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In t rod u ct ion  
The  transport sector is  responsib le  for a round  25% of the  EU tota l em issions. The  European  Green  Deal 
is  ca lling for a ll s takeholde rs of the  European  transport sector to  support the  dep loym ent of cleane r and  
m ore  ene rgy e fficien t vehicle s, to  be  ab le  to  live  up to  the  goa ls se t ou t in  the  Paris  agreem ent. To th is  
end , e lectric veh icles (EVs) p lay an im portan t role  in  the  decarbonisa tion  of the  sector. Howeve r, the  
downtim e  requ ired  to  cha rge  the  ba tte rie s of the se  veh icle  is  a  h indrance  to  a  m ore  widespread  adop tion  
of the  technology. Th is is true  both  when  it com e  EVs used for long d istance  transporta tion  as we ll as for 
the  ligh t ca tegorie s (L-ca t) EVs with  lim ited  ene rgy storage  capacity often  used  in  u rban  environm en t for 
shorte r d istances. Th is h indrance  can  be  addre ssed  with  ba tte ry swapping system s which  a llows the  
use rs of EVs to  swap  em pty ba tte rie s with  fu lly charged  ones. Th is solu tion  offe rs a  lo t of bene fits  for 
citie s and  citizens includ ing im proved  a ir qua lity and  poten tia l support to  solving congestion  cha llenges. 
Howeve r, for the  innovation  to  be  fu lfil its  poten tia l in te rope rab ility is  e ssen tia l.  
 
The  Horizon  Europe  CSA (Coord ina tion  and  Support Action) p roject Stan4SWAP recognise s the  need  for 
in tegra ting standards in to  the  innovation  p rocess from  an  early stage  to  ensure  swift transition . The  
p roject will work in  a  holistic m anne r a long the  fu ll va lue  cha in  of L-ca t m obility to  iden tify the  issues, 
cha llenges, and  gaps which  m ay be  eased  by standard isa tion . The  a im  is  to  ensure  in te rope rab ility 
am ong d iffe ren t veh icle s and  be tween veh icles swapping sta tions. To boost the  industria l dep loym ent of 
th is  innovative  technology the  p roject will deve lop  a  standard isa tion  road m ap  for a  Swappable  Batte ry 
System  for L-ca t veh icle s. Th is road m ap will be  a  fu ll part o f the  EU standard isa tion  work p rogram  for the  
following years and  send  a  sign ifican t signa l to  a ll s takeholde rs of the  va lue  cha in  to  jo in  e fforts  and 
con tribu te  to  the  work.  
 

1. Aim  of t h e  p re se n t  d ocu m e n t  
The  pre sen t docum ent m erges ou tcom es and  re su lts  from  STAN4SWAP WP5 “Needs for Pre -Norm ative  
Research  (PNR)” and WP6 “Standard iza tion  Gaps”, tha t have  been  e labora ted  from  WP 2 “Technica l & 
Marke t Sta te  of the  Art”, WP3 “Regula tory & Standard iza tion  Sta te  of the  Art”, WP4 “Need for Swappable  
Batte ry System  Deploym e nt”.  
In  add ition , th is  docum ent included  inpu ts from  a ttendees of the  Ju ly 15th 2025 Workshop , tha t con tribu te  
to  a  rea l im provem en t with  add ition a l top ics to  be  conside red . 
 
With  th is  Oct 6th  workshop , Stan4SWAP consortium  a im s: 

- First, to  share  with  a ll conce rned  and  in te re sted  stakeholde rs, its  fina l d raft ou tcom e  regard ing 
the  m apping of stand ard iza tion  re la ted  needs a s iden tified  in  the  p roje ct. The  roadm ap 
addre sse s needs a t a ll leve ls a long the  swappable  system  va lue  cha in , respective ly ba tte ry, 
veh icle , charging in frastructu re s (charging sta tion s), as we ll as fu ll system  m anagem en t. Th is 
cove rs p rioritie s towards in te rope rab ility, com patib ility, and  com m unica tion , whe re  safe ty and  
security a re , of course , taken  in to  account.  

- Second , to  com ple te  with  som e  rem ain ing top ics and  issues and  va lida te  the  Stan4SWAP 
proposed  roadm ap towards  fu tu re  standard iza tion  deve lopm ent 

- Third , to  conside r any add itiona l recom m endation  (i.e . RD&I support, policy and  regu la tion , Pre -
norm a tive  Research) supporting and  booting dep loym ent of swappable  ba tte rie s system s for e -
m obility and  L-ca t of veh icle s. 
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The  iden tifica tion  of dom ains/ top ics of im portance , follows the  work conducted  in  the  p revious WPs of 
Stan4SWAP, and  e specia lly WP5 about m apping needs for Pre -norm ative  Research  (PNR), whe re  m aturity 
still needs im provem ent p rior to  launch ing stan dard iza tion  deve lopm en t, as we ll as WP6 ab out 
standard iza tion  gaps. 

These  needs cove r 4 d iffe ren t leve ls : 

• Batte ry leve l: Topics such  as the rm al risk, BMS op tim iza tion , and  end-of-life  m anagem en t. 
• Vehicle  leve l: Mechan ica l and  com m u nica tion  in te rfaces, sa fe ty during ope ra tion , and  hom olo-

ga tion  cha llenges. 
• Charging sta tion /in frastru ctu re  leve l: Sta tion  dep loym ent, ene rgy m e te ring, and  grid  in tegra tion  (e .g. 

V2G). 
• In te rfaces and  fu ll system  m anagem en t: Topics such  as da ta  exchange , liab ility m ode ls, and  

cross-provide r p la tform  in te rope rab ility. 

In  cohe rence  with  our EU decarboniza tion  stra tegy and  ob jectives, e specia lly in  the  m obility sector as 
p rim ary app lica tion , and  con tribu ting to  the  EC standard iza tion  request M/581, in  support of the  EU 
Alte rna tive  Fue ls In frastru ctu re  Regula tion  (AFI-R) (EU) 2023/1804, the  work is  conside ring the  following 
aspects, whe re  standard iza tion  will h ave  a  key role  to  p lay (safe ty and  security aspects be ing, of course , 
a  top ic conside red  in  each aspect): 

• Standa rdiza tion towards interoperability   

• Standa rdiza tion towards compa tibility  

• Standa rdiza tion towards communica tion 

2. Orga n iza t ion  o f e xch a n ge  w it h  Oct  6t h  w orksh op’s  
p a r t icip a n t s  

 
This chap te r concen tra te s on  PNR iden tified  top ics (ch . 2.1) and  Stand ard iza tion  Gaps (ch . 2.2). 
He re  a fte r, tab le s of top ics a re  se t a t, re spective ly, ba tte ry leve l, veh icle  leve l, charging 
sta tion /in frastructu re  leve l,  and  in te rfaces and  fu ll system  m anagem en t leve l. 
 
An  add itiona l subchap te r (ch2.3) concen tra te s on  com m unica tion , re spective ly: 

- com m unica tion  p rotocols  

- visua l com m unica tion  

- written  com m unica tion  

- digita l com m unica tion  
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Th is subchap te r a im s a t iden tifying where  standards cou ld  ensure  a  prope r, sa fe  and  re levan t 
com m unica tion , conside ring the  EU  regu la tory land scape , e sp . for ba tte rie s and  e -veh icles.
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2.1 Pre -Norm a t ive  Re se a r ch   
Each  top ic was eva lua ted  using a  standard ized  m atrix tha t included  crite ria  such  as TRL, regu la tory con text, s tandard iza tion  poten tia l, and  stakeholde r 
re levance . The  ou tcom e  is a  lis t of PNR top ics tha t will be  transla ted  in to  the  fina l standard iza tion  road m ap . 
 
By a lign ing techn ica l, regu la tory, and  stakeholde r-d riven  pe rspectives, th is  lis t of PNR top ics p rovides a  robust basis  for ta rge ted  and  im pactfu l 
standard iza tion  activitie s, con tribu ting to  the  decarboniza tion  and  d igita liza tion  of u rban  m obility system s 

 
2.1.1 PNR a t ba tte ry leve l 

 
 

 
Area 

 
Maturity level 

(TRL) 

 
Gaps & Needs 

(towards TRL 8-9) 

 
Regulatory 

context 

 
Standardization 

landscape 
(TCs, standards, …) 

 
Standardization 

expectation 

 
PNR 

(topics 
proposition) 

Priority 
level 

(i to vii as 
above de-

fined) 

 
Partner / 

stake holder 

 
 

 
Safety require-
ments 

The temperature 
tolerance 
and fire hazards 

measures 
needs to be 

standardized 
to ensure 
quality of the 
system 

 
 

 
Standard safety feature 
protocols 

 
 
 
 
 
 
 
 
 

 
 
 

 
IEC TC 69 

 
Establishing to en-
sure 
the safety and 
sustainability of 
batteries used in 
two-wheelers, pro-
moting a safer 
transport. 

 

 
Define stand-
ards and proto-
cols for safety 
features 

 

 
High (critical 
for avoiding 
hazards) 

 
 

 
Standards and 
regulatory au-
thorities 
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Battery manage-
ment system 

The cell moni-
toring and tem-
perature control 
withing the bat-
tery has no 
standard 
approach 

 

 
Real-time SOH, SOC moni-
toring 

 
Batteries 
Regulation 
(EU) 
2023/1542 

 
 

 
ISO TC 22 SC38 

 
Ensuring reliability of 
the swappable sys-
tem and promoting 
traceability and 
transparency 

 
Develop fun-
damental 
state- moni-
toring require-
ments 

Medium 
(ensures re-
liability and 
helps opti-
mizatio n of 
the opera-
tions) 

 

 
BMS and bat-
tery manufactur-
ers 

 

 
End-of -life man-
agement 

Guidelines for 
recycling, dis-
posal and repur-
posing of batter-
ies are only at a 
minimal level 

 

 
Establishing clear guide-
lines 
at quantitative levels 

 

 
Batteries Regulation 
(EU) 2023/1542 

Support the EU's 
broader efforts to 
promote a circular 
economy and re-
duce the environ-
mental impact of 
battery 
use and disposal. 

 
 
Establish pro-
tocols for end-
of-life man-
agement 

Medium (es-
sential for 
ensuring cir-
cular econ-
omy in the 
system) 

 
Battery manufac-
turers and 
recycling partners 

 

 
Interface: con-
nector (mechani-
cal) vehicle <–> 
battery 

 
standards for 
automobiles ex-
ist. standards 
about connec-
tions of perma-
nently installed 
batteries also, 

There are some good 
approaches with exist-
ing products, but not 
the perfect solution 
for all use cases. This 
gap should be closed 
through standardiza-
tion in order to create 
a uniform and 

Battery Reg-
ulation (EU) 
2023/1542 
- Article10 
Performance  
& durability 
require-
ments 

 
 
 
 
 
 
 
 
 

 
definition of a solid 
and reliable con-
nection for a swap-
pable battery solu-
tion versus perma-
nently integrated 
batteries, 

 
define con-
nector for 
power supply 
and data com-
municatio n in-
cluding me-
chanical fixture 

 
 
 
 
 
 

 
ii. 

 
 

 
Battery and con-
nectors  
manufacturers 
and oems 
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Battery mechan-
ical requirements 

 
the physical di-
mensions 
(length/width/ 
height), weight, 
IP rating and er-
gonomics are 
currently differ-
ent for each 
OEM and should 
be standardized 

comprehensive solu-
tion that meets the di-
verse requirements. 
By introducing stand-
ards, interoperability 
and compatibility can 
be improved, ulti-
mately leading to 
more efficient and 
user- friendly prod-
ucts. 

AFIR 
Regulation 
2023/1804 
-Article 3 
Targets for 
recharging 
infrastruc-
ture dedi-
cated to 
light- duty 
electric 
vehicles 

 
ISO TC22/SC38 
CEN TC301 IEC 
TS 63066 

 

 
definition of physi-
cal dimensions for 
a swappable battery 
solution versus 
permanently inte-
grated batteries, 

 
 
 

 
define physical 
properties of 
SWAP battery 

topics need 
further tech-
nical under-
stand ing 
and identifi-
cation 

 
 
 
 
 

 
Battery manufac-
turers and oems 

Table 1 PNR at Battery level 
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2.1.2 PNR a t veh icle  leve l 
 

 

 
Area 

 
Maturity level 

(TRL) 

 
Gaps & Needs 

(towards TRL 8-9) 

 
Regulatory 

context 

Standardiza-
tion land-

scape (TCs, 
standards, …) 

 
Standardization 

expectation 

 
PNR 

(topics 
proposition) 

Priority 
level 

(i to vii as 
above de-

fined) 

 
Partner / 

stake holder 

 
 
Interface: con-
nector (mechani-
cal) vehicle <–> 
battery 

standards for automo-
biles exist and also 
connections for per-
manently installed bat-
teries, otherwise many 
OEM-specific solutions 
- not 
consistent 

There are some good 
approaches with ex-
isting products, but 
not the perfect solu-
tion for all use cases. 
This gap should be 
closed through 
standardization in 
order to create a 
uniform and com-
prehensive solution 
that meets the di-
verse requirements. 
By introducing 
standards, interop-
erability and 
compatibility can be 

Battery Regula-
tion (EU) 
2023/1542 
- Article10 Per-
formance and 
durability re-
quirements 

AFIR 
Regulation 
2023/1804 
-Article 3 Tar-
gets for re-
charging infra-
structure ded-
icated to light-
duty electric 
vehicles 

 
 
 
 
 
 
 

 
ISO TC22/SC38 CEN 
TC301 

definition of a solid 
and reliable con-
nection for a swap-
pable battery solu-
tion versus perma-
nently integrated 
batteries, 

define con-
nector for 
power supply 
and data com-
municatio n in-
cluding me-
chanical fixture 

 
 
 
 

 
ii. 
topics need 
further 
technical 
understand 
ing and 
identifica-
tion  

 

 
Battery and con-
nectors  
manufacturers 
and oems 

 
 

 
Battery mechan-
ical requirements 

the physical dimensions 
(length/width/height), 
weight, IP rating and er-
gonomics are currently 
different for each OEM 
and should bzuü+i 
e standardized 

 
definition of physi-
cal dimensions for 
a swappable battery 
solution versus 
permanently inte-
grated batteries, 

 
 
 
define physi-
cal properties 
of SWAP bat-
tery 

 
 
 

 
Battery manufac-
turers and oems 
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Battery electrical 
requirements 

 
The minimum electrical 
requirements for volt-
age, capacity, charging 
power, configurations 
(parallel/serial) are cur-
rently different for each 
OEM and should be 
standardized 

improved, ulti-
mately leading to 
more efficient and 
user-friendly prod-
ucts. 

   
 
definition of elec-
trical requirement 
for a swappable bat-
tery solution versus 
permanently inte-
grated batteries, 

 
 

 
define electri-
cal properties 
of SWAP bat-
tery 

  
 
 
 

 
Battery manufac-
turers and oems 

Interface: com-
munication vehi-
cle <–> 
battery 

standards for an inter-
face do not exist, many 
OEM-specific solutions - 
not consistent 

Comparability of 
data exchange 
without significant 
change 

define commu-
nicatio n proto-
col for SWAP 
battery 

 

 
Battery manufac-
turers, BMS, and 
oems 

Table 2 PNR at vehicle level 
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2.1.3 PNR a t charging sta tion / infrastructure  le ve l 
 

 

 
Area 

 
Maturity level 

(TRL) 

 
Gaps & Needs 

(towards TRL 8-9) 

 
Regulatory 

context 

 
Standardization 

landscape 
(TCs, standards, …) 

 
Standardization 

expectation 

 
PNR 

(topics 
proposition) 

Priority 
level 

(i to vii as 
above de-

fined) 

 
Partner / 

stake holder 

 
 
 
 
 
 

 
fire safety for 
battery systems 
(swap cabinets, 
charging areas, 
storage). 

 
 
 
 
 
 

 
~7 (piloted bat-
tery swap sta-
tions w/ fire- 
safety features, 
but no uniform 
EU approach) 

 

 
- Harmonized fire protec-
tion req’ts (indoor/out-
door). 

- EU Battery 
Regulation (EU) 
2023/1542 
includes 
safety & sus-
tainability 
. 

 
 
- IEC 62840-1 & IEC 
62840-3 (safety for 
battery swap sys-
tems) 

 
- Harmonized guid-
ance for battery 
swap fire detection 
& containment. 

 
- R&D on ad-
vanced fire de-
tection & sup-
pression sys-
tems. 

 
 
 
 
 
 

 
High (fire in-
cidents risk 
damaging 
public confi-
dence) 

 
 
- Fire safety 
authorities, 
e.g. TÜV / DEKRA 

- Streamlined test-
ing/certification for Li-
ion thermal runa-
way & propagation 
mitigation. 

 
- Municipal 
building/fire 
codes vary by 
country. 

 
 
- EN 50604 & IEC 
62619 (Li-ion battery 
safety) 

 
- Possibly an exten-
sion of IEC 62840-3 
for indoor applica-
tions. 

- Testing pro-
tocols for 
thermal runa-
way barriers 
in multi-bat-
tery 
racks. 

 
 
- Battery sta-
tion manufactur-
ers 

- Unified safety 
assessment for large 
battery deployments. 

- Insurance & 
liability regs. 

- IEC 60335 series 
(chargers/appliances) 

  
- Building code 
experts 

     - CEN/CENELEC 
committees 
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Accurate calcu-
lation of battery 
capacity, SoC, 
usage patterns 
for daily ops. 

 
 
 
 
 
 

 
~6–7 (robust BMS 
exist, but not fully 
standardized 
across networks) 

 
 
- Unified SoC/SoH data 
model across different 
OEMs/stations. 

 
- EU Battery 
Regulation 
2023/1542 
(battery pass-
port/data). 

 
 
- IEC 62840-1 & IEC 
62840-3/CDV includes 
references for BMS 
data. 

 
 
 
 
 

 
- Agreed data struc-
ture for consistent 
SoC, SoH, usage re-
porting across net-
works. 

- Real-time 
SoC algorithms 
factoring us-
age, tempera-
ture, discharge 
cycles. 

 
 
 

 
Medium 
(technical 
feasibility 
proven; 
standardiza-
tion needed 
for cross- 
compatibil-
ity) 

 

 
- BMS 
developers 

 
- Standard method for 
energy throughput & 
battery life predic-
tions. 

- RED 
delegated act 
for secure 
wireless data 
transfer. 

 
- IEC 63110 / 63119, 
ISO 15118 (EV 
comms) 

- “Battery 
Health Score” 
approach for 
cost & environ-
mental  
analytics. 

 

 
- OEMs 

 
 
- Common data ex-
change format. 

   - 
Standardization 
committees 
(IEC TC69 
WG13, ISO 
TC22/SC37) 

Ensuring (or clar-
ifying) tax ex-
emptions/levies 
for battery swap-
ping, electricity 
usage, battery 

 

 
N/A (policy ma-
turity rather than 
technology) 

 

 
- Clarify tax treatment 
(energy supply vs. ser-
vice?). 

 

 
- National 
energy tax 
laws. 

 

 
- Not a standardiza-
tion domain per se. 

- Not directly about 
product standards; 
more about guide-
lines to standardize 
how energy usage 
data is reported 
(could 
help authorities). 

- Policy re-
search on 
best fiscal 
models (bat-
tery-as- ser-
vice vs. elec-
tricity 
sale). 

 
Medium (fis-
cal incen-
tives can ac-
celerate 
adoption) 

 

 
- Ministries of 
Transport/En-
ergy/Finance 
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subscription 
models. 

  
 
- EU-level approach 
for cross-border sce-
narios. 

- AFIR (EU) 
2023/1804 to 
promote e- 
mobility, but 
no direct 
“tax” 
language. 

 
- Could align with rele-
vant data format 
standards if consump-
tion must be uniformly 
reported. 

  
 
- Streamlined 
cross-border 
approach. 

  

 
- Industrial asso-
ciations 

 - 
Competition 
rules for 
possible 
cross- coun-
try 
differences. 

   
 
- EU 
Commission (DG 
TAXUD) 

 
 
Using swappable 
batteries as grid 
assets (load bal-
ancing, V2G, ag-
gregator- 
driven “virtual 
power plants”). 

 

 
~6 (pilots exist for 
V2G in fleets; still 
early for swappa-
ble battery net-
works) 

 
 
 

 
- Real-time SoC control, 
aggregator frameworks. 

- AFIR 
2023/1804 
fosters alter-
native fueling 
& smart solu-
tions but not 
explicit for 
removable 
battery feed- 
in. 

 
 

 
- IEC 62840 series, 
potential future ad-
aptation for bidi-
rectional flow. 

 
 

 
- Clear aggregator 
communication 
standard for swap-
pable battery 
nodes. 

 
 
 

 
- Control algo-
rithms for “mo-
bile V2G.” 

 

 
Medium– 
High (signif-
icant poten-
tial for en-
ergy transi-
tion) 

 
 
 

 
- DSOs/TSOs 
(grid operators) 

 
   

 
- Ownership & legal 
aspects of “mobile” 
battery feed-in. 

 
- National grid 
codes & elec-
tricity market 
rules. 

 
 
- IEC 63119, ISO 
15118-20 for V2G 
communications. 

 
- Mechanisms for 
verifying battery 
ownership, schedul-
ing feed-in, settling 
payments. 

- Market de-
sign for ag-
gregator- 
based use of 
distributed 
battery 
modules. 

  
 
- Battery sta-
tion operators 
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- Economic models & 
grid acceptance. 

    - Aggregator 
platforms 

     - IEC TC69, 
TC57 standard 
committees 

 
 
 

 
Standard instal-
lation criteria 
for swapping 
stations (in-
door/outdoor, 
safety zones, me-
chanical foot-
prints). 

 
 
 
 
 
 

 
~7 (examples in 
some EU cities, 
no universal ap-
proach) 

 

 
- Harmonized build-
ing/permitting codes 
across regions. 

- AFIR (EU) 
2023/1804 
sets overarch-
ing alt-fuel in-
fra goals, not 
specifics on 
swap station 
siting. 

 

 
- IEC 62840-3 
(removable battery 
systems, if extended to 
installation). 

 
 
 
 

 
- EU-wide guidance 
(CEN/CLC TS or EN) 
for battery swap-
ping station design, 
recommended 
spacing & ventila-
tion. 

 

 
- Load-bearing 
studies for 
multi-battery 
racks. 

 
 
 
 

 
High (critical 
for wide-
spread de-
ployment & 
acceptance) 

 
 

 
- Station OEMs 

 
 
- Standard foot-
prints/connectors for ki-
osk installations. 

- 
National/local 
building 
codes (zon-
ing, fire dept 
approvals). 

 
- Possibly relevant to 
CENELEC TC 64 
(electrical installa-
tions). 

- Building code 
alignment, best 
practices for 
safe installa-
tion. 

 

 
- Building regu-
lators 

- Ventilation & spac-
ing guidelines. 

   - National com-
mittees 
(DIN, NF, etc.) 

 
 

 
 

 
Uniform 

 
 
 
 
 

 
- Risk models for battery 
handling/storage. 

 
- No direct 
EU directive 
on battery 
insurance. 

- Not a typical IEC/ISO do-
main. Possibly referenc-
ing risk management 
frameworks (ISO 
31000). 

 
- Industry-driven 
guidelines on cover-
age & liability disclaim-
ers. 

- Actuarial 
models for 
multi- opera-
tor battery 
pools. 

 
 
 

 
Medium 

 
- Insurance sec-
tor (Allianz, Zur-
ich, etc.) 
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insurance cov-
erage require-
ments for bat-
tery systems 
(fire, damage, 
liability) and 
swap-station 
operations. 

 

 
N/A (industry 
readiness / pol-
icy aspects) 

 
 
- Clear underwriting 
guidelines for multi- 
operator systems. 

- Battery Reg-
ulation sets 
performance 
& safety that 
insurers 
factor in. 

 
 
- EN 50604, IEC 62619 
(battery safety) can in-
form insurability. 

 
- Possibly recog-
nized best- prac-
tices from insurers 
& sector alliances. 

 
- Uniform ap-
proach for 
cross-border 
claims. 

(essential 
for large- 
scale 
rollout, but 
largely 
driven by 
insurers & 
operators) 

 
 
- Battery- 
swapping 
operators 

 
- Cross-border coverage 
consistency. 

    - 
Certification/la 
b testing bodies 
(TÜV, DEKRA) 

Table 3 PNR at charging station/infrastructure level 
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2.1.4 dom ains/top ics to  be  conside red  in  support of fu ll syste m  m anage m ent 
 

 

 
Area 

 
Maturity level 
(TRL) 

 
Gaps & Needs (to-
wards TRL 8-9) 

 
Regulatory 
context 

 
Standardization 
landscape 
(TCs, standards, …) 

 
Standardization 
expectation 

 
PNR 
(topics propo-
sition) 

Priority 
level 
(i to vii as 
above 
defined) 

 
Partner / 
stake holder 

 
 
 
 
 

 
System Level 
(Swappable Eco-
system) 

A Backend, with 
standardized cy-
bersecurity fea-
tures, is necessary 
for the data col-
lecting, exchang-
ing and manage-
ment from differ-
ent batteries and 
charging stations 
belonging to dif-
ferent EaaS opera-
tors in order to 
guarantee the 
Interoperability 

 
 
 

 
Nothing exist but there 
are good examples in 
other business catego-
ries (bank, Communica-
tion Operators, etc) 

Battery Regula-
tion (EU) 
2023/1542 
(and battery 
passport) for 
consideration of 
data to be col-
lected, stored 
and shared 
AFIR 
Regulation 
2023/1804 
Cybersecurity 
(to be 
completed) 

 
 
 
 
 

 
CEN TC 301 
CEN CENELEC JTC 13 CEN 
CENELEC JTC 24 

 
 
 
 

 
data (& money) col-
lecting, exchange, 
management within 
a cybersecure world 

 
 
 

 
define cyber-
secure 
backend with 
standard com-
munication sys-
tem and Au-
thorization sys-
tem 

 

 
iii topics 
need fur-
ther tech-
nical under-
stand ing 
and DPP 
framework 
defined, 
with list of 
data to be 
considered 

 
 
 
 
 
 

 
 

Table 4 PNR at interfaces and full system management level 
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2.2 St a n d a rd iza t ion  Ga p s  
 
By syn thesizing expe rt d iscussions, regu la tory, and  stakeholde r inpu ts, s tan d ard iza tion  gaps were  identified , asse ssed , and  grouped  in to  the  four core  
dom ains:  ba tte ry leve l, veh icle  leve l, charging sta tion /in frastructu re  leve l,  and  in te rfaces and  fu ll system  m an agem ent leve l. 
Each  top ic was eva lua ted  using a  standard ized  m atrix tha t included  crite ria  such  as TRL, regu la tory con text, s tandard iza tion  poten tia l, and  stakeholde r 
re levance . The  ou tcom e  is a  m atrix of stand ard iza tion  gaps tha t is  ready for fu rthe r p rocessing in  WP7, whe re  it will be  transla ted  in to  a  standard iza tion  
roadm ap  
 

2.2.1 dom ains/top ics to  be  conside red  a t ba tte ry leve l 
 

Are a  
Ma t u r it y le ve l 

(TRL) 
Ga p s  & Ne e d s  (t ow a rd s  TRL 

8-9) 
Re gu la t o ry con t e xt  

St a n d a rd iza t io n  
la n d sca p e  

(TCs , SCs , WGs, …) 

St a n d a rd s  
a n d  Re gu la t io n s  
t o  b e  a m e n d e d  

St a n d a rd iza t io n  
e xp e ct a t io n  

Pr io r it y le ve l  
Pa r t n e r  /  s t a k e  

h o ld e r   

Safe ty requ irem e n ts 
 

Stream lined  
te sting/ce rtifica tion  for Li-ion  

the rm al runaway & 
p ropagation  m itiga tion . 

- Mun icipa l bu ild ing/fire  
code s vary by coun try. 

 
- EN 50604 & IEC 62619 
(Li-ion  ba tte ry safe ty) 

- Possib ly an  
e xte nsion  of IEC 

62840-3 for 
indoor 

app lica tions. 

 
- Batte ry sta tion  
m anufactu re rs 

 
Stream lined  

te sting/ce rtifica tion  for Li-ion  
the rm al runaway & 

p ropagation  m itiga tion . 

 
- EN 50604 & IEC 62619 

(Li-ion  ba tte ry safe ty) 
- Possib ly an  

e xte nsion  of IEC 
62840-3 for 

indoor 
app lica tions. 

 
- Batte ry sta tion  
m anufactu re rs 

 
- Clear unde rwriting 

gu ide line s for m u lti-opera tor 
system s. 

- Batte ry Regu la tion  se ts  
pe rform ance  & safe ty 
tha t in su re rs factor in . 

 
- EN 50604, IEC 62619 

(ba tte ry safe ty) can  
in form  insu rab ility. 

- Possib ly 
re cogn ize d  be st-

p ractices from  
insu re rs & sector 

a lliance s. 

 
- Batte ry-
swapp ing 
ope ra tors 
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The  tem pe ra tu re  
to le rance 

 and  fire  hazards 
m easu re s are   
 ne ede d  to  be  
standard ized 

 to  e nsu re  quality of the  
system  

Standard  safe ty fea tu re  
p rotocols 

Batte rie s Regu la tion  (EU) 
2023/1542 

IEC TC 69 
 

Estab lish ing to  
ensu re   

the  safe ty and  
susta inab ility of 
ba tte rie s u sed  in  

two-whe e le rs, 
p rom oting a  safe r 

transport. 

High  (critica l 
for 

 avoid ing 
hazards) 

Standards and  
regu la tory 

a u t h o r it ie s  

Batte ry 
m anagem en t 

system  

The  ce ll m on itoring and  
tem pe ra tu re  con trol 

with ing the  ba tte ry has 
no standard  approach  

Real-tim e  SOH, SOC 
m onitoring 

Batte rie s Regu la tion  (EU) 
2023/1542 

ISO TC 22 SC38 
 

Ensu ring 
re liab ility of the  

swappab le  
syste m  and  
p rom oting 

trace ab ility and  
transparency 

Me d iu m  
(e nsu re s 
re liab ility 

 and  he lps 
op tim iza tion  

of the  
ope ra tions) 

BMS and  ba tte ry 
m anufactu re rs 

~6–7 (robust BMS exist, 
bu t not fu lly 

standard ized  across 
ne tworks) 

- Un ified  SoC/SoH data  
m ode l across d iffe ren t 

OEMs/sta tions. 

Standard iza tion   
com m itte e s (IEC TC69 
WG13, ISO TC22/SC37) 

- IEC 62840-1/CDV 
include s re fe re nce s for 

BMS data . 

- Agre e d  da ta  
structu re  for 

consisten t SoC, 
SoH, usage  

reporting across 
ne tworks. 
Accura te  

ca lcu la tion  of 
ba tte ry capacity, 

SoC, u sage  
pa tte rns for da ily 

ops. 

Me d iu m  
(te chn ica l 
fe asib ility 
p roven ; 

standard iza tio
n  needed  for 

cross-
com patib ility) 

BMS de ve lope rs 

End-of -life  
m anagem en t 

Gu ide lines for re cycling, 
d isposa l and  

re purposing of ba tte rie s 
a re  on ly a t a  m in im al 

leve l 

Estab lish ing clear gu ide lines 
a t quan tita tive  leve ls 

Standard iza tion   
com m itte e s (IEC TC69 
WG13, ISO TC22/SC37) 

Batte rie s Regu la tion   
(EU) 2023/1542 

Support the  EU's 
b roade r e fforts   

to  p rom ote  a  
circu lar e conom y 
and  reduce  the  
environm en ta l 

im pact of ba tte ry 
use  and  d isposa l. 

Me d iu m  
(e ssen tia l for 

 ensu ring 
circu lar 

e conom y in  
the  system ) 

Batte ry 
m anufactu re rs 

and  
recycling partne rs 
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Longevity/du rab ility Diffe re nt m anufactu re rs 
u se  varying te chnologie s 
and  m ate ria ls  le ad ing to  
d iscrepancie s in  ba tte ry 

life span 

Standard izing du rab ility 
m e trics to  ensu re  consisten t 

pe rform ance  across 
swappab le  ba tte rie s 

IEC 62660 
ISO 12405 

Standard iza tion   
com m itte e s (IEC TC69 
WG13, ISO TC22/SC37) 

- EU Batte ry Regu la tion  
(2023/1542) 

Standard  Testing 
p rotocols tha t 
s im u la te  re a l-

world  cond itions 
such  as varying 
te m pe ra tu re , 
hum id ity and  

usage  pa tte rns 

High  Batte ry 
m anufactu re rs 

Degradation  ra te s Standards like  IEC 62660 
and  ISO 12405 p rovide  
gu ide line s for te sting 

and  e valua ting ba tte ry 
pe rform ance , includ ing 

de gradation  ra te s unde r 
various cond itions. 

Inconsisten t m e trics for 
m e asu ring and  reporting 

degradation  ra te s, m aking it  
d ifficu lt to  com pare  ba tte rie s 

from  d iffe ren t 
m anufactu re rs. 

IEC 62660 
ISO 12405 

Standard iza tion   
com m itte e s (IEC TC69 
WG13, ISO TC22/SC37) 

- EU Batte ry Regu la tion  
(2023/1542) 

Estab lish ing 
un ified  te sting 

m e thods to  
m easu re  and  

p red ict 
degradation  to  

m ain ta in  
re liab ility in  
swapp ing 
syste m s. 

High  
(critica l for 
 ensu ring 
re liab ility) 

Batte ry 
m anufactu re rs 

Modu lar de sign Modu lar ba tte ry system s 
are  gu ide d  by standards 
such  as IEC 61960, wh ich  

focus on  ce ll and  
m odu le  specifica tions. 

The se  standards 
p rom ote  un iform ity in  

ba tte ry d im ensions, 
conne ctors, and  

in te rface s to  facilita te  
com patib ility and  e ase  

of in tegra tion . 

Absence  of com prehensive  
standards for m odu larity in  

ba tte ry packs, le ad ing to  
challenges in  in te rope rab ility 

be tween  vehicles and  
swapp ing sta tions. 

No existing regu la tions 
for m odu lar de sign . 

Standard iza tion   
com m itte e s (IEC TC69 
WG13, ISO TC22/SC37) 

- EU Batte ry Regu la tion  
(2023/1542) 

Standards 
focused  on  
sca lab ility, 

adap tab ility of 
m odu lar de signs 
in  ba tte ry pack 

le ve l to  
accom m odate  

fu tu re  
te chnologica l 

advancem en ts 

Me d iu m  
(can  he lp   

widesp read  
adop tion  of 
the  system  

and  
upgrad ing 

fu tu re  
p roducts 

Batte ry 
m anufactu re rs 

Table 5: Standardization Gaps at Battery level 
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2.2.2 dom ains/top ics to  be  conside red  a t veh icle  leve l 

 

Are a  
Ma t u r it y le ve l 

(TRL) 

Ga p s  & Ne e d s  
(t ow a rd s  TRL 8-

9) 
Re gu la t o ry con t e xt  

St a n d a rd iza t io n  
la n d sca p e  

(TCs , SCs , WGs, …) 

St a n d a rd s  
a n d  Re gu la t io n s  
t o  b e  a m e n d e d  

St a n d a rd iza t io n  
e xp e ct a t io n  

Pr io r it y le ve l 
Pa r t n e r  /  s t a k e  

h o ld e r  
  

In te rface : connector 
(m echan ica l) veh icle  
<–> batte ry 

standards for 
au tom ob ile s exist and 
a lso  conne ctions for 
pe rm anen tly in sta lled  
ba tte rie s, o the rwise  
m any OEM-spe cific 
solu tions - not 
consisten t 

The re  are  som e  
good  approaches 

with  existing 
p roducts, but not 

the  pe rfect 
solu tion  for a ll 
u se  case s. Th is 
gap  shou ld  be  
closed  through  

standard iza tion  in  
orde r to  crea te  a  

un iform  and  
com prehensive  

solu tion  tha t 
m ee ts the  d ive rse  
re qu irem en ts. By 

in troducing 
standards, 

in te rope rab ility 
and  com patib ility 
can  be  im proved , 
u ltim ate ly le ad ing 
to  m ore  e fficien t 

Batte ry Regu la tion  (EU) 
2023/1542  

- Article10 Pe rform ance  
and  du rab ility 
requ irem en ts 

 
AFIR Regu la tion  

2023/1804  
-Article  3 Targe ts for 

re charging 
in frastructu re  dedica ted  

to  ligh t-du ty e lectric 
veh icle s 

ISO TC22/SC38 
CEN TC301 

new standard de fin ition  of a  solid  
and  re liab le  
connection  for a  
swappab le  ba tte ry 
solu tion  ve rsus 
pe rm anen tly 
in tegra ted  
ba tte rie s, 

High  
top ics need  fu rthe r 

te chnica l 
unde rstand ing and  

ide n tifica tion  

Ve h icle  & Batte ry 
m anufactu re rs  

Batte ry m echan ica l 
requ irem en ts 

the  physica l 
d im e nsions 
(le ngth /wid th /he igh t), 
we igh t, IP ra ting and  
e rgonom ics are  
cu rrently d iffe re nt for 
e ach  OEM and  shou ld  
be  standard ize d 

new standard de fin ition  of 
physica l 
d im ensions for a  
swappab le  ba tte ry 
solu tion  ve rsus 
pe rm anen tly 
in tegra ted  
ba tte rie s, 

 Ve h icle  & Batte ry 
m anufactu re rs  
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Batte ry e lectrica l 
requ irem en ts 

The  m in im um  
e lectrica l 
re qu ire m e n ts for 
voltage , capacity, 
charging powe r, 
con figu ra tions 
(para lle l/se ria l) a re  
cu rrently d iffe rent for 
e ach  OEM and  shou ld  
be  standard ize d 

and  use r-friendly 
p roducts. 

  de fin ition  of 
e le ctrica l 
requ irem en t for a  
swappab le  ba tte ry 
solu tion  ve rsus 
pe rm anen tly 
in tegra ted  
ba tte rie s, 

 Ve h icle  & Batte ry 
m anufactu re rs  

In te rface : com m unica tion  veh icle  
<–> batte ry 

standards for an  
in te rface  do not exist, 
m any OEM-spe cific 
solu tions - not 
consisten t 

The re  are  som e  
good  approaches 
with  existing 
p roducts, but not 
the  pe rfect solu tion  
for a ll u se  case s. 
Th is gap  shou ld  be  
closed  through  
standard iza tion  in  
orde r to  crea te  a  
un iform  and  
com prehensive  
solu tion  tha t m ee ts 
the  d ive rse  
requ irem en ts. By 
in troducing 
standards, 
in te rope rab ility and  
com patib ility can  
be  im proved , 
u ltim ate ly le ad ing 
to  m ore  e fficien t 
and  use r-friendly 
p roducts. 

Batte ry Regu la tion  
(EU) 2023/1542  
- Article10 
Pe rform ance  and  
du rab ility 
requ irem en ts 
 
AFIR Regu la tion  
2023/1804  
-Article  3 Targe ts for 
re charging 
in frastructu re  
ded ica ted  to  light-
du ty e lectric vehicles 

ISO TC22/SC38 
CEN TC301 

  Com parab ility of da ta  
exchange  withou t 
sign ifican t change 

High  
top ics need  fu rthe r 

te chnica l 
unde rstand ing and  

ide n tifica tion  

 Ve h icle  & Batte ry 
m anufactu re rs  
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EU WVTA   cu rrent regu la tory 
fram ework does 
not consider the  
WVTA (whole  
veh icle  type  
approval) withou t 
including the  
ded ica ted  
p ropu lsion  ba tte ry 

EU L-ca tegory Type  
Approval Regu la tion  
(EU) 168/2013 

DG GROW reg. (EU) 
168/2013 
Am endm en t of 
the  regula tion  to  
facilita te  EU 
WVTA for a  
veh icle  wh ich  is  
de signed  to  be  
powered  by 
standard ized  
swappab le  
ba tte rie s. 
The  m ax. ve h icle  
pe rform ances 
are  m anage d  
and  lim ited  by 
the  ve h icle  
de sign  and  
veh icle  
m anage m en t 
syste m s (e -
m otor/conve rte r) 
and  not by the  
ba tte ry itse lf. 

      

veh icle  on -board  charge r  lack of 
harm on iza tion  of 
connectors to  the  
grid  and  to  
charging sta tions 
for low-powe r 
charging 

AFIR Regu la tion  (EU) 
2023/1804 

DG MOVE The  lack of 
harm on ized  
connectors for 
low-power 
charging shou ld  
be  add re ssed  
with in  the  AFIR 
regu la tion . 
--> th is  issue  is  
not e xp licitly 
re la ted  to  
Swappab le  
Batte ry System s 
and  is  the refore  
conside red  as 
"ou t of scope " of 
Stan4SWAP. 
Howe ve r, the  
issue  m ay be  
addre ssed  in  the  
p roje ct 
de live rab le  via  a  

  Ve h icle   
m anufactu re rs 
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gene ra l 
com m ent on  
im p lem en ta tion  
barrie rs  for L-ca t. 
e le ctric ve h icle s 
in  the  EU 

 
Table 6: Standardization Gaps at Vehicle level 

 
 
 
 
 

2.2.3 dom ains/top ics to  be  conside red  a t cha rging sta tion /infrastructure  leve l 
 

Are a  
Ma t u r it y le ve l 

(TRL) 
Ga p s  & Ne e d s  

(t ow a rd s  TRL 8-9) 
Re gu la t o ry con t e xt  

St a n d a rd iza t io n  
la n d sca p e  

(TCs , SCs , WGs, …) 

St a n d a rd s  
a n d  Re gu la t io n s  
t o  b e  a m e n d e d  

St a n d a rd iza t io n  
e xp e ct a t io n  

Pr io r it y le ve l 
Pa r t n e r  /  s t a k e  

h o ld e r   
  

gene ra l in sta lla tion  
requ irem en ts 

  - Standard  
footp rin ts/connectors 
for kiosk in sta lla tions. 

- National/loca l bu ild ing codes 
(zon ing, fire  dep t app rovals). 

- Possib ly re levan t 
to  CENELEC TC 64 
(e lectrica l 
in sta lla tions). 

      - Bu ild ing 
regu la tors 

- Ven tila tion  & 
spacing gu ide lines. 

  - National code  
com m itte e s (DIN, 
NF, e tc.) 

  - National code  
com m itte e s (DIN, 
NF, e tc.) 

fire  safe ty for ba tte ry 
system s (swap  cab ine ts , 
charging areas, s torage ). 

~7 (p ilo ted  ba tte ry 
swap  sta tions w/ 

fire -safe ty fe a tu res, 
bu t no un iform  EU 

approach ) 

- Harm on ized  fire  
p rotection  
re qu irem en ts 
(indoor/ou tdoor). 

- EU Batte ry Regu la tion  (EU) 
2023/1542 includes safe ty & 
susta inab ility. 

  - IEC 62840-1 & IEC 
62840-3 (safe ty for 
ba tte ry swap  
system s) 

- Harm on ized  
gu idance  for 
ba tte ry swap  fire  
de tection  & 
con ta inm en t. 

High  (fire  incidents 
risk dam aging 

pub lic confidence ) 

- Fire  safe ty 
au thorities, e .g. 
TÜV / DEKRA 
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- Un ified  safe ty 
asse ssm en t for la rge  
ba tte ry deploym en ts. 

- In su rance  & liab ility regs.   - IEC 60335 se rie s 
(charge rs/app liance s) 

  - Bu ild ing code  
e xpe rts 

    - CEN/CENELEC 
com m itte e s 

    - CEN/CENELEC 
com m itte e s 

Risk asse ssm en t and  risk 
m anagem en t 

N/A (industry 
re ad ine ss /  policy 
aspects) 

- Risk m ode ls for 
ba tte ry 
hand ling/storage . 

- No d irect EU d irective  on  
ba tte ry in surance . 

  - Not a  typ ica l 
IEC/ISO dom ain . 
Possib ly re fe re ncing 
risk m anagem en t 
fram eworks (ISO 
31000). 

- Industry-d riven  
gu ide line s on  
cove rage  & liab ility 
d iscla im e rs. 
Un iform  insu rance  
cove rage  
requ irem en ts for 
ba tte ry syste m s 
(fire , dam age , 
liab ility) and  swap-
sta tion  ope ra tions. 

Me d iu m  (e ssen tia l 
for la rge -sca le  
rollou t, bu t la rge ly 
d riven  by in su re rs 
& ope ra tors) 

- In su rance  sector 
(Allianz, Zurich , e tc.) 

Ta b le  7: St a n d a rd iza t ion  Ga p s  a t  ch a rgin g s t a t io n / in fr a s t ru ct u r e  le ve l 

 
 
 
 

2.2.4 dom ains/top ics to  be  conside red  a t in te rfaces and  fu ll syste m  m anage m ent  
 

Are a  
Ma t u r it y le ve l 

(TRL) 
Ga p s  & Ne e d s  (t ow a rd s  TRL 

8-9) 
Re gu la t o ry con t e xt  

St a n d a rd iza t io n  
la n d sca p e  

(TCs , SCs , WGs, …) 

St a n d a rd s  
a n d  Re gu la t io n s  
t o  b e  a m e n d e d  

St a n d a rd iza t io n  
e xp e ct a t io n  

Pr io r it y le ve l 
Pa r t n e r  /  s t a k e  

h o ld e r   

Data  
m anagem en t 

A Backe nd , with  
standard ized  cybe rse cu rity 
fe a tu re s, is  nece ssary for 
the  da ta  colle cting, 
e xchanging and  
m anagem en t from  d iffe rent 
ba tte rie s and  charging 
sta tions be longing to  
d iffe ren t EaaS ope ra tors in  
orde r to  guaran te e  the  
In te rope rab ility;   

Noth ing exists  bu t the re  are  
good  e xam ple s in  othe r 
busine ss ca tegories (bank, 
Com m unica tion  Ope ra tors, 
e tc) 

- CRA (EU) 2024/2847 
- Data  Act (EU) 
2023/2854 
- GDPR (EU) 2016/679  

IEC TC69 – OCA  IEC63584-210 now a t (fast 
track) CDV le ve l; th is  is  the  
OCPP2.1 wh ich  a lso  fea tu re s 
ba tte ry swapp ing use  cases; 
Also IEC 63110, IEC 63119 for 
roam ing, ISO 15118 for EV 
com m s  

da ta  (& m oney) 
colle cting, e xchange , 
m anagem en t with in  a  
cybe rsecure  world  

Me d iu m   IEC TC69 – OCA 
 
  



25 

101135417 — STAN4SWAP — 
HORIZON-CL4-2023-HUMAN-01 

PU STAN4SWAP draft 
standardization roadmap for 

the Oct 06th Workshop.docx 
 

 
 

Cybe rsecurity issue s 
re gard ing au then tica tion  
have  a lso  to  be  u rge n tly 
conside red 

  CEN/CENELEC JTC13 EU Batte ry Regu la tion  
(2023/1542) 

 High  CEN/CENELEC JTC13 

Batte ry life-
cycle  
m anagem en t 

  - Standard  m e thod  for ene rgy 
th roughput & batte ry life  
p red ictions. 

- RED de legated  act 
for secu re  wire le ss 
da ta  transfe r. 

          

- Com m on  data  exchange  
form at. 

  IEC TC21 (Batte rie s), 
IEC TC69 WG13 
(Swapp ing), ISO 
TC22/SC37(Road  
veh icle s), ISO TC22 
SC38 
Motorcycle s/Mopeds 

EU Batte ry passport IEC TC21 (Batte rie s), 
IEC TC69 WG13 
(Swapp ing), ISO 
TC22/SC37(Road  
ve h icle s), ISO TC22 
SC38 
(Motorcycle s/Moped
s) 

Busine ss 
m ode l 

N/A (policy m atu rity ra the r 
than  te chnology) 

- Clarify tax tre a tm en t (ene rgy 
supp ly vs. se rvice?). 

- National ene rgy tax 
laws. 

  - Taxation  law (na tional 
legisla tion ) 

- Not d irectly abou t 
p roduct standards; 
m ore  abou t gu ide line s 
to  standard ize  how 
e ne rgy usage  da ta  is  
reported  (cou ld  he lp  
au thorities). 
Ensu ring (or clarifying) 
tax e xe m ptions/le vie s 
for ba tte ry swapp ing, 
e le ctricity u sage , 
ba tte ry subscription  
m ode ls. 

Me d iu m  (fisca l 
incentive s can  
acce le ra te  
adop tion ) 

- Min istries of 
Transport/Ene rgy/Fi
nance  

- EU-le ve l app roach  for cross-
borde r scenarios. 

- AFIR (EU) 2023/1804 
to  p rom ote  e -
m ob ility, bu t no 
d irect “tax” language . 

  - Cou ld  a lign  with  re le van t 
da ta  form at standards if 
consum ption  m ust be  
un iform ly reported . 

- Industria l 
associa tions 

  - Com pe tition  ru le s 
for possib le  cross-
coun try d iffe rences. 

  - harm on iza tion  of na tional 
regu la tions 

- EU Com m ission  
(DG TAXUD) 

Sm art Grid  
in tegra tion 

~6 (p ilo ts  exist for V2G in  
fle e ts; s till e arly for 
swappab le  ba tte ry 
ne tworks) 

- Real-tim e  SoC con trol, 
aggre gator fram eworks . 

- AFIR 2023/1804 
foste rs a lte rna tive  
fue lling & sm art 
solu tions but not 
exp licit  for 
rem ovab le  ba tte ry 
feed -in . 

IEC TC69 WG13 - IEC 62840 se rie s, potentia l 
fu tu re  adap ta tion  for 
b id irectional flow. 

- Clear aggregator 
com m unica tion  
standard  for swappab le  
ba tte ry nodes. 

Me d iu m –High  
(sign ifican t 
pote n tia l for 
e ne rgy 
transition ) 

- DSOs/TSOs (grid  
ope ra tors) 

- Owne rsh ip  & legal aspects of 
“m ob ile” ba tte ry feed -in . 

- National grid  codes 
& e lectricity m arke t 
ru le s. 

IEC TC69 WG9; IEC 
TC69 JWG1 (with  ISO 
TC22 SC31) 

- IEC 63119, ISO 15118-20 for 
V2G com m unica tions. 

- Mechan ism s for 
ve rifying ba tte ry 
owne rsh ip , schedu ling 
fe e d -in , se ttling 
paym en ts. 

- Batte ry sta tion  
ope ra tors 

- Econom ic m ode ls & grid  
accep tance . 

  IEC TC69 PT63380; 
IECTC69 JWG15 (with  
TC57) 

IEC 63380 se rie s for loca l 
ene rgy m anage m e n t syste m s; 
IEC63382 se rie s for 
d istribu ted  energy system s 

Using swappab le  
ba tte rie s as grid  asse ts  
(load  ba lancing, V2G, 
aggregator-d riven  
“virtua l power p lan ts”). 

- Aggregator 
p la tform s 
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          - IEC TC69, TC57 
standard  com m itte es 

Location  
m anagem en t 

~7 (exam ple s in  som e  EU 
cities, no un ive rsa l 
app roach ) 

- Harm on ized  
bu ild ing/pe rm itting codes 
across regions. 

- AFIR (EU) 2023/1804 
se ts  ove rarch ing a lt-
fue l in fra  goals, not 
specifics on  swap  
sta tion  siting. 

  - IEC 62840-3 (re m ovab le  
ba tte ry syste m s, if e xte nde d  
to  in sta lla tion ). 

- EU-wide  gu idance  
(CEN/CLC TS or EN) for 
ba tte ry swapp ing 
sta tion  de sign , 
re com m ended  spacing 
& ven tila tion . 
Standard  in sta lla tion  
crite ria  for swapp ing 
sta tions 
(indoor/ou tdoor, safe ty 
zones, m echan ica l 
footp rin ts). 

High  (critica l 
for widesp read  
dep loym en t & 
acce p tance ) 

- Sta tion  OEMs 

Conform ance  
te sting 

  - Cross-borde r cove rage  
consistency. 

          - Ce rtifica tion /lab  
te sting bod ies (TÜV, 
DEKRA) 

 
Ta b le  1: St a n d a rd iza t ion  Ga p s  a t  in t e r fa ce s  a n d  fu ll sys t e m  m a n a ge m e n t  le ve l 



101135417 — STAN4SWAP — 
HORIZON-CL4-2023-HUMAN-01 

PU STAN4SWAP draft 
standardization roadmap for 

the Oct 06th Workshop.docx 
 

 
 

 

 

2.3 Com m u n ica t ion  
 
This subchap te r a im s a t id en tifying whe re  standards cou ld  ensure  a  p rope r, safe  and  re levan t 
com m unica tion , conside ring the  EU  regu la tory land scape , e sp . for ba tte rie s and  e -veh icles. It 
concen tra te s on : 

- com m unica tion  p rotocols  

- visua l com m unica tion  

- written  com m unica tion  

- digita l com m unica tion  

 

2.3.1 dom ains/top ics to  be  conside red  in  com m unica tion  protocols  

 
Communication 

Domains/Topics  
in communication protocols  Issues identified Comments and suggestions 

Standardized Communication 
Protocols 

Need for standardized 
communication proto-
cols on battery, vehicle 
and charging infrastruc-
ture level. 

• Based on existing Communication protocol 
standard, suggestion = CAN 

• Also addressed and confirmed by stake-
holders in July 15th 2025 workshop 

 

Basic measured sensor infor-
mation  current, voltage, tem-
perature (max., min., average) 

Need for standardized 
framework/procedures • Base on battery level for further parameters 

which will be communicated 

• Necessary for comparison 

• Also addressed and confirmed by stake-
holders in July 15th 2025 workshop 

State of Charge (SOC) 

  • Actual State of Charge (SOC) level of the 
battery 

• Also addressed and confirmed by stake-
holders in July 15th 2025 workshop 

State of Health (SOH) 

 

• Up-to-date data for the parameters for de-
termining the state of health (SOH)) of bat-
teries as set out in Annex VII of BattReg 
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• Also addressed and confirmed by stake-
holders in July 15th 2025 workshop 

BMS state 

 

• This signal indicates the BMS state (accord-
ing with its state machine); states like: idle, 
discharge, charge, 

Errors 
 

• Internal Battery & BMS diagnosis; error iden-
tification with standardized error Ids 

Max. charge voltage  • Requested maximum charge-voltage (pack) 

Min. pack voltage  • Minimum allowed pack voltage 

Discharge/charge limit 

 

• necessary for power derating reduction due 
to high temp, or low voltage, recuperation, 
vehicle, chargers, battery stations, ... 

Battery identification info 

 

• Standardized Serial Number that serves as a 
unique battery identifier. (incl. knowledge 
about manufacturer, battery model/type) 

Actual capacity  
  • Actual battery capacity; Capacity based on 

SOH =remaining capacity 

Evolution of self-discharging 
rates 

  • According to BattReg 

Expected lifetime   • Up-to-date data for the parameters for de-
termining the expected lifetime of batteries 
as set out in Annex VII of BattReg 

Date of manufacture  • According to BattReg 

Energy throughput  • According to BattReg 

Capacity throughput  • According to BattReg 

Tracking of harmful events  • The tracking of harmful events, such as the 
number of deep discharge events, time 
spent in extreme temperatures, time spent 
charging in extreme temperatures 

No. charge-discharge cycles  • Number of full equivalent charge-discharge 
cycles 

Software reset info Who is allowed to per-
form a software reset 
and how is that compati-
ble with the CRA? 

• The battery management system shall in-
clude a software reset function, in case eco-
nomic operators carrying out preparation for 
re-use, preparation for repurposing, repur-
posing or remanufacturing need to upload 
different battery management system 
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software. If the software reset function is 
used, the original battery manufacturer shall 
not be held liable for any breach of the 
safety or functionality of the battery that 
could be attributed to battery management 
system software uploaded after that battery 
was placed on the market 

Counter frame incl. cyclic 
redundancy check  

Challenging to fulfil CRA 
with respect of the Bat-
tery Regulation. Clarifi-
cation on EU-level is 
needed. 

• Convenient solution for CAN to meet CRA 

Ta b le  9: St a n d a rd iza t ion  Ne e d s  fo r  com m u n ica t ion  p ro t oco ls  
 

2.3.2 dom ains/top ics to  be  conside red  for visua l com m unica tion  
 

Communication 

Domains/Topics 
for visual communication Issues identified Comments and suggestions 

Manufacturer info 
 Standardization needed 
to be robust over lifetime 
of the battery 

• Label 

Battery identification info 
 

  • Label 

Battery category 
 

  • Label 

Place & date of manufacture 
  

• Label 

Weight 
 

  • Label 

Capacity 
 

  • Label 

Chemistry    • Label 

Hazardous substances 
 

 • Label 

Usable extinguishing agent 
 

 • Label 

Critical raw materials 
 

 • Label 

Carbon footprint 
 

 • Label 

Safety warnings 
 

 • Label 

• Standardized pictograms highly recom-
mended 
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Separate collection symbol Standardization needed 
to be robust over lifetime 
of the battery 

• Marking 

Chemical symbol  
• Marking 

QR-Code  • Marking 

• Base for digital battery passport 

 CE-marking   • Marking 

 
Ta b le  10: St a n d a rd iza t io n  Ne e d s  fo r  visu a l com m u n ica t ion   

 
2.3.3 dom ains/top ics to  be  conside red  in  Written  Com m unica tion   

 

Communication 

Domains/Topics 
in written communication Issues identified Comments and suggestions 

Instructions 
Battery, Vehicle and 
Charging infrastructure 
level 

•  Also addressed and confirmed by stake-
holders in July 15th 2025 workshop 

 

Safety information 

Battery, Vehicle and 
Charging infrastructure 
level 

•  Usage of standardized pictograms 

• Also addressed and confirmed by stake-
holders in July 15th 2025 workshop 

Technical Documentation 
Battery, Vehicle and 
Charging infrastructure 
level 

• Also addressed and confirmed by stake-
holders in July 15th 2025 workshop 

Declaration of Conformity 
 

• According to BattReg 

Recycled Content   • According to BattReg 

Electrochemical Performance 
and durability parameters 

 Standardization is 
needed • According to BattReg 

 
Ta b le  11: St a n d a rd iza t io n  Ne e d s  fo r  w r it t e n  com m u n ica t ion   

 
 

2.3.4 dom ains/top ics to  be  conside red  in  Digita l Com m unica tion  
 

Communication 
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Domains/Topics 
in digital communication Issues identified Comments and suggestions 

Battery Passport 

• Battery Identification 

• Manufacturing data 

• Technical specifica-
tions 

• Usage data 

• End-of-life 

• Sustainability 

On various points a 
standardized framework, 
definition, procedure, 
calculation etc. is 
needed 

• Details according to Article 77 + Annex XIII 
of  BattReg 

• Open points should be considered in har-
monized standards for the BattReg 

• Also addressed and confirmed by stake-
holders in July 15th 2025 workshop 

Information on prevention and 
management of waste batteries 

  • According to Article 74 of Batt Reg 

• Also addressed and confirmed by stake-
holders in July 15th 2025 workshop 

 
Ta b le  12: St a n d a rd iza t io n  Ne e d s  fo r  Digit a l com m u n ica t ion   

 

2.4 Ot h e r  su gge s t ion  
 
A few add itiona l suggestions were  expre ssed  during the  Ju ly 15th  Workshop  
 

Other 

Domains/Topics  Issues identified Comments and suggestions 

Sounds and spoken warning sig-
nals 

 Idea addressed by 
stakeholders in July 15th 
2025 workshop 

• This would definitely be a benefit in terms 
of safety and for the customer, but it is not 
necessary for the function of the battery or 
the whole swappable battery eco system. 
 no need for standardization 

Visual status indicators for SOC 
and SOH 

 Idea addressed by 
stakeholders in July 15th 
2025 workshop 

• This would definitely be a benefit for the 
customer, but it is not necessary for the 
function of the battery or the whole swap-
pable battery eco system.  no need for 
standardization 

 
Ta b le  13: Ad d it ion  su gge st ion s   
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3. Exp e ct a t ion  from  t h e  w orksh op’s  p a r t icip a n t s  
STAN4SWAP project a im s to  deve lop  a  robust standard iza tion  road m ap toward s boosting innovation  and  
dep loym ent for Swappable  Batte ry System s for ligh t ca tegory e lectric veh icles as an  in te rope rab le  and  
use r-friend ly technology which  can  con tribu te  to  th e  decarboniza tion  of the  sector. 
 
The  ob jective  of th is  d ocum ent, conside ring the  ou tcom es from  Stan 4SWAP WPs 2-7, and  in pu ts collecte d  
during the   Ju ly 15th 2025 Workshop , is  abou t lis ting dom ains/ top ics of im portance  whe re  standard iza tion  
can  support a  p rope r deploym ent of swappable  ba tte ry system  for L-ca t vehicle s, in  the  fram ework of 
our EU regu la tory con text, as we ll as to  fu lfil the  EC standard iza tion  Request M/581 to  ESOs, tha t requests  
a  “European  standard  con ta in ing techn ica l specifica tions with  a  un ified solu tion  for ba tte ry swapping for 
L ca tegory veh icle s”. 
 
Th is Octobe r 6th , 2025 Stakeholde r m ee ting a im s to  be  a  fina l consu lta tion  on  the  Stan 4SWAP 
standard iza tion  roadm ap for swappable  ba tte rie s for ligh t ca tegory e lectric veh icle s, by collecting  from  
m ain  stakeholde rs/participan ts som e  fina l inpu ts.  
The  ou tcom es of th is  m ee ting will con tribu te  to  d rafting a  fu ll EU standard iza tion  roadm ap, as we ll as  
m aking recom m enda tions  towards a  wide  sca le  im plem enta tion  of swappable  ba tte rie s. 
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