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The Nordic frequency quality is not Statnett
satisfactory today
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The largest frequency deviations
occur morning and evening with
large changes in production,
demand and HVDC exchange.

. / The main cause is considered to
100 be structural imbalances.

Source: Systemdrifts- og markedsutviklingsplan 2014-2020
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What are Structural Imbalances? Statnett
(Deterministic Frequency Deviations)

Demand

. Generation
e Structural imbalances

* Imbalances within an hour due to a repetitive and
predictive mismatch between generation, demand t
and exchange, mainly caused by:

= Bilateral or market trade with hourly resolution
= Hourly resolution in plans for generation and exchange
= Administrative rules for HYDC exchange

» Note: Nobody can be "blamed" for the structural imbalances; nobody is
doing anything wrong to cause the imbalance

« Stochastic imbalances
* Imbalances caused by sudden and unpredictable events during operation
= Qutages and other contingencies

= Forecast errors
‘ ‘



New tools are needed to reduce the Statnett
structural imbalances

* Nordic frequency quality must be improved
» Several new HVDC connections are in planning

* More efficient use of HVYDC connections requires faster change of flow
direction -> Ramping throughout the hour: Continuous Ramping.

» Continuous ramping will increase the structural imbalances

» This challenge must be handled to avoid further reductions in
frequency quality

Current Future
‘ The current operator tools are
- - y considered to be insufficient
| “ for the increased challenges
y |
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: Statnett
Current operator tools to handle imbalances

o Structural imbalances within an hour

— Planning phase: Administrative requirement for quarterly schedules when
large changes occur over two hours

» Inconsistent with gate closure time in the Elbas market (T-1).
» Large changes over one single hour not handled

» Energy balance required, quarterly steps not adapted to system requirements
» Many small changes may add up to large structural imbalances

— During operation: TSO can shift schedules with up to +/-15 min from plan
» Efficient tool, but manual activation is demanding for operators
» Increased risk by entering the operational hour with large imbalances

« Stochastic imbalances (during operation)

— Automatic reserves; FCR and FRR-A

— Manual reserves; Regulating Power Market (FRR-M and RR)

— Frequency operated system protection

» Note: Automatic reserves are influenced by the structural imbalances
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. . Statnett
Key premises for future solution e

» Increased stochastic imbalances should be solved during
operation as today

 If necessary with increased amount of reserves

> Increased structural imbalances should be solved as far as
possible in the planning phase

- The main part of the structural imbalances are known already in the
planning phase

* Reduces the risk caused by operating the system with large
imbalances

«  Will reduce the need for schedule shifts during operation and thus
reduce pressure on the operators

- Allows the generation owners to include quarterly steps/adjustments
in their optimal scheduling

e et ! ‘



New tool: "Smoothing" algorithm Statnett

- Day-ahead calculation of system imbalance in 5 min steps

* |nput
« Consumption forecast: Linearization of quarterly values
* Generation schedules: Hourly schedules adjusted around hour shift
(+/- 5 min)
* AC exchange: Linearization of hourly values (+/- 30 min)
« HVDC exchange: Brake point values with 5 min resolution
* (Nordic frequency response (MW/Hz))

» Smoothing of hourly plans to quarterly steps when system
iImbalance exceeds chosen threshold values

» Planned schedule changes are shifted in time, but not size
» Special rule for schedule changes exceeding 400 MW

* Current rule for +/-15 minutes schedule shifts during operation is
maintained

e et ¢ A



"Smoothing" algorithm Statnett
- basic principles

1.

S.

Threshold value to initiate Smoothing
 WHEN do we order Smoothing schedules?

Calculate Smoothing volume
« HOW MUCH smoothing do we order at each hour?

Selection of appropriate generators to activate

* Choice according to planned hourly schedule change
Extra large changes (>400 MW) split in two

Tolerance / Lower boundary of schedule change 20 MW
Location and risk of congestion considered

Generator owners can shift or decline ordered smoothing

Balance settlement and compensation

 Initial compensation for implementation (250,000 NOK)

* Fixed compensation for administration (200,000 NOK/year)

« Compensation per smoothing activation (5 NOK/MWh)

« Compensation for energy imbalance - best of spot price and RPM
price in same direction as Smoothing

« Evaluation after one year

Verification of ordered smoothing _



Simplified illustration Statnett
1. Threshold value to initiate Smoothing

MW

Maximum structural

- imbalances (MW) occur
5 min before and 5 min
after hour shift.
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Simplified illustration Statnett
2. How much smoothing do we order?

| - Shifting of maximum
imbalance (at -5 min)

~gives large "overshoot"
at -15 minutes

h|

MW
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Simplified illustration Statnett
2. How much smoothing do we order?

» Imbalance at +/-10 min is shifted 15 min
» Trade-off between risk of overshoot at 45 min and reduced smoothing at 55 min

- Estimated imbalance at
+/-10 min (MW) shifted
15 minutes

- Activation in 5 min

MW

20 25 30

Minutes

—e—Demand Generation




Simplified illustration Statnett
Smoothing +/-15 min and +/-30 min

» Trade-off between risk of overshoot and reduced smoothing
1. Imbalance at +/-25 min is shifted 30 min
2. Remaining imbalance at +/-10 min is shifted 15 min

1. Estimated imbalance
at +/-25 min (MW) is
shifted 30 min

R

MW

2. Remaining imbalance

' N q 0
/ at +/-10 min (MW) is
T -1-¢ shifted 15 min
30 35 40 45 50 55 0 5 10 15 20 25 30
Minutter
—e— Demand Generation  =—#=— 15 min Smoothing  =-= 30 min Smoothing
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Statne
Smoothing algorithm - Example e

1. If maximum imbalance before or after an hour shift exceeds 600 MW,
imbalance at +/-25 min will be shifted +/-30 minutes

+/-30 min Smoothing
needed at hours 6

Ubalanse (MW) ) and 7
1500 < -

1000

500

MW
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-1 000

-1500

-2 000
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Statnett
Smoothing algorithm - Example

1. If maximum imbalance before or after an hour shift exceeds 600 MW,
imbalance at +/-25 min will be shifted +/-30 minutes

Generation shifted
+/-30 min at hours 6

Produksjon (MW) ) and 7
25000 1

24 000

23000

22000

21000

MW

Produksjon_0
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Statne
Smoothing algorithm - Example e

1. If maximum imbalance before or after an hour shift exceeds 600 MW,
imbalance at +/-25 min will be shifted +/-30 minutes

- Generation is shifted

Ubalanse (MW) +/-30 min at hours 6
1500
and 7
’ 1
1000
500
0
= Ubalanse
=
Glatting
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---- Terskel
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-1500
-2000
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Statne
Smoothing algorithm - Example e

1. If maximum imbalance before or after an hour shift exceeds 600 MW,
imbalance at +/-25 min will be shifted +/-30 minutes

2. If remaining imbalance before or after an hour shift exceeds 450 MW,
imbalance at +/-10 min will be shifted +/-15 minutes

Ubalanse (MW)

Further +/-15 min
Smoothing needed
athours 5,6 and 7
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500

Ubalanse
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Glatting
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Statne
Smoothing algorithm - Example e

2. If remaining imbalance before or after an hour shift exceeds 450 MW,
imbalance at +/-10 min will be shifted +/-15 minutes

Produksjon (MW)
25000

Generation is shifted
+/-30 min and +/-15
min

—

24 000

23000

22000

21000

MW

Produksjon_0

20000 —Prod_Glatting

~ Generation is shifted
| only +/-15 min




Statne
Smoothing algorithm - Example e

1. If maximum imbalance before or after an hour shift exceeds 600 MW,
imbalance at +/-25 min will be shifted +/-30 minutes

2. If remaining imbalance before or after an hour shift exceeds 450 MW,
imbalance at +/-10 min will be shifted +/-15 minutes
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S umma r'y Statnett

« The suggested Smoothing algorithm is better suited to meet

actual system needs than current tools

* Ordering of Smoothing based on estimated system imbalance rather than a
deterministic requirement to submit 15 minute schedules

» Actual production schedules on generator level is a good basis to calculate
smoothing volumes

» Avoids instructions that may affect generator efficiency adversely
* Only generation already scheduled for up or down regulation is considered
« Planned generation changes are shifted in time, but not size

* The generator owners are given flexibility to shift the required schedules
within the Elspot area, or to reduce or declined the ordered smoothing

* Includes also smaller schedule steps per unit
* Current threshold 20 MW (compared to previous 200 MW)

* |n operation medio June 2015

 Conditions
http://www.statnett.no/Drift-og-marked/Systemansvaret/Systemtjenester/Produksjonsglatting/



http://www.statnett.no/Drift-og-marked/Systemansvaret/Systemtjenester/Produksjonsglatting/
http://www.statnett.no/Drift-og-marked/Systemansvaret/Systemtjenester/Produksjonsglatting/
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LARM test 02.05.2015
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Statnett
LARM Test

Production schedules before Smoothing

& LARM - Versjon: 8.8.10.0 - Innlogget som: admin o @[ =
Send og motta  Primaer  Sekundamr RKOM  Regulerkraft Produksjon  Forbruk  Kapasitet  Nettmodell  Administrasion  Hjelp
Strulturell ubalanse x| Produksjon * | Integrasjon grensesritt < | Pr inger x
Dato Elspotomrade Stasjonsgruppe  Vis Handlinger ()
[ =
B8 * @ Med fiytting og med RK Tullstil filtre
Uke 18, . 2. mai 2015 NO1 © Med ﬂ)’tt\?’\g
Sist oppatert: NO4
01052015 15:09:57 lieiy ) Opprinnelig kjareplan
2454
)
630
ass
0800 0815 06:30 06145 07.00 07.15 D?‘SH 117-46 BB.E“ DB.'\E 08:30 0846 0200 0815 BE.SH 0945
« i 1 v
| Oppgaver: 1 nestetime [ Automatisk varsling [ =2 ]|
Fremtiden er elektrisk




LARM Test

Statnett
Imbalance before Smoothing

" LARM - Versjon: 8.6.10.0 - Innlagget som: adrmin S e =
Send og motta  Primser  Sekundar RKOM  Regulerkraft Produksjon Forbruk Kapasitet Nettmodell  Administrasjon  Hjelp

Stk balznse % | produksjon = | miegrasion grensesni = |

Dato vis Handlinger

Graf ubalanse Start glatting

UebohZnalzets © Klargjar bestiling Send bestiling |

Sist oppatert:

01.05.2015 15:07:39 ) Bestillingsstatus Eksporter underlag

Glatting av strukturell ubalanse

0100 0200 03:00 0400 0500 06:00 o700 0800 0300 1000 1100 12:00 13.00 1400 1500 18:00 17:00 18.00
o \atistubat |
|

— Gjeldende ubalanse

19.00 20:00 2100 22:00 2300

| Oppgaver: 1 neste time
Fremtiden er elektrisk

Automatisk varsling [ =4 ]|




Statnett

LARM Test
Ordered shifts

sjon: 8.8.10.0 - Innlogget som: admin

Sekundmer  RKOM  Regulerkraft sksion  Forbruk  Kapasitet ssjon  Hptlp
- ji x duksj dri x
Dato Vis Handlinger
joz.os.zms =) Graf ubalanse | stan glatting
s 1 ® Klargjar hestiling | Send bestiing
Bestillingsstatus Eksporter underlag
Beregnet Unnta fra

Stasjonsgruppe  Aktor Omride Start kl. Stopp kI, effekt beregning
no2 00:30 00:45 -zr000 [ G
NOS 00:30 00:45 -70,000 ]
nNOZ 00:45 01:00 ~290,000 ]
NOZ 00:45 0L:00 ~54,000 ]
NOS 00:45 0L:00 -70,000 ]
NOS 00:45 01:00 -44,000 )
MOZ 01:00 0L15 290,000 ]
NOS 01:00 oL:15 150,000 a8
NOS 01:15 01:30 150,000 a8
MOS 07:30 07:45 60,000 ]
NOS 07:30 07:45 149,500 a8
nNOZ 07:45 0E:00 225,000 ]
NOZ 07:45 0E:00 488,250 ]
NOS 07:45 08:00 60,000 ]
NOS 07:45 08:00 149,500 )
NOZ 08:00 08:15 -30,000 &
NOZ 08:00 08:15 -225,000 ]
nNOZ 08:00 08:15 -488,250 a8
NOS 08:00 08:15 -140,000 a8
MOZ 08:15 08:30 -30,000 ]
NOS 08:15 08:30 ~140,000 8
NOZ 16:45 17:00 375375 ]
NOS 16:45 17:00 58,000 ]
nOZ 17:00 17:15 50,000 ]
NOZ 17:00 17:15 -375,375 a8

Endret av akter For hay effekt/timecut

Fremtiden er elektrisk




Statnett
LARM Test

Ordered shifts => Confirmed shifts

100 - Innlogget som: adrmin " LARM - Versjon: 8.8.10.0 - Innlogget som: admin

REOM  Reg ksjon  Forbruk  Kap on_ Hye Primeer  Sekundser RKOM  Regulerkraft  Produk Forbruke  Kapasitet Ay Hjel
Strukturell ubalanse x jon i itt = duk d ® Strukturell ubalanse = | produksjon % | Integrasjon gr itk % | P j inger * X
"
Do u (LRE T ) Dato Vis Handlinger
dJozoszors || » Graf ubalanse Start glatting
L I‘ - L going J Im ot DJ Graf ubalanse
18 @ Klargjer bestilling Send bestilling i
2 Klargjar bestilling
Bestillingsstatus Eksporter underlag oppdatert =
i 01,05 19:18:42 @ Bestillingsstatus Eksporter underlag
Beregnet Unnta fra
Stasjonsgruppe  Akter Omrlide Start kI, Stopp kI, effekt beregning Bestilt Bekreftet
MOZ 00:30 o0:45 -zr000 [ G Omride Start kL. Stopp K. effekt effekt Status
MOS oo:s0 oo:4s 70,000 a8 [ler} 00:30 00:45 -27,000 27,000 OK
NOZ 00:45 oL:00 -290,000 @ OS5 00:30 00:45 -70,000 -70,000 OK
Noz 045 01:00 54000 a NO2 00:45 01:00 -290,000 -290,000 OK
[ 4! P E
NOS 00:45 oL:00 70,000 ] NO2 00:45 01:00 -54,000 -54,000 OK
NOS 00:45 o100 -44,000 )
— NOS 00:45 01:00 -114,000 114000 OK
NOZ 01:00 0115 290,000 o
= NO2 01:00 01:15 290,000 290,000 OK
NOS 01:00 o115 150,000 ]
. o115 oran . 4 NOS 01:00 01:15 150,000 150,000 OK
NOS 07:30 07:45 60,000 ] NG5 01:15 01:30 150,000 150,000 OK
NOS 07:30 07:45 149,500 & NOS 07:30 07:45 209,500 209,500 OK
NOZ 07:45 0E:00 225,000 ] NO2 07:45 08:00 225,000 225,000 OK
MOz 07:45 DE:00 488,250 (] MNO2 07:45 08:00 488,250 488,250 OK
MOS 07:45 0:00 60,000 ] NOS 07:45 08:00 209,500 209,500 OK
MOS 07:45 08:00 140500 ) NO2 03:00 03:15 -30,000 -30,000 OK
noz uE00 0ELS -30,000 @ NO2 08:00 08:15 +225,000 -225,000 OK
oz o J&da et 8 NO2 08:00 08:15 -488,250 -488,250 OK
NOZ 08:00 0815 -488,250 ]
NOS 08:00 08:15 -140,000 -140,000 OK
NOS 08:00 0E:15 -140,000 8
NO2Z 08:15 08:30 -30,000 -30,000 OK
NOZ 08:15 0E:30 =30,000 B
TS o P 00 - MNOS 08:15 08:30 ~140,000 -140,000 OK
s o 0 15,475 8 NO2 16:45 17:00 375,375 375,375 OK
HOS 16:45 17:00 55,000 8 NOS 16:45 17:00 58,000 SE000 OK
MOZ 17:00 17:15 -50,000 ] NOZ 17:00 17:15 -50,000 50,000 OK
NOZ 17:00 1715 -375,375 ] NO2 17:00 17:15 -375,375 -375,375 OK
Endret av akter For hay effekt/timeout Endret av aktar For hay effekt/timeout

Fremtiden er elektrisk




Statnett
LARM Test

Production schedules after Smoothing

 LARM - Versjon: 8.8.10.0 - Innlogget som: admin EEES
Send og motta  Primar  Sekunder RKOM  Regulerkraft Produksjon Forbruk Kapasitet Nettmodell  Administrasjon  Hjelp
strukturell ubalanse x | produksion = | Integrasion grensesnitt % inger x | Jtor x|
Dato Elspotomrade Stasjonsgruppe  Vis Handlinger )
[aite -
Biojos © Med fiytting og med RK Mullstill filtre
Like 18, jn. 2. mar 2015 NO1 © Med ﬂyttmg
Sist oppdatart:
01,05 2015 19:22:38 Filtrer... ©) Opprinnelig kigreplan
8z
713 712
830 Lot
305
ﬁ .
ﬂ5:46 08.00 08115 0830 0846 0700 0715 BT-EH “7-46 08:00 HB.'\S 0830 0B46 0900 0915 0830
« it ,
| Oppgaver: 1nestetime [¥]Automatiskvarsing [ == ]|
Fremtiden er elektrisk




LARM Test

Imbalance after Smoothing

Statnett

& LARM - Versjon: 8.8.10.0 - Innlogget sam: admin =S
Send og motta  Primar  Sekundser RKOM  Regulerkraft Produksjon Forbruk Kapasitet Mettmodell  Administrasion  Hijelp
Sudurel ubstznse % proclion | megrasion grensesnitt ¢ | inger x| Aldsr x
Dato Vis Handlinger
foroszois [ x| ) Graf ubalanse Start glatting
it e © Klargjer bestilling send bestilling
Sist oppoiatert:
01.05.2015 19:23:1¢ Bestillingsstatus Eksporter underlag

Glatting av strukturell ubalanse

0200

03:00 0400

o500 0600 o700 0800 0200 10:00 1100 1200 1300 1400

— Gjeldende ubalanse == Opprinnelig ubalanse = Glattet ubalanse

1500

18:00
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18:00

18.00 20:00

| Oppgaver:
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2200 23:00

Fremtiden er elektrisk
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