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      (1)Helge Glinvad Grøn


Assistant Professor



Energy storage



An important tech  and 

engineering challenge



(2)“A next-generation smart grid without energy storage is like a 
 computer without a hard drive: severely limited.”


- Katie Fehrenbacher, GigaOm



(3)
Agenda


Why energy storage


Energy storage technologies


How Denmark is planning to implement energy 
 storage


Final words



(4)
Some Data 


𝐵𝑟𝑎𝑧𝑖𝑙 ≈ 198 ⋅ 𝐷𝑒𝑛𝑚𝑎𝑟𝑘 𝑘𝑚2


𝐷𝑒𝑛𝑚𝑎𝑟𝑘 ≈ 2,68 ⋅ 𝐵𝑟𝑎𝑧𝑖𝑙 𝑘𝑊ℎ


𝑐𝑎𝑝𝑖𝑡𝑎



(5)
First a short question? 


What is the most 
Worldwide installed 
storage capacity for 
electrical energy?



(6)
Back to basic … 


Thermodynamics 1. law



Δ𝐸 = 0


The internal energy of an isolated system is constant.


Look at the Universe or the earth as one system and all 
energy is constant – but divided into different forms.



(7)
Energy – what do we mean ??


When talking about energy and energy storage 
 two forms will offend be the main topic



Electrical energy

Thermal energy



(8)
Energy storage + renewable energy sources


Energy storage in fossil fuel is a energy source 
 generate over millions of years


When talking about renewable energy, is should be a 
little quicker



(9)
So why talk Energy storage


Basically – If we are not generating the energy at 
 the same time we need it – we need some sort of 
 energy storage.


𝐸𝑝𝑜𝑡 : potential/storage energy



(10)
Energy storage + renewable energy sources


Problem with technologies like solar and wind


The sun shines at the earth (good thing or else we all 
 would die)


The wind blows when it blows


This means that we can’t control what we 


generate – therefore a storage option is necessary 


Wind power
Domestic usage



(11)
Energy storage Technologies


Energy storage 
 Technologies


Electrochemical


Batteries


Lead acid, NiCd, 
 NiMh, NaS, 
 NaNiCl, Li-Ion, 
 Metal air, PbSb


Liquid


Flow 
 batteries


Vanadium, 
 ZnBr, PSBR


Hydrogen-related


Electrolyze + 
 Fuel cells


Electromagnetic


Electric


Capacitors


Magnetic


SMES


Thermal


Pressure


CAES


Pressure + 
 Heat


Adiabatic CAES


Heat


Thermoelectric


Mechanical


Gravity


Pumped hydro


Kinetic


Flywheel


Discussion 
point



(12)
Energy storage Technologies (Power/time)



(13)
Solid State Batteries


A range of 


electrochemical storage 
 solutions, including 


advanced chemistry 


batteries and capacitors


Electrochemical Capacitors
Lithium Ion (LI-ION)



(14)
Tesla … for you …


Tesla gives the specs 
 as follows:


Mounting: Wall Mounted 
 Indoor/Outdoor


Inverter: Pairs with growing list of 
 inverters


Energy: 7 kWh or 10 kWh
 Continuous Power: 2 kW
 Peak Power: 3.3 kW


Round Trip Efficiency: >92%


Operating Temperature Range: -
 20C (-4F) to 43C (110F)


Warranty: 10 years


Dimensions: H: 1300mm W: 


860mm D:180mm


Price: ~4500$



(15)
Flow Batteries


Batteries where the 


energy is stored directly 
 in the 


electrolyte solution for 
 longer cycle life, and 
 quick response times


Redox Flow


Iron- Chromium (ICB) Flow



(16)
Flywheels


Mechanical devices that 
 harness rotational 


energy to deliver 


instantaneous electricity
 𝐸 = 1


2 ⋅ 𝐼 ⋅ 𝜔2


• 𝐸 = 𝑒𝑛𝑒𝑟𝑔𝑦 𝐽


• 𝐼 = 𝑖𝑛𝑒𝑟𝑡𝑖𝑎


• 𝜔 = 𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦



(17)
Compressed Air Energy Storage


Utilizing compressed air 
 to create a potent 


energy reserve


Compressed Air Energy 
 Storage (CAES)


Advanced Adiabatic 
 Compressed Air Energy 
 Storage (AA-CAES)


Isothermal CAES



(18)Problem:


Best locations for CAES 
 systems is national 


occurring like:


- Underground caves
- Empty gas pockets



(19)
Thermal


Capturing heat and cold 
 to create energy on 


demand


Pumped Heat Electrical 
 Storage (PHES)


Hydrogen Energy 
 Storage


Liquid Air Energy 
Storage (LAES)



(20)
Pumped Thermal Energy Storage (PTES)


Charging:


Transport heat from 
 cold to hot storage 
 (using power)


Discharging


Transport heat from hot 
 to cold (releasing 


power)



(21)
Pumped Hydro-Power


Creating large-scale 


reservoirs of energy with 
 water


Pumped Hydroelectric
 Storage


Sub-Surface Pumped
 Hydroelectric Storage
 Surface Reservoir 


Pumped Hydroelectric 
 Storage


Variable Speed Pumped 
Hydroelectric Storage



(22)
(23)
Pumped Hydropower



(24)
Pumped Hydro-power 



(25)
Energy storage Technologies (Power/time)



(26)
DK2050 plan


Recommended to 
 Danish government 
 for at fossil free DK 
 2050 


Programs:


EUDP
 ForskEL
 ForskVE


Three technologies to 
 focus on:


Batteries


Electrochemical (flow 
 batteries)


Thermal


Already in use:


Pumped Hydro-power 



(27)
Problem with energy storage


The technology exist (R&D)
 It can of course be improved 
 (and tested)


Greats challenge is:


SIZE – upscaling to 
national levels



(28)Worldwide installed storage capacity for electrical energy



(29)
(30)
Questions ???



(31)
All material





    
  




      
      
        
      


            
    
        Referencer

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Hent nu ( PDF - 31 Sider - 1.48 MB )
            

      


      
      
        
  RELATEREDE DOKUMENTER

  
    
      
          
        
            Energy Management using storage to facilitate high shares of Variable Renewable Energy
        
      

        The aim of the study is to develop a hybrid power gen- eration system by coupling in Variable Renewable  Energy (VRE) technologies; Wind and Solar, to offset  the Diesel

    
      
          
        
            Global Distribution of Grid-connected Electrical Energy StorageSystems
        
      

        The technologies discussed here are pumped hydroelectric energy storage (PHES), compressed air energy storage (CAES), sodium-sulfur batteries (NaS), lead-acid batteries,

    
      
          
        
            High Temperature Energy Storage in a Rock Bed
        
      

        • Inside the project we have both economic models of the Danish electricity  market and the cost of the thermal storage and a numerical model of thermal  interactions in the rock bed.

    
      
          
        
            Aalborg Universitet Modeling and Nonlinear Control of Fuel Cell / Supercapacitor Hybrid Energy Storage System for Electric Vehicles El Fadil, Hassan; Giri, Fouad; Guerrero, Josep M.; Tahri , Abdelouahad
        
      

        The problem of controlling a hybrid energy storage system, used in electric vehicles, has been  addressed. The system consists of a PEM fuel cell as the main source and a

    
      
          
        
            Aalborg Universitet 100% Renewable Energy Systems in Project Future Climate the case of Denmark Mathiesen, Brian Vad
        
      

        Introducing flexibility while maintaining fuel efficient renewable energy systems  With a starting point in the three reference energy systems, the energy system in IDA 2015,  IDA

    
      
          
        
            Aalborg Universitet Design of a Fuel Cell Hybrid Electric Vehicle Drive System Schaltz, Erik
        
      

        The FCSPP includes fuel storage, a fuel cell system, an energy storage device, power electronics, an electric machine, and the necessary control.. The FCSPP therefore converts

    
      
          
        
            Local Energy Storage
        
      

        The Local Energy Storage Project will develop a local power storage solution based on a new electronic power conversion and control concept and commercial batteries to enable

    
      
          
        
            Smart Grid –Power to Control Energy
        
      

        Battery Energy Storage Systems Applications load

      



      

    

    
            
            
      
  RELATEREDE DOKUMENTER

  
          
        
    
        
    
    
        
            Construction Phase
        
        
            
                
                    
                    273
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Aalborg Universitet Håndbog for Energifællesskaber Jørgensen, Ulrik; Elle, Morten; Lauritsen, Diana; Leonardsen, Øystein; Vikkelsø, Ann; Gerhardt Nielsen, Flemming ; Kepny-Rasmussen, John
        
        
            
                
                    
                    70
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            2. Technology Catalogue for energy storage
        
        
            
                
                    
                    164
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            From black to green– a Danish sustainable energy growth story
        
        
            
                
                    
                    27
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            EN EN
        
        
            
                
                    
                    29
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Developing an aggregate metric to measure and benchmarking energy performance
        
        
            
                
                    
                    14
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Heat saving strategies in sustainable smart energy systems
        
        
            
                
                    
                    14
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Aalborg Universitet Passivity-based coordinated control for islanded AC microgrid Gui, Yonghao; Wei, Baoze; Li, Mingshen; Guerrero, Josep M.; Vasquez, Juan C.
        
        
            
                
                    
                    32
                

                
                    
                    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

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




     
     

    
        
            
                

            

            
                                 
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


