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Sustainability reports today
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X
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Materials

Maximize recycled content
in products and responsibly
source primary materials

Recover

Reuse products through
Apple Trade In and maximize
material recovery at end of life
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Use

Minimize emissions from
product use, enhance product
longevity, and seek to avoid
exposure to harmful chemicals

Make

Make products responsibly,
upholding high standards of labor
and human rights and minimizing

our environmental impact

Package
and Ship
Eliminate plastic from our
packaging and minimize
emissions from transportation




Sustainability reports today
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X
Source

Materials
Maximize recycled content ‘(\"

in products and responsibly
source primary materials
=
Make

Make products responsibly,
upholding high standards of labor
and human rights and minimizing

our environmental impact
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Use Package

Minimize emissions from and Shlp
product use, enhance product
longevity, and seek to avoid
exposure to harmful chemicals

[]

LY

Recover

Reuse products through
Apple Trade In and maximize
material recovery at end of life

Eliminate plastic from our
packaging and minimize
emissions from transportation

iPhone 15 Pro
128GB

Greenhouse gas emissions

Total product footprint 66 kg CO:ze

Apple emissions from utility-purchased

electricity (scope 2) Okg COze
Life cycle product emissions (scope 3) 66 kg CO-e
- Production 83%

- Transportation 3%

+ Product use 15%

- End-of-life processing <1%

GHG reductions achieved?® 129%

iPhone 15 Pro Max
256GB

75kg CO2e

0 kg CO2e

75 kg COze

83%

3%

15%

<1%

130%

Note: Percentages may not total 100 due to rounding.
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ldeal sustainability reports of tomorrow
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packaging and minimize
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Objectives of this work

p
Objective 1: Call to action for the industry to include detailed
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 What are in corporate sustainability reports today?
* What should sustainability reports include in the future?
 Importance of including detailed data in the report.
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Importance of the detailed data — Discrepancies in CFP
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Importance of the detailed data — Discrepancies in CFP
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* Need for more granular sustainable metrics in the reports
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Importance of the detailed data
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Importance of the detailed data
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* “Operational CFP %" has remained almost constant over the years




Importance of the detailed data

16nm 1?nm10nm 7|nm 7nm 5||1m 5nm 4r||m 3nm
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» “Operational CFP %" has remained almost constant over the years

« “Embodied CFP %" has increased over the years
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Objectives of this work

C )
Objective 2: Call to action for the community to incorporate

sustainability-oriented metrics for benchmarking chips and architectures
(S J

« Traditional metrics in the chip design
* Proposed metrics for benchmarking chip design
and processors for sustainability
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Processor benchmarking metrics

Traditional Metrics

* Processor
— Power, performance, area
— Latency bandwidth
— Cost
— Performance per Watt
— Throughput
— Process node
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Processor benchmarking metrics

Traditional Metrics

* Processor
— Power, performance, area
— Latency bandwidth
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« Memory
— Refresh rate
— Area
— Density
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Processor benchmarking metrics

Traditional Metrics Sustainability Metrics

 Processor « Performance Sustainability Index (Perf-Sl)
— Power, performance, area

— Latency bandwidth

— Cost

— Performance per Watt
— Throughput

— Process node

« Memory
— Refresh rate
— Area
— Density
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Processor benchmarking metrics

Traditional Metrics Sustainability Metrics

 Processor « Performance Sustainability Index (Perf-Sl)
— Power, performance, area

— Latency bandwidth

— Cost

— Performance per Watt
— Throughput

— Process node

« Workload-dependent carbon footprint

« Memory
— Refresh rate
— Area
— Density

34



Processor benchmarking metrics

Traditional Metrics Sustainability Metrics

* Processor « Performance Sustainability Index (Perf-Sl)
— Power, performance, area » Workload-dependent carbon footprint
— Latency bandwidth . .
_ Cost « Carbon per billion transistors

— Performance per Watt
— Throughput
— Process node

« Memory
— Refresh rate
— Area
— Density
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Processor benchmarking metrics

Traditional Metrics

* Processor
— Power, performance, area
— Latency bandwidth
— Cost
— Performance per Watt
— Throughput
— Process node

« Memory
— Refresh rate
— Area
— Density

Sustainability Metrics

Performance Sustainability Index (Perf-Sl)
Workload-dependent carbon footprint
Carbon per billion transistors

Mobile SSD:
— CFP/GB
— Memory CFP per unit area
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Performance Sustainability Index- Performance per COzeq.

Performance

P — SI =
erf Total CO5eq.
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Performance Sustainability Index- Performance per COzeq.

Performance Embodied CFP
Perf —SI = /
Total COzeq. — Operational CFP

 The total CFP considers

contributions of both embodied and
operational CFP

 CFP and performance have a
relation with each other, and this
metric can help make sustainable
design decisions
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Performance Sustainability Index- Performance per COzeq.

perf — I Performance / Embodied CFP
erf —SI =
Total COzeq. — Operational CFP

w

-  The total CFP considers
Ph 15Pro XX | 23 e .
'rhone ro Ao oy (@) contributions of both embodied and

operational CFP

N
I
°

CFP and performance have a
relation with each other, and this
metric can help make sustainable
design decisions

-
1

Perf-Sl considers the device’s area,
power, and sustainably impact
along with performance for

TextProc Nav comprehensive evaluation.

Multi Core

7

Perf-Sl (Norm. to Pixel 8 Pro)

Z

o




Workload-dependent carbon footprint

Cworkioad = Tworkioad X P X CI
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Workload-dependent carbon footprint

Cworkioad = Tworkioad X P X CI
* Tworkload - TIMe taken to run the workload

« CI: Carbon intensity (Kgs of CO2 eq. per kWh)

* P: Processor power
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Workload-dependent carbon footprint

Cworkioad = Tworkioad X P X CI
* Tworkload - TIMe taken to run the workload

« CI: Carbon intensity (Kgs of CO2 eq. per kWh)

* P:Processor power .1204(b) [ ]iPhone 15Pro [/ Pixel 8 Pro [\\\| Galaxy S24
gNmo-' %
- Consider workload targeting 8 80- N ?
— ML applications = 60 - kY N s V|
~ GPU o 40- § s N ?§
~ CPU £ 2]\ N N § /§ I\
0 | ./‘\ i I_l7\ _ ZI /\ ; 4
« Useful for comparing devices G(\ A\ g\‘\‘“\ e‘\\‘“ e‘\‘\@o@s‘“\ < \‘\‘“\
based on workload «© \((\966 0‘6\0 ?0030 : o \
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Transistors CFP contribution — CFP per billion transistor

o |—e— CFP per Billion transistors m (a) =00
30 {—=— CFP (Kgs of CO,eq.) b _—800
25 ]—*—Area (mm?) 700
] -600
=) 500 3
Loy [400<
10 - * 300
| . [
5 = /t/ -—200
0 1 —e—e—o—o—o0—0—¢ 100

T L
2B 4B 6B 8B 10B12B14B16B
Transistors count

« CFP should be considered the primary optimization metric, alongside power,
area, and performance (PPA)

« Advanced technology nodes require complex steps, including sophisticated lithography
processes, which result in a higher CFP per unit area in the latest technologies
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Transistors CFP contribution — CFP per billion transistor
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« CFP should be considered the primary optimization metric, alongside power,
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« Advanced technology nodes require complex steps, including sophisticated lithography
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Mobile SSD CFP metric
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« Memory density (GB/mm?) has increased over the years

* The increase in memory density offsets the CFP increase, resulting in CFP/GB to
have a downward trend
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Conclusion

Objective 1: Call to action for the industry to
Include detailed data in sustainability reports
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Conclusion

[Objective 1. Call to action for the industry to
_Include detailed data in sustainability reports

/Objective 2. Call to action for the community A
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