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Total installed production capacity 1) 15,658 15,808 15,808 19,051 19,609 20,546 24,903 25,703 27,593

Production deployed (units >2 MW) in the 150-kV and 
110-kV grids

7,777 6,816 8,269 8,344 8,032 8,271 8,271 7,559 8,133

Production deployed in the 380-kV and 220-kV grids 4,675 4,936 4,883 8,346 8,958 8,119 14,069 15,082 13,907

Total production deployed 2) (units > 2 MW) 12,452 11,752 13,152 16,690 16,990 16,390 22,340 22,640 22,040

Total load 3) (including production by units < 2 MW) 16,302 16,302 16,302 16,690 16,690 16,690 16,690 16,690 16,690

DC exchange via Norway cable (+ import / - export) 0 700 -700 0 700 -700 0 700 -700

DC exchange via UK cable (+ import / - export) 0 0 0 0 -1,000 1,000 0 -1,000 1,000

AC exchange within the Netherlands (+ import / - export) 3,850 3,850 3,850 0 0 0 -5,650 -5,650 -5,650

1) this includes existing and anticipated new wind capacity, produced both on and off shore.
2) this excludes on-shore wind capacity (on-shore wind capacity has been offset against the load demand) and compensation of grid losses.
3) this excludes 100 MW to 300 MW in grid losses.

table 13
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Load on 380-kV cross-border circuits as a percentage of the nominal transmission capacity
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Results of load flow calculations

2008 2011 2014

Scenario criterion A B A B A B

New Strongholds winter 3,850 3,850 0 0 -5,650 -5,650

Eemshaven excursion winter 4,550 4,550 -300 -300 -5,950 -5,950

Maasvlakte excursion winter 3,150 3,150 300 300 -5,350 -5,350

Green: meets the criterion, blue: does not meet the criterion
Exchange (MW) with other countries (+ import, - : export) under circumstances where no maintenance is in progress and  
no faults are present (including grid losses)

table 14

Load on 220-kV circuits and 380/220-kV transformers as a percentage 

of the nominal transmission capacity
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		  Problems in the 380/220-kV high-voltage grid according to the baseline calculation

In this scenario the transition from import to export – via the interconnections with Belgium and 

Germany – results in a shift of transmissions to the eastern part of the 380-kV ring. This creates capacity 

problems on the connections on the eastern side of the ring.

		  220-kV capacity problems

220-kV Hessenweg connection

As of the moment 11) when the 220-kV Hessenweg - Hoogeveen connection will be removed,  

the connection of the 220-kV substation at Hessenweg will no longer meet the grid design criteria, 

particularly during maintenance activities.

220-kV Robbenplaat - Eemshaven connection

As of the 2011 reference year, a capacity problem will arise on the connection between the 220-kV 

substations at Robbenplaat and Eemshaven. This short connection, which links the older substation 

with the newer substation at this location, will be overloaded due to the increased deployment  

of production facilities at Eemshaven.

220-kV Eemshaven/Robbenplaat - Weiwerd - Meeden and Eemshaven/ 

Robbenplaat - Vierverlaten connections

As of 2014, capacity problems will arise on the Eemshaven/Robbenplaat - Weiwerd - Meeden and 

Eemshaven/Robbenplaat - Vierverlaten connections, partly due to the deployment of new coal capacity  

at the Eemshaven location assumed in this scenario.

380/220-kV links at Eemshaven and Meeden

As of 2011, capacity problems will affect the 380/220-kV transformers at Eemshaven and Meeden. 

The problems will arise sooner than in the Green Revolution reference scenario because of  

the deployment of extra coal capacity at Eemshaven assumed in this scenario.

380-kV capacity problems

As of 2014, a capacity problem will arise on the 380-kV connection between Eemshaven and Meeden, 

partly due to the deployment of extra coal capacity at Eemshaven assumed in this scenario.

As of 2014, a capacity problem will arise on the 380-kV connection between Zwolle and Hengelo, 

which will be caused by the fact that the Netherlands is exporting power to Germany and Belgium. 

In the baseline calculation there is a lot of input from the north of the Netherlands, which is largely 

transmitted via the eastern section of the 380-kV ring to Hengelo, Doetinchem and Maasbracht, i.e. 

the starting points of the cross-border interconnections with Germany.

In the basic calculation for the New Strongholds scenario, no capacity problems have been found for 

the cross-border interconnections, despite an export of 5,650 MW, because the extra connection 

from Doetinchem to Wesel (Germany) distributes the transmissions from the Netherlands to Germany  

more evenly. 

11)	� At the moment a discussion is still going on as to whether the line between Hessenweg and Hoogeveen will actually  
be removed. If the line remains, the connection at Hessenweg will meet the grid design criteria.
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		  Capacity problems in the 380/220-kV high-voltage grid relating to excursions

In the Eemshaven excursion, the assumed deployment of production capacity (including wind 

capacity) in the north of the Netherlands and the capacity exchanges via the HVDC connections  

at Eemshaven and Maasvlakte will result in a dominant transmission direction in the Dutch grid  

from northeast to southwest. This will give rise to problems on the 380-kV and 220-kV connections 

from the Eemshaven location to the 380-kV ring structure at Zwolle and Ens, and to problems on  

the 380/220-kV links. The high volume of transmissions will furthermore cause capacity problems  

on connections of the 380-kV ring. As of 2014, when we are anticipating export from the Netherlands  

to Belgium and Germany, the dominant transmission direction will move from the western to  

the eastern side of the 380-kV ring, which will create capacity problems on the eastern side as well.

Capacity problems on the 380/220-kV links at Ens, Eemshaven and Meeden

The capacity problems of the 380/220-kV substation at Meeden and Eemshaven will become more 

severe as of 2008 and 2011, respectively, in comparison with the baseline calculation. This is due to 

increased deployment of production capacity generated at and near Eemshaven. In this excursion,  

a capacity problem will arise at the 380/220-kV substation at Ens as of 2008.

Capacity problems in the 220-kV grid

As of 2008 a capacity problem will arise on the Bergum - Louwsmeer connection. This problem  

will disappear in 2014 after the anticipated upgrading of this connection.

A capacity problem has been identified for the Vierverlaten - Zeyerveen - Hessenweg connection.  

This problem will disappear as of 2011, assuming that by then the 220-kV Hessenweg - Zeyerveen 

connection will have been removed. As of 2011, the capacity problem on the Robbenplaat - Eemshaven  

connection will be more severe than foreseen in the baseline calculation and a capacity problem will 

arise on the Eemshaven/Robbenplaat - Weiwerd - Meeden connection. As of 2014 a capacity problem 

will arise on the Eemshaven/Robbenplaat - Vierverlaten connection.

Capacity problems in the 380-kV grid 

As of 2014, capacity problems will arise on the connections from Eemshaven to the 380-kV ring structure  

on the Meeden - Zwolle connection and on the Eemshaven - Meeden connection. In the 380-kV ring, 

the high volume of transmissions from northeast to southwest will cause capacity problems on  

the Zwolle - Ens - Lelystad - Diemen connection as of 2008 and on the eastern side of the 380-kV ring 

on the Zwolle - Hengelo - Doetinchem connection as of 2014. The export from the Netherlands  

to Belgium and Germany in combination with large-scale generation in the north of the Netherlands 

may cause a capacity problem affecting the phase shifters at Meeden, in the event that both circuits 

of the 380-kV connection from Meeden to Zwolle are unavailable.

In the Maasvlakte excursion, the assumed deployment of production capacity and wind capacity in the west  

of the Netherlands and the capacity exchanges via the HVDC connections at Eemshaven and Maasvlakte 

will result in a dominant transmission direction in the Dutch grid from west to east. This will cause capacity 

problems on the 380-kV connections from the Maasvlakte location to the 380-kV ring at Krimpen and Bleiswijk.  

Moreover, the high volume of transmissions will cause capacity problems in the 380-kV ring. As of 2014,  

when we are taking into account an export from the Netherlands to Belgium and Germany, the dominant 

transmission direction will shift from west to southeast in the 380-kV ring, which will create capacity problems  

on the south side of the 380-kV ring as well.
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Capacity problems on the 380/220-kV links at Eemshaven 

In 2014, capacity problems will arise at the 380/220-kV substations at Eemshaven and Meeden.  

These problems will arise later than foreseen in the baseline calculation because the assumed 

deployment of production capacity in the north of the Netherlands is lower. 

Capacity problems in the 220-kV grid

As of the 2011 reference year, a capacity problem will arise on the connection between the 220-kV 

substations at Robbenplaat and Eemshaven. 

Capacity problems in the 380-kV grid

All capacity problems have been identified for the year 2014 and will be caused by the high deployment 

of production capacity anticipated in the western part of the country.

Because both Maasvlakte and IJmuiden receive a substantial supply of capacity (including 3,000 MW 

in off-shore wind capacity), the Diemen - Oostzaan connection in Noord-Holland will be overloaded. 

The overloading of this connection is partly caused by the fact that the 380-kV circuit from Krimpen 

to Oostzaan passes Diemen by but is not connected to it. Due to this grid topology, the Diemen - 

Oostzaan connection will become overloaded sooner.

A problem will arise on the Maasvlakte - Westerlee - Wateringen - Bleiswijk connection, partly  

as a result of the large-scale (1,500 MW) input of off-shore wind capacity connected to Maasvlakte.

On the 380-kV ring, the high volume of transmissions from west to east results in capacity problems 

on the Krimpen - Breukelen and Krimpen - Geertruidenberg connections and due to the export  

to Belgium and Germany problems will also arise on the Geertruidenberg - Eindhoven - Maasbracht 

connection. A problem is furthermore identified for the connection from Zwolle to Hengelo, because if 

the expected export becomes a reality a substantial share of the production capacity in the north  

of the Netherlands will be operational.

		  Possible measures in the 380/220-kV high-voltage grid 

220-kV Hessenweg connection

See the measures foreseen in connection with the Green Revolution reference scenario.

220-kV Robbenplaat - Eemshaven connection

See the measures foreseen in connection with the Green Revolution reference scenario.

220-kV Eemshaven/Robbenplaat - Weiwerd - Meeden and Eemshaven/Robbenplaat - 

Vierverlaten connections

See the measures foreseen in connection with the Green Revolution reference scenario, as indicated 

for the Eemshaven excursion.

12)	� No problems have been identified for 2011. The southern ring of the Randstad380 project is expected to be operational  
during this year.
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380/220-kV links at Ens, Eemshaven and Meeden

See the measures foreseen in connection with the Green Revolution reference scenario, as indicated 

for the Eemshaven excursion.

380-kV Eemshaven - Meeden and Zwolle - Hengelo connections

The solution to the capacity problem on the Eemshaven - Meeden connection has been described  

as part of the definitive solution to the transmission capacity expansion for the Eemshaven location 

(see the measures foreseen in connection with the Green Revolution reference scenario, as indicated 

for the Eemshaven excursion).

The solution to the capacity problem on the Zwolle - Hengelo connection is to be found in the announced  

study into the possibilities for increasing the transmission capacity of the 380-kV ring.

General

The solutions to the capacity problems identified in the Eemshaven excursion have been described 

previously under the possible measures in the Green Revolution reference scenario, as indicated  

for Eemshaven excursion. The section concerned includes descriptions of the temporary solution 

(e.g. upgrading of the eastern or western section of the 220-kV grid) and the definitive solution (e.g. 

new 380-kV connection from Eemshaven to Ens) for the transmission capacity expansion  

for the Eemshaven location.

The temporary solution eliminates the capacity problems on the 220-kV Bergum - Louwsmeer and  

Vierverlaten - Zeyerveen - Hessenweg connections (referred to previously under the possible 

measures  

in the Green Revolution reference scenario, as indicated for the Eemshaven excursion).

The definitive solution eliminates the capacity problems on the 220-kV Eemshaven/Robbenplaat 

- Weiwerd - Meeden and Eemshaven - Robbenplaat/Vierverlaten connections and on the 380-kV 

Eemshaven - Meeden - Zwolle connection (referred to previously under the possible measures in  

the Green Revolution reference scenario, as indicated for the Eemshaven excursion).

For both the temporary and the definitive solution, the required 380/220-kV transformer capacity 

will still need to be determined. For this purpose, studies are being initiated which are linked  

to the elaboration of the temporary and definitive solutions (this solution has been previously 

referred to as part of the Eemshaven excursion of the Green Revolution reference scenario).

The capacity problem on the Robbenplaat - Eemshaven connection between the older and the 

newer substation at the same location must be resolved by increasing the transmission capacity of  

the connection (this solution has been previously referred to in the basic variant of the Green Revolution  

reference scenario).

Measures relating to the 380-kV ring

The solution to the capacity problems identified for the 380-kV ring are to be found in the announced 

study into the possibilities for increasing the transmission capacity of the 380-kV ring.
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380-kV phase shifters at Meeden 

The solution to the capacity problem of the phase shifters at Meeden (in the event of an export  

of 5,650 MW to Belgium and Germany in 2014) is the definitive expansion of the transmission capacity  

for the Eemshaven location as described under the possible measures of the Green Revolution scenario, 

as indicated for the Eemshaven excursion. Until this solution has been realised, the problem must 

be resolved by proper operational coordination of the deployment of the phase shifters. A possible 

consequence of this is the restriction of the exchange with Germany or an operational redistribution 

of the deployment of production capacity in the Netherlands.

General

The solution to the capacity problems identified in the Maasvlakte excursion were described previously  

under the possible measures in the Green Revolution reference scenario, as indicated for the Maasvlakte  

excursion. This section describes the definitive solution for the expansion of the transmission capacity  

for the Maasvlakte location.

After realisation of the southern ring of the Randstad380 project, the production capacity for which 

no grid connection contract has been signed but which has been included in the excursion (in this  

excursion the off-shore wind capacity which is assumed to be operational) will result in capacity 

problems on the 380-kV connections from Maasvlakte to Krimpen and to Bleiswijk. To acquire  

the extra transmission capacity which is required, we will need to realise operational measures, further 

modifications or expansions in the grid, like a new connection from Maasvlakte to the 380-kV ring.

It will be possible to temporarily revert to connecting production capacity subject to runback 

requirements or n-1 conditions.

For the solution to the capacity problems on the 380/220-kV links at Ens, Eemshaven and Meeden,  

see the measures foreseen in the Green Revolution reference scenario, as indicated for the Eemshaven 

excursion.

The capacity problem on the Robbenplaat - Eemshaven connection between the older and the newer  

station at the same location must be resolved by increasing the transmission capacity of the connection.  

(This solution has been previously referred to in the Green Revolution reference scenario.)

Measures relating to the 380-kV ring

The solution to the capacity problems identified for the 380-kV ring on the Breukelen - Krimpen, 

Geertruidenberg - Eindhoven - Maasbracht and Zwolle - Hengelo connections are to be found in  

the announced study into the possibilities for increasing the transmission capacity of the 380-kV ring.

380-kV connection between Diemen and Oostzaan

The capacity problem on the 380-kV Diemen - Oostzaan connection can be resolved by connecting 

the Krimpen - Oostzaan circuit to the 380-kV substation at Diemen. (This solution has been previously  

referred to as part of the Maasvlakte excursion of the Green Revolution reference scenario.)

		�  Capacity problems of the interconnections with regional grid operators, and possible 

	 measures

In this scenario, the capacity problems identified for the interconnections with regional grids, and the measures 

that may be taken to resolve them, are identical to those in the Green Revolution reference scenario.
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	 9.5	 Money Rules scenario

1	 Realisation of a 380/110-kV link near Zwolle (possibly reconsider due to the 220-kV eastern section) 
 
 
2	 Increase in the transmission capacity of Robbenplaat - Eemshaven 
 
 
3	� Increase in the transmission capacity of part of the 220-kV grid. Installation of a third 380/220-kV transformer at Ens, followed  

 
by the realisation of a new 380-kV connection between Eemshaven and Zwolle and the surrounding area and construction  
 
of a new 380-kV substation near Zwolle. Upgrading of the 220-kV Eemshaven - Meeden connection to 380-kV and construction  
 
of a new 380/220-kV substation near Weiwerd�

4	 Connection of the Diemen - Oostzaan circuit to the 380-kV substation at Diemen 
 
 
5	 Realisation of a new 380-kV connection from Borssele to the 380-kV ring 
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The Money Rules scenario assumes limited sustainable development and a relatively large share  

of newly constructed production capacity, both due to the realisation of all plants for which  

a connection contract is about to be signed and due to extra expansion of the production park with 

two additional coal units. In addition, the limited attention to sustainability will cause the electricity  

consumption to show a more than average (3%) growth as of 2010. Because of the increase in production  

capacity, there will no longer be any import from Belgium and Germany as of 2011.

		  Basic calculation principles

Load demand

For 2008, the same national load demand is assumed as in the Green Revolution reference scenario. 

The growth in load demand is expected to be 406 MW higher than in the Green Revolution reference 

scenario in 2011 and 1,092 MW higher in 2014. 

Import via interconnections with Belgium and Germany

In the calculations we have assumed an import from Belgium and Germany of 3,850 MW in 2008  

and no import in 2011 and 2014.

Conventional production capacity

With regard to the construction of new large-scale conventional production capacity, in this scenario 

we have included all initiatives for which a contract for connection to the high-voltage grid has been  

signed or is about to be signed (in accordance with the Green Revolution reference scenario). 

Moreover, we are anticipating 1,600 MW in additional production capacity in the 2014 reference 

year, distributed among the 380-kV substation at Eemshaven (800 MW) and the 220-kV substation 

at Bergum (800 MW).

With regard to the decommissioning of production capacity, we are anticipating the removal  

of 555 MW distributed among Eneco Netbeheer Utrecht (95 MW in 2011) and Continuon Netbeheer  

Noord-Holland (460 MW in 2014). This is in accordance with the Green Revolution reference scenario.

		  Calculations

For the Money Rules scenario, calculations have been made for a winter situation in each of the years 

2008, 2011 and 2014. In these calculations we have neither assumed any exchanges via the HVDC 

connections nor any contributions from off-shore wind farms yet to be realised or from large on-shore  

wind farms.

Table 15 shows the calculations for the Money Rules scenario. Table 16 shows the results of the tests 

performed to check the national 380/220-kV grid’s compliance with the Grid Code criteria in each 

of the three focus years, including international power exchanges under circumstances where no 

maintenance is in progress and no faults are present.

Graphs 10, 11 and 12 show the results of all load flow calculations for the 380-kV circuits, the 220-kV 

circuits (including 380/220-kV transformers) and the 380-kV (cross-border) circuits.
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Results of load flow calculations

2008 2011 2014

Scenario criterion A B A B A B

Money Rules winter 3,850 3,850 0 0 0 0

Green: meets the criterion, blue: does not meet the criterion
Exchange (MW) with other countries (+ : import, - : export) under circumstances where no maintenance is in progress  
and no faults are present (including grid losses)

table 16

2008 2011 2014

Total installed production capacity 1) 15,658 19,172 25,478

Production deployed (units >2 MW) in the 150-kV and 110-kV grids 7,777 8,753 7,849

Production deployed in the 380-kV and 220-kV grids 4,675 9,142 11,993

Total production deployed 2) (units > 2 MW) 12,452 17,895 19,842

Total load 3) (including production by units < 2 MW) 16,302 17,895 19,842

DC exchange via Norway cable (+ import / - export) 0 0 0

DC exchange via UK cable (+ import / - export) 0 0 0

AC exchange within the Netherlands (+ import / - export) 3,850 0 0

1) This includes existing and assumed new wind capacity, produced both on and off shore.
2) �This excludes on-shore wind capacity (on-shore wind capacity has been offset against the load demand)  

and compensation of grid losses.
3) This excludes 100 MW to 300 MW in grid losses.
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Load on 380-kV cross-border circuits as a percentage of the nominal transmission capacity
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		  Problems in the 380/220-kV high-voltage grid according to the baseline calculation

The capacity problems in the Money Rules scenario are largely comparable to those in the Green 

Revolution reference scenario and the Sustainable Transition scenario. A number of capacity problems  

emerge more clearly due to the extra deployment of capacity in the north. 

220-kV Hessenweg connection

Once the 220-kV Hessenweg - Hoogeveen connection has been decommissioned, the connection  

of the 220-kV Hessenweg substation will no longer comply with the grid design criteria in the event 

of maintenance to the 220-kV Ens - Hessenweg connection.

220-kV Robbenplaat - Eemshaven connection

As of the 2011 reference year, a capacity problem will arise on the connection between the 220-kV 

substations at Robbenplaat and Eemshaven. This short connection, which links the older substation 

with the newer substation at this location, will be overloaded due to the increased deployment  

of production facilities at Eemshaven.

220-kV Robbenplaat - Weiwerd - Meeden connection

As of 2011, a capacity problem will arise on the Robbenplaat - Weiwerd - Meeden connection due to  

the extra deployment of capacity at Eemshaven and Bergum assumed in this scenario.

380/220-kV links at Eemshaven and Meeden

As of 2011, capacity problems will affect the 380/220-kV transformers at Eemshaven and Meeden. 

These problems will be caused by the assumed high deployment of production facilities connected 

to and near Eemshaven. 

		  Possible measures in the 380-kV and 220-kV high-voltage grid 

220-kV Hessenweg connection

See the measures foreseen in connection with the Green Revolution reference scenario.

220-kV Robbenplaat - Eemshaven connection

See the measures foreseen in connection with the Green Revolution reference scenario.

220-kV Robbenplaat - Weiwerd - Meeden connection

See the measures foreseen in connection with the Green Revolution reference scenario,  

particularly the measures as indicated for the Eemshaven excursion.

380/220-kV links at Ens, Eemshaven and Meeden

See the measures foreseen in connection with the Green Revolution reference scenario.

		�  Capacity problems in the interconnections with regional grid operators, and possible 

measures

In this scenario, the capacity problems identified for the interconnections with regional grids,  

and the measures that may be taken to resolve them, are identical to those in the Green Revolution 

reference scenario.
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	 9.6	 Essent Netwerk – North

1	 Additional 220/110-kV transformer at one of the northern substations 
 
 
2	 Additional 380/110-kV transformer at Hessenweg or Hengelo 
 
 
3	 Realisation of a 380/110-kV link near Zwolle (possibly reconsider due to the 220-kV eastern section) 
 
 
4	 Two additional 220/20-kV transformers at Eemshaven-Oost 

		  Assumptions

For the 110-kV and 20-kV connections of Essent Netwerk Noord with 3,990 MVA and 640 MVA  

in transformer capacity, respectively, we have reviewed and made calculations for one variant for  

a winter situation in each of the years 2008, 2011 and 2014. In the 2008 reference year, all 20-kV  

connections at Vierverlaten, Eemshaven Oost, Meeden and Weiwerd have two 220/20-kV transformers.

Existing wind capacity and other decentralised production units with capacities of less than 10 MW 

have been offset against the load.

As of the 2008 reference year we have taken into account the commissioning of the third 380/110-kV 

transformer at the 380-kV substation at Hengelo and the commissioning of the second 220/110-kV 

transformer at the 220-kV substation at Meeden.
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As of the 2011 reference year we are assuming the removal of the 220-kV Hoogeveen - Hessenweg 

connection and the commissioning of a third and a fourth 220/20-kV transformer at the 220-kV 

Eemshaven Oost substation. We mention the assumption regarding the removal here because it will 

affect the distribution of capacity among the substations. Please note, however, that the discussion 

about whether or not the connection will be removed has not yet been concluded.

For the calculated variant, a brief description has been given of the assumptions used for the applied 

loads and the deployed production capacity when testing against criteria a, b and c. Graph 17 presents  

the basic data for the calculations for this variant.

Graph 13 shows the results of all load flow calculations for each transformer at the various substations.  

Table 18 shows the results of the tests performed to check compliance with the Grid Code criteria in  

each of the three focus years, including power exchanges with the 380/220-kV grid under circumstances  

where no maintenance is in progress and no faults are present.

		  Variant

Essent Netwerk-Noord, variant I

This variant assumes that the load on the 110-kV grid will increase to 426 MW more than its 2008 

level by 2011, and to 553 MW more than its 2008 level by 2014. This assumption is based on the following:

•	�An autonomous growth of 1.5%, resulting in a load growth of 1,956 MW in 2008 to 2,256 MW by 2014

•	 �A saltatory load growth associated with the realisation of projects and other developments, including  

gas compression, resulting in an additional growth from 198 MW in 2008 to 442 MW by 2014

For the 20-kV substations we are anticipating a load growth of 27 MW in 2011 and 33 MW in 2014, 

compared to 2008.

For the purpose of testing against criteria a and b, it has been assumed that of the available production  

facilities, 666 MW in production capacity will be operational in 2008, based on the assumption that 

100 MW in additional production capacity will be commissioned in 2008, distributed among the 110-kV  

substations at Hengelo and Coevorden. As of 2011 we are anticipating the additional deployment of 

130 MW in new production capacity near Coevorden. For the purpose of testing against criterion c,  

it has been assumed that all available units will be in operation.

Capacity problems on the 110-kV connection

Testing against criterion b indicates that, from 2011, the Zeyerveen substation will be affected by  

a capacity problem (arising out of the required sourcing and supply of power). This capacity problem  

will manifest itself in the event of the assumed removal of the 220-kV connection between Hessenweg  

and Hoogeveen. In 2014, the overload observed at Zeyerveen will have increased slightly compared 

to 2011. Testing against criterion b reveals that at the end of the surveyed period as of 2014, Meeden 

substation will present a capacity problem which is mainly related to the extra consumption due  

to new gas compression stations.

When testing against criterion b, we identified a capacity problem at Hengelo substation by 2014  

as a result of an increase in the load demand.
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Furthermore, from 2010, when the 220-kV Hessenweg - Hoogeveen connection will be 

decommissioned, the connection of the Hessenweg substation will no longer comply with  

the grid design criteria during maintenance to the 220-kV Ens - Hessenweg connection.

Capacity problems of the 20-kV connection

In 2011 a capacity problem will arise on the connection at Eemshaven Oost. This problem will  

be caused partly by an increase in the expected load demand of a large-scale consumer and partly  

by an increase in the desired supply to the grid from 20-kV to 220-kV because of the requested 

connection of new wind turbines with a joint capacity of 300 MW.

The supply to the grid from 20-kV to 220-kV will also reduce the volume of production capacity 

to be transmitted from the hierarchically superior 380-kV grid near Eemshaven to the 380-kV ring 

structure, causing capacity problems in the 380/220-kV grid. Because of these problems, TenneT  

is currently conferring with the connected party about the connection of production capacity 

behind the connection to Eemshaven Oost.

The grid problems set out above, caused by the connection of new production capacity in  

a hierarchically inferior grid, also plays a role in the 110-kV grid of the connected grid operator.  

Here, too, the connection of new production capacity in the 110-kV grid causes capacity problems  

in the 380/220-kV grid. These problems have been investigated specifically in the national scenarios, 

because the possible measures are to be found in the 380/220-kV grid.

 

Basic data for the calculations

2008 2011 2014

Total installed production (units > 10 MW) 1,111 1,241 1,241

Total deployed production (units > 10 MW) 666 796 796

Total load (including production by units < 10 MW) 2,154 2,581 2,707

110-kV exchange (excluding grid losses) 1,488 1,785 1,911

Load on transformers of Essent Netwerk Noord
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		  Possible measures

110-kV substations at Meeden and Zeyerveen

The capacity problems at Zeyerveen and Meeden were examined in a study recently performed 

jointly by TenneT TSO and Essent Netwerk Noord in conjunction with the capacity problems in  

the regional 110-kV transmission grid of Essent Netwerk Noord. The decision of whether or not  

to remove the 220-kV Hessenweg - Hoogeveen connection is relevant here. Part of the solution  

has been found in the enforcement of the 110-kV infrastructure, as described in the Quality and 

Capacity Plan of Essent Netwerk Noord.

The capacity problem at Meeden can be resolved by installing an additional 220/110-kV transformer 

at one of the northern substations. When this expansion will be realised depends on the actual load 

growth, particularly that of gas compression.

110-kV substations at Hengelo and Hessenweg

The capacity problem at Hengelo at the end of the surveyed period can be resolved by adding  

a transformer at Hessenweg or Hengelo. When this expansion will be realised depends on the load 

growth and the development of the 110-kV grid in the region.

The capacity problem at Hessenweg associated with the removal of the 220-kV Hessenweg - Hoogeveen  

connection can be resolved by constructing a 380/110-kV link near Zwolle. The 220/110-kV transformers  

at the Hessenweg substation are to be replaced by 380/110-kV transformers at a new substation near  

Zwolle (precise timetable yet to be decided). Until the commissioning of the first 380/110-kV 

transformer, the capacity problem can be temporarily resolved by postponing maintenance to  

the 220-kV Ens - Hessenweg connection. This solution has been included in the examination  

of the national transmission grid.

20-kV substation at Eemshaven Oost

The capacity problem at Eemshaven Oost substation can be resolved by adding two transformers.

Results of load flow calculations

2008 2011 2014

Variant criterion A B C A B C A B C

Variant I 1,518 1,518 1,731 1,822 1,822 2,035 1,949 1,949 2,162

Green: meets the criterion, blue: does not meet the criterion
Exchange (MW) with TenneT (+ : in the direction of the region, - : in the direction of TenneT) under circumstances  
where no maintenance is in progress and no faults are present (including grid losses)
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		  Comparison with the previous Quality and Capacity Plan

Compared to the previous Quality and Capacity Plan, the grid operator has lowered the load prediction.  

For the organic load growth a percentage of 1.5 is assumed, which is 1% less than in the previous plan.  

We are also assuming a lower load growth for the first year of the plan period. In comparison with 

the predictions in the previous plan, this results in a decrease in demand of 424 MW (18%) for  

the year 2008. About half of this is caused by the expected decrease in additional demand for gas  

compression in 2008, because a number of projects will be commissioned three years later than 

previously assumed. 108 MW of the remainder is made up by the 110-kV load demand and 98 MW  

is made up by the 20-kV load demand.

Compared to the forecasts for the year 2011, the decrease in the load demand amounts to 237 MW (9%).  

This difference comprises a 52 MW reduction in the load demand due to gas compression and 88 MW  

and 89 MW, respectively, due to a lower 110-kV and 20-kV load demand. Compared to the previous 

Quality and Capacity Plan, the only difference as regards the assumptions for production facilities is 

that the production facility at Schoonebeek will be commissioned three years later than previously 

assumed.

The expansions of the transmission capacity at Hengelo substation (third 380/110-kV transformer) 

and Meeden substation (second 220/110-kV transformer) have been assumed to become operational 

in 2008. The lower load forecast and the additional transformer capacity will result in a decrease in 

the number of capacity problems. The capacity problems identified for the 220/20-kV substations in 

the previous Quality and Capacity Plan have disappeared due to the redistribution of the load demand.  

he solutions mentioned in the previous Quality and Capacity Plan have been or are in the process  

of being implemented. 
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	 9.7	 Continuon Netbeheer – Friesland

1	 Additional 220/110-kV transformer at Louwsmeer or Oude Haske

		  Assumptions

Calculations have been performed for two variants relating to the interconnection with the grid 

operated by Continuon Netbeheer Friesland, which has a transformer capacity of 1,200 MVA.  

These calculations have been performed for a winter situation in each of the years 2008, 2011 and 2014.

For the first variant, a brief description has been given of the assumptions used for the applied load 

and the deployed production capacity for the purpose of testing against criteria a, b and c. Graph 19  

presents the basic data for the calculations for this variant. Where the other variant is concerned, details  

of the load and capacity deployment assumptions are given only insofar as they differ from those 

applied in the context of the first variant. For this spur network we are assuming that no production 

capacity greater than 10 MW will be operational.

Graph 14 shows the results of all load flow calculations for each transformer at the various substations.  

Table 20 shows the results of the tests performed to check compliance with the Grid Code criteria 

in each of the three focus years, including power exchanges with the national 220-kV grid under 

circumstances where no maintenance is in progress and no faults are present.

		  Variants

Continuon Netbeheer Friesland, variant I – basic variant

This variant assumes that by 2011 the load will have increased by 39 MW compared to its 2008 level,  

and by 2014 it will have increased by 80 MW. Existing wind capacity and other decentralised production  

units with capacities of less than 10 MW have been offset against the load. 

Continuon Netbeheer Friesland, variant II – high variant

This variant assumes a greater load growth in the period beyond 2009 than that foreseen under variant I.  

In 2011 and 2014 this will result in an additional load demand of 30 MW and 57 MW, respectively, 

compared to the basic variant.
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		  Capacity problems

Louwsmeer substation

When testing against criterion b (required sourcing and supply), in the basic variant a capacity problem  

arises at Louwsmeer substation at the end of the surveyed period. In the high variant this problem 

will arise as early as in 2011 according to the same criterion. 

Oude Haske substation

Based on criterion b, a capacity problem will arise at Oude Haske substation as of 2011 in  

the high variant. For the same criterion, this problem will arise in 2014 in the basic variant.
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2008 2011 2014

Total installed production (units > 10 MW) 0 0 0

Total deployed production (units > 10 MW) 0 0 0

Total load (including production by units < 10 MW) 560 599 640

150-kV exchange (excluding grid losses) 560 599 640

Load on transformers of Continuon Netbeheer Friesland
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table 19

table 20 Results of load flow calculations

2008 2011 2014

Variant criterion A B A B A B

Variant I 563 563 602 602 643 643

Variant II 570 570 632 632 700 700

Green: meets the criterion, blue: does not meet the criterion
Exchange (MW) with TenneT (+ : in the direction of the region, - : in the direction of TenneT) under circumstances  
where no maintenance is in progress and no faults are present (including grid losses)
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		  Possible measures

Louwsmeer and Oude Haske substations 

The capacity problems at Louwsmeer and Oude Haske will in due course be permanently resolved  

by expanding the connection with an additional 220/110-kV transformer connected to the Continuon  

Friesland grid. For the time being, we will merely need to take operational measures like  

the performance of maintenance work on transformers during periods of low load demand  

or the selection of appropriate switch settings in the 110-kV grid. 

		  Comparison with the previous Quality and Capacity Plan

Compared to the previous Quality and Capacity Plan the forecast for the regional load growth remains  

unchanged. In the basic variant the assumed load growth amounts to 2.25% and in the high variant it 

amounts to 3.5%. Because the load demand is assumed to be higher at the beginning of the surveyed 

period, the load demand for the 2008 and 2011 reference years is approximately 30 MW higher than in  

the previous plan. In comparison with the previous Quality and Capacity Plan, there are no differences  

as regards the assumptions for the production capacity. The higher load forecast results in an increase  

in transmissions via the substations. The capacity problem at Louwsmeer substation, which according  

to the previous Quality and Capacity Plan would almost occur in 2012, now arises about a year earlier. 

The capacity problems as described above are new and were not yet identified in the previous plan.
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	 9.8	 Continuon Netbeheer Flevoland, Gelderland and Utrecht

1	 Realisation of a 380/150-kV substation at Breukelen with a single 380/150-kV transformer

		  Assumptions

Calculations have been performed for two variants relating to the interconnection with the grid 

operated by Continuon Netbeheer Flevoland, Gelderland and Utrecht (FGU), which has a transformer 

capacity of 2,850 MVA. These calculations have been performed for a winter situation in each  

of the years 2008, 2011 and 2014.

The deployment of the existing wind capacity and other decentralised production units with a capacity  

of less than 10 MW has been offset against the load.

As of 2010 (reference year 2011), we have taken account of the commissioning of the tapped substation  

at Breukelen in the 380-kV connection from Diemen to Krimpen. For this tapped substation we have 

assumed a single 380/150-kV transformer connected to the Utrecht section of the regional 150-kV grid.

A brief description has been given of the assumptions used for the applied load and the deployed 

production capacity for the purpose of testing the first variant against criteria a, b and c. Graph 21 

presents the basic data for the calculations for this variant. Where the other variants are concerned, 

details of the load and capacity deployment assumptions are given only insofar as they differ from 

those applied in the context of the first variant.

Graph 15 shows the results of all load flow calculations for each transformer at the various substations.  

Table 22 shows the results of the tests performed to check compliance with the Grid Code criteria 

in each of the three focus years, including power exchanges with the national 380-kV grid under 

circumstances where no maintenance is in progress and no faults are present.
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		  Variants

Continuon Netbeheer (FGU), variant I – basic variant

This variant assumes a load growth of 237 MW and 482 MW compared to 2008 for, respectively,  

2011 and 2014. For the production in the region, when testing against criteria a and b for 2008,  

we have assumed a deployment of 1,191 MW and 1,541 MW for 2011 and 2014. As of 2009  

(2011 reference year) we have assumed the arrival of two new production facilities of 450 MW,  

one of which will be connected to the 150-kV substation at Lelystad and the other to the 380-kV 

substation at Lelystad 13). For the purpose of testing against criterion c, it has been assumed that  

all available units will be in operation. In this we have anticipated the removal of a 100 MW unit  

in Utrecht as of 2011.

Continuon Netbeheer (FGU), variant II – high variant

This variant assumes a greater load growth in the period beyond 2008 than that foreseen under variant I.  

In 2011 and 2014 this will result in an additional load demand of 111 MW and 229 MW, respectively, 

compared to the basic variant. 

		  Capacity problems

Substations 

When testing the basic variant against all criteria we have identified capacity problems for Lelystad 

substation until the moment when the 380/150-kV transformer at Breukelen is in operation, and when  

testing it against criteria b (required sourcing and supply) and c (specific situations) we have identified  

capacity problems for the substations at Dodewaard and Doetinchem.

Once the transformer at Breukelen is operational, only Lelystad will present a capacity problem  

in the basic variant (criteria b and c). As of 2014, capacity problems will once again be found at  

the Breukelen and Doetinchem substations when testing against criterion c. 

In the high variant, the capacity problems at Breukelen and Doetinchem arise a few years earlier and 

in 2014 these substations will also present a problem for criterion b. The capacity problems identified 

for Lelystad and, to a lesser extent, for Breukelen, will be caused by the fact that the 150-kV grid  

of the provinces Flevoland, Gelderland and Utrecht is linked to the 380-kV grid at several substations. 

The ever increasing transmissions in the 380-kV grid will cause parallel transmissions in the 150-kV grid  

which can result in overloading of the substations. The commissioning of new production facilities  

at Lelystad will also lead to an increase in transmissions in both the 380-kV grid and the 150-kV grid.

13)	� The commissioning of the production facility connected to the 380-kV grid is referred to here because it will affect  
the distribution of the transmissions among the substations, particularly those at Lelystad and Breukelen.
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Basic data for the calculations

2008 2011 2014

Total installed production (units > 10 MW) 1,674 2,124 2,124

Total deployed production (units > 10 MW) 1,191 1,641 1,641

Total load (including production by units < 10 MW) 2,990 3,227 3,272

150-kV exchange (excluding grid losses) 1,799 1,586 1,631

Load on transformers Continuon Netbeheer Flevoland, Gelderland and Utrecht
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Results of load flow calculations

2008 2011 2014

Variant criterion A B C A B C A B C

Basic variant 1,812 1,812 2,342 1,601 1,601 2,430 1,648 1,648 2,477

High variant 1,840 1,840 2,370 1,742 1,742 2,571 1,932 1,932 2,761

Green: meets the criterion, blue: does not meet the criterion
Exchange (MW) with TenneT (+ : in the direction of the region, - : in the direction of TenneT) under circumstances  
where no maintenance is in progress and no faults are present (including grid losses)
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		  Possible measures

The capacity problems can probably be resolved by taking operational measures such  

as the performance of maintenance work on the substations during periods of low connection loads  

or the compulsory deployment of production facilities or the selection of appropriate switch settings  

in the 150-kV grid. This will not be easy, however, as the 150-kV grid in the region Flevoland, Gelderland  

and Utrecht is linked to the 380-kV grid at three locations and will be linked at four locations as of 2010.  

We will need to investigate in a further study whether sufficient appropriate measures are available 

to assure secure operation of the link between the 150-kV grid and the 380-kV grid. This particularly 

applies to the selection of the proper switch settings in the 150-kV grid. 

		  Comparison with the previous Quality and Capacity Plan

Compared to the previous Quality and Capacity Plan the forecast for the regional load growth remains  

unchanged. In the basic variant the assumed load growth amounts to 2.25% and in the high variant 

it amounts to 3.5%. Because the load demand is assumed to be lower in the first year of the surveyed 

period, the load demand for the 2008 and 2011 reference years is approximately 80 MW lower than  

in the previous plan.

Compared to the previous Quality and Capacity Plan, which did not forecast any new production 

facilities, we are now anticipating the commissioning of two new 450 MW production facilities  

in 2009, one of which will be connected to the 150-kV substation at Lelystad and the other to  

the 380-kVsubstation at Lelystad. We have also taken account of the removal of a 100 MW unit  

in Utrecht as of 2011.

As was indicated as a solution in the previous plan, in this plan we are assuming the commissioning 

of a tapped substation at Breukelen in the 380-kV connection from Diemen to Krimpen with  

a single 380/150-kV transformer connected to the Utrecht section of the regional 150-kV grid.

The lower load forecast, the increase in the installed capacity and the increase in the connection 

capacity of the substations will result in a decrease in the number of capacity problems compared  

to the previous Quality and Capacity Plan. Points for attention are the capacity problems caused  

by the increase in parallel transmissions in the 150-kV grid, for which a study is being initiated into 

the possibilities of resolving these by means of operational measures.

C
o

n
ti

n
u

o
n

 N
et

b
eh

ee
r 

- F
le

vo
la

n
d

, G
el

d
er

la
n

d
 a

n
d

 U
tr

ec
h

t



Quality and Capacity Plan 2008 - 2014 / part  II Quality and Capacity Plan 2008 - 2014 / part II 65

	 9.9	 Continuon Netbeheer Noord-Holland

		  Assumptions

Calculations have been performed for two variants relating to the interconnection with the grid 

operated by Continuon Netbeheer Noord-Holland, which has a transformer capacity of 3,850 MVA. 

These calculations have been performed for a winter situation in each of the years 2008, 2011 and 2014.  

From 2014, allowance has been made for grid modifications effected as part of the Randstad380 project.  

The planned modifications consist of:

•	�the upgrading of the remaining 150-kV connection between Hemweg and Velsen/Beverwijk  

to the 380-kV voltage level;

•	an increase in the 380/150-kV transformer capacity at the Beverwijk substation by 1,000 MVA;

•	 �the commissioning of the 380-kV connection between Beverwijk and Bleiswijk, resulting in  

the development of the northern ring of the Randstad380 project.

The deployment of the existing wind capacity and other decentralised production units with a capacity  

of less than 10 MW has been offset against the load.
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For the first variant, a brief description has been given of the assumptions used for the applied load 

and the deployed production capacity for the purpose of testing against criteria a, b and c. Graph 23 

presents the basic data for the calculations for this variant. Where the other variants are concerned, 

details of the load and capacity deployment assumptions are given only insofar as they differ from 

those applied in the context of the first variant.

Graph 16 provides the results of all load flow calculations for each transformer at the various substations.  

Table 24 shows the results of the tests performed to check compliance with the Grid Code criteria 

in each of the three focus years, including power exchanges with the national 380-kV grid under 

circumstances where no maintenance is in progress and no faults are present.

		  Variants 

Continuon Netbeheer (Noord-Holland), basic variant

This variant assumes that compared to the 2008 level the load will have increased by 194 MW in 2011, 

and by 400 MW in 2014. For the purpose of testing against criteria a and b, it has been assumed that, 

of the region’s available production facilities, 1,698 MW will be operational in each of the focus years. 

For the purpose of testing against criterion c, it has been assumed that all available facilities will be 

operational in each of the focus years. In this we have made allowance for the decommissioning 

in 2014 of a 634 MW unit connected to the 150-kV substation at Hemweg.

Continuon Netbeheer (Noord-Holland), high variant

This variant assumes a greater load growth than that foreseen in the basic variant. In 2011 and 2014 

this will result in an additional load demand of 149 MW and 285 MW, respectively, compared to 

the basic variant. In addition, in this variant we are anticipating the commissioning of a 300 MW 

production facility in 2011, which is to be connected to the 150-kV substation at Velsen.

		  Capacity problems

From around 2011, the basic variant is associated with an increase in the load demand and  

the consequent deployment of units Hemweg 8, Velsen 24 and IJmond 1 at the Hemweg and Velsen 

locations. This will result in a voltage instability in the 150-kV spur network in the event of  

the non-availability of both 380-kV circuits from Oostzaan. In this situation, the 380-kV substations 

at Oostzaan and Beverwijk will no longer be directly connected to the other part of the 380-kV grid 

and the 150-kV grid of Noord-Holland will be solely supplied by the 380-kV substation at Diemen.  

As a result, considerable power transmissions will take place via the relatively weak northern and 

southern sections of Noord-Holland’s 150-kV grid. This capacity problem will disappear once, thanks 

to the commissioning of the 380-kV connection between Beverwijk and Bleiswijk, the northern ring 

of the Randstad380 project has been realised.

In the high variant, which assumes a greater load demand growth, this voltage instability in  

Noord-Holland’s 150-kV grid will occur sooner. This capacity problem has also been referred to  

in the review of the 220/380-kV transmission grid.
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Basic data for the calculations

2008 2011 2014

Total installed production (units > 10 MW) 2,727 2,727 2,147

Total deployed production (units > 10 MW) 1,688 1,688 1,688

Total load (including production by units < 10 MW) 2,799 2,993 3,199

150-kV exchange (excluding grid losses) 1,111 1,305 1,511

Load on transformers Continuon Netbeheer Noord-Holland
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Results of load flow calculations

2008 2011 2014

Variant criterion A B C A B C A B C

Basic variant 1,126 1,126 1,297 1,322 1,322 1,493 1,534 1,534 2,164

High variant 1,161 1,161 1,332 1,171 1,171 1,342 1,519 1,519 2,149

Green: meets the criterion, blue: does not meet the criterion
Exchange (MW) with TenneT (+ : in the direction of the region, - : in the direction of TenneT) under circumstances  
where no maintenance is in progress and no faults are present (including grid losses)
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		  Possible measures

The permanent solution envisaged for the problem of voltage instability is the creation of a new 380-kV  

link between Beverwijk and Bleiswijk, which is assumed to become operational in 2014. Until this link  

is commissioned, the capacity problem will have to be resolved by restricting maintenance to  

the 380-kV connections from Oostzaan to Ens and Krimpen or by the compulsory deployment  

of production capacity at Hemweg and/or Velsen insofar as it is available. This measure has also  

been referred to in the description of the 380/220-kV transmission grid.

The problem and the associated operational solutions are closely linked to the deployment of 

production facilities applied in the variants. If the actual deployment differs from the forecast  

in the variants, the capacity problem may be experienced sooner or later than indicated, and  

the associated operational measures may therefore be required sooner or later as well.

		  Comparison with the previous Quality and Capacity Plan

Compared to the previous Quality and Capacity Plan the forecast for the regional load growth remains  

unchanged. In the basic variant the assumed load growth amounts to 2.25% and in the high variant 

it amounts to 3.5%. Because the load demand is assumed to be lower in the first year of the surveyed 

period, the load demand for the 2008 and 2011 reference years is approximately 40 MW lower than in 

the previous plan.

Compared to the previous Quality and Capacity Plan, as regards production capacity we are anticipating  

the removal of a 634 MW unit from the Hemweg location as of 2014. In the high variant, we are 

anticipating the commissioning of a 300 MW unit at the 150-kV Velsen substation as of 2011.  

The assumed commissioning of the northern ring of the Randstad380 project falls within the surveyed  

period of the new plan. The capacity problems identified are the same as in the previous Quality 

and Capacity Plan. The load forecast, which has changed slightly, does not cause a shift in capacity 

problems. The solutions referred to are identical to those referred to in the previous Quality and 

Capacity Plan.
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	 9.10	 TenneT Zuid-Holland

1	 Construction of a 380/150-kV substation at Simonshaven with one transformer (and possible two later on)

 

		  Assumptions

Calculations have been performed for three variants relating to the interconnection with Zuid-Holland’s  

grid, which has a transformer capacity of 4,800 MVA. In this context, Zuid-Holland’s grid is treated  

as made up of two spur networks at the beginning of the surveyed period, the first being that connected  

to the substations at Maasvlakte, Krimpen and Bleiswijk (3.300 MVA), covering Rotterdam, The Hague,  

Zoetermeer, Leiden and Delft and the second being that connected to the Crayesteijn substation 

(1,500 MVA), which covers the area around Dordrecht. As of 2011, the connection is assumed to be 

made up of five spur networks, taking account of the following grid modifications as part of  

the Randstad380 project:

•	�The commissioning of the 380-kV Maasvlakte - Westerlee - Wateringen - Bleiswijk connection, 

resulting in the realisation of the southern ring of the Randstad380 project.

•	�The expansion of the 380/150-kV transformer capacity at Westerlee to 1,500 MVA (this concerns 

an expansion of 1,000 MVA and the transformer now installed at Maasvlakte and connected  

to Westerlee will be relocated from Maasvlakte to Westerlee).

•	The realisation of a 380/150-kV link at Wateringen with a transformer capacity of 1,500 MVA.

•	The expansion of the 380/150-kV transformer capacity at Bleiswijk with 1,000 MVA to 1,500 MVA.

•	 �We have also made allowance for the realisation of a 380/150-kV substation at Simonshaven  

with a transformer capacity of 500 MVA.

Once these modifications have been realised the spur network connected to the Maasvlakte, Krimpen  

and Bleiswijk substations will be split up as follows:

•	 �Westerlee substation (3 transformers with a total capacity of 1,500 MVA), for the Westland 

horticulture area

•	�Wateringen substation (3 transformers with a total capacity of 1,500 MVA), for the load exchange 

with the The Hague region

•	�Krimpen and Bleiswijk substations (6 transformers with a total capacity of 2,900 MVA) linking  

the region of Rotterdam and Zoetermeer with the 380-kV grid

•	�Maasvlakte and Simonshaven substations (3 transformers with a total capacity of 1,400 MVA)  

for Rotterdam’s industrial zones
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The calculations have been performed for a summer and a winter situation in each of the years 2008, 

2011 and 2014. The differences between the summer and winter situations in both spur networks are 

as follows:

•	�When testing against criteria a and b, we have assumed a higher deployment of production facilities  

in the summer, because a lower deployment of production facilities in the region, due to a decreased  

heat requirement, is well compensated by a higher deployment of production facilities (CHP plants)  

in the Westland area. The capacity deployment figures used are based on historical deployment 

patterns and on information provided by producers regarding the deployment of new production 

facilities.

•	�It has been assumed that the maximum load demand in the summer amounts to 88% of  

the winter figure.

•	�The load demand is distributed among the available 150-kV substations differently in summer  

and winter times. 

Wind capacity and other decentralised production units with a capacity of less than 10 MW  

have been offset against the load. For all variants a single load forecast has been used. 

For the first variant, a brief description has been given of the assumptions used for the applied load 

and the deployed production capacity for the purpose of testing against criteria a, b and c. Graph 25 

presents the basic data for the calculations for this variant. Where the other variants are concerned, 

details of the load and capacity deployment assumptions are given only insofar as they differ from 

those applied in the context of the first variant.

Graph 17 shows the results of all load flow calculations for each transformer at the various substations.  

Table 26 shows the results of the tests performed to check compliance with the Grid Code criteria 

in each of the three focus years, including power exchanges with the national 380-kV grid under 

circumstances where no maintenance is in progress and no faults are present.

		  Variants

The variant descriptions apply to both of Zuid-Holland’s spur networks.

Zuid-Holland transmission grid, variant I – basic variant

In the context of this variant, testing against criteria a and b has been based on the assumption that  

2,575 MW of production capacity will be deployed in the region in the winter of 2008, and 2,755 MW  

in the summer. For later years we have assumed the arrival of a total of 94 MW in new CHP production  

capacity in 2009 (reference year 2011), connected to the new 150-kV substation at Tinte, of which 

60 MW will be deployed. We have also assumed the commissioning of 1,259 MW and 1,050 MW, 

respectively, in new production capacity at and near the 380-kV Maasvlakte substation in the reference  

years 2011 and 2014 and the commissioning of the BritNed cable at the same station in the 2011 

reference year, in this variant with an assumed import of 700 MW from the UK. The commissioning 

of the units and the cable at Maasvlakte is referred to here because it will affect the transmissions 

across the Maasvlakte substation. This effect will, however, be very limited after the grid has been 

split up into four spur networks behind Krimpen, Maasvlakte and Bleiswijk.
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For the total production capacity in the region, this variant assumes the following:

•	�The deployment of an additional 80 MW in the winter of 2011 and following winters when testing 

against criterion a and b

•	�The deployment of an additional 240 MW in the summer of 2011 and following summers when testing  

against criterion a and b

•	The full deployment of all units when testing against criterion c

The calculations have been based on a maximum winter load demand of 4,211 MW in 2008, increasing  

to 4,663 MW by 2011 and 4,925 MW by 2014. It has been assumed that the maximum summer load 

demand will be 3,706 MW, 4,103 MW and 4,334 MW in the three reference years, respectively.

Zuid-Holland transmission grid, variant II: “High deployment of production”

In this variant it is assumed that the quantity of installed production capacity deployed will be greater  

than in the basic variant, i.e.:

•	655 MW more in the winter of 2008 and 825 MW more in the winters of 2011 and 2014

•	555 MW in 2008 and 605 MW in the summers of 2011 and 2014 

Zuid-Holland transmission grid, variant III: “Low deployment of production”

In this variant it is assumed that the quantity of installed production capacity deployed will be lower 

than in the basic variant, i.e.:

•	445 MW in 2008, 570 MW in 2011 and 960 MW in 2014 in winter situations

•	735 MW in 2008,1,410 MW in 2011 and 1,470 MW in 2014 in summer situations 

		  Capacity problems

Capacity problem at Crayesteijn

Testing against criterion b (sourcing and supply required by connected parties during maintenance 

situations), a problem will occur at the Crayestein substation in winter situations as of 2011.  

This problem will be caused by an increase in the required sourcing. In the variant with a high deployment  

of production, this capacity problem arises a number of years later. In the low production deployment  

variant, this problem arises a number of years earlier.

Capacity problem at Westerlee

Testing against criterion b (supply and sourcing required by connected parties) reveals that in the basic  

variant a capacity problem will arise at the Westerlee substation in the summer as of 2011. This problem  

will be caused by an increase in the supply of CHP production capacity to the grid required by connected  

parties in the Westland area. This supply to the grid will also reduce the quantity of production capacity  

to be transmitted via the 380-kV connection between Maasvlakte and Bleiswijk, resulting in a capacity  

problem in this part of the grid. Because of this 380-kV capacity problem, TenneT is currently conferring  

with the connected party about the maximum quantity of CHP production capacity to be supplied 

to the grid. This problem has been addressed specifically in the national scenarios. 

In the high production deployment variant, this problem manifests itself a number of years earlier, 

and as of 2014 also in winter situations. In the low production deployment variant, no capacity problem  

is found for Westerlee.
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Capacity problem at Maasvlakte/Simonshaven

Testing against criterion b (supply and sourcing required by connected parties during maintenance 

situations) reveals that in the low production deployment variant a capacity problem will arise in  

the winter at the Maasvlakte substation as of 2008. This problem will be caused by an increase in  

the required sourcing. As of 2011 this problem will also arise in the summer. When testing this variant 

against criterion b we have also identified a capacity problem at Simonshaven substation as of 2011.
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Basic data for the calculations

2008 2011 2014

winter summer winter summer winter summer

Total installed production (units > 10 MW) 3,240 3,310 3,480 3,600 3,480 3,600

Total deployed production (units > 10 MW) 2,575 2,755 2,655 2,995 2,655 2,995

Total load (including production by units < 10 MW) 4,211 3,706 4,663 4,103 4,925 4,334

150-kV exchange (excluding grid losses) 1,636 951 2,008 1,108 2,270 1,339

Load on transformers TenneT Zuid-Holland 
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Results of load flow calculations

2008 2011 2014

Variant criterion A B A B A B

Basic summer 960 960 1,118 1,118 1,350 1,350

winter 1,651 1,651 2,027 2,027 2,292 2,292

High production deployment summer 405 405 513 513 745 745

winter 986 986 1,202 1,202 1,467 1,467

Low production deployment summer 1,695 1,695 2,528 2,528 2,820 2,820

winter 2,096 2,096 2,597 2,597 3,252 3,252

Green: meets the criterion, blue: does not meet the criterion
Exchange (MW) with TenneT (+ : in the direction of the region, - : in the direction of TenneT) under circumstances  
where no maintenance is in progress and no faults are present (including grid losses)

table 25

table 26
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		  Possible measures

Crayesteijn substation

The solution to this capacity problem is to be found in the performance of maintenance work at  

this substation during periods of low load. The calculations for the summer situation demonstrate 

that this is a possibility during summer time.

Westerlee substation

The solution to this capacity problem is to be found in the performance of maintenance work at  

this substation during periods of low load. The calculations for the winter situation demonstrate  

that this is a possibility during winter time. If this measure turns out to provide insufficient security 

as of 2014, we can decide to install an additional 380/150-kV transformer at this substation.

Maasvlakte and Simonshaven substations

In 2008, the solution to this problem, which has only been identified in the low production deployment  

variant, is to be found in the performance of maintenance work at Maasvlakte substation during periods  

of low load. The calculations demonstrate that this is a possibility during winter time. As of 2011, after  

the splitting up of the 150-kV spur network of Krimpen, Maasvlakte and Bleiswijk, the solution is  

to be found in the (temporary) application of switching in the 150-kV grid of Zuid-Holland. Once this 

measure no longer provides sufficient security, we must install an additional 380/150-kV transformer 

in this grid.

		  Comparison with the previous Quality and Capacity Plan

Compared to the previous Quality and Capacity Plan, the load forecast is lower – mainly as a result  

of an increase in small-scale CHP and wind capacity – and this has been offset against the load demand  

as a negative load. The maximum load demand is therefore approximately 200 MW lower for the 2008  

reference year and approximately 40 MW lower for 2011.

In comparison with the previous Quality and Capacity plan, this plan assumes a 1,000 MW increase  

in production by CHP plants at the 150-kV substations at Botlek, Europoort, Tinte and Westerlee and 

a 110 MW increase in wind capacity connected to the 150-kV substation at Dordrecht Zuid. 

The capacity problems for 2008 differ from those in the previous Quality and Capacity Plan.  

For Maasvlakte, we did not identify a capacity problem in the previous plan, but in this plan we have 

identified a capacity problem. The opposite applies to the other substations. This is caused by  

the increase in CHP capacity and the different distribution of the load demand, which is largely  

the result of CHP which has been offset against the load demand as a negative load.

As of 2011 we are anticipating the existence of the southern ring of the Randstad380 project and  

the splitting up of the 150-kV spur network of Krimpen, Maasvlakte and Bleiswijk into four spur 

networks. These modifications result in a number of new capacity problems because capacity  

will be exchanged more via the hierarchically superior 380-kV grid.

The solution approaches indicated in the previous Quality and Capacity Plan have remained unchanged  

and are assumed to be implemented as of 2011. In this plan we mainly suggest operational measures 

to resolve the capacity problems identified as of 2011.
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	 9.11	 Delta Netwerkbedrijf 

1	 Additional 380/150-kV transformer at Borssele

		  Assumptions

Calculations have been performed for two variants relating to the interconnection with the grid 

operated by Delta Netwerkbedrijf, which has a transformer capacity of 900 MVA. The calculations 

have been performed for a winter situation in each of the years 2008, 2011 and 2014.

Wind capacity and other decentralised production units with a capacity of less than 10 MW  

have been offset against the load.

Where the 380-kV Borssele substation is concerned, the calculations for 2008 assume the continuation  

of the present grid situation, with the 380/150-kV transformers being connected directly to the 380-kV  

connection between Geertruidenberg and Zandvliet (Belgium). For 2011 and 2014, it has been assumed  

that the configuration of the 380-kV Borssele substation will be based on the double-busbar system. 

In all calculations we have also assumed that the 150-kV link between Zeeland and Noord-Brabant 

will be operational.

For the first variant, a brief description has been given of the assumptions used for the applied load 

and the deployed production capacity for the purpose of testing against criteria a, b and c. Graph 27 

presents the basic data for the calculations for this variant. Where the other variants are concerned, 

details of the load and capacity deployment assumptions are given only insofar as they differ from 

those applied in the context of the first variant.

Graph 18 provides the results of the load flow calculations for each transformer at the various 

substations. Table 28 shows the results of the tests performed to check compliance with the Grid 

Code criteria in each of the three focus years, including power exchanges with the national 380-kV 

grid under circumstances where no maintenance is in progress and no faults are present.

		  Variants

Transportnet Delta Netwerkbedrijf variant, day situation

This variant assumes an increase in the load demand compared to 2008, by 195 MW in 2011 and 207 MW in 

2014. This saltatory load growth in 2011 will mainly be caused by one large-scale consumer in the 150-kV grid.
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For the production in the region, we have assumed a deployment of 1,421 MW for 2011 and 1,503 MW  

for 2014 when testing against criteria a and b for 2008. As of 2009 (reference year 2011) we have 

anticipated the arrival of two new 435 MW production facilities to be connected to the 380-kV 

substation at Borssele. This commissioning is referred to here because it will affect the transmissions 

via Borssele substation. Furthermore, as of 2010 (reference year 2011) we have anticipated  

the connection of a new 82 MW production facility at the 150-kV substation at Sas van Gent.

Since this regional grid has a 150-kV interconnection with Noord-Brabant’s regional grid (operated 

by Essent Netwerk), allowance has also been made in both variants for the anticipated deployment 

of production facilities in Noord-Brabant. For the purpose of testing against criterion c, it has been 

assumed in both variants that all available units will be in operation.

Delta Netwerkbedrijf transmission grid variant, night situation

This variant concerns a situation during the night. As the 150-kV grid in Zeeland produces a surplus of 

electricity in many situations, the most serious capacity problems for the connection with the 380-kV 

grid can be expected during situations when the load demand is low, like during the night. The load 

demand during the night is around half of the load demand during the day, while the deployment  

of the production facilities is assumed to remain unchanged.

		  Capacity problems 

Borssele substation

Testing against criterion c (specific situations) has revealed that under the day situation variant of 

Delta Netwerkbedrijf a capacity problem will arise at Borssele substation as of 2009. The transformer  

installed in parallel will be overloaded in the event of the non-availability of the two largest production  

facilities in the spur network combined with the failure of one of the two 380/150-kV transformers.

In the night situation variant of Delta Netwerkbedrijf we have identified a capacity problem when 

testing against criterion a in the transmission of production capacity from the 150-kV grid. After 2008  

this problem will disappear due to an increase in the load demand in Zeeland’s 150-kV grid.

150-kV link between Zeeland and Noord-Brabant

Both in the day variant and in the night variant, the 150-kV link between Zeeland and Noord-Brabant 

has been found to be overloaded as of 2009. Although this connection is not part of the connection 

with TenneT, it is mentioned here because Delta Netwerk’s solution to this capacity problem may 

have consequences for TenneT.

 

D
el

ta
 N

et
w

er
kb

ed
ri

jf

Basic data for the calculations

2008 2011 2014

Total installed production (units > 10 MW) 1,571 1,973 2,018

Total deployed production (units > 10 MW) 1,553 1,955 2,000

Total load (including production by units < 10 MW) 1,161 1,356 1,368

150-kV exchange (excluding grid losses) -392 -599 -632

table 27
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		  Possible measures

Borssele substation

The capacity problem referred to above, identified when testing against criterion c for the period  

as of 2009, which is associated with the anticipated load growth within the relevant supply area and 

the connection of new production capacity to Borssele at the 380-kV voltage level, can be resolved 

by installing a third 380/150-kV transformer. This solution must be investigated further during a study,  

which must also address the 150-kV link between Noord-Brabant and Zeeland and the 380-kV 

connection from Borssele to Geertruidenberg.

The capacity problem observed in 2008 for supply and sourcing required during the night  

can be resolved by means of operational measures, like the redistribution of the deployment  

of production facilities.

150-kV link between Zeeland and Noord-Brabant

If additional production capacity is commissioned at Borssele, it will be necessary to make allowance 

for the imposition of restrictions on the deployment of the production facilities in question in  

the event of maintenance to the 380-kV connection between Borssele and Geertruidenberg in order 

to prevent overloading of the 150-kV interconnection between Zeeland and Noord-Brabant.

Load on transformers Delta Netwerkbedrijf 
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Results of load flow calculations

2008 2011 2014

Variant criterion A B C A B C A B C

Day variant -384 -384 544 -588 -588 340 -620 -620 308

Night variant -999 -999 -71 -1,302 -1,302 -374 -1,342 -1,342 -414

Green: meets the criterion, blue: does not meet the criterion
Exchange (MW) with TenneT (+ : in the direction of the region, - : in the direction of TenneT) under circumstances  
where no maintenance is in progress and no faults are present (including grid losses)
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		  Examination of increased CHP and wind

At the request of Delta Netwerk we have also investigated the effect of the commissioning of a number  

of new CHP units (200 MW) and wind turbines (234 MW). Delta has included this generation in  

the exchange forms but not in the deployment scenarios, which is why it was initially not examined 

as part of the variants.

In 2008, 2011 and 2014 we are therefore assuming the deployment of 69 MW, 320 MW and 45 MW, 

respectively, in additional new capacity compared to the previous variants in Delta Netwerk’s  

150-kV grid.

 

Changes in the day variant 

The capacity problems identified for the Borssele substation as of the 2011 reference year when testing  

against criterion c (specific situations) will disappear. The 150-kV capacity problems emerge more 

strongly when testing against criterion b (required sourcing and supply).

Changes in the night variant

Testing against criterion a (required sourcing and supply) reveals that the capacity problems identified  

for Borssele substation and the 150-kV interconnection between Noord-Brabant and Zeeland will 

strongly increase as of the 2008 reference year.

The result of the deployment of additional new production capacity is that the capacity problems 

identified for the 380/150-kV connection at Borssele increase during the night. This also applies  

to the capacity problems on the 150-kV interconnection between Noord-Brabant and Zeeland,  

both during the day and the night. These findings will be included in the announced study.

		  Comparison with the previous Quality and Capacity Plan

Compared to the previous Quality and Capacity Plan the load forecast has increased. The organic 

load growth has dropped from 2% to 1.25% since the previous plan, as a result of an increase in  

small-scale CHP and wind capacity. In addition, in a number of locations a saltatory load growth  

can be observed, which was not forecast in the previous plan. As a result, on balance the maximum 

load demand is 25 MW and 160 MW higher, respectively, for the reference years 2008 and 2011.

Compared to the previous Quality and Capacity Plan, in which no new production facilities were 

expected in the spur network, we are now anticipating the arrival of a new 82 MW production facility 

in 2010, to be connected to the 150-kV substation at Sas van Gent.

The increased load demand and the arrival of new production capacity in the 380-kV grid result  

in the same capacity problems that were identified in the previous Quality and Capacity Plan.  

The examination of the night situation is new compared to the previous Quality and Capacity Plan, 

as is the capacity problem identified in this variant.

The solution approaches indicated for the capacity problems have not changed since the previous 

plan. We have, however, agreed to also include the 150-kV interconnection between Zeeland and 

Noord-Brabant in the study into the installation of a third transformer at Borssele substation.
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	 9.12	 Essent Netwerk Zuid (Brabant)

1	 Additional 380/150-kV transformer at Geertruidenberg

		  Assumptions

Calculations have been performed for two variants relating to the connection with the grid operated 

by Essent Netwerk Zuid (Noord-Brabant), which has a transformer capacity of 2,750 MVA. These 

calculations have been performed for a winter situation in each of the years 2008, 2011 and 2014.

Production units with a capacity of less than 10 MW have been offset against the load. The calculations are  

based on the assumption that the 150-kV interconnection between Noord-Brabant and Zeeland is operational.

For the first variant, a brief description has been given of the assumptions used for the applied load 

and the deployed production capacity for the purpose of testing against criteria a, b and c. Graph 29 

presents the basic data for the calculations for this variant. Where the other variants are concerned, 

details of the load and capacity deployment assumptions are given only insofar as they differ from 

those applied in the context of the first variant.

Graph 19 provides the results of all load flow calculations for each transformer at the various substations. 

Table 30 shows the results of the tests performed to check compliance with the Grid Code criteria 

in each of the three focus years, including power exchanges with the national 380-kV grid under 

circumstances where no maintenance is in progress and no faults are present.

		  Variants

Essent Netwerk Zuid (Noord-Brabant), variant without new production facility 

This variant assumes a growth of the load demand of 118 MW and 241 MW in 2011 and 2014, respectively, 

compared to 2008. Of the available production facilities, 1,090 MW has been assumed to be operational when 

testing against criteria a and b. A small unit of 25 MW has been assumed to be out of operation to make  

allowance for the fact that producers no longer coordinate their overhaul periods. As of 2014, we are 

anticipating the commissioning of an 800 MW production facility at the 380-kV substation at Geertruidenberg. 

Since this regional grid has a 150-kV interconnection with Zeeland’s regional grid (operated by Delta 

Netwerkbedrijf), allowance has also been made for the anticipated deployment of production facilities in 

this province. 

14)	� The commissioning of the production facility connected to the 380-kV grid at Geertruidenberg is referred to here because  
it will affect the distribution of the transmissions among the substations at Geertruidenberg and Eindhoven.
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Variant Essent Netwerk - Zuid (Brabant) met nieuw productiemiddel 

Compared to the previous variant, this variant assumes the arrival of a new 430 MW production facility  

in 2009 (reference year 2011), to be connected to the 150-kV substation at Moerdijk.

		  Capacity problems

Geertruidenberg substation

Testing against criterion c (specific situations) indicates that a capacity problem will arise  

at the Geertruidenberg substation from 2011 in the variant without a new production facility.

Capacity problems related to the testing against criterion b (required supply and sourcing) will arise 

at this substation in 2014. This applies to both variants.
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table 29 Basic data for the calculations

2008 2011 2014

Total installed production (units > 10 MW) 1,260 1,260 1,260

Total deployed production (units > 10 MW) 1,090 1,090 1,090

Total load (including production by units < 10 MW) 2,586 2,704 2,827

150-kV exchange (excluding grid losses) 1,496 1,614 1,737
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		  Possible measures

Geertruidenberg substation

The solution to the capacity problem at Geertruidenberg, which is associated with certain specific 

situations as of 2011, will be addressed by taking operational measures, such as selecting appropriate 

switch settings in the 150-kV grid. Once such operational measures cease to provide sufficient security,  

it will be necessary to install a third 380/150-kV transformer at Geertruidenberg.

The calculations moreover indicate that a third 380/150-kV transformer at Geertruidenberg  

will be required around 2014, in order to resolve capacity problems arising out of the expected supply  

and sourcing by connected parties. This moment can, however, change as a result of the influence 

of capacity flows via the 150-kV link with Zeeland and the possible realisation of new production 

capacity at Moerdijk and Geertruidenberg on the power flows in the spur network. The above aspects 

will be included in the study announced on page 76. 

		  Comparison with the previous Quality and Capacity Plan

Compared to the previous Quality and Capacity Plan, the load forecast and the assumed load demand  

have decreased at the beginning of the surveyed period. Compared to the previous plan, the maximum  

load demand is around 200 MW lower for the 2008 reference year and around 300 MW lower for  

the 2011 reference year. This is mainly caused by an increase in small-scale CHP and wind capacity, 

which has been offset against the load demand as a negative load.

Compared to the previous Quality and Capacity Plan, in which no new production facilities were 

expected, in one of the variants we are now anticipating the arrival of a new 430 MW production 

facility in 2009, to be connected to the 150-kV substation at Moerdijk.

The lower load forecast and the potential arrival of new production capacity result in a lower exchange  

of capacity with the 380-kV grid. This causes the capacity problem identified in the previous plan 

to occur later.

The solution approach indicated for the capacity problem remains unchanged. The possible time 

of realisation of a third transformer at Geertruidenberg has been postponed, however. The study 

described above will also address the influence of a third transformer at Geertruidenberg substation 

in conjunction with the developments in the grid of Delta Netwerkbedrijf.

Results of load flow calculations

2008 2011 2014

Variant criterion A B C A B C A B C

Variant without Pnew 1,512 1,512 2,107 1,635 1,635 2,410 1,760 1,760 2,355

Variant with Pnew 1,512 1,512 1,967 1,205 1,205 2,090 1,330 1,330 2,215

Green: meets the criterion, blue: does not meet the criterion
Exchange (MW) with TenneT (+ : in the direction of the region, - : in the direction of TenneT) under circumstances  
where no maintenance is in progress and no faults are present (including grid losses)
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	 9.13		  Essent Netwerk Zuid (Limburg)

1	 Deployment of the back-up transformer present at Maasbracht

		  Assumptions

Calculations have been performed for one variant relating to the connection with the grid operated  

by Essent Netwerk Zuid (Limburg), which has a transformer capacity of 1,850 MVA. These calculations  

have been performed for a winter situation in each of the years 2008, 2011 and 2014.

A brief description has been given of the assumptions used for the applied load and the deployed 

production capacity for the purpose of testing the variant against criteria a, b and c. Graph 31 presents  

the basic data for the calculations for this variant.

Graph 20 shows the results of the load flow calculations for each transformer at the various substations.  

Table 32 shows the results of the tests performed to check compliance with the Grid Code criteria 

in each of the three focus years, including power exchanges with the national 380-kV grid under 

circumstances where no maintenance is in progress and no faults are present.

		  Variant

Essent Netwerk Zuid (Limburg) variant I

This variant assumes that compared to the 2008 level the load demand will be 69 MW higher in 2011  

and 141 MW higher in 2014 and 2012. For the production in the region it is assumed that the entire  

production capacity will be deployed. In this we are anticipating the conversion of an existing production  

facility from 600 MW to 400 MW connected to the 150-kV substation at Maasbracht plus the expansion 

with three 320-kV units to be connected to the 380-kV substation at Maasbracht.

The latter production capacity expansion is referred to here because it will affect the transmissions via 

the Maasbracht substation. During the conversion in 2010 and 2011, the production facility is assumed 

to be unavailable for all criteria. For criterion c, the production facility has been designated as being one  

of the two production facilities which are unavailable during the conversion, as referred to for this criterion.
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Basic data for the calculations

2008 2011 2014

Total installed production (units > 10 MW) 1,060 1,060 860

Total deployed production (units > 10 MW) 1,060 460 860

Total load (including production by units < 10 MW) 1,507 1,576 1,648

150-kV exchange (excluding grid losses) 447 1,116 788
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		  Capacity problems

Maasbracht substation

In the calculations, during the conversion of the existing production facility in 2010 and 2011  

the Maasbracht substation has been identified as being affected by a capacity problem when testing  

against criterion b (supply and sourcing required by connected parties during maintenance situations).  

According to criterion c (specific situations) this substation will be problematic after 2011. 
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Results of load flow calculations

2008 2011 2014

Variant criterion A B C A B C A B C

Variant I 459 459 1,259 1,126 1,126 1,326 800 800 1,400

Green: meets the criterion, blue: does not meet the criterion
Exchange (MW) with TenneT (+ : in the direction of the region, - : in the direction of TenneT) under circumstances  
where no maintenance is in progress and no faults are present (including grid losses)

table 31

table 32
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		  Possible measures

Maasbracht substation

The capacity problem at Maasbracht during the conversion of the existing production facility in 2010  

and 2011 (required sourcing and supply) and the capacity problems after 2011 in connection with specific  

situations will be resolved by deploying the 380/150-kV back-up transformer present at this substation.  

If this back-up transformer is unexpectedly required by another substation, other operational measures 

will need to be taken to resolve this problem.

It should be noted in connection with this measure, however, that when all four coupling transformers 

are in simultaneous operation, the rated short-circuit capacity of a number of 150-kV components 

can be exceeded. Until a structural solution has been implemented for this purpose in 2010,  

the deployment of the back-up transformer will need to be coordinated by the relevant operators.

		  Comparison with the previous Quality and Capacity Plan

In comparison with the previous Quality and Capacity Plan, the regional forecast for the load growth 

has been halved. The maximum load demand is approximately 60 MW lower for the 2008 reference 

year and approximately 220 MW lower for 2011. This is mainly caused by an increase in small-scale 

CHP capacity, which has been offset against the load demand as a negative load.

Compared to the previous Quality and Capacity Plan we are assuming the conversion of an existing 

600 MW production facility in 2010 and 2011. During the conversion the production facility cannot 

be deployed. After the conversion, the capacity of this production facility connected to the 150-kV 

grid has decreased from 600 MW to 400 MW.

Despite a reduction in the installed production capacity, the lower load growth nevertheless results 

in a lower capacity exchange with the 380-kV grid. The capacity problems identified are the same 

as in the previous Quality and Capacity Plan, but they are assumed to arise in later years. Important 

points for attention are the capacity problems arising during the period of conversion of the existing 

production facility.

The solution approaches indicated for the capacity problems remain unchanged. The necessity  

of the deployment of the back-up transformer indicated for Maasbracht is expected to arise  

four years later, however.
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		 Overview of the 150-kV grid of TenneT

		 Zuid-Holland and expected expansions
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	 10.1	 Geographical situation 

Map 13 shows the geographical situation of the Zuid-Holland high-voltage grid as at 1 January 2008.

At the beginning of the surveyed period, the Zuid-Holland high-voltage grid is regarded as comprising 

two spur networks, the first being that connected to the substations at Maasvlakte, Krimpen and 

Bleiswijk (Zoetermeer), covering Rotterdam, its port area, The Hague, Leiden, Delft and Zoetermeer, 

and the second being that connected to the Crayestein substation, covering the area around Dordrecht, 

Alblasserwaard, Hoekse Waard and Goeree-Overflakkee.

As of 2010 the high-voltage grid is regarded as comprising four spur networks, anticipating  

the following spur network modifications as part of the Randstad380 project:

•	The realisation of a 380/150-kV link at Westerlee with a transformer capacity of 1,500 MVA 

•	�The expansion of the 380/150-kV transformer capacity at Bleiswijk with 1,000 MVA to 1,500 MVA  

in total

•	The realisation of a 380/150-kV link at Simonshaven with a transformer capacity of 500 MVA

•	�The realisation of a 150-kV Wateringen - Ypenburg - Voorburg connection with a capacity  

of 300 MVA in order to split up the grid as part of the runback scenario for Zuid-Holland

	 10	Overview of the 150-kV grid of TenneT

		 Zuid-Holland

Maasvlakte

Zoetermeer

Sassenheim

Alphen

Delft

Theemsweg Ommoord

Centrum

R’dam/Z

R’dam/W
R’dam/M

Gouda

Leiden

Den Haag

Voorburg

Rijswijk

WesterleeEuropoort

Krimpen

Alblasserdam
Arkel

CrayesteinDordrecht/Z

N
M

Vondelingenweg
Oudeland

Geervliet
Botlek

150-kV connection with TZH
150-kV connection with Eneco
380-kV connection with TenneT
150-kV substation of TZH
150-kV substation of Eneco
380-kV substation of TenneT

map 13
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As of 2011, the high-voltage grid is regarded as comprising five spur networks, anticipating the following 

spur network modifications as part of the Randstad380 project:

•	�The planned commissioning of the 380-kV Maasvlakte - Westerlee - Wateringen - Bleiswijk connection

•	The realisation of a 380/150-kV link at Wateringen with a transformer capacity of 1,500 MVA

•	The realisation of the 150-kV substation at Ypenburg with a transformer capacity of 200 MVA

Connections Connection 
length in 

Number 
of circuits

Cable 
length in 

Line 
length in 

Nominal 
transmission 

capacity

Maximum 
design 

transmission 
capacity 

Circuit 
length in 

km km km MVA MVA km

Alblasserdam - Arkel 150 kV 1) 3.5 2 3.5 260 450 7.0

Alphen-Gouda 150 kV 22.6 1 22.6 300 22.6

Crayestein-Dordrecht Merwedehaven 150 kV 2.8 3 2.8 500 8.4

Delft-Voorburg 150 kV 12.9 1 12.9 300 12.9

Delft-Wateringen 150 kV 6.6 2 0.4 6.2 180 270 13.2

Den Haag-Rijswijk 150 kV 5.4 1 5.4 300 5.4

Dordrecht Merwedehaven-Alblasserdam 150 kV 5.8 2 0.4 5.4 300 450 11.6

Dordrecht Noordendijk-Dordrecht Merwedehaven 
150 kV 

2.7 2 2.7 180 5.4

Krimpen a/d IJssel-Gouda 150 kV 13.3 2 0.5 12.8 220 396 26.6

Krimpen a/d IJssel-Ommoord 150 kV 12.0 1 12.0 300 12.0

Krimpen a/d IJssel-Rotterdam Zuidwijk 150 kV 6.5 1 6.5 300 6.5

Krimpen a/d IJssel-Zoetermeer 150 kV 2) 18.5 1 0.5 18.0 670 3,080 18.5

Leiden-Sassenheim 150 kV 9.7 2 9.7 200 210 19.4

Rotterdam Centrum-Rotterdam Marconistraat 150 kV 3.2 1 3.2 160 3.2

Rotterdam Marconistraat-Delft 150 kV 10.9 2 3.0 7.9 200 440 21.8

Rotterdam Marconistraat-Delft (kabel) 150 kV 13.1 1 13.1 120 13.1

Rotterdam Marconistraat-Ommoord 150 kV 11.9 1 11.9 300 11.9

Rotterdam Waalhaven - Rotterdam Zuidwijk 150 kV 6.8 1 6.8 300 6.8

Rotterdam Waalhaven-Krimpen a/d Ijssel 150 kV 18.7 3 2.3 16.4 220 350 56.1

Rotterdam Waalhaven-Rotterdam Centrum 150 kV 4.7 1 4.7 160 4.7

Rotterdam Waalhaven-Rotterdam Marconistraat 150 kV 5.3 3 5.3 160 15.9

Sassenheim-Haarlemmermeer 150 kV 3) 3.5 2 0.1 3.4 105 230 7.0

Voorburg-Den Haag 150 kV 6.1 1 6.1 300 6.1

Voorburg-Leiden 150 kV 16.4 2 5.5 10.9 300 660 32.8

Wateringen-Rijswijk 150 kV 3.3 2 2.2 1.1 300 450 6.6

Wateringen-Westerlee 150 kV 6.9 4 0.1 6.8 300 660 27.6

Westerlee-Maasvlakte 150 kV 2) 23.0 2 5.4 17.6 500 3,080 46.0

Zoetermeer - Bleiswijk 150 kV 0.4 1 0.4 560 0.4

Zoetermeer-Alphen 150 kV 16.70 2 16.7 300 33.4

Zoetermeer-Leiden 150 kV 23.1 3 5.2 17,9 300 69.3

Total 296.3 53 158.7 137.6 532.2

Notes
1) Ownership and management of pylons 7a to 17 inclusive
2) Circuit is prepared for 380 kV 
3) Joint ownership with Nuon, management of pylons 28a to 38 inclusive
4) �Whether this capacity can be realised in practice will need to be investigated for each line. For lines where this expansion is a possibility,  

the measuring equipment will need to be modified at least in the associated substations.
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Once these modifications have been realised the spur network connected to the Maasvlakte, 

Krimpen and Bleiswijk substations will be split up as follows:

•	�Westerlee substation (3 transformers with a total capacity of 1,500 MVA), for the Westland area;

•	 �Wateringen substation (3 transformers with a total capacity of 1,500 MVA), for the load exchange 

with the The Hague region;

•	 �Krimpen and Bleiswijk substations (6 transformers with a total capacity of 2,900 MVA) which link 

the region of Rotterdam and Zoetermeer with the 380-kV grid;

•	 �Maasvlakte and Simonshaven substations (3 transformers with a total capacity of 1,400 MVA)  

for Rotterdam’s industrial zones.

	 10.2	 Overview of 150-kV connections

As stated previously, the 150-kV grid in Zuid-Holland is partly managed by Eneco Netbeheer and partly 

by TenneT Zuid-Holland. The connections managed by TenneT Zuid-Holland can be found in Table 33.

	 10.3	 Overview of reactive power compensation facilities

In order to control the voltage in low-load situations, TenneT Zuid-Holland has installed shunt 

compensators at the following substations:
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Substation Number Compensator 
Unom

Capacity 
Qnom 

kV  Mvar

Alphen 150 kV 1 10 30

Alphen 150 kV 1 10 30

Dordrecht Merwedehaven 150 kV 1 10 30

Dordrecht Merwedehaven 150 kV 1 10 30

Gouda 150 kV 1 10 30

Krimpen 150 kV 1 10 30

Rotterdam Waalhaven 150 kV 1 10 30

Rotterdam Waalhaven 150 kV 1 10 30

Westerlee 150 kV 1 10 30

Total 9

table 34
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In addition, TenneT Zuid-Holland has installed capacitor banks at the following substations in order 

to control low-load situations:

 

	 10.4	 Overview of substations with lower-voltage grids

The 150-kV grid of TenneT Zuid-Holland is furthermore connected to three lower-voltage grids.  

Table 36 provides an overview of the substations of each grid operator, also stating the capacity  

of the transformers set up at each substation.

 

Grid operator Substation Primary 
voltage 

Secondary 
voltage

Capacity

kV kV MVA

Eneco Netbeheer Alblasserdam 150 50 100

150 50 100

Continuon Netbeheer Alphen 150 50 100

150 50 100

150 50 100

Eneco Netbeheer Dordrecht Merwedehaven 150 50 120

150 50 120

Eneco Netbeheer Dordrecht Noordendijk 150 50 60

150 50 70

Eneco Netbeheer Delft 150 25 84

150 25 84

150 25 84

150 25 75

Eneco Netbeheer Gouda 150 50 70

150 50 70

150 50 70

150 50 71

Eneco Netbeheer s-Gravenhage 150 20 105

150 20 105

Eneco Netbeheer Krimpen 150 50 71

150 50 75

150 50 75
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Substation Number Capacity 
Qnom 

 Mvar

Botlek 150 kV 1 125

Rotterdam Waalhaven 150 kV 1 125

Rotterdam Waalhaven 150 kV 1 125

Westerlee 150 kV 1 125

Total 4

table 36

table 35
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Grid operator Substation Primary 
voltage 

Secondary 
voltage

Capacity

kV kV MVA

Continuon Netbeheer Leiden 150 50 71

150 50 70

150 50 95

150 50 71

Eneco Netbeheer Ommoord 150 25 115

150 20 105

150 25 115

Eneco Netbeheer Rotterdam Centrum 150 20 130

150 20 130

Eneco Netbeheer Rotterdam Marconistraat 150 20 105

150 20 105

150 20 105

150 20 105

Eneco Netbeheer Rotterdam Waalhaven 150 25 105

150 25 90

150 25 92

Eneco Netbeheer Rijswijk 150 25 84

150 25 80

150 25 84

150 25 84

Continuon Netbeheer Sassenheim 150 50 80

150 50 80

150 50 80

Eneco Netbeheer Voorburg 150 25 84

150 25 84

150 25 84

150 25 80

Westland Energie 
Infra 

Westerlee 150 25 84

150 25 84

150 25 84

150 25 105

150 25 105

150 25 105

Eneco Netbeheer Zoetermeer 150 25 100

150 25 100

150 25 100

Total 5,289
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 	 10.5	 Grid modifications in the period 2006 - 2007

Over the past two years the following modifications have been made to the 150-kV grid of TenneT  

Zuid-Holland:
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Object Location Capacity In operation Out of 
operation 

MVA (quarter) (quarter)

150-kV circuit Rotterdam Waalhaven-Krimpen 150 kV 180 Q1 2006

150 kV-circuit Rotterdam Waalhaven-Krimpen 150 kV 220 Q4 2006

150 kV-circuit Crayestein-Dordrecht Merwedehaven 150 kV 500 Q1 2007

150/25-kV transformer Delft 150 kV 84 Q4 2006

Impedance coil Rotterdam Waalhaven 150 kV 300 Q2 2006

Capacitor bank Rotterdam Waalhaven 150 kV 125 Q1 2006

Capacitor bank Botlek 150 kV 125 Q3 2006

Capacitor bank Rotterdam Waalhaven 150 kV 125 Q1 2007

Capacitor bank Westerlee 150 kV 125 Q4 2007

table 37
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	 11.1	 Introduction

In this chapter we will comment upon the grid calculations performed when testing the regional 

scenarios against the grid design criteria and when testing the distribution transformers against  

the n-1 criterion. Where the exercise has highlighted capacity problems, the measures that may  

be taken to resolve these problems will be described.

	 11.2	 Grid calculations

Grid models have been drawn up for the Zuid-Holland high-voltage grid in order to identify  

capacity problems and the year in which they will arise. These models cover various load and 

production scenarios. The grid design of 110-kV and 150-kV high-voltage grids will be tested  

against the following criteria:

Criterion a

“A fully operational grid must be capable of secure transmission of such input and output  

as the connected parties require, even if one network element fails (n-1 criterion). In the event  

of a single fault, a disruption of no more than 10 minutes with a maximum load of 100 MW is permitted.”

Criterion b

“In the event of any circuit, transformer or generating unit being unavailable due to maintenance, such  

input and output as the connected parties require must be achievable even if one network element fails  

(n-1 criterion), allowance only having to be made for loads occurring during the maintenance period 

as a result of input or output. This requirement can be deviated from if the duration of the disruption 

does not exceed 6 hours and 100 MW.”

In order to test the distribution transformers managed by TenneT Zuid-Holland, an n-1 calculation 

has been performed at a maximum load.

If the load on a grid element is more than 100% of its nominal design value during the surveyed period, 

this will be indicated when the results of the scenarios are discussed.

	 11	 Capacity problems and measures relating

		 to the 150-kV grid of TenneT Zuid-Holland
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11.3		  Basic scenario for TenneT Zuid-Holland

Load

The data regarding the maximum load development have been translated into a load for each spur  

network based on measurements and past experience. This load (expressed in MVA) has been 

determined for a summer and a winter situation (see Tables 38 and 39).

Production

Based on historical data regarding the deployment of production units, a basic deployment 

(expressed in MVA) of units has been determined for the summer and the winter (see Tables 40 and 41).
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Winter 2008 2009 2010 2011 2012 2013 2014

Crayestein 568 623 680 691 732 742 749

Krimpen/Maasvlakte/Bleiswijk 3,991 4,194

Krimpen/Bleiswijk 2,066 2,114 2,128 2,161 2,197

Industrie Rotterdam 1,392 1,370 1,391 1,420 1,433

Westerlee 849 307 314 320 326

Wateringen 564 599 609 621

Totals 4,559 4,817 4,987 5,045 5,164 5,252 5,326

Summer 2008 2009 2010 2011 2012 2013 2014

Crayestein 457 515 554 563 595 603 609

Krimpen/Maasvlakte/Bleiswijk 3,550 3,736

Krimpen/Bleiswijk 1,821 1,863 1,876 1,904 1,936

Industrie Rotterdam 1,371 1,348 1,369 1,397 1,410

Westerlee 642 159 162 166 169

Wateringen 499 533 542 552

Totals 4,007 4,251 4,389 4,431 4,535 4,612 4,676

Winter - basic production 2008 2009 2010 2011 2012 2013 2014

Crayestein 70 70 95 95 95 95 95

Krimpen/Maasvlakte/Bleiswijk 2,504 2,644

Krimpen/Bleiswijk 1,200 1,200 1,200 1,200 1,200

Industrie Rotterdam 1,039 1,039 1,039 1,039 1,039

Westerlee 320 225 225 225 225

Wateringen 95 95 95 95

Totals 2,574 2,714 2,654 2,654 2,654 2,654 2,654

table 38

table 39

table 40
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		  Results
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dSummer - basic production 2008 2009 2010 2011 2012 2013 2014

Crayestein 60 60 85 85 85 85 85

Krimpen/Maasvlakte/Bleiswijk 2,694 2,964

Krimpen/Bleiswijk 1,120 1,120 1,120 1,120 1,120

Industrie Rotterdam 1,029 1,029 1,029 1,029 1,029

Westerlee 760 710 710 710 710

Wateringen 50 50 50 50

Totals 2,754 3,024 2,994 2,994 2,994 2,994 2,994

 Maximum permitted load (100%)

Load on 150-kV connections as a percentage of the nominal transmission capacity

when testing against criterion a in the basic scenario
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The results of the grid analyses have been summarised in Table 42.

 Maximum permitted load (100%)

Load on 150-kV connections as a percentage of the nominal transmission capacity 

when testing against criterion b in the basic scenario
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Results of load flow calculations

Criterion

Basic A B

2008 winter 1,985 1,985

summer 1,253 1,253

2009 winter 2,102 2,102

summer 1,227 1,227

2010 winter 2,333 2,333

summer 1,395 1,395

2011 winter 2,391 2,391

summer 1,437 1,437

2012 winter 2,510 2,510

summer 1,541 1,541

2013 winter 2,598 2,598

summer 1,618 1,618

2014 winter 2,672 2,672

summer 1,682 1,682

Green: meets the criterion, blue: does not meet the criterion
Exchange (MW) with TenneT (+ : in the direction of the region, - : in the direction of TenneT) under circumstances  
where no maintenance is in progress and no faults are present (including grid losses)
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		  Capacity problems

Testing against criterion a reveals that we can expect overloading in the winters of 2013 and 2014  

on the Rotterdam Waalhaven - Rotterdam Centrum - Rotterdam Marconistraat lines. This overloading  

will be caused by a high load on Rotterdam Centrum substation.

When testing against criterion b, overloading has been identified for various connections during  

the entire surveyed period.

		  Measures

The overloading of the Rotterdam Waalhaven - Rotterdam Centrum - Rotterdam Marconistraat lines  

(criterion a) can be resolved by switching load from Rotterdam Centrum to Rotterdam Marconistraat.

The overloading of the connections (criterion b) during maintenance work can on the one hand  

be resolved by performing the maintenance activities during periods of low load and on the one 

other hand through a combination of operational measures.
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	 11.4	 Plus scenario for TenneT Zuid-Holland

Load

For this scenario the same load values have been used as for the basic scenario.

Production

In this scenario virtually the entire production capacity will be deployed in Zuid-Holland.  

We are assuming a strong increase in CHP capacity in the glasshouse horticulture sector  

(see Tables 43 and 44 for Westerlee substation).

This scenario has mainly been selected to investigate whether the transmission grid has sufficient 

capacity to securely handle the largest power flows that might occur.

 

Winter production in MW

Winter – production according 
to plus scenario

2008 2009 2010 2011 2012 2013 2014

Crayestein 115 115 145 145 145 145 145

Krimpen/Maasvlakte/Bleiswijk 3,168 3,428

Krimpen/Bleiswijk 1,305 1,305 1,305 1,305 1,305

Industrie Rotterdam 1,288 1,288 1,288 1,288 1,288

Westerlee 785 600 600 600 600

Wateringen 185 185 185 185

Totals 3,283 3,543 3,523 3,523 3,523 3,523 3,523

Summer production in MW

Summer – production 
according to plus scenario

2008 2009 2010 2011 2012 2013 2014

Crayestein 95 95 125 125 125 125 125

Krimpen/Maasvlakte/Bleiswijk 3,258 3,558

Krimpen/Bleiswijk 1,305 1,305 1,305 1,305 1,305

Industrie Rotterdam 1,278 1,278 1,278 1,278 1,278

Westerlee 935 750 750 750 750

Wateringen 185 185 185 185

Totals 3,353 3,653 3,643 3,643 3,643 3,643 3,643

 Maximum permitted load (100%)

Load on 150-kV connections as a percentage of the nominal transmission capacity 

when testing against criterion a in the plus scenario
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 Maximum permitted load (100%)

Load on 150-kV connections as a percentage of the nominal transmission capacity 

when testing against criterion b in the plus scenario
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		  Results

 

 Maximum permitted load (100%)

Load on 150-kV connections as a percentage of the nominal transmission capacity 

when testing against criterion a in the plus scenario
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 Maximum permitted load (100%)

Load on 150-kV connections as a percentage of the nominal transmission capacity 

when testing against criterion b in the plus scenario
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The results of the grid analyses have been summarised in Table 45.

		  Capacity problems

Testing against criterion a reveals that we can expect overloading of the Rotterdam Waalhaven -  

Rotterdam Centrum - Rotterdam Marconistraat lines in the winters of 2013 and 2014. This will  

be caused by a high load on Rotterdam Centrum.

When testing against criterion b, overloading has been identified for various connections during  

the entire surveyed period.

		  Measures

The overloading of the Rotterdam Waalhaven - Rotterdam Centrum - Rotterdam Marconistraat lines  

(criterion a) can be resolved by switching load from Rotterdam Centrum to Rotterdam Marconistraat.

The overloading of the connections (criterion b) during maintenance work can be resolved  

by performing the maintenance activities during periods of low load and by means of operational 

measures.

Results of load flow calculations

Criterion

Plus A B

2008 winter 1,276 1,276

summer 654 654

2009 winter 1,273 1,273

summer 598 598

2010 winter 1,464 1,464

summer 746 746

2011 winter 1,522 1,522

summer 788 788

2012 winter 1,641 1,641

summer 892 892

2013 winter 1,729 1,729

summer 969 969

2014 winter 1,803 1,803

summer 1,033 1,033

Green: meets the criterion, blue: does not meet the criterion
Exchange (MW) with TenneT (+ : in the direction of the region, - : in the direction of TenneT) under circumstances  
where no maintenance is in progress and no faults are present (including grid losses)
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	 11.5	 Minus scenario for TenneT Zuid-Holland

Load

Same as for basic scenario.

Production

This scenario assumes comparatively low levels of deployment of the production capacity in  

Zuid-Holland (see Tables 46 and 47). It is important to ensure that, under such circumstances,  

the power required by consumers can be securely transmitted via the grid.Zuid-Holland  

(see Tables 46 and 47). It is important to ensure that, under such circumstances, the power  

required by consumers can be securely transmitted via the grid. 

 

Winter production in MW

Winter – production according 
to the minus scenario

2008 2009 2010 2011 2012 2013 2014

Crayestein 10 10 30 30 30 30 30

Krimpen/Maasvlakte/Bleiswijk 2,099 2,159

Krimpen/Bleiswijk 1,200 1,200 810 810 810

Industrie Rotterdam 774 774 774 774 774

Westerlee 80 0 0 0 0

Wateringen 80 80 80 80

Totals 2,109 2,169 2,084 2,084 1,694 1,694 1,694

Summer production in MW

Summer – production 
according to the minus 

scenario

2008 2009 2010 2011 2012 2013 2014

Crayestein 10 10 30 30 30 30 30

Krimpen/Maasvlakte/Bleiswijk 1,989 2,049

Krimpen/Bleiswijk 730 730 670 670 670

Industrie Rotterdam 774 774 774 774 774

Westerlee 50 0 0 0 0

Wateringen 50 50 50 50

Totals 1,999 2,059 1,584 1,584 1,524 1,524 1,524
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		  Results

 

 

 Maximum permitted load (100%)

Load on 150-kV connections as a percentage of the nominal transmission capacity

when testing against criterion a in the minus scenario
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 Maximum permitted load (100%)

Load on 150-kV connections as a percentage of the nominal transmission capacity 

when testing against criterion b in the minus scenario
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The results of the grid analyses have been summarised in Table 48.

		

		  Capacity problems

When testing against criterion a the Rotterdam Marconistraat - Ommoord connection emerges  

as being affected by a capacity problem as of the summer of 2010. As of the summer of 2012 this applies 

to the Ommoord - Krimpen connection as well. Overloading can be expected on the Rotterdam 

Waalhaven - Rotterdam Centrum - Rotterdam Marconistraat connection in the winters of 2013 and 2014.  

This will be caused by a high load on Rotterdam Centrum.

When testing against criterion b, overloading has been identified for certain connections during  

the entire surveyed period.

		  Measures 

The overloading (criterion a) of the Rotterdam Marconistraat - Ommoord - Krimpen lines can be 

resolved by employing the substation at Waalhaven between the northern and southern busbars. 

The overloading of the Rotterdam Waalhaven - Rotterdam Centrum - Rotterdam Marconistraat 

lines can be resolved by switching load from Rotterdam Centrum to Rotterdam Marconistraat. 

The overloading of the connections (criterion b) during maintenance work can be resolved by 

performing the maintenance activities during periods of low load and through a combination  

of operational measures.
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table 48 Results of load flow calculations

Criterion

Minus A B

2008 winter 2,450 2,450

summer 2,008 2,008

2009 winter 2,647 2,647

summer 2,192 2,192

2010 winter 2,903 2,903

summer 2,805 2,805

2011 winter 2,961 2,961

summer 2,847 2,847

2012 winter 3,470 3,470

summer 3,011 3,011

2013 winter 3,558 3,558

summer 3,088 3,088

2014 winter 3,632 3,632

3,152 3,152

Green: meets the criterion, blue: does not meet the criterion
Exchange (MW) with TenneT (+ : in the direction of the region, - : in the direction of TenneT) under circumstances  
where no maintenance is in progress and no faults are present (including grid losses)



Quality and Capacity Plan 2008 - 2014 / part II104 Quality and Capacity Plan 2008 - 2014 / part II

Maasvlakte

Zoetermeer

Sassenheim

Alphen

Delft

Theemsweg Ommoord

Centrum

R’dam/Z

R’dam/W
R’dam/M

Gouda

Leiden

Den Haag

Voorburg

Rijswijk

WesterleeEuropoort

Krimpen

Alblasserdam
Arkel

CrayesteinDordrecht/Z

N
M

Vondelingenweg
Oudeland

Geervliet
Botlek

4

2

1
3

map 14

	 11.6	 Connections with distribution grids

1	 Installation of a third 150/50-kV transformer at Alblasserdam  
 
 
2	 Installation of a fourth 150/50-kV transformer at Alphen 
 
 
3	 Construction of a new 150/50-kV substation at Dordrecht Walburg 
 
4	 Construction of a new 150/50-kV substation at De Lier accommodating multiple transformers

In order to test the distribution transformers managed by TenneT Zuid-Holland, an n-1 calculation 

has been performed at a maximum load.

Load

For this purpose we are assuming the load as indicated by the connected grid operators.

Production

For the transformers at Westerlee we have included the quantity of CHP capacity forecast  

by Westland Energie Infrastructuur, which is expected to grow to 750 MW.
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		  Results

 

		  Capacity problems

When testing against the n-1 criterion, the transformers at Alblasserdam (2010), Alphen (2009), 

Dordrecht Noordendijk (2008), The Hague (2010), Leiden (2009), Rotterdam Centrum (2010) and 

Westerlee (2008) are identified as being faced with capacity problems.

		  Measures 

Alblasserdam substation

To resolve this capacity problem, Eneco will install a third transformer at the Alblasserdam substation 

in 2010.

Alphen substation

A possible solution to the capacity problem at Alphen substation is to switch the load of the 50-kV  

substation at Zoeterwoude to the 150-kV substation at Leiden. Another possible solution is to increase 

the 150/50-kV transformer capacity. In consultation with Continuon this capacity problem will be 

investigated in relation to the capacity problem at Leiden.

Dordrecht Noordendijk substation

The capacity problem at Dordrecht Noordendijk substation will be resolved by Eneco setting up  

a new 150-kV substation at Walburg in 2008/2009. The 50-kV link with Alblasserdam remains necessary 

because due to temporary transfer of the load from the Dordrecht-Zuid connection to Noordendijk 

the load will increase again. 

 Maximum permitted load (100%)

Load on distribution transformers as a percentage of the nominal transmission capacity
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The Hague substation

The capacity problem at The Hague substation can be resolved by switching load from The Hague  

to Rijswijk and later on to Ypenburg substation.

Leiden substation

A possible solution to the capacity problem at Leiden substation is to increase the 150/50-kV 

transformer capacity. In consultation with Continuon this capacity problem will be investigated  

in relation to the capacity problem at Alphen. 

Rotterdam Centrum substation

The capacity problem at Rotterdam Centrum substation which will occur as of 2010 will be resolved 

operationally by switching load via 25 kV to Rotterdam Marconistraat substation. 

Westerlee substatione

The capacity problem at Westerlee substation due to supply to the grid by CHP will have to be resolved 

by constructing a new substation with multiple transformers at De Lier.

The supply to the grid from 150 kV to 380 kV also reduces the amount of production capacity to be 

transmitted from the 380 kV substation at Maasvlakte to the 380-kV ring structure and thus causes 

a capacity problem in the 380-kV grid. Because of this 380-kV capacity problem, TenneT is currently 

conferring with WEI about the maximum quantity of CHP production capacity to be supplied to the grid.  

This problem has also been reviewed under the national scenarios of this plan.

		  Comparison with the previous Quality and Capacity Plan

The solutions and moments of implementation indicated in the previous Quality and Capacity Plan 

have remained the same. The new capacity problems identified in the present plan can be resolved 

by means of operational measures, with the exception of the capacity problem at Westerlee.

In the previous Quality and Capacity Plan, Westland Energie Infrastructuur had only made allowance 

in its forecast for an increasing demand for electricity in the supply area. Together with Westland 

Energie Infrastructuur, TenneT subsequently planned a long-term solution, i.e. the construction  

of the new substation at De Lier. In the meantime, however, the utilisation pattern has clearly altered. 

The supply to the grid by CHP plants has grown so strongly that more transmission capacity is 

required for input to the grid than for output. The expansion expected at De Lier will now mainly  

be used for supplies to the grid by CHP plants.
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2 Increase in the transmission capacity of Robbenplaat - Eemshaven

3 Realisation of a 380/110 kV connection near Zwolle (possibly reconsider due to 220 kV eastern section)

4 Installation of additional 380/220 kV transformers at Eemshaven, Meeden and Ens

5 Increase in the transmission capacity of Zwolle - Ens - Lelystad - Diemen

6 Increase in the transmission capacity of Krimpen - Geertruidenberg, followed by realisation of an additional line

7 Connection of the Diemen - Oostzaan circuit to the 380-kV substation at Diemen

8 Realisation of a new 380-kV connection from Borssele to the 380-kV ring
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18 Installation of an additional 380/150-kV transformer at Geertruidenberg 

19 Deployment of the back-up transformer present at Maasbracht
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