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1.  Introduction 


In this document, requirements and mandatory tests for the various reserve types, i.e. FCR in 
 DK1, FCR-N and FCR-D in DK2 as well as aFRR and mFRR are gathered and presented. The docu-
 ment is closely linked to the document "Ancillary services to be delivered in Denmark – Tender 
 conditions1", which specifies requirements for the ancillary services in detail.  


No distinction is made between consumption and production reserves; the same requirements 
 apply to both types. However, in the requirements for and tests of units, a distinction is made 
 between stand-alone units and aggregated portfolios comprised of several small units. The 
 overall size of a unit determines whether it is considered a stand-alone unit or can form part of 
 an aggregated portfolio. Thus, the market participant decides whether a unit sized below the 
 maximum threshold for an aggregated portfolio will be tested as a stand-alone unit or as part 
 of an aggregated portfolio. Threshold values for approving a unit as a stand-alone or as a port-
 folio of units, respectively, as well as matching requirements and tests are specified in the fol-
 lowing sections describing the individual reserves.  


For aggregated unit portfolios, the collection of units must be approved and prequalified for 
 the provision of ancillary services. In other words, Energinet pre-qualifies an aggregated unit 
 portfolio using the aggregator's aggregation tool and control system, so that tests are done to 
 determine the practical provision and actual capacity of the overall unit. Therefore, a portfolio 
 of units will be tested and approved based on its overall performance in relation to the applica-
 ble requirements for the ancillary service it offers. The aggregator is thus charged with ensur-
 ing that underlying units are always aggregated, allowing them to comply with any system-re-
 lated conditions for the provision of ancillary services. The overall response will also form the 
 basis for Energinet’s regular spot checking. 


Prequalification tests are done in close communication with Energinet. Energinet must be al-
 lowed to be present during tests of new units/control concepts. The service provider may carry 
 out follow-up tests independently as agreed and subject to the submission of detailed docu-
 mentation. However, Energinet will normally ask to be present during all tests. Tests in connec-
 tion with prequalification for the provision of reserves are first and foremost done to deter-
 mine if the unit/system can be approved for provision. If the unit/system is approved, a maxi-
 mum threshold is also set for the volume of power that the unit or aggregated portfolio of 
 units can offer in the reserve capacity market in question.  


The market participant must ensure the actual administration of tests. Energinet will observe 
 the tests and subsequently assess whether the unit can be approved. Please note that, when 
 testing FCR (frequency reserves), the market participant must be able to apply a frequency sig-
 nal, as described for the various reserves. 


When a market participant has been approved and is permitted to make bids in a reserve ca-
 pacity market, he is subsequently subject to spot checking during provision periods. The mar-
 ket participant must provide the quantities sold. The approved maximum capacity, which a unit 
 can offer in a reserve capacity market, does not necessarily match the volume available in any 
 given period. This will depend on various factors, and the market participant must be aware of 


1 Doc.no. 13/80940-90 ”Ancillary services to be delivered in Denmark – Tender conditions”. The document is available at Energinet’s 


website. 



(5)this. This is particularly important when dealing with technologies with unpredictable produc-
 tion or consumption patterns.  


In case of minor provision shortages, payment for any non-provision is deducted from the full 
volume. In case of major provision shortages, payment of the costs of replacement purchases 
and quarantine may be a possibility, cf. the tender specifications mentioned above. The lifting 
of a quarantine will be subject to either a renewed approval of the unit or the submission of 
detailed documentation proving that any faults have been remedied.  
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2.  Test of FCR in DK1 


This section describes the fundamental requirements for FCR (power frequency control) and 
 required ancillary services tests to be done before the unit can form part of/be used in the 
 market. 


2.1  Prior to market participation 


Before a unit/system can join the market, it must be verified that the unit/system can provide 
 the specific ancillary service, within the specified response time, while still observing the tech-
 nical requirements of that service.  


The sections below specify the technical requirements and, subsequently, required tests de-
 signed to verify the unit's ability to provide the service in question.  


The cost of IT connections, maintenance, grid tariffs etc. for energy provisions and tests/relia-
 bility testing must be paid solely by the service provider. 


2.1.1  FCR response requirements 


FCR is used to stabilise the frequency close to the reference frequency (50 Hz) and to reduce 
 the number of frequency dips/jumps. The service is activated for both small and large fre-
 quency deviations, as the function is activated in case of deviations from 50 Hz. 


Regulation is performed as a very fast-reacting proportional control, often provided from 'run-
 ning/spinning units at part load. 


Units tasked with providing FCR must measure the frequency and automatically activate re-
 serves on their own accord, as they will receive no external activation signal. 


Power response to frequency fluctuations must be provided linearly to the frequency deviation 
 in question for frequency deviations of up to ±200 mHz relative to the reference frequency, i.e. 


in the 49.8-49.98 Hz and 50.02-50.2 Hz ranges. 


50.00
 49.90


49.80 50.10 50.20 Frequency (Hz)



FCR FCR


49.98 50.02
Figure 1 - FCR activation frequencies. 



(7)Figure 2 - Power response from FCR, with and without dead band, respectively. Both responses 
 are acceptable. 


Measuring equipment accuracy must be 10 mHz or higher. It is acceptable for a unit to have a 
 hysteresis range of +/- 10 mHz over the frequency band. It is also acceptable for the unit to 
 have a dead band of +/-20 mHz around 50 Hz.  


FCR volume activated by a frequency deviation is linearly dependent on the frequency. For ex-
 ample, if the DK1 frequency deviates by -110 mHz, half the reserve is activated, as indicated in 
 Figure 2. 


The below figure shows the minimum and maximum responses from activation of FCR (t0) until 
 the reserve must be provided in full (t1). The maximum response equals a 10 mHz deviation in 
 the frequency measurement, which is accepted based on the measuring equipment accuracy 
 requirement. For units not equipped with ramp control, the acceptable response range may 
 also be divided into smaller steps. A small delay of a few seconds at start-up is acceptable but 
 the response must then return to the permissible range. In addition, minor deviations, positive 
 as well as negative, near the permissible response range, especially near Pres when response is 
 fully regulated, are also accepted. This applies to both prequalification tests of reserves and 
 subsequent operation.  


-1
 -0,5
 0
 0,5
 1


49,8 49,85 49,9 49,95 50 50,05 50,1 50,15 50,2


FCR [MW / MW FCR]


Frequency [Hz]



Power response


Without deadband With deadband of +/- 20 mHz
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PRes


Time
 Pcurrent


PRes


2


t0 t1 t2 t3


  Min. response


Acceptable response area
 Max. response


Figure 3 - Random FCR activation response sequence. 


Table 1 - Time parameters for response sequence described in Figure 3. specifies the response 
 times of Figure 3. 


Time parameters  Time 
 t0 - t1 < 30 s


t1 - t2 Frequency imbalance length, at least 15 min 
 t2 - t3 < 30 s 


Table 1 - Time parameters for response sequence described in Figure 3. 


Response sequence for reserve tests, in which frequency deviations of 200 mHz are simulated, 
 must be within the “acceptable response area”. The first half of the activated reserve must be 
 provided within 15 seconds, while the last half must be provided in full within 30 seconds. It is 
 acceptable to perform a quicker response than shown in the figure, as long as the response is 
 approximately linear and proportional to the frequency deviation. 


Unit sensitivity must not exceed 10 mHz. This means that the unit must respond to changes of 
 10 mHz. 


The resolution of the market participant's SCADA system must be better than or equal to 1 sec-
 ond, and selected signals must be able to document unit responses to frequency deviations. 


The service provider must save the signals for at least one week. 


FCR not being provided as a symmetrical bid is acceptable. 


Regulation must be active at all times and include functions that ensure maintenance of 100% 


power for minimum 15 minutes. Following completed regulation, the reserve must be re-es-
tablished after 15 minutes. For further explanation, please see Appendix, section 8.2. 



(9)2.2  Prequalification of stand-alone units 


The unit must do a test procedure, where a frequency signal (deviation from 50 Hz) is applied 
 on site in the unit frequency regulator, and the input frequency and resulting system response 
 are then logged. The market participant must be able to apply a frequency signal.  


The figure below shows these tests. 


Active power


P+Res


Time
 P-Res


PArb


t0 t1 t2 t3 t4 t5 t6 t7


50 Hz -200 mHz


P+Res


2


P-Res


2


t8 t9 t10 t11


50 Hz +200 mHz 50 Hz -110 mHz 50 Hz +110 mHz Max. response


  Min. response
  Acceptable response area


t12 t13 t14 t15 t16


Figure 4 - Tests of minimum requirements for FCR response. 


The table below specifies response times for Figure 4. 


Time parameters  Time 


t0 - t1 As specified in Figure 3


t1 - t2 15 min 


t2 - t3 As specified in Figure 3 


t3 - t4 1 min 


t4 - t5 As specified in Figure 3 


t5 - t6 15 min 


t6 - t7 As specified in Figure 3 


t7 - t8 1 min 


t8 - t9 As specified in Figure 3 


t9 - t10 5 min 


t10 – t11 As specified in Figure 3 


t11 – t12 1 min 


t12 – t13 As specified in Figure 3 


t13 – t14 5 min 


t14 – t15 As specified in Figure 3 


t15 – t16 1 min 


Table 2 - Time parameters for tests described in Figure 4. 


Please note that completion of the full tests specified in Figure 4 is only a requirement if the 
unit owner has applied to provide both upward and downward regulation. If only upward 



(10)regulation is to be provided, the response to a negative frequency deviation must be verified 
 and vice versa for only downward regulation. 


Also, a sensitivity test must be done for the full regulator circuit. This test must demonstrate 
 that the unit responds to frequency changes of 10 mHz or higher.  


2.3  Prequalification of aggregated portfolios 


For aggregated unit portfolios, the collection of units must be approved and prequalified for 
 the provision of ancillary services. In other words, Energinet pre-qualifies an aggregated unit 
 portfolio using the aggregator's aggregation tool and control system, so that tests are done to 
 determine the practical provision and actual capacity. Therefore, a portfolio of units will be 
 tested and approved based on its overall performance in relation to the applicable require-
 ments for the ancillary service it offers. The aggregated portfolio will be approved based on the 
 same conditions as described above for stand-alone units. During tests of aggregated portfo-
 lios, Energinet would also like to see the response from a stand-alone unit as well. The aggre-
 gator is charged with ensuring that underlying units are always aggregated, allowing them to 
 comply with any system-related conditions for the provision of ancillary services. The overall 
 response will also form the basis for spot checking. 


2.3.1  Approval of aggregation concept 


For aggregated portfolios, the market participant must submit a description of the aggregation 
 concept, including a description of the communication mode selected. This description must 
 state how requirements and specifications are complied with. The description must be ap-
 proved by Energinet before the market participant can join the market with the concept se-
 lected.  


2.3.2  Maximum power for aggregated portfolios 


The maximum pool approvable as an aggregated portfolio totals 3 MW for FCR. Prequalifica-
 tion of an aggregated portfolio for FCR exceeding 3 MW requires separate tests of each portfo-
 lio. For example, in case of an aggregated volume for FCR of 5 MW, this can be divided into a 3 
 MW and a 2 MW portfolio, respectively, and requires prequalification of both. The portfolios 
 may then subsequently be pooled when offering the reserve in the market.  


When adding additional units to an aggregated pool, Energinet will allow the addition of up to 
 3 MW of the same technology within the same price area to the existing portfolio of units, 
 without new actual tests of the portfolio or the unit. A total addition of 3 MW to the portfolio 
 requires new tests to be done. 


For all types of reserves, the addition of capacity to an already qualified portfolio can be made 
against documentation that the added unit has identical properties and against the aggregator 
reporting the added capacity to Energinet via the self-service portal [the solution is not cur-
rently available but will be developed]. On signing a "Main agreement for the provision of ancil-
lary services", the aggregator agrees to maintain an updated list of the ancillary services units 
at the provider’s disposal. Documentation must include information about MW, type, location 
and possibly consumption pattern for a given period. Documentation will be added to on an 
ongoing basis when requests are made for prequalification of new technologies. The proposed 
solution includes the option to select consumption technology and the subsequent option to 



(11)enter specific requested data for the technology selected. If a certain technology is not availa-
 ble, because it has not been used before, the market participant may contact Energinet, and 
 the technology will be added with specific requests for information. The amount of infor-
 mation requested will depend on the total potential of the technology. Furthermore, the prep-
 aration of a positive list for technologies expected to be widely used in the future is under con-
 sideration, with the aim of facilitating the process, e.g. for electric vehicles, where charging sta-
 tion standardisation is expected. 


In addition, Energinet will establish a control follow-up procedure, where aggregated portfolios 
 will undergo physical tests at least every three years in order to verify the provision profiles of 
 aggregated portfolios. Control follow-up will take place at the request of Energinet. Thus, con-
 trol follow-up will take place at least every three years if additional units have been added to a 
 portfolio, which did not give rise, in terms of capacity, to actual tests of the portfolio when the 
 addition was made. If no added additional capacity has been added to the aggregated portfolio 
 of units, a test is carried out at least every five years, cf. SO GL article 155 (6). 


2.3.3  Frequency meters for aggregated portfolios 


For aggregated units, the ancillary service is provided through an aggregator and balance re-
 sponsible party. Energinet looks at the overall volume of power sold by the aggregator, and 
 this means that there must only be one frequency meter, which then distributes the signal to 
 the units providing the service. The aggregator may choose to use several meters. Energinet 
 reserves the right to make any future changes necessary to ensure compliance with the addi-
 tional joint properties for FCR, cf. SO GL article. 154 (2) 


2.3.4  Storage of data for aggregated portfolios 


For aggregated units, the ancillary service is provided through an aggregator and balance re-
 sponsible party. Energinet looks at the overall volume of power sold by the balance responsible 
 party, and this means that the storage of data to document service provision may be done at 
 the aggregated level. Energinet’s sole focus is to ensure that the actual provision can be veri-
 fied and not from where actual provision has taken place. This means that the aggregator must 
 comply with the applicable rules for storage of, for example, frequency data, but only at an ag-
 gregated level. The aggregator may store and submit data for spot checking from separate 
 units, if requested. 


2.4  Audit of provisions 


Only units and systems that have undergone a functional test can participate in the FCR mar-
 ket. When a unit/system has been approved and begins to provide ancillary services, regular 
 inspections/audits will be carried out to determine whether the unit/system provides the ancil-
 lary services in the agreed/approved quality and quantity. 


The market participant must provide the quantities sold. In case of minor provision shortages, 
payment for any non-provision is deducted from the full volume. In case of major provision 
shortages, payment of the costs of replacement purchases and quarantine may be a possibility, 
cf. the tender specifications mentioned above. The lifting of a quarantine will be subject to ei-
ther a renewed approval of the unit or the submission of detailed documentation proving that 
any faults have been remedied. Please note that the approved maximum capacity, which a unit 



(12)can offer in a reserve capacity market, does not necessarily match the volume available in any 
 given period. 


2.5  Baseline 


To be able to estimate and control if a given response have been carried out, a reference 
 power is necessary to know on a given unit. This reference power is also called baseline. For 
 conventional plants this can be determined as the schedule. At units with fluctuating produc-
 tion and for demand response, the baseline can be difficult to determine. Examples on base-
 line calculations for different types of units are available in Appendix 8.3. Furthermore, sugges-
 tions, advice, and expectations for the baseline calculations from non-conventional unit are 
 given.  


Energinet will request a concept description and results from the developed calculation when a 
unit or a portfolio of units are prequalified to deliver ancillary services. The calculations must 
also be prequalified.  
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3.  Test of FCR-D in DK2 


This section describes the fundamental requirements for FCR-D (frequency-controlled disturb-
 ance reserves) and required ancillary services tests to be done before the unit can form part 
 of/be used in the market. 


3.1  Prior to market participation 


Before a unit/system can join the market, it must be verified that the unit/system can provide 
 the specific ancillary service, within the specified response time, while still observing the tech-
 nical requirements of that service.  


The sections below specify the technical requirements followed by required tests designed to 
 verify the unit's ability to deliver.  


The cost of IT connections, maintenance, grid tariffs etc. for energy provisions and tests/relia-
 bility testing must be paid solely by the service provider. 


3.1.1  FCR-D response requirements 


FCR-D is used to reduce frequency dips. The service is activated in case of large frequency devi-
 ations, as this function is activated at frequencies below 49.9 Hz. 


Regulation is performed as a very fast-reacting proportional control, often provided from 'run-
 ning/spinning' units at part load. 


Units tasked with providing FCR-D must measure the frequency and automatically activate re-
 serves on their own accord, as they will receive no external activation signal. 


Power response to frequency fluctuations must be provided at frequency deviations of up to 


±500 mHz relative to the reference frequency, i.e. in the range 49.5 - 49.9 Hz and 50.1-50.5 Hz. 


Figure 5 - Activation frequencies for FCR-D (FCR-N, respectively). 



(14)Figure 6 - Power response from FCR-D 


Measuring equipment accuracy must be 10 mHz or higher. It is acceptable for a unit to have a 
 hysteresis range of +/- 10 mHz over the frequency band.  


FCR-D volumes activated by a frequency deviation are linearly dependent on the frequency. 


For example, if the DK2 frequency differs -300 mHz, half the reserve is activated. 


The below figure shows the minimum response from the activation of FCR-D (t0) to the time 
 when the reserve must be fully provided (t2). The maximum response equals a 10 mHz devia-
 tion in the frequency measurement, which is accepted based on the measuring equipment ac-
 curacy requirement. For units not equipped with ramp control, the acceptable response range 
 may also be divided into smaller steps. A small delay of a few seconds at start-up is acceptable 
 but the response must then return to the permissible range. In addition, minor deviations, pos-
 itive as well as negative, near the permissible response range, especially near Pres when re-
 sponse is fully regulated, are also accepted. This applies to both prequalification tests of re-
 serves and subsequent operation. 
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Active power


PRes


Time
 Pcurrent


PRes


2


t0 t2 t3 t4


  Min. response


 Acceptable response area
 Max. response


t1


Figure 7 - Random FCR-D activation response sequence. 


Table 3 - Time parameters for response sequence described in Figure 7. 


 specifies the response times of Figure 7. In case of an activation in the opposite direction, the 
 activation will be symmetric with the one above.  


Time parameters  Time 
 t0 - t1 < 5 s
 t1 - t2 < 25 s 


t2 - t3 Frequency imbalance length, at least 15 min 
 t3 - t4 < 30 s 


Table 3 - Time parameters for response sequence described in Figure 7. 


Response sequences for reserve tests must be within the "acceptable response area". The first 
 half of the activated reserve must be provided within 5 seconds, while the last half must be 
 provided in full within 30 seconds. It is acceptable to perform a quicker response than shown in 
 the figure, as long as the response for the two periods (0 to 5 s and 5 to 30 s) is approximately 
 linear and proportional with the frequency deviation. 


Unit sensitivity must not exceed 10 mHz. This means that the unit must respond to changes of 
 10 mHz. 


Also, a sensitivity test must be done for the full regulator circuit. This test must demonstrate 
that the unit responds to frequency changes of 10 mHz or higher. 



(16)The resolution of the market participant's SCADA system must be better than or equal to 1 sec-
 ond, and selected signals must be able to document unit responses to frequency deviations. 


The service provider must save the signals for at least one week. 


Regulation must be active at all times and include functions that ensure maintenance of 100% 


power for minimum 15 minutes. Following completed regulation, the reserve must be re-es-
 tablished after 15 minutes. For further explanation, please see Appendix, section 8.2. 


3.2  Prequalification of stand-alone units 


The unit must do a test procedure, where a frequency signal (deviation from 50 Hz) is applied 
 on site in the unit frequency regulator, and the input frequency and resulting system response 
 are then logged. The market participant must be able to apply a frequency signal.  


The figure below shows these tests. 


Figure 8 - Tests of minimum requirements for response for FCR-D. 


The table below specifies response times for Figure 8. 


Time parameters  Time 


t0 - t1 As specified in Figure 7


t1 - t2 15 min 


t2 - t3 As specified in Figure 7 
 t3 - t4 1 min  


t4 - t5 As specified in Figure 7 


t5 - t6 15 min 


t6 - t7 As specified in Figure 7 


t7 - t8 1 min 


t8 - t9 As specified in Figure 7 
 t9 - t10 5 min 


t10 - t11 As specified in Figure 7 
 t11 - t12 1 min 


t12 - t13 As specified in Figure 7 
 t13 - t14 5 min 


t14 - t15 As specified in Figure 7 



(17)t15 - t16 1 min 


Table 4 - Time parameters for tests described in Figure 8. 


Please note that completion of the full test specified in Figure 8 is only a requirement if the 
 unit owner has applied to provide both upward and downward regulation. Figure 9 and Figure 
 10 represents the tests for unit owners only providing upward or downward regulation. Time 
 parameters for the tests are shown in Table 5. 


Figure 9 - Tests of minimum requirements for response for FCR-D upward regulation. 


Figure 10 - Tests of minimum requirements for response for FCR-D downward regulation. 


Time parameters  Time 


t0 - t1 As specified in Figure 7


t1 - t2 15 min 


t2 - t3 As specified in Figure 7 
 t3 - t4 1 min  


t4 - t5 As specified in Figure 7 


t5 - t6 5 min 


t6 - t7 As specified in Figure 7 


t7 - t8 1 min 


Table 5 - Time parameters for tests described in Figure 9 and Figure 10. 



(18)3.3  Prequalification of aggregated portfolios 


For aggregated unit portfolios, the collection of units must be approved and prequalified for 
 the provision of ancillary services. In other words, Energinet pre-qualifies an aggregated unit 
 portfolio using the aggregator's aggregation tool and control system, so that tests are done to 
 determine the practical provision and actual capacity. Therefore, a portfolio of units will be 
 tested and approved based on its overall performance in relation to the applicable require-
 ments for the ancillary service it offers. The aggregated portfolio will be approved based on the 
 same conditions as described above for stand-alone units. During tests of aggregated portfo-
 lios, Energinet would also like to see the response from a stand-alone unit as well. The aggre-
 gator is charged with ensuring that underlying units are always aggregated, allowing them to 
 comply with any system-related conditions for the provision of ancillary services. The overall 
 response will also form the basis for spot checking. 


3.3.1  Approval of aggregation concept 


For aggregated portfolios, the market participant must submit a description of the aggregation 
 concept, including a description of the communication mode selected. This description must 
 state how requirements and specifications are complied with. The description must be ap-
 proved by Energinet before the market participant can join the market with the concept se-
 lected.  


3.3.2  Maximum power for aggregated portfolios 


The maximum pool, which can be approved as an aggregated portfolio, is 3 MW for FCR-N. 


Prequalification of an aggregated portfolio for FCR-D exceeding 3 MW requires tests for each 
 portfolio. For example, in case of an aggregated volume for FCR-D of 5 MW, this can be divided 
 into a 3 MW and a 2 MW portfolio, respectively, and requires prequalification of both. The 
 portfolios may then subsequently be pooled when offering the reserve in the market.  


When adding additional units to an aggregated pool, Energinet will allow the addition of up to 
 3 MW of the same technology within the same price area to the existing portfolio of units, 
 without new actual tests of the portfolio or the unit. A total addition of 3 MW to the portfolio 
 requires new tests to be done. 


For all types of reserves, the addition of capacity to an already qualified portfolio can be made 
against documentation that the added unit has identical properties and against the aggregator 
reporting the added capacity to Energinet via the self-service portal [the solution is not cur-
rently available but will be developed]. On signing a "Main agreement for the provision of ancil-
lary services", the aggregator agrees to maintain an updated list of the ancillary services units 
at the provider’s disposal. Documentation must include information about MW, type, location 
and possibly consumption pattern for a given period. Documentation will be added to on an 
ongoing basis when requests are made for prequalification of new technologies. The proposed 
solution includes the option to select consumption technology and the subsequent option to 
enter specific requested data for the technology selected. If a certain technology is not availa-
ble, because it has not been used before, the market participant may contact Energinet, and 
the technology will be added with specific requests for information. The amount of infor-
mation requested will depend on the total potential of the technology. Furthermore, the prep-
aration of a positive list for technologies expected to be widely used in the future is under 



(19)consideration, with the aim of facilitating the process, e.g. for electric vehicles, where charging 
 station standardisation is expected. 


In addition, Energinet will establish a control follow-up procedure, where aggregated portfolios 
 will undergo physical tests at least every three years in order to verify the provision profiles of 
 aggregated portfolios. Control follow-up will take place at the request of Energinet. Thus, con-
 trol follow-up will take place at least every three years if additional units have been added to a 
 portfolio, which did not give rise, in terms of capacity, to actual tests of the portfolio when the 
 addition was made. If no added additional capacity has been added to the aggregated portfolio 
 of units, a test is carried out at least every five years, cf. SO GL article 155 (6). 


3.3.3  Frequency meters for aggregated portfolios 


For aggregated units, the ancillary service is provided through an aggregator and balance re-
 sponsible party. Energinet looks at the overall volume of power sold by the aggregator, and 
 this means that there must only be one frequency meter, which then distributes the signal to 
 the units providing the service. The aggregator may choose to use several meters. 


3.3.4  Storage of data for aggregated portfolios 


For aggregated units, the ancillary service is provided through an aggregator and balance re-
 sponsible party. Energinet looks at the overall volume of power sold by the balance responsible 
 party, and this means that the storage of data to document service provision may be done at 
 the aggregated level. Energinet’s sole focus is to ensure that the actual provision can be veri-
 fied and not from where actual provision has taken place. This means that the aggregator must 
 comply with the applicable rules for storage of, for example, frequency data, but only at an ag-
 gregated level. The aggregator may store and submit data for spot checking from separate 
 units, if requested. 


3.4  Audit of provisions 


Only units and systems that have undergone a functional test can participate in the FCR-D mar-
 ket. When a unit/system has been approved and begins to provide ancillary services, regular 
 inspections/audits will be carried out to determine whether the unit/system provides the ancil-
 lary services in the agreed/approved quality and quantity. 


The market participant must provide the quantities sold. In case of minor provision shortages, 
 payment for any non-provision is deducted from the full volume. In case of major provision 
 shortages, payment of the costs of replacement purchases and quarantine may be a possibility, 
 cf. the tender specifications mentioned above. The lifting of a quarantine will be subject to ei-
 ther a renewed approval of the unit or the submission of detailed documentation proving that 
 any faults have been remedied. Please note that the approved maximum capacity, which a unit 
 can offer in a reserve capacity market, does not necessarily match the volume available in any 
 given period. 


3.5  Baseline 


To be able to estimate and control if a given response have been carried out, a reference 
power is necessary to know on a given unit. This reference power is also called baseline. For 
conventional plants this can be determined as the schedule. At units with fluctuating produc-
tion and for demand response, the baseline can be difficult to determine. Examples on 



(20)baseline calculations for different types of units are available in Appendix 8.3. Furthermore, 
 suggestions, advice, and expectations for the baseline calculations from non-conventional unit 
 are given.  


Energinet will request a concept description and results from the developed calculation when a 
unit or a portfolio of units are prequalified to deliver ancillary services. The calculations must 
also be prequalified.  
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4.  Test of FCR-N in DK2 


This section describes the fundamental requirements for FCR-N (frequency-controlled normal 
 operation reserves) and required ancillary services tests to be done before the unit can form 
 part of/be used in the market. 


4.1  Prior to market participation 


Before a unit/system can join the market, it must be verified that the unit/system can provide 
 the specific ancillary service, within the specified response time, while still observing the tech-
 nical requirements of that service.  


The sections below specify the technical requirements followed by required tests designed to 
 verify the unit's ability to deliver.  


The cost of information technology (IT) connections, maintenance, grid tariffs etc. for energy 
 provisions and tests/reliability testing must be paid solely by the service provider.


4.1.1  FCR-N response requirements 


FCR-N is used to stabilise the frequency close to the reference frequency (50 Hz) and to reduce 
 the number of frequency dips/jumps. The service is activated for both small and large fre-
 quency deviations, as the function is activated in case of deviations from 50 Hz. 


Regulation is performed as a fast-reacting proportional control, often provided from 'run-
 ning/spinning’ units at part load. 


Units tasked with providing FCR-N must measure the frequency and automatically activate re-
 serves on their own accord, as they will receive no external activation signal. 


Power response to frequency fluctuations must be provided at frequency deviations of up to 


±100 mHz relative to the reference frequency, i.e. in the range 49.9 - 50.1 Hz. 


Figure 11 - Activation frequencies for FCR-N.  



(22)Figure 12 - Power response from FCR-N for continued provision outside and inside the band, re-
 spectively. 


Measuring equipment accuracy must be 10 mHz or higher. It is acceptable for a unit to have a 
 hysteresis range of +/- 10 mHz over the frequency band. 


FCR-N volumes activated by a frequency deviation are linearly dependent on the frequency. 


For example, if the DK2 frequency differs -50 mHz, half the reserve is activated. 


The below figure shows the minimum and maximum responses from the activation of FCR-N 
 (t0) until the time when the reserve must be fully provided (t1). The maximum response equals 
 the existence of a 10 mHz deviation in the frequency measurement, which is accepted based 
 on the measuring equipment accuracy requirement. For units not equipped with ramp control, 
 the acceptable response range may also be divided into smaller steps. A small delay of a few 
 seconds at start-up is acceptable but the response must then return to the permissible range. 


In addition, minor deviations, positive as well as negative, near the permissible response range, 
 especially near Pres when response is fully regulated, are also accepted. This applies to both 
 prequalification tests of reserves and subsequent operation. 
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Figure 13 - Random FCR (FNR) activation response sequency in DK2. 


Table 6 – Time parameters for response sequences described inFigure 13. 


specifies the response times of Figure 13. 


Time parameters  Time 


t0 - t1 150 s


t1 - t2 Frequency imbalance length, at least 15 min 
 t2 - t3 150 s 


Table 6 – Time parameters for response sequences described inFigure 13. 


Response sequences for reserve tests must be within the "acceptable response area". It is ac-
 ceptable to perform a quicker response than shown in the figure, as long as the response is ap-
 proximately linear and proportional to the frequency deviation. 


Unit sensitivity must not exceed 10 mHz. This means that the unit must respond to changes of 
 10 mHz. 


The resolution of the market participant's SCADA system must be better than 1 second, and 
 selected signals must be able to document the units' responses to frequency deviations. The 
 service provider must save the signals for at least one week. Regulation must be active at all 
 times and include functions that ensure maintenance of 100% power during the contracted pe-
 riod.  


4.2  Prequalification of stand-alone units 


The unit must do a test procedure, where a frequency signal (deviation from 50 Hz) is applied 
on site in the unit frequency regulator, and the input frequency and resulting system response 
are then logged. The market participant must be able to apply a frequency signal. 



(24)The figure below shows these tests. 
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Figure 14 - Tests of minimum requirements for response for FCR-N. 


The table below specifies response times for Figure 14. 


Time parameters  Time 


t0 - t1 As specified in Figure 13


t1 - t2 15 min 


t2 - t3 As specified in Figure 13 


t3 - t4 1 min 


t4 - t5 As specified in Figure 13 


t5 - t6 15 min 


t6 - t7 As specified in Figure 13 


t7 - t8 1 min 


t8 - t9 As specified in Figure 13 


t9 - t10 5 min 


t10 – t11 As specified in Figure 13 


t11 – t12 1 min 


t12 – t13 As specified in Figure 13 


t13 – t14 5 min 


t14 – t15 As specified in Figure 13 


t15 – t16 1 min 


Table 7 - Time parameters for tests described in Figure 14. 


Please note that completion of the full test specified in Figure 14 is only a requirement if the 
 unit owner has applied to provide both upward and downward regulation.  


4.3  Prequalification of aggregated portfolios 


For aggregated unit portfolios, the collection of units must be approved and prequalified for 
the provision of ancillary services. In other words, Energinet pre-qualifies an aggregated unit 
portfolio using the aggregator's aggregation tool and control system, so that tests are done to 



(25)determine the practical provision and actual capacity. Therefore, a portfolio of units will be 
 tested and approved based on its overall performance in relation to the applicable require-
 ments for the ancillary service it offers. The aggregated portfolio will be approved based on the 
 same conditions as described above for stand-alone units. During tests of aggregated portfo-
 lios, Energinet would also like to see the response from a stand-alone unit as well. The aggre-
 gator is charged with ensuring that underlying units are always aggregated, allowing them to 
 comply with any system-related conditions for the provision of ancillary services. The overall 
 response will also form the basis for spot checking. 


4.3.1  Approval of aggregation concept 


For aggregated portfolios, the market participant must submit a description of the aggregation 
 concept, including a description of the communication mode selected. This description must 
 state how requirements and specifications are complied with. The description must be ap-
 proved by Energinet before the market participant can join the market with the concept se-
 lected. 


4.3.2  Maximum power for aggregated portfolios 


The maximum pool, which can be approved as an aggregated portfolio, is 3 MW for FCR-N. 


Prequalification of an aggregated portfolio for FCR-N exceeding 3 MW requires separate tests 
 of each portfolio. For example, in case of an aggregated volume for FCR-N of 5 MW, this can be 
 divided into a 3 MW and a 2 MW portfolio, respectively, and requires prequalification of both. 


The portfolios may then subsequently be pooled when offering the reserve in the market.  


When adding additional units to an aggregated pool, Energinet will allow the addition of up to 
 3 MW of the same technology within the same price area to the existing portfolio of units, 
 without new actual tests of the portfolio or the unit. A total addition of 3 MW to the portfolio 
 requires new tests to be done. 


For all types of reserves, the addition of capacity to an already qualified portfolio can be made 
 against documentation that the added unit has identical properties and against the aggregator 
 reporting the added capacity to Energinet via the self-service portal [the solution is not cur-
 rently available but will be developed]. On signing a "Main agreement for the provision of ancil-
 lary services", the aggregator agrees to maintain an updated list of the ancillary services units 
 at the provider’s disposal. Documentation must include information about MW, type, location 
 and possibly consumption pattern for a given period. Documentation will be added to on an 
 ongoing basis when requests are made for prequalification of new technologies. The proposed 
 solution includes the option to select consumption technology and the subsequent option to 
 enter specific requested data for the technology selected. If a certain technology is not availa-
 ble, because it has not been used before, the market participant may contact Energinet, and 
 the technology will be added with specific requests for information. The amount of infor-
 mation requested will depend on the total potential of the technology. Furthermore, the prep-
 aration of a positive list for technologies expected to be widely used in the future is under con-
 sideration, with the aim of facilitating the process, e.g. for electric vehicles, where charging sta-
 tion standardisation is expected. 


In addition, Energinet will establish a control follow-up procedure, where aggregated portfolios 
will undergo physical tests at least every three years in order to verify the provision profiles of 



(26)aggregated portfolios. Control follow-up will take place at the request of Energinet. Thus, con-
 trol follow-up will take place at least every three years if additional units have been added to a 
 portfolio, which did not give rise, in terms of capacity, to actual tests of the portfolio when the 
 addition was made. If no added additional capacity has been added to the aggregated portfolio 
 of units, a test is carried out at least every five years, cf. SO GL article 155 (6). 


4.3.3  Frequency meters for aggregated portfolios 


For aggregated units, the ancillary service is provided through an aggregator and balance re-
 sponsible party. Energinet looks at the overall volume of power sold by the aggregator, and 
 this means that there must only be one frequency meter, which then distributes the signal to 
 the units providing the service. The aggregator may choose to use several meters. 


4.3.4  Storage of data for aggregated portfolios 


For aggregated units, the ancillary service is provided through an aggregator and balance re-
 sponsible party. Energinet looks at the overall volume of power sold by the balance responsible 
 party, and this means that the storage of data to document service provision may be done at 
 the aggregated level. Energinet’s sole focus is to ensure that the actual provision can be veri-
 fied and not from where actual provision has taken place. This means that the aggregator must 
 comply with the applicable rules for storage of, for example, frequency data, but only at an ag-
 gregated level. The aggregator may store and submit data for spot checking from separate 
 units, if requested. 


4.4  Audit of provisions 


Only units and systems that have undergone a functional test can participate in the FCR-N mar-
 ket. When a unit/system has been approved and begins to provide ancillary services, regular 
 inspections/audits will be carried out to determine whether the unit/system provides the ancil-
 lary services in the agreed/approved quality and quantity. 


The market participant must provide the quantities sold. In case of minor provision shortages, 
 payment for any non-provision is deducted from the full volume. In case of major provision 
 shortages, payment of the costs of replacement purchases and quarantine may be a possibility, 
 cf. the tender specifications mentioned above. The lifting of a quarantine will be subject to ei-
 ther a renewed approval of the unit or the submission of detailed documentation proving that 
 any faults have been remedied. Please note that the approved maximum capacity, which a unit 
 can offer in a reserve capacity market, does not necessarily match the volume available in any 
 given period. 


4.5  Baseline 


To be able to estimate and control if a given response have been carried out, a reference 
power is necessary to know on a given unit. This reference power is also called baseline. For 
conventional plants this can be determined as the schedule. At units with fluctuating produc-
tion and for demand response, the baseline can be difficult to determine. Examples on base-
line calculations for different types of units are available in Appendix 8.3. Furthermore, sugges-
tions, advice, and expectations for the baseline calculations from non-conventional unit are 
given.  



(27)Energinet will request a concept description and results from the developed calculation when a 
unit or a portfolio of units are prequalified to deliver ancillary services. The calculations must 
also be prequalified.  
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5.  Test of FFR in DK2 


This section describes the fundamental requirements for FFR (fast frequency reserve) and re-
 quired ancillary services tests to be done before the unit can form part of/be used in the mar-
 ket. 


5.1  Prior to market participation 


Before a unit/system can join the market, it must be verified that the unit/system can provide 
 the specific ancillary service, within the specified response time, while still observing the tech-
 nical requirements of that service.  


The sections below specify the technical requirements followed by required tests designed to 
 verify the unit's ability to deliver.  


The cost of information-technological (IT) connections, maintenance, grid tariffs etc. for energy 
 provisions and tests/reliability testing must be paid solely by the service provider. 


5.1.1  FFR response requirements 


FFR is used to stabilise the frequency, if major outages occur in low inertia situations, and to 
 reduce frequency dips/jumps to avoid exceeding the threshold of a deviation greater than 1 
 Hz. The service is only activated for large frequency deviations, as the function is activated in 
 case of deviations of 300 mHz or more from 50 Hz. 


This is a fast-reacting active power response regulation, which is activated when the frequency 
 exceeds the chosen threshold. Regulation will be provided from 'running/spinning' units at part 
 load, disconnectable load or inverter-based technologies. 


Units tasked with providing FFR must measure the frequency and automatically activate re-
 serves on their own accord, as they will receive no external activation signal. 


Three combinations of activation level and full activation time are possible, and these are 
 equally effective in meeting system FFR response demands.  The table below presents the 
 three options. 


Alternative  Activation level [Hz]  Maximum full activation 
 time [s] 


A  49.7  1.3 


B  49.6  1.0 


C  49.5  0.7 


Table 8 - Possible thresholds, A, B and C, for FFR activation level and respective maximum acti-
 vation times. 


Underfrequency situations have proven very critical compared with over frequency situations. 


Therefore, FFR is only purchased for underfrequency situations. 


Measuring equipment accuracy must be 10 mHz or lower. A unit can have a hysteresis range of 
+/- 10 mHz within the frequency range. 



(29)The FFR volume activated by a frequency deviation is governed by a step function and there-
 fore not linearly dependent on the frequency. This means that if, for example, the frequency in 
 DK2 deviates, exceeding the threshold, the entire reserve is activated. 


The figure below shows minimum and maximum responses from the time of FFR activation (t0) 
 to the time when the reserve must be fully provided (t1). The maximum response corresponds 
 to a permissible overshoot of 35% of the reserve. A small delay of a few seconds in response 
 start-up is not allowed; (t0) is the time when measurements show that the frequency crosses 
 the activation level value.  


In addition to the option to choose between different activation levels in relation to the fre-
 quency threshold, it is also possible to choose between a short and a long FFR activation period 
 of minimum 5 or 30 seconds, respectively. Independently of the choice of activation level with 
 respective maximum activation time, the activation period can be freely chosen. 


For short periods, FFR response deactivation cannot exceed a 20% per second gradient. For 
 step-by-step deactivation, steps must not exceed 20%. 


Alterna-
 tive 


FFR provision period [s]  Deactivation requirements [s] 


1  5 s  Gradient spanning minimum 5 s or steps of maxi-


mum 20% spanning 5 s 


2  30 s  No requirements 


Table 9 - Possible FFR provision periods, 1 and 2, and respective deactivation requirements. 


Following response deactivation, the unit must, at a minimum, hold approximately the same 
 set point for 10 seconds. 


Following an activation, the providing unit may change set point, for example if there is a need 
 to recharge or another type of rebound effect. The new set point must equal the load set point 
 prior to activation less 25% of activated FFR power. It is permissible to hold this set point until 
 15 minutes after the time of activation, after which the FFR unit must be re-established and 
 ready for another activation.   


Any tests must be carried out as detailed in the figure below. The FFR provider simulates a fre-
quency deviation of a scale that triggers an FFR response. Activation level, activation time, du-
ration, and deactivation time to be tested must be selected and Energinet must be informed 
prior to any test.  
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Figure 15 - Test of minimum FFR activation requirements for DK2. 


The table below specifies the response times of Figure 15. 


Time parameters;  Time 


t0 - t1  0.7 s  /  1.0 s  /  1.3 s,   (alternatives C, B, or A, respectively) 
 t1 - t2 Minimum 5 s  /  30 s,   (alternatives 1 or 2, respectively) 
 t2 - t3 Minimum 5 s at t1 – t2 in 5 seconds, otherwise no require-


ments 


t3 - t4 Unlimited, subject to compliance with t6 


t4 - t5 Minimum 10 s at t1 -t2 in 5 seconds, otherwise no require-
 ments 


t6 Maximum 15 minutes after t0


Table 10 - Time parameters for response sequences described in Figure 15. 


Response sequences for reserve tests must be within the "acceptable response area".  


Unit sensitivity must not exceed 10 mHz. This means that the unit must respond to changes of 
 10 mHz. 


The resolution of the market participant's SCADA system must be at least 0,1 second, and se-
 lected signals must be able to document the unit’s responses to frequency deviations. The ser-
 vice provider must save the signals for at least one week. The regulation must be active at all 
 times and include functions that ensure maintenance of 100% power during the contracted pe-
 riod.  


5.2  Prequalification of stand-alone units 


The unit must do a test procedure, where a frequency signal (deviation from 50 Hz) is applied 
on site in the unit frequency regulator, and the input frequency and resulting system response 
are then logged. The market participant must be able to apply a frequency signal. 



(31)5.3  Prequalification of aggregated portfolios 


For aggregated unit portfolios, the collection of units must be approved and prequalified for 
 the provision of ancillary services. In other words, Energinet pre-qualifies an aggregated unit 
 portfolio using the aggregator's aggregation tool and control system, so that tests are done to 
 determine the practical provision and actual capacity. Therefore, a portfolio of units will be 
 tested and approved based on its overall performance in relation to the applicable require-
 ments for the ancillary service it offers. The aggregated portfolio will be approved based on the 
 same conditions as described above for stand-alone units. During tests of aggregated portfo-
 lios, Energinet would also like to see the response from a stand-alone unit as well if possible. 


The aggregator must ensure that the underlying units are always aggregated, allowing them to 
 comply with any system-related conditions for the provision of ancillary services. The overall 
 response will also form the basis for spot checking. 


5.3.1  Approval of aggregation concept 


For aggregated portfolios, the market participant must provide a description of the aggrega-
 tion concept, including a description of the chosen mode of communication. This description 
 must state how requirements and specifications are complied with. The description must be 
 approved by Energinet before the market participant can join the market with the concept se-
 lected. 


5.3.2  Maximum power for aggregated portfolios 


The maximum pool approvable as an aggregated portfolio totals 3 MW for FFR. Prequalifica-
 tion of an aggregated portfolio for FFR exceeding 3 MW requires separate tests of each portfo-
 lio. For example, in case of an aggregated volume for FRR of 5 MW, this can be divided into a 3 
 MW and a 2 MW portfolio, respectively, and requires prequalification of both. The portfolios 
 may then subsequently be pooled when offering the reserve in the market.  


When adding additional units to an aggregated pool, Energinet will allow the addition of up to 
 3 MW of the same technology within the same price area to the existing portfolio of units, 
 without new actual tests of the portfolio or the unit. A total addition of 3 MW to the portfolio 
 requires new physical tests to be done. 


For all types of reserves, the addition of capacity to an already qualified portfolio can be made 
subject to the submission of  documentation proving that the added unit has identical proper-
ties and subject to the aggregator registering the added capacity to Energinet via the self-ser-
vice portal [solution is not currently available but will be developed]. On signing a "Main agree-
ment for the provision of ancillary services", the aggregator agrees to maintain an updated list 
of the ancillary services units at the provider’s disposal. Documentation must include infor-
mation about MW, type, location and possibly consumption pattern for a given period. Docu-
mentation will be added to on an ongoing basis when requests are made for prequalification of 
new technologies. The proposed solution includes the option to select consumption technol-
ogy and the subsequent option to enter specific requested data for the technology selected. If 
a certain technology is not an available, because it has not been used before, the market par-
ticipant must contact Energinet, and the technology will be added with specific requests for in-
formation. The amount of information requested will depend on the total potential of the 
technology. Furthermore, the preparation of a positive list for technologies expected to be 



(32)widely used in the future is under consideration, with the aim of facilitating the process, e.g. 


for electric vehicles, where charging station standardisation is expected. 


In addition, Energinet will establish a control follow-up procedure, where aggregated portfolios 
 will undergo physical tests at least every three years in order to verify the provision profiles of 
 aggregated portfolios. Control follow-up will take place at the request of Energinet. Thus, con-
 trol follow-up will take place at least every three years if additional units have been added to a 
 portfolio, and this did not give rise, in terms of capacity, to actual tests of the portfolio when 
 the addition was made. If no added additional capacity has been added to the aggregated port-
 folio of units, a test is carried out at least every five years, cf. SOGL article 155 (6). 


5.3.3  Frequency meters for aggregated portfolios 


For aggregated units, the ancillary service is provided through an aggregator and balance re-
 sponsible party. Energinet’s focus is the overall extent of services sold by an aggregator, and 
 this means that there must be only one frequency meter, which then distributes the signal to 
 the units providing the service. The aggregator may choose to use several meters. 


5.3.4  Storage of data for aggregated portfolios 


For aggregated units, the ancillary service is provided through an aggregator and balance re-
 sponsible party. Energinet’s focus is the overall extent of services sold by the balance responsi-
 ble party, and this means that the storage of data to document service provision may be done 
 at the aggregated level. Energinet’s sole focus is to ensure that the actual provision can be veri-
 fied and not from where actual provision has taken place. This means that the aggregator must 
 comply with the applicable rules for storage of, for example, frequency data, but only at an ag-
 gregated level. The aggregator may store and submit data for spot checking from separate 
 units, if this is the most fitting approach for the aggregator. 


5.4  Audit of provisions 


Only units and systems that have undergone a functional test can participate in the FFR mar-
 ket. When a unit/system has been approved and begins to provide ancillary services, continu-
 ous inspections/audits will be carried out to determine whether the unit/system provides the 
 ancillary services in the agreed/approved quality and quantity. 


The market participant shall provide the quantities sold. In case of minor provision shortages, 
 payment for any non-provision is deducted from the full volume. In case of major provision 
 shortages, payment of the costs of replacement purchases and quarantine may be enforced, 
 cf. the tender specifications mentioned above. The lifting of a quarantine will be subject to ei-
 ther a renewed approval of the unit or the submission of detailed documentation proving that 
 any faults have been remedied. Please note that the approved maximum capacity, which a unit 
 can offer in a reserve capacity market, does not necessarily match the volume available in any 
 given period. 


5.5  Baseline  


To be able to estimate and control if a given response have been carried out, a reference 
power is necessary to know on a given unit. This reference power is also called baseline. For 
conventional plants this can be determined as the schedule. At units with fluctuating produc-
tion and for demand response, the baseline can be difficult to determine. Examples on base-
line calculations for different types of units are available in Appendix 8.3. Furthermore, 



(33)suggestions, advice, and expectations for the baseline calculations from non-conventional unit 
 are given.  


Energinet will request a concept description and results from the developed calculation when a 
unit or a portfolio of units are prequalified to deliver ancillary services. The calculations must 
also be prequalified.  




    
  




      
      
        
      


            
    
        Referencer

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Hent nu ( PDF - 66 Sider - 2.23 MB )
            

      


              
          
            Outline

            
              
              
              
              
              
                              
    FCR-D response requirements
                              
    FCR-N response requirements
                              
    FFR response requirements
                              
    mFRR response requirements
                              
    Signal list
                              
    Probabilistic calculation for prognosticated baseline
              
              
            

          

        

      
      
        
  RELATEREDE DOKUMENTER

  
    
      
          
        
            Entrapment of ammonia, odour compounds, pesticide sprays and pathogens by shelterbelts
        
      

        The models for entrapment of gases (developed within this project) and particles (Raupach et  al., 2001) were combined with a dispersion model (Asman, 1998), so that conclusions can be

    
      
          
        
            BRICS Basic Research in Computer Science
        
      

        of the expressive completeness of this property language with respect to tests. More precisely, we study whether all properties that are testable can

    
      
          
        
            View of Elements of a Successful Big Data Hackathon in a Smart City Context
        
      

        I personally hope that this  will be one of many initiatives that will drive  more open access to an increasing number of data  sources, which can later be used to address 

    
      
          
        
            View of Evaluation of Some Important Quality Parameters in Long-distance Goods Transport
        
      

        This is typically done by dividing the obtained estimates of transport time, damage, delay, frequency, flexibility and information system with the obtained estimate of transport

    
      
          
        
            View of That was Then, This is Now
        
      

        This paper argues various disruptive new media allow the  traditional divide between sport and fan to be breached with impacts on both parties,  most notably the return of

    
      
          
        
            IntERACT TIMES-DK phase I
        
      

        • This gives a dataset which can be aggregated to area specific  building types used in the TIMES DK model with information on  heat loss from the existing buildings, the cost

    
      
          
        
            Scientific Methods 2: Investigations in Software Development
        
      

        Now, we are almost done with the development project (practice  stream) and the next phase of the research will be to generalise the developed solution to a  framework that can be

    
      
          
        
            Sonification and augmented data sets in binary classification
        
      

        These are very fascinating results and although nothing general can be said about  this procedure yet, it can be seen that the discriminatory value of the PCA is improved by 

      



      

    

    
            
            
      
  RELATEREDE DOKUMENTER

  
          
        
    
        
    
    
        
            View of Adapting Peircean semiotics to sound theory and practice
        
        
            
                
                    
                    18
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            “The best men can be”
        
        
            
                
                    
                    13
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            The Queen Bees and the Women's Team - A contextual examination of enmity and friendship between military women
        
        
            
                
                    
                    17
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            More can be less
        
        
            
                
                    
                    6
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            View of True concurrency can be traced
        
        
            
                
                    
                    62
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            The One and the Many: A Study in Music Fandom and Self
        
        
            
                
                    
                    104
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Scientific Methods 2: Investigations in Software Development
        
        
            
                
                    
                    9
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Multimodal literacy
        
        
            
                
                    
                    8
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Company

        	
             Om os
          
	
            Sitemap

          


      

      
        Kontakt  &  Hjælp

        	
             Kontakt os
          
	
             Feedback
          


      

      
        Juridisk

        	
             Vilkår for brug
          
	
             Politik
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Få vores gratis apps

        	
              
                
              
            


      

    

    
      
        
          Skoler
          
            
          
          Emner
                  

        
          
                        Sprog:
            
              Dansk
              
                
              
            
          

          Copyright 9pdf.org © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




     
     

    
        
            
                

            

            
                                 
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


