According to ISO 14040 and I1SO 14044

"4 Lexmark

Lexmark's innovative imaging solutions and
technologies help customers worldwide print,
secure and manage information with ease,
efficiency and unmatched value. Lexmark
simplifies the complex intersection of digital
and printed information.

As part of the commitment to our customers,
Lexmark performs Life Cycle Analysis on our
products. The results of the LCA analysis
continues to assist Lexmark in reducing the
environmental impact of the hardware,
software and services offered to our customers.

With exceptional performance and secure design, the MS531ldw
Multifunction printer (copy/scan/print/fax) delivers enhanced productivity
up to 46 ppm* on letter paper and toner yields up to 28,400 pages**.
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This document is the summary of an LCA study aiming to represent the product properties, related assumption, impact
categories and potential environmental impact results of Lexmark's MS531dw printer product. Lexmark generates LCAs
for a series of printers and multi-functional devices. The LCAs are critically reviewed by an independent expert. Each LCA
is created using the same software model and workflows while changing only printer-specific data points via parameter
settings. Each LCA submitted for critical review will then be accompanied by a brief technical summary of the relevant
data points, as well as a methodology report.

This LCA study is carried out based on ISO 14040 and ISO 14044, and generally follows the requirements of the Product
Category Rules (PCR) Guidance for the product category printers and multi-function printing units, version 2, published
by UL Environment (ULE) in April 2018. This LCA study has a few deviations from the PCR, including the following:

The PCR bases the images per day calculation on the Version 2.0 of the Imaging Equipment ENERGY
STAR® Program Requirements. However, using this estimation method results in a calculated printing
volume that greatly exceeds actual customer usage. In this study, the images per day calculation has been
replaced by actual customer printing data, Average Monthly Print Volumes (AMPV), per product
family. The new methodology aligns with realistic customer printing.

The PCR requires using ReCiPe 2016 or TRACI 2.1 as the impact assessment methodology. This study selects
TRACI 2.1 as it is currently the only impact assessment methodology framework that incorporates US average
conditions to establish characterization factors (Bare, 2012) (EPA, 2012). For global warming potential, the
TRACI characterization factors are not the most current, therefore it is assessed based on the current IPCC
characterization factors taken from the 6™ Assessment Report (IPCC, 2021) for a 100-year timeframe (GWP100)
as this is currently the most commonly used metric.

Sphera updated paper dataset is selected to replace dataset developed based on information from the
American Forest and Paper Association (NCASI, 2010).

COMPANY Lexmark

PRODUCT SYSTEM Laser Printer MS531dw

ISO 14044: Environmental management — Life cycle assessment — Requirements and
guidelines. Geneva: International Organization for Standardization.
DATE OF ISSUE 9/18/2024

Product definition

Information about basic material and the material's origin
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Life cycle assessment results

Testing results and critical review
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Thomas Gloria, Indust. Ecology Consultants
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Product Description

Product Type

Mono Laser Printer

Printer Model

MS531dw

Maximum Print Speed

46 pages per minute

Intended use

primarily office

Range of applications

print images or text in mono onto paper or paper-like media

Product Lifetime

5 years

Introduction Date

4/25/2023

Product Specifications

https://www.lexmark.com/en_us/printer/25025/Lexmark-MS531dw

Functional Unit

The functional units has been defined as (1) a 1,000 page simplex job; (2) lifetime page
simplex job

Product
Characterization

With certifications in ENERGY STAR®, Blue Angel, RoHS, EPEAT® Silver. Models are
sustainable for today and beyond. Lexmark is an industry leader of recycled content
with products using at least 39% PCR content and continual focus on improvement.
This line is also engineered for Long Life and designed to last and reduce waste. The
printer product delivered to the customer consists of the printer, a power cord,
printed setup instructions, a CD/DVD that includes the User Guide and Printer Drivers
and an initial set of product supplies. The printer is delivered in packaging that can be
recycled locally and is not needed for product operation. Product supplies include
toner cartridges, imaging kits and the fusing mechanism. The power supply is internal
to the product and the imaging kit and fusing mechanism are installed at the factory.
Only the toner cartridges must be installed by the customer. The printer can be setup
by the customer without outside assistance.
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Technical Data
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According to ISO 14040 and ISO 14044

Declaration of Basic Materials

The printer consists of mechanical, electromechanical, and electronic components. Its material composition can be
described using the basic material fractions given below. Please note that the category 'Electronics’ also includes all

wiring.
Plastics (recyclable) 5.2
Plastics (non-recyclable) 0.554
Ferrous Metals 6.59
Aluminum 0.0258
Copper 0
Glass 0.00101
Electronics 0.917
Other Materials 0.139
Total 13.4
Table 1: Basic Material Declaration
Product Supply Chain

The printer is manufactured and assembled in Southeast China. The cartridges for the North American market are
manufactured and assembled in Juarez, Mexico.
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Life Cycle Assessment Results

The following sections describe the printer's cradle-to-gate resource use and potential environmental impacts over the
full printer life cycle. These represent the typical impacts for an average system sold in the North American market. All
impacts are presented per functional units.

Table 2 displays the use of material resources (kg) and of non-renewable as well as renewable primary energy demand
necessary for printer manufacturing, but excludes other life cycle stages of the printer (cradle-to-gate). Likewise,
material and energy consumption associated with printer packaging, cartridges, and paper is excluded here.

Use of Material Resources [kg]

Non-Renewable 866
Renewable (excl. water) 1.37E003
Water 6.82E008
Use of Non-Renewable Primary Energy [MJ]

Crude Oil 302
Hard Coal 817
Lignite 27.8
Natural Gas 606
Uranium 117
Use of Renewable Primary Energy [MJ]

Biomass -5.52E-007
Geothermal 4.8
Solar 165
Wind 79.2
Hydropower 81.5

Table 2: Use of Material and Energy Resources for Printer Manufacturing (Cradle-to-Gate)

Based on the ENERGY STAR® Typical Energy Consumption (TEC) test methodology, the printer is expected to
have the following power consumption for an assumed average job load.

Energy Consumption During Utilization [kWh] 1.28 140

Table 3: At-wall power consumption during utilization
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Life Cycle Impact Assessment

The following provides an overview of the potential printer life cycle impacts with emissions classified and characterized
to standard environmental impact metrics based on TRACI 2.1 method. Global warming potential is evaluated based on
IPCC ARG. Ecotoxicity and human toxicity are not included in this study, due to their respective uncertainties.

LCIA results are relative expressions and do not predict impacts on category endpoints, the exceeding of thresholds,

safety margins or risks.

per 1000 per 1000 per printer per printer
pages pEges lifetime lifetime
including paperexcluding including paper|excluding
paper paper
IPCC ARG GWP 100, excl biogenic COZ [kg COZeq.] 1.33E02 1. 30E02 S5.97EOQ2 2.54E02
AP [kg 502 eq.] 8.54E-01 8.40E-01 2.80E00 1.721E00
EP [ke M eq.] 3.99E-02 3.24F-02 8.81E-01 5.81E-02
ODP [ke CFC 11enq.] 1 48E-08 1 45E-08 1.87E-07 1.87E-07
RDOP [M) surplus energy] 1.45E02 1.41E02 7.82E02 3.24E02
SFP[kg O3 eq.] 6.80E00 6.53E0C 4. 32E0L 1.24E01

Table 3: Summary of Life Cycle Impact Assessment Results




"4 Lexmark

Laser Printer MS531dw
Printers and multi-functional printing units

Interpretation of Results

Dominance Analysis

Due to the 5 year lifetime and the number of pages printed per day based on the actual customer printing information,
the use phase with paper dominates the life cycle impacts. The below tables and charts display the results of the
dominance analysis for each impact category addressed in Table 3. The first row in each table, labeled Printer, is the
printer manufacturing phase which includes raw material extraction and manufacturing.

Global Warming Potential

per 1000 pagesincluding |per 1000 pages excluding | per printer ifetime per prirter IFetime
paper paper ncluding paper excluding paper
Printer 1.28BE02 1.28E02 1.28E02 1.28E02
Usephase <LC>  |4.25E00 1.14E00 4 67E02 1.25E02
Eol phase<LC> |1.17EOD 1.17E00 1.17E00 1.17E00

Table 4: GWP100 dominance analysis [kg CO2 equiv]

Frinteruse- Cartridoes/Toner [ Printeruse- Distribution [l Printer Use- Energy .

B Frinteruse- Maintenance
Printer use- Waste treatment

B Frinteruse- Packaging [l Printer Use- Paper

Percent of GWP100

100.0
80.0
a0.0
0.0
60.0
50.0
40.0
0.0
200

10.0

0.0

per 1000 pages including paper
per 1000 pages excluding paper

Figure 1: GWP100 dominance analysis of the life cycle stage

per printer lifetime including pa..
per printer lifetime excluding pa

Total lifetime distribution: 30.111 kg CO2 equiv
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per 1000 pages including

per 1000 pages axc uding

per printer ifetime

per printer lfetime

paper paper ncluding paper excluding paper
Printer 1.33E08 1.33E08 1.33e08 13308
Usephass<LC> |1.5BE0D 1.58E09 1.74E07 1.74E07
Eol phass<LC> [B.22E-15 8.22E-15 8.22E-15 8.22E-15

Table 5: ODP dominance analysis [kg CFC-11 equiv]

per 1000 pagesincluding |per 1000 pages excluding | per printer ifetime per printer lfetime

paper paper ncluding paper excluding paper
Printer 8.31E01 8.31E01 8.31E-01 831E01
Usephass<LC> |1.7BED2 3.39E-03 1.96E00 3.73E01
Eol phass<LC> [5.70E-03 5.70E-03 5.70E-03 5.70E-03

Table 6: AP dominance analysis [kg SO2 equiv]

per 1000 pagesincluding |per 1000 pages excluding | per printer ifetime per printer lfetime

paper paper ncluding paper excluding paper
Printer 3.17E02 3.17E02 3.17E02 3.17e02
Usephass<LC> (7.71E-03 2 35E-04 B 4BE-01 259E02
Eol phass<LC> |4 0404 4 04F-0d 4 04F-0d 404FE04

Table 7: EP dominance analysis [kg N equiv]

per 1000 pagesincluding |per 1000 pages excluding | per printer ifetime per printer lfetime

paper paper ncluding paper excluding paper
Printer 1.38E02 1.38E02 1.3BE02 1.38BE02
Usephass<LC> |5.B4E0D 1.6BE0D 6.42E02 1.B4E02
Eol phass<LC> |2.1BECQD 2.1BE0D 2. 1BEQD 2. 1BEQOD

Table 8:

RDP dominance analysis [MJ surplus energy]
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Smog Formation Potential

per 1000 pagesincluding |per 1000 pages excluding | per printer ifetime per prirter IFetime
paper paper ncluding paper excluding paper
Printer 6. 34E00 &.34E00 6.34E00 &.34E00
Usephase<LC>  [3.34E01 5.43E-02 3.67E0L 5.97E00
Eol phase<LC> |1.30E01 1.30E-01 1.30E-01 1.30E01

Table 9: SFP dominance analysis [kg O; equiv]

Printeruse- CartridaesToner [ Printeruse- Distribution [l Printer Use- Eneray
B Frinteruse- Maintenance B Frinteruse- Packaging Printer use- Wastetreatment

100.0

95.0
80.0
5.0
80.0
750
0.0
5.0
60.0
&BO
&0.0
450
40.0
350
30.0
2510
20,0

Percentage (%)

150
10,0
50
0.0

AP [kg SO2 eq.] ODP [kg GFC 11 eq]

ROP[MJ surplus energy]

SFP[kg O3 eql]
EP[kg M eq]

Figure 2: Contribution analysis of the use phase (per 1000 pages excluding paper)

Assumptions and Estimations

Assumptions and estimations are documented in the methodology report, which was provided for critical review
purposes alongside this document. The LCA results represent the specific printer model as sold in the North American
market.

The model assumes a printer lifetime of five (5) years. The printer is modeled to print an average pages per day

10
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based on actual customer printing information. The printer further possesses an automatic mechanical duplexing
feature.

Power consumption figures are based on ENERGY STAR® testing of the printer using the average job load described
above. Consumables rate of consumption is based on the market-average yield across all available cartridge
capacities. In addition, market-average use of remanufactured cartridges is taken into account, as applicable.

Transportation distances to the end consumer are based on their points of origin and the population-weighted average
distance to the 100 most populous cities in the continental US based on 2020 census data. The printer as well as
replacement fuser kits and waste toner bottles are manufactured in China and shipped to the point of use from the
distribution center near Jeffersonville, IN, while the cartridges and the imaging unit are shipped from Ciudad Juarez, MX
to Jeffersonville, IN.

The paper dataset developed by Sphera represents European and used as proxy in lieu of current US data.

The End-of-Life treatment for the printer is based on the assumption that 90 % of the printers are either recycled or
remanufactured, while the remainder is disposed of through local waste streams, where the metal fractions are assumed
to be recycled and the remainder landfilled. The EoL cartridges are assumed to be split as such: 80% to remanufacturing
or recycling, and 20% landfill.

In accordance with the cut-off methodology, materials sent to End-of-Life recycling are considered to cross the system
boundary without any further transformation. Only the impacts associated with waste transportation and disposal are
included in the results.

All primary data is based on technical documentation and sales data accessed in 2024. All background data is taken from
the MLC 2024-10.9.0.20 Databases. No primary data is collected from the Original Equipment Manufacturer's
manufacturing plant.

11
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Manufacturing data of printers and consumables is based on a combination of Bills of Material and teardown analyses
and is considered to be of overall high quality with low uncertainty. Distribution from printer manufacturing to the end
consumer is representative of logistical data from Lexmark and best estimates of US average shipping distances, and is of
moderate quality and high uncertainty.

Printer power consumption represents measured power consumed during printer operation. The electricity consumed is
calculated based on TEC specification, and is of high quality and moderate uncertainty. Toner cartridge use is based on
expected yields based on the ISO test standards for cartridge use, and is of high quality and low uncertainty.
Replacement rate for consumable parts is based on part design specifications, and is of high quality and moderate
uncertainty.

The disposition of the printer and consumables at End-of-Life is based on best-available information by the respective
experts at Lexmark. This data is of average quality and moderate uncertainty.

All background datasets relevant to production, power generation, transportation, and material disposal were taken
from Sphera's MLC 2024-10.9.0.20 Databases.

The additional use of third-party background data from industry associations (e.g., worldsteel) is documented in the
methodology report. They represent the latest LCI data as available in the MLC 2024-10.9.0.20 Databases.

No significant allocations have been considered for the production of the printer. Allocation of production or use impacts
across the various functions of a multi-function system is not included (i.e., allocation of production impacts to the
provision of scanning services) and the impacts from all life cycle stages are considered within the system boundaries for
the printing system.

Treatment of recycled or resold material is not considered in the body of the LCA, in accordance with the cut-off
methodology.

12
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Lexmark International, Inc.
740 W. New Circle Road
Lexington, KY 40550

Tel: +1-859-232-2000



‘2 Lexmark

Laser Printer MS531dw
Printers and multi-functional printing units

Critical Reviewer:

Thomas P. Gloria, Ph. D.

Industrial Ecology Consultants

35 Bracebridge Rd.

Newton, MA 02459-1728

direct: 617.553.4929

email: t.gloria@industrial-ecology.com

Dr. Gloria is a certified Life Cycle Professional (LCACP) through the American Center for Life Cycle Assessment.





