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The urgency for environmental sustainability

IPCC: "Now or never" on 1.5°C warming limit

Source: https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/

https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/
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“Technology is a vital enabler of 
sustainability”

“Powered by these twin engines of 
growth, they’re 2.5x more likely to 
outperform their peers.”

Accenture (April 2021, May 2022)

Source: https://www.accenture.com/us-en/insights/technology/uniting-technology-

sustainability, https://www.accenture.com/us-en/blogs/technology-innovation/tech-

sustainability-leadership

https://www.accenture.com/us-en/insights/technology/uniting-technology-sustainability
https://www.accenture.com/us-en/blogs/technology-innovation/tech-sustainability-leadership
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Amazon sustainability journey

Echo and Fire TV Low Power Mode, use of recycled 

materials, investment in renewable energy 

capacity equal to Echo, Fire TV, and Ring device 

use by 2025

Ordered 100,000 Rivian electric delivery vehicles 

Reduced per-shipment packaging weight by 38% 

and eliminated over 1.5 million tons of packaging 

since 2015
Amazon becomes largest corporate buyer of 

renewable energy globally

HQ2: Building achieved LEED Platinum, highest 

certification for sustainable development
Sustainability report published annually since 2019

Read more: https://sustainability.aboutamazon.com/

https://sustainability.aboutamazon.com/
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Further and faster, together

September 19, 2019

Amazon and Global Optimism announced 

The Climate Pledge, a commitment to meet 

the goals of the Paris Agreement 10 years 

early—and achieve net-zero carbon by 

2040. Amazon is a co-founder and first 

signatory of The Climate Pledge.

© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved. 
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AWS sustainability journey

Amazon Sustainability Data Initiative (ASDI) 

provides free access to satellite data and climate 

models

Launch of AWS Well-Architected Sustainability 

Pillar; launch of AWS customer carbon 

footprint tool

Renewable energy to power data centers
New data center construction incorporates use of

low-carbon concrete 

Graviton processors provide better performance 

per watt than any other AWS processor
Water stewardship: evaporative cooling, 

recycled water, and onsite water treatment
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AWS as your sustainability partner
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Customer

AWS

AWS is responsible for

sustainability of the cloud

Shared responsibility model with AWS

Data design & usage

Software application design

Platform deployments and scaling

Data storage Code efficiency Utilization & scaling

Servers Waste

Building 

materials

Data centers

Electricity supply

Cooling Water

AWS Global 

Infrastructure

Customer is responsible for

sustainability in the cloud
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Migrate

Take advantage of the cloud 

and AWS efficiency

Optimize

Deliver sustainable, 

high-performing architecture

Transform

Leverage data, AWS professional services, 

and digital innovation

Your sustainability journey and AWS
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Migrate to AWS 

A carbon reduction opportunity
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Carbon reduction opportunity

US

3.6 times more

energy efficient

Find all the reports on https://aws.amazon.com/sustainability/resources

Asia Pacific

5 times more

energy efficient

Europe

Up to 5 times more

energy efficient 

AWS can lower the carbon footprint of average on-premises data center workloads by nearly 

80% today and up to 96% once AWS is powered with 100% renewable energy 

https://aws.amazon.com/sustainability/resources
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Transform

Access and leverage sustainability data 

AWS Professional Services Sustainability Practice

Build cloud-native solutions
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Build sustainability solutions

Energy analytics 

and forecasting

Carbon footprint 

framework

Sustainable building 

management

Tap into industry-specific expertise, including:

Agriculture Energy
Retail, logistics, and 

consumer packaged goods

Sustainable 

packaging
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Amazon Sustainability

Data Initiative (ASDI)

Data to address a wide range of sustainability challenges

Image from Landsat 8 satellite, 

courtesy of the U.S. Geological Survey

Open Data

Program

Sustainability data programs

AWS Data

Exchange

© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Optimize workloads

To deliver sustainable, high-performing 

architecture
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Sustainable high-performing architectures

Resource-efficient Impact-aware
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AWS Well-Architected

AWS Trusted Advisor AWS Carbon Footprint Tool

Amazon CloudWatch

Amazon CodeGuru S3 Storage Lens

AWS Compute Optimizer  
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The six AWS WA pillars

AWS Well-Architected
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A typical cloud workload

Requests

AWS Cloud
AWS Region

Subsys 1 Subsys 2 Subsys 3

Data

Response (R)

R1 R2 R3

Process
Architecture

SDK

CI/CD

2

3

4

5

6

1
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Focus domains of AWS WA Sustainability pillar

User 
behavior

Data

Software & 
architecture

Hardware Development & 
deployment process

Region 
selection 

1 2 3

4 5 6
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Region selection

1

2

Assess and shortlist potential Regions for your workload based on 

your business requirements (e.g., compliance, latency, cost, 

and features)

Choose Region(s) near Amazon renewable energy projects or 

Regions where the grid has a published carbon intensity that 

is lower than others

AWS Regions powered by over 95% renewable energy

https://sustainability.aboutamazon.com/environment/the-cloud?energyType=true

https://sustainability.aboutamazon.com/environment/the-cloud?energyType=true
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User behavior

• Scale infrastructure with user load

• Optimize resources used by users for the activities performed

• Align service level agreements (SLAs) with sustainability goals
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Small increase
in response time

Reduction in 
overall impact

Architectural recommendation
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Data

• Implement a data classification policy

• Use lifecycle policies to automatically delete unnecessary data

• Minimize data movement across networks

• Only back up data when it would be more impactful, or 
impossible, to re-create
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Use hardware with least impact

Leverage 

specialized hardware

Switch 

to Graviton
Right-size 

resources

e.g., AWS Inferentia and 

AWS Trainium

e.g., AWS Compute 

Optimizer
Powerful and efficient,  

modern applications
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Software and architecture

• Remove or refactor workload components with low or no use

• Use software patterns and architectures that best support your 
data access and storage

• Enable sustainable scheduling in architecture
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Sustainable scheduling

Time

Peak

Provisioned
capacity
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Development and deployment process

Adopt more 
automation

Keep your workload 
up to date

Increase the 
utilization of

build environments
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AWS tooling to improve resource efficiency

AWS Compute Optimizer
Finds under-utilized 
compute resources

AWS CodeGuruAWS Trusted Advisor
Makes recommendations 
to improve performance

Finds your least 
performant lines of code
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Why should architectures be impact-aware?

Prioritize | Validate Deploy |  Replicate Review | Identify 

AWS Well-Architected AWS Compute Optimizer

Amazon CodeGuru

Amazon CloudWatch

Amazon 

QuickSight

AWS customer carbon 
footprint tool

AWS Trusted Adviser Amazon S3 Storage Lens

AWS Cost and

Usage Report

Amazon Athena

Improvement Process

Improvement 

Goal
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AWS customer carbon footprint tool

Track, measure, review, 

and forecast the carbon 

emissions generated 

from your AWS usage
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AWS customer carbon footprint tool

Calculate carbon emissions generated from 

your AWS workloads

Understand historical carbon footprint and 

review changes in emissions over time

Forecast changes as AWS moves forward on 

a path to 100% renewable power in data 

centers by 2025
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Understand your impact through metrics

Utilization

Compute

Storage

Data transfer
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Sustainability is a nonfunctional requirement

Utilization

Compute

Storage

Data transfer

Response time

Availability

Quality of result

Cost

Common

nonfunctional

requirements

Resource

Usage
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Normalize sustainability KPIs to make them comparable

Proxy Metric

Business Metric
KPI=
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CloudWatch metrics

Collecting metrics is time consuming; Amazon CloudWatch 
allows you to collect default metrics from more than 70 
AWS services, such as

• Amazon EC2

• Amazon DynamoDB

• Amazon S3

• Amazon ECS

• AWS Lambda

• Amazon API Gateway

CloudWatch Insights to get metric from logs

Custom metric for business metrics
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Cost and Usage Report

AWS Cost and Usage Reports (AWS CUR) contain the most 
comprehensive set of cost and usage data available

• Deliver report files to your Amazon S3 bucket

• Update the report up to three times a day

• Create, retrieve, and delete your reports using the AWS 
CUR API Reference

• We can use it as a data source for proxy metrics
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Resource Proxy metrics Source

Compute • vCPU minutes per transaction; normalized 

vCPU

• Example: vCPU in CloudWatch*

CloudWatch or Cost and Usage

Storage • GB per transaction

• Example: BucketSizeBytes

CloudWatch

Network • GB transferred or packets transferred

• Example: NetworkIn in CloudWatch

CloudWatch/network logs 

(AWS Transit Gateway logs, for 

example)

vCPU in CloudWatch: https://www.youtube.com/watch?v=6HyhV26S_a0

Architect workload to be impact-aware 
with metrics

https://www.youtube.com/watch?v=6HyhV26S_a0
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Evaluate improvement

Amazon QuickSight

Dashboards, visualizations, and purpose-built 
analyses to make sustainable decisions on 
best actions and improvement

Amazon Managed Grafana AWS CloudWatch 
dashboard
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Establish fine-grained, frequent KPIs at 
team level

AWS Cost and

Usage Report

Amazon S3 Amazon Athena Amazon

QuickSight

Amazon 

CloudWatch metrics

[…]

+
Business metrics
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What are the cloud intelligence dashboards?

Easy to use

Secure

In-depth

• Self service 

• Auto generated recommendations

• Actionable insights for entire organization in 

a single place

• Multi-payer customer support

• No agents running

• Data stays in your organization

• All AWS native services

• Resource-level granularity

• Fully customizable

• ML-driven Insights

Cost-efficient
• Serverless: Pay as you go and scale on demand

• No additional charges – pay only for underlying services 

Amazon S3, Athena, QuickSight

• Estimated cost in a large AWS deployment less than $100 

per month

A series of in-depth and customizable dashboards which provide the most comprehensive cost and usage details to 

help you optimize cost, track usage goals, and achieve operational excellence

Deploy today using the Cloud Intelligence Well-Architected Labs

https://wellarchitectedlabs.com/cost/200_labs/200_cloud_intelligence/
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The cloud intelligence dashboards framework

AWS Cost &

Usage Report

The CID Framework

Amazon Athena AWS Glue Amazon QuickSight

The Cost 

Intelligence 

Dashboard

CUDOS Dashboard Trends Dashboard

1. Start with your 

Cost and Usage 

Reports

2. Set up the 

framework

3. Access your 

dashboards

SQL Queries

Summary View

Account Name Map

KPI Views

Compute Optimizer Views

Trusted Advisor 

Organizational 

(TAO) 

Dashboard

AWS Trusted Advisor 

Organizational Report

KPI Dashboard

AWS Compute 

Optimizer
AWS BudgetsAWS Organizations

optional Required for associated dashboards

Compute Optimizer 

Dashboard
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Cloud intelligence dashboards customization

1) Change to hour, not cost

2) Change to scale for workload

The aim is to update this graph:

1) CPU usage, not cost 

2) Scale the Y axis by a business KPI
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Cloud intelligence dashboard customization

1) In the dashboard, select share to bring up the manage 

permissions page. Give save as permission

3) Switch out the cost field 

for usage_quantity field

2)  In dashboard settings; then save as at the top right. Save 

as a new analysis 
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Cloud intelligence dashboard customization

The final aim is to scale the Y axis by a unit of work

We need to change the summary view in Athena

We join on the business 

data, adding that to the 

dataset

Then change the select 

to divide the resource 

value by this
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Modern data architecture
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Pillars within modern data architecture

Scalable data lakes Purpose-built

analytics services
Seamless data 

movement

Unified governance Performance 

and cost 

effectiveness
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50

Serverless
No infrastructure to maintain; allocate needed compute power and run jobs

Cost-effective
All-in-one pricing model is 55% cheaper than other cloud data 
integration options

Handles complex workloads
Connect to 30+ data sources, process petabytes of data in real time; includes 
batch- and event-driven modes

No lock-in
Develop data integration pipelines in open source SparkSQL, PySpark, and Scala

Data integration for every user
Development environments catered to different skillsets – visual ETL development 
for data engineers, notebook styled development for data scientists, and no code 
development for data analysts

AWS Glue 
S E R V E R L E S S  D A T A  I N T E G R A T I O N  F O R  C O M P L E X  W O R K L O A D S  U S I N G  A P A C H E  S P A R K
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We will Use NYC taxi trip data

Taxi trip data Taxi zone mapping data

https://data.cityofnewyork.us/Transportation/NYC-

Taxi-Zones/d3c5-ddgc
https://registry.opendata.aws/nyc-tlc-trip-records-pds/

https://data.cityofnewyork.us/Transportation/NYC-Taxi-Zones/d3c5-ddgc
https://registry.opendata.aws/nyc-tlc-trip-records-pds/
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Data transformation in AWS Glue

Taxi trip data

Taxi zone mapping data

Amazon S3

Amazon S3

AWS Glue

Average fare per taxi zone 

against Jun 2016 taxi ride data
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Improvement process – Reminder

Prioritize | Validate Deploy |  Replicate Review | Identify 

AWS Well-Architected AWS Compute Optimizer

Amazon CodeGuru

Amazon CloudWatch

Amazon 

QuickSight

AWS customer carbon 
footprint tool

AWS Trusted Adviser Amazon S3 Storage Lens

AWS Cost and

Usage Report

Amazon Athena

Improvement 

Goal

Improvement Process



© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Step 1 
Start with sustainability goal
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Improve workload resource efficiency by 50%
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Step 2 
Review and identify targets 
for improvement
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Review best practices

User 
behavior

Data

Software & 
architecture

Hardware Development & 
deployment process

Region 
selection 
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Identify targets for improvement

User 
behavior

Data

Software & 
architecture

Hardware Development & 
Deployment process

Region 
selection 

Change JOIN mechanism

to reduce data shuffling

Change file format

to reduce scanned data

Upgrade Spark version

to adopt efficient technology

Use Auto Scaling

to improve compute utilization
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Step 3 
Prioritize targets for improvement
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Prioritize targets for improvement

Improvement target Potential Effort Risk

Use Auto Scaling High Medium Medium

Upgrade Spark version Medium Low Low

Change JOIN mechanism Low Medium Medium

Change file format Very High High Low
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Improvement targets after prioritization

3. Use Auto Scaling

4. Change JOIN mechanism

2. Change file format

1. Upgrade Spark version
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Step 4
Validate specific improvements
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Proxy Metric

Business Metric

Normalize sustainability KPIs to make them comparable

KPI=
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DPU Hours

Taxi Rides

Normalize sustainability KPIs to make them comparable

KPI=
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Collect and visualize metrics for validation

AWS Cost &

Usage Report

Amazon CloudWatch

Metrics

Amazon S3

Amazon S3

Amazon QuickSight

Taxi rides

DPU hours

Amazon Athena

Hourly

export

Supplementary

metrics
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QuickSight dashboard for the demo workload

KPI

Metrics
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Scenario 1: Upgrade Spark version

Glue 2.0 (Spark 2.4) to 

Glue 3.0 (Spark 3.1)
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Scenario 1: Upgrade Spark version

Outcome

• Sustainability KPI dropped by 
20%

Why

• New feature in Apache Spark 3 
optimize query plan dynamically
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Scenario 2: Change file format

Compressed with schema and various 

metadata for performance efficiency
Text format without any schemas 

and metadata

CSV Parquet
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Scenario 2: Change file format

Outcome

• Sustainability KPI dropped by 
another 30% compared to base case

Why

• Only the necessary data was scanned 
using metadata with proper 
compression
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Scenario 3: Use auto-scaling

Spark Spark Spark

Spark Spark Spark

AWS Glue

Worker nodes

Adjust the number of 

workers as needed
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Scenario 3: Use auto-scaling

Outcome

• Sustainability KPI dropped by 
another 10% compared to base 
case

Why

• AWS Glue auto-scaling adjusts 
capacity in real-time which 
reduced idle resources
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Scenario 4: Change JOIN mechanism

Sort merge join

Efficient if both datasets are 
large

Broadcast join

Efficient if one of the two datasets 
is small
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Scenario 4: Change JOIN mechanism

Outcome

• Sustainability KPI dropped by 
another 30% compared to base 
case

Why

• Changes to the join mechanism 
have minimized network transfers 
between workers
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Step 5
Measure results and replicate success



© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Overall improvement

• 90% reduction in Sustainability KPI 
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Key takeaways

1
How AWS can help you in your Sustainability journey

2
AWS Frameworks and Tooling to deliver sustainable high-performing 

architectures  

Improvement process to deliver sustainable high-performing 

architectures
3
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Sustainability breakout sessions 
SUS204: Sustainability in AWS Global Infrastructure

SUS205: Architecting sustainably and reducing your AWS carbon footprint

SUS206: Sustainability and AWS Silicon

SUS208: Utilizing sustainability data at scale

SUS210: Modeling climate change impacts and risks at scale

SUS211: Water stewardship and renewable energy at scale

SUS212: Accelerating decarbonization & sustainability transformation

SUS301: Sustainable machine learning for protecting natural resources

SUS303: Delivering sustainable, high-performing architectures

SUS312: How innovators are driving more sustainable manufacturing

STP213: Scaling global carbon footprint management
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Sustainability workshops and chalk talks

SUS201: Detecting deforestation with geospatial images and Amazon SageMaker

SUS202: Using Amazon SageMaker, AutoGluon, and ASDI to predict air quality

SUS203: Carbon emissions reporting using modern data architecture on AWS

SUS207: Patterns for obtaining insights from sustainability data 

SUS302: Optimizing architectures for sustainability
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Thank you!

Please complete the session 
survey in the mobile app

Dr. Sam Mokhtari

ghm@amazon.com

Thomas  Coombs

tccoomb@amazon.ch

Chie Hayashida

haychie@amazon.co.jp


