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e Executive Education Fellow School of Computing NUS
e Managing Partner Zero Emissions Fund

e Founder & CEO of The Startup Buddy

e Entrepreneur in Residence at INSEAD Zero Emissions Fund

e Mentor German Accelerator, Founders Institute

e Investor, mentor, swimmer, runner, DIY home improver

Past:
* Program Manager at ING Bank
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NUS

National University
of Singapore

« Strategy consultant at DCE Consultants (now Altran)
« Consultant at Accenture

« MSc Public Policy and Public Administration (Netherlands)
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@ Zero Emissions Fund

Zero Emissions Fund

Family fund that backs entrepreneurs with a
focus on scalable decarbonization solutions.

Zero Emissions Accelerator Zero Emissions Fund

Free, online, live cohort in 2025
Ofg(0
| °

TO JOIN _

Register a STARTUP account on E
www.thestartupbuddy.co

Use the program code: ZeroEmissionsAccelerator
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http://www.thestartupbuddy.co
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The Greenhouse Effect

Some sunlight that hits Earth
IS reflected back into space,
while the rest becomes heat
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Greenhouse gases absorb
and reflect heat radiated
by Earth, preventing it

from escaping into space
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https://en.wikipedia.org/wiki/Greenhouse_effect
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Green computing, green IT, or ICT sustainability, is the study and
practice of environmentally sustainable computing or IT.

Many corporate IT departments have green IT initiatives to
reduce the environmental effect of their IT operations.

* Wikipedia, Green computing

ENERGY STAR
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https://en.wikipedia.org/wiki/Environmentally_sustainable
https://en.wikipedia.org/wiki/Green_computing
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Estimates of ICT sectors impact:

1.8%-2.8% of GHG Emissions

Policies are mostly based on these estimates excluding scope 3

Based on research and scope 1, 2 AND 3:

2.1%-3.9% of GHG Emissions

The climate impact of ICT: A review of estimates, trends
and regulations Lancaster University December 2020

Green Digital Transformation: How to Sustainably Close
the Digital Divide and Harness Digital Tools for Climate
Action, World Bank, 28 November 2023 PROPERTY OF AUTHOR, NOTTOBECOPIED 6



https://youtu.be/EFIL06AZtUs
https://arxiv.org/abs/2102.02622
https://arxiv.org/abs/2102.02622
https://www.worldbank.org/en/topic/digital/publication/green-digital-transformation
https://www.worldbank.org/en/topic/digital/publication/green-digital-transformation
https://www.worldbank.org/en/topic/digital/publication/green-digital-transformation
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Figure ES.1: Sources of ICT sector emissions
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Medasuring the Emissions & Energy Footprint of the ICT
Sector, ITU &World Bank, October 2024 PROPERTY OF AUTHOR, NOT TO BE COPIED 7



https://youtu.be/EFIL06AZtUs
https://www.itu.int/hub/publication/d-ind-clim-2023-01/
https://www.itu.int/hub/publication/d-ind-clim-2023-01/
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https://youtu.be/EFIL06AZtUs
https://ccaf.io/cbnsi/cbeci/comparisons
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“Electricity consumption from data centres, artificial
intelligence (Al) and the cryptocurrency sector
could double by 2026. Data centres are significant
drivers of growth in electricity demand in many
regions. After globally consuming an estimated 460
terawatt-hours (TWh) in 2022, data centres’ total
electricity consumption could reach more than |
000 TWh in 2026. This demand is roughly equivalent
to the electricity consumption of Japan. Updated
regulations and technological improvements,
including on efficiency, will be crucial to moderate
the surge in energy consumption from data
centres.”

Quarterly growth of Al Compute Capacity, Semi Analysis, March 13th 2024
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https://www.semianalysis.com/p/ai-datacenter-energy-dilemma-race

Zero Emissions Fund Al Compute Capacity (in FLOPS) Growth %QoQ

B FLOPS Growth %QoQ

PAOVE 3Q23 4Q23 1Q24 2Q24 3Q24 4Q24 1Q25 PAO VA 3Q25 4Q25

SemiAnalysis Estimates

Quarterly growth of Al Compute Capacity, Semi Analysis, March 13th 2024
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https://www.semianalysis.com/p/ai-datacenter-energy-dilemma-race
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The Guardian, Google’s emissions climb nearly 50% in five years due to Al energy

demand, July 2nd 2024
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https://www.theguardian.com/technology/article/2024/jul/02/google-ai-emissions?CMP=Share_AndroidApp_Other
https://www.theguardian.com/technology/article/2024/jul/02/google-ai-emissions?CMP=Share_AndroidApp_Other
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Carbon footprint (grams CO2e) for Text Writing
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The carbon emissions of writing and illustrating are lower for Al than for humans,
Nature, February 2024, Bill Tomlinson, Rebecca W. Black, Donald J. Patterson &

Andrew W. Torrance PROPERTY OF AUTHOR, NOT TOBECOPIED 12


https://www.nature.com/articles/s41598-024-54271-x
https://www.nature.com/articles/s41598-024-54271-x
https://www.nature.com/articles/s41598-024-54271-x
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Green Computing approaches

e Product longevity

e Data center design

e Software and deployment optimization
e Power management

e Materials recycling

e Cloud computing

e Remote work

e Telecommunication and network devices

Wikipedial Green Computing PROPERTY OF AUTHOR, NOT TO BE COPIED 13


https://en.wikipedia.org/wiki/Green_computing
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Material Composition of a Desktop Computer”’
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Center for Sustainable Systems, University of Michigan. 2024. “Information Technology Factsheet.” Pub. No. CSS09-07.

PROPERTY OF AUTHOR, NOT TO BE COPIED 14


https://css.umich.edu/publications/factsheets/built-environment/information-technology-factsheet
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DESIGN

PRODUCTION,

BRI CIRCULAR ECONOMY

RESIDUAL DISTRIBUTION

WASTE

World Economic Forum PROPERTY OF AUTHOR, NOTTOBECOPIED 15



https://www.weforum.org/agenda/2022/06/what-is-the-circular-economy/
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Total Cost of Ownership over 5 Years

Gamer and Annual carbon dioxide emissions
system type 5-year energy cost at given electricity price (Ibs)
Electricity price ($/kWh)

Purchase Cleanest Dirtiest US
Light Gamer kWhly cost $0.10 $0.15 $0.20 $0.25 $0.30 $0.35 $0.40 US region US average region
Entry-level PC 236 $550 $118 $177 $236 $295 $354 $413 $472 106 291 448
Mid-range PC 285  $1,500 $143 $214 $285 $356 $428 $499 $570 128 351 541
High-end PC 373  $2,500 $187 $280 $373 $466 $560 $653 $746 167 460 708
PS4 Pro 99 $400 $50 $74 $99 $124 $149 $173 $198 44 122 188
Xbox One 101 $500 $51 $76 $101 $126 $152 $177 $202 45 124 192
Switch 5 $300 $3 $4 $5 $6 $8 $9 $10 2 6 9

Extreme Gamer

Entry-level PC 521 $550 $261 $391 $521 $651 $782 $912  $1,042 233 642 988
Mid-range PC 897  $1,500 $449 $673 $897  $1,121 $1,346  $1,570  $1,794 402 1105 1702
High-end PC 1101 $2,500 $551 $826  $1,101 $1,376  $1,652  $1,927  $2,202 493 1356 2089
PS4 Pro 398 $400 $199 $299 $398 $498 $597 $697 $796 178 490 755
Xbox One 318 $500 $159 $239 $318 $398 $477 $557 $636 142 392 603
Switch 37 $300 $19 $28 $37 $46 $56 $65 $74 17 46 70
Emissions factor (Ilbs CO2/kWh)
0.448 1.232 1.897

Sustainable Software by assistant professor B. van Gastel, Radboud University
Nijmegen, The Netherlands, research done across 2016 - 2021
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https://youtu.be/EFIL06AZtUs
https://www.sustainablesoftware.info/
https://www.sustainablesoftware.info/
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Stack, Liquid cool for data centers
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https://liquidstack.com/
https://docs.google.com/file/d/11XCwo685PF16n4aixFiPypq29tKn-_VB/preview
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"™ PhotonDelta How it works  Who we work with  Markets  PhotonDelta =~ Human Capital ¥

Next generation microchips,
powered by light.

Photonic integrated circuits (PICs)A technology that harnesses the power of light to create energy-efficient, faster, and

more accurate microchips, Photon Delta, The Netherlands, August 2024
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https://www.photondelta.com/how-it-works/
https://www.photondelta.com/how-it-works/
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SOLID

SRP The Single A class should have one, and only one,
Responsibility Principle” [reason to change.”

OCP The Open Closed You should be able to extend a classes
Principle behavior, without modifying it.

LSP The Liskov Substitution |[Derived classes must be substitutable
Principle for their base classes.

ISP The Interface Make fine grained interfaces that are
Segregation Principle |client specific.

DIP The Dependency Depend on abstractions, not on

Inversion Principle

concretions.

Robert Cecil Martin, Software Engineer, SOLID +

Agile Manifesto

PROPERTY OF AUTHOR, NOT TO BE COPIED
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http://butunclebob.com/ArticleS.UncleBob.PrinciplesOfOod
http://butunclebob.com/ArticleS.UncleBob.PrinciplesOfOod
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e Write programs for people, not computers

e Define things once and only once

e Use a version control system

e Optimize software only after it works correctly
e Be a good code citizen

o Keep it short (under 100 characters per line of code)

e Language-specific style guides

THIS DEFINES GOOD SOFTWARE DEVELOPERS
SHOULD BE APPLIED TO NEW SOFTWARE AND UPDATES EQUALLY

Principles of Good Coding, Tilburg Science Hub

PROPERTY OF AUTHOR, NOT TO BE COPIED 20


https://tilburgsciencehub.com/building-blocks/develop-your-research-skills/tips/principles-good-coding/#write-programs-for-people-not-computers
https://tilburgsciencehub.com/building-blocks/develop-your-research-skills/tips/principles-good-coding/#define-things-once-and-only-once
https://tilburgsciencehub.com/building-blocks/develop-your-research-skills/tips/principles-good-coding/#use-a-version-control-system
https://tilburgsciencehub.com/building-blocks/develop-your-research-skills/tips/principles-good-coding/#optimize-software-only-after-it-works-correctly
https://tilburgsciencehub.com/building-blocks/develop-your-research-skills/tips/principles-good-coding/#be-a-good-code-citizen
https://tilburgsciencehub.com/building-blocks/develop-your-research-skills/tips/principles-good-coding/#keep-it-short
https://tilburgsciencehub.com/building-blocks/develop-your-research-skills/tips/principles-good-coding/#language-specific-style-guides
https://tilburgsciencehub.com/building-blocks/develop-your-research-skills/tips/principles-good-coding/
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