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Executive summary

The purpose of this study is to analyze the effects of implementing implicit grid losses on the-DC
interconnectors connecting Nordic bidding zonesto each other and externally

The reason for investigating implicit grid losses is the fact that losses occwhen power flows over

the interconnector between bidding zones. Today the losses are handled explicitly by the TSOs, who
ensure that the necessary power is acquired in order to compensate for the losses. When grid losses
are handled explicitly the costs bgrid losses are not taken into accourin the price coupling

algorithm but as priceindependent bids as input for the algorithmWhen the price coupling

algorithm is not taking the losses into accounpower is allowed to flow even when the price

difference and hence the congestion income in the daahead market is smaller than the marginal

cost of grid losses, thus causing a socioeconomic loss for the Nordic area.

Grid lossesare a negative external effegtwhich is economic inefficient and cause a weklre

economic lossThis loss can be corrected by internalizing the external effect in the power market by
implementing implicit grid losses on the interconnectors. When implementing implicit grid losses
the market couplingalgorithm (Euphemia) will no longer allow flow of power unless the price
difference between the bidding zoness greater than or equal to themarginal cost of the grid losses.

Implementing implicit grid losses on D&nterconnectors will have the effect that more power flows
through the AC gridandit is generally not feasible to implement grid losses on Aibterconnectors.
When only implementing grid losses on Ddnhterconnectors the effects will among others be an
increased flow in the AGgrid. This makes it important to anayze the effects on the AC grid to make
sure, that the increased costsf grid losses in the A@rid do not exceed theeconomic gains from
internalizing grid losses on the D@nterconnectors.

The study has been carried out using three approaches;

1. atheoreticaldiscussion of implicit grid losses
2. numerical simulations of market effects in the dayahead market, and
3. a statistical methodology for the assessment of the physical Afeid losses.

The studyonly takes the interconnecbrs connected to theNordic bidding zones into account. The
impact to the bidding zones outside the Nordics are not in the scope of this reportrnfore
comprehensive analysisvould include the economic welfare calculations for the whole NWE region.

The study finds that implemanting implicit grid losses on the D@nterconnectors in the Nordics
produces an economic efficiency gain. Applyingquallossfactors onthe interconnectors, and
therefore overcominga potential priority problem, would reduce the benefits slightly, but doe not
have a substantial effect on the positive results for implementing implicit grid losses.

The only deviation is the FennoSkamterconnector. Due to the large increase in AC losses caused by
the alternative flow path via the northern part of Sweden and Finland, there is no benefit of
implementing implicit losses on FennoSkarin fact, the results indicate thatimplementing impli cit

grid losses on FennoSkan produces a welfare loss.
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1. Background
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As in all parts of the power grid, vinen power flows on a interconnector losses occurThese losses
are handled by the TSOs who ensure that the necessary power is acquired to compensate for the
losses. Today there are flows betweermost bidding zones in the Nordics even though the price
difference and hence the congestion incomin the day-ahead market is smaller than the marginal
cost of the grid losses caused by these flowBhe TSOs therefoe encounter a cost for losses which
cannot be covered by the congestion income from the daahead marke and therefore it can be
argued that these flows cause socioeconomic losses

Currently, there are two different ways of purchasing grid losses in the NordicOn some DC
interconnectors, the estimated losses are bought 50ct. in the importing bidding zone and 50pct. in
the exporting bidding zonein the day-aheadmarket. In some cases the two TSOs have agreed that
the TSO of the exporting bidding zone buys 1Q8ct. of the estimated lossesn the day-aheadmarket
and later the importing TSO compensates 50ct. financially. The latter method optimises the loss
costs of the D@nterconnectors as the losses, at least in theory, are produced by more efficient
production units. The losses in the Norwegian, Swedisbanishand Finnish AC grid are forecasted
and bougt in the day-ahead market in the form of price independent bids from the TSOs of each
bidding zone. In Finlandfiner adjustments for the TSO grid losses might deandled inthe intraday
market.

Unlessthe costs of grid losses are explicitly introducedto the market participants, grid lossesdo not
influence their behaviour. As such, grid losseare an example of anegative external effect,an
unconsidered negative impacbf the actions taken by one individual or firm on other market
participants. Negative external effectsare an economic inefficiency thatausesa welfare economic
loss. This loss might howevembe corrected by internalizing the external effect. @ way todo this in
the power market, is to implement implicit grid losses on the inteconnectors. Today implicit grid
losses are implemented on some European Eiterconnectors, namely NorNed, IFA, Britned and
the Baltic cable(see Figurel).

When implementing implicit grid losses on D@nterconnectors, the marketcoupling algorithm
(Euphemia)will not allow flow of power over the interconnector unless the price difference
between the bidding zones connected by the interconnectas greater than or equal to themarginal
cost of the grid loses. The rationale can bedescribed as:

Flow: price difference indayA EAA A | atgihdl édst bf losses
No flow: price difference in dayahead market <marginal cost of losses

The introduction of implicit grid losses therefore theoretically creates a greater coherence between
the market and the physics by internalizing the external effect of grid losses in the algorithm and
ensures the optimal socioeconomic use of the interconeérs. These market based implications of
implicit grid losses may be observed in the power market, thus it is possible to simulate the market
effect of implicit grid losses at the PX simulation facility.
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The flow in the ACgrid is not controllable,and the ACgrid lossesis an increasingfunction of flows.
However, ingeneral, anintroduction of an AGinterconnector loss factoris not feasible. For isolated
casesin which there might be a nonnegligible change in the flows at one single Ai@terconnector,
an introduction of an AGinterconnector loss factor could bepossible. However, a simplified
representation of the network is used in the Marketoupling algorithm (Euphemia)to represent the
grid. This implies that only a linearAC loss factor could be introduced. Given thatlinear loss factor
is a muchmore simplified approximation for the AGgrids than for the DGinterconnectors, the AC
interconnector loss factor would not accurately reflect the level of lossesThe losses in the A&yrid
are therefore managed by the tariffs, an arrangement which is less accurate than the implicit
approach proposed for the D&@nterconnectors.

FINGRID ENERGINET Statnelt = ¥k

Implementing implicit grid losseson DCinterconnectors canaffect the flows and losses in the AC
grid, which are not managed by implicit arrangemensg and not directly observable in the power
market.

Due to the loss management of the A@rid by the tariffs, increased flows in the AGrid (over larger
distances) caused by the implicit approach on Didterconnectors, might result in greater losses
than those avoided on the Ddnterconnectors. Furthermore, increased flows in the A@rid can
affect already highly congested power lines. Thus,thorough analysis, taking into account the effect
on the ACgrid along with the socioeconomic effects in the power market, is essential in order to
assess the overall welfare economic impact from implementing implicit grid losses.

This study aims at analging the effects of implementing implicit grid losses on D@terconnectors
in the Nordic.

NorNed

Britned

Figure 1. Interconnectos where implicit grid losses are implemented todiA (GB-FR), Britned (GB-NL),
NorNed (NO2-NL) and Baltic cable (SE4DE).
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2. Limitations of the analysis
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In this study, assumptions and limitations have been made which can affect the results. The
limitations are described below.

Geographical extension of the analysidhe studyonly takesinto account theinterconnectors
connected to the Nordic bidding zoneand their impact to the Nordic bidding zonesThe impact to
the bidding zones outside the Nordics are not in the scope of this repoHowever, it has to be kept
in mind that implementing loss factor to an interconnector between a Nordic bidding zone and a
bidding zone outside the Nordics has impacts to the latter. This affects the total socioeconomic
welfare of the internal energy market. If a Nordic bidding zone is an exporting arede total
socioeconomic welfare could be smaller than calculated in this report due to welfare loss in the
receiving area outside Nordics. And symmetrically, if a Nordic bidding zone is an importing area, the
total welfare could be larger than calculated irthis report due to welfare increase in the sending
area outside the Nordic regionA more comprehensive analysisould include the economic welfare
calculations for thebidding zones in thewhole NWE region.

Estimated changes in cost of losses in AC drite methodology for calculating the AC losses is based
on loss functions estimated by statistical analysis using linear regression. It has been shown that
assuming a straight line to describe théCloss function is a simplification thatmight provide a
statistically inaccuratefit, especially for the extreme points in the statistical population. This
simplification implies that some of the absolute values of the losses airaccurate, however still
providing a good estimate for thedifferencebetween thesimulations for each hour Linear

regression for AC lossehas the least accuratdits for SE3 and Fl (see annex 9.10). Linear regression
is a model that can be fitted to the results of the market coupling algorithm (Euphemia) used in this
analysis.

Interplay with tariffs: Both Sweden and Norway have a network tariff reflecting the marginal cost of
losses in AC grid. With different flows in the AC grjdiue to introduction of implicit losses on DC
interconnectors, the Norwegian tariffs would change as these tariffs are calculated weekly based on
simulations of power flows in the AC grid. For both countries, it is assuménl the analysisthat there

is no effect from changed Adlow on these tariffs, and that these changeslo not influence the
behaviour of the market participants. This simplification is assumed to result in an underestimation
of the total welfare economic effect, but not to a significant dgee.

Price effects of TSOs not needing to buy losses explicitly when losses are included in Euphemia:
Runningthe PX simulation facilityto produce the results presentedn chapter 7, the explicit
procurement of losses for the relevant DC interconnectors by TS@ave not been excludedin the
simulations with losses included in the algorithm, these losses are hence procured twi¢gowever
this simplification has little impact on the conclusion that inclusion of losses in the market algorithm
increases the overall welfare economic resuih most simulation casesThere are however impacts
on the magnitude of the resultsin particular on the distribution of welfare between consumers and
producers and on the distribution of welfare between importing and exporting bidding zones.
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Valuation of the DC loss@s cases without a loss factor differs fromelturrent procurement practices:
In the socioeconomic welfare calclation when loss factors are not used, DC interconnector losses
AOA OAI OAOAA AO OEA DPOEAA T &£ OEA EIi T OOET ¢ AEAAEIT
outcomes between cases with and without loss factors, so that they are theoretically connglle
from consumer and producer surpluses perspective. This assessment however differs from the
current practice of DC losses procurement. On most interconnectors the losses are bought on the
exporting end in a cost efficient manner. Thereforghe report outcome should not be seen as a
comparison between the current practice for Nordic interconnectors and the connected Nordic
bidding zones, but more as an overall indication of the theoretical socieconomic welfare changes
of implementing implicit grid losses in the Nordics, given the underlying assumption of the
simulations and choices made in welfare calculation.

FINGRID ENERGINET Statnett = favk
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3. Theoretical explanation of market simulations of implicit grid losse S

As explained in chapter 2, the welfare economic effects have been c#dted with the simplification
of using identical demand curves when losses are procured by TS@sd when they are procured by
the algorithm. To be fully consistent with realty, the price-independent bids from the TSOs should
be removed in the simulationswith implicit grid losses. However, this assumption has little impact

on the final results in terms of market welfaré. There are however impacts on the magnitude of the

results, on the distribution of welfare between consumers and producers and on thostribution of
welfare between importing and exporting bidding zonesln respect of consistency with the market
simulations, the same assumption is applied in the theoretical discussion in this chapter.

The consequence of implementing implicit grid lossein the market algorithm is that themarket
result will reflect that importing bidding zone will receive less energy tharwhat is sent from the
exporting bidding zone. The difference reflects the losses occurred in the transportation which is
not otherwise taken into account in the market couplinglgorithm (Euphemia).

Price Flow at loss factors

Difference 0% 1% 2% 3% 4%
0% S pnm 0 pct. 0 pct. 0 pct. 0 pct.
1% 100 pct. S pT1m 0 pct. 0 pct. 0 pct.
2% 100 pct. 100 pct. S pnm 0 pct. 0 pct.
3% 100 pct. 100 pct. 100 pct. S pnm 0 pct.
4 % 100 pct. 100 pct. 100 pct. 100 pct. S pnum

Table 1.Flow as a percentage of the capacity on the interconnector at different loss factors and price differences.

The aim of this chapter is taexplain from a theoretical perspective the economic effects in terms of
price movements, changes to congestion income and consumer and producer surpluses that are
expected to be observed in the market simulations of implicit grid losses in chapt&r We'll show
that some effects can be concluded by theory alone, but some are cdspendent and cannot be
concluded without numerical simulations. In particular, the later holds true for the overall welfare
effect of implementing implicit losses which has to be assessed numeribal

When implementing implicit grid losses, the market couplinglgorithm (Euphemia) will no longer
allow flow of power over the interconnectorunless the price difference between the bidding zones

! In the market algorithm, the TSOs demand for loss energy is part of the calculated consumer surplus.

However
(energy

in
| osses)

real ity
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t hat

carries

TSOs o
no

demand

consumer

curves

ar e

a

surplus.
will cause a non-existing consumer loss to occur, which will have to be corrected for. This correction is in
the opposite direction of, and (likely) at the same magnitude as, the error introduced by not removing the
bid curves. Thus, by not removing the TSO bids in the implicit loss simulations, we are sure to be

calculating comparable solutions in both simulations with and without implicit grid losses,
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connected by the interconnectoris greater than or equal to themarginal cost of the grid loss. As
illustrated in Table 1the effect of the flow as a percentage of the capacity on the interconnector
depends on the loss factor and the price difference on the given interconnector.

FINGRID ENERGINET Statnelt = 5

The assumption that the TSOs currently are buying grid losses outside the energy market is
generally not correct for Nordic interconnectors. For examplefor the Skagerrak interconnectoy
Statnettand Energinet currently provide price-independent bids in the energy market to cover for
the DClosses. Fothe FennoSkarinterconnector, the exporting TSO (Svenska Kraftnéat or Fingrid;
in prevailing market situations mostly Svenska Kraftnat) buys the loss energy priéedependently
on the dayahead market and h# of the value of the purchased loss energy is compensated
financially by the importing TSO. Onhe Estlink interconnector, Fingrid and Elering both buy half of
the expected loss energy from the daghead market. By procuring the loss energy from the
exporting bidding zone, the efficiency and the loss costs to the TSO and hence to the society are
optimised. In the exporting area which has lower energy price, the loss energyleast in theoryis
produced in a more economical way.

For ease of arguments inlte theoretical discussion below, we consider situations with only two
connected bidding zones. However it should be noted that the situatian reality is more complex
since more bidding zones are interconnected. Thus, in the real world, the effects ongas and
volumes will spill over to other bidding zones and generate feedbacks on the initial price and
volume changes. These markatepercussions will influence the magnitude of the initial changes, but
not the direction. (All market repercussions are howeer considered in the numerical simulations.)

In the simplified examplebelow, thetwo bidding zones are noted as exporting market area (E) and
importing market area (M). Sinceimplementing implicit grid losses between two bidding zones
have different efect in uncongested and in congested situations, the discussion below is separated
into two sectionsaccordingly.

3.1 Impact in uncongested situations

Let's first consider the uncongested situation without implicit grid losses as illustrated ifrigure 2

In a market where implicit grid losses are not implemented on interconnectos the market does
not react to themarginal cost of grid losses, and thus standard market clearing will be one where
the prices are the same in both bidding zones. This solution is illustrated Ioiye price (P?) being
equal in both bidding zones. Thus, the exported and imported volumes are equal as illustrated by
the two solid blue horizontal lines in the figure. In this situation, no congestion income is generated
In the exporting bidding zone, the trade generates a benefit for the generators due to a price
increase (R - PE), and for the consumers in the importing bidding zonelue to a price decrease (P -
PL). There is also a consumer loss in the exporting are due to increased prices ayroducer lossin
the importing area due to reduced prices but these negative effects are always smaller than the

2 By assumption being managed by TSO procuring the grid losses outside the energy markets
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positive ones the net welfare economic benefit of trade is illustrated by the two grey shaded
triangles.
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Exporting market Importing market
SM
gE pm*
Export
Pl ------ — Pi ----------- —_—
Import
pE*
DM
DE

> >

Figure 2. Uncongested situation with no implicit grid losses

When implementing implicit grid losses, the importing bidding zone will receive lesenergy than
what is sent from theexporting bidding zone due to energy loss (as illustrated ifigure 3by the
shorter greensolid line in the right hand figureand the longer red solid line in thdeft hand figure).
The consumers in the importing bidding zone will now have to pay a local power price that includes
the cost of lossesand a price difference between the two bidding area will occur (R-P£2), even
without congestion. The magnitude of the price changes depicted ifrigure 3will depend on price-
elasticities in the two bidding zones Theprice difference between the two marketss areflection of
the marginal cost of energy loss on the transmission lineand will notcause a congestion income to
appear (in uncongested situations) However, the price changes will cause the benefit of trade to be
smaller than before, as illustrated by the two grey triangles ifrigure 3being smaller than inFigure

2. Thus, implementing implicit grid losses in uncongested situations will generate a welfare loss in
the formal PX marke.

+ Exporting market Importing market
SM
SE
pm2 44— Import
p1 * e o —_—
pE2 +——— Export
DM
DE

Figure 3. Implicit grid losses in an uncongged situation
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3.2 Impact in congested situations
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Figure 4illustrates the effects of implementing implicit grid losses in constrained situations when
there is an initial price difference between the bidding zones due to limited transmission capacity

+ Exporting market Importing market
SI
E
S & PM? s—e |IMport
PE2|- g e——Export| 4
D!
DE

» »

Figure 4. Implementing implicit grid losses in aongested situation

As in theuncongestedscenario,when implicit grid lossesis implemented, less energy is received by
the consumers in the importing bidding zonghan is sent from the exporting biddingzone.
However,asthe marginal willingness to pay isnow higher in the importing bidding zonethan in the
exporting bidding zone, and in order to supply the higher paying importing market, the volume
bought in the exporting market hasto increase in orderto serve both the received energy and the
induced losses. This causghe prices in the exporting market to risewithout any price movements
in the importing bidding zones. Thus theprice difference between bidding zonesand the congestion
income will decrease(as illustrated in Figure 4), specificallythe congestion income will drop by
more than the reduction in price difference due to thenarginal cost of losseshat has to be covered.

Due to the price change hte sum of producer and consumer income in the exporting market will
increase(as illustrated by thegrey shaded area in the left hand figurk Thecongestion income will
however decrease more than this. lsum, the implementation of implicit grid losses will generate a
welfare decrease in congested situations as well as in uncongested situations.

3.3 Remarks on the theoretical discussion

As a final remark to the discussion above, some general observationsimplementing implicit grid
losses in the market simulations may be drawn

3 That is, until prices become equal, turning into an uncongested situation.

11



FINGRID ENERGINET Statnelt = 5

1 Inuncongested situations, prices will increase in the importing market andr decreasein
the exporting marketwithout generating acongestion income.

1 In congested situations, tlere will , (based onour simulations,) be an increase in the price in
the exporting market. There will hence be adecreasein congestion incomein congested
situations. Without the simplification s explained in the introduction of the chapter, there
would however not be a change in congestion income. The end result would be the same.

The sum of consumer and producer surplus will be negative, while providing a loss for consumers
and a gain for producers.

When implicit losses are introduced on Dénterconnectors, transportation through the DG
interconnectors will be more expensive and more power will be transmitted through the AQrid.
Thus, DC losses will decrease while AC losses will increase. These are external cost factors which
must be regardal together with effects on market welfare in order to decide if implementation of
implicit losses generates a positive or negative effect on the total economic welfai@ble 2sums up
what we have found from the theoretical analysis.

Uncongested Congested

situations situations Sum

1 Changes in economic market welfare (MW) -

la Changes to consumer surplus (C5) ?

1b Changes to producer surplus (P5) 7 +

Ic Changes to congestion income (Cl) 0
2 Changes to AC loss costs (AC losses) + + +
3 Changes to DC loss costs (DC losses)
4 Changes to total welfare (MW - AC losses - DC losses) ? ? ?

Table2. Theoretically pected welfare changes of implementing implicit grid losses
Please note: ? = unknown, 0 = no effect, Hircreaseand - = decrease

The numerical results from thesimulations are examined in chaptef7. These results will depend on
the number of congested versus uncongested situations and the magnitude of the changes to the
individual welfare effects. In the simulations, the total effects on market welfare in the energy
market are also compared to the (external) induced changes in the cost of AC and DC losses. The
next chapter provides an explanation on how the numerical cosessociated with AGgrid losses in
the simulations have been derived.

12
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4. Methodology
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The study has been carried out usinthree approaches;

1. Atheoretical discussion of implicit grid losses
2. numerical simulations of market effectsin the day-ahead market and
3. a statistical methodology for the assessment dfe physical ACgrid losses

The theoreticalmarket analysis whichis described and elaborated irChapter3, aims at explaining
which market effects to expect in terms of price movements, changes to congestion income and
consumer and producer surpluses in the numerical simulationg’he theoretical market analysis is
further used when assessing the results frorthe numerical simulations.

The numerical simulations of market effects in the dayahead markethave been carried out using
severalscenarios for implementing implicit grid losseson different DGinter connectors. Ten
scenarios havebeen simulated, implementing implicit grid losses to a varying extent. The
simulations have been done in the PX simulation facilitymplying that real market bids/order

books have been used to simulate market equilibriums within thenarket coupling algoithm
(Euphemia). The simulated time period is 16 monthswhere hourly time resolution has been used,
starting in February 2014 and ending in May 2015The chosen period covers the period where the
Multi-Regional Price Coupling (MRC) has been in place angpiicit grid losses has not yet been
implemented on the NorNed cable, but on the Britned, IFA and Baltic cabiNordBalt cable was not
in use yet.Only a few days are missing in the simulated time span due to n@onvergences at the
simulation facility4. The results presented in this report are 12 month averageof the 16 month
period. The aim of the calculations is to assess changes in producer and consumer surplus along
with congestion income.

The AC bsses are calculated by statistical derived formulapresented in chapter5, which are then
applied onflows in the simulated results.The statistical models are developed by each of the four
TSOsand are simplifications of the actual losses on the Atid. Due to the manageable nature othe
DGinterconnectors, no statistical model is needed ase physical DC losses follows directly from
the simulation results and the applied loss factors on each Di@terconnector.

In the end, the total welfare economic results are an aggregate of the numerisahulation results
from the day-ahead market the physical grid loss calculationsnd the statistical methodology for
the assessment of the losses on the AGrid.

4.1 Scenarios

Tenscenarios have been agreetb form the basisfor the analyses. All scenarics aresimulated for
the full 16 month time period, each distinguished by implicit losses implemented on different BC

4 The missing days are: 30/2014, 13/8-2014, 26/10-2014, 6/11-2014 and 29/3-2015
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interconnectors, or set of D@nterconnectors. The followingDGinterconnectors have been
consideredin the scenarios

a. NorNed (NO2-Netherlands)
b. Skagerrak (DK1-NO2)

c. Konti&an (DK1-SE3)

d. SwePol (SH- Poland)

e. Baltic (SE4Germany)

f. Kontek (DK2-Germany)

g. GreatBelt (DK1-DK2)

h. Estlink (FI-Estonia)

i

FennoSkan (FI-SE3)

Theten simulated scenarios illustrated in Table 3are:

#01.
#02.

#03.
#04.

#05.
#06.
#07.
#08.
#009.

#10.

No implicit losseson any DGinter connector

Reference casez Simulation with implicit losses on NorNed and Baltic cableas is the case
today.

Implicit losseswith actuaF loss factoron all interconnectors except~ennoSkan
Implicit losses with equak loss factors on GreaBelt, Skagerrak, KontiSkan and Baltic
interconnectors and actual loss factors on all other interconnectors excepennoSkan
Implicit losseswit h actual loss factorson all interconnectors

Implicit | osses on NorNed, Baltic and Skagerrakterconnectors

Implicit losses on NorNed, Baltic, Skagerrak and KoSkian interconnectors

Implicit losseswith actual loss factors onNorNed and Baltic and equal loss factors on
Skagerrak andKonti Skan interconnectors

Implicit | osseswith actual loss factorson NorNed and Baltic and equal loss factors on
Skagerrak, Konttkan and the GreatBelt interconnectors

Implicit losseswith equal loss factors on all interconnectorgxceptFennoSkan

5 Individual loss factors in the allocation on the respective DC cablegdt is assumed that the atual loss factor
reflects the losses on the interconnector.

6 Equal loss factor means a harmonised loss factor across the DC cables.
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SVENSKA

#01 #02 #03 #04 #05 #06 #07 #08 #09
DK1>DK2 1.5% 2.5% 1.5% 2.5%
DK1>NO2 3.8% 25% 3.8% 3.8% 3.8% 25% 25%
DK1>SE3 2.6% 25% 2.6% 26% 25% 2.5%
DK2>DE 25% 25% 25%
EE>FI 51% 5.1% 5.1%
FI>SE3 2.4%
NL>NO2 3.2% 3.2% 32% 3.2% 3.2% 32% 32% 3.2%
PL>SE4 2.6% 26% 2.6%
SE4>DE 24% 2.4% 25% 2.4% 2.4% 24% 2.4% 2.4%

Table 3.0Overview ofthe scenariosand applied loss factors

The purpose of theten scenariosis to beableto answer the following questions:

The effect under the current setup

—Implicit losses on the Nor Ned and Baltic cables:

#10
25%
25%
25%
25%
25%

25%
25%
25%

1

What is the impact of thecurrent implemented loss factors (NorNed and
Baltic cable)?

The effect of loss factors on all DCGinterconnectors:

1 Whatis the impact of loss factors on all interconnectors?

1 Is the difference in loss factors a significant driver for the change the AC
losses- What is the impact of having equal loss factors on all interconnectors
to Germany?

1 Whatis the impact of having equal loss factors on all interconnectors except
FennoSkar?

1 Whatis the impact of loss factor othe FennoSkarinterconnector?

The effect of loss factors on all interconnectors to and from DK1:

1 Whatis the impact of implementing loss factor on Skagerrak interconnector?

1 Whatis the impact of implementing loss factor on Skagerrak and KontiSkan
interconnector?

1 Is the difference in loss factors a significant driver for the change in the AC
lossesz What is the impact of implementing equal loss factor on Skagerrak
and KontiSkan interconnector?

1 Whatis the impact of haing loss factors on the GreaBelt interconnector?

1 Is the difference in loss factors a significant driver for the change in the AC

lossesz What is the impact of implementing equal loss factor on all
interconnectors to and from DK17?

#01 vs. #02

#03 vs. #02

#04 vs. #03

#10 vs. #03

#05 vs. #03

#06 vs. #02

#07 vs. #06

#08 vs. #06

#09 vs. #08

#09 vs.#02
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5. Methodology for calculating the AC losses
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The calculations of AC losses altgased on statistical factors related to flows on the bidding zone
borders. Thus, the calculation and loss factors vary between the Nordic countries and borders. The
methodology for calculating the AC losses is based on loss functions estimated by statedtanalysis
using linear regression. It has been shown that assuming a straight line to describe the loss function
is a simplification that sometimes provides a statistically bad fit, especially for the extreme points in
the statistical population. This $mplification implies that some of the absolute values of the losses
are misleading, however still providing a good estimate fothe difference betweenthe simulations

for each hour. The derived models used for the AC loss calculations are the following:

5.1 Norwegian AC losses

AC losses in NO in an hour:
006 aéiji ﬂ"O R PPOT
h <X h
Where:

F: sum of absolute value of flow on all NO borders

Cost of AC loss in NO for all hours:

WEMP O 0 ROOGEIii
Where:
- H: all hours simulated
- P average price in all NO areas
- sim: simulations

The Norwegian AC losses are calculated for the whole country and not per bidding zone like the
other market welfare results.

5.2 Danish AC losses

Impact on AC losses (calculatefibr each hour):

Oaéip Qird ¢ w2z 00 ¥ 0 Qz 0 0z 0 "Q
z ) ko)
Oaéid Qirdéd 0z "0 6% 0 Qz 0 Qz 0 Ko}
Where:

7 See annex 9.9.
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For PlossDK1:

FINGRID ENERGINET Statnelt = 5

- GEMNku Generation in DK1

- Loadbku: Load in DK1

- Pxv: The flow between X and Y
- a 6.8274E-08

- b 8.33358E-07

- C: 6.04492E-06

- d: 1.99238E-05

- e 4.17115E06

- f 1.0431E05

-k 21.52806

For PlossDK2

- GENxkz Generation in DK2

- Loadbkz Loadin DK2

- Pxv: The flow between X and Y
- oa 0

- b 8.97019E-06

- C: 1.62575E-06

- 2.6979E-05

- e 7.62011E06

-k 3.197391431

Cost of AC losses in Denmark:

wéEi O 0 RO O G€ ipf
N h N
Where:
- H: all hours simulated
- P price
- sim; simulation
-oa area(DK1, DK2)
- Adoss: calculated AC losses

5.3 Finnish AC losses
Impact on AC losses in Fl in an hour:
00 aEifi MIpeXPD@CX n TMIPLYXPOR  TITOPXR O/ &
TMIpgoPTuy  Yp
Where:
- f flow
- FI-**: border from area Flto area **
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Impact on cost of AC loss in Fl for all hours:

GEi o 0 0B at i

N

Where:
- H: all hours simulated
- P hourly price in Finland
- sim: simulation

The coefficient of determinationRz of the linear regression model between the Finnish AC losses
and the crossborder flows is lower than 0.5, which is very low. This means the AC losses are not
highly correlated to the cross border flows and there are other factors that affect the AC losses, and
therefore the linear approximation is not very good. This is however a model that can be fitted to
the results of the maket coupling algorithm (Euphemia) used in this analysis. One should keep in
mind that becausethe estimations of the cost of AC losses in Finland are not very accurate, which
affects the reliability of the results.

5.4 Swedish AC losses

AC losses in areain hour i for simulation sim:

86 aE i §uoﬁﬁ b
Where:
- F sum of absolute value of flow on all area borders
- K area specific loss factors [SE1: 24, SE2: 26, SE3: 60, SE4: 99]
- L area specific fixed factor [SE1: 10246E2: 1140, SE3: 763, SE4: 873]

Cost of AC loss in SE for all hours:

WweéEi O 0 FROOGE€ ifk
N h h h N
Where:
- H: all hours simulated
- P average price inSEareas
- sim, ref; simulation with loss factors, and reference simulation
- a area (SE1, SE2, SE3, SE4)
- ACloss: calculated AC looses
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The Swedishmethod is primarily developed to be used for loss calculations in the southern parts of
Sweden. The following example illustrates why the method is not as well suited for northern
Sweden:

FINGRID ENERGINET Statnett = ¥k

Assuming implicit losses is implemented on th&ennoSkarlink, the flow SE3>FI is reduced and the

flow SE3>SE2>SE1>Fl is increased. In case the change in flows affects the absolute value in the same
direction, 1 MW less or-ennoSkanwould imply the following losses in the northern path through

the AC grid:

Lossesin SEp0 wz— p&b
SE2 (changed flow on two borders)¢ 0 wz — x& b

SE1 (changed flow on two borders)c 0 wz — (&b

Thus, the effect from a changed flow of 1 MW yields a change inlasses in Sweden of almost 18
pct.

As mentioned above,lie method is based on linear regression and a loss coefficient between flow
and losses. Using linear regression assuming a straight line representing the losses is sometimes not
the best fit, especially not for the extreme points. For example, in cases whehe sum of the flows

on the borders in a given area is very small they converge to zero instead of following the assumed
straight line. It is therefore important to keep in mind that it is the difference between the

simulations for each hour that is mosrelevant and not the single loss figures.
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6. Calculations of welfare economic effects
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The total welfare economic effects of implementing implicit losses are the sum lgfarket welfare
changesthe loss costchangesof the DCinterconnectors and the loss costchangesin the AGgrid.
The changes in each scenarire calculated compared to the reference scenario @2).

The Market welfare ( A M9 the sum of changes iPOT AOAA O O Odxhabydsin 3 0 3 h
d 1000 A0 0O00O0ODPihdrtandesint3iQC AOGET T  Eall daiculatkd gs eutcon@

from the market couplingalgorithm (Euphemia). Congestion income is evaluated at the receiving

end at the relevant price difference.

E "ER AR AE
4EA AEAT CAO ET ,[wihichhré geteratdd et@r@lly foshe matket coupling
algorithm (Euphemia), are the calculated change in AC Isgsevaluated at theprice in the area
where the losses occur. Thushe Norwegian losses are evaluated at the average Norwegian area

prices, the Swedish loss costare evaluated at the average Swedish area prices, the Danish at the
average Danish area prices, and the Fiish losses at the Finish area price.

The DC losgostsare also generated externally to the market couplinglgorithm (Euphemia), and
are evaluated at the price in thereceiving end of the interconnectoras the lost energy is perceived
AO OOAAAEOAAG ET OEA 1 AOEAO addidd provildsgconsimerl OEOQET | %
surplus that will not materialize in reality. The charge in the external losses costs OA AAT T OAA 3%+
Thus;the t ot al wel far e e ofomplementiaginpkcigrid lossesig: A W)
n Ez AA AA
In this report, the economic welfare results have been calculated taking into account only the Nordic
countries and theinterconnectors connected to the Nordic bidding zones. The impacts to the

bidding zones that are connected to the Nordics are not in the scopétbis report. A more
comprehensive analysis would include the economic welfare calculations for the whole NWE region.

8 The average prices are used because we do not know the actual geographical distribution of the AC flfmws
each national loss calculation.
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7. Simulation results of implicit grid losses
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The PX simulation facility has been utilized fosimulating implicit grid losses. Thus,real bids have
been used to simulate market equilibriums within the marketcoupling algorithm (Euphemig) over a
period of 16 months between February 2014 and May 2015All simulations are donewith hourly
time resolution. Ten scenarios which are summarizd in Table 3 have beenanalysed

7.1 Aggregated Nordic results

The changes irMarket welfare in the simulated scenarios are displayed ifigure 5and Table 4 The
changes are all calculatedelated to amulation #02, which is the reference caseThe short solid
black lines are the Market welfare, which is the sum ofhe Congestionincome, Consumer surplus
and Producer surplus (see Chapte6), corresponding to the first row (1) in Table 2 Thered and
greenbars and the blue lineare the individual components in theMarket welfare, whichcorrespond
to line 1a, 1b and 1¢6n Table 2

Mill. ©
15
10
| L il
= Lk ]
5
-10
-15
-20
-25
#01 #02 #03 #04 #05 #06 #07 #08 #09 #10
mmmm Producer Surplus = Consumer Surplus = Total market welfare = === Congestion rent
Figure 5. Changes in NordidViarketwelfare, Mi | | a

The simulation results are in line with what thetheoretical results indicated When implicit grid

losses are implemented on th®Ginterconnectors in the Nordics, Market welfare decreases,
Consumer surplus decreases, while Producer surplus increases. The simulations also reveal that the
Congestion income in all scenarios except in scenario #01 decreases.

In scenario #01 where the mplicit loss function is removed from all DGinterconnectors, including
NorNed and Balticcable, the exact opposite of all other scenarios happens (as would be expected).
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Except br the case where implicit grid losses are implemented oRennoSkan in scerario #05, the
implementation of implicit losses on DGnterconnectors tends to strengthen the observed results
that the Market welfare decreasesAlso theCongestion income seems to be confirmed as to
decreaseThe effect on ©ngestion income howeverdepends on the simulation period, and could
vary in other time periods.

Producer surplus | Consumer surplus| Market Welfare Congestionincome
Scenario i Y03Q { Y#3Q i ¥Y-Q i Y#) Q
(Greenbar) (red bar) (solid black line) (blue line)
#01 -14 11 2.8 31
#02 - - - -
#03 4.8 -6.6 -7.8 -6.0
#04 5.0 -6.6 -7.6 -6.0
#05 12.9 -185 -11.6 6.1
#06 5.8 -7.6 -2.7 -09
#07 6.9 -9.6 -35 08
#08 4.6 -6.5 -2.6 -07
#09 76 -10.3 -44 1.7
#10 79 -105 -6.8 43
Table 4.Changes in NordidVarketwelfare, Mi |1 a

Market welfare Consumer surplus Producer surplus Congestionincome
N Nz T Nz
Table 5.Simulation results for scenario #02#10.

Market welfare

Consumer surplus

Producer surplus

Congestionincome

/[\

™

N

/[\

Table 6.Simulation results for scenari@t01 (No implicit grid losses in the Nordic)

As discussed in chapteB, the implementation of implicit grid losses will influence the magnitude
and distribution of grid losseson both the ACGgrid and the DGinterconnectors. The calculated
changein cost of grid losses for each scenario is displayed Figure 6. The figure corresponds to
second and thirdrow (2 and 3 in Table 2 The changes are again all calculategiith simulation #02

asthe reference case.

The External loss costs on the D@dterconnectors are, as seen iffable 7, reduced significantly
when implicit grid losses are implemented. Thus, the reduction is larger when more BC
interconnectors are managed by implicit grid losses. The opposite is true, espected, for the A€
grid. More of the electricity is transported through the A&yrid as the transportation of electricity
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through the DCinterconnectors becomes more costly. The effect on the External loss costs of DC
interconnectors is however much large than the effect on the loss costs of AQrid, mainly due to
the higher price differences between the areas that are connected via fd@erconnectors.

FINGRID ENERGINET Statnelt = 5

Mill. ©
15
10
5
O — — — — —
: F§ny
-10
-15
-20
-25
-30
-35
#01 #02 #03 #04 #05 #06 #07 #08 #09 #10
® External loss costs for DC ® AC loss cost
Figure 6. Calculated changes in Nordic lossco$ts allsi mul ati.ons, Mill U
. External losscostsfor DC AC!os§ o
Scenario i ¥ $ @®Ide bar) f YI #Q
! (red bar)
#01 9.1 -031
#02 0.0 0.00
#03 -23.3 1.02
#04 -21.9 -0.01
#06 65 1.06
#07 86 1.03
#08 -6.5 0.66
#09 -8.6 0.33
#10 -170 0.28
Table 7.Calculated changes in Nordic Iascostsfoa | |  si mul ati ons, Mi || a

There is one instant to note in particular. When implicit losses are implemented dhe FennoSkan
interconnector, in scenario#05, the power flowthat is displaced fromthe DGinterconnector, is
rather directed through the Swedish gridtowards the north, and further down southinto Finland as
illustrated in Figure 7.
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Figure 7. Alternative path for power flowing ofrennoSkan

This causes the physical AC losses to increase nearly four times compared to the transmission losses
on the FennoSkarinterconnector. Thus implementing implicit losses onFennoSkancauses the AC
losscoststo increase much more severely than any other Nordic DiGterconnector.

i e S T A

#01 #02 #03 #04 #05 #06 #07 #08 #09 #10

mDenmark ®Sweden ®Norway ®Finland

Figure 8. Loss costs foAC-grid for each scenario and each country. Scenario #fowsthe effect of
implementing implicit losses oRennoSkan Mill. (. See annex.4 for table withnumbers.
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Mill. €
20

15

10

I lllll

-10
#01 #02 #03 #04 #05 #06 #07 #08 #09 #10
M Total welfare economic benefit

Figure 9. Nordic Total welfare economic benefibf the implicit loses  Mi Sed annex 4 for table with
numbers.

The Total welfare economidenefits (Chapter 6) of the simulations are displayed inFigure 9. The
figure correspondsto fourth row (4) in Table 2

All simulations with implicit grid losses display a positive Total welfare economic benefit. In

general, with implicit losses implemented on moréDGinterconnectors, the benefit increases. One
exception, however, isFennoSkan WhenFennoSkaris included on top of the other DE
interconnectors, the Total welfare economic benefit decreases (Scenario #05 vs. Scenario #03). This
is due to the severe incease in the AC loss costs from the Swedish anahkish grid when poweris
directed towards the northern connection between Sweden and Finland. Thus, implementing

implicit losses onFennoSkancauses a Total welfare economic loss for the Nordics.

#03 #05 Total welfare loss
Total Welfare 144 9.9 45
Table 8.Total welfare loss when implementing implicit grid losses BannoSkan Mill G.

7.2 Results for the individual countries

The changes inMarket welfare for each individual Nordic countryare illustrated in Figure 10.
Generally, the results for the individual countries follow the results observed for the Nordgin
total. Thereis however some discrepancies from the general picturim scenario #06 - #08
concerning Denmark and #9 concerning Swedewhere we observea positive marketwelfare gain.
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Mill. €

#01 #02 #03 #04 #05 #06 #07 #08 #09 #10

B Denmark ™ Sweden Norway M Finland

Figure 10. Changes inMarket welfare for each Nordic country ~ Mi $ek anex®.2 for table withvalues

Scenarios #6, #7, #8 and#09 are different variations ofimplementing implicit losses on the
Skagerrak, Konti®an andGreatBelt interconnectors. Trese scenariochangethe cost of southern
electricity trades on the Nordic DGinterconnectors, thus, the trade patterns in the same area
change Particularly, implementing implicit losses on theSkagerrakconnection (n scenario#6)
benefits Sweden due to the tradebetween Denmark and Sweden now being preferred overades
betweenDenmark and Norway (due to the loss factor on Skagerrakyhus the market welfare
increases inSwedenin scenario#6. This effectgradually decreasesas implicit losses arealso
implemented on the Kontiskan and the GreatBelt interconnectorsin scenarios #7, #8 and #9
(scenario #8 is a variation of #7 with lower loss factors)

The changes irExternal loss costs for theDGinterconnectors and ACGgrid loss costs for each
individual Nordic country induced by the market behaviour caused by implicit losses being
implemented are shown inFigure 11and Figure 8 As expected, thé&xternal losses costs for th®G
interconnectors is decreasingin all scenarios excepfor #01.

As presented inFigure 8above, heloss costs ofAGgrid in generalincreases exceptsome small
decreases for Denmark in thescenarios#04, #06, #09 and #10. Also Finland experiences a decrease

in the loss coss for AGgrid in scenario, #03 and04, with achange inloss cossat-0.¢ - EAND8 ©O8
Norway also experiences @hange inlosscosts in scenario #01 at0c - EI1 1 8 O
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Mill. O
8 -
6 -
4 -
2
0 T T T T
2 I'I Il
-4 -
-6 -
-8 -
-10 .
_12 .
#01 #02 #03 #04 #05 #06 #07 #08 #09 #10
m Denmark m Sweden = Norway ® Finland

Figure 11. Changes inExternal losses costs fdbC-interconnectorsfor each Nordic country  Mi $ek anney .
9.3 for table with numbers.

The change inTotal welfare economicbenefit for each country is derived by merging the results
presented inFigure 8 Figure 10and Figure 11 Theresult is presented inFigure 12 The general
results indicate that implementing implicit losses on the D@nterconnectors provide benefits for all
Nordic countries.

#01 #02 #03 #04 #05 #06 #07 #08 #09 #10
B Denmark B Sweden ® Norway M Finland

Mill. €

I

N

o

Figure 12. Total welfareeconomic benefit for each Nordic county Mi | | . 0.
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However, there are some deviations from tb generalindication. Finland experience small losses in
scenario #6, #7 and #81In these scenarios, there are very little impact on the Finnish grid loss costs,
in particular no reduction in DC loss cas. Thus the negative impact from theday-aheadmarket
outcome, meaningthe loss in marketwelfare, prevails. Similarly, this holds for Norway in scenario
#10. Scenario #1Qhowever, provides positive total welfare economic benefit inFinland due to the
reduction in DC loss costs that are introduced by the implementation of implicit loss costs on
Estlink.

FINGRID ENERGINET Statnelt = 5

7.3 Price convergence

Sinceimplementing implicit losses will prohibit situations with equal price in both the import and
exporting bidding zone, onewould expect that the number othours where several bidding zones
havea similar price will drop as implicit losses are implemented on more Danhterconnectors. In
Figure 13we have counted the number of unique price§orices that differ from all other prices)in
each hourin all the scenarios. Each columrepresentsone of the scenarios, and a light colour
indicate hours with few different prices in the Nordics, while a dark colour indicatesiours with
many different prices.

Numbers
12.000 -
8.000 -
6.000 -
4.000 -~
2.000 -
#1 #2 #3 #4 #5 #6 #H7 #8 #9 #10
1 2 3 m4 m5 H6 m7 | K:] m9

Figure 13. The number of different pricein the Nordics in the scenarios

What is clear from the figure is that the scenario #05 with implicit losses on all inteonnectors is
the scenario with most hours with different prices between the areas in the Nordics. In scenario
#05, there are no hours with full price convergence (the same price in all bidding zones), and it is
the scenario with most hours with five or mae different prices. We might also note that scenario

9 Few = 1 different price, many = 9 different prices
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#01 and #02 are the ones with most hours with full price convergence, where we never find more
than seven different prices, and in general the scenarios with fewest number of different prices.
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7.4 AC fow effect illustrations

As observed in theTotal welfare economicbenefit results, the changes in the loss cosfer the AG

grid is quite small and far outnumbered by the changes in thExternal loss costsfor the DG
interconnectors, except for scenario 85 where implicit losses onFennoSkancauses a large AC flow
through the Swedish grid in the north. The loss costs are however an aggregate of a physical change
in flow, and a price difference Thus,the result could in theorybe related to a considerablechange in
the physical ACflow at asmall price difference.

In order to investigate this, we have calculated th#iow in all scenariosfor the AGinterconnectors,
see anneXd.7. The AGinterconnectors we havelooked further into are:

DK1z DE
DK27 SE4
SE37 SE4
NO1z SE3
NO3z SE2
NO4z SE2
NO4z SE1
SE27 SE3
SE1z FI

= =4 -4 -8 —a —a —a -9

E ]

In Figure 14, the changes in the flows on the A@terconnectors compared to scenario #02 are
shown for all scenarios.

Change in pct.
25% -

20% -
15% -
10% -
5% -

0% --l

505 -

#01 #02 #03 #04 #05 #06 #07 #08 #09 #10
m DK1-DE mDK2 - SE4mNO1 - SE3u NO3 - SE2u NO4 - SE2u SE1 - NO4m F| - SE1m SE3 - SE4" SE2 - SE3

Figure 14. The change in flows on the Adhterconnectors compared to the scenario #02.
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It can be seen from the figure that the effects are most significant for the Afterconnectors FI-SE1,
DK2-SE4, SE-SE2 SE2SE3, DKIDE and NOASE3. Al other interconnectors have a change dess
than 5 pct.

Figure 15and Figure 16showsthe results for some important AGinterconnectors in terms of the
use of the capacity given to the daghead market. The figures show thé&action of time, in the 16
months simulations period, where the flow on the AGinterconnectorsis above a thresold
compared to the provided dayaheadcapacityfor each of the simdated scenarios. The threshold is
90 pct. of the day-aheadcapacityin Figure 15, and 99pct. of the day-aheadcapacityin Figure 16.

Fraction of time
45% -

40% -
35% -
30% -
25% -
20% -
15% -
10% -

5% -

0% -
#1 #2 #3 #4 #5 #6 #7 #8 #9 #10

u SE3-SE4 mNO1-SE3 = SE2-SE3 mSE1-FI

Figure 15. The fraction of time with aflow on AC-interconnectorsabove 90% of the providedhy-ahead
capacity
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Fraction of time
35% -

30% -
25% -
20% -
15% -
10% -

5% -

0% -
#1 #2 #3 #4 #5 #6 #7 #8 #9 #10

mSE3-SE4 ®mNO1-SE3 ®=SE2-SE3 = SE1-FI

Figure 16. The fraction of time with aflow on AC-interconnectorsabove ®% of the providedlay-ahead
capacity

Except for scenario #05, it is thus clear from the calculations illustrated in the figures above that the
influence on theflow on the AGinterconnectors when implementing implicit grid losses are rather
small. This is obvious from the small variations in Adhterconnector flow between the different
scenarios.

If we look a bit more into the AGnterconnectors FIFSE1, DK2SE4, SEXSE2, SEXSE3, DKADE and
NO1-SE3, we can start with looking at the change in maximum flows on the interconnectors.

As it can be seen from the table, there are only changes to the maximum flows on a few AC
interconnectors. The flow on the DKADE interconnectors increases for the smarios #03, #04, #05
and #10, when we implement implicit grid losses on the GreaBelt and Kontek interconnector.
There is also a change in the flows for the SESE3 interconnector for all scenarios except for
scenario #06.
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Scenario | FI-SE1 | DK2-SE4 | SE1SE SE2SE3 DK1-DE | NOILSE3
#01 - - - 1 029% - -
#02 - - - - - -
#03 - - - ¥ 032% [ 441% -
#04 - - - ¥ 034% [ 436% -
#05 - - 1 354% |§ -032% 4.41% -
#06 - - - - - -
#07 - - - ¥ -002% - -
#08 - - - ¥ -001% - -
#09 - - - ¥ -0.18% - -
#10 - - - § -042%  [1F 436% -

Table 9.The change in maximum flows on th&C-interconnectors compared to scenari¢02.

If we look into the number of hours witha maximum flow on the AGinterconnector and compare
each scenario with thereference case #02) we see thatfor the DK1-DE interconnector the number
of hours with a maximum flow is bwer than for the scenario #02. We seethat only the
interconnectors DK1-DE, NQ-SE3 and DKZSE4 have change in number of hours with maximum
flows compared to the reference case.

Scenario FI-SE1 DK2-SE4 SE1SE?2 SE2SE3 DK1-DE NO1-SE3
#01 2 6 1 1 11 784
#02 2 6 1 1 12 787
#03 2 7 1 1 1 931
#04 2 6 1 1 1 845
#05 2 7 1 1 1 925
#06 2 7 1 1 12 934
#07 2 7 1 1 10 930
#08 2 7 1 1 10 870
#09 2 6 1 1 10 852
#10 2 6 1 1 1 843

Table 10. Number of hours with maximum flows on thA&C-interconnector

Table 10illustrates the number of hours with a maximum flow given in each scenariét can be seen
that for the DK1-DEinterconnector the number of hours with a maximum flow for scenarigt04 is
actually 92 pct. lower compared to the reference case (#02). But thisfor a maximum flow which is
4.36 pct. higher in scenario #04than in scenaio #02. We therefore also for each scenario look into
the change in number of hours with a flow equal to thenaximum flow of scenario #02.

It can be seen fronirable 11that there is no change in the number of hours with a flow equal to the
maximum flow of scenario #02 for the A@nterconnectors FFSE1 and SEBE2. So even though the
effect of implementing implicit grid losses onFennoSkann scenario #05 is very clear in the Total

welfare economic benefit calculations due to the change in flow though the Northern Sweden. The
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number of hours where there is a heavy fiw on the ACgrid is not changedcompared t© the current
setup (scenario #02).
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Scenario | FI-SE1 DK2-SE4 | SELSE2 | SE2SE3 DK1-DE NO1-SE3
#01 0% 0% 0% -100% -8% 0%
#02 - - - - - -
#03 0% 17% 0% -100% 75% 18%
#04 0% 0% 0% -100% 92% 7%
#05 0% 17% 0% -100% 83% 18%
#06 0% 17% 0% 0% 0% 19%
#07 0% 17% 0% -100% -17% 18%
#08 0% 17% 0% -100% -17% 11%
#09 0% 0% 0% -100% -17% 8%
#10 0% 0% 0% -100% 92% 7%

Table 11.Change in number of hours with a flow equal to the maximum flow of scenario #02

It can also be seeffrom the table abovethat the change for the SEESE3 lools drastic, but this is not
the case. Theres only one hour with the maximum flow in scenario #02. So the change is simply
showing that all other scenarios than scenario #0®&ave 0 hours of the maximum flow The
interconnector with the largest effect is the DK1DE interconnector. For this interconnector the
number of hours with a flow equal to the maximum flow of scenario #02 will for some scenarios
increase by 92 pct.

It is thus clear from the calculationsllustrated in the figures above that the influence on the flow on
the ACgrid when implementing implicit grid losses are rather small for most interconnectors and
only one interconnectoris heavily affected by the implementation of implicit grid losses.

7.5 The effect under the current setup
Implicit losses on the NorNed and Baltic cable@02 vs. #01).

If we compare scenario 82 to #01, we find the effects of the current arrangement of implicit losses
on the NorNedand Baltic cables. When the implicit losses are removed in scenari@ more power
flows on the DGinterconnectors and lessthrough the AGgrid. Thusremoving the implicit grid

losses on the Baltic and NdYed cable results in thdoss coss of the AGgrid to decreases by (B Mill.
OF UAAOh Bxtériallods cGsE fAr the DGinterconnectors increases byd.1 Mill.OT UAA O 8
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Consumer| Producer | Congestion| Market S Losscosts | Total welfare
. losscosts i
surplus Surplus income welfare for DC of AC economic
. 5 . 5 . N . g ~ |
i Y#3 f YO3( § Y#) (AM) | V$#C i Y! #d (AW)
+1.1 -14 +3.1 +2.8 +9.1 -0.3 -6.0
Table 12.Overview of the results of removing the implicit losses on NorNed and Baltic cablendsio #2

compared to scenarig0l1 . Mill. Gal/year

In the simulations, the sum ofProducer and Consumer surplus dropsby® - El1 1 8 @FiohAAOh #1
income increase by A MilLOT UAAOh AT A OEOO OEA -AHLOEBDI 8ADHADAOE

Putting together the Market welfare and loss costs, th€otal welfare economic benefit deceases by
6MiI.LOT UAAO AU OAiT OET ¢ Ei DI EAEO 11 O006A0 11 .1 0. AA Al

7.6 The effect on loss factors on all DC-interconnector s
Several scenariohiavebeen designed to study the effect of implicit losses on afiterconnectors:

T Scenario #3: Implicit losses are implemented on alDGinterconnectors exceptFennoSkan

1 Scenario #)4: Same as 63, butwith equal lossfactor on all DGinterconnectors except
FennoSkan Baltic and NorNed cables

1 Scenario #10: As 83 but with equallossfactor on dl DGinterconnectors.

9 Scenario #5: As #3 but with loss factor onFennoSkanincluded.

Impact of loss factors on all DC -interconnectors except FennoSkan (#03 vs. #02)

If we compare scenario #03 with the reference scenario (#02\e see that theTotal welfare
economic benefit increases by 4.4 Mill. O ¥ U AvAe® implementing implicit losses on all DE
interconnectors in the Nordics excepfFennoSkanWhen implementing implicit losses on the DE
interconnectors the External loss costs for the D@iterconnectors decreases bynore than 23 Mill.
O 7 U Z0h e other hand the implementation of implicit losses increases the flow in the AgEid.
But since thee is not implemented implicit losses orFennoSkarthe loss costs of the A@rid only
increases by 102 Mil.LOT UAA O

Consumer | Producer | Congestion | Market External loss | Loss costs| Total welfare
surplus Surplus income welfare costs for DC of AC economic
i y#3( jYo3s iy#)d (AM) i Ys#q jYIo# ( AW)
-6.6 +4.8 -6.0 -7.8 -23.3 +1.02 +14 .4
Table 13.Overview of the results dmplementingimplicit losses orall DC-interconnectors excepgeennoSkan
Scenario #02 compared to scenario#03 Mi | I.. UG/ year
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Impact of equal loss factors on all interconnectors to Germany (#03 vs. #04)
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The results of scenario #3 and #04 are almost identical. TheTotal welfare economicbenefit of

scenario #04compared to the reference scenario (62) is quite large atapprox.14 Mill.OTY UAAO8 4 EA
consequences oronsumer surplus, Produced surplus andCongestion income are also almost

identical. It seems that if implementing implicit grid losses on alDGinterconnectors, it does not

matter whether an equallossfactor is applied on allthe interconnectors expect forFennoSkan

Baltic and NorNed cable®r not. The difference is 01 Mill.O ¥ U A A@al Wieifare economic benefit

in favour of scenario #3 with actuallossfactors.

External Loss

) loss costs costs of .
Scenario| surplus Surplus income welfare economic

Consumer| Producer | Congestion| Market Total welfare

5 5 5 for DC AC
1 Y#3| } YO3 i Y#) (AM) j§’$#( jS'/!# (AW)
#03 -6.6 +4.8 -6.0 -7.8 -23.3 +1.02 +14 .4
#04 -6.6 +5.0 -6.0 -7.6 -21.9 -0.01 +14.3
Table 14.0verview of theesults of having the same lo$actor on the interconnectors to and from DK1, DK2

and on Kontek. Senario #03 compared to scenarb0 4 . Mi || U/ year

Impact of equal loss factors on all interconnectors except FennoSkan (#10 vs. #03)

In scenario #10, we lave simulated a situation withequallossfactors on all DGinterconnectors

exceptFennoSkan The losdactor is thusset to 2.5 pct.for all. While theloss costs of theAGgrid

behaves similarly to scenario 83, the implementation of a unison los$actor causes less decrease in

the External losscosts of the DGinterconnectors than observed in scenario #3. TheTotal welfare
economicbenefit drops from144ME1 1 OF UA A O03Bd abcdtAOMIIIACO EEIT TOAAT AOET N

Thus it could be argued that implementing an equal loss factor to the internal Nordic
interconnectors does not matter much (Scenario #04), but an equal loss factor on all-DC
interconnectors including the externalinterconnectors is causing a significant les to Total welfare
economic. The reason being that the price differences within the Nordics are much smaller than
between the Nordics and the continent.

Consumer| Producer | Congestion| Market SUSE O Total welfare
X loss costs | costs of :
Scenario| Surplus | Surplus income | welfare for DC AC economic
{t Y#3| § YO3 P Y#) (AM) j§’$#( jS"!# (AW)
#03 -6.6 +4.8 -6.0 -7.8 -233 +1.02 +14.4
#10 -105 +7.9 -4.3 -6.8 -17 +0.28 +10
Table 15.Overview of the resultef having the same losgctor on the interconnectors to and from DK1, DK2
and on Kontek. Senario #03 compared to scenaribl1 0 . Mil I, U/ year
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Impact of having implicit grid losses on FennoSkan (#05 vs. #03)
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A large difference is observed when implicit los$actor is implemented onFennoSkann scenario
#05. This interconnecbr behaves particular due to the long detour for the power flowing between
Sweden and Finland when transmission offennoSkarbecomes more expensive. The flow is shifted
from FennoSkantowards the Northern interconnector SEXFI such that thelosses on the A&grid
increasesseverely, about four time the losses orFennoSkanitself. This causes a large increase in
loss costsof the ACgrid, resulting in a decrease iriTotal welfare economic benefit from 14.4t0 9.9
Mill.O 7 U ATAuS, 8mplementing implicit losses orFennoSkan at least without the same
arrangement on the SEJF| AGinterconnector, produces arotal welfare economic loss of 4 Mill.
OFUAAOS

External Loss

Consumer| Producer | Congestion| Market Total welfare
; loss costs costs of .
Scenario| surplus | Surplus income | welfare for DC AC economic
f Y#3| § YO3| Y#)| (AM) P VsHd j Y # (AW)
#03 -6.6 +4.8 -6.0 -7.8 -23.3 +1.02 +14 .4
#05 -185 +12.9 -6.1 -11.6 -30.1 +8.55 +9.9
Table 16.Overview of the results of implementing implicit lossesEennoSkanScenario #03 compared to

scenario# 0 5 . Mill. Gal/year

7.7 The effect on loss factors on all interconnectors to and from DK1

Several scenarios havbeeen designed to study the effect of implicit losses on interconnectors &md
from DK1.:

I Scenario #6: Same as 62, but with a loss factor on the Skagerrainterconnector

1 Scenario #17: Same as 82, but with lossfactors on both Skagerrak and Kongkan

I Sceario #08: Same as 67, but with an equal loss factor on Skagerrak and Ko&{an
1 Scenario #)9: equallossfactors on allinterconnectors toand from DK1.

Impact of having implicit grid losses on Skagerrak (#06 vs. #02)

When comparingscenario#06 with #02, we find the effect of implementing a los$actor on the
Skagerrakinter connedor. The AC loss costs increases by& Mill.O¥ UAAOh BxtErialloks OE A
costsfor the DGinterconnectors decreasesby 6.5 Mill. O ¥ U ATAi®is as expected anthe Total

welfare economicbenefitis 2.7 Mill.LO¥ UA A O 8

Consumer| Producer | Congestion| Market SUSE 0SS Total welfare
X loss costs | costs of .
Scenario| surplus | Surplus income | welfare for DC AC economic
f Y#3| § Y03 jY#)| (AM) P YSHd Y # (AW)
#06 -76 +5.8 -09 2.7 -6.5 +1.06 +2.7
Table 17.Overview of the results of implementing implicit losses on Skagerralkenacio #06 compared to

scenario# 0 2 . Mill . O/ year
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Impact of having implicit grid losses on Skagerrak and KontiSkan  (#07 vs. #06)
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Implementing implicit gird losses onthe KontiSkan interconnector adds another14 Mill.LO¥ UAAO E1
Total welfare economic benefit The AC losscost isonly hardly influenced byalso implementing the

implicit grid losses on theKontiSkan interconnector when alreadyimplemented on the Skagerrak
interconnector. The External loss costsfor the DGinterconnectors on the other handdrops by 2.1
MillLOTUAAO8 4EA A& O AO Adstdt@inciedséon he@@etmaisile. That 1 T OO
however, is not calculatedn this report.

Consumer| Producer | Congestion| Market SUSTEL o Total welfare
_ X loss costs | costs of ;
Scenario| Ssurplus | Surplus income | welfare for DC AC economic
f Y#3| 1 Y03 Y#)| (AM) P Vs#d jYI# (AW)
#07 -9.6 +6.9 -08 -35 -8.6 +1.03 +4.1
Table 18.Overview of the results of implementing implicit losses on Skagerrak and KontiSkaen&w #07

comparedtoscenari¢ 02 . Mill . 0/ year

Impact of having equal loss factors on Skagerrak and KontiSkan (#08 vs. #06)

Havingan equallossfactor on boththe KontiSkan and Skagerraknterconnector, has the implication
of reducing the Total welfare economic benefitby 05 Mill.O¥ UA A O 8

External Loss

Consumer| Producer | Congestion| Market Total welfare
) loss costs | costs of ;
Scenario| Surplus | Surplus income | welfare for DC AC economic
t Y#3| } Y03 i Y#) (AM) P Ve#( Y o# (AW)
#08 -6.5 +4.6 -0.7 -2.6 -6.5 +0.7 +3.2
Table 19.Overview of the results of implementing implicit losses with equal loss factors on Skagerrak and

KontiSkan. Scenario #08 compared soenario# 0 2 . Mi | 1. U/ year

Impact of implementing implicit grid losses  on the Great-Belt interconnector (#09 vs. #08)

In scenario #09, implicit losses are also implemented on th&reatBelt inter connector. Thus all
interconnectors to and from DK1 have the same losfactor in this scenario.The Total welfare
economicbenefitincreases by G Mill. OF UAAO AT i B A O A& SolnpleraeAtidd inApliicE T 1
grid losses on the DKADK?2 interconnector whenalready having implicit grid losses on the

Skagerrak and KontiSkan interconnectors increases the Total welfare economic benefit
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Consumer| Producer | Congestion| Market SUSTEL o Total welfare
) loss costs | costs of .

Scenario| surplus | Surplus income | welfare for DC AC economic

1 Y#3| } YO3 i Y#) (AM) P YS#H( Y o# (AW)
#08 -6.5 +4.6 -0.7 -2.6 -6.5 +0.7 +3.2
#09 -10.3 +7.6 -1.7 44 -8.6 +0.3 +3.8
Table 20. Overview of the results of implementing irigit losses on th&reatBelt interconnector withequal loss

factors as on Skagerrak and KontiSkan. &wario #09 compared to scenarib0 8 . Mi I . U/ year

Impact of implementing an equal loss factors on all interconnector s to and from DK1 (#09 vs.
#02)

Implementing equal loss factors on all interconnectors to and from DK1 increases thietal welfare
economic benefitby3.8- E1 1 8 VihgnUnApkerdeBting an equal loss factor on all the
interconnectors to and from DK1 the External loss costs for the Bi@terconnectors decreases by.6
Mill. O ¥ U Awhile the loss osts of the AGgrid only increases by B Mil. O¥ UA A O

Consmljmer PSrodulcer Cpngestion Mal;ket E;(;ecrg?ls ccl)_;)tzsof Total welfgre
. s.urpj us -uri) us |r-100ume welfare for DC AC economic
1 Y#3| § YO3 i Y#) (AM) j)7$#( jS'/!# (AW)
#09 -10.3 +7.6 -1.7 44 -8.6 +0.3 +3.8
Table 21.0Overview of the results of implementirggual loss factors on all interconnectors to ad from DK1

Scenario #09 compared to scenario#02 Mi | I.. U/ year
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8. Conclusion
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Implementing implicit losses corrects for an external effect, which from a "firsbest" point of view
always produces an economic efficiency gain. This is normally also true in a "secdmebt” world,
which in our case issupported by the market simulationresults. Applying alinear lossfactor will
reduce the benefits slightly, but does not have a substantial effect on the positive results for
implementing implicit grid losses.

The only deviation from the "first-best" argument is theFennoSkarinterconnector. Due to the large
increase in AC losses caused by the alternative Northern flow path, we cannot see a benefit of
implicit losses onFennoSkarnunless the SEAFI AGinterconnector is to be included.

Congestion income seems consistently to drop by the intduction of implicit losses.Both in theory

and in practice, it seems plausible to expect the consumer surplus to drop, and the producer surplus
to increase. This is however not fully firm, but migt depend on the initial situation on whether the
TSOdnitially buy the losses inside, or outside the dayhead market
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9. Annex
9.1 Nordic Total welfare economic benefit of t he i mpl i cit | oss
Scenario Total welfare
#01 -6.0
#02 0.0
#03 144
#04 14.3
#05 99
#06 27
#07 4.1
#08 3.2
#09 38
#10 10.0
9.2 Changes inMarketwe | f are for each Nordic country,
Scenario Norway Sweden Denmark Finland
#01 2.2 0.9 0.2 0.1
#02 0.0 0.0 0.0 0.0
#03 -2.6 -1.2 -3.3 -0.7
#04 -1.8 -1.4 -3.8 -0.6
#05 2.7 -1.2 -3.3 -4.5
#06 2.2 1.1 -1.1 -0.4
#07 -2.3 0.6 -1.3 -0.5
#08 -1.5 0.1 -0.9 -0.3
#09 -1.7 0.4 -2.5 -0.6
#10 -1.2 -0.8 -3.8 -0.9
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9.3 Changes in External loss costs for DC-interconnectors for each Nordic country,

Mi | | € .

Scenario Norway Sweden Denmark Finland
#01 7.0 2.3 02 0.0
#02 0.0 0.0 0.0 0.0
#03 33 46 9.0 6.3
#04 22 46 -8.7 -6.3
#05 -33 -8.1 9.0 98
#06 33 0.1 -3.3 0.0
#07 -33 11 4.3 0.0
#08 23 -10 -32 0.0
#09 22 -10 53 0.0
#10 07 45 -8.7 -31
9.4 Changesinloss costsforAGgrid f or each Nordic country,
Scenario Norway Sweden Denmark Finland
#01 -0,16 0,03 -0,17 0,00
#02 0,00 0,00 0,00 0,00
#03 0,09 0,93 0,22 -0,22
#04 -0,01 0,62 -0,41 -0,20
#05 0,13 6,40 0,22 1,79
#06 0,16 1,00 -0,10 0,01
#07 0,18 0,78 0,07 0,01
#08 0,10 0,46 0,09 0,00
#09 0,14 0,75 0,57 0,01
#10 0,03 0,71 -0,42 -0,05
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9.5 Price convergence for AC-grid for each scenario compared to # 02

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10
DK1-DE #hours 3625 3281 2796 2999 2810 3403 3519 3452 3130 3014
Pct. 33% 29% 25% 27% 25% 31% 32% 31% 28% 27%

DK2-DE #hours 3339 2688 0 0 0 2744 2748 2711 1898 0
Pct. 30% 24% 0% 0% 0% 25% 25% 24% 17% 0%
DK2-SE4 #hours 8485 8246 7939 8315 7925 8032 7578 7619 8019 8351
Pct. 76% 74% 71% 75% 71% 72% 68% 68% 72% 75%
FI-NO4 #hours 870 827 836 810 217 847 835 848 851 824
Pct. 8% 7% 8% 7% 2% 8% 7% 8% 8% 7%
FI-SE1 #hours 1709 1719 1724 1678 634 1751 1719 1736 1679 1699
Pct. 15% 15% 15% 15% 6% 16% 15% 16% 15% 15%
NO1NO3 #hours 659 610 473 468 475 488 469 501 488 468
Pct. 6% 5% 4% 4% 4% 4% 4% 4% 4% 4%
NO1-SE3 #hours 2077 2106 1551 1595 1578 1567 1536 1612 1606 1602
Pct. 19% 19% 14% 14% 14% 14% 14% 14% 14% 14%
NO1ANO2 #hours 8851 8928 9399 9265 9407 9322 9370 9349 9281 9277
Pct. 79% 80% 84% 83% 84% 84% 84% 84% 83% 83%
NO1ANOS #hours 2990 2976 2703 2798 2761 2837 2740 2789 2857 2800
Pct. 27% 27% 24% 25% 25% 25% 25% 25% 26% 25%
NO2-NO5 #hours 2166 2161 2163 2209 2236 2252 2201 2217 2266 2211
Pct. 19% 19% 19% 20% 20% 20% 20% 20% 20% 20%
NOZ-NO4 #hours 2316 2261 2165 2184 2338 2243 2190 2208 2231 2210
Pct. 21% 20% 19% 20% 21% 20% 20% 20% 20% 20%
NO3-SE2 #hours 2000 1941 1874 1852 1958 1890 1895 1931 1932 1873
Pct. 18% 17% 17% 17% 18% 17% 17% 17% 17% 17%
NO4-SE2 #hours 1619 1552 1493 1517 1560 1536 1538 1584 1609 1531
Pct. 15% 14% 13% 14% 14% 14% 14% 14% 14% 14%
SELNO4 #hours 1946 1892 1853 1842 1802 1848 1885 1908 1907 1844
Pct. 17% 17% 17% 17% 16% 17% 17% 17% 17% 17%
SELSE? #hours 3737 3724 3622 3659 3662 3692 3675 3718 3676 3667
Pct. 34% 33% 33% 33% 33% 33% 33% 33% 33% 33%
SE2SE3 #hours 5368 5333 5505 5467 5344 5442 5482 5530 5452 5506
Pct. 48% 48% 49% 49% 48% 49% 49% 50% 49% 49%
SE3SE4 #hours 9797 9770 9681 9560 9661 9827 9703 9706 9589 9591
Pct. 88% 88% 87% 86% 87% 88% 87% 87% 86% 86%
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9.6 Price convergence for DC-interconnectors for each scenario compared to # 02

#01 #02 #03 #04 #05 #06 #07 #08 #09 #10
DK1-DK2 #hours 6724 6627 0 0 0 6566 5389 5309 864 0
Pct. 60.38% | 5951% | 000% | 000% | 000% | 5896% | 4839% | 4767% | 7.76% | 0.00%
DK1-NO2 #hours 3310 3260 0 0 0 403 226 258 17 0
Pct. 29.72% | 2927% | 000% | 000% | 000% | 362% | 203% | 232% | 015% | 0.00%
DK1-SE3 #hours 4909 4776 0 0 0 4628 1765 1823 168 0
Pct. 44.08% | 42.89% 0.00% 0.00% 0.00% 4156% | 15.85% | 16.37% 1.51% 0.00%
ko.DE |7hours 3339 | 2688 0 0 0 2746 | 2749 | 2712 | 1899 0
Pct. 29.98% | 24.14% 0.00% 0.00% 0.00% 2466% | 24.69% | 24.35% | 17.05% 0.00%
R #hours 9251 | 9233 0 0 0 9251 | 9230 | 9244 | 9239 0
Pct. 83.07% | 82.91% 0.00% 0.00% 0.00% 83.07% | 82.88% | 83.01% | 82.97% 0.00%
FLsgs | fhours 3008 | 2981 | 3101 | 3021 386 3027 | 3042 | 3037 | 3065 | 3043
Pct. 2701% | 26.77% | 27.85% | 27.13% 347% 2718% | 27.32% | 27.27% | 27.52% | 27.33%
NL-NO2 #hours 658 13 0 0 0 6 8 8 5 0
Pct. 591% | 0.12% | 000% | 000% | 000% | 005% | 007% | 007% | 004% | 000%
PL-SE4 #hours 1146 1113 0 0 0 1143 1156 1158 1164 0
Pct. 1029% | 9.99% | 000% | 000% | 000% | 10.26% | 10.38% | 1040% | 10.45% | 0.00%
cEape | 7hours 2037 | 1096 0 0 0 1091 865 844 631 0
Pct. 1829% | 9.84% | 000% | 000% | 000% | 980% | 7.77% | 758% | 567% | 0.00%
9.7 Changes in the flows on all the AC-interconnectors in pct.
Scenario DK1- DK2 - Fl - NO1- NO1- NO1A NO1A NO2- NO3- NO3- NO4 - SE1- SE1- SE2- SE3- Fl -
DE SE4 NO4 NO3 SE3 -NO2 -NO5 NO5 NO4 SE2 SE2 NO4 SE2 SE3 SE4 SE1
#01 -4.0% -4.3% 0.0% 0.0% -0.1% 0.1% -0.2% 0.3% 0.0% 0.1% 0.1% 0.1% 0.1% 0.0% -0.1% 0.0%
#02
#03 2.6% 11.2% 0.0% 0.0% 4.9% 3.6% -0.3% -2.4% 1.1% -1.4% 0.7% 0.5% -0.7% 1.1% 2.1% -0.7%
#04 -0.6% 0.8% 0.0% 0.0% 2.0% 1.9% -0.2% -1.0% 0.9% -1.1% 0.7% 0.6% -0.7% 0.9% 1.9% -0.7%
#05 2.6% 11.3% 0.0% 0.0% 4.9% 3.4% -0.3% -2.4% -2.2% 1.3% 1.0% 4.9% 37.3% 0.0% 2.2% 21.5%
#06 -2.3% 7.2% 0.0% 0.0% 5.1% 3.7% -0.2% -2.4% 0.7% -1.4% 0.0% -0.1% 0.2% 0.7% 1.3% 0.0%
#07 -5.6% 14.2% 0.0% 0.0% 5.1% 3.7% -0.2% -2.3% 0.8% -1.4% 0.2% 0.2% -0.1% 0.8% 1.5% 0.0%
#08 -4.9% 13.8% 0.0% 0.0% 3.4% 2.4% -0.1% -2.1% 0.6% -1.0% 0.2% 0.2% -0.1% 0.5% 1.4% 0.0%
#09 -3.1% 5.7% 0.0% 0.0% 2.6% 2.3% 0.0% -2.3% 0.7% -1.2% 0.3% 0.3% 0.0% 0.7% 2.2% 0.0%
#10 -0.9% 0.7% 0.0% 0.0% 2.0% 2.1% -0.2% -0.6% 0.9% -1.2% 0.5% 0.5% -0.3% 0.9% 1.8% -0.3%
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9.8 Changes in the flows on the interconnectors

Scenario DK1-DE DK2-SE4 | NO1-SE3 | NO3-SE2 | NO4-SE2 | SE1-NO4 | SE2-SE3 | SE3-SE4 Fl - SE1
#01 -4.0% -4.3% -0.1% 0.1% 0.1% 0.1% 0.0% -0.1% 0.0%
#02 - - - - - - - - -
#03 2.6% 11.2% 4.9% -14% 0.7% 0.5% 1.1% 2.1% -0.7%
#04 -0.6% 0.8% 2.0% -1.1% 0.7% 0.6% 0.9% 1.9% -0.7%
#05 2.6% 11.3% 4.9% 1.3% 1.0% 4.9% 0.0% 2.2% 21.5%
#06 -2.3% 72% 5.1% -14% 0.0% -0.1% 0.7% 1.3% 0.0%
#07 -5.6% 14.2% 51% -1.4% 0.2% 0.2% 0.8% 1.5% 0.0%
#08 -4.9% 13.8% 3.4% -1.0% 0.2% 0.2% 0.5% 1.4% 0.0%
#09 -3.1% 5.7% 2.6% -1.2% 0.3% 0.3% 0.7% 2.2% 0.0%
#10 -0.9% 0.7% 2.0% -1.2% 0.5% 0.5% 0.9% 1.8% -0.3%
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9.9 Explanation factors for the representation of AClosses

FINGRID ENERGINET Statnelt = ¥

Norway:
Sum of absolute value of flow on Norwegian borders
VS
losses in the central grid
114
18000
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DK2 estim

= Estiml

Linezer (Estiml)
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