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Abstract

Thi s docunent defines the YANG data nodel for Power and Energy
nmonitoring of devices within or connected to communi cation networks.

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [ RFCB174] when, and only when, they appear in all
capitals, as shown here.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute

wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”
This Internet-Draft will expire on 13 August 2026.

Copyright Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.
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Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Legal
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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1. Introduction

Thi s docunent defines a YANG data nodel for Power and Energy
Moni toring and control of devices within or connected to
communi cation networks, for the use cases docunent in
[1-D.ietf-green-use-cases-00].

The data nodel includes both the nmonitoring and control of Energy
hj ects for networked devices.

This YANG data nodel is based on the the "GREEN franmewor k"

[1-D. bel ng-green-framewor k-06], follow ng the "GREEN terni nol ogy"
[1-D.ietf-green-termn nol ogy-00].
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Power and Energy Monitoring and Control can be applied to devices in
communi cati on networks. All identifiable devices with nmeasurable or
represent abl e Power and Energy characteristics fall within the scope
of this specification. Target devices include (but are not linmted
to) routers, swtches, Power over Ethernet (PoE) endpoints, snart
PDU, storage and conpute servers, etc.

Where applicable, device monitoring extends to the conponents of the
device as well as software and service running on the device. As a
result, the netrics to be nonitored include Device Level Energy

Ef ficiency (DLEE), Conponent Level Energy Efficiency (CLEE) and
potential Service Level Energy Efficiency (SLEE) at the orchestrator-
l evel, etc. For exanple, a router can contain conponents such as

Li ne Processing Unit (LPU), Switch Fabric Unit (SFU), Min Processing
Unit (MPU).

1.1. Term nol ogy

Thi s docunent nmkes use of the terns defined in
[I-D.ietf-green-term nol ogy-00]:

- Power

- Energy

- Energy Managenent

- Energy Mnitoring

- Energy Control

- Energy Efficiency/Energy Efficiency Ratio
- Device Level Energy Efficiency (DLEE)

- Conponent Level Energy Efficiency (CLEE)
- Service Level Energy Efficiency (SLEE)

Thi s docunment nmakes use of the terns defined in
[1-D. bel ng- green-framewor k- 06]

- Energy Object

The terms reused from[I-D.ietf-green-term nol ogy-00] and
[1-D. bel ng-green-framewor k-06] are capitalized in this specification.
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Thi s docunent uses the terns Power and Energy in accordance with
[I-D.ietf-green-term nol ogy-00]. Power refers to the instantaneous
rate at which a device consunes or produces electrical energy
(typically expressed in Watts). Energy, by contrast, represents the
cumul ati ve amount of work perforned over tine (typically expressed in
Joul es or Watt-hours). Both concepts are required within this YANG
nmodul e.  Power enables real-tine nonitoring, control, and
optimnmzation of device operation, while Energy provides a time-

i ntegrated view necessary for accounting, reporting, and even for
sustainability analysis. This specification includes both Power and
Energy attri butes.

The term nol ogy for describing YANG nodul es is defined in [ RFC7950].
The neani ngs of the synbols in the YANG tree diagrans are defined in
[ RFC8340] .

2. The GREEN Fr anmewor k

The "CGREEN franmewor k" described in [I-D. bel ng-green-franmewor k- 06]
covers monitoring and controlling devices and conponents where

moni toring includes neasuring Power, Energy, demand and attri butes of
Power .

For the whole picture of the nonitoring interfaces and the rel evant
requirenents, please refer to "GREEN reference nodel" in section 4 in
[1-D. bel ng- gr een-franmewor k- 06] .

3. Power and Energy Data Model
The Power and Energy Data Mddel reports the Power and Energy
consunption of each Energy Object as well as the units, sign,

measur enent accuracy, etc. A containnment tree view of the Power and
Energy Mnitoring is presented.
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4.

nmodul e: i etf-power-and-energy
+--ro0 energy-objects
+--r0 energy-entry* [object-id]

+--ro0 object-id string
+--r0 source-conponent-id? -> [ hw har dwar e/ conponent / nane
+--r0 power
| +--ro instantaneous-power i nt32
| +--ro namepl at e- power ? ui nt 32
| +--ro unit-multiplier identityref
| +--ro data-source-accuracy? identityref
| +--ro power-factor? power - f act or
| +--ro nmeasurenent-|ocal ? bool ean
+--1r0 energy
| +--ro total - energy-consunmed? ui nt 64
| +--ro total -energy-delivered? ui nt 64
| +--rowunit-rmultiplier? identityref
| +--ro data-source-accuracy? i dentityref
| +--ro nmeasurenent-|ocal ? bool ean
| +--ro certifications* i dentityref
+--ro energy-rel ationship* [rel ationship-id]
+--ro relationship-id string
+--ro rel ationshi p-type? identityref
+--ro0 relationship-peer-entry* [peer-object-id]
+--ro0 peer-object-id -> [ hw har dwar e/ conponent / name

+--ro0 peer-description? string
Rel ati onship to the Hardware YANG Data Mde

The ietf-hardware YANG nodul e [ RFC8348] is required by the Power and
Energy YANG nodule. In the ietf-hardware YANG nodel, there are three

identifiers for hardware conmponents, which are "name", "physical-
i ndex" and "uuid". Among them "name" is the key to "List of
component s”, "physical -i ndex" matches ent Physicall ndex in the |egacy

Entity MB [RFC6933] if it exists, and UU D is the Universally
Unified IDentifier [RFC4122] of the component.

In the Power and Energy YANG Modul e defined in this specification,
there is a | eaf named "source-conponent-id" which refers to the
component nane in the ietf-hardware nodel. The "source-conmponent-id"
can in turn reuse the WU D in the ietf-hardware YANG nodul e.

The mappi ng bet ween energy-object entries in this YANG Modul e and the
har dwar e- conponents in ietf-hardware YANG nodul e [ RFC8348] is
designed to be 1:1, architecturally aligning each energy-entry with
exactly one physical hardware conponent via source-conponent-id.
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There are al so cases where the controllers also generate its own set
of UU Ds for the hardware (components). 1In such a case, it mght be
necessary to docunent the mappings between the UUI Ds generated on the
hardware side and the UUI Ds on the controller side. Basically, the
devices (such as routers) generate the UU D and the controller can
query it.

The ietf-hardware YANG modul e [ RFC8348] allows to discover all the
devi ce conponents, including the containnent tree, and the parent/
child relationship, which is inportant for energy/power aggregation
(see the contains-child relationship in RFC 8348).

5. Relationship to the EMAN Work

The EMAN | ETF Working Group (https://datatracker.ietf.org/wg/ eman/
about/) is a concluded Wrking Goup that produces a couple of RFCs
in the domain of Power and Energy. The Working G oup produced MB
modul es for nonitoring and control for power and energy, for the
context information, for battery nonitoring, and an extension to the
ENITY-MB to add the UUI D definition [ RFC6933].

For various reasons, those M B nodul es were not inplenmented by
vendor s.

The Power and Energy data nodel defined in this specification use the
Moni toring and Control MB for Power and Energy [RFC7460] as a
starting point to discuss the solution to the different use cases in
[1-D.ietf-green-use-cases-00].

However, it has not been the goal to sinply map the MB nodule to a
YANG nodul e. The changes compared to the EMAN M B nodul es are mainly
due to the alignment with the up-to-date requirenents of the network
carriers on Energy Efficiency. Conpared to the MB nodul es, sone
definitions and types are optinized, sonme new Energy Objects are
added and sone | egacy Energy Objects are renoved accordingly.

6. Power and Energy YANG Modul e

Thi s YANG Modul e is used to monitor and control Power and Energy
usage of network devices and the conponents on these devices.

<CODE BEG NS>
nmodul e i et f-power-and-energy {
yang-version 1.1;

nanespace "urn:ietf:parans: xn :ns:yang:ietf-power-and-energy";
prefix eo;
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import ietf-hardware {
prefix hw,
ref erence
"RFC 8348: A YANG Data Model for Hardware Managenent";

}

organi zati on
"I ETF GREEN Wor ki ng G oup”;

cont act
"WG Web: <https://datatracker.ietf.org/wy/ green/>
WG List: <mailto:green@etf.org>";

description
"Thi s YANG nodul e specifies for Power and Energy nonitoring and
control of devices within or connected to comunication
net wor ks.

Copyright (c) 2025 | ETF Trust and the persons identified as
authors of the code. Al rights reserved.

Redi stribution and use in source and binary forms, with or

wi thout nodification, is permitted pursuant to, and subject to
the license ternms contained in, the Sinplified BSD Li cense set
forth in Section 4.c of the I ETF Trust’s Legal Provisions

Rel ating to | ETF Docunents
(https://trustee.ietf.org/license-info).

This version of this YANG nodule is part of RFC XXXX
(https://www. rfc-editor.org/info/rfcXXXX); see the RFC itself
for full legal notices.";

revision 2026-01-22 {
description
"Initial revision";
reference
"RFC XXXX: Energy Object YANG Data Mdel ";

}

i dentity data-source-accuracy {
description
"Base identity for all possible data accuracy types.
This identity serves as the root for a hierarchy of accuracy
types, allowing for extensibility while naintaining alignnent
with current and future industry standards.
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The hierarchy, as defined in this YANG nodule, is as foll ows.
O her nodul es may extend this hierarchy with additiona
accuracy base- and sub-types as needed.

dat a- sour ce- accur acy

——— accuracy-like-parent
~—— accuracy-unknown
L—— accuracy-unavail abl e
~—— accuracy-esti mated
—— accuracy-static
—— accuracy-historic
L—— accuracy-|earned

———— accuracy-neasur ed

~—— accuracy-measured- bronze

F—— accuracy- nmeasur ed- bronze- 1

—— accuracy- neasur ed- br onze- 10

—— accuracy- neasur ed- br onze- 100

L—— accuracy- neasur ed- br onze- 1000
——— accuracy-nmeasured-silver

L—— accuracy-neasured-silver-...
——— accuracy-nmeasured-gold

L—— accuracy- neasur ed- gol d-. .
~—— accuracy-neasured-red

L—— accuracy- measured-red-. .

———— accuracy-neasur ed- ones

The accuracy | evels under accuracy-neasured are based on
percent-w se accuracy cl asses:

bronze: +/- 30%

silver: +/- 10%

gol d: +/ - 5%

red: + - 2%

In addition, the accuracy-neasured-ones identity indicates
a power data neasurenment with all digits valid, except trailing
Zer os.

Si nce percent-w se accuracy works poorly for very snal

val ues, standards such as | EC 62053, |EC 61850-7-4 and

| EEE 1451 define accuracy cl asses based on a conbination of
percent-w se accuracy and absol ute accuracy threshol ds.
E.g. +/-1 %of reading + +/-0.05 absolute units.

Simlarly, for each percent-w se accuracy class, this nodule
defines a few absolute tol erance cl asses, indicated by
suffixes to the accuracy identity nanes. The suffixes indicate
absol ute accuracy threshol ds:

no suffix: +/-0.5 absolute units
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-1: +/ -1 absol ute unit

-10: +/-10 absol ute units
-100: +/-100 absolute units
-1000: +/-1000 absolute units

Thus, for exanpl e, accuracy-neasured-gol d-10 indicates
a power data nmeasurenment with an accuracy of either
+/-5% or +/-10 absolute units, whichever is |arger

For exanple, a power sensor reading m ght report a val ue
of 16250, with unit multiplier of mlli (10"-3), under
accuracy- neasured-gol d-10. This indicates that the actua
power value is between 16.2375 and 16.2625 Watts, since
5% of 16.250 Watts is 0.8125 Watts, which is greater than
the absolute threshold of 10 milliwatts (0.010 W.

At another tine, the same sensor might report a val ue

of 150, with unit nmultiplier of mlIli (107-3), under
accuracy- neasured-gol d-10. This indicates that the actua
power value is between 0.140 and 0.160 Watts, since 5% of
0.150 watts is only 0.0075 Watts, which is less than the
absolute threshold of 10 milliwatts (0.010 W.";

i dentity accuracy-unknown {
base dat a- sour ce-accuracy;
description
"The accuracy of the power data is unknown.";
}

identity accuracy-unavail able {
base accuracy-unknown;
description
"A power data is not available for sone reason, such
as a sensor failure or a conponent being powered of f.";

identity accuracy-Ilike-parent {
base dat a- sour ce-accuracy;
description
"The accuracy of the power/energy data is the sane as this energy
object’s parent object. This identity is useful for hierarchica
energy objects where child objects inherit the accuracy
characteristics.";

identity accuracy-estimted {
base dat a- sour ce-accuracy;
description
"The power data is estimated, perhaps based on a nodel,
history or calculation rather than a direct neasurenent."”;

identity accuracy-static {
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base accuracy-esti mated,;
description
"The power data is based on static data, such as
manuf act urer specifications, datasheet of typical power val ues
or naneplate ratings, rather than real -ti me neasurenents."”;
}
identity accuracy-historic {
base accuracy-esti mat ed,;
description
"The power data is based on an historic neasurenent data
for this specific systemand usage pattern.";

identity accuracy-I|earned {
base accuracy-esti mat ed,;
description
"The power data is based on an machi ne | earning
nodel prediction.”;

i dentity accuracy-mneasured {
base dat a- sour ce-accuracy;
description
"The power data is a direct, real-tinme neasurenent
froma sensor.";
}
i dentity accuracy-mneasured-bronze {
base accuracy-nmeasured;
description
"The power data is a direct, real-tinme neasurenent
froma sensor with precision and accuracy such that
| actual - sensor| sensor * 30% OR | actual -sensor| 0.5";
}
i dentity accuracy-neasured-bronze-1 {
base accuracy-nmeasur ed- bronze;
description
"The power data is a direct, real-tinme neasurenent
froma sensor with precision and accuracy such that
| actual -sensor| sensor * 30% OR | actual -sensor| 1";
}
identity accuracy-neasured-bronze-10 {
base accuracy-nmeasured- bronze;
description
"The power data is a direct, real-tinme neasurenent
froma sensor with precision and accuracy such that
| act ual - sensor| sensor * 30% OR | actual -sensor| 10";
}
identity accuracy-neasured-bronze-100 {
base accuracy-neasured- bronze;
description
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"The power data is a direct, real-tinme nmeasurenent
froma sensor with precision and accuracy such that
| act ual -sensor| sensor * 30% OR | actual -sensor| 100";

i dentity accuracy-neasured-bronze-1000 {
base accuracy-nmeasured- bronze;
description
"The power data is a direct, real-time measurenent
froma sensor with precision and accuracy such that
| act ual - sensor| sensor * 30% OR | actual -sensor| 1000";

i dentity accuracy-neasured-silver {
base accuracy-nmeasured;
description
"The power data is a direct, real-time measurenent
froma sensor with precision and accuracy such that
| actual - sensor| sensor * 10% OR | actual -sensor| 0.5";

i dentity accuracy-neasured-silver-1 {
base accuracy-measured-sil ver;
description
"The power data is a direct, real-tinme neasurenent
froma sensor with precision and accuracy such that
| actual - sensor| sensor * 10% OR | actual -sensor| 1";

i dentity accuracy-neasured-silver-10 {
base accuracy-nmeasured-sil ver;
description
"The power data is a direct, real-tinme neasurenent
froma sensor with precision and accuracy such that
| actual - sensor| sensor * 10% OR | actual -sensor| 10";

identity accuracy-neasured-silver-100 {
base accuracy-neasured-sil ver;
description
"The power data is a direct, real-tinme nmeasurenent
froma sensor with precision and accuracy such that
| act ual -sensor| sensor * 10% OR | actual -sensor| 100 *“;

identity accuracy-neasured-silver-1000 {

base accuracy-neasured-sil ver;

description

"The power data is a direct, real-time nmeasurenent
froma sensor with precision and accuracy such that
| act ual -sensor| sensor * 10% OR | actual -sensor| 1000";

}
identity accuracy-measured-gold {

base accuracy-nmeasured;
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description
"The power data is a direct, real-time measurenent
froma sensor with precision and accuracy such that
| actual - sensor| sensor * 5% OR | actual -sensor| 0.5";

i dentity accuracy-neasured-gold-1 {
base accuracy-nmeasured-gol d;
description
"The power data is a direct, real-time measurenent
froma sensor with precision and accuracy such that
| actual - sensor| sensor * 5% OR | actual -sensor| 1";

i dentity accuracy-neasured-gol d-10 {
base accuracy-nmeasured- gol d;
description
"The power data is a direct, real-tinme neasurenent
froma sensor with precision and accuracy such that
| actual - sensor| sensor * 5% OR | actual -sensor| 10";

i dentity accuracy-neasured-gol d-100 {
base accuracy-nmeasured- gol d;
description
"The power data is a direct, real-tinme neasurenent
froma sensor with precision and accuracy such that
| actual - sensor| sensor * 5% OR | actual -sensor| 100";

i dentity accuracy-neasured-gol d-1000 {
base accuracy-neasured-gol d;
description
"The power data is a direct, real-tinme nmeasurenent
froma sensor with precision and accuracy such that
| act ual - sensor| sensor * 5% OR | actual -sensor| 1000";

identity accuracy-neasured-red {
base accuracy-neasured;
description
"The power data is a direct, real-time nmeasurenent
froma sensor with precision and accuracy such that
| act ual -sensor| sensor * 2% OR | actual -sensor| 0.5";

i dentity accuracy-neasured-red-1 {
base accuracy-neasured-r ed;
description
"The power data is a direct, real-time measurenent
froma sensor with precision and accuracy such that
| act ual - sensor| sensor * 2% OR | actual -sensor| 1";

i dentity accuracy-neasured-red-10 {
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base accuracy-neasured-r ed;
description
"The power data is a direct, real-time measurenent
froma sensor with precision and accuracy such that
| actual - sensor| sensor * 2% OR | actual -sensor| 10";
}
i dentity accuracy-neasured-red-100 {
base accuracy-neasured-r ed;
description
"The power data is a direct, real-tinme neasurenent
froma sensor with precision and accuracy such that
| actual - sensor| sensor * 2% OR | actual -sensor| 100";
}
i dentity accuracy-neasured-red-1000 {
base accuracy- neasured-r ed;
description
"The power data is a direct, real-tinme neasurenent
froma sensor with precision and accuracy such that
| actual - sensor| sensor * 2% OR | actual -sensor| 1000";
}
identity accuracy-neasured-ones {
base accuracy-neasured;
description
"The power data is a direct, real-tinme neasurenent
froma sensor with all digits valid, except trailing zeros.
For exanple, a sensor reading of 12300 represents
a sensor val ue between 12250 and 12350.";

}

typedef power-factor {
type uint8 {
range "0 .. 100";

}
default 100;
description
"The percent value of the power factor neasurenent.
Leaf often omitted, inplying 100%";
ref erence
"Repl aces RFC 7460: eoPower Current Type object”;
}

identity certification-type {
description
"Base identity for certification types applicable to energy
objects. This identity serves as the root for a hierarchy of
certification types, allowing for extensibility.";

ref erence
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"Industry sustainability and energy efficiency certifications";

}

identity energy-star {
base certification-type;
description
"ENERGY STAR certification for energy efficiency.";
ref erence
"https://ww. energystar. gov/";
}

i dentity c80-PLUS{
base certification-type;
description
"80 PLUS Power Supply Certification";
ref erence
"https://ww.cl earesul t.com 80plus/";

}

identity epeat {
base certification-type;
description
"El ectronic Product Environnental Assessnent Tool ratings (Bronze/Silver/Gold)."

reference
"https://ww. epeat. net/";

}

identity EU energy-Ilevel{
base certification-type;
description
"EU Energy Label: European efficiency ratings";
ref erence
"https://eprel.ec.europa. eu/ screen/ hone";

}
identity CQ{
base certification-type;
description
"China Quality Certification for energy efficiency";
ref erence
"https://ww.cqc.comcn/";
}

identity power-state {
description
"Base identity for all possible power states. This identity
serves as the root for a hierarchy of power states, allow ng
for extensibility while maintaining alignnent with the | ANA
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Power State Set Registry.";
ref erence
"I ANA: Power State Set Registry"

}

identity unit-multiplier {
description
"Base identity for unit nultipliers as defined in | EC 61850-7-3
Annex A. These represent exponents of 10 for scaling units
associated with the integer units used to neasure the power or

ener gy.
yoct o(-24), -- 10724
zepto(-21), -- 10n-21
atto(-18), -- 10n-18
femo(-15), -- 10n-15
pico(-12), -- 10n-12
nano(-9), -- 107-9
mcro(-6), -- 107-6
mlli(-3), -- 107-3
uni ts(0), -- 1070
kilo(3), -- 1073
mega(6), -- 1076
giga(9), -- 1079
tera(12), -- 10712
pet a( 15), -- 10715
exa(18), -- 10718
zetta(21), -- 10721
yotta(24) -- 10n24

ref erence

"RFC 7460: UnitMiltiplier”;

identity multiplier-yocto {
description

"Represents a nmultiplier of 10"-24 associated with the

i nteger units used to neasure the power or energy.";

identity multiplier-zepto {
description
"Represents a multiplier of 10"-21 associated with the
integer units used to neasure the power or energy.";
}
identity multiplier-atto {
description
"Represents a nultiplier of 10"-18 associated with the
i nteger units used to neasure the power or energy.";

identity multiplier-femo {
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description
"Represents a nultiplier of 10"-15 associated with the
integer units used to nmeasure the power or energy.";

identity multiplier-pico {
description
"Represents a nultiplier of 107-12 associated with the
i nteger units used to measure the power or energy.";
}
identity multiplier-nano {
description
"Represents a nultiplier of 10"-9 associated with the
i nteger units used to nmeasure the power or energy.";

identity multiplier-mcro {
description
"Represents a multiplier of 107-6 (0.000001) associated with the
i nteger units used to neasure the power or energy.";

identity multiplier-mlli {
description
"Represents a multiplier of 10"-3 (0.001) associated with the
i nteger units used to neasure the power or energy.";
}
identity multiplier-units {
description
"Represents a nultiplier of 10”0 (1) associated with
the integer units used to neasure the power or energy.";

identity nmultiplier-kilo {
description
"Represents a nultiplier of 103 (1,000) associated with the
integer units used to nmeasure the power or energy.";
ref erence
"RFC 7460: UnitMultiplier";

identity multiplier-nega {
description
"Represents a nultiplier of 1076 (1,000, 000) associated with
the integer units used to neasure the power or energy.";

}
identity nmultiplier-giga {
description
"Represents a nultiplier of 1079 (1,000, 000, 000) associ ated
with the integer units used to nmeasure the power or energy.";
}
identity multiplier-tera {
description
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"Represents a nultiplier of 10712 associ ated
with the integer units used to measure the power or energy.";

identity multiplier-peta {
description
"Represents a nultiplier of 10715 associ ated
with the integer units used to nmeasure the power or energy.";

identity multiplier-exa {
description
"Represents a multiplier of 10718 associ ated
with the integer units used to nmeasure the power or energy.";
}
identity multiplier-zetta {
description
"Represents a multiplier of 10721 associ ated
with the integer units used to neasure the power or energy.";

identity multiplier-yotta {
description
"Represents a nultiplier of 10724 associ ated
with the integer units used to neasure the power or energy.";

identity energy-rel ationship-type {
description "Base identity for energy object relationships";
reference "RFC 7461: | ANAEner gyRel ati onshi p";
}
i dentity powered-by {
base energy-rel ati onshi p-type;
description "Energy Object Ais powered by Energy Object B";
}
identity powering {
base energy-rel ati onshi p-type;
description "Energy Qhject Ais powering Energy bject B';
}
identity metered-by {
base energy-rel ati onshi p-type;
description "Energy Object Ais netered by Energy Object B";

identity nmetering {
base energy-rel ati onshi p-type;
description "Energy Qhject Ais netering Energy Qbject B';
}
i dentity aggregated-by {
base energy-rel ati onshi p-type;
description "Energy Object A is aggregated by Energy Object B";

}
identity aggregating {
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base energy-rel ati onshi p-type;
description "Energy Object A is aggregating Energy Object B';
}

cont ai ner energy-objects {
config fal se;
description
"Energy objects container for power and energy attributes.";
reference
"RFC 7460: eoPower Tabl e";

list energy-entry {

key "object-id";

description
"Power and energy entry for an energy object, indexed by object id.

Each entry contains the conplete set of power and energy attributes

for a specific physical conmponent.”;

ref erence
"RFC 7460: EoPower Entry";

| eaf object-id {
type string;
description
"An identifier that uniquely identifies the energy object
in an energy object.";

}

| eaf source-component-id {
type leafref {
pat h "/ hw har dwar e/ hw. conponent / hw. name" ;
}

description
"Reference to the conponent nane in the ietf-hardware
model . This | eaf creates a direct semantic |ink between the
power/energy attributes and the physical conponent they descri be.

’

}

cont ai ner power {
description
"Cont ai ner for power neasurenment attributes.”;
ref erence
"RFC 7460: eoPowerEntry attributes"”;
| eaf instantaneous-power {
type int32;
units "Watts";
mandat ory true;
description
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"The power usage neasurenent for the energy object right now
Thi s val ue represents the instantaneous power consunption
of the conponent. This value is specified in SI units of watts
with the magnitude of watts (mlliwatts, kilowatts, etc.) indicated
separately as unit-nultiplier in this container. Positive val ues
i ndi cate power consunption, while negative values can indicate power
generation (e.g., for devices with battery backup or
renewabl e energy sources).";
ref erence
"RFC 7460: eoPower object";
}

| eaf nanepl at e- power {
type uint32;
units "Watts";
description
"The namepl ate power rating of an energy object. This is
t he maxi mum power that the energy object is designed to consune or
produce, as specified by the manufacturer. Essential for
power budget cal cul ati ons and capacity planning.";
ref erence
"RFC 7460: eoPower Nanmepl ate object”;
}

leaf unit-multiplier {
type identityref {
base unit-nultiplier
}

mandat ory true;

description
"The unit multiplier used to neasure the power.
This multiplier applies to both instantaneous-power and nanepl at e- power
val ues, allow ng representation of power values frommnmlliwatts
to gigawatts using integer arithnetic.";

ref erence
"RFC 7460: eoPowerUnitMiltiplier object";

}

| eaf dat a-source-accuracy {
type identityref {
base dat a- source-accuracy;
}

default accuracy-like-parent;

description
"The accuracy of the power data source. Indicates whether
the data source is a direct neasurenent, an estimate, or
unavai l abl e and al so the accuracy | evel of the data source.
By default, the accuracy is inherited fromthe parent energy
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object, facilitating hierarchical accuracy definitions
wi thout the need to specify accuracy at every |evel
This nmetadata is crucial for network nmanagenent
applications to assess the reliability and accuracy of the
power data.";

reference
"RFC 7460: eoPower Measur enent Cal i ber object";

}

| eaf power-factor {

type power-factor;

description
"The percent val ue of the power factor measurenent for the
energy object. This information is inportant for
under standi ng the el ectrical characteristics of the energy object
and for correctly interpreting the power data.";

ref erence
"Repl aces RFC 7460: eoPower Current Type object”;

}

| eaf measurenent-|ocal {

type bool ean;
description

"I ndi cates whether the power neasurenent is local (true) or

renote (false). A local neasurenent is taken directly at

the energy object, while a renpte neasurenment is collected from

an external source. This information can be useful for

troubl eshooti ng and understandi ng the data source.";

ref erence

"RFC 7460: eoPower Measur enent Local object";

}

cont ai ner energy {
description
"Cont ai ner for energy neasurenent attributes.";
reference
"RFC 7460: eoEnergyEntry attributes”;

| eaf total-energy-consuned {

type uint 64;

units "Watt-hours";

description
"The total cumul ative energy consumed by the energy object
since the last reset. This value is specified as
watt-hours with the nmagnitude of watt-hours (mlliwatt-hours,
kil owatt-hours, etc.) indicated separately as unit-multiplier
in this container. This value is useful for tracking
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overal |l energy usage over tinme for billing, reporting,
or optimzation purposes."”;
reference
"RFC 7460: eoEnergyConsuned object";
}

| eaf total-energy-delivered {

type uint 64;

units "Watt-hours"”;

description
"The total cumnul ative energy delivered by the energy object
since the last reset. This value is specified as
watt-hours with the magnitude of watt-hours (mlliwatt-hours,
kil owatt-hours, etc.) indicated separately as unit-multiplier
in this container. This value is relevant for energy objects
capabl e of generating power, such as those with renewabl e
energy sources or battery backup systens, or capable of providing
energy to other energy objects (e.g., PoE switches).";

reference
"RFC 7460: eoEnergyProduced object”;

| eaf unit-multiplier {
type identityref {
base unit-nultiplier
}

description
"This nultiplier applies to both total-energy-consuned
and total -energy-delivered values. It deternmines the scale
of the energy neasurenents, allow ng representation of
energy values frommlliwatt-hours to gigawatt-hours
using integer arithmetic.";
ref erence
"RFC 7460: eoPowerUnitMiltiplier object”;
}

| eaf data-source-accuracy {
type identityref {
base dat a- sour ce-accuracy;

default accuracy-Ilike-parent;

description
"The accuracy of the energy data source. |ndicates whether
the data source is a direct measurenent, an estimate, or
unavai l abl e and al so the accuracy | evel of the data source.
By default, the accuracy is inherited fromthe parent energy
object, facilitating hierarchical accuracy definitions
wi thout the need to specify accuracy at every |evel
This nmetadata is crucial for network nanagenent
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applications to assess the reliability and accuracy of the
energy data.";
ref erence
"RFC 7460: eoPower Measur enent Cal i ber object";
}

| eaf measurenent-|ocal {
type bool ean;
description
"I ndi cates whether the energy neasurenent is local (true) or
renote (false). A local neasurenent is taken directly at
the energy object, while a renpte neasurenent is collected from
an external source. This information can be useful for
troubl eshooti ng and understandi ng the data source.";
ref erence
"RFC 7460: eoPower Measur enent Local object”;

leaf-list certifications {
type identityref {
base certification-type;
}

description
"List of certifications applicable to this energy object. If
this list is enpty, the energy object has no certifications.";

}
}

list energy-relationship {
key "rel ationship-id";
description "Rel ationships for this energy entry. Repl aces
RFC 7461 eoRel ationTable.";
reference
"RFC 7461: eoRel ati onTabl e, eoRel ati onEntry";

| eaf relationship-id {
type string;
description
"Arbitrary unique identifier for this relationship entry
wi thin the conponent.";
reference
"RFC 7461: eoRel ati onl ndex";

}

| eaf relationship-type {
type identityref {
base energy-rel ati onshi p-type;
/1 powered-by, powering, netered-by, netering, etc.

}

description
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"The type of relationship this energy object has with peer
obj ects.";
ref erence
"RFC 7461: eoRel ationshi p, | ANAEnergyRel ati onshi p";
}

list relationship-peer-entry {
key "peer-object-id";
description "Multiple peers for this relationship type.";
ref erence
"RFC 7461: eoRel ationlD';

| eaf peer-object-id {
type leafref {
pat h "/ hw har dwar e/ hw. conponent / hw. nane" ;
}
description "This object specifies the Universally Unique
Identifier (UU D) of the peer (other) Energy hject. |If the
UU D of the Energy Object is unknown or nonexistent, the

peer-object-id will be set to a zero-length string instead.
ref erence
"RFC 7461: eoRel ationl D (UUl Dor Zero)";
}
| eaf peer-description {
type string;

description
"Human-r eadabl e description of the peer relationship.
Usef ul when peer-object-id is zero-length (unknown).";

}
<CCDE ENDS>
7. Operational Considerations

Het er ogeneous sensor capabilities across conmponents conplicate power
and energy aggregation. Operators nust use the data-source-accuracy
identities (e.g., accuracy-nmeasured-bronze vs. accuracy-estimted) to
wei ght data reliability carefully before aggregati ng Power

(i nstant aneous-power) and Energy (total-energy-consunmed and/or total-
energy-delivered) values to avoid skewi ng Device-Level Energy
Efficiency (DLEE) netrics.
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Operators night not always be interested to get the individua
component accuracy. What counts is the device |level or domain |evel,
identity accuracy-like-parent is introduced to nmeet their demands.
From an inpl enentation point of view, to facilitate data collection
and aggregation on runtine and avoi d post-aggregati on data confidence
interval issues, operators and inplenenters should use as rmuch as
possi bl e this accuracy-like-parent identity.

YANG Push support elim nates device-side bucket storage by strean ng
energy telenetry directly to controller-side via subscriptions.
Qperators nust verify the ’'yang-push’ bundle is enabl ed and validate
push-max- operational linmts accombpdate all conponent subscriptions,
preventing notification flooding while avoiding nenory overhead on
the device

7.1. Measurenment Accuracy and Data Source C assification

Power and energy netrics may originate froma w de range of sources
and estimation nmethods, each with different levels of reliability.
These include direct sensor measurenents, manufacturer-provided
speci fications, historical observations, and predictive nodels.
Wthout explicit characterization of data quality, conparisons and
aggregations nmay be m sl eading. The GREEN YANG data nodel therefore
requires all power and energy val ues to be associated with an
accuracy cl assification.

The nodel defines the followi ng primary accuracy categories using
YANG i dentities:

* Unknown Accuracy: Data accuracy cannot be determ ned, or
measurenents are unavail abl e due to sensor failures, powered-off
components, or other operational constraints.

* Estimated Data: Val ues derived through indirect nethods:

- Static estimates: From nmanufacturer datasheets, naneplate
ratings (critical for UC 1: Increnental Deploynent with | egacy
devi ces)

o ldentity: accuracy-static

- Historic estimtes: Based on prior neasurenents of this
specific systemunder simlar conditions

o ldentity: accuracy-historic
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- Learned estimates: Generated by nachi ne | earni ng nodel s
predi cting consunption from workl oad patterns (UC 15: Al
Tr ai ni nQ)
o ldentity: accuracy-|earned

* Measured Data: Direct, real-tine sensor nmeasurenents with
quantified precision:

* Bronze: *=30% accuracy for typical val ues.

* Silver: *10% accuracy for typical val ues.

* Gold: 5% accuracy for typical val ues.

* Red: £2%accuracy for typical val ues.

* Ones: Al non-zero digits are significant/valid.

Per cent age- based accuracy fails for small values. For example, £5%
of 0.1Wis only 0.005W which may be smaller than sensor noi se.

I ndustry standards (I EC 62053, | EC 61850-7-4) address this by

speci fying: Accuracy = MAX(percentage error, absol ute_threshol d)
The absolute threshold suffixes (-1, -10, -100, -1000) refer to the
unit-multiplier scale. For unit-multiplier: mlli, -10 means =10
milliwatts.

Exampl e - A sensor with accuracy-neasured-gol d-10 reports:

* 16.25W — actual val ue between 16.2375Wand 16. 2625W (5% = 0. 8125W
> 0. 010Wt hreshol d)

* 0.15W — actual val ue between 0.140Wand 0. 160W (5% = 0. 0075W <
0.010Wthreshold, so £10mW appli es)

Explicit accuracy reporting enabl es:

* Wi ghted aggregation: H gh-precision neasurenents carry
appropri ate wei ght when cal cul ati ng networ k- w de ener gy
consunption

* Upgrade prioritization: ldentify devices with | ow accuracy
reporting for sensor upgrades or replacenent

* Conpliance validation: Automated verification against regul atory
threshol ds requiring specific measurenent precision
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* Doubl e-accounting prevention: Understand when PDU-I evel
measurenents (=2% should override device estimates (£30% to
avoi d counting the same energy twi ce (UC 13)

* (Cross-domain correlation: Map accuracy expectations when
integrating with external systens |ike 3GPP energy KPIs (UC 6)

The accuracy hierarchy uses YANG identities for extensibility,
al | owi ng vendors to define manufacturer-specific accuracy cl asses
while maintaining interoperability through standardi zed base types.

7.2. Industry-Standard Certifications

Energy efficiency certifications issued by recognized testing

organi zati ons provi de standardi zed benchmarks for the expected
performance of equi pnent and conponents. These certifications are
typically based on controlled | aboratory neasurenents and for nal

eval uati on procedures. The GREEN YANG data nodel supports reporting
of such certifications in order to conpl ement operational neasurenent
dat a.

Comon Certifications:

* 80 PLUS (Power Supply Units): Bronze/Silver/ Gold/Platinun Titanium
tiers based on efficiency at 20% 50% 100% | oad

* Energy Star: CGovernnent-backed program certifying energy-efficient
products

* EPEAT: Electronic Product Environnmental Assessnent Tool ratings
(Bronze/ Sil ver/ Gol d)

* EU Energy Label: European efficiency ratings
* CQC. China Quality Certification for energy efficiency

Additional certification schenes may be supported through extensible
identities.

Certification data and neasurenent accuracy serve conpl enentary
functions within the nodel.

Certification information describes the verified design-tine
efficiency characteristics of a device or conmponent, as established
through i ndependent testing. Measurenent accuracy describes the
precision and reliability of reported operational data obtained from
sensors or estimati on nechani sns.
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Key differences include:

* Certification is typically applied at manufacturing tinme and
remai ns stabl e throughout the product |ifecycle.

* Measurenment accuracy nmay vary over tine due to calibration,
envi ronmental conditions, or sensor degradation

* Certification is generally associated with discrete conponents,
such as power supply units.

*  Measurenment accuracy applies to individual netrics at conponent,
subsystem or system| evel

Both types of information may be reported sinultaneously for the sane
ener gy object.

Exanpl e: A power supply nmight have:

* Certification: ¢80-PLUS-Platinum (92% efficient at 50% | oad,
i ndependently verified)

* Measurenent Accuracy: accuracy-neasured-silver (+10% sensor
precision on real -time power readings)

The certification tells operators the energy object, for exanple, a
PSU, is designed to be efficient; the measurement accuracy tells them
how precisely they can nonitor its actual perfornance.

8. Security Considerations

This section will be conpleted once the YANG nodule is conplete,
according to https://w ki.ietf.org/group/ops/yang-security-
gui del i nes

This section is nodeled after the tenplate described in Section 3.7.1
of [RFC-to-be draft-ietf-netnod-rfc8407bis].

The Power and Energy YANG nodul e defines a data nodel that is
designed to be accessed via YANG based managenent protocols, such as
NETCONF [ RFC6241] and RESTCONF [ RFC8040]. These YANG based
managenent protocols (1) have to use a secure transport |ayer (e.qg.
SSH [ RFC4252], TLS [RFCB446], and QU C [ RFC9000]) and (2) have to use
mut ual aut henti cati on.
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10.

11.

11.

The Network Configuration Access Control Mdel (NACM [RFC8341]
provi des the means to restrict access for particular NETCONF or
RESTCONF users to a preconfigured subset of all avail abl e NETCONF or
RESTCONF protocol operations and content.

| ANA Consi der ati ons

Thi s docunent requests I ANA to register the YANG nodul e "ietf-power-
ener gy- noni tori ng".

Note to I ANA: RFC XXXX nust be replaced by the newy assigned RFC
nunber .

Acknowl edgrent s

This work has benefited fromthe regular di scussions on the GREEN
Desi gn Meetings. The authors wish to thank the WG chairs, Rob WIlton
and Diego Lopez, for organizing the recurring calls and progressing
the work. The authors also wish to thank the follow ng individuals,
who provi ded hel pful comments and reviews to this docunent.

Ref er ences
1. Nornmtive References

[I-D.ietf-green-term nol ogy- 00]
Chen, G, Boucadair, M, Wi, Q, Contreras, L. M, and M
P. Pal nero, "Term nology for Energy Efficiency Network
Managenent", Work in Progress, Internet-Draft, draft-ietf-
green-term nol ogy-00, 18 Novenber 2025,
<https://datatracker.ietf.org/doc/htnml/draft-ietf-green-
t er m nol ogy- 00>.

[ RFC2119] Bradner, S., "Key words for use in RFCs to Indicate
Requi renment Level s", BCP 14, RFC 2119,
DA 10.17487/ RFC2119, March 1997,
<https://ww. rfc-editor.org/rfc/rfc2119>.

[ RFC7460] Chandranouli, M, Caise, B., Schoening, B., Qittek, J.,
and T. Dietz, "Mnitoring and Control MB for Power and
Energy", RFC 7460, DO 10.17487/ RFC7460, MNarch 2015,
<https://www. rfc-editor.org/rfc/rfc7460>.

[ RFC8174] Leiba, B., "Anmbiguity of Uppercase vs Lowercase in RFC
2119 Key Words", BCP 14, RFC 8174, DO 10.17487/ RFC8174,
May 2017, <https://ww.rfc-editor.org/rfc/rfc8174>.

Benoit, et al. Expi res 13 August 2026 [ Page 28]



I nternet-Draft GREEN- PEM YANG February 2026

[ RFC8348] Bierman, A, Bjorklund, M, Dong, J., and D. Romascanu, "A
YANG Dat a Model for Hardware Managenent", RFC 8348,
DA 10.17487/ RFC8348, March 2018,
<https://ww. rfc-editor.org/rfc/rfc8348>.

11.2. Infornmtive References

[1-D. bel ng- green-framewor k- 06]
Claise, B., Contreras, L. M, Lindblad, J., Palmero, M
P., Stephan, E., and Q Wi, "Framework for Energy
Ef fi ci ency Managenent", Work in Progress, Internet-Draft,
draft-bel ng- green-franewor k- 06, 20 October 2025,
<https://datatracker.ietf.org/doc/htm/draft-bel ng-green-
f r amewor k- 06>.

[1-D.ietf-green-use-cases-00]
Stephan, E., Palnero, M P., Caise, B., Wi, Q,
Contreras, L. M, and C. J. Bernardos, "Use Cases for
Energy Efficiency Managenment", Work in Progress, Internet-
Draft, draft-ietf-green-use-cases-00, 20 Novemnber 2025,
<https://datatracker.ietf.org/doc/htm/draft-ietf-green-
use-cases- 00>.

[ RFC4122] Leach, P., Mealling, M, and R Salz, "A Universally
Uni que I Dentifier (UU D) URN Nanespace", RFC 4122,
DA 10.17487/ RFC4122, July 2005,
<https://www. rfc-editor.org/rfc/rfcd4l22>.

[ RFC6933] Biernman, A, Ronascanu, D., Qittek, J., and M
Chandranouli, "Entity MB (Version 4)", RFC 6933,
DO 10.17487/ RFC6933, May 2013,
<https://www. rfc-editor.org/rfc/rfc6933>.

Aut hors’ Addr esses

Benoit C ai se
Everyt hi ng OPS
Emai | : benoi t @ver yt hi ng- ops. net

Gen Chen
Huawei
Emai | : chengen@uawei . com

Mari sol Pal mero
I ndi vi dual
Email: marisol.ietf@mail.com

Benoit, et al. Expi res 13 August 2026 [ Page 29]



I nternet-Draft GREEN- PEM YANG February 2026

Jan Li ndbl ad
Al'l For Eco
Emai | : jan.lindblad@or. eco

Benoit, et al. Expi res 13 August 2026 [ Page 30]



