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Abst ract

Thi s docunment el aborates on the nmethod for cal cul ati ng energy
consunption paths in Segment Routing (SR) networks, ainmng to
eval uate and optinize traffic-related netrics on network paths,
i ncludi ng energy consunption and carbon em ssi ons.

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 (I ETF). Note that other groups may also distribute

wor ki ng docunments 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 mum of six nonths
and nay 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 3 Septenber 2026.

Copyri ght Notice
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Provisions Relating to | ETF Docunents (https://trustee.ietf.org/
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1. I nt roduction

Wth the accelerated global digital transformation, the scale and
conplexity of network infrastructure have grown exponentially. The
acconpanyi ng energy consunpti on and carbon emni ssion issues have
becone key bottlenecks restricting the sustainabl e devel opment of the
industry. Building a green, |ow carbon, and efficient network
operation systemis no |longer nerely a neans of cost control, but has
evolved into a crucial core research direction in the field of

i nformati on and communi cati on technol ogy. How to achi eve energy
conservation and emi ssion reduction through intelligent resource
schedul i ng and path optim zation while ensuring network service

qual ity has becone a common focus.

Exi sting research and practices mainly focus on two scenari os:
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First, the dynamic sleep mechani smbased on the traffic tidal effect.
G ven that network traffic exhibits significant periodic fluctuations
in tenmporal and spatial distribution (i.e., the "tidal phenomenon"),
this strategy can, during off-peak business periods (trough periods),
use the network controller to accurately identify idle |links,

dynani cally shut down some network devices, line cards, or ports,
putting theminto a deep sleep state. This directly reduces the
nunber of active devices at the physical |evel and significantly

| owers basic energy consunption

Second, the green routing algorithmstrategy integrating carbon

em ssion intensity. In the process of establishing or re-optinizing
paths for private line users, real-tinme or predicted "carbon enission
intensity" is introduced as a key metric, giving priority to | ow
carbon paths powered by clean energy or with higher energy efficiency
rati os. This mechanismnot only reduces the carbon footprint in a
singl e connection but also gradually forces old nodes with high
carbon enission factors to exit the core forwarding plane through
long-termtraffic gui dance, accelerating the iteration and update of
network infrastructure to high-energy-efficiency nodes.

The existing rel evant research content in the | ETF incl udes:

[1-D. many-1| sr-power-group-02] proposes a nechanismfor advertising
and managi ng power-groups using the I1S-1S routing protocol. |Its core
is to enable the controller to perceive the power consunption
dependenci es of network hardware, support nore intelligent traffic
engi neering, and thereby achi eve network energy conservation. This
mechani sm can be well conbined with the traffic tidal phenonenon,
concentrating traffic into several power groups and putting unl oaded
conponents into sleep.

[1-D. petra-path-energy-api-02] defines a PETRA APl that provides a

st andardi zed network energy consunption query interface, allow ng
users to send queries to the network to retrieve traffic-rel ated
energy consunption and environnent-derived metrics for specified
network paths. These nmetrics are conputed by the network
infrastructure devices dynamically involved in the path. Through the
APl , users can query and select forwarding paths with | ower carbon

em ssi ons.

[1-D. bel ng- green-framewor k-10] proposes an architecture for energy
consunption collection and nmonitoring. The draft nentions an API

that enabl es external systems— such as upper-layer energy managenent
systens, carbon accounting platfornms, and operational dashboards—to
query and retrieve energy consunption, energy efficiency netrics, and
associ ated metadata for devices or networks.
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[I-D.ietf-green-term nol ogy-01] specifies the nmetrics applicable to
ener gy consunption assessnent and provides a reference for ternms and
paraneters related to energy-efficient routing. Anong these, the
Energy Efficiency Ratio (EER) is a key netric for evaluating the
energy conversion efficiency of networks, devices, or conponents,
which is fundanmentally defined as the ratio of useful output to
energy input in an energy conversion process. The energy efficiency
ratio is a key paraneter for private |line energy consunption and
carbon em ssion intensity assessnent.

[ RFC9252] defines the fundanmental architecture and operationa
principles of Segnent Routing (SR) and describes the SR network
programm ng nodel, which enables flexible network path contro
through the definition of Segnent Identifiers (SIDs). This docunent
focuses on path conputation based on energy consunption information
and utilizes SR to inplenent energy-aware path control

1.1. Requirenents Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in

[ RFC2119] (Bradner, S., "Key words for use in RFCs to Indicate

Requi rement Level s", BCP 14, RFC 2119, March 1997) and [ RFC8174]
(Leiba, B., "Ambiguity of Uppercase vs Lowercase in RFC 2119 Key
Words", BCP 14, RFC 8174, DO 10.17487/ RFC8174, May 2017).

1.2. Term nol ogy

Energy Efficiency/Energy Efficiency Ratio (EER): The energy
efficiency is expressed as the ratio between the useful output and
i nput of an energy conversion process of a network, device, or
component [l -D.ietf-green- term nol ogy-01].

This ratio (i.e., Energy Efficiency Ratio, EER) is the throughput
forwarded by 1 watt (e.g., [|-D.cprjgf-bmwg-powerbench]).

2. Background

In the nodern digital era, driven by the demand for sustainable
devel opment and the need to reduce operational costs, network energy
consunption has beconme a core concern. Networks consume substantial
energy, leading to carbon enissions and environnental inpacts.

Optim zing energy usage hel ps reduce their carbon footprint and
supports gl obal efforts to conmbat climte change. Energy is a mgjor
operational expense for network operators, and inproving efficiency
directly lowers electricity costs, especially in |arge-scale
networks, resulting in significant financial savings. As network
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traffic grows exponentially, energy-efficient designs ensure
sustai nabl e scalability wi thout proportional increases in energy
consunption, which is essential for supporting future technol ogies
such as 5G, 10T, and cloud computi ng.

The source routing characteristics of SR make it a flexible,

scal abl e, and efficient networking technology. SR sinplifies network
control, enables explicit path definition, and ensures conpatibility
with existing technol ogi es, which can nmeet the demands of nobdern
networks for traffic engineering, fault recovery, and scalability
whi | e reducing conplexity and overhead. Additionally, SR networks
support network slicing, allow ng the creation of independent paths
for different service types

SR networks can be utilized for energy-efficient path optimzation in
| arge-scal e networks and seanlessly integrate with existing | Pv4/1lPv6
infrastructures. By collecting energy consunption data from each
node and link, SR can plan energy-efficient paths based on routing
policies, thereby achieving the goal of reducing overall network

ener gy consunption.

The notivations for addressing energy consunption in SR networks
include, but are not limted to:

1. Through SR TE, traffic can be concentrated into a few device
components, providing a foundation for dynam c shutdown based on
traffic tides.

2. SR networks enabl e deterministic evaluation of energy consunption
and carbon eni ssions across different paths fromsource to
destination. Due to variations in the geographical |ocations and
construction timelines of Core Network Rooms housing forwarding
devices, there are significant differences in device energy
efficiency levels and the proportion of renewable (green)
electricity used. Leveraging the capabilities of SR networks, it
becones possible to directly conpare and assess the energy cost
and carbon footprint of alternative forwardi ng paths.

3. Energy consunption paraneters

Ener gy consunption paraneters include Energy Efficiency Ratio (EER)
renewabl e el ectricity usage ratio, carbon em ssion factor, etc.
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3.1. Energy Efficiency:

The energy efficiency netric EER is expressed in nmegabits per watt
(Mit/W, representing the actual forwarding throughput achieved per
watt of power consuned. A higher value indicates better device
energy efficiency. This nmetric is typically derived from | aboratory
testing and is distributed in the network as a static val ue.

For nore details on the EER netric, please refer to
[I-D.ietf-green-term nol ogy-01].

3.2. Renewable electricity usage ratio & carbon em ssion factor

For carbon em ssion estimation of traffic traversing multi-hop,
multi-site paths with varying renewable electricity usage ratios
across different facilities, a per-segnment accounting nmethod SHOULD
be enpl oyed. For each segnment corresponding to a facility along the
traffic path, carbon em ssions associated with fossil fuel-based
electricity MIUST be cal cul ated by deducting the portion covered by
renewabl e energy.

The carbon em ssion calculation fornula for a single segnent is as
fol |l ows:

Cn = Enx Fn x (1 - Rn)

where: Cn is the carbon em ssion of segnent n (t CQ2e), En is the
electricity consunption allocated to the traffic on segnent n (kWw),
Fn is the grid average carbon enmi ssion factor for the regi on where
segnment n is located (t CO2e/ kWh), Rn is the renewabl e energy ratio
consunmed at the facility of segnment n.

The grid average carbon enission factor Fn indicates the carbon
intensity of the local power grid. A higher value of Fn inplies a
hi gher share of fossil fuel-based electricity, a |ower share of
renewabl e energy, and a higher environnental cost associated with
power consunpti on.

The grid carbon enmission factor Fn is obtained fromofficial regiona
grid em ssi on databases, and updated periodically (e.g., annually).

The renewabl e energy ratio Rn is provided per site/facility by the
operator’s energy nanagenent system or carbon nmanagenent platform
based on actual renewabl e energy consunption and credi bl e energy
attribute certificates. The network controller does not generate
these paraneters but retrieves themvia northbound interfaces or

| ocal configuration.
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4. Private Line Carbon Accounting Mechani sm

The conputation framework for carbon accounting in SR networks
proposed in this docunent is as follows: A centralized controller
collects EER paraneters fromall nodes in the SR donain, and
retrieves the renewabl e energy rati o and carbon emi ssion factor per
node fromthe energy managenment system and ot her rel ated pl atforns.

VWhen a path query is triggered via an external APl (e.g., PETRA APl),
the controller cal culates the end-to-end energy consunpti on and
carbon em ssions for candidate paths according to the source,
destination, and traffic volume. After the optinal path is selected
by the APl caller, the controller deploys the selected path as an SR
Policy to the head-end node.

| | API(PETRA API)-Energy Consunption Information Q
uery
Car bon Em ssi ons |
Energy Consunption | |

Fo-am - \|/------ +
R | Network Controller| Energy Consunption and Carbon Em ssions
Cal cul ati on
| oo A +
SR-Policy | Power netrics | | Energy-aware Forwarding Path Optim zation
| Collection |
I ||
+\|/-+ S - | V| /--------- + S R +
Handling |Head |---| Segnment Routi ng | ---] End
behavi ors | Poi nt | | Net wor k Domai n | | Poi nt |
| |1 PE---- Po-ees PE| | |
+----- + o e e e e e e oo + +----- +

Figure 1. Franmework of Conputing Energy Consunption path in SR
net wor k

4.1. Energy Consunption Collection

The Energy Efficiency Ratio (EER) is distributed and collected within
the SR network domain through | GP protocol extensions. |In cross-
domain scenarios, it can be advertised and collected using BGP-LS
(BGP Link-State) extensions.

The col |l ection of energy consunption information between the SR

net wor k domain and the network controll er adopts standardi zed
met hods, such as YANG, NETCONF, and SNWP
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4.

The renewabl e el ectricity usage ratio and carbon em ssion factor are
obt ai ned by the controller fromthe carbon managenment platform

2. Path Calcul ation Based on Energy Consunption

The network controller selects network paths based on the coll ected
energy consunption information and perforns path conputation
according to a specified policy. First, calculate N candi date paths
using traditional metrics such as bandw dth, del ay, and packet |oss
rate.

Then, evaluate the energy consunption and carbon em ssions of each
pat h.

Finally, the controller returns the conputed results—including both
energy and carbon netrics—to the upper-|ayer application via an API

It is inportant to enphasize that carbon emnission assessnent is
critical, as the total power consunption of a path—derived from
traffic volume and device energy efficiency ratio (EER)—may not
accurately reflect its true environnental inpact.

For exanple: Suppose the controller receives an APl request

speci fying a source address, destination address, and traffic vol une,
and conputes two candi date paths. Path A has a higher total power
consunption than Path B. However, because the data centers or nodes
along Path A use a significantly higher proportion of renewable
(green) electricity, the resulting carbon em ssi ons—obtai ned by
converting the electricity consuned into CO2 equival ents using

| ocation- and tinme-specific emssion factors—are substantially | ower
for Path A. In this case, despite its higher power draw, Path A
represents the environmentally preferable option with a | ower overal
carbon footprint.

4.3. |ssuance of Path

5.

The network controller distributes the path to the head-end node.
This distribution can be performed using standard nmechani sns such as
YANG BGP, or PCEP.

The head-end node conducts network forwardi ng based on the
distributed SR Policy.

When using YANG BGP, or PCEP, necessary expansions for the energy
consunption nmetric should be made.

Use Case
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5.1. Dynamic |ink shutdown

o e e e e oo oo +
e | Net work Controller
| oo IV ] =nee- +
SR-Policy | Power netrics | | Energy-aware Forwarding Path Optim zation
| Collection | ]
I | VI
+\|/-+ +----Pl----P2----P3----+ +----- +
I I I I I I I
| Head | --- PE1l | PE2- - - - --- | End
| Poi nt | | | | | Poi nt |
Fommm - + +----P4----P5----P6----+ +o--- - +

Figure 2: Leveraging traffic tide patterns for dynam c shutdown
of network el enments

As shown in the figure, there are nmultiple reachable forwarding paths
fromthe head node to the end node

PE1- P4- P5- P6- PE2 and PE1- P1- P2- P3- PE2.

When night falls and the traffic proportion gradually decreases, TE
technol ogy can be used to concentrate traffic onto one path and put
the other into deep sleep to reduce energy consunption.

5.2. Net wor k Pat h Carbon Em ssi on Assessnent

| Car bon Managenent |
Fommm - HN ]------- +
| | API(PETRA API)-Energy Consunption Information Q
uery
Car bon Emi ssi ons |
Energy Consunption | |

e \|/------ +
Fomem - | Network Controller| Energy Consunption and Carbon Em ssions
Cal cul ation
| 4o A +
SR-Policy | Power metrics | | Energy-aware Forwarding Path Optim zation
| Collection |
I | \|/
| EER: 100 Moits/ W
+-\|/-+ B S P1------- + +----- +
| | 100] | 100 | |
| Head | --- PE1 PE2---|End |
| Poi nt | | 200 Miits/W | | Poi nt |
Fo-mm - + Fommme - P2------- + Fo-mm - +

Figure 3: Network Path Carbon Em ssion Assessnent
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As shown in the figure above, there are two paths fromthe head node
to the tail node: PEl -> P1 -> PE2 and PEl -> P2 -> PE2.

Anong them PEl1l, PE2, and Pl have the sane energy efficiency
paraneter of 100 Miits/W with a green power usage ratio of 50%
Devi ce P2 has an energy efficiency ratio (EER) of 200 Mits/Wand a
green power usage ratio of 10%

At this time, an upper-layer application queries the optional paths
fromthe head node to the tail node, as well as their power
consunption and carbon em ssion costs, via an API.

The cal cul ati on process is as foll ows:

1. After the router devices distribute the parameters via | GP, they
synchroni ze the energy efficiency ratio paraneter EER to the
network controller through BGP-LS (since EER is a static
paraneter, it does not need to be flooded repeatedly).

2. The controller obtains the | ocal power grid carbon em ssion
factor Fn of each node and the green power usage ratio Rn of the
core network equi pnent room where the node is | ocated fromthe
carbon managenent platform

3. The controller parses the source address, destination address,
and traffic volume fromthe paraneters input via the API. Assune
the traffic volune is 2000 Miits.

4. The controller calculates the optional paths:

* Path 1. PE1 -> P1 -> PE2
* Path 2: PE1 -> P2 -> PE2

5. The controller calculates the energy consunpti on and carbon

em ssion | evel for each segnment of the optional paths. |In this
exampl e, the em ssion levels of Path 1 and Path 2 differ due to
P1 and P2:

* Pl has an energy efficiency ratio of 100 Mits/W so the power
consunption for 2000 Mits traffic is 0.02 kW The
correspondi ng carbon emssion is: Ch = 0.02 x Fn x (1 - 0.5) =
0. 01Fn

* P2 has an energy efficiency ratio of 200 Mits/W so the power
consunption for 2000 Mits traffic is 0.01 kW The
correspondi ng carbon emssion is: Ch = 0.01 x Fn x (1 - 0.1) =
0. 009Fn
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It can be seen fromthe above that even though P2 has better energy
efficiency at the device level, Path 1 has | ower carbon em ssions due
to its higher green power usage ratio.

6. | ANA Consi derations

The Fl ow Monitor Option Type should be assigned in | ANA
7. Security Considerations

TBD.
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