve
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Types of Ancillary Services

mFRR (Manual Frequency
Restoration Reserve)
- Replaces secondary reserve (aFRR) A
> A gFRR g ?‘FRR Possibly RR
. rimary reserve econdary reserve ertiary reserve ndina on
- Full activation ~12-15 minutes 'g ? rY 4 Ejdises;cging :pproach
Q g
8 / of specific TSO)
o [ [ (A [ TR [ (TR [ [T >
— Can operate continuously as needed g \ 30s 5 min 12,5 min 60 min
E;
— Automatic via TSO manual dispatch

Operating
- Part of the capacity/energy market reserve
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Types of Ancillary Services

RR (Replacement Reserve)

— Replaces FRR reserves

— Full activation ~15-30 minutes FCR aFRR mFRR Possibly RR

2 Primary reserve Secondary reserve Tertiary reserve (depending on
8 dispatching approach
% of specific TSO)
Operated for longer periods O
> Op ger p ] — vy R v, A = o v K A "
9 \ 30s S min 12,5min 60 min
L
—> Automatic via TSO manual dispatch @

- Part of the energy market or separate contract Operating

reserve
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3. BESS for Ancillary
Services



BESS for Ancillary Services

Voltage control & Reactive
Power

Capacitor Banks

BESS cannot
compete
with:

STATCOMs
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BESS for Ancillary Services

Black start capability

Low short circuit current

Less cost effective

Less reliable, limited energy




BESS for Ancillary Services

Operating reserves

Limited energy availability

1, 2, 4 hours of operation

Less cost effective

More expensive

Opportunity cost

Other markets might be more lucrative
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Failure occurs

Spinning and
non-spinning
reserve

Frequency-
response
reserve

I
20

Minutes

Replacement
reserve




BESS for Ancillary Services

BESS Capacity for different services (US 2023)

80,00%
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00% I . I
0,00% I — F—
Arbitrage Frequency Load Following Spinning Reserve  Co-Located T&D Deferral System Peak Load Manage Voltage / Backup Power  Excess Wind /
Regulation Renewable Shaving Reactive Control Solar

m Capacity Available  m Capacity Primary Service

Source: US Energy Information Administration
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4. BESS for Frequency
Regulation



BESS for Frequency Regulation

Fast Response
(seconds)

Stabilize
Nominal Frequency

.
IStart mFRR

FCR aFRR mFRR, RR

Primary Reserve Secondary Reserve Tertiary Reserve

Sec 1-3min 8-18.0 30 T(min)
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Ramps up almost
instantly

o

Can balance supply
and demand

SUPPLY

e

FREQUENCY §
STABILIZATION

BALANCING



BESS for Frequency Regulation

Sizing of BESS for frequency regulation

Frequency Droop Control

Non-CriticIaI Window

Pmax Dessreasennesesaip =aonesuamsanan p

49,98 50.02 i f

I) Pmin

Source: ENTSOE (operation limits)
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Non-critical Max/Min Grid frequency
frequency frequency time-series
window window (grid operator)
¢ )\ & Absorb
5000 .o LN A0SO POWeT .
P N s ~ Fat
49.98
Supply power
A t [se
Charge Discharge
B




BESS for Frequency Regulation

Sizing of BESS for frequency regulation

Power/Capacity with a frequency time series

v
Simulations with different installed ¢

Include:

f <49.98 Hz

- Complex model (RTE, conversion losses, degradation)

- Economic variables (CAPEX, OPEX, reveue, etc)

- Combine other services (arbitrage, peak-shaving, etc)

Discharge to Grid Charge from Grid

¢4
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5. Future trends



Future trends

Installed vs Proposed BESS Capacity available for different services

80,00%
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
= 800 N Ay
L ] T
Arbitrage Frequency Load Following Spinning Reserve  Co-Located T&D Deferral System Peak Load Manage Voltage / Backup Power Excess Wind /
Regulation Renewable Shaving Reactive Solar
m Installed (2017) | Installed Proposed

Source: US Energy Information Administration
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Future trends

Installed vs Proposed Capacity primary service

60,00%
50,00%
40,00%
30,00%
20,00%
10,00% I
0,00% -. — | -. 1101} II —- | 1111
Arbitrage Frequency LoadFollowing  Spinning Co-Located  T&D Deferral System Peak Load Manage Voltage/  Backup Power Excess Wind /
Regulation Reserve Renewable Shaving Reactive Solar
Control

W Installed m Proposed

Source: US Energy Information Administration
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Future trends

E__

Challenges

_—. i :
_.==

Increasing renewable penetration

Market saturation of Ancillary
Shift towards mixed strategies

Services
Regulatory barriers

aearr o ENVERUS
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6. BESS In Iberia
Blackout



Disclaimer

This is a hot topic, and there are still a lof of
unknowns

vvvvvvvvvvvvvvv



Iberia’s blackout

Interregional oscillations ~12:20
(10-15 minutes before blackout)
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== Malaga == Porto == Riga == Belfort Cedex

Source: Gridradar
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Iberia’s blackout .
Iberia disconnects from Europe

Fequency  Generator loss (12:32:57) (Europe starts stabilizing)
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Generator loss (12:33:18)
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Source: Gridradar
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Iberia Blackout

BESS in Blackout

— Would BESS have helped during the blackout?
— Probably!

— Would they have been enough?
- We don’t know!

— We still don’t know what caused the generator
loss

— Could be RoCOoF protection tripping
—> Could be phase angle difference

— Could be caused by overvoltages
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Questions?

We're all ears!
Drop yours in the question box

Alvaro Benito
abenito@ratedpower.com

ratedpower.com
Instagram: @rated_power
Linkedin: /ratedpower
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