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The average imported power is 1.15GWh/h and the average 

exported 0. power is 83 GWh/h. 

In S1 the total imported and exported energies are 7.18 TWh 

and -1.35 TWh respectively. In S2 power is imported 3650 

h/a and exported 4222 h/a. The average import and export 

powers are 1.32 GWh/h and -1.72 GWh/h. The total imported 

and exported energies are 4.82 TWh and -7.28 TWh. In S3 

the corresponding average importing and exporting powers 

are 1.56 GWh/h and -1.54 GWh/h, and energies 5.66TWh 

and -5.38 TWh.  Comparing S2 and S3 it can be seen that 

increased storage capacity in S3 increases the amount of 

imported energy but decreases the amount of exported 

energy. The increased importing of energy in S3 results from 

the charging of storages with imported energy. 

In S4 the utilization of market is bigger compared with other 

scenarios.  It can be seen from the figure that in S4 the 

interconnector capacity (5000 MW) is fully used in both 

directions. The average importing and exporting powers are 

3.34 and -2.96 GWh/h respectively, and the imported and 

exported annual energies are 14.74 TWh and -8.53 TWh. 

Thus, the operation of S4 is highly dependent on the market 

access.      

 

Fig. 3. Duration curves of market activities of reference 

model and scenarios S1, S2, S3 and S4. 

4.1. Ramp rates for Residual Loads and Marketed Powers  

Ramp rates illustrates the changes of successive power values 

characterising the stability of the residual and the marketed 

loads. Ramp rates are directly proportional to the required 

control capacity of the on-line generation capacity and 

flexibility of the market. Figs. 4 and 5 depict the average 

ramp rates of residual loads and market actions in 12 h time 

window of all scenarios. 

The ramp rates show the effect of VRE generation to the 

stability of the residual load and market actions.  The higher 

the capacity of VRE generation, the bigger the variability in 

residual load and market actions, when the market is used to 

balance the system.  

 

Fig. 4. Average ramp rates of residual loads of reference 

model and scenarios S1, S2, S3 and S4. 

 

Fig. 5. Average ramp rates of market actions of reference 

model and scenarios S1, S2, S3 and S4. 

The effect of the storage capacity can be seen also from the 

ramp rates. Especially in market actions, the different amount 

of storage capacity in scenarios S2 and S3 can be seen from 

the ramp rate envelopes of market actions. In S3 where the 

amount of variable generation is equal with S2 but there is 

more storage capacity on S3, the ramp rates are smaller 

compared with S2.  Ramp rates in S4 are in their own class.  

Decreased base load generation by reduced nuclear power  

and CHP generation together with highly increased VRE 

generation make the system very volatile with highly 

fluctuating residual load and market actions used to balance 

the system. 

  5. CONCLUSIONS 

This paper presents the results of a scenario work sketching 

on how different properties of future power system will affect 

the sustainability and security of service of power system 

operability. A common way to improve sustainability of the 




