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Recommendation for minimum standards and 
expectations of (converted) electrical building site 
machinery > 125 kW 
 

Formulated by ENI 

Date: 18-01-2022, version 1.2 (updates will follow) 

Introduction 
ENI (Emission-free Network Infra) works in a unique ecosystem of front-runners (construction 
companies, contractors, energy companies and suppliers) to develop emission-free building 
site machinery. There is currently an inadequate supply of standard production heavy duty 
emission-free machinery, and expectations are that the market demand will not be met in 
the coming years. The conversion of conventional machines to emission-free power systems is 
therefore an important route.  

However, conversion needs to take place safely and the safety must be comparable with 
that of conventional machines. Whether the conversion takes place by specialised 
conversion companies or by own personnel, electrification must not result in additional risks at 
the building site. ENI has therefore formulated a list of recommendations for minimum 
standards regarding safety and sustainability when converting building site machinery. 

Minimum standards for converted emission-free building site 
machinery:  
Safety 

Requirement Expectation Notes 

General 

CE marking Machine directive 
2006/42/EC (incl. Handbook and 
machine Risk Inventory) 

in accordance with statutory 
obligation 
Directive 2006/42/EC  

See enclosed list of examples ** Standards 
to be applied. Each machine type may be 
subject to a different combination of 
regulations and directives.  

Safety of machines - Integrated 
production systems - General 
requirements 

EN-ISO 11161:2007    

Energy carrier 

Safety of external Battery storage 
(containers) 

in accordance with: PGS-37  

Safety of Exchange batteries 
regarding insulation values and 
leakage current protection 
 
 

NEN 9140 safe working on e-
vehicles 
  

Appendix 4 of the NEN norm describes the 
requirements for cabling, provisions for 
high-voltage shut-off and the placement of 
battery packages. 
 
The insulation value must be checked after 
any repair and/or conversion work, using a 
mega-ohmmeter (Megger).  

Safe operation of battery energy 
storage systems 

in accordance with NEN 
4288 

  

Simple visual recognition of 
electrical/hydrogen installations 
and machines 

minimum: safety pictograms 
according to NEN 4288 

   

Safe Hydrogen filling stations in accordance with: PGS-35   
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Machine 

Safety of machines-General design 
principles-Risk assessment and risk 
reduction 

EN-ISO 12100:2010 Fail safes which are compulsory in the 
design process 

ElectroMagnetic 
Compatibility(EMC) 

in accordance with: R10_5 
and/or IEC 61000-6-2 

 

   

   

Protection against electrocution 
and leakage current 

Use of Earth leakage monitor 
such as RI155 Bender 

 

Roadworthy machinery ready for 
RDW testing (e.g. excavators, 
mobile crane, tractors) and 
machinery to be used on public 
roads (according to NL Department 
of Public works (RWS) rules)  

in accordance with directive 
R100.02 

Exchange batteries in accordance with 
R100.02 are individually tested and can be 
transported as standard materials.  
 
Exchange batteries in accordance with 
R100.01 must be transported as hazardous 
goods, i.e. in a collision-proof container, for 
example. When exchanging batteries, this 
may also mean that only authorised 
personnel may make the exchange.  

Single versions and small series 
(<15 pieces/year) and non-
roadworthy machines 

in accordance with directive 
R100.01 
 
specifically for battery 
packages: IEC62619 (not yet 
harmonised in the EU) 

Functional safety of series 
produced Vehicles on public roads  

ISO26262:2018  
 

Only applicable to series production. 
Applies to safety-related systems which 
include one or more electrical and/or 
electronic (E/E) Systems and which are 
installed in series produced road vehicles, 
including buses, trucks and motorcycles.  

 

Besides the fact that machinery must comply with the applicable norms and directives, the 
related documentation must be in order and be effective. At a building site, this is essential for 
formulation of, for example,  

- SHE and Emergency response plans (think for example in terms of relevant information 
for risk inventory, the fire services and the authorities) 

- Training and working instructions for users and other employees. Think in terms of rules 
for the use of (high-voltage) current, instructions for the exchange of batteries or 
charging of machinery, site layout with the appropriate safety parameters, toolboxes, 
workplace inspections or RACI (roles and responsibilities) matrices. 
 

Charging connector conventions 

Requirement Expectation Notes 

20-300 kW capacity CCS2/type 2 The scope of ENI is limited to building site 
machinery > 125 kW. It therefore makes no 
comment on smaller capacity. 

> 300 kW capacity MCS EU standard is currently being developed.  

 

A building site is a location where many parties converge. Consortiums, suppliers, 
subcontractors – must all work together in a limited space. The use of someone else’s building 
site infrastructure is a day-to-day occurrence. Rendering charging infrastructure uniform in 
terms of connectors, charging protocols and batteries is therefore essential in order to  
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continue to guarantee safety in the longer term. ENI therefore stands for standardisation and 
exchangeability in this field. 

 

Sustainability 

Battery packages have a number of life cycles: Add text on 1st life, 2nd life, end of life 
 
There are also various aspects of sustainability regarding machinery and in particular the 
battery packages. These include aspects in the supply chain of materials, such as the use of 
minerals from conflict regions, and the production methods applied. A battery factory in Asia 
will be subject to different environmental requirements than European factories, for example. 
We have limited ourselves to a number of aspects below, in which we expect ENI members to 
be able to exercise direct influence.  
 

Requirement Expectation Notes 

Uniform performance 
indices and accessible 
monitoring (according 
to OCPP 2.01) 

Comparable data which is 
easily accessible via API, for 
example.  

Clear Gross/net differences and a uniform calculating 
method between suppliers, with recognisable indices 
for performance, e.g.: battery capacity, charging 
speeds and power. 

Recycling programme 
for batteries (and 
machines) 

in accordance with IL&T 
rules (EU legislation)  

Contractor must have indemnification for end-of-life 
processing of batteries. This remains the responsibility of 
the manufacturer/seller. See also: IL&T website 
The buyer of a battery is responsible for the safe 
transport of that battery, after its use phase, to an 
official recycling party. 
 
Please note: extra rules apply to the export of electric 
vehicles to countries outside the EU.   

Environmental product 
declarations (EPD) for 
the entire 
machine/installation 

Following on from the EPD 
of the manufacturer  

EPD of OEM supplier must be adjusted by converter 

ECI factor of the 
machines 

According to ECI method The Environmental Cost Indicator (ECI) is becoming 
increasingly common in infra construction tenders 
Emission-free machinery can be advantageous in this 
calculation as long as accurate data is available in the 
National Environmental database. Manufacturers must 
have this calculated via LCA (Life Cycle analysis).  

Exchangeability of 
batteries between 
various manufacturers’ 
machines 

Standardisation of battery 
and charging infrastructure 
is high on the wish list of 
contractors.  

We are aware that this will require greater efforts in 
order to arrive at a standard. ENI is therefore calling on 
the industry to accelerate the energy transition by 
developing and applying standardised batteries. 

 

Tip when contracting conversion work: Discuss the repair/maintenance conditions and the 
warranty schemes beforehand, in order to provide clarity on losses caused by repair and/or 
maintenance. 

This list of minimum standards was formed by a round table of ENI participants who represent 
both converters and users: UMS, New Electric, CapGemini Engineering, ELEO, Heijmans and 
GMB, with HAN as external knowledge partner.  
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** Sample list of directives and norms for the conversion of a 
tracked excavator.  
This example has been added to give an impression of the number of directives applicable to 
the conversion of machines. This list can vary per type of machine. Source UMS 

 

 

Di r ect i ve or  
St andar d?

Name of  di r ect i ve or  st andar d Descr i pt i on ( E ngl i sh) Omschr i j v i ng ( Neder l ands) Appl i cab
l e

On E C-
DoC?

E ur opese P r oduct  Di r ect i ves

Dir ective 2006/ 42/ EG M achi ner y Di r ect i ve ( M D)
Dir ective 2006/ 42/ EC of  the Eur opean Par l iament and of  the 
Counci l  of  17 May 2006 on machiner y, and amending Di r ective 
95/ 16/ EC (r ecast).

M achi ner i cht l i j n:
Richtl i jn 2006/ 42/ EG van het Eur opees Par lement en de Raad van 17 mei  2006 
betr ef f ende machines en tot wi jziging van Richtl i jn 95/ 16/ EG (her schikking).

Yes Yes

Dir ective 2014/ 30/ EU ( E M C)  Di r ect i ve
Dir ective 2014/ 30/ EU of  the Eur opean Par l iament and of  the 
Counci l  of  26 Febr uar y 2014 on the har monisation of  the laws of  
the Member  States r elating to electr omagnetic compatibi l i ty 
(r ecast).

E M C- r i cht l i j n:
RICHTLIJN 2014/ 30/ EU VAN HET EUROPEES PARLEMENT EN DE RAAD van 26
f ebr uar i  2014 betr ef f ende de har monisatie van de wetgevingen van de l idstaten 
inzake  elektr omagnetische compatibi l i tei t (her schikking).

Yes Yes

Dir ective 2014/ 35/ EU Low V ol t age Di r ect i ve ( LV D)
Dir ective 2014/ 35/ EU of  the Eur opean Par l iament and of  the 
Counci l  of  26 Febr uar y 2014 on the har monisation of  the laws of  
the Member  States r elating to the making avai lable on the mar ket of  
electr ical  equipment designed f or  use wi thin cer tain vol tage 
l imi ts.

Laagspanni ngsr i cht l i j n:
RICHTLIJN 2014/ 35/ EU VAN HET EUROPEES PARLEMENT EN DE RAAD van 26
f ebr uar i  2014 betr ef f ende de har monisatie van de wetgevingen van de l idstaten 
inzake het op de mar kt aanbieden van elektr isch mater iaal  bestemd voor  gebr uik 
binnen bepaalde spanningsgr enzen.

Yes No

T ype A st andar d
Ri sk Assessment

EN standar d EN-ISO 12100:2010 Saf ety of  machiner y - Gener al  pr inciples f or  design - Risk 
assessment and r isk r eduction.

Basisbegr ippen, algemene ontwer pbeginselen - Deel  1: Basister minologie, 
methodologie.

Yes Yes

EN standar d ISO/ TR 14121-2:2012 Saf ety of  machiner y - Risk assessment - Par t 2: Pr actical  
guidance

Risicobeoor del ing - Deel  2: Pr aktische gids en voor beelden van methoden. No

T ype B st andar ds
EN standar d EN-ISO 11161:2007 Saf ety of  machiner y - Integr ated manuf actur ing systems - Basic

r equi r ements.
Vei l igheid van machines - Geintegr eer de pr oductiesystemen - Algemene eisen. Yes Yes

Saf et y di st ances
EN standar d EN-ISO 13854:2019 Saf ety of  machiner y - Minimum gaps to avoid cr ushing of  par ts of

the human body.
Vei l igheid van machines - Minimumaf standen ter  voor koming van het bekneld
r aken van mensel i jke l ichaamsdelen.

Yes Yes

EN standar d EN-ISO 13857:2019 Saf ety of  machiner y - Saf ety distances to pr event hazar d zones 
being r eached by upper  and lower  l imbs.

Vei l igheidsaf standen ter  voor koming van het ber eiken van gevaar l i jke zones met de 
bovenste en onder ste ledematen.

Yes Yes

M echani cal  guar ds
EN standar d EN-ISO 14120:2015 Saf ety of  machiner y - Guar ds - Gener al  r equi r ements f or  the

design and constr uction of  f ixed and movable guar ds.
Af scher mingen - Algemene eisen voor  het ontwer p en de constr uctie van vaste
en beweegbar e af scher mingen.

Yes Yes

I nt er l ocki ng devi ces
EN standar d EN-ISO 14119:2013 Saf ety of  machiner y - Inter locking devices associated wi th guar ds - 

Pr inciples f or  design and selection.
Vei l igheid van machines - Blokkeer inr ichtingen gekoppeld aan af scher mingen - 
Gr ondbeginselen voor  het ontwer p en de keuze.

Yes Yes

Yes
E l ect r i cal  equi pment

EN standar d EN 60204-1:2018 Saf ety of  machiner y - Electr ical  equipment of  machines - Par t 1:
Gener al  r equi r ements.

Elektr ische ui tr usting van machines - Deel  1: Algemene eisen. Yes Yes

EN standar d EN-ISO 14118:2018 Saf ety of  machiner y - Pr evention of  unexpected star t-up. Vei l igheid van machines - Voor koming van onbedoeld star ten. Yes Yes

Hydr aul i c  power
EN standar d EN-ISO 4413:2010 Hydr aul ic f luid power  - Gener al  r ules and saf ety r equi r ements 

f or
Hydr aul iek - Algemene r egels en vei l igheidseisen voor  systemen en hun
componenten.

Yes Yes

E l ect r oni c Cont r ol  Syst ems
EN standar d EN-ISO 13849-2:2012 Saf ety of  machiner y - Saf ety-r elated par ts of  contr ol  systems - 

Par t 2: Val idation
Vei l igheid van machines - Onder delen van bestur ingssystemen met een 
vei l igheidsf unctie - Deel  2: Val idatie.

Yes No

EN standar d EN 62061:2021 Saf ety of  machiner y - Functional  saf ety of  saf ety-r elated 
electr ical , electr onic and pr ogr ammable electr onic contr ol
systems.

Functionele vei l igheid van vei l igheidsger elateer de elektr ische, elektr onische en 
pr ogr ammeer bar e elektr onische bestur ingssystemen.

Yes Yes

EN standar d IEC 61784-3-ser ies Industr ial  communication networ ks - Functional  saf ety f ieldbuses Industr iële communicatienetwer ken - Functionele vei l igheidsveldbussen Yes No

E mer gency st op
EN standar d EN-ISO 13850:2015 Saf ety of  machiner y - Emer gency stop f unction - Pr inciples f or

design.
Noodstopvoor zieningen, f unctionele aspecten. Ontwer pbeginselen. Yes Yes

User  i nst r uct i ons
EN standar d EN IEC/ IEEE 82079-1:2020 Pr epar ation of  inf or mation f or  use (instr uctions f or  use) of  

pr oducts - Par t 1: Pr inciples and gener al  r equi r ements (IEC/ IEEE 
82079-1:2019).

Voor ber eiding van gebr uik van instr ucties - Str uctuur , inhoud en pr esentatie - Deel  
1: Algemene ui tgangspunten en gedetai l leer de eisen.

Yes No

EN standar d EN-ISO 20607:2019 Saf ety of  machiner y - Instr uction handbook - Gener al  dr af ting
pr inciples.

Machinevei l igheid - Instr uctiehandboek - Algemene r egels voor  het opstel len. Yes No

T ype C st andar ds
EN standar d EN 474-5:2006+A3:2013 Ear th-moving machiner y - Saf ety - Par t 5: Requi r ements f or

hydr aul ic excavator s.
Gr ondver zetmachines - Vei l igheid - Deel  5: Eisen voor  hydr aul ische
gr aaf machines.

Yes Yes

EN standar d EN 818-1:1996+A1:2008 Shor t l ink chain f or  l i f ting pur poses - Saf ety - Par t 1: Gener al
condi tions of  acceptance.

Kor tschalmige kettingen voor  hi jsdoeleinden - Vei l igheid - Deel  1: Algemene
acceptatievoor waar den.

Yes No

RoHS- r equi r ement s
EN standar d EN 50581:2012 Technical  documentation f or  the assessment of  electr ical  and 

electr onic pr oducts wi th r espect to the r estr iction of  hazar dous
substances.

Technische documentatie voor  de beoor del ing van elektr ische en elektr onische 
pr oducten met betr ekking op de r estr ictie van gevaar l i jke stof f en.

Yes No

E M C- r equi r ement s
EN standar d EN 61000-6-1:2019 Electr omagnetic compatibi l i ty (EMC) - Par t 6-1: Gener ic 

standar ds
- Immuni ty standar d f or  r esidential , commer cial  and l ight- 

Elektr omagnetische compatibi l i tei t (EMC) - Deel  6-1: Gener ieke EN nor men - 
Immuni tei t voor  huishoudel i jke, handels- en l ichtindustr iële omgevingen.

Yes No

EN standar d EN 61000-6-3:2007 Electr omagnetic compatibi l i ty (EMC) - Par t 6-3: Gener ic 
Standar ds
- Emission standar d f or  r esidential , commer cial  and l ight- 

Elektr omagnetische compatibi l i tei t (EMC) - Deel  6-3: Algemene EN nor men - 
Emissie EN nor men voor  huishoudel i jke, handels- en l ichtindustr iële
omgevingen.

Yes No

Ot her  st andar ds
ISO Standar d ISO 6469-1:2019 Electr ical ly pr opel led r oad vehicles — Saf ety speci f ications — 

Par t
Elektr isch aangedr even wegvoer tuigen - Vei l igheidsspeci f icaties - Deel  1:
Oplaadbar e ener gieopslagsystemen (RESS).

Yes Yes

ISO Standar d ISO 6469-2:2018 Electr ical ly pr opel led r oad vehicles — Saf ety speci f ications — 
Par t

Elektr isch aangedr even wegvoer tuigen - Vei l igheidsspeci f icaties - Deel  2:
Functionele vei l igheidsvoor zieningen en bescher ming tegen stor ingen.

Yes Yes

ISO Standar d ISO 6469-3:2018+A1:2020 Electr ical ly pr opel led r oad vehicles — Saf ety speci f ications — 
Par t

Elektr isch aangedr even wegvoer tuigen - Vei l igheidsspeci f icaties - Deel  3:
Elektr ische vei l igheid.

Yes Yes

ISO Standar d ISO 6469-4:2015 Electr ical ly pr opel led r oad vehicles — Saf ety speci f ications — 
Par t

Elektr isch aangedr even wegvoer tuigen - Vei l igheidsspeci f icaties - Deel  4: 
Elektr ische vei l igheid na een botsing.

Yes No

IEC standar d IEC 62752:2016 In-Cable Contr ol  and Pr otection Device f or  mode 2 char ging of
electr ic r oad vehicles (IC-CPD).

In-Cable Contr ol  and Pr otection Device' voor  mode-2-laden van elektr ische
wegvoer tuigen (IC-CPD).

Yes No

EN Standar d EN-ISO 17409:2020 Electr ical ly pr opel led r oad vehicles — Conductive power  
tr ansf er

Elektr isch aangedr even wegvoer tuigen - Ver mogensover dr acht via geleidende
ver binding - Vei l igheidseisen.

Yes No

IEC standar d IEC 61851-1:2017 Electr ic vehicle conductive char ging system - Par t 1: Gener al
r equi r ements.

Geleidend laadsysteem voor  elektr ische voer tuigen - Deel  1: Algemene
ver eisten.

Yes No

IEC standar d IEC 61851-23 Electr ic vehicle conductive char ging system - Par t 23: DC electr ic 
vehicle char ging station.

Geleidend laadsysteem voor  elektr ische voer tuigen - Deel  23: DC-laadstation voor  
elektr ische voer tuigen.

Yes No

ISO Standar d ISO 15118 - ser ie Road Vehicles - Vehicle to Gr id Communication Inter f ace. Wegvoer tuigen - communicatie-inter f ace tussen voer tuig en netwer k. Yes No

Overview of applicable standards Hyundai HX260AL


