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Stortingsvedtak fra 22. feb. 1996:

IL.

Ved alle nye feltutbygginger pa norsk sokkel skal det legges fram en oversikt over energimengden
og kostnadene ved a elektrifisere installasjonen framfor a bruke gassturbiner.

Tiltakskost

NPV(Capex + Opex)pes - NPV(Capex + Opex)yot pes
NPV(CO,) ot prs - NPV(CO,)pes

Abatement cost =
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Nar er elektrifisering gunstig?

» Kort avstand fra land

« Lett tilgjengelig nettilkobling ute ved kysten
 Lavt varmebehov

» Mulighet for a selge gass

« Viktige tall:

Fremtidig kraftpris

Fremtidig gasspris

Fremtidig pris for utslipp av CO2
CAPEX

Prosjektets internrente er viktig for tiltakskosten
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raftpris

“

« Kraftbransjen forventer lave kraftpriser i arene som kommer
Forbruket gker ikke som far

Norge og Sverige har forpliktet seg til 28,4 TWh ny kraft

Det regner mer enn fgr (selv om det har veert tart denne sommeren)

28 November 2018 © Unitech Power Systems as 6
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Utvikling av gasspris
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* Kurven viser «Equinor internal price» som er et beregnet volumbasert
gjennomsnitt av flere gasspriser (kilde: Equinor hjemmesider)

« Gassprisen varierer med leveringspunkt (pga. transport i rar)
« Gassprisen fglger til dels oljeprisen, men prisendringer er «forsinket»
« Gass handles mer gjennom lange kontrakter enn f.eks. olje
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Utvikling av CO2 kvotepris

* Prisi€/tonn
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Technical requirements and solutions

 Requirements
— Onshore grid voltage performance
— Offshore system voltage performance

« Solutions:
— Gjga og Troll A: Onshore transformers with OLTC voltage regulation
— Goliat og M. Linge: Onshore STATCOM / SVC
— Valhall og J. Sverdrup: HVDC — «no problem»

 «New» solutions:
— Series compensation
— AFE (active front end) drives

— Power from shore as emergency power source
— Others
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General requirements

Onshore grid 132 kV
xx MVA é « Minimize offshore weight and

o 5 ST space requirements

— Reactive power compensation

Cable equipment located onshore (not
offshore)
Offshore installati
Shore INSTATation 1 a0 145 kv soz — Limiting rating of DOL motors
2 2 .
VA @ — AC-solutions preferred
N — HVDC solutions require

offshore converters

i 11 kV
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Onshore requirements
Onshore grid 132 kV
VA é Voltage performance

90 - 145 KV 50 Hz — Energization of cable
Y — Trip of cable

— Trip of offshore load
Cable

Reactive power exchange at
Point of Common Coupling-PCC

Offshore installation 4 90 - 145 kV 50 Hz

Grid strength

2
xx MVA @ — Strong grid — stationary
compensation OK

— Weak grid — dynamic
compensation may be required

i 11 kV
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Onshore grid 132 kV
xx MVA

Cable

Offshore installation/ A4

90 - 145 kV 50 Hz

90 - 145 kV 50 Hz

Offshore installation requirements

Voltage performance

— Sudden loss of load
— DOL motor starts

Onshore dynamic compensation
may be required to improve
offshore voltage performane
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AC cable requirements

Onshore grid 132 kV
%X MVA é Increasing load and distance from
shore—

90 - 145 kV 50 Hz Higher operating voltage required

— Reduced offshore voltage
variations related to changes in
load level

— Higher capacitive charging
Offshore installation 4 currents

90 - 145 kV 50 Hz ) _
* Larger impact on onshore grid
voltage during energization

- * No load current may represent the
xx MVA @ maximum cable current

» Discharging of cable — inductive
Voltage Transformers may be
Q thermally overloaded

Reliable ac cable

11 KV — Non redundant system design

_@
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Current distribution along a 123 kV cable

Current profiles for 240mma2 cable
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123 kV cable design

w— 54 MW load
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w35 MW |oad
20 MW load
e 10 MW l0ad
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Voltage profiles for 240mma2 cable
108
106 \\
. - \
S 102
=
&
:3 100 | — ——
98—
9%
94 +———————t———+ +— +——t———t—————————— +—1 —+
0 10 20 30 40 50 60 70 80 90 100 110
Distance from landfall [km]

28 November 2018

© Unitech Power Systems as

15



UNITECH

POWER SYSTEMS

Mongstad 132 kV Kollsnes > 300kV
70 MVA 2 x 80 MVA
Existing Martin Linge plant
90 kV 50 Hz 100 kV 50 Hz
2 2
A 4
SvVC
2 X 2 x
100 km 240 mm2, 110 (123) kV +/- 50 MVAr 40-60 MVAr Y
170 km 300 mm2, 132 (145) kV

nga * 90 kV 50 Hz

2 2
12 MVA @ 9,1 MVA 42 MVA @

M. nge ‘r 100 kV 50 Hz

i 11 kV | 11 kV
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Mongstad g 132kV Kollsnes ?ﬁ? 300 kV
70 MVA 2 x 80 MVA

Hz

2,132 (145) kV

Hz

28 November 2018 © Unitech Power Systems as 17
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Lista
300 kV, 50 Hz

78 MW

290 km IRC, 0/ -80 kV DC

Valhall
11 kV, 60 Hz
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Valhall - Ula Module on the Valhall PH patform

Offshore Power From Shore (PES) Module:

L=30m, W=17 m, H=136m PES Module
Weight of equipment 150 tons

28 November 2018 © Unitech Power Systems as 19
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«Nye» lgsninger
Seriekondensator

 Redusertinduktans i
overfgringen

* Mindre spenningsvariasjoner
offshore ved motorstart og
lastavslag

« Brukt for luftledninger pa
land

 |kke brukt for
kabelforbindelser (enna)

Land ? kV

’@ 75 MVA

- 300 )

120 MVAr %

Offshore, typ. 90 - 170 kV

1

Kabel:

> (100 + j100) Q

(100 +j130) Q/

3
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«Nye» lgsninger
Seriekondensator ——

(100 +j100) ©
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Omformere med AFE

Ofte finnes det store
kompressorer som ma
mates med
frekvensomformere

Med AFE far vi en «gratis
SVC» pa innretningen

Bedre a kompensere
offshore enn onshore

Lynrask spenningsregulering

lkke brukt (enna), men
leverandg@rene (og vi) ser
ingen grunner til at ikke dette
skal fungere

100 km 240 mm2, 110 (123) kV

Offshore

Onshore

70 MVA

g 132 kV

90 kV 50 Hz
\ 4

T 90 kV 50 Hz

-] |, :
12 MVA

Active Front End
AFE

~y

~

11 kV




«Nye» lgsninger

Kraft fra land som noedkraftkilde yowEIRLETEM"!

Emergency System Main Power System

Power from shore

D/T

ESDI

System 80
11 kV
_—

M -
Advantages: System 82
Emergency power System 71 SRS
and fire water Fire water pumps
available
without start of
diesel generators Summarizes: Power from shore, ess. back-up, emerg.,

fire water pump supply
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«Nye» lgsninger

* Flere «nye» lgsninger:

— Subsea reaktorer og transformatorer
— HVDC pa flyter? Dynamisk HVDC kabel?
— Svivelspenning pa 100 kV

* Det er gjort mye studiearbeid for dette
uten at det er tatt i bruk forelgpig

« Havbasert vindkraft — mange synergier
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Hvor langt kan vi ga med AC?

* Mye lengre enn jeg leerte pa hgyskolen pa
slutten av 1980 tallet

* Avhenger av
— Last
— Lastens cos ¢
— Starste lastavslag — NB! |[kke 100%
— Nettet pa land

* Lengste vi har regnet pa sa langt er 265 km
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