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                                                                                        1 Introduction

                                                                1.2 Qualitative description

                                
                    The  qualitative  description  covers  the  key  characteristics  of  each  technology  as  concise  as 
 possible. The following paragraphs are included where relevant for the technology and when 
 the information is available. 



1.2.1  Brief technology description 


Brief description for non-engineers of how the technology works and for which purpose. This 
 includes the form of energy stored, any potential storage medium and the application of the 
 technology. Further, the type of services that the storage technology can provide is explained. 


The  system  boundaries  are  identified  in  this  section.  An  illustration  of  the  technology  is 
 included, showing the main components and working principles. 



1.2.2  Input/output 


The form of energy input to be stored (electricity, hot water, natural gas etc.) and the output(s). 



1.2.3  Energy efficiency and losses 


The energy conversion efficiency: 


•  Charge/discharge efficiency 


•  Round-trip efficiency, and 


•  Energy losses such as self-discharge (batteries), heat loss, mechanical loss, etc. 



1.2.4  Typical characteristics and capacities 


The characteristics are stated for a single unit capable of providing the storage service needed. 


In the case of modular technologies such as batteries, the unit is represented by a typical size 
 of  battery  installation,  to  provide  the  service  described.  The  typical  characteristics  expressed 
 are: 


•  Energy storage capacity, in MWh: amount of energy that can be stored 


•  Input  and  output  capacities,  in  MW:  rate  at  which  the  energy  can  either  charge  or 
 discharge 


•  Energy density and specific energy, in kWh/m3 and Wh/kg respectively. 


For some storage technologies, there is  a certain amount  of energy that must be constantly 
 kept  in  the  storage  unit  to  ensure  low  degradation  or  to  maintain  specific  conditions  (e.g. 


pressure, temperature). 


For example, in electrical batteries there could be a lower bound for the state of charge (SOC) 
 and for gas storage in caverns a certain amount of cushion gas1  is normally required. In such 
 cases, only the “active storage capacity” is specified, meaning the amount of energy between 
 maximum and minimum level.  


Ranges  for  the  different  parameters  could  be  indicated  here  if  the  technology  has  various 
 typical sizes. 



1.2.5 Typical storage period 


Qualitative  expression  of  how  long  the  energy  is  typically  stored  in  the  unit,  which  is  closely 
 related to the application and the services provided. The storage period is typically in the range 
 from hours or days to longer periods such as months or years. 



1.2.6  Regulation ability 


How fast can they start up and how quickly are they able to respond to demand changes or 
 provide grid services. 


1 Base  gas  (or  cushion  gas)  is  the  volume  of  natural  gas  intended  as  permanent  inventory  in  a  storage  reservoir  to 
maintain  adequate  pressure  and  deliverability  rates  throughout  the  withdrawal  season  (eia 
https://www.eia.gov/naturalgas/storage/basics/)



1.2.7  Examples of market standard technology 


Recent  full-scale  commercial  projects,  which  can  be  considered  market  standard,  are 
 mentioned,  preferably  with  links.  For  technologies  where  no  market  standard  has  yet  been 
 established, reference is made to best available technology in R&D projects. 



1.2.8  Advantage/disadvantage 


A  description  of  specific  advantages  and  disadvantages  relative  to  equivalent  technologies. 


Generic advantages are ignored; e.g. renewable energy technologies mitigating climate risks 
 and enhance security of supply. 



1.2.9  Environment 


Environmental  characteristics  are  mentioned,  for  example  special  emissions  or  the  main 
 ecological  footprints.  (e.g.  for  batteries  the  use  of  critical,  toxic  or  regulated  materials  is 
 specified). 



1.2.10  Research and development 


This  section  lists  the  most  important  challenges  to  further  development  of  the  technology. 


Also, the potential for technological development in terms of costs and efficiency is mentioned 
 and quantified if possible. 



1.2.11 Prediction of performance and cost 


Cost reductions and improvements of performance can be expected for most technologies in 
 the future. This section accounts for the assumptions underlying the cost and performance in 
 2020 as well as the improvements assumed for 2030 and 2050. 


The  specific  technology  is  identified  and  classified  in  technological  maturity,  indicating  the 
 commercial  and  technological  progress,  and  the  assumptions  for  the  projections  are 
 described. In formulating the section, the following background information is considered: 



Data for 2020 


In case of technologies where market standards have been established, performance and cost 
 data  of  recent  installed  versions  of  the  technology  in  the  region  countries  in  relation  to  the 
 specific technology are used for the 2019 estimates. 


If consistent data are not available, or if no suitable market standard has yet emerged for new 
technologies, the 2019 costs may be estimated using International references such as the IEA, 
NREL etc. 



Assumptions for 2030 and 2050 


A detailed analysis of the combined technological and economic suitability of the wide range 
 of  applications  and  service  provision  possibilities  in  diverse  local  contexts  involves  a  much 
 profound examination. A robust analysis of the value that the storage systems provide at the 
 electricity  system  level  requires  detailed  modelling  of  the  specific  electricity  system  that  is 
 investigated. It is heavily influenced by the specific market design and the costs and benefits of 
 providing these services through alternative means within the studied market. It also involves 
 a determination of the locations and the size of ESSs that minimize the cost of serving-system 
 demand and a study of the real-time operation of proposed storage systems. (IRENA, 2017). 


However, in the interest of providing some initial insights diverse studies analyzes the future 
 costs-of–service that allows a user to identify the approximate annual cost of electricity storage 
 service in different applications. 


This  report  does  not  contain  simulations  on  which  investment  decisions  can  be  made,  but 
 provides  technology  data  which  can  be  used  for  e.g.  systems  analyses  and  assessments  of 
 specific applications to identify some of the potentially more cost-effective options available for 
 initial  screening  and  conducted  to  more  detailed  analysis  of  their  suitability  for  the  specific 
 application,  their  performance  in  the  specific  real-world  application  and  relative  economics, 
 this specific studies usually are made by the developer companies in identified projects with 
 high-value opportunity. 



Learning curves and technological maturity 


The development for predicting the future costs of technologies may be done using learning 
 curves.  Learning  curves  express  the  idea  that  each  time  a  unit  of  a  technology  is  produced, 
 learning accumulates, which leads to cheaper production of the next unit of that technology. 


The learning rates also consider benefits from economy of scale and benefits related to using 
 automated  production  processes  at  high  production  volumes.  The  potential  for  improving 
 technologies is linked to the level of technological maturity (Technology Readiness Level). 



1.2.12  Uncertainty 


The  catalogue  covers  technologies  with  different  Technology  Readiness  Level  (TRL)  This 
 implies  that  the  price  and  performance  of  some  technologies  may  be  estimated  with  a 
 relatively  high  level  of  certainty  whereas  in  the  case  of  others,  both  cost  and  performance 
 today as well as in the future are associated with high levels of uncertainty. 


This section includes technological or market related issues of the specific technology as well 
 as  the  level  of  experience  and  knowledge  in  the  sector  and  possible  limitations  on  raw 
 materials.  



1.2.13  Additional remarks 


This  section  includes  other  information,  for  example  links  to  web  sites  that  describe  the 
technology further or give key figures on it. 
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