ETS| TR 101 147 V1.2.1 (2025-02)

. —

TECHNICAL REPORT

Environmental Engineering (EE);
Interworking between Direct Current/lsolated (DC/I) and
Direct Current/Common (DC/C) electrical power systems



2 ETSI TR 101 147 V1.2.1 (2025-02)

Reference
RTR/EE-02100

Keywords
earthing, power supply

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax: +33 4 93 65 47 16

Siret N° 348 623 562 00017 - APE 7112B
Association & but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° w061004871

Important notice

The present document can be downloaded from the
ETSI Search & Browse Standards application.

The present document may be made available in electronic versions and/or in print. The content of any electronic and/or
print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any
existing or perceived difference in contents between such versions and/or in print, the prevailing version of an ETSI
deliverable is the one made publicly available in PDF format on ETSI deliver repository.

Users should be aware that the present document may be revised or have its status changed,
this information is available in the Milestones listing.

If you find errors in the present document, please send your comments to
the relevant service listed under Committee Support Staff.

If you find a security vulnerability in the present document, please report it through our
Coordinated Vulnerability Disclosure (CVD) program.

Notice of disclaimer & limitation of liability

The information provided in the present deliverable is directed solely to professionals who have the appropriate degree of
experience to understand and interpret its content in accordance with generally accepted engineering or
other professional standard and applicable regulations.
No recommendation as to products and services or vendors is made or should be implied.

No representation or warranty is made that this deliverable is technically accurate or sufficient or conforms to any law
and/or governmental rule and/or regulation and further, no representation or warranty is made of merchantability or fithess
for any particular purpose or against infringement of intellectual property rights.

In no event shall ETSI be held liable for loss of profits or any other incidental or consequential damages.

Any software contained in this deliverable is provided "AS IS" with no warranties, express or implied, including but not
limited to, the warranties of merchantability, fithess for a particular purpose and non-infringement of intellectual property
rights and ETSI shall not be held liable in any event for any damages whatsoever (including, without limitation, damages

for loss of profits, business interruption, loss of information, or any other pecuniary loss) arising out of or related to the use
of or inability to use the software.

Copyright Notification

No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm except as authorized by written permission of ETSI.
The content of the PDF version shall not be modified without the written authorization of ETSI.
The copyright and the foregoing restriction extend to reproduction in all media.

© ETSI 2025.
All rights reserved.

ETSI


https://www.etsi.org/standards-search
http://www.etsi.org/deliver
https://portal.etsi.org/Services/editHelp/Standards-development/Tracking-a-draft/Status-codes
https://portal.etsi.org/People/Commitee-Support-Staff
https://www.etsi.org/standards/coordinated-vulnerability-disclosure

3 ETSI TR 101 147 V1.2.1 (2025-02)

Contents

INtellectual Property RIGNES.... ..ot b e e e en e ns 4
0 L= V1V (o RS 4
MoOdal VErDS TEMINOIOQY ... .ccteieeiicieee ettt st e e s te s ae e aesbeeaeesbesreentesaeeasessesneensesreeneensessens 4
100 W Tox o] o I RS 4
1 o0 o< TP P URUP PRSPPSO 5
2 L= 1= 1= U 5
21 NOIMBLIVE FEFEIENCES ...t s e st ettt e et e ete e s be e beeabeeabesaeesheesaeesaeeseenseenseensesseesteeteentenn 5
2.2 R el = AV = 1 = 10T 5
3 Definition of terms, symbols and abbrevialions............cooeecereieene e s 5
31 LI 157 PO SPPUPP 5
3.2 Y 1210 6
3.3 ADDIEVIBLIONS ...ttt et ettt et e et e st e et e e besaeesaeesheesaeebeeaseeaeeebeeebe e beenbeebeensesaeesaeesreenaeenreenreans 6
4 Description of the DC/C and DC/l SYSLEIMS .......cceiuiieeieiecie ettt sttt s sreens 7
4.1 GlODal VIEW OF The SYSIEIMIS......cvieceiitiectet ettt ettt st b e et b e se et eb e se et eb e b e e b e sne e ere s 7
4.2 Identification Of the CONNECLIONS ..........oiii e e et se e e naesae e reenaean 7
4.3 Definition Of the CONNECLIONS .........ceiiieiici ettt e e et e e e seesaeesreesaeesseeseenseenaenneessensenn 8
43.1 Ground conNECiONS (G CONNECTIONS)......ccuueiiieiieiieeeesee st esteeste e e eee s este e teeteeaesseesseesreesseenseeneesseenseensensens 8
432 DC Power supply return links (B CONNECLION) ......cc.eeiieeieeieee e see s esie et eee st teesae e seesaesneesneenseenenens 9
4.3.3 DC return conductor connections (C CONNECLIONS) .......ciueeiieeiieiiee e seese e ete e e ee e e saesseeseesreesaeenneeneeens 9
434 Signal screen conNECtioNS (S CONNECTIONS) .....c..eevieeiirieesieeseeeseseeseesteeseeseesreesseeteesaeeseasseesreenseesesneesnes 10
4.3.5 AC Mains Protective Conductor (D1 CONNECLION) ........c.eitirieeriirieerieieesieseeie e sre e 10
5 MOdEiNG Of thE SYSIEMS ... st eae et e s ae e te e e sreeneenreereas 10
51 DC/C POWES SUPPIY MOGE] ...ttt bbbt en e 10
5.2 DC/I POWEY SUPPIY MOUEL ......eeeeeeceieee ettt e st e e e s ee s e saeesre e teenteesteeseesseesseesseeseensenneennns 11
6 INEEIVWOIKITNIQ ..ttt b bt e bt e bbb e s et e e e st e bt ebenb e b e e e e e e 11
6.1 INtErworking DEEWEEN 2 SYSLEIMS .........eiiecie ettt te e s e s re e b e e be e teentesreesteesteeseensenneennes 11
6.1.0 11T 11 o o) RS 11
6.1.1 Interconnection between DC/C and DC/l MOGEIS.........ccviiiieiiiiiee et 12
6.1.2 Interconnection between 2 DC/C MOEIS ........c.oocui ittt ettt e ere e ee e eas 13
6.1.3 Interconnection between 2 DC/l MOUEIS........cui it et sttt e e e e 14
Annex A (informative): Bibliograpny ..o 15
[ T 0] Y PSP SRSPRR 16

ETSI



4 ETSI TR 101 147 V1.2.1 (2025-02)

Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The declarations
pertaining to these essential IPRs, if any, are publicly available for ETSI members and non-member s, and can be
found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to
ETS in respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the
ETSI IPR online database.

Pursuant to the ETSI Directivesincluding the ETSI IPR Policy, no investigation regarding the essentiality of IPRS,
including I PR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not
referenced in ETSI SR 000 314 (or the updates on the ETS| Web server) which are, or may be, or may become,
essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its
Members. 3GPP™, LTE™ and 5G™ logo are trademarks of ETSI registered for the benefit of its Members and of the
3GPP Organizational Partners. oneM 2M ™ |ogo is atrademark of ETSI registered for the benefit of its Members and of
the oneM2M Partners. GSM® and the GSM logo are trademarks registered and owned by the GSM Association.

Foreword

This Technical Report (TR) has been produced by ETSI Technical Committee Environmental Engineering (EE).

Modal verbs terminology

In the present document “should", "should not", "may", "need not", "will", "will not", "can" and "cannot" areto be
interpreted as described in clause 3.2 of the ET S| Drafting Rules (Verbal forms for the expression of provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.

Introduction

ETSI EN 300 253 [i.1] recognizes the Direct Current/Common (DC/C) and Direct Current /Isolated (DC/I) electrical
power systems usable in telecommunication equipments.

The aim of the present document isto show the effective interconnecting possibility of the two systems and to list some
engineering precautions ensuring good interworking.
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1 Scope

The present document describes and establishes simplified models of the different sections of the ground distribution
network constituting the DC/I and the DC/C electrical power systems.

These models are interworked to identify the common impedance where DC power supply currents can circulate
(interconnection between DC/C and DC/I, DC/C and DC/C, DC/I and DC/1).

These results allow the establishment of some basic engineering advice that should be applied to guarantee the good
behaviour when interconnecting two systems. These precautions are given for functionality reasons:

. the noise immunity of the pre-existing system and of the links between the system and the MDF should be
conserved;

and safety aspects:

. the screens of signal cables between the pre-existing system and the Main Distribution Frame (MDF), the
conductors and the connections of the pre-existing system have to withstand additional currents.

2 References

2.1 Normative references

Normative references are not applicable in the present document.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] ETSI EN 300 253 "Environmental Engineering (EE); Earthing and bonding of ICT equipment
powered by -48 VDC in telecom and data centres’.

3 Definition of terms, symbols and abbreviations

3.1 Terms

For the purposes of the present document, the following terms apply:
DC power return conductor: name given to the OV power supply conductor
NOTE: Itisalso caled "battery return”.

DC/C system: system where the DC power return conductors are connected to the Common Bonding Network (CBN),
ensuring simultaneously the supply and protection functions

NOTE: TheDC/C systemisalso called a"2 wire system".
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DC/l system: system where the current return function and the grounding of the equipment are separated

NOTE:

3.2

The DC/I systemisalso caled a"3 wire system”.

Symbols

For the purposes of the present document, the following symbols apply:

AC
Bl
B2
C1
C2
C3
c4
D1
Gl
G2
G3
G4
G5
G6
RB1
RB2
RC1
RC2
RC3
RC4
RD 1
RE

RG1
RG2
RG3
RG4
RG5
RG6
RS
S

3.3

Alternating Current

Power source and the entry point of the system

The entry-point of the system room and the system
DC return conductors and CBN at MET

DC return conductors and CBN at power source level
DC return conductors and CBN at the SRPP of the system
DC return conductors and CBN in the system (SY ST)
AC Mains Protective Conductor to the Power Plant
Power Plant to Main Earthing Terminal

Main Distribution Frame to the Main Earthing Terminal
Room Grounding Terminal to Main Earthing Terminal
Room Ground Terminal to SRPP

System to SRPP

Between 2 points of the system

equivalent impedanceiscalled RB 1

Equivalent impedanceiscalled RB 2

Equivalent impedanceiscalled RC 1

Equivalent impedance is called RC 2

Equivalent impedance iscalled RC 3

Equivalent impedanceiscalled RC 4

The equivalent impedance iscalled RD 1

For simplification reasons, the impedances RC 1, RC 2 and RG 1 (PWP grounds) have been
replaced by the equivalent impedance RE 1
Equivalent impedanceiscaled RG 1

Equivalent impedanceiscalled RG 2

Equivalent impedanceiscaled RG 3

Equivalent impedanceis called RG 4

Equivalent impedanceis called RG 5

Equivalent impedanceis called RG 6

equivalent impedanceis caled RS

Between the System and

Abbreviations

For the purposes of the present document, the following abbreviations apply:

CBN
DC/C
DC/
MDF
MET
PWP
RGT
SRPP
SYST

Common Bonding Network
Direct Current/Common

Direct Current/lsolated

Main Distribution Frame

Mains Earthing Terminal

PoWer Plant.

Room Grounding Terminal.
System Reference Potential Plane
System

ETSI
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4 Description of the DC/C and DC/I systems

4.1 Global view of the systems

In this study, the DC power supply current is supplied by a power plant whose positive polarity (0 V) is connected to
the CBN. Thisis generally the case for telecom buildings.

The two systems (DC/C and DC/I) are made up of the following elements:
1) the PoWer Plant (PWP) installed outside the system,;

2) the Grounding network System Reference Potential Plane (SRPP) integrating the system and which constitutes
its reference plane;

3) the Telecom system (SY ST) itself constituted by itsitems: racks, subracks, boxes, etc.;

4) the Main Distribution Frame (MDF) of the subscriber line and transmission circuit connection.

Screen of cable

WP SYST MDF
r - \
SRPP
RGT
MET
Figure 1. Entities constituting a DC/I system
L
s syst [ MDF
Y —
SRPP
RGT
MET
Figure 2: Entities constituting a DC/C system
4.2 Identification of the connections

The paths which form the CBN areidentified in figure 3. They have been divided in 4 groups:

ETSI
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Theground connections:[G]: ensure the equipotentiality and the earthing of the equipment for safety
and functional reason.
The DC power conductors:[B]: are represented by the DC power return conductors.

The connection point of DC Power return conductor to the CBN:[C]: (according to clause 6.1 of
ETSI EN 300 253[i.1]).

Not all connections shown in the figures may be present.
The signal conductors:[S]: are cables and screens between the system and MDF.

A.C mains protective conductor: Refer to Annex C of ETSI EN 300 253[i.1].

@
}

l_| MDF

sY
=0
T e

G5

1)
2)
3
NOTE:
4)
5)
L1
L2
L3
N
PE
D1
NOTE:
4.3
4.3.1

In the installation, other possible paths exist, created by cable trays, building steel etc., but are not taken
into account because their impedances are neither perfectly controlled nor guaranteed over time. It would
be difficult or even uncertain to assess their contribution to the circulation of current.

Figure 3: Power supply and ground connections in a system

Definition of the connections

Ground connections (G connections)

G1: Power Plant to Main Earthing Terminal: (The equivalent impedanceis called RG 1)

. Represents the link from the power source and the MET. It is constituted:

either directly by a single conductor; or

by means of a ring conductor set up in the PWP room.

ETSI
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G2: Main Distribution Frameto the Main Earthing Terminal: (The equivaent impedanceis called RG 2)
. Represents the link between the metallic frame constituting the MDF and the MET. It is composed of
- either directly by only one conductor; or
- by means of aring conductor set up at the MDF room.
G3: Room Grounding Terminal to Main Earthing Terminal: (The equivalent impedance is called RG 3)

. Link between the ground interface Room Grounding Terminal (RGT) of the system room and the MET. It is
made up of:

- either directly by a single conductor; or
- by the intermediary of the CBN and reinforcement conductors.
NOTE 1: For small installations, RGT and MET can be merged. In this case: RG 3= 0.
G4: Room Ground Terminal to SRPP: (The equivalent impedance is caled RG 4)

. Represents the proper impedance of the bonding network on which the system isinstalled. Thisimpedance
includes the system room ring conductor.

G5: System to SRPP: (The equivaent impedanceis called RG 5)
. Represents the connection of an element or group of elements of a system to the room bonding network.
G6: Between 2 points of the system: (The equivalent impedance is called RG 6)

. Represents the ground impedance of the system. Thisis the impedance between the connecting point of the
DC return conductor to the frame and the connecting point of the frame to the SRPP.

NOTE 2: The value of thisimpedance depends both on the density of the bonding of the metallic parts and on the
internal reference planes of the systems.
4.3.2 DC Power supply return links (B connection)
B1: Power source and the entry point of the system: (The equivalent impedanceis called RB 1)
. Isthe DC power return section placed between the power source and the entry point of the system.
B2: The entry-point of the system room and the system: (The equivalent impedanceis called RB 2)
0 Isthe DC power return section placed between the power source and the entry point of the system.

NOTE 1: For DC/C distribution, the voltage drop along each DC power return conductor should belessthan 1V at
maximum load current. One concern of this requirement isto avoid electrochemical corrosion in metallic
structures by stray currents (see clause 6.1 of ETSI EN 300 253 [i.1]).

NOTE 2: For DC/I distribution, the voltage drop in DC power return conductors is calculated to ensure that at the
mm gmm load current the supply voltage at the power interface to the equipment is within its specified
4.3.3 DC return conductor connections (C connections)
C1: DC return conductorsand CBN at MET: (The equivalent impedanceis called RC 1)
. Represents the link between the DC return conductor and the MET.
C2: DC return conductorsand CBN at power source level: (The equivalent impedanceis caled RC 2)
o Represents the link between the DC return conductor and the frame of the power source.

C3: DC return conductorsand CBN at the SRPP of the system: (The equivalent impedance is called RC 3)
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. Represents the link between the DC return conductor and the RGT at the entry point of the system.
C4: DC return conductorsand CBN in the system (SY ST): (The equivaent impedance is caled RC 4)
. Represents the link between the DC return conductor and the frame of the system.
NOTE: For DC/I distribution , the connections C1, C3 and C4 do not exist. The impedances RC1, RC3 and RC4
are considered to be infinite.
4.3.4 Signal screen connections (S connections)
S: Between the System and M DF: (The equivaent impedanceis caled RS)
. Represents the screens of signal cables which are at least bonded at each end to the metallic structure of the
system and the MDF (according to clause 5.5 of ETSI EN 300 253 [i.1]).
4.3.5  AC Mains Protective Conductor (D1 connection)
D1: AC Mains Protective Conductor to the Power Plant: (The equivalent impedance is called RD 1)
o Represents the link from the power source and the MET. It is congtituted:

- by a single conductor.

5 Modelling of the systems

5.1 DC/C power supply model

Ic', L pwp
a RB1 ov
d O/
RC4 @ /
RG5 SRPP
®
! Rc3 RC2 § RG4
®  RGT
6 ,: M DF
RC1 RG1 RG3 RG2

MET

Figure 4: Electrical diagram for DC/C power supply principle
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5.2 DC/I power supply model

The main characteristic of this distribution is the fact that the DC power supply current is confined to a single loop.

L
o ﬁPWP
8 | > T
@
RG6 RGS SRPP
FJ\/\/W AN~
RC2 RG4
RGT
L ’: MDF
RG1 gRes RG2

MET

Figure 5: Electrical diagram for DC/I power supply principle

6 Interworking

6.1 Interworking between 2 systems

6.1.0 Introduction

In al the following clauses, a new system (System B) is considered to be connected to a pre-existing one (System A).
They areingtalled in the same CBN and exchanging signal s through a common MDF. For each configuration, the
currents circulating through the CBN are analysed. Engineering precautions resulting from this analysis are listed for
each configuration.

NOTE: For simplification reasons, the impedances RC 1, RC 2 and RG 1 (PWP grounds) have been replaced by
the equivalent impedance RE 1.

ETSI
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6.1.1 Interconnection between DC/C and DC/lI models

L L
o iipwp o
a ov ;
®
RC3 RC4
RG6 RG5 SRPP RG5
SAVAVAVAVSS SAVAVAVAVSS
[ ®
RG4
RGT
‘ , 6:M DF
RE1 RG3 RG2
MET

Figure 6: DC/I and DC/C interconnection

This diagram shows that a part of the current consumed by System B(DC/C system) can pass through the common
impedance of the two systems RG 2, RG 3 and RE 1 and through the impedances RG 5, RG 6 and RS of system A

(DC/I system).
Engineering precautions:
It isrecommended to verify the following points before interconnection:

e thegrounding conductors and connections of system A should be dimensioned to withstand the additional
currents due to the introduction of the system B;

e thevoltages generated by additional current inside the bounding network of system A (RG6) do not reduce its
noise immunity (reduction of the immunity of the asymmetrical links which are referenced to the ground of
system A);

e thesignal cables between system A and MDF will neither suffer from excessive current heating, nor be subject
to voltage drop (additional current through RS) which could create transmission faults in the case of
asymmetrical links (for example: coaxial cables).

NOTE: All these precautions will aso have to be applied to the DC/I system in case of connection with a
pre-existing DC/C one.

ETSI
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o O -

RC4

6.1.2 Interconnection between 2 DC/C models
L
) iﬁpwp
3 oV
@
RCa RC3 RC3
RGS5 SRPP RGS5
®
§RG4
RGT
. .
RE1 RG3 RG2

Figure 7: 2 DC/C interconnection

MET

In this configuration, the total DC power supply current is split up into al ground connections of the 2 DC/C systems,
and will modify theinitial share of DC return current of system A.

Engineering precautions:

It is recommended to verify the following points before interconnection:

the conductors and the connections of the 2 systems (A and B) have been dimensioned to withstand the
additional currents coming from the other system (B and A);

the voltages generated by additional current inside the bonding network of the 2 systems (RG6) do not reduce
their noise immunity (reduction of the immunity of the asymmetrical links which are referenced to ground);

the signal cables between the 2 systems (A and B) and MDF will neither suffer from excessive current heating,
nor be subject to voltage drop (additional current through RS) which could create transmission faultsin the
case of asymmetrical links (for example: coaxial cables).

ETSI
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6.1.3 Interconnection between 2 DC/lI models

L L
0 AJ’W P 0
a ov 0
@
RG6 RG5 SRPP RG5
WA AN ® AN
RG4
RGT
‘ # MDF
RE1 RG3 RG2
MET

Figure 8: 2 DC/I interconnection

Asthereis no common path between grounding and power distribution, there is no mutual influence between the 2
systems.

Engineering precautions:

° none.
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