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ABSTRACT

This study investigates how differences in LCA (life cycle assessment) methodologies affect the carbon footprint results
of computer products and highlights the need for a consistent, product-specific framework. Using official Dell reports, 125
products were analyzed with Dell Product Carbon Footprint Version 1 (Dell PCF) and PAIA (Product Attribute to Impact
Algorithm) methods. The average footprint was 411+385 kgCO:eq, with up to a 38-fold variation between models and
10-fold differences even among identical-spec products. The PAIA method yielded a maximum of 2,971 kgCO:eq, while
Dell PCF's maximum was 406 kgCO:eq—mainly due to differing system boundaries and data sources. Although component
specs like CPU (central processing unit) and SSD (solid state drive) showed weak correlations, energy use and weight were
strongly linked to emissions. The study proposes a framework with seven key elements to improve reliability and com-
parability in carbon footprint assessments.
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Fig. 1. Carbon footprint assessment based on the Dell PCF methodology per computer by life cycle phase.
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Dell OptiPlex 7 70 Micro Form Factor
Dell OptiPlex 7070 Small Form Factor
Dell OptiPlex 7070 Tower

Dell OptiPlex 7070 Utira
Dell OptiPlex 7071 Tower
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Dell OpthIex 7090 Micro Form Factor
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Dell Precision 3640 Tower

Dell Precision 3650 Tower

Dell Precision 3660 Tower

Dell Precision Tower 5620

Dell Precision 5860 Tower

Dell Precision 7875 Tower

Dell Precision Tower 7620

Dell Precision 7865 Tower

Dell Precision 7960 Tower

Dell OptiPlex XE3 Small Form Factor
Dell OptiPlex XE3 Tower
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T ————C—
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Fig. 2. Carbon footprint assessment based on the Dell PCF methodology per computer by life cycle phase.
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Fig. 4. Linear correlation analyses for the carbon
footprint of computer versus carbon footprint of
energy consumption and total weight.

Table 1. Comparison of carbon footprint assessment results and assumptions between the Dell PCF and
PAIA methodologies for computers

Parameters Dell PCF (n=26) PAIA (n=99)
Range of carbon footprint (kgCO.eq) 77.6~406 196~2,971
Manufacturing phase (%) 53+7.6 59+12
Use phase (%)* 3949 34+12
Transport phase (%)" 542 748
EoL phase (%)* 445 120

Main contributors

Linear relationship between carbon footprint of
computer and main contributors (R?)

Range of Geekbench score

Range of solid state drive capacity (GB)
Range of DRAM capacity (GB)

Energy consumption (kWh/yr)

Total weight (kg)

Assumption of life span
Main components

Data sources

Mainboard, mechanicals

Electromechanicals (0.80),
Mechanicals (0.77)
2,986~17,010
256~2,048
864
25.4~146
1.1~9.7
Wyse Alg]2 24, YWZ] 44

11 main components (display,

power supply unit, DRAM, etc.)

Primary or secondary data

Mainboard, display

Chassis (0.78),
Power supply unit (0.72),
Display (0.74)

704~20,055
32~1,000
8-16
16.7~1,096.3
0.6~24.7
49

13 main components (battery,

optical disc drive, materials, etc.)

Secondary data

‘Bt W BEEAL g2 242} Dell PCF R E0] 281 2470 AlE PAIA WHE0] 284 997 AlEE tVdo= A4S
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