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Abst ract

Thi s docunent describes an APl to query a network regarding its
Energy Traffic Ratio and other sustainability-related nmetrics for a
gi ven network pat h.

About Thi s Docunent
This note is to be renoved before publishing as an RFC

The latest revision of this draft can be found at

https://gal |l edohm gi thub.io/draft-analj-sustain-shape/draft-analj-
sustai n-shape. htm . Status information for this docunent nmay be
found at https://datatracker.ietf.org/doc/draft-amalj-sustain-shape/.

Di scussion of this docunent takes place on the Proposed
Sustainability and the Internet Proposed Research Group Research
Goup mailing list (mailto:sustain@rtf.org), which is archived at
https://mail archive.ietf.org/arch/browse/sustain/. Subscribe at
https://ww.ietf.org/mailman/listinfo/sustain/.

Source for this draft and an issue tracker can be found at
https://github. com gal | edohn draft-amalj - sust ai n- shape.

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.
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Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). 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 5 August 2026
Copyri ght Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Docunments (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these documents carefully, as they describe your rights
and restrictions with respect to this docunent.
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1.

Aut hors’ Addresses . . . . . . . . . . . . . . . . . . . . . .. 283
I nt roduction

Sustainability is becom ng one of the major societal goals for the
next decade, and networks are one of the mmjor consuners of energy
nowadays. Sustainability of network services is thus one of the
forefronts of innovation and action from network service

st akehol ders, involving manufacturers, operators and custoners. In
this line, there is a shared goal of achieving better energy and
carbon awar eness.

As with any other network netric, the energy traffic ratio could be
collected fromthe underlying network infrastructure. However, there
is not a coormon or single definition of energy and sustainability
metrics towards network consuners so that they can be uniformy
reported, particularly in heterogeneous network scenarios. This
docunent introduces an APl to query networks about the Energy Traffic
Rati o.

Beyond sinple efficiency indicators such as Watts per G gabit per
second per second, network stakeholders are increasingly interested
in richer sustainability information, such as carbon intensity,
energy m x, power usage effectiveness (PUE), idle energy draw,
transm ssion | osses, and cooling overheads (e.g., Cooling Energy
Ratio). |In addition, operational and tenporal aspects matter: the
ability of a path to spend tinme in | ow power states (Sl eep-node
Avail ability), the variability of carbon intensity over tine
(Tenporal Carbon Variability), and the stability of reported
sustainability behavior (e.g., Sustainability Stability |ndex).

Finally, sustainability data is increasingly used for automated

deci si on- naki ng and assurance (e.g., in green SLAs), which introduces
a need for indicators of data quality and robustness. Metrics such
as variance of energy consunption (VEC), anonaly detection signals
(e.g., Anomaly Factor), and a trustworthiness score of data sources
(TDS) hel p distinguish persistent characteristics fromtransient
conditions and support more reliable sustainability reporting and
policy enforcenent.

Conventions and Definitions

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

Gal | ego Sanchez, et al. Expires 1 Septenber 2026 [ Page 3]



I nternet-Draft Sust ai nabi | ity Networ k- API February 2026

3.

3.

Sustainability holistic APl for Path Energy Eval uation (SHAPE)

Thi s docunent describes an APl to query a network about severa
sustainability-related netrics for a given path. SHAPE extends PETRA
as defined in [I-D. petra-green-api] with additional sustainability
metrics. It takes as input the source and destination of a path
along with the traffic throughput between and returns energy
information related to the traffic on the path. This is energy
computed by the infrastructure that is dynamcally part of the
traffic path. The APl is agnostic to the actual hops and underlying
infrastructure that enables a path, which nmight change transparently
to the API. This docunent only describes the API; the conputation of
the energy information to return is out of the scope of this
docunent .

The APl can return a variety of energy-related paraneters to provide
a conplete view of path sustainability. These include base
efficiency and footprint indicators (e.g., Watts per G gabit per
second per second and carbon intensity), energy m x and renewabl e
energy contributions, and overhead and operational characteristics
(e.g., transm ssion |osses, idle energy draw, cooling overheads, and
the availability of |ow power states such as sl eep nodes).

In addition to point-in-tine values, the APl can expose tenporal and
assurance-oriented i nformation, such as the variability of carbon
intensity over a defined observation wi ndow, stability indices for
sustainability behavior (e.g., Sustainability Stability Index),
statistical measures of energy variability, anomaly signals, and

i ndi cators of confidence in the underlying data sources. Such
metrics can hel p consuners distinguish persistent characteristics
fromtransient fluctuations.

Furt hernmore, the SHAPE s energy paraneters conpl enent ongoi ng work on
green service intents [I-D.irtf-nnrg-ibn-usecases], enabling
custoners to express sustainability objectives such as energy
consunption threshol ds, renewabl e energy usage, and carbon intensity
limts. SHAPE provides the underlying energy neasurenent interface
necessary for providers to fulfill, assure, and report on these green
intents. Modreover, by exposing detailed energy and carbon-rel ated
paraneters, SHAPE can allow intent translation conponents to map
green service objectives into network resource allocation and path
sel ection deci si ons.

1. Energy Information
This APl allows to return a nunber of energy attributes associated

with the path and the traffic. Currently the paraneters that could
be returned as energy information as part of the query are:
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* *Watts per G gabit per second:* (lInherited from PETRA) How many
Watts are consumed per G gabit of traffic traversing the path.

* *Carbon Intensity:* How nmuch carbon em ssions are generated as a
consequence of the energy consuned.

* *Energy Mx (% :* Percentage of energy used in the path that cones
fromdifferent energy sources (e.g., solar, wnd, biomass,
nucl ear, fossil fuel).

* *@&Geenness Degree (%:* The aggregated percentage of energy
consuned on the path that comes fromrenewabl e sources. Useful to
rank and sel ect paths based on renewabl e energy usage.

* *Sustainability Score (01):* Conposite nmetric conbini ng greenness
degree and energy efficiency (Watts per G gabit per second),
cal culated as (Greenness/100) x 1/(1 + Watts per G gabit per
second). Higher values indicate nore sustainable, efficient
pat hs.

*  *Power Usage Effectiveness (PUE):* The ratio of total facility
power consunption to the power consunption of networking/IT
equi pnent .

* *Transm ssion Loss (% :* The percentage of energy lost along the
path due to transm ssion inefficiencies.

* *|dle Energy Draw (Watts):* The ampunt of energy consunmed by the
path infrastructure when idle or under negligible |oad.

* *Tenporal Carbon Variability (TCV) (gC2/kwh over period):*
Quantifies how nmuch the carbon intensity of the electricity
powering the network path fluctuates over a defined tinme w ndow
(e.g., 15 mnutes, 1 hour, 24 hours). It reflects the stability
or volatility of the renewable/fossil mx affecting the path
during that period. A low TCV indicates predictable carbon
characteristics; a high TCV suggests inconsistent or rapidly
changi ng energy sources.

* *Gl eep-node Availability (9% :* Measures the percentage of tine
during which network devices or segnents along a path support and
can enter | ow power or idle energy-saving nodes. It can also
reflect real usage of these nobdes depending on the operator’ s
i nstrunmentati on (when supported or/and instrunented).

* *Sustainability Stability Index (SSI) (01):* Quantifies the

stability over tine of a sustainability netric (i.e., carbon
intensity or greenness degree), it is particularly relevant for
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gSLAs, where predictable sustainability performance matters as
much as absolute values. Values close to 1 indicate highly stable
behavi or.

*  *Trustworthiness Score of Data Sources (TDS) (01):* characterizes
how reliable the API’ s sustainability-related data is, based on
provenance, neasurenent quality, freshness, and cross-source
consi stency. Hi gher values indicate stronger confidence in the
reported data.

* *Variance of Energy Consunption (VEC) (W?2):* VEC neasures how
much the energy use of the path fluctuates during an observation
wi ndow. It hel ps detect energy instability, noisy equi pnent, or
poorly tuned power-managenent algorithns. Hi gh VEC indicates
unstable or erratic energy usage; |ow VEC indicates consistent
ener gy behavi or.

* *Anomaly Factor (AF) (z-factor):* ldentifies whether the energy
usage of a path at a given nonment deviates significantly fromits
hi stori cal baseline or expected statistical behavior, nornmalized
by standard deviation. AF < 1 indicates normal behavior, AF
around 2 indicates el evated deviation, and AF > 3 indicates an
anomaly (classic 3-signma rule).

* *Cooling Energy Ratio (CER) (%:* Quantifies the share of tota
energy consuned by a path or segnent that is attributable to
cooling rather than networking/1 T workload. It parallels PUE but
is per-path or per-segnent, not facility-w de. Higher val ues
i ndi cate higher cooling overhead relative to useful forwarding
energy.

These netrics are OPTIONAL, and an inpl enentati on MAY support a
subset dependi ng on avail abl e neasurenent capabilities.

3.2. Recursive Usage

The APl is envisioned in such a way that coul d be used recursively.
That means, subpaths could report their energy consunption using
SHAPE and such energy consunption could be aggregated and reported
for the overall path also using SHAPE

Simlarly, this APl could be (recursively) used to provide energy
informati on according to the definition of Service Mddels in an SDN
context as described in [RFC8309]. In that case, using Figure 3 in

[ RFC8309] as reference, SHAPE coul d be used between the Controller(s)
and the Network Orchestrator(s), between the Network Orchestrator(s)
and the Service Ochestrator, and between the Service O chestrator
and the Customner(s).
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Wi | e considering recursive usage, the aspect of doubl e-counting
shall al so be taken into consideration. Double counting refers to
the fact of counting nore than once the sane energy consuned.
Organi zations using SHAPE in a recursive manner need to take
appropri ate neasures to ensure no doubl e-counting occurs across
recursive calls to the API.

Cust oner
—————————————————— Service ----------
I | Model | I
SHAPE as | Service | <-------- >| Custoner |
Cust onmer Servi ce | Orchestrator | (a) | |
rel ated API | |
HEHH PR H PR H PR . . (b)  ---eea---
(b) . | Appl i cation|
. . : | BSS/ 0SS |
SHAPE as . . e
Service rel ated API . Service Delivery :
Model
I || I
HRHHH IR BRI | Net wor k | | Net wor k |
| Orchestrator | ] Orchestrator |
I [ I
SHAPE as . :
Net wor k APl . . Network Configuration :
: Model
I (. (. | I
### | Controller | | Controller | | Controller | | Controller |
I (. (. (. I
Devi ce
Confi guration
Model
| Network | | Network | | Network | | Network | | Network |
| Element | | Element | | Element | | Element | | Element |
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4.  YANG Modul e

SHAPE is specified as an augnentation to the PETRA YANG nodul e
defined in [I-D.petra-green-api]. This section provides an exanple
YANG nodul e, as per the YANG specification [ RFC7950], that inports
PETRA and augnents it with additional inputs and metrics.

4. 1. Modul e Structure

nmodul e: irtf-shape
+--inports ietf-petra

augrment /petra:energy/petra: query/petra:input:
+---w nmeasurenent -i nterval ? ui nt 32
+---Ww recursive? bool ean

augnment /petra:energy/ petra:query/ petra: output/petra:result/petra: success:
+--ro0 shape-netrics

+--ro0 carbon-intensity? ui nt 32
+--ro energy-mn x* -> list of sources and percentages
+--r0 greenness-degree? deci nal 64
+--r0 sustainability-score? deci nal 64
+--ro0 pue? deci nal 64
+--ro transm ssion-|o0ss? deci nmal 64
+--ro idle-watts? deci mal 64
+--ro tenporal -carbon-variability? deci nal 64
+--ro0 sl eep-node-availability? deci nal 64
+--r0 sustainability-stability-index? deci nal 64
+--ro trustworthiness-score? deci mal 64
+--r0 variance- energy-consunpti on? deci nal 64
+--ro anonual y-factor? deci nal 64
+--ro0 cooling-energy-ratio? deci nal 64

4.2. Nbdule Definition

modul e irtf-shape {
yang-version 1.1;
nanespace "urn:ietf:paranms: xm :ns:yang:irtf-shape";
prefix shape;

inmport ietf-petra {
prefix petra;

}

organi zati on
"I RTF SUSTAI N Research Group”;
cont act
"RG Web: <https://datatracker.ietf.org/rg/sustain/about/>
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RG List: <sustain@rtf.org>",;
description
"Initial YANG nodule for SHAPE API, v1.0.0

SHAPE ext ends the PETRA YANG nodul e (' draft-petra-path-energy-api’)
with additional optional sustainability-related netrics and, where
needed, additional input paranmeters to qualify observati on w ndows.

Copyright (c) 2026 | 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 t hout nodification, is permitted pursuant to, and subject to
the license ternms contained in, the Revised BSD License 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.

The key words ' MUST', ' MUST NOT', 'REQUI RED , 'SHALL’,

" SHALL NOT’, ’SHOULD , ' SHOULD NOT', ' RECOMVENDED ,

"NOT RECOMMENDED , ' MAY', and ' OPTIONAL' in this docunent
are to be interpreted as described in BCP 14 (RFC 2119)
(RFC 8174) when, and only when, they appear in all
capitals, as shown here

’

/*
If you have an inplenmentation of this YANG nodul e, you coul d
access it like sonething this over RESTCONF:

$ curl --location --request POST \
"https://1ocal host: 8008/ restconf/operations/petra: energy/query’ \
--header 'Content-Type: application/yang-data+json’ \
--user 'adm n:adnmin \
--data-raw ’ {
"input" : {

"src-ip": "10.10.10.10",

"dst-ip": "10.20.20.20",

"t hroughput": 40,

"measurenment-interval ": 900,
"recursive": false
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And if all goes well, you mght receive (besides all the
HTTP headers) a reply body with sonething Iike this:

"output": {

"success": {
"watts-per-gigabit": 191. 855,
"shape-metrics": {

"carbon-intensity": 108,
"energy-mx": [

{ "source": "solar", "percentage": 35.00 },
{ "source": "wind", "percentage": 25.00 },
{ "source": "gas", "percentage": 40.00 }

]

reenness-degree": 60. 00,
"sustainability-score": 0.312

"pue": 1.20,

"transm ssion-loss": 3.50,
"idle-watts": 12.500,

"tenporal -carbon-variability": 14.250,
"sl eep-node-avai l ability": 20.00,
"sustainability-stability-index": 0.880,
"trustworthi ness-score": 0.950,

"vari ance-energy-consunption": 1.750,
"anomal y-factor": 0.420,

"cool i ng-energy-ratio": 15.00

revisi on 2026-02-26 {
description
"Initial SHAPE augnentation of PETRA, adding additiona
sustainability metrics (including tenporal/stability and
trustworthiness indicators).";

reference
"RFC XXXX: ... ",
}
|| ===== G’oupi ngs =====

groupi ng shape-metrics-g {
description
"Additional sustainability netrics defined by SHAPE that extend
the base PETRA query output.";
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| eaf carbon-intensity {
type uint32 {
range "0..max";

}
units "gC2e/ kWh";
description
"Carbon intensity of the electricity powering the path.";
}

list energy-mx {
key "source";
description
"Percentage contribution of each energy source to the total energy used on the
pat h.";
| eaf source {
type enuneration {
enum sol ar;
enum wi nd;
enum hydr o;
enum nucl ear;
enum coal ;
enum gas;
enum bi onmass;
enum ot her;
}
description
"Type of energy source.”;

| eaf percentage {
type deci mal 64 {
fraction-digits 2;
range "0..100";
}
units "% ;
description
"Percentage of path energy fromthis source.";
}

}

| eaf greenness-degree {
type deci mal 64 {
fraction-digits 2;
range "0..100";
}

units "% ;

description
"Aggr egat ed percentage of energy fromrenewabl e sources.";
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| eaf sustainability-score {
type deci mal 64 {
fraction-digits 3;

range "0..1";
}
description
"Conposite netric comnbi ni ng greenness degree and effici ency.
Suggested formul a: (G eenness/100) x 1/(1 + Watts per G gabit per second)."

| eaf pue {
type deci mal 64 {
fraction-digits 2;
range "1..max";
}
description
"Power Usage Effectiveness: ratio of total facility energy to | T/ networking en

ergy.”;

| eaf transm ssion-loss {
type deci mal 64 {
fraction-digits 2;
range "0..100";

units "9%';
description
"Energy lost in transm ssion as percentage of total energy input.";
}

leaf idle-watts {
type deci mal 64 {
fraction-digits 3;
range "0..max";
}
units "W;
description
"Energy consumed by the path infrastructure when idle.";
}

| eaf tenporal-carbon-variability {
type deci mal 64 {
fraction-digits 3;
range "0..max";
}
units "gC2e/ kWh";
description
"Quantifies how much the carbon intensity powering the path fluctuates over
an observation window (e.g., 15 minutes, 1 hour, 24 hours).";
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}

| eaf sl eep-node-availability {
type deci mal 64 {
fraction-digits 2;
range "0..100";

units "% ;
description
"Percentage of tine during which devices or segnents on the path can enter
| ow- power or idle energy-saving nodes (when supported and instrunented).";

}

| eaf sustainability-stability-index {

type deci mal 64 {
fraction-digits 3;
range "0..1";

}

description
"Index (0..1) capturing the stability over tine of a sustainability metric

(e.g., carbon intensity or greenness degree).";

| eaf trustworthiness-score {
type deci mal 64 {
fraction-digits 3;
range "0..1";
}

description
"Conposite score (0..1) reflecting reliability of reported sustainability data

e.g., based on provenance, quality, freshness, and cross-source consistency."

}

| eaf vari ance-energy-consunption {
type deci mal 64 {
fraction-digits 3;
range "0..max";

}
units "W2";
description
"Variance of energy consunption over an observation w ndow. ";
}

| eaf anomal y-factor {
type decimal 64 { fraction-digits 3; }
units "z-score";
description
"Devi ati on of current energy consunption froma historical mean, normalized
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by standard deviation (z-factor).";

}

| eaf cooling-energy-ratio {
type deci mal 64 {
fraction-digits 2;
range "0..100";
}
units "9%;
description
"Rati o between cooling energy and | T/ network energy for a path or segnent.";

[ ===== Augment ati ons =====

augnment "/ petra:energy/petra:query/petra:input" {
description
"Addi tional optional input paraneters for SHAPE that qualify the
observation wi ndow and, when supported, recursive collection.";

| eaf measurenent-interval {
type uint32 {
range "1..max";
}

units "seconds";

description
"Cbservation wi ndow used to conpute tine-dependent netrics (e.g., variability,
stability, variance, and anomaly indicators).";

}

| eaf recursive {
type bool ean;
default "fal se";
description
"Whet her the query shoul d be expanded recursively across multiple admnistrati
ve
domains (if supported)."”;
}
}

augnment "/ petra:energy/ petra: query/petra:output/petra:result” {
description
"Additional status/error cases for PETRA query output to support
scenari os where energy data is unavailable or only partially
avai l abl e al ong the resol ved path.";

case energy-unavail able {
cont ai ner energy-unavail able {
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description
"The path was resolved but energy data is not available
for one or nore segnents. No watts-per-gigabit can be
returned. Corresponds to accuracy-unavailable in the
GREEN dat a- source-accuracy hierarchy.";
}
}
}

augnment "/ petra: energy/ petra: query/petra:output/petra:result/petra:success" {

description

"Add SHAPE sustainability nmetrics to the successful PETRA query result."”;

cont ai ner shape-nmetrics {
description
"Col l ection of additional sustainability metrics defined by SHAPE. ";
uses shape-netrics-g;
}
}
}

Security Considerations

SHAPE queries and responses can reveal operational and business-
sensitive information (e.g., energy efficiency, carbon footprint,
facility overheads, and potentially location- or time-correlated
behavior). SHAPE APl MAY be exposed via managenment protocols such as
NETCONF [ RFC6241] and RESTCONF [ RFC8040] and, therefore, it inherits
their security properties and depl oynment practices. |nplenentations
MUST consi der the foll owi ng aspects:

* *Secure transport:* Inplenmentations MIST ensure confidentiality
and integrity protection for SHAPE exchanges (i.e., by using
secure transports nmandated by the underlying managenent protocol).
Where RESTCONF is used, HITPS i s REQU RED by [ RFC8040].

* *Authentication and authorization:* SHAPE servers MJUST
aut henticate clients and MJST enforce authorization on a per-
request basis. Authorization SHOULD be granular (e.g., via
access-control mechani sns such as NACM [ RFC8341]) and cover: (i)
whi ch path endpoints can be queried, (ii) which netrics can be
returned (including SHAPE augnentations), and (iii) which
precision/granularity is permtted.

* *Information disclosure controls:* Returned sustainability data
(i.e., energy mx, PUE, cooling-energy ratio, or tenpora
variability) can be used to infer facility characteristics,
topol ogy, utilization patterns, or operational policies. Servers
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SHOULD support policy controls that reduce disclosure risk (e.g.,
aggregation, reduced precision, or suppressing specific netrics)
for less-privileged clients.

*| nput validation and bounds:* Servers MJST validate all inputs
(i.e., including path identifiers, throughput, neasurenent-
interval, and the recursive flag) and enforce reasonabl e bounds to
prevent expensive conputations and state growth. |In particular,
servers SHOULD enforce upper limts on observation-w ndow
durations, recursion depth/scope, and the anobunt of per-request
dat a returned.

*Deni al - of -service resilience:* SHAPE conputati ons may invol ve

mul ti-devi ce sanpling, aggregation, and historical |ookups.
Servers SHOULD i npl enent DoS mitigations such as rate limting,
per-client quotas, request prioritization, and caching of commonly
requested results. |If requests are rejected due to overload or
policy, servers SHOULD return explicit errors rather than silently
i gnoring requests.

*Mul ti-domain and recursive operation:* Wen the query is expanded
recursively across administrative domains, each domai n MJST
enforce its own |local policy and MUST NOT assunme that ustream
requests are safe. Inplenentations SHOULD ensure that recursive
expansi on does not |eak credentials, does not bypass |oca

aut hori zation, and does not create amplification (e.g., fan-out
storns). Responses obtained from external domains SHOULD be
treated as untrusted inputs.

*Integrity of neasurenent chain:* SHAPE nmetrics can be used for
aut omat ed decisions (e.g., policy enforcement or gSLAS).

I mpl enent ati ons SHOULD protect the integrity of the neasurenent
pi peline (collection, aggregation, and publication) and SHOULD
provi de operational nechani sns such as audit |ogs and provenance
tracking to help detect tanpering or m sconfiguration

*Privacy:* Sustainability netrics may correlate with custoner
traffic patterns or reveal information about custoner |ocations
and activity. Inplementations SHOULD ninim ze retention of per-
custoner/per-flow data and SHOULD protect |ogs and tel enetry
derived from SHAPE requests.

| ANA Consi der ati ons
Thi s docunent has no | ANA acti ons.
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Appendi x A. Use Cases

Thi s section describes sone use-cases where this specification m ght
be usef ul

A 1. SD-WAN

Sof t war e- Defi ned W de- Area Networks (SD-WAN) have becone a comobn way
for enterprises to provide cost-effective connectivity across their

di fferent geographically distributed sites. Typically, SD WAN

depl oynents operate as an overlay network that is established on top
of an existing underlay connectivity network. One aspect to consider
is that in many SD-WAN producti on depl oynents the operator of the
overlay network and the operator of the underlay network are

di fferent organi zati ons.

Thi s poses an additional challenge when trying to derive
sustainability metrics. Even if the underlay network is instrunmented
to collect energy data, this data is opaque to the operator of the
overl ay network which has no access to underlay information. Wile
operators of underlay networks offer certain general network netrics
to overlay operators, no interface has been defined to allow the
overlay operator to query the underlay network for energy

i nformati on.

In this context, the SHAPE specification presented in this docunent
enabl es the operator of the SD-WAN network to coordinate with the
underl ay operator to capture sustainability data. This in turns
opens further use-cases, fromobservability and reporting to
potentially overlay policies based on underlay energy data, further
enabling an overall nore sustainable operation of the network.
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In addition to energy considerations in SD-WAN depl oynments, SHAPE can
al so be |l everaged for broader energy-aware service routing. In this
context, network controllers and service orchestrators—such as SD WAN
controllers, transport SDN controllers, 5G slice orchestrators, or

mul ti-domai n service orchestrators—can use SHAPE netrics not only to
bal ance | atency, throughput, or load, but also to optimze path

sel ection according to sustainability objectives. For exanple, paths
with the | owest carbon intensity or the highest share of renewable
energy in their energy mx could be preferred, enabling service
differentiation where “green paths” are explicitly prioritized. This
brings a paradi gm where routing decisions are jointly driven by

net wor k performance and environnental inpact.

A 2. Miltilayer Energy Managenent

The concept of multilayer L3-L1 collection involves integrating data
fromdifferent network layers to provide a conprehensive view of
network operations. The use case of nultilayer involves collecting
and correlating data from Layer 3 (network | ayer) down to Layer 1
(physical layer). This multilayer approach allows for better network
performance, optim zation, and troubl eshooting by providing end-to-
end visibility.

Leveragi ng SHAPE APl for multilayer L3-L1 collection use case
enhances ener gy managenent by providi ng conprehensive visibility,
enabl ing optim zation, and supporting proactive managenent. This
makes SHAPE a useful tool for nore accurate, efficient and effective
ener gy managenent in nodern networks

A. 3. SLA Negotiation for G een Services

Anot her use case for SHAPE coul d be the negotiation of green Service
Level Agreements (gSLAs) between operators and enterprise custoners.
By exposi ng SHAPE-derived netrics such as renewabl e energy
percentage, carbon intensity, or sustainability scores, providers can
offer differentiated SLAs that explicitly include environnental
targets. This enables custonmers to select network services not only
based on perfornmance guarantees, but also on their environmenta
footprint, for exanple requesting that at |east 60% of traffic be
carried over renewabl e-powered infrastructure. Such gSLAs enpower
custoners to align their digital services with corporate
sustainability goals and reporting requirenents, while operators can
use SHAPE as the trusted source of verifiable energy data.

gSLAs can be negotiated using custoner-expressed green intents that
specify objectives such as maxi nrum energy consunption, m ni num energy
efficiency, carbon em ssion lints, and renewabl e energy usage
[1-D.irtf-nnrg-ibn-usecases]. SHAPE s netrics, including Watts per
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G gabit per second, carbon intensity, and energy mx, provide
essential measurenents to translate these intents into network
configurations and to nonitor conpliance during service operation
The lifecycle of green intents, enconpassing fulfillnment and
assurance phases [ RFC9315], can be supported by SHAPE t hrough its
capability to deliver real-tinme energy netrics for translation into
networ k policies and subsequent nonitoring and validation

A. 4. Energy-Aware UPF and Edge Sel ection in 5G

Mobi |l e Network Operators (MNOs) often have choices regarding the

pl acement of user-plane functions (UPFs), traffic break-out points,
and Multi-access Edge Conputing (MEC) sites. These choices influence
not only latency and capacity, but also the energy and carbon
footprint of the end-to-end user-plane path (e.g., froma radio site
or aggregation point towards a sel ected UPF/ MEC and onwards to a data
net wor k) .

In this context, SHAPE can be used by the 5G slice orchestrator,
policy controller, or transport controller to query candi date paths
associated with alternative UPF/ MEC sel ections and conpare
sustainability metrics (e.g., watts-per-gigabit, carbon intensity,
energy m x, and tenporal carbon variability over a defined
observation window). This enables energy-aware traffic steering,

sel ection of greener break-out points when service constraints allow
it, and assurance of sustainability objectives for enterprise slices.

A.5. Sustainability Reporting Across Leased Backhaul and Network
Shari ng

M\NOs frequently rely on third-party transport (e.g., leased lines or
whol esal e backhaul ) and may participate in network sharing
arrangements where different admnistrative domains contribute to the
effective end-to-end service path. This makes it difficult to obtain
consi stent and conparabl e sustainability nmetrics for internal carbon
accounting, regulatory reporting, or custoner-facing sustainability
statenments.

SHAPE' s recursive usage nodel can support these scenarios by allow ng
an MNO to obtain per-segnent sustainability netrics from each
contributing domain (subject to authorization and policy) and then
aggregate them for an overall view of the service path. Wen

combi ned wi th appropriate safeguards agai nst doubl e counting

(Section "Recursive Usage"), this enables a nore robust, auditable
deconposition of energy and carbon contributions across shared or

out sourced infrastructure.
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Appendi x B. Requirenments for Energy Efficiency Managenent

The docurent Framework for Energy Efficiency Managenent
[I-D.ietf-green-framework] describes a framework that conprises a
controller elenent. In that docunent, the tasks of the controller
are defined as "collection, conpute and aggregate". In the context
of that framework, the controller could al so expose SHAPE to offer
pat h-rel ated energy information. The figure bel ow updates the one
present in [I-D.ietf-green-franework] to add an additional interface
(interface "g’') to the controller to represent the Path Traffic Ratio
API .
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