

  
    
            
        
      
      
        
          
        

        
          
            
          
        
        
          
            
              
                
              
            

            
              
                
                  Senest søgte
                

              

                
                  
                      
                      
                        
                      
                  

                
              
                Ingen resultater fundet
              

            

          

          
            
              

                
              
            

            
              
                Tags
              

              
                
                  
                      
                  
                
              

              
                

              

              
                Ingen resultater fundet
              

            

          

          
            
              
                
              
            

            
              
                Dokument
              

              
                
                  
                      
                  
                
              

              
                

              

              
                Ingen resultater fundet
              

            

          

        

      

    

    
      
        
          
        
      
              

                        
  
  

                
            
            
        
        Dansk
                        
          
            
            
              
                Hjem
                
                  
                
              
              
                Skoler
                
                  
                
              
              
                Emner
                
                  
                
              
            

          

        


        
          Log på
        
        
        
        
        
          

  





  
    
      
      	
            
              
              
            
            Slet
          
	
            
              
              
            
          
	
            
              
                
              
              
            
          
	
          

        
	Ingen resultater fundet


      
        
          
        
      
    

  







  
        
        
    
                
            
                
                    
    	
                                    
              Hjem
            
            








	
                          
                
              
                        
              Andet
            
            


                    Electricity storage characteristics and services
                

                                    
                        In document
                        
    2. Technology Catalogue for energy storage
                        (Sider 30-35)

                    

                            
            
                                                                                        1 Introduction

                                                                                                1.4 Electricity storage

                                                                1.4.1 Electricity storage characteristics and services

                                
                    Numerous  energy  storage  technologies  are  under  development,  with  a  wide  range  of 
 characteristics that  make them suitable for different roles in the energy system, at the same 
 time  the  services  necessary  for  the  optimal  operation  of  the  national  electricity  grid  can  be 
 identified in different sectors in relation to their technical requirements. One way to categorize 
 the different storage systems and the potential service they can provide is by looking at their 
 power  rating  and  the  discharge  time  at  rated  power.  They  are  distinguished  mainly  by  their 
 level  of  operation  and  field  of  application.  In  its  study  ELECTRICITY  STORAGE  AND 
 RENEWABLES:  COSTS  AND  MARKETS  TO  2030  the  International  Renewable  Energy  Agency, 
 distinguishes in a main 3 levels (IRENA, 2017): 


•  Bulk  Power  management,  where  large  module  sizes  and  system  power  ranges  are 
 distinguished (> 50 MW) and in general a longer response time (> 60 seconds). 


•  Transmission & distribution grid support-load shifting where the module sizes and power 
 ranges are  more  moderate (> 100 kW  <50  MW)  and  the response  times are faster (> 10 
 seconds) although not instantaneous. 


•  Uninterruptible power supply-power quality: which request an immediate response time 
 (<10 seconds), but in general with smaller modules and power ranges (<100 kW). 


These are categorized as shown in the following figure 1.4. The different services that electricity 
storage can provide are various and are inherently related to the physical characteristics of the 
storage media and the storage system. 


Figure 1.4. Positioning for different energy storage technologies in system power rating vs discharge 
 times at rated power. Source: (IRENA, 2017) 


The potential applications for electricity storage across the entire value chain are various. Some 
 of  these  applications  refers  to  more  energy-intensive  services,  while  others  refer  to  
 power-intensive  ones.  The  most  important  ones  can  be  categorized  as  follows  (Danish  Energy 
 Agency-Energinet, 2018): 


•  Time-shift: purchase of electricity when the price is lower to use it or sell it when the price 
 is higher (also referred to as arbitrage). The effect is an increased demand in hours with 
 lower  load  (load  levelling),  with  advantages  related  to  the  generation  pattern  of 
 conventional plants, and a reduction of the peak demand (peak shaving), resulting in a 
 lower  utilization  of  more  expensive  generators  and  a  lower  strain  on  the  system.  This 
 service includes the potential provision of peak power to ensure system adequacy, when 
 the power system is under stress2. 


•  RE capacity firming and production smoothing: Compensation of the fluctuations of the 
 production from variable renewables (e.g. solar and wind) to obtain a more predictable 
 and  regular  generation  profile.  Reduction  of  the  balancing  cost  for  the  plant  operator 
 and,  from  a  system  perspective,  reduced  need  for  reserve  and  modulation/ramping  of 
 conventional plants. 


2 Provision of peak power is very similar to arbitrage in terms of requirements from the storage system, but it differs in 
the  utilization  rate.  The  service  of  peak  power  provision  would  be  activated  only  during  very  few  hours  in  the  year, 
where the price is very high, to ensure adequacy and security of supply. This would be feasible only in the case storage, 
due  to  the  lower  battery  cost,  becomes  competitive  with  gas  or  other  peaker  technologies  in  terms  of  capital  cost 
expenditure. 


•  Network  support  and  investment  deferral:  Postponement  of  costly  expansion  of  the 
 power  network  thanks  to  the  reduction  of  situations  with  overload  and  congestions  in 
 transmission or distribution networks. In connection to variable renewables, it refers also 
 to the reduction of curtailed energy. 


•  Primary  regulation:  Participation  in  the  primary  frequency  regulation,  ensuring  the 
 balance  between  production  and  consumption  is  restored  in  the  event  of  frequency 
 deviations. The response time for the primary regulation is 15-30 sec. It is also referred to 
 as Frequency Containment Reserve (FCR). 


•  Secondary regulation: Participation in the secondary frequency regulation, ensuring the 
 frequency  is  brought  back  to  its  nominal  value  after  a  major  system  disturbance.  The 
 response  time  of  secondary  regulation  is  15  min.  It  is  also  referred  to  as  Automatic 
 Frequency Restoration Reserve (aFRR). 


•  Tertiary  regulation:  Participation  in  the  tertiary  frequency  regulation,  which  partially 
 complements and replaces secondary reserve by re-scheduling generation. The response 
 time  must  be  within  15  minutes.  It  is  also  referred  to  as  Manual  Frequency  Restoration 
 Reserve (mFRR). 


•  Black-start: Service of reestablishment of the grid after a generalized black-out. It can be 
 provided  by  plants  that  are  able  to  start  operation  autonomously,  i.e.  without 
 alimentation from the grid. 


•  Voltage  support:  Provision  of  reserve  for  the  modulation  of  reactive  power  in  specific 
 nodes of the grid for voltage management purposes. 


•  Power quality: Refers to several services related to the improvement of the quality of the 
 power  supplied.  For  example,  improved  voltage  quality  (compensation  of  voltage  dips 
 and  distortion  of  voltage),  reduction  of  the  impact  of  distorting  loads  (e.g.  harmonics, 
 flicker) and shaving of localized power peaks (timescale of seconds). 


The  suitability  of  different  storage  technologies  for  the  specific  applications  considered 
 relevant  for  the  development  of  energy  storage  in  the  National  Electricity  System  network 
 (SEN) of Mexico, are shown in Figure 1.53. 


Figure 1.5. Suitability of different electricity storage technologies for different applications. Source: 


(Adapted from (EASE/EERA, 2017) ) 


3The suitability for the different services is primarily based on (Oliver Schmidt, 2019), (EASE/EERA, 2017). And (IRENA, 
2017). Additional and recent information have been considered. For example, thanks to the current reduction in cost, 
Li-ion batteries are starting to be deployed for energy-intensive services such as time-shift and load management. See 
for example: (Enel, 2017) and other Li-ion projects with more than 4h of storage duration in (US DOE., 2019). Further 
details are in the Appendix A.


Based on data from the U.S. DOE Database of Storage project (US DOE., 2019), today the main 
 uses of electricity storage by technology group are those displayed in Figure 1.4, 1.5, 1.6 and 1.7. 


The vast majority of pumped-hydro storage is used for Time-shift applications (90.0%), followed 
 by black start (3.5%) and Electric Supply Capacity (2.9%). Differently, electro-chemical storage is 
 mainly used for frequency regulation (51.5%) and provision for electric time shift (13.1%) and the 
 electric  bill  management  (10.3%)  have  an  important  role,  with  a  lower  share  dedicated  to 
 services like Electric Supply reserve capacity-spinning (4.6%)  and renewables capacity firming 
 (4.4%), however, it is necessary to highlight the versatility of services that this sector can offer, 
 as can be seen in figure 1.6. Electro-mechanical storages, like flywheel systems, see the largest 
 deployment in on-site power (34%), frequency regulation (33.4%) and black start (21.5%). For its 
 part, thermal storage is deployed mostly through molten salts associated with the production 
 of  electrical  energy  by  solar  concentrating  solar  plants,  so  the  main  services  it  provides  are 
 renewables  capacity  firming  (85.5%),  onsite  renewable  generation  shifting  (6.0%)  and  the 
 electric energy time shift (3.2%). 


Figure 1.6. Distribution of provided services of operating PHS power capacity. Source: Developed by 
authors with data of (US DOE., 2019) 


Figure 1.7. Distribution of provided services of electromechanical storage power capacity. Developed by 
 authors with data of (US DOE., 2019) 


Figure 1.8. Distribution of provided services of thermal storage power capacity. Developed by authors with 
data of (US DOE., 2019) 


Figure 1.9. Distribution of provided services of electrochemical storage power capacity. Developed by 
 authors with data of (US DOE., 2019) 


In  the  future,  electro-chemical  storage  is  expected  to  experience  an  evolution  towards  more 
 energy-intensive applications,  following the reduction  of battery cost  (IRENA, 2017) estimates 
 that its main applications will be: 


•  Energy shifting for PV to increase self-consumption (60-64%) 


•  RE capacity firming and smoothing at utility scale (11-14%) 


•  Frequency regulation (10-15%) 


•  Ability to provide multiple services and “stack” revenues 
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