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-
asset N
\ /
N

e Advanced System Studies for Energy Transition

VRE Integration, . .
Flexibility and Legislative
Design of the and Policy

Electricity Market Framework

e Deliver studies in support to EU policy making in the field of energy

e 12 studies performed, 2 ongoing

Smart
Energy and

e Consortium led by Tractebel together with Ecofys and E3MLab Energy

Efficiency

e All information available on http://www.asset-ec.eu

Social and
Human
Development

Research
and
Innovation

e This study:

To what extend will the reduction in system inertia influence
the operation and control of the power system of
Continental Europe?
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http://www.asset-ec.eu/

Increased penetration of renewables & converter connected units

e Increasing share of Renewable energy

sources (RES-e) in electricity generation mix Share of renewable electricity in the total installed capacity
within the EU-28 member states
e Intermittent generation Output mWind and PV power m Hydropower and other renewables
70%
e More and more interfaced with a power electronic 60%

converter (e.g. PV and Wind power) 0%

e E.g. EU-28: 2050 = 50% of generation capacity
converter connected

40%
30%
20%
10% II
e Large synchronous generators are displaced 0
() ,\’ ,\'\x ,» 0 (,)Q
N) N) \)

by these converter coupled units CRIC I I I R I R S RIS I S

Year
Source: European Commission (EC), “EU energy statistical pocketbook and country data,” 2018.

Share [%]

X

e Also the network (HVDC) and load are
becoming converter based

TRACTEBEL e S S G e ——

CNGie 5



Present Power System Future Power System

Transmission system (TS) Transmission system (TS
Distribution system (DS) Distribution system (DS’

TR ACTEBELA @ Synchronous Converter

enGie Generator




Displacing large synchronous generators results in decreasing
system inertia Hgyq

Synchronous generator Synchronous generator
(conventional power plant) (conventional power plant)

_ _ % Eyn [MWs]
Hyls] = ) HIs| ==
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Displacing large synchronous generators results in decreasing
system inertia Hgyq

8 T T
o Hydro units
O o Steam units
o o)
= 6 1
- o
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b= o % ©
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Displacing large synchronous generators results in decreasing
system inertia Hgyq

Electromechanical

Synchronous generator
(conventional power plant)

_ 2. Egin [MWs]
Y S[MwW]

Total inertia (Hgys) is reduced: Hgy[s] = z H[s]
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Role of inertia (Hsys)

L_
INERTIA

DEF: TO STAY IN MOTION UNTIL ACTED UPON BY AN EXTERNAL FORCE.
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Role of inertia (Hsys)

Power system
In general
Synchronous inertia (H) is the resistance of a
power system to oppose changes in the
frequency resulting from power imbalances in
generation and demand
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Inertia is the resistance of any
change in its state of motion




Future systems with low inertia
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Foreseen challenges with reduced H,

e Impact on frequency trajectory after power
imbalance (mainly during first seconds)

e Decrease of inertia;

A. Higher Rate Of Change Of Frequency (ROCOF)

S

50,1

50

49,9

Typical frequency trajectory after power imbalance

——Hsys=2s

——Hsys=5s

A. Increased ROCOF

——Hsys=8s

]
. Generator compliance: effect on life time? ] o8
. Unintentionally activation of ROCOF relays (e.g. % 49,7
GB: 0,125 Hz/s and Ireland 0,5 Hz/s) &
— . . 49,6
. Timing issues related to load shedding schemes B. Lower minimum frequency
B. Lower minimum frequency 49,5
* Activation of load shedding (e.g. 49 Hz CE and 48,8 19,4
Hz Nordic) 05 ©05 15 25 35 45 55 65 75 85
o Time [s]
Problems are often very system specific
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When to act?
Synchronous inertia: how low can we go?

e Minimum inertia for each synchronous area, depending on...
* Considered reference incident: Take into account system splits?
*Installed protection devices and settings

* Allowed ROCOF/frequency ranges (e generator, turbine, converter, ... compliance)

* Dynamics of primary control (type, speed, ...) Hy, Minimum output
' e o !
| | . . / plants is reached
e |[nertia vs converter connected penetratlon
- Dispatch of remaining conventional power plants s B
H,ysmin

* Type and size of spinning power plants

\J

0% C B A 100%
Converter connected generation
Load
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Proposed solutions
MANAGE

ROCOF and anti-islanding
solution & retrofitting

Increase allowed ROCOF

and frequency limits

Testing of generator
compliance
How far can we
stretch limits?
Grid code modifications

ROCOF withstand capability
Allowed frequency ranges

TRACTEBEL

CNGie

ADAPT

Limit injection/load at a
single point of the network

Limit the amount of
converter connected
penetration

Incentive power
plants with high
inertia

Operate power
plants at (lower)
partial load

Keep synchronous

Decrease :
Inertia above

contingency size
Hsys,min

Additional
Synchronous
compensators

Grid forming
converters: VSM,
VSMOH,...?
with “true” inertia

Frequency/inertia support
by converters

Fast Frequency
Response

Virtual (=synthetic,=emulated)
inertia



Proposed solutions
Frequency/inertia support by converters

e Virtual (=synthetic,=emulated) inertia:

Power output of converters becomes
“coupled” to the measured grid frequency

Electromechanical

Synchronous generator decoupling
(conventional power plant) ~~/" "N\ — e .

Wind

PV

"Restore coupling"
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CNGie

Frequency
at COI

(Tqor)
o 1

0
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Proposed solutions
Frequency/inertia support by converters

e Virtual (=synthetic,=emulated) inertia:
— o« ROCOF response (A)

— Step response (B) Also sometimes defined as

“Fast F R
— Droop response o Af as req(lli?:n;;/ . esbonse

e Which units?

— Wind turbines (deloading or using stored kinetic energy)

1.0E+10

1.0E+08

1.0E+06

1.0E+04

Stored energy [Ws]

LOEHD2 F

L @® Steam units
® Wind turbines

® Hydro units
® Large scale PV units

Small scale PV units ® HVDC
— PV (with storage or deloading) L.OE+00
1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07 1.0E+08 1.0E+09 1.0E+10
) _ Rating [W]
e Implementation in power systems:
— Synthetic inertia by wind turbines in Hydro-Québec's electricity transmission
system — Not for inertia issue, but mainly to compensate for slow hydro
governor response
— Fast Frequency Response as a new product in Ireland
TRACTEBEL G G e — G e 0 @
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Electromechanical

P r O p O S ed S O I u t i O n S Synchronous generator dgcoupling |

(conventional power plant) /"N _—._ e

Grid forming converters Wing
; : PV
e Towards a power system without synchronous machines \></
e Grid forming converters
— Set the frequency Electromechanical
Synchronous generator decoupling
— Share load imbalances with each other using droop control (conventional power plant) e :
- - Wind
e Already implemented? : :
e . : PV
— (Small) microgrids \_/
) ) ) "Restore coupling”
— Offshore wind power plants with HYDC connection
e Not yet considered for large power systems , ,
Electromechanical Electromechanical
decouplin decouplin
— Protection? : P : : P
Wind : ‘ Wind
— Additional communication layer required?
PV PV

e Energy storage required!

TRACTEBEL G —
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P r O p O S ed S O I u tl O n S = Limit size of large interconnectors between
Easy to implement?

synchronous areas (e.g. HVDC links) = conflict
with grid development?

= Minimum system inertia by
R:?tr.oflt‘[mg of G.rld code modifications (ROCOF conventional power plants
existing ROCOF withstand and ROCOF relays) for
relays new units

- conflict with high penetration of
renewables (i.e. result in curtailment
[ Redispatch for a few ] Testand proofhigher ROCOF of renewable energy un\ts)?

withstand capability of
hours/year existing units

! .
Incentive power

Limit single plants with high
injection/load in the inertia (H as market
network product)
L
e
Many additional Operate power plants at
synchronous (lower) minimum load

compensators (25-30%)

I [ Grid forming converters ]
[ Fast frequency response ] [ Virtual inertia ]
“ - o New market products, Power system paradigm
Low hanging fruit ) . X
ancillary services and shift

operational principles

TRACTEBEL

CNGie
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European system
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Current practice (ENTSO-E)

A. Committee on System development & design

— Studies on long term system development: Ten Year Network
Development Plan (TYNDP)

Describe and analyze
the influence and When to act? Solutions

— Legislative obligations defined in the Grid connection Codes (CNC)

& their corresponding implementation guideline documents problems

B. Committee on System operation

— Legislative obligations defined in the system operation

guideline/codes (SO GL) Study long term Define technical
development & Identify tipping capabilities (A.)

- . . . erformance (A. ;

— Specific studies performed by the regional working groups P () p”";;ziz‘e'::::z”“
Short term maintain stability Dei 0

1 . i (B.) ine ancillary
c. Committee on Markets dynamic stability oo
performance (B.) operations (C.)

— (No specific market design/product yet, but internal
considerations on inertia as a future ancillary service)

TRACTEBEL i Sy i S T S —



Current practice (ENTSO-E)

e ENTSO-E tries to harmonize rules and coordinate the implementation
— Network codes related to inertia: mostly non-exhaustive and non-obligatory
— System operation: inertia studies on synchronous area level

e Each synchronous area tackle the issue of low inertia in their own way:
— Continental Europe

* TSOs often apply conservative approach

* General trend: higher ROCOF withstand capability and ROCOF relay settings (>1 Hz/s over 500 ms)

— Other synchronous areas
* Small areas are in general more prone to inertia issues

* Ireland and Great Britain: forerunners in the implementation of new services!

TRACTEBEL G G e — G G ——
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Current practice (GB and Ireland)

TRACTEBEL

eNGie

Instantaneous penetration of non-synchronous renewables with respect to
the total demand in each synchronous system for 2010-2020.

40%

-
30% I

20%

= R
LR

v
v
10% | l I v . .
- -~ - L] -
0%
2010 2015 2020 2010 2015 2020 2010 2015 2020 2010 2015 2020 2010 2015 2020 2010 2015 2020
IRELAND & GREAT BRITAIN CONTINENTAL SCANDINAVIA CYPRUS MALTA
NORTHERN IRELAND EUROPE

Source: EirGrid,SONI &SEMO, “The DS3 Programme: Delivering a Secure, Sustainable Electricity System,” The
EirGrid Group, Brochure, 2011.
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Current practice (GB and Ireland)

e Great Britain (GB)
— Limiting the largest credible loss
— Increase ROCOF relay settings

— New frequency control services & additional synchronous compensators

e Ireland

RENEWABLE DATA
~
VOLTAGE FREQUENCY

PERFORMANCE
MONITORING

— DS3 programme to cope with high penetration of renewables (mainly wind) -
SERVICES OsM

— Increase ROCOF relay settings

— New services:

« Fast frequency response

CENTRE TOOL S
* Synchronous inertia as a system service!
STUDIES

Source: EirGrid, SONI &SEMO, “The DS3 Programme: Delivering a Secure, Sustainable
Electricity System,” The EirGrid Group, Brochure, 2011.
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Inertia assessment for Continental Europe (2030)

Approach and methodology

Hourly dispatch of f q
Input data generation per De_ttermlne actltve Inertia calculation
country units per country

e Input data: EUCOS30 policy scenario & TYNDP2018

e Inertia calculation using:

TRACTEBEL

eNGie

Lignite

Results: Post
processing &
analysis

Typical rating [MW] | Typical inertia constant H [s]
3.8

208
361
168
310
869
153
140
59
140
104
150

4.1
4.3
3.9
6
4.3
4
2.7
4
3.7
3
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Inertia assessment for Continental Europe (2030)

Approach and methodology

e EUCO30 policy scenario

ETS (Emission Trading scheme)
emissions: 43% less in 2030 than in 2005

Non-ETS emissions: 30% less in 2030
than in 2005

Green house gasses compared to 1990:
40% down in 2030
80-85% down in 2050

Targets

Energy efficiency:

Reduced primary energy by 27% in 2030
compared to 2007

RES in 2030:
27% of gross final energy demand

TRACTEBEL

eNGie

Estimated share capacity with H=0s by 2030

Average 43.62%
West Denmark (dkw)
Germany (de)
Belgium (be) I 54.04%

Greece (gr)

66.65%
65.31%

Spain (es)

The Netherlands (nl)
Austria (at)

Italy (it)

Romania (ro)
Bulgaria (bg)
Portugal (pt)
Croatia (hr)
Slovenia (si)

France (fr)

Poland (pl)

Estonia (ee)
Luxembourg (lu)
Czech Republic (cz)
Hungary (hu)
Malta (mt)
Lithuania (It)

Latvia (lv)

Montenegro (me)

Bosnia and Herzegovina (ba)

Serbia (rs)
Slovakia (sk)
Switzerland (ch)

Republic of Macedonia (mk)

Albania (al)

0% 10% 20% 30% 40% 50% 60% 70%
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Inertia assessment for Continental Europe (2030)
Results: Post processing & analysis

Maximum available kinetic energy 2030: Distribution of maximum available kinetic energy

|ﬂ 2020: Average Immm———— 5/

France (fr

Germany (de

Italy (it]

2633 GWs
Poland (pl

The Netherlands (nl

Austria (at

Switzerland (ch

Czech Republic (cz

90/ Romania (ra

= 0 Portugal (pt)
Greece (gr,

Belgium (be

Slovakia (sk

Hungary (hu

Bulgaria (bg|

I n 2030. Serbia (rs
. Croatia (hr]

)
)
)
)
)
)
)
Lithuania (It)
)
)
)
)
)
)

I —— 513
—— 315
Nk
I 207

)
)
)
)
)
)
)
)
)
)

Bosnia and Herzegovina (ba

Slovenia (si
Albania (al
West Denmark (dkw’

Latvia (v

Republic of Macedonia (mk]
Estonia (ee)

Luxembourg (lu)
Montenegro (me)

Malta (mt)

TRACTEBELA 0 100 200 300 400 500

P oo Kinetic energy [GWs] .



Inertia assessment for Continental Europe (2030)
Results: Post processing & analysis

 fr

2000
1800
1600
1400
1200
1000
800
600
400
200
0

Kinetic energy [GWs]

S O
\,90909%%
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Total Second week of 2030
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Inertia is highly depending on the load
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Inertia assessment for Continental Europe (2030)
Results: Post processing & analysis

e fr s de it es Total

2000 Max=1850 GWs
1800

1600 -
1400

1200 n
1000 ™

8

Kinetic energy [GWs]
[=)]
8

Kinetic energy [GWs

8

Min=661 GWs

F F F F g
R CER GER CR CER CER CaOC O % ‘ . . . o
U@ @ aP ¢ S 0% 20% 40% 60% 80% 100%

RN S
» P PP F S 400

Percentage hours of the year [%]

Current reference incident is 3 GW:
e Only 37,5 GWs required to keep ROCOF below 2 Hz/s

e Only 75 GWs required to keep ROCOF below 1 Hz/s
TRACTEBEL i Sy i S T S —
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Inertia assessment for Continental Europe (2030)
Results: Post processing & analysis

Minimum imbalance to originate 1Hz/s

Minimum imbalance to originate 2Hz/s

140

Sufficient inertia/kinetic energy is always 120
available to cover:

= 100

e imbalance of 26 GW and keep ROCOF below 1 Hz/s % 80

e imbalance of 52 GW and keep ROCOF below 2 Hz/s g 60

£ 40

E(} Large system splits are not considered! 20

0% 20% 40% 60% 80% 100%
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Conclusions
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Conclusions

e Higher converter connected penetration leads to a reduction of synchronous inertia

e Lower inertia will impact the frequency response
— Higher ROCOF

— Lower minimum frequency
e Myriad theoretical solutions exist in order to tackle the issue related to low inertia
— Take into account complexity and impact of the implementation!

— Very system specific approach often required

e Although ENTSO-E tries to harmonize rules and coordinate the implementation, currently
each synchronous area tackles the issue of low inertia in their own way
e Continental Europe in 2030: Sufficient inertia available

TRACTEBEL G — G G ——

CNGie



Recommendations

e For Continental Europe (Low inertia situations are very unlikely but not impossible in the far future!)

— Gradually put in place a tool to monitor and forecast the inertia at operational level (cooperation between all TSOs
within Continental Europe required)

— Define procedures to cope with the lack of inertia (for now: just apply redispatch to increase the inertia)

— Review regularly the long-term needs to check if other measures to cope with the reduce inertia are necessary

e For other (smaller) synchronous areas within Europe
— Detailed studies have been carried out and solutions are being implemented (see Ireland and GB)

— They can be considered the European forerunners with respect to operating a power system with low inertia: it is
therefore important to share the main outcomes, problems and experience with the TSOs from other synchronous

areas.

e For small islanded systems

— Local, ad-hoc solutions are required which are very system specific. No coordination between different operators is
normally needed.
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Thank you for your attention

Questions?
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