
 

  
Abstract--With the anticipated increase of international 

electricity trade between European countries and of 
intermittent wind power generation in the upcoming years, the 
international exchange of electricity is expected to grow as 
well. In order to account for the divergence between 
commercial transactions and physical load flows and to 
efficiently exploit available interconnector capacities, load-flow 
based market coupling of national electricity markets is 
discussed. In this paper, European-wide load-flow based 
market coupling on the day-ahead market is analysed by the 
use of a fundamental optimisation model that derives the 
optimal electricity market operation taking into account the 
chronological sequence of several markets. By comparison of 
day-ahead market operation without market coupling, the 
effects on system operation costs, electricity prices and power 
system operation are discussed. With load-flow based market 
coupling, the average annual electricity price and overall 
system operation costs are decreased. Yet these impacts cannot 
be generalized for all countries.  
 

Index Terms--Electricity prices, international electricity 
exchange, load-flow based market coupling, electricity market 
model, system operation costs, wind power generation 

I.  INTRODUCTION 
n recent years European electricity markets have been 
liberalized and trading of electricity has become a major 

driver for converging of power markets. Within Europe 
there exist manifold national power exchanges with 
different market designs regarding national and international 
trading. Most markets are physically linked via so called 
cross-border interconnectors between the national extra high 
voltage transmission grids. Until now, for many European 
borders, available interconnection capacity is auctioned 
separately from electricity trade by explicit auctions [1]. 
Traders bid for parts of the interconnectors’ capacity and are 
subsequently allowed to use obtained capacities for their 
own commercial trading. The so called net transfer 
capacities (NTC) accessible for trading do not cover the 
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total thermal capacities (TTC) at a border, because they 
consider the maximal exchange capability between two 
countries compatible with security standards applicable in 
both countries and taking into account the technical 
uncertainties on network conditions [2]. NTC are allocated 
in different time frames to match the need for securing 
longer term trading and to provide room for shorter term 
trading. These NTC values are repeatedly derived with 
detailed nodal load-flow models, based on information of 
the two countries’ involved transmission system operators 
(TSOs). 

After trading of electricity, the dispatch of generation 
assets is planned, so that every commercial agent is able to 
fulfil its contracts. Due to the laws of Ohm and Kirchhoff, 
however, meshed networks show no correspondence of the 
commercially planned transactions and the physical flows 
for most patterns of injections and withdrawal. In Figure 1 it 
is exemplarily shown how 1 GW of additional generation in 
Northern France exported to Italy is affecting the physical 
power flows on the central European borders. As a 
consequence, the TSOs have to adapt market operations in 
order to sustain system security and feasibility of coping 
with a certain demand and generation situation. Hereby, the 
TSOs modify the market outcome of dispatch and flows in a 
way that is feasible from a technical perspective. 
 

 
Fig. 1.  Exemplary distribution of an scheduled export from Northern 
France to Italy on individual cross-border lines between neighbouring 
countries [2]. 
 

A further reason increasingly influencing the flows within 
the European power system is the rising share of RES-E 
generation, most notably from wind turbines, which further 
affect the planning of power flows between national 
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electricity markets. This is due to the intermittent and not 
fully predictable behaviour of wind power. Depending on 
the wind power generation in different countries and at a 
certain hour, it may contribute to international cross-border 
congestions. Thus, the TSOs have to interfere more often 
into the power market in order to simultaneously adapt 
dispatch and scheduled flows to physical limits and wind 
power realisations. This redispatch of the TSO might lead to 
additional system operation costs due to an increasing 
requirement on the power plant flexibilities. Moreover, 
available interconnector capacities may not be optimally 
utilized by non-consideration of grid related constraints. 
Hence, an improved coordination of international electricity 
trade may lead to decreased system operation costs and 
electricity prices. 

As improved trading mechanism between national 
electricity markets considering the physical grid operation, 
the so called load-flow based market coupling is discussed. 
Market coupling can be implemented in manifold ways 
depending on the market designs in place and the quantity 
of considered countries, but basically it means that implicit 
auctions of the interconnectors are established, see for 
example [1], [4]. One current example of market coupling is 
the Pentalateral Energy Forum in Central Western Europe. 
With load-flow based market coupling, the impact of trading 
operations on the distribution of load flows is already taken 
into account during the market clearing process. The load-
flow based coupling of electricity markets has theoretically 
the following advantages: 
- usage of cross-border capacities is optimized 
- the level of congestion on borders is reduced 
- redispatch costs due to deviations of scheduled planning 

are reduced 
- competition in an integrated market is increased. 

In the following, the effects of market coupling with 
large-scale wind power generation in Europe are assessed. 
In doing so, a zonal electricity market model of the 
European countries is applied. Section II. starts with a 
description of the applied model and its’ innovative 
capability in deriving redispatch costs due to deviations in 
scheduled and physical flows. In the subsequent chapter III., 
the investigated scenario for the analysis are presented. The 
results of the calculations obtained are discussed in section 
IV. Section V. finalizes the paper giving conclusions. 

II.  THE MODEL 
The applied model is based on the Wilmar Planning Tool 

as further described in [6]-[8]. The Wilmar Planning Tool 
describes electricity markets based on an hourly description 
of generation, transmission and demand and it derives 
hourly electricity market prices from marginal system 
operation costs. This is done on the basis of a least-cost 
optimisation of the unit commitment and dispatch taking 
into account the trading activities of the different actors on 
the considered energy markets. In this model four electricity 
markets and one market for heat are included: 
- A day-ahead market for physical delivery of electricity. 

This market is cleared at 12 o’clock for the following day 

taking the nominal electricity demand as given 
exogenously. Optionally, a description of the physical 
load flow between European countries can be considered 
for determining the cost optimal market clearing with 
load-flow based market coupling. 

- An intra-day market for handling deviations between 
production agreed upon the day-ahead market and the 
required redispatch in the actual operation hour in order 
to fulfil the restrictions of the international physical load 
flow between European countries. Hence, the electrical 
load flow restrictions between European countries are 
taken into account.  

- A day-ahead market for spinning reserve power. The 
demand for these reserves is determined exogenously to 
the model. 

- An intra-day market for positive secondary reserve 
power (minute reserve). The demand for this market is 
given exogenously to the model. 

- Due to the interactions of CHP plants with the day-ahead 
and the intra-day market, intra-day markets for district 
heating and process heat are also included in model. The 
heat demand is given exogenously. 
It is key not to look only individually at these markets. 

Rather a repeated, rolling planning has to be applied, which 
reflects market structures in reality and that rescheduling 
may occur in order to consider international load flow 
restrictions. With current market rules for example in 
Scandinavia and Germany, the spot market for the 
successive day is cleared at noon taking into account day-
ahead forecasts of wind and load. According to this, the 
daily planning cycle of the model starts at noon, since at this 
point in time the day-ahead scheduling is optimized. 
However, with current electricity market structures in most 
of the European countries, the international electricity trade 
does not consider international load flow restrictions. In the 
following planning periods, rescheduling is done on an 
intraday base a) to balance forecast errors of the precedent 
planning periods and b) in order to achieve the required 
equilibrium between generation and load under 
consideration of the distribution of the physical load flow on 
individual cross-border interconnectors. With these recourse 
actions, the precedent day-ahead unit commitment and 
scheduling has to be considered. This resulting planning 
process is illustrated in Fig. 2. For each planning period an 
optimisation problem is solved. The applied scheduling 
process reiterates every three hours. Thus, the scheduling 
proceeds in detail as follows: 

1. With every planning period starting at noon, day-
ahead scheduling for the hours of the following day is 
optimised. In order to do so, a perfect forecast of load and 
wind up to 36 hours ahead has been considered in this 
application. The solution values of the variables for the day-
ahead scheduling are fixed and are considered in the 
subsequent planning periods. In the following model 
description, these variables are labelled with the superscript 
“Day”. 

2. In subsequent planning periods, rescheduling of the 
electricity system operation is optimised taking load flow 
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restrictions into account. Rescheduling is determined by 
recourse decisions as up- or down-regulation, for example 
of the power plant dispatch and international electricity 
exchange. They are labelled in the following with the 
superscripts “+” or “-“, respectively. Thereby, the 
endogenous optimised values of the day-ahead variables are 
considered for the resulting scheduling. For example, the 
finally realised power dispatch of power plant i in the hour t 
is determined by −+ −+= titi

Day
titi PPPP ,,,, .  

 
 
 

 
Fig. 2.  Scheduling process with rolling planning. 
 

A.  Objective function 
The objective function (1) minimizes the total expected 

operation costs in the system considered. With the objective 
function, mainly costs of power plant operation and start-
ups are covered. The operation cost function 

)( ,,,
−+ −+ titi

Day
ti

Operation
i PPPc  mainly considers fuel costs 

depending on varying power plant efficiencies between full 
and part load operation, costs for the use of CO2 emissions 
certificates and further variable operation and maintenance 
costs. Individual start-up costs upStart

ic −  are described as a 
function of the positive increase of the current online 
capacity Onl

tiP,  between two time steps and the specific start-
up fuel consumption as well as wear and tear. To 
compensate for applying a time limited optimisation period, 
correction terms Corr

ic are added that consider opportunity 
costs of online units and the value of storage fill levels at the 
final time step of optimisation period. The opportunity costs 
of online units are determined according to the start-up costs 
of those units. The value of storage fill levels is set equal to 
the marginal value of the fill level of storages. 
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B.  Restrictions on electricity markets as well as on unit 
commitment and dispatch 

One electricity balance is defined both for the day-ahead 
and for the intra-day electricity market. This differs from the 
common approach of electricity market models that consider 
solely one single kind of electricity market constraint. The 
electricity balance constraint for the day-ahead market 
determined at noon is defined in (2). The sum of 
conventional power generation and expected wind power 
production Wind_Exp

t,rcap  plus imported/exported power has to 
equal the sum of electricity demand and of power used for 
loading electricity storages such as pumped hydro storages. 
Optionally, physical load flow restrictions can be considered 
already during the day-ahead planning, see as well section 
IV. The corresponding variables are fixed after the day-
ahead planning for subsequent planning periods. The 
marginal values obtained for (2) are subsequently 
interpreted as day-ahead electricity prices. 
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The rescheduling of the unit commitment and dispatch in 
order to fulfil to physical load flow restrictions is described 
by the electricity balance constraint (3). The model variables 

+Trans,
t,rr,P  and −Trans,

t,rr,P describe the necessary modification of 
the transmission scheduled day-ahead. It can be balanced by 
up and down regulation of power plants, by changes in the 
loading of storages as well as by wind power curtailment 

Wind
trP ,

,
− . In the case that physical load flow restrictions are 

already considered day-ahead, there is no need to modify 
the unit commitment and dispatch as well as the loading of 
storages. 
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Power reserves are subdivided into spinning and 
secondary reserves. Spinning reserves are further 



 

differentiated into incremental and decremental reserves. 
The provision of both kind of spinning reserves by power 
plants or storage devices is determined day-ahead at noon, 
whereas the provision of secondary reserves can be 
optimized as well during intraday planning periods. 

Modelling adequately the maximum and minimum power 
output constraints as well as the consideration of start-up 
costs of individual power plants requires a mixed-integer 
formulation of the power plant scheduling problem, 
compare e.g. [9]-[11]. However, a mixed-integer model that 
considers a large power system with a high number of 
power plants and representation of repeated scheduling 
procedures becomes computationally intractable. In the 
present model individual power plants are therefore 
aggregated to unit groups subject to main fuel, technology 
and age. To describe start-up costs and similar restrictions, 
the running capacity of these unit groups at each time step – 
called capacity online - is described through a continuous 
variable, following the approach described in [12]. The 
capacity online Online

tiP, then obviously is bounded by zero 
from below and by the maximal generating capacity 

Max
icap from above. Taking into account the average 

unavailability of unit group i Unavail
i

cap , one gets: 
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However, the value of Online

tiP,
 has to meet additionally the 

following conditions: Online
tiP,

 has to exceed the actual power 
production plus the contribution to spinning reserves: 
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Furthermore, the online capacity multiplied with the 

minimum output factor Min
icap  forms a lower bound to the 

possible power output minus the provision of decremental 
spinning reserves: 

 

TtI;i

PcapPPPP Online
ti,

Min
i

Sp,
ti,ti,ti,

aheadDay
ti,

∈∈∀

⋅≥−−+ −−+−

   (6) 

 
The variation of the online capacity is furthermore 

restricted by the consideration of start-up times. 
Accordingly, it is possible to change the unit commitment 
only after the start-up time of the unit group i has passed: 

 

up_timeStart
i

Online
τi,

Online
ti,

ttτtwithτI;i

PP

−+<≤∈∀

=      (7) 

 
The consideration of start-up times implies that it is not 

possible to increase the online capacity of a unit group in 
the first hours of a planning loop. Hence, before optimizing 

a planning period, the online capacity of a unit group in the 
first hours of the planning period has to be fixed to the value 
of the online capacity determined in the previous planning 
period describing the same hours. 

Besides these equations describing the operation of 
thermal power plants, further constraints for hydro seasonal 
storages and electricity storages like pumped hydro storages 
have to be considered. Both the maximal and minimal 
content of hydro reservoirs and electricity storages, the 
available pumping capacity and storages losses have to be 
adequately described. Furthermore, the contribution of 
seasonal hydro reservoirs and electricity storages to reserves 
has to be considered. The model is further enhanced through 
a detailed modeling of combined heat and power (CHP) 
plants.  

C.  Restrictions on electrical load flow 
In order to account for the physical distribution of load 

flows between the European countries due to electricity 
trading activities, the international cross-border flow can be 
described by the use of a zonal Power Transfer Distribution 
Factors matrix (PTDF), see acknowledgements. With the 
application of zonal PTDF matrixes, principally the 
contribution of one commercially scheduled transaction 

t,rr,Sched,P  between two zonal grid nodes, i.e. in this case 
between two European countries, on the physical loading 

t,rr,P  of individual cross-border connections is determined: 
 

[ ] TtR;rr,PPTDFP t,rr,Sched,t,rr, ∈∈∀⋅=   (8) 
  
PTDF matrixes are notably a valuable measure to 

explicitly consider endogenous load flows for the evaluation 
of network extensions and are superior to the common NTC 
approach. In the European Wind Integration Study, PTDF 
matrixes have been applied in order to assess the 
economical aspects of enhancements of cross-border 
interconnector capacities [13]. The individual factors of the 
PTDF matrix applied for this purpose and within this paper 
are determined based on a full UCTE-wide network model, 
with a reference load and generation situation.  

 The resulting cross-border load flows are limited by the 
assumed maximal transmission capacity MaxTrans,

rr,cap  of the 
aggregated cross-border lines according to (9). In the case 
without day-ahead load-flow based market coupling, see 
section IV., NTC values are considered for day-ahead 
planning and TTC values for the subsequent rescheduling, 
[14] and acknowledgements. In the case with day-ahead 
load-flow based market coupling, TTC values are 
considered for both markets. 
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III.  APPLICATION CASE 
For this analysis, the electricity markets of all countries 

of EU27 except Malta, Cyprus and the Baltic countries are 
considered. Additionally, Norway, Switzerland and the 
Balkan countries are described. Fig. 2 shows these countries 
marked in grey. 

 

 
 

Fig. 2.  Considered European countries marked in grey. 
 
One country is represented by one zonal node in the 

European transmission network (beside Denmark that has 
been split into Denmark West and Denmark East). The 
model is coupled to a database, which has detailed 
information on the European power system. The sources of 
most important data are summarized in Table I. 

For a detailed description of the data except for grid 
related data it is referred to [15]. Notably data on PTDF 
values and on available interconnector capacities was 
derived by the European transmission system operators 
within the framework of the European Wind Integration 
Study [13], see acknowledgements. 

 
TABLE I 

DATA AND APPLIED SOURCES 
 

Data on Source Resolution 

Fuel &  CO2  prices IEA Yearly 

Load profiles ENTSO-E Hourly 
Annual load ENTSO-E Yearly 

Wind power generation Tradewind 
project/  Hourly 

RES-E deployment (excl. 
wind power) Green-X Yearly 

Hydro inflow Marketskraft / 
national statistics Hourly / yearly 

Reservoir levels Marketskraft / 
national statistics Seasonal 

Conventional power plants Platts database/ 
own research Single plant 

Technical parameters Academic 
literature Single plant 

Heat load National statistics Hourly 

Grid data / PTDF matrix EWIS Yearly 

 
The model analyses focus the year 2015 with largely 

increased wind power capacities in order to demonstrate the 
value of market coupling in a setting with increased 
uncertainty of volatile generation. The assumed wind 

generation capacities and time-series are based on data of 
the Tradewind project [16], [17], see Fig. 3.  Renewable 
capacities excluding wind are derived with help of the 
Green-X tool based on a database that combines promotion 
policies for renewables and potentials of renewables in 
Europe [18].  
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Fig. 3.  Assumed wind power capacities in European countries [16]. 

IV.  RESULTS 
In order to evaluate the effects of load-flow based market 

coupling, two yearly hourly model runs in 2015 are 
performed: a) In order to model the international electricity 
trade as it is organized nowadays between most of the 
countries, is not sufficient to perform solely a market 
modeling with NTC based restrictions. Hence, the models 
differentiation of the day-ahead market and the intraday 
market to highlight the required redispatch is applied. In the 
day-ahead market, exchanges are only limited to maximal 
transfer capacities (notably NTC) values as they are 
envisaged by traders. But on the intraday market, the PTDF 
restrictions are taken into account. In case that the maximal 
transfer capacities based scheduled flows and the 
corresponding dispatch are not feasible in the PTDF setting, 
the model endogenously redispatches flows and power plant 
operation until it becomes feasible. Hereby the most cost 
efficient but still feasible solution is chosen by the model. 
This model run is labeled in the following “NTC-case”. b) A 
perfect load-flow based coupling of all European electricity 
markets is described, which corresponds to an overall 
system optimization with PTDF restrictions on the power 
flows within both the day ahead and intraday market. This 
second model run is labeled in the following “MC-case”. 
When comparing the model run of a) and b), one can 
estimate the overall impacts of load-flow based market 
coupling taking into account at day-ahead markets. 

The total annual system operation costs of the considered 
European electricity system amounts to 105,079.6 Mio € in 
the NTC-case and to 104,970.5 Mio € in the MC-case with 
the considered basic conditions. Hence, an absolute 
reduction of 109.1 Mio € or relatively of 0.1 % of the total 
system operation costs can be obtained with load-flow based 
market coupling taking into account already day-ahead. 
Looking at selected single countries, the system operation 
costs decrease mainly in the countries Bulgaria, Romania, 
France and Luxembourg, see Table II. However, a couple of 



 

countries like Germany, the Netherlands, Czech Republic, 
Switzerland and Hungary show increased system operation 
costs. 

   
TABLE II 

TOTAL SYSTEM OPERATION COSTS IN SELECTED COUNTRIES 
 
Country NTC 

[Mio €] 
MC 

[Mio €] 
Abs. diff. 
[Mio €] 

Rel. diff. 
[%] 

Bulgaria 452.3 413.8 38.4 8.5 
Romania 1,136.9 1,082.4 54.4 4.8 
France 5,164.3 5,113.2 51.1 1.0 
Luxembourg 118.7 117.6 1.1 1.0 
Belgium 2,811.3 2786.5 24.7 0.9 
Italy 16.214.7 16,193.7 20.9 0.1 
Poland 6,140.5 6,135.6 4.8 0.1 
Sweden 1,162.6 1,162.1 0.5 0.0 
United Kingdom 13,994.7 13,994.5 0.2 0.0 
Germany 23,963.6 23,977.7 -14.1 -0.1 
Norway 501.4 501.8 -0.4 -0.1 
Netherlands 6,726.4 6,744.4 -18.0 -0.3 
Czech Republic 2,141.0 2,149.1 -8.1 -0.4 
Switzerland 458.8 462.5 -3.7 -0.8 
Hungary 692.5 706.4 -13.9 -2.0 

 
The introduction of load-flow based market coupling further 
leads to modified day-ahead electricity prices. The average 
day-ahead electricity price for the whole of Europe 
decreases from 51.81 €/MWh to 49.52 €/MWh with day-
ahead market coupling, which is equal to a reduction of 4.4 
%. In particular, the annual average day-ahead electricity 
price is decreased in the countries Bulgaria, Switzerland, 
France, Poland, Sweden and United Kingdom, see Table III. 
Comparable to total system operation costs, as well an 
increase of the annual average day-ahead electricity price 
can be observed in several countries. 

 
TABLE III 

ANNUAL AVERAGE OF DAY-AHEAD ELECTRICITY PRICES IN SELECTED 
COUNTRIES 

 
Country NTC 

[€/MWh] 
MC 

[€/MWh] 
Abs. diff. 
[€/MWh] 

Rel. diff. 
[%] 

Bulgaria 48.33 39.81 8.52 17.6 
Switzerland 55.01 48.32 6.69 12.2 
France 36.18 32.63 3.55 9.8 
Poland 67.31 66.26 1.05 1.6 
Sweden 43.48 43.46 0.02 0.1 
United Kingdom 66.28 66.27 0.01 0.0 
Norway 55.78 55.84 -0.06 -0.1 
Netherlands 55.02 55.49 -0.48 -0.9 
Hungary 56.41 57.12 -0.71 -1.3 
Czech Republic 56.35 57.78 -1.43 -2.5 
Germany 54.99 56.55 -1.56 -2.8 
Romania 55.94 57.65 -1.71 -3.1 
Belgium 54.53 56.70 -2.16 -4.0 
Italy 62.74 64.93 -2.19 -3.5 
Luxembourg 55.08 58.27 -3.19 -5.8 

 
The changed system operation costs and electricity prices 

reflect a modified use of conventional power plants and 
export/import schemes in individual European countries. 
For example in Belgium, similar to France, Poland, Hungary 
and Romania, the total annual electricity generation is 

reduced, see Table IV. This reduction is mainly based here 
on the decrease of the electricity generation based on coal 
and to a lower extent on natural gas fired power plants. The 
electricity generation from wind power plants is not 
affected. Overall, the average system operation costs per 
electricity generation decreases from 30.73 €/MWh in the 
NTC-case to 30.60 €/MWh in the MC-case. But for example 
in Germany and the Netherlands, the electricity generation 
increases by 0.05 % and 0.2 % with load-flow based market 
coupling, respectively. The average system operation costs 
per electricity generation increases as well from 43.64 
€/MWh in the NTC-case to 43.65 €/MWh in the MC-case in 
Germany and from 54.72 €/MWh to 54.73 €/MWh in the 
case of the Netherlands. Correspondingly, the results cannot 
be generalized for all countries. 
 

TABLE IV 
ANNUAL ELECTRICITY PRODUCTION DEPENDING ON FUEL IN BELGIUM 

 
Fuel NTC 

[TWh] 
MC 

[TWh] 
Abs. diff. 

[TWh] 
Rel. diff. 

[%] 
Biomass 1.28 1.28 0.0 0.0 
Coal 4.16 3.93 0.23 5.5 
Misc 2.12 2.12 0.0 0.0 
Natural Gas 43.03 42.86 0.18 0.4 
Nuclear 36.74 36.74 0.0 0.0 
Pumped Hydro 0.60 0.59 0.01 0.0 
Further Hydro 0.43 0.43 0.0 0.0 
Wind 3.12 3.12 0.0 0.0 
Total 91.48 91.07 0.41 0.5 

 
 Furthermore, trading electricity under consideration of the 
physical load flow already day-ahead certainly leads to 
modified electricity exchanges between the European 
countries. This is in the following exemplarily analyzed for 
the annual exchange balance of Germany, the country with 
the largest wind power capacity installed and located in the 
centre of Europe. Please note again that these results cannot 
be generalized for other countries. In the NTC-case, the 
total annual exports amount to 59.4 TWh and the total 
annual imports to 88.4 TWh giving an export balance of -
29.0 TWh. With load-flow based market coupling, the total 
annual exports are decreased to 29.6 TWh and the total 
annual imports to 58.2 TWh. Thus, the interchanges are 
generally reduced yet the export balance of -28.6 TWh 
remains approximately unchanged. The annual electricity 
interexchange balance to and from individual neighboring 
countries is depicted in Fig. 4. With load-flow based market 
coupling, an increased export to the countries Austria and 
Switzerland can be observed. Especially the net import from 
Austria is considerably reduced to a nearly balanced use of 
the interconnection. Whereas the annual balances on the 
further interconnectors show an increased import. The sign 
of the exchange balance on the interconnectors to 
Switzerland and Luxembourg is altered with the 
introduction of load-flow based market coupling. The 
annual use of the HVDC links to DK_E and Sweden is 
approximately the same in both directions for both cases.  
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Fig. 4.  Annual electricity exchange balances to and from Germany in the 
NTC- and MC-case. 

V.  CONCLUSION 
Increasing international electricity trade between 

European countries and growing intermittent wind power 
generation leads to an extended usage of available 
interconnectors between countries. With load-flow based 
market coupling, an improved usage of cross-border 
interconnector capacities as well a reduction of power plant 
redispatch costs in order to adapt dispatch and scheduled 
flows to physical limits are expected. 

Based on an electricity market optimisation model taking 
into account the chronological sequence of several 
electricity markets, the impacts of European-wide load-flow 
based coupling of day-ahead markets on system operation 
costs, electricity prices at day-ahead markets and power 
system operation have been assessed for a projection of the 
year 2015 with large-scale wind power. The model’s 
innovative capability to differentiate between individual 
electricity markets and to take simultaneously into account 
endogenous load-flows by the consideration of PTDFs, as 
provided by the European Wind Integration Study, allows 
deriving adequate results on the effects of large-scale wind 
power integration and modified electricity market schemes.    

With day-ahead load-flow based market coupling, a 
reduction of the total system operation costs of the entire 
European electricity system of 0.1 % and of the average 
annual day-ahead electricity price of 4.4 % can be observed. 
In some countries, the decrease of system operation costs 
and day-ahead electricity prices is more pronounced. The 
development of annual system operation costs in individual 
countries is mainly dependant on an increased or decreased 
annual total electricity generation with correspondingly 
modified exchange balances and on a varying use of 
individual power plant technologies and fuels. In particular 
with the latter, resulting day-ahead electricity prices are 
affected as well. There are no significant impacts on the 
operation of wind generation which continues to be 
dispatched in preference to other more expensive 
generation. However, the obtained results are dependant on 
the assumed development of basic conditions like for 
example future load growth, wind power capacities as well 
as fuel and CO2 emission certificate prices. Moreover, the 
consideration of constant cross-border transmission limits 

and PTDF values throughout a year has certainly impacts on 
obtained results. 
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