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                                                                                        1 Introduction

                                                                1.3 Quantitative description

                                
                    To enable comparative analyses between different technologies it is imperative that data are 
 comparable:  All  cost  data  are  stated  in  fixed  same  year  prices  excluding  value  added  taxes 
 (VAT) and other taxes. The information given in the tables relate to the development status of 
 the technology at the point of final investment decision (FID) in the given year (2020, 2030 and 
 2050). FID is assumed to be taken when financing of a project is secured, and all permits are at 
 hand.  The  year  of  commissioning  will  depend  on  the  construction  time  of  the  individual 
 technologies. 


A typical table of quantitative data is shown below, containing all parameters used to describe 
 the specific technologies. The table consists of a generic part, which is identical for all storage 
 technologies and a technology specific part, containing information which is only relevant for 
 the specific technology. The generic part is made to allow for an easy comparison. 


Each  cell  in  the  table  contains  one  number,  which  is  the  central  estimate  for  the  market 
 standard technology, i.e. no range indications.  


The  section  on  uncertainty  in  the  qualitative  description  for  each  technology  indicates  the 
 main issues influencing the uncertainty related to the specific technology. For technologies in 
 the early stages of technological development or technologies especially prone to variations of 
 cost and performance data, the bounds expressing the confidence interval could result in large 
 intervals. The uncertainty is related to the market standard technology. 


The  level  of  uncertainty  is  stated  for  the  most  critical  figures  such  as  investment  cost  and 
 efficiencies. Other figures are considered if relevant. 


All data in the tables are referenced by a number in the utmost right column (Ref), referring to 
 source specifics below the table.  


Notes include additional information on how the data is obtained, as well as assumptions and 
 potential  calculations  behind  the  figures  presented.  Before  using  the  data,  please  be  aware 
 that essential information may be found in the notes below the table. The generic parts of the 
 tables for storage technologies are presented below: 


Table 1.3. Template table for presentation of technical data. Source: Own elaboration. 


Technology  Name / description 


2020  2030  2050  Uncertainty (2020)  Uncertainty (2030)  Note  Ref 


Energy/technical data  Lower  Upper  Lower  Upper 


Form of energy stored 


Technology  Name / description 


2020  2030  2050  Uncertainty (2020)  Uncertainty (2030)  Note  Ref 
  - Discharge efficiency (%) 
 standard unit in terms of energy stored. 


In  the  case  of  a  modular  technology,  such  as  batteries,  a  typical  size  based  on  historical 
 installations  or  the  market  standard  is  chosen  as  a  unit.  Different  sizes  may  be  specified  in 
 separate tables, e.g. small, medium, large battery installation. 


As  explained  under  “Typical  characteristics”,  the  energy  storage  capacity  refers  only  to  the 
active part of the storage unit, i.e. the energy that can be used, and not to the rated storage 


capacity of the storage. Additional information on the minimum level of energy required could 
 be found in the notes. The unit MWh is used for electrical energy storage capacity. 



Output and input capacity for one unit 


The nominal output capacity is stated for a full unit and refers to the active part of the storage. 


Any other information regarding the minimum level is specified in the notes. It is given as net 
 output capacity in continuous operation, i.e. gross output capacity minus own consumption. 


The  nominal  input  capacity  is  stated  for  a  full  unit  as  well.    In  case  it  is  equal  to  the  output 
 capacity,  the  value  specified  will  be  the  same.  The  unit  MW  is  used  for  all  output  and  input 
 capacities. 



Round trip efficiency (Charge and discharge efficiencies) 


The  efficiencies  of  the  charging  and  discharging  processes  are  stated  separately  in  percent 
 where possible. 


The round-trip efficiency is the product of charging and discharging efficiencies: 


𝑅𝑇𝜀 = 𝐶𝐻𝜀 𝑥 𝐷𝐶𝐻𝜀; 


And  expresses  the  fraction  of  the  input  energy,  which  can  be  recovered  at  the  output, 
 assuming  no  losses  during  the  storage  period.  It  represents  the  ratio  between  the  energy 
 provided to the user and the energy needed to charge the storage system. 


For  electricity  storage,  it  is  intended  as  AC-AC  value,  therefore  including  losses  in  the 
 converters and other auxiliaries. 


The round-trip efficiency enables comparisons of different storage technologies with respect to 
 efficiency of the storage process. However, not including the losses during the storage period, 
 it does not give a complete picture. 



Energy losses during storage 


The energy lost from the storage unit due to losses in a specific time horizon is specified here. It 
 is prudent to mention that for different technologies these losses will depend on the storage 
 time, and this catalog does not contain those specifications. 


Technologies  with  different  storage  periods  will  show  very  different  behavior  with  respect  to 
 energy losses. Therefore, the period is chosen based  on the characteristics of the  technology 
 (e.g. % losses/hour, % losses/day or % losses/year). 


Losses  are  expressed  as  a  percentage  of  the  energy  storage  capacity  (as  defined  above)  lost 
 over the timeframe chosen. 



Auxiliary electricity consumption 


Storage systems who involve heat and gas usually need auxiliary systems to operate, such as 
 pumps  and/or  compressors.  The  auxiliary  consumption  expresses  the  consumption  of 
 electricity from such equipment as  a percentage of  output, which has  gone through the  full 
 storage cycle. 


For electricity storage, this component is already included in  the  overall round-trip efficiency 
(AC-AC). 



Forced and planned outage 


Forced outage is defined as the number of weighted forced outage hours divided by the sum 
 of forced outage hours and operation hours. The weighted forced outage hours are the sum of 
 hours of reduced production caused by unplanned outages, weighted according to how much 
 capacity was out. Forced outage is given in percent. 



Technical lifetime 


The  technical  lifetime  is  the  expected  time  for  which  the  storage  facility  can  be  operated 
 within,  or  acceptably  close  to,  its  original  performance  specifications,  provided  that  normal 
 operation and  maintenance takes place. During this lifetime, some performance parameters 
 may  degrade  gradually  but  still  stay  within  acceptable  limits.  For  instance,  efficiencies  often 
 decrease  slightly  (few  percent)  over  the  years,  and  O&M  costs  increase  due  to  wear  and 
 degradation of components and systems. At the end of the technical lifetime, the frequency of 
 unforeseen operational problems and risk of breakdowns is expected to lead to unacceptably 
 low availability and/or high O&M costs. At this time, the plant is decommissioned or undergoes 
 a lifetime extension, which implies a major renovation of components and systems as required 
 making the storage unit suitable for a new period of operation. 


The  technical  lifetime  stated  in  this  catalogue  is  a  theoretical  value  inherent  to  each 
 technology, based on the data reported in the bibliography consulted. The expected technical 
 lifetime considers a typical number of start-ups and shutdowns. 


In  real  life,  specific  storage  facilities  of  similar  technology  may  operate  for  shorter  or  longer 
 times. The strategy for operation and maintenance, e.g. the number of operation hours, 
 start-ups, and the reinvestments made over the years, will largely influence the actual lifetime. 


The  lifetime  is  expressed  in  years  for  all  the  storage  technologies.  For  electrical  batteries  it  is 
 expressed  both  in  years  and  in  number  of  cycles,  since  different  utilization  of  the  battery  in 
 terms of frequency of charge/discharge depth has an impact on its lifetime. 



Construction time 


Time from final investment decision (FID) until commissioning completed (start of commercial 
 operation), expressed in years. 



1.3.2 Regulation ability (Type of services provided) 


The electricity regulation capabilities of the technologies are described by two parameters: 


•  Response time from idle to full-rated discharge (sec) 


•  Response time from full-rated charge to full-rated discharge (sec) 


The  response  time  from  idle  to  full-rated  discharge  is  defined  as  the  time,  in  seconds;  the 
 electricity storage takes to reach 100% of the discharge capacity from idle condition. 


The  response  time  from  full-rated  charge  to  full-rated  discharge  is  defined  as  the  time,  in 
seconds; the electricity storage takes to go from charging at full capacity to discharging at full 
capacity. 



1.3.3  Financial data 


Financial data  are all in  US dollars ($), fixed 2020 prices and exclude value added taxes (VAT) 
 and other taxes. The generalizations of the costs of storage technologies as per IEA reporting 
 from 2015 (International Energy Agency, 2014), should not be above the costs at the regional or 
 local level since the costs are largely determined by local conditions. Mexico  is a country that 
 has just opened its energy sector to a market that allows more direct participation of private 
 investment,  and  the  energy  storage  sector  is  barely  in  sight,  but  a  rapid  deployment  is 
 expected. These emerging conditions  of value chains and  markets  mean that local costs will 
 hardly be less than the generalizations presented. 



Investment cost 


The investment cost is also called the engineering, procurement and construction (EPC) price 
 or  the  overnight  cost.  Infrastructure  and  connection  costs,  i.e.  electricity,  fuel  and  water 
 connections inside the premises of a plant, is assumed are also included. 


The  rent  of  land  is  not  included  but  may  be  assessed  based  on  the  space  requirements,  if 
 specified in the qualitative description. 


The  owners  predevelopment  costs  (administration,  consultancy,  project  management,  site 
 preparation,  approvals  by  authorities)  and  interest  during  construction  are  not  included.  The 
 costs to dismantle decommissioned plants are also not included.  


The  total  investment  cost  is  reported  on  a  normalized  basis,  i.e.  cost  per  MWh  of  storage 
 capacity.  It  is  the  total  investment  cost  divided  by  the  energy  storage  capacity  for  one  unit, 
 stated in the table.  


For most of the storage technologies it is possible to identify three main cost components: an 
 energy  component,  a  capacity  component  and  other  fixed  costs.  Where  possible,  total 
 investment costs is divided into these components. 


The components considered are the following: 


•  Cost  of  Energy  component  (CE)  [M$/MWh]:  cost  related  to  the  equipment  to  store  the 
 energy  (incl.  their  installation)  for  example  battery  modules  or  reservoirs  in  a  
 pumped-hydro plant.; 


•  Cost of Capacity component (CP) [M$/MW]): cost related to the equipment to condition 
 or  convert  the  energy  carrier  and  make  it  available  to  the  user  or  the  grid  (incl.  their 
 installation)  for  example  converter  and  grid  connection  for  a  battery  system, 
 turbine/pump and grid connection for pumped-hydro plant. 


•  Other project costs (Cother) [M$]: includes fixed costs which do not scale with capacity or 
energy,  such  as  those  for  data  management  and  control  system,  project  engineering, 


𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡 =𝑇𝑜𝑡𝑎𝑙 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒


𝐸𝑆𝐶 =  𝐶𝐸+𝐶𝑃


ℎ +𝐶𝑜𝑡ℎ𝑒𝑟


𝐸𝑠𝑐       [𝑀$/𝑀𝑊ℎ] 


Where: 


𝐸𝑆𝐶= Energy Storage Capacity for one unit [MWh] 


𝑃𝑜𝑢𝑡= Output capacity for one unit [MW] 


ℎ =𝑃𝐸𝑆𝐶


𝑂𝑢𝑡= Total number of unloading hours [h] 


For  electricity  storage  applications  with  a  power-intensive  service,  an  alternative  Total 
 investment cost in M$/MW is indicated in the Technology specific data, calculated by dividing 
 the Total Capital Expenditure by the Output capacity for one unit. 


𝑇𝑜𝑡𝑎𝑙 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 𝑃⁄ 𝑜𝑢𝑡



Cost of grid expansion 


The costs for the connection of the storage unit to the system are included in the investment 
 cost  (shallow  costs),  while  no  cost  of  grid  expansion  or  reinforcement  is  considered  in  the 
 presented data (deep costs). 



Business cycles 


The cost of energy equipment shows fluctuations that can be related to business cycles. The 
 trend was general and global. An example is combined cycle gas turbines (CCGT), where prices 
 increased  sharply  from  $400-600  per  kW  to  peaks  of  $1250.  When  projecting  the  costs  of 
 technologies, it is  attempted, as  far  as possible, to compensate for the  effect  of  any  business 
 cycles, that may influence the current prices.  



Economy of scale 


A  typical  size  of  the  storage  unit  is  stated  in  the  technology  description  and  datasheet.  No 
 economy of scale or scaling rule is considered in this catalogue. Instead, the cost components 
 for energy and capacity are specified for the technologies. It is intended to be used in a limited 
 range around the typical capacity and not, for example, for doubling the capacity.  


In case a technology has a modular nature and could be scaled across different sizes, this will 
 be specified in the specific technology chapter. 



Operation and maintenance (O&M) costs 


The fixed share of O&M can be expressed in two different ways.  


1.  The  fixed  share  of  O&M  can  be  expressed  in  terms  of  percentage  (%)  of  the  Total 
 investment cost, as defined in the previous paragraph and stated in the tables. 


2.  The fixed share of O&M is calculated as cost per energy storage capacity for one unit per 
 year  ($/MWh/year),  where  the  energy  storage  capacity  is  the  one  defined  at  the 
 beginning of this chapter and stated in the tables. 


It  includes  all  costs  which  are  independent  of  how  the  storage  system  is  operated,  e.g. 


administration,  operational  staff,  payments  for  O&M  service  agreements,  network  or  system 


charges, property tax, and insurance. Any necessary reinvestments to keep the unit operating 
 within  the  technical  lifetime  are  also  included,  whereas  reinvestments  to  extend  the  life  are 
 excluded.  The  cost  of  reinvestments  to  extend  the  lifetime  of  the  storage  unit  may  be 
 mentioned in a note if the data are available. 


The variable O&M costs ($/MWh) are calculated as costs per MWh of energy effectively released 
 by  the  storage.  They  include  consumption  of  auxiliary  materials  (water,  lubricants,  fuel 
 additives),  treatment  and  disposal  of  residuals,  output  related  repair  and  maintenance,  and 
 spare parts (however not costs covered by guarantees and insurances). 


Planned  and  unplanned  maintenance  costs  may  fall  under  fixed  costs  (e.g.  scheduled  yearly 
 maintenance works) or variable costs (e.g. works depending on actual operating time) and are 
 split accordingly.  


It  should  be  noticed  that  O&M  costs  often  develop  over  time.  The  stated  O&M  costs  are 
 therefore average costs during the entire lifetime. 



1.3.4  Technology specific data 


Additional data is specified in this section, depending on the form of energy stored. 


For  electricity  storage  technologies  (batteries  in  particular)  the  power  density  (W/m3)  and 
 energy density (Wh/m3) are stated, as well as the specific energy (Wh/kg) and specific power 
 (W/kg).  For  electricity  storage  technologies  (batteries  in  particular)  the  power  density  PD 
 (W/m3)  and  energy  density  ED  (Wh/m3)  are  stated,  as  well  as  the  specific  energy  SE  (Wh/kg) 
 and specific power SP (W/kg). Depending on data availability, in this catalog, these parameters 
 are  linked  through  unloading  hours  and  volume,  weight  and  energy  characteristics  for  the 
 specific applications shown in the datasheets for consistent estimation: 


(𝑆𝑃 =𝑆𝐸ℎ  ;  𝑃𝐷 =𝐸𝐷ℎ) 


The total investment cost per MW is also stated, as an alternative figure to the total investment 
 in $/MWh. 


Alternative Total Investment cost = 𝑇𝑜𝑡𝑎𝑙 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 𝑃⁄ 𝑜𝑢𝑡


The following table summarizes the technology specific data: 


Table 1.4. Possible additional specific data. Source: Own elaboration. 
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