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Why Internet Sustainability Matters

The Internet increasingly depends on large-scale, always-on infrastructures

The |IEA reports that data centers account for 1.5% of global electricity consumption.
Projected to be more than double by 2030, reaching around 945 TWh globally.

These systems consume significant electricity, and electricity is not carbon neutral.
Global warming makes emission reduction urgent.
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ICT Research Efforts

Researchers have explored ways to reduce carbon emissions in ICT systems:
* One major direction is to make better use of cleaner or greener energy sources.

* Prior work has studied:
* Integrating cleaner energy into data center operation,
* Shifting workloads across time,
* Shifting workloads across geographic locations,
* Reducing data transmission emissions through energy/carbon-aware networking
mechanisms.

While many hyperscale providers use DNS to achieve geo load balancing, the potential of DNS in
reducing the emissions is not systematically evaluated.
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Measurement

Goal:
Quantify the potential of DNS based carbon-aware server selection to reduce carbon emission

of the geo-distributed services

Evaluate:

* Carbon reduction

* Network delay impact

* Load Balancing impact

* Trade-offs between them

How much carbon can we save without hurting performance!?
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Measurement Setup

* 46 Countries
|52 Cities
98 ASes

e Measurement duration : 4 months
* Each cycle: ~39min £ Imin

 Target domains:
YouTube, Bing, TikTok, UN

Multiple DNS resolvers:
» Local
» Cloudflare (1.1.1.1)
» Quad9 (9.9.9.9)
> NextDNS(45.90.28.207)

255 globally distributed vantage points using CAIDA’s Archipelago (ARK)
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IP Address Selection Strategies

* Baseline DNS Selection:
Models the default behavior experienced by users on today’s Internet.

* Single-Resolver Greenest Selection:
Selects among the IP addresses returned by a single resolver for a given vantage point, the IP
address with the lowest MOER at the time of measurement

* Multi-Resolver Greenest Selection:
Aggregates the |IP addresses returned by multiple recursive resolvers for the same domain
and measurement cycle. From this combined set, the IP address with the lowest MOER is
selected.

* Global Greenest Selection:
Selects the IP address with the lowest MOER across all IP addresses observed globally for the
same domain.
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Results — Carbon Savings vs RTT (1/2)
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Distribution of carbon intensity (MOER) and RTT for the YouTube domain under different DNS selection
strategies.
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RTT Change (ms)

Results — Carbon Savings vs RTT (2/2)
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Results — Resolver Analysis (Carbon
Savings)
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Results — Resolver Analysis (RTT)
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Results — Load Balancing

— Regression —-— 90th percentile Selection Amplification
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|IP-level selection frequency under the baseline and carbon-aware strategies
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Conclusions

* DNS-based server selection can potentially reduce carbon emissions without changing
infrastructure

* Single-resolver selection:
» Modest savings (up to ~17%)
> Negligible Network delay impact (Agrr = + 0.01 ms)

* Multi-resolver selection:
» Higher savings (~16-34%)
> Minimal Network overhead (Agpr = 1- 2 ms)
» Higher Selection Amplification ( 9x)

* Global Greenest (Theoretical Upper bound):
» High savings (~92-97%)
> Unacceptable latency (Aprr = 100-200 ms)

» Load imbalance (27x Sel. Amp.) UNIVERSITY
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Next Steps

Implement and Evaluate Carbon-Aware DNS

» Develop a carbon-aware DNS resolver and evaluate it under a realistic mix of domains,
query types, T TLs, and traffic patterns.

Introduce Carbon-Aware TTL (CTTL)
» Implement CTTL that adapt caching/prefetching duration to changes in carbon intensity.

Analyse Network-Path Effects

» Study how greener server selection changes RTT, hop count, routing paths, and potential
congestion.

Identify Regional Benefits

» Determine which regions benefit most from spatial and temporal carbon-intensity
diversity—and where limited server diversity or similar grid conditions reduce its value.
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Thank you

Contact:
mehrshad.shakeri@utwente.nl
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