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Why CO2-Awareness?
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ICT Carbon Footprint
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An email with attachment 
is account for 50g of CO2
<source: ictfootprint.eu>



ICT Carbon Footprint
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<Source: nature.com>



Is It Possible in Today’s Internet?
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ISPs select inter-domain paths

Endpoints have no control over paths

No means of carbon transparency



Carbon-Aware Networking?
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• Path transparency



Carbon-Aware Networking?

18.09.23Netsec Group 7

• Path transparency

• Carbon intensity estimation



Carbon-Aware Networking?

18.09.23Netsec Group 8

• Path transparency

• Carbon intensity estimation

• Endpoint path control
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• Path-based Network Architecture
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Carbon-Aware Inter-Domain Routing

• CIRo: Carbon-Aware Inter-Domain Routing based on Path-Aware Networking
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Carbon-Intensity
Forecasting

Model for carbon intensity
of Internet paths

Carbon-Footprint
Impact Analysis

Simulation on data-backed
large-scale topology

Carbon-Information
Dissemination

System for timely
communication of forecasts

AS4

AS6 …
CO2 Forecast DB

Dissemination
Module

AS4 AS6 …

Forecasting
Module

CIRs

Traffic volume [bps] Capacity

Total power consumption [W]

1 bps
Marginal energy intensity [W/bps]Variable power

consumption

Idle power
consumption

Amortized idle energy 
intensity [W/bps]

Idle power consumption
Traffic volume=

Use for forecast?
Requires
traffic prediction!

Minimum amortized idle energy intensity
Idle power consumption

Capacity
=                                          [W/bps]
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Carbon Intensity Forecasting
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Carbon information
in announcements:
Network-specific

carbon-intensity forecasts

Carbon Intensity = Carbon Emission
Transmitted Data



Network-Specific Carbon Intensity
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Network-Specific Carbon Intensity
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Per-Hop Carbon Intensity of Data Transmission:

Average CIDT of all active intra-domain paths 
for an ingress and egress interface pair



Device-Specific Carbon Intensity

• Carbon Intensity of Data Transmission =
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Carbon Emission
Transmitted Data
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Carbon Emission
Transmitted Data

Carbon Emission
Consumed Electricity

Consumed Electricity
Transmitted Data

① ②
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• Carbon Intensity of Data Transmission =
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Carbon Emission
Transmitted Data

Carbon Emission
Consumed Electricity

Consumed Electricity
Transmitted Data

① ②

① Carbon-Intensity of Electricity

Device Location ⊕ Electricity-Grid Forecast

<source: electricitymaps.com>



Device-Specific Carbon Intensity

• Carbon Intensity of Data Transmission =

=                                       X 
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Carbon Emission
Transmitted Data

Carbon Emission
Consumed Electricity

Consumed Electricity
Transmitted Data

① ②

① Carbon-Intensity of Electricity

Device Location ⊕ Electricity-Grid Forecast

② Energy-Intensity of Data Transmission

Device Power Profile

<source: electricitymaps.com>



Device Power Profile
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Carbon Intensity Forecasting: Summary
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Carbon Footprint Simulation (CAIDA Core Topology)
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Carbon Footprint Simulation (CAIDA Core Topology)
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50% of networks reduce 
Their Internet carbon footprint

by ≥ 70%!



Carbon Footprint ≠ Carbon Emission
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More in the Paper

Carbon Intensity Modeling
Inter-Domain CIDT

Per-Hop CIDT
Single Path CIDT

Detailed System Design
Forecasting Module

Dissemination Module
Header Design

Evaluation
SCION vs. BGP

Carbon intensity vs. Latency
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Global Research and Education Network

KREONet2
Korean Research & Education Network
Supporting up to 100 Gbps
Connected 35 global research networks

Internet2
US Research & Education Network
Over 500 members including institutions, 
organizations, and industrial partners

GÉANT
EU Research & Education Network
Connects 50M users and 10K institutions
Supporting up to 500 Gbps

KREONet2

Internet2

GÉANT

Amazon



Summary
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The first Internet-wide carbon 
footprint monitoring system

Enabling endpoints to select 
the greenest paths

Introduces green competition 
between ISPs

Expected savings: 20% 
CO2 reduction for global ISPs
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Trustworthy Carbon Information
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Carbon-Aware Global Routing with BGP?
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BGP: Announce a single
path per destination

↓
Pick greenest
available path

Greenest path



Carbon-Aware Global Routing with BGP?
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Greenest path

Latency-optimal path

Single-path propagation in BGP
↓

Single optimality notion
satisfied at the same time

Problem:
Diverse optimality notions

based on application and user!



Difference in Greenest Path
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Carbon Intensity vs. Latency
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