
We’re about to start… 
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A little journey back 
in time … 
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Chuck living on a farm
https://uk.pinterest.com/pin/269653096416870303/
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https://opentextbc.ca/plumbing3b/chapter/describe-water-services/
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Beyond Uptime: 
What the 'Metric' Is 
Going On with Green 

Software? 

Sarah Hsu @ GOTO Copenhagen ‘25
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https://uk.pinterest.com/pin/269653096416870303/
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https://opentextbc.ca/plumbing3b/chapter/describe-water-services/
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How do we accurately 
monitor the 
environmental impact 
of these intricate 
software systems? 
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Sarah Hsu
Site Reliability Engineer

Green Software Course 
Lead @ Green Software 

Foundation

Co-author of O'Reilly 
Book “Building Green 

Software”

Linkedin: greenhsu123
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https://www.linkedin.com/in/greenhsu123/


Agenda

● Introduction
● The Evolution of Metrics
● Bringing in the Environment
● Monitoring the Green 

Dimension
● Working with Imperfect Data
● The Limits of Proxies
● Green Observability
● Where We Go From Here
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Is it working?
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Yes, but?

https://grafana.com/blog/2023/10/10/how-to-embed-grafana-
dashboards-into-web-applications/
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https://www.deviantart.com/irenhorrors/art/Four-Horsewomen-of-the-Apocalypse-787708553

The Four Horsemen of Metrics
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https://grafana.com/products/cloud/slo/

https://www.blameless.com/the-comprehensive-guide-on-slis-slos-and-error-budgets
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The missing 
piece?
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What is Green Software?
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Green Software = 
Carbon-Efficient Software
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Energy 
Efficiency

Hardware 
Efficiency

Carbon 
Awareness

Carbon 
Efficiency 
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gCO₂e/kWh
How clean or dirty is electricity
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How do we 
accurately monitor the 
environmental impact 
of these intricate 
software systems? 
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How do we 
accurately monitor the 
environmental impact 
of these intricate 
software systems? 

measure
carbon

carbon = CO₂e
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Why is it so hard?
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https://www.klappir.com/articles/understanding-the-greenhouse-gas-protocol-scopes
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GHG Scope 2 3

Private 
cloud

Energy Embodied Carbon

Public cloud Energy + 
Embodied Carbon

Hybrid cloud Some energy Some Energy + 
Embodied Carbon

Open source Some energy? Some Energy + 
Embodied Carbon?
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https://sci.greensoftware.foundation/
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CO₂e
Carbon Dioxide Equivalent

gCO2e/kWh
Carbon Intensity of Electricity

kWh
Energy Consumption 

gCO2e/R
Software Carbon Intensity

CPU %
CPU Utilisation

Memory %
Memory Utilisation

kgCO2e
Embodied Carbon

Ratio
Power Usage Effectiveness 

Network %
Network Utilisation
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$
Cost 

Sarah Hsu | 31

https://en.wikipedia.org/wiki/Legally_Blonde_2:_Red,_White_%26_Blonde
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Cost
($)

Pros:
● Easy to track and understand
● Potential for real-time 
● Boosts incentives

 

Cons:
● Doesn't directly link to 

carbon
● Can be misleading
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Energy 
Consumption

(kWh)

Pros:
● Direct link to carbon
● Relatively easy to understand
● Potential for real-time 

Cons:
● Hard to measure precisely
● Doesn't account for carbon 

intensity
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Carbon 
Intensity

(gCO₂e/kWh)

Pros:
● Provides essential carbon 

context 
● Enables carbon-aware design
● Potential for real-time

Cons:
● Availability is patchy
● Coarse granularity
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Resource 
Utilisation

(%)

Pros:
● Readily-available and 

familiar
● Infers energy use trends
● More granular and real-time

Cons:
● Doesn't account for carbon 

intensity
● Doesn’t capture idle energy 

use 
● Varies across hardware
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Embodied 
Carbon

(kgCO₂e)

Pros:
● Accounts for the full 

lifecycle
● Encourages hardware 

efficiency
● Incentivizes shared 

infrastructure

Cons:
● Data is not readily-available
● Hard to measure per workload
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Power Usage 
Effectiveness

(Ratio)

Pros:
● Indicates data center 

efficiency
● Helps assess overhead energy 

consumption
● Useful for evaluating cloud 

provider sustainability

Cons:
● Not software-specific
● No visibility or control for 

most developers
● Methodology may vary between 

data centers
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What, now?

https://stock.adobe.com/
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More 
Precise

Resource
Utilisation

Energy 
Usage

Carbon 
Intensity SCICost

More 
Practical
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Proxy Metric Precision Practicality Real-Time Carbon Context Granularity

SCI ✅ High ⚠ Medium ⚠ Depends ✅ ⚠ Depends

Carbon 
Intensity

✅ High ⚠ Medium ✅ ✅ ⚠ Limited

Energy Usage ✅ Medium ⚠ Medium ⚠ Depends ❌ ⚠ Varies 

Resource 
Utilization

❌ Low ✅ High ✅ ❌ ✅ Yes

Cost ❌ Low ✅ High ✅ ❌ ✅ Yes

PUE ❌ Low ⚠ Low ❌ ❌ ❌ Coarse

Embodied 
Carbon

✅ High ⚠ Low ❌ ✅ ❌ None
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Tooling Uses Energy
Uses 
Cost

Uses Carbon 
Intensity

Infra-Aware
Open 
Source

Cloud Carbon 
Footprint ✅ Yes ✅ Yes ❌ No ✅ Yes ✅ Yes

Scaphandre ✅ Yes ❌ No ❌ No ✅ Yes ✅ Yes

Kepler ✅ Yes ❌ No ❌ No ✅ Yes ✅ Yes

Green Metrics 
Tool ✅ Yes ❌ No ❌ No ⚠ Partial ✅ Yes

WattTime / 
ElectricityMap ❌ No ❌ No ✅ Yes ❌ No ⚠ Mixed

Comparing common tooling  GOTO | Sarah Hsu | 41
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What 
can we do?
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A really 
SIMPLE 
example
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5 static replicas

5 dynamic replicas
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5 static 
replicas
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5 dynamic 
replicas
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You Can’t Optimize What 
You Can’t See — 

But You Don’t Need to See 
Everything to Start
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5 Golden 
Signals

● Latency
● Traffic
● Error 
● Saturation
● !!CARBON!!
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What does 
it mean for SREs?
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https://arize.com/blog/beyond-monitoring-the-rise-of-observability/
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Should we add green to 
observability?
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https://opentextbc.ca/plumbing3b/chapter/describe-water-services/
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I produce 
lots of 
carbon!
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So, what’s next?
Join us @Green Software Foundation

and
Read Building Green Software
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8 -> 68
We represent the 

global software industry
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What You Will LearnWho Is It For

Green Software for Practitioners (LFC131)

This course provides a framework 
to educate software practitioners 

in topics related to green 
software.

This is an introductory course 
designed for software practitioners.

What It Prepares 
You For

This course will teach you how to apply 
green software principles to the design and 
development of your software applications.  

Learn the basic concepts a software practitioner needs 
to know to build, maintain and run greener applications.

!!FREE!!
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So, what’s next?
Join us @Green Software Foundation

and
Read Building Green Software
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https://www.oreilly.com/library/view/building-green-software/9781098150617/
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One in a million…

createdByAI
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The End

● Sustainability is a 
software concern

● Proxies aren’t perfect, 
but they work

● Imperfect data ≠ inaction
● Green software isn’t new 

work
● SRE practices already 

align with sustainability
● Green belongs in 

observability
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Still makes bathtime better!

One in a million…

createdByAI
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“We can do it”
(Yes, we can! Thank you!)

createdByAI
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