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Iv. )T 6001 AGAOGET T O OAPI 00
This isthe report for technical assistance to support the process of the revision of the self -
regulation measure  (Voluntary Agreement ) onimaging equipment . As specified in the con-
tract , the study follows the structure of the MEErP methodology in Task 1 to 4. The struc-
ture of MEErP in Task5to 7 is simplified with regard to identifying i mprovement potential
for energy efficiency. The options for an enhanced contribution of imaging equipment to

the objectives of circular economy should be fully investigated, notably with regard to

equipment reparability and durability, the design and use o f printer cartridges and the use

of paper.

Task 1 outlinesthe product scope including product categorisation, as well as the relevant
standards and legislations , including those under development, related to imaging equip-

ment energy consumption , resour ce efficiency and product design

Task 2 gives an overview of the imaging equipment  market including sales, stock and base
data on consumer costs, includ ing stock backcasting and forecast ing covered by available
data . Furthermore task 2 presents an overview of market trends concerning product design

and features , as well as average consumer expenditure data over the product lifetime.

Task 3 presents a detailed overview of use patterns of products and consumables in scope
according to consumer use an d technological developments. It also provides an analysis of

other aspects that affect the energy consumption during the use of these products, such

as component technologies. Furthermore, it also touches on aspects that are important for

material and res ource efficiency such as repair and maintenance, and it gives an overview

of what happens to these products at their end of life.

Task 4 review s the technical aspects of  imaging equipment  and outlines the current tech-
nology levels in terms of average and b est available technologies (BAT) , as well as which
technologies are expected to enter the market (best not yet available technology , BNAT).
Besides the effect on energy consumption, the technologies are also reviewed in terms of
resource efficiency . This a nalysis is the basis to define the base case technology, which will

be presented and used in subsequent tasks to define the base cases.

Task 5 presents the evaluation of the current Voluntary Agreement, which includes as-
sessment of energy savings, environ mental impacts of existing energy efficiency and re-
source efficiency requirements. T he base cases of imaging equipment and consumables
and current practices and expected development are presented in order to carry out the

evaluation and estimate future imp  acts if no further action is taken.
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Task 6 presents the improvement options in terms of both energy efficiency and resource
efficiency potentials for imaging equipment and consumables. It also provides life cycle
assessments of the options in order to recommend those with the overall best performance

in terms of life cycle costs and environmental impacts.

Task 7 provides conclusions for the appropriateness of the requirements set by the Vol-

untary Agreement , energy savings achieved and projected, as well as assessment of the
improvement potentials, especially in terms of resource efficiency of consumables. It also

examines the effectiveness of the VA, makes proposals for its improvement or  possible
replacement with other policy instrument, and assesses th e potential impacts of those

changes at the EU level.
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1. Task 1: Scope

Task 1 report follows the MEErP methodology and the specific items requested by the Eu-

ropean Commission. It includes the following:

1. Product scope: Identification and description of relev ant product categories and

definition of the product scope and categorisation  based on the Voluntary Agree-

ment , existing voluntary schemes and market terms.
2. Legislation: Update of relevant legislation on EU, Member State and third country

level. This is p resented before test standards ( i.e. not following the  typical MEErP

sequence ) as a method to concentrate the relevant test standards to those covering

parameters mentioned by EU or third countriesé6 |
3. Test standards: Update and description of relevant test and measurement stand-

ards on EU, Member State an d third country level , including those on resource ef-

ficiency aspects

The review of legislation s and test standards include those relevantto the i ndustrydés EU

Voluntary Agreement v5.2 1.

Voluntary Agreement (VA) is a self -regulation measure adopted by the industry and
endorsed by the European Commission based on a participatory exercise (via an assess-

ment carried out together with the Ecodesign Consultation Forum). Self -regulation
measures , offered as unilateral commitments by industry, are prioritised by the Ecodesign
framework directive whenever they are likely to deliver the policy objectives faster or in a

less costly manner than the mandatory implementing measures (Art. 17 of Ecodesign Di-

rective );

The Commiss ion accepted this self -regulation , as an alternative measure to an ecodesign

implementing measure, basedonan| mpact Assessment (IA) completedin2013 2 and pub-

lished a communication to the European Parliament and the Council on the voluntary de-
sign scheme for imaging equipment 3,
The VA was revised in  April 2015 and published the current applicable version v5.2. | n

April 2018, the revision process has started for the current version.

1 http://www.eurovaprint.eu/fileadmin/eurovaprint_files/pdfs/VA_version_5.2_April.pdf
2 https:/leur _-lex.europa.eu/LexUriServ/LexUriServ.do?uri=SWD:2013:0015:FIN:EN:PDF
3 https://eur _-lex.europa.eu/legal _ -content/EN/TXT/PDF/?uri=CELEX:52013DC0023&from=EN



http://www.eurovaprint.eu/fileadmin/eurovaprint_files/pdfs/VA_version_5.2_April.pdf
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=SWD:2013:0015:FIN:EN:PDF
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52013DC0023&from=EN
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1.1 Product scope

1.1.1 Voluntary Agreement product scope
The current scope of  the Voluntary Agreement covers household and office imaging equip-

ment limited to:

1 Standard black & white (BW , also called monochrome ) format products with maxi-
mum speed < 66 A4 images per minute

1 Standard colour format products wi th maximum speed <51 A4 images per minute

The Voluntary Agreement  (VA) covers imaging equipment belonging to one of the following

product categories

Copiers
Multifunction Devices (MFDs)
Printers

Fax machines
Limited to the following marking technologies

1 Electrophotography (EP)
1 Inkjet (1J), including high performance 1J
1 Solid Ink (SI)

See figure below for the different types of imaging equipment in scope of the VA.
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Canon

Figure 1: Examples of imaging equipment, from top left to bottom right, EP/I aser printer 4
inkjet MFD  ®, l aser MFD including photocopying, scanning and printing functions 6, fax machine 7
The relevant definitions from the Voluntary Agreement for imaging equipment products

are:

Copier: A commercially -available imaging product whose sole function is the production
of hard copy duplicates from graphic hard copy originals. The unit must be capable of being
powered from awall outlet or from a data or network connection. This definition is intended

to cover products that are marketed as copiers or upgradeable digital copiers (UDCs).

Multifunction device (MFD): A commercially -available imaging product, which is a phys-
ically -integrated device or a combination of functionally -integrated components that per-
forms two or more of the core functions of copying, printing, scanning, or faxing. The copy
functionality as addressed in this definition is considered to be distinct from  single sheet

convenience copying offered by fax machines. The unit must be capable of being powered

4 https://www.brother.dk/printers/laser/hl -3170cdw

5 https://www.canon __ -europe.com/about_us/press_centre/product_information/all_in_ones/pixma -1s9550 -se-
ries.aspx

6 https://www.lexmark.com/en_us/printer/7203/Lexmark -X925de

7 https://www.brother.dk/fax -machines/fax -2840



https://www.brother.dk/printers/laser/hl-3170cdw
https://www.canon-europe.com/about_us/press_centre/product_information/all_in_ones/pixma-ts9550-series.aspx
https://www.canon-europe.com/about_us/press_centre/product_information/all_in_ones/pixma-ts9550-series.aspx
https://www.lexmark.com/en_us/printer/7203/Lexmark-X925de
https://www.brother.dk/fax-machines/fax-2840
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from a wall outlet or from a data or network connection. This definition is intended to cover

products that are marketed as MFDs or multifunction products (MFPs).

Printer: A commercially -available imaging product that serves as a hard copy output de-

vice, and is capable of receiving information from single -user or networked computers, or
other input devices (e.g., digital cameras). The unit must be capable of being powered
from a wall outlet or from a data or network connection. This definition is intended to cover

products that are marketed as printers, including printers that can be upgraded into MFDs
in the field.

Fax machine: A commercially -available imagi ng product whose primary functions are
scanning hard copy originals for electronic transmission to remote units and receiving sim-

ilar electronic transmissions to produce hard copy output. Electronic transmission is pri-

marily over a public telephone system, but also may be via computer network or the In-
ternet. The product also may be capable of producing hard copy duplicates. The unit must

be capable of being powered from a wall outlet or from a data or network connection. This

definition is intended to cove r products that are marketed as fax machines.

OEM ( Original Equipment Manufacturer) 8: A company that manufactures and com-

mercializes/imports products under its own brand name into the EU single market .

Definitions for the marking technologies in scope (Electrophotography, Inkjet - including

high performance -, and Solid Ink) can also be foun d in the Voluntary Agreement 9,

Consumables such as cartridges are not in scope of the current VA, however they are

mentioned int he definiti-os®ertor ana@EMdanridge °0 and t here are
quirements for cartridges in Part Il commitment on res ource efficiency, and Part 1ll com-

ments on information requirement for end -users regarding cartridge disposal and treat-

ment as well as yield.

8 A stakeholder suggests to update the definition to "manufactures or  holds a license" as many products are

produces under license.  The study team has decided not to follow this suggestion due to consistency with the

definition in the VA

® http://www.eurovaprint.eu/fileadmin/eurovaprint_files/pdfs/VA_version_5.2_April.pdf

1t is def i neAdondr grink/cartridgge nofisold by the OEM for use in products that bear the respective

OEM6s brand name that is a remanufactuwred cartridge or refilled ce¢



http://www.eurovaprint.eu/fileadmin/eurovaprint_files/pdfs/VA_version_5.2_April.pdf
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Voluntary Agreement scope speed limits

As seen above, the scope of the VA is limited by the maximum speed inima ges per minutes
(ipm). The standard black & white (or monochrome) format products should have a max-

imum speed < 66 A4 images per minute, and standard colour format products should have

a maximum speed <51 A4 images per minute.

The monochrome speed limitwa s based on the industry perspective (EICTA 11) that semi -
professional equipment should be exempted, because according to the preparatory study

in 2008 2 t h a thesé products are usually used for high volume printing and applied in
professional environments or in large network environments with high job frequency. The
functional and performance spectrum including data processing, human and network in-

terfaces as well as the document output (sorting, binding, etc) are optimized for these

purposes. 0 Thi s | iproposed at 8sipm during the preparatory study, which was

aligned with the Japanese Top Runner Program which also exempts products with >85ipm

due to the same reason. However, EICTA rejected the stricter and higher speed limit and

proposed that monochrom e equipment with speed > 65 ipm should be exempted

The colour equipment speed limit was also based on the exemption proposed. This exemp-
tion drew inspiration from the first draft Energy Star specification 13, which distinguishes
TEC (Typical Energy Consumption, reference to the test method) colour products at a speed

level of 50 ipm, therefore the scope limit was set for products with speed < 51 ipm.

However, the speed limits may have become a less appropriate method for drawing scope
as the technology advances and the speed has improved significantly over the last 10

years.

Table 1 illustrates the percentage of standard sized imaging equipment models registered
in the US ENERGY STAR database that fall inside and outside of the VA speed requirement

scope. It is clear that the VA scope includes a high percentage of mono laser printers and

MFDs but slightly fewer colour laser printers and MFDs. Where jus t speed is considered, all
inkjet -based printers and MFDs fall within the scope of the VA. The situation for high per-

formance inkjet products is very different, with the majority of products falling outside of

the VA scope.

11 Industry association, later renamed to DIGITAL EUROPE.

2EuP Preparatory Studies @Al maging Equi pment 067-Mak 2008. aunhofeFi n a | Repor
IZM for the European Commission.

13 https://www.energystar.govi/sites/default/files/specs//imaging_Equip_V1_Final.pdf



https://www.energystar.gov/sites/default/files/specs/Imaging_Equip_V1_Final.pdf
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Table 1: ENERGY STAR registered products and VA coverage based on product speed

Percentage of products in/ out scope

Product Marking Colour/ (based on  speed limits of <66ipm (mono)
Type Technology Mono and <51ipm (colour))
In Out
Printer Laser Mono 85% 15%
MFD Laser Mono 85% 15%
Printer Laser Colour 71% 29%
MFD Laser Colour 70% 30%
Printer Inkjet Colour 100% 0%
MFD Inkjet Colour 100% 0%
Printer ngh Performance Colour 12% 88%
Inkjet
MFD High Performance | ¢\, 33% 67%
Inkjet

1.1.2 Product categorisation in EUstatistical sources

PRODCOM categories

The classification of the products in PRODCOM follows the statistical classification of eco-

nomic activities in the European Community known as NACE (Nomenclature des activités
économiques dans la Communauté Européenne). Products are defined by an eight -digit

code in which the first four digits refer to the NACE classification.

There are relatively few PRODCOM codes that relate to domestic and office imaging equip-
ment and associa ted products within ~ currentand potentially extended scope of the volun-
tary agreement  on imaging equipment. The products covered under these categories are

listed in Table 2.
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Table 2: PRODCOM code and description for imaging equipment in scope of current Voluntary
Agreement

Product group PRODCOM code and description |
NACE 26.20: Manufacture of 26.20.16.40
computers and peripheral Printers, copying machines and facsimile machines, capable of
equipment connecting to an automatic data processing machine or to a net-

work (excluding printing machinery used for printing by means of

plates, cylinders and other components, and machines performing

two or more of the functions of printing, copying or facsimile
transmission)

26.20.18.00
Machines which perform two or more of the functions of printing,
copying or facsimile transmission, capable of connecting to an au-
tomatic data processing machine or to a network
NACE 28.23: Manufacture of 28.23.21.00
office machinery and equip- Photo - copying apparatus incorporating an optical system or of the
ment (except computers and contact type and  thermo -copying apparatus
peripheral equipment) 28.23.26.00
Parts and accessories of printers of HS 8443 3
NACE 20.30: Manufacture of 20.30.22.73
paints, varnishes and similar Organic composite solvents and thinners used in conjunction with
coatings, printing ink and coatings and inks; based on butyl acetate
mastics 20.30.22.79

Organic composite solvents and thinners used in conjunction with
coatings and inks (excluding those based on butyl acetate)
20.30.24.50

Black printing inks

20.30.24.70

Printing inks (excluding black)

Given the broad -brush nature of the PRODCOM codes, they are unlikely to be able to pro-

vide an accurate picture of the production quantities of different types of imaging equip-

ment . For exampl e, the first code N26.20.16nx#00 coOV¢
equipment, some of which is unlikely to be covered under the scope of the EU Voluntary

Agreement , covering products as diverse as battery operated mobile printers to some types

of production printer. In addition, there is some uncertainty around the inc lusion of sub-

stances used in ink and toner and so it is unclear which PRODCOM codes are relevant for

the EU Voluntary Agreement  in these instances.

NACE Gtatistical classification of economic activities ) categories

The NACE codes are also used for statis tical classification of economic activities in the
European Community 14, which cover more than manufacturing (activities covered by
PRODCOM). NACE provides the framework for collecting and presenting a large range of

statistical data according to economic a ctivity in the fields of economic statistics (e.g. pro-

14 Eurostat, Glossa ry: Statistical classification of economic activities in the European Community (NACE), availa-
ble from http://ec.europa.eu/eurostat/statistics -explained/index.php/Glossary:Statistical_classification_of_eco-
nomic_activities_in_the European_Community (NACE)



http://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Statistical_classification_of_economic_activities_in_the_European_Community_(NACE)
http://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Statistical_classification_of_economic_activities_in_the_European_Community_(NACE)
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duction, employment, national accounts) and in other statistical domains. Table 3 illus-
trates the NACE economic activ ity codes that are relevant for the current (and potentially
extended) scope of the voluntary agreement on imaging equipment.

Table 3: NACE economic activity codes relevant to imaging equipment

Section Division Group Class Description
SECTIONC & MANU- | 20 20.3 20.30 Manufacture of paints, varnishes and
FACTURING similar coatings, printing ink and
mastics
26 26.1 26.11 Manufacture of electronic components
26.2 26.20 Manufacture of computers and pe-
ripheral equipment
26.3 26.30 Manufacture of communication equip-
ment
26.4 26.40 Manufacture of consumer electronics
26.7 26.70 Manufacture of optical instruments
and photographic equipment
33 33.1 33.13 Repair of electronic and optical equip-
ment

As with the other classification systems, the NACE economic activity codes do not provide
a sufficient level of detail to clearly identify economic activities associated with imaging

equipment.

Combined Nomenclature

When goods are imported or exported within the EU they need to be classified according

to the Combined Nomenclature (CN) 15 The CN codeis also usedinintra  -Community trade
statistics. The CN is comprised of the Harmonized System (HS) nomenclature, which is
managed by the World Customs Organisation (WCO), with further Community subdivisions.
Most trading nations around the world use this systematic list of commodities as they form

the basis for international trade negotiations. The CN also includes additional notes on CN

subdivisions to provide furt her clarity on what is covered under each code. Each CN sub-

division is made up of an eight -digit code number (i.e. the CN code) followed by a descrip-
tion.
Table 4 illustr ates the CN codes that are likely relevant for the EU Voluntary Agreement  on

imaging equipment.

15 European Commission, Taxation and Customs Union, The Combined Nomenclature, availab le at https://ec.eu-
ropa.eu/taxation_customs/business/calculation -customs -duties/what -is-common -customs -tariff/c ombined -no-

menclature_en
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https://ec.europa.eu/taxation_customs/business/calculation-customs-duties/what-is-common-customs-tariff/combined-nomenclature_en
https://ec.europa.eu/taxation_customs/business/calculation-customs-duties/what-is-common-customs-tariff/combined-nomenclature_en
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Table 4: CN code and description for imaging equipment

CN Product group CN code and description |

8443 Printing machinery used for printing 8443 19 70

by means of plates, cylinders and other Other - Other printers, copying  machines and fac-

printing components of heading 8442; other simile machines, whether or not combined

printers, copying machines and facsimile 8443 31 00

machines, whether or not combined; parts Machines which perform two or more of the func-

and accessories thereof: tions of printing, copying or facsimile transmission,
capable of connecting to an automatic data -pro-
cessing machine or to a network
8443 32

Other, capable of connecting to an automatic data -
processing machine or to a network

8443 32 10

Printers

8443 32 80

Other

8443 39 00

Other - Parts and accessories
3707 Chemical preparations for photo- 3707 90 21
graphic uses (other than varnishes, glues, Thermoplastic or electrostatic toner cartridges
adhesives and similar preparations); un- (without moving  parts) for insertion into apparatus
mixed products for photographic uses, put of subheadings 8443 31, 8443 32 or 8443 39
up in measured portions or put up for retail
sale in a form ready for use:
3215 Printing ink, writing or drawing ink 32151110
and other inks, whether or not concentrated (Printing Ink) (Black 3215 11) - Ink cartridges
or solid: (without an integrated print head) for insertion into

apparatus of subheadings 8443 31, 8443 32 or
8443 39, and incorporating mechanical or electrical
components

32151910

(Printing Ink) (Other 3215 19) - Ink cartridges
(without an integrated print head) for insertion into
apparatus of subheadings 8443 31, 8443 32 or
8443 39, and incorporating mechanical or

electrical components

3215 90 20

(Other 3215 90) Ink cartridges (without an inte-
grated pri nt head) for insertion into apparatus of
subheadings 8443 31, 8443 32 or 8443 39, and
incorporating mechanical or electrical components;
solid ink in engineered shapes for insertion into ap-
paratus of subheadings 8443 31, 8443 32 or 8443

39
The CN codes pr ovide a clear distinction between printers and multi -functional devices but
do not allow distinctions to be made between different types of printers or multi -functional
devices. For example, whilst it would be possible to distinguish a printer from a n MFD it
would not be possible to distinguish a laser -based printer from an inkjet printer. In a similar

way, they make a distinction between toner and ink cartridges, although toner cartridges

refer to those without moving parts thus most likely being container s, not cartridges, there-
fore not making a distinction between types. The classification of ink cartridges does make

this distinction and itis tied up to the imaging equipment products classification. However,

they exclude those including a print head whic h are also found in the EU market.
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1.1.3 Consumables categorisation and definition st6
Consumables are not in scope as individual products  in the current VA, however they are
included in some definitions . Furthermore, as mentioned, several VA requirements address
cartridge design (requirement 5.4.1), use (requirement 6.6.2 ) and disposal (requirement

6.3) . Cartridges are defined as those produced by or recommended by the OEM for use in

imaging equipment products in scope, but non -OEM cartridges are  also meantto be used
by imaging equipment products (requirement 5.4.2) . It is therefore recommended to in-
clude a definition of consumables in the VA and consider include them in the scope.

Cartridges design are quite different depending on their application, i.e. whether they are

for inkjet or for laser printing, and that is why some voluntary schemes like the US E PEATY,
the Blue Angel 18, the Nordic Swan Ecolabel '° and the Korea Ecolabel 2° make a distinct cat-
egorisation accordingly . Also, some of the schemes make an additional distinction for con-

tainers, which are basically holders of ink and toner without integrated electronic compo-
nents and which are therefore very different design wise and simpler to dispose once they

reach their end of life. It thus recommended to follow this approach  of distinguishing con-
tainers for ink and toners from cartridges for ink and toner in the VA, in particular if car-
tridges and containers are to be included in the scope of the VA, which would improve the

effectiveness of the requirements.

Consumables can include %' containers, cartridges, drum units, fuser units and transfer
units, more de tailed descriptions of all the consumables are presented in the Task 4, how-

ever, in this study, the focus is on containers and cartridges as consumables.

Specific definitions 22 below have been drafted for the proposals of the ongoing revision of
the EU Gree n Public Procurement (GPP) criteria for imaging equipment 2, These definitions

can be used to elaborate on the potential categorisation of consumables in a revised VA

1 Container : An end -user replaceable product that holds ink or toner and that fits

onto or into or is emptied into an imaging equipment product. Containers do not

16 The Current VA is under revision and the definitions may change.

17 http://iwww.epeat.net/about -epeat/

18 https://www.blauer  -engel.de/en/blue -angel/iwho -is-behind -it

19 http://www.nordic  -ecolabel.org/about/

20 hitp://el.keiti.re.kr/enservice/enpage.do?mMenu=2&sMenu=1

21 A stakeholder has raised the point that it i s not relevant to include a definition of "consumable” that includes

items such as drum and fuser uni ts as this is not relevant for the VA. The stakeholder states that a limited
definition of "consumable" could be included in the VA but the same effect is already achieved by the most recent

definition of "cartridge" proposed by the OEMs. The study team do es not change this definition because we are
assessing consumables in the study and thereby needs a clear definition of these

22 A stakeholder has raised the point that they are missing a clear definition of new builds and remanufactured
consumables.

2 Revision of the EU Green Public Procurement (GPP) Criteria for Imaging Equipmen t. Technical report. Draft
final criteria. JRC, Viegand Maagge and Tenvic. February 2018.
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contain integrated components or moving parts (other than simple rollers) integral
to the imaging productds function.

1 Cartridge : An end -user replaceable product, which fits into or onto an imaging
equipment product, with printing -related functionality that includes integrated com-
ponents (e.g.adrum unit or electronic chip) or moving parts integral to the imaging

equi pment 6s functi on inkoy doned materibldi ng t he

It is important to note that the proposed definition for consumables in GPP introduce s an
artificial boundary between container and cartridges. In reality, there will be crossover in

the market, where e.g. certain products usually considered as containers could also include

an electronic chip. However, the definitions capture the majority of the cases, and provide

the general understanding of differences between containers and cartridges. See Figure 2

for ink and toner containers and cartridges.

Figure 2:Ink and toner containers (left), and toner and ink cartridges (right)

Furthermore, during the GPP study it became evidentth atalong energy consumption dur-

ing use, the most important life cycle environmental hotspot of imaging equipment prod-

ucts is the use and disposal of consumables. This is because imaging equipment products
have become very efficient, in some cases the use o f consumables surpasses the energy
consumption in terms of significance. It is therefore important to set requirements for their

use and disposal, which are harmonised with the ongoing adoption of the Circular Economy

package in Ecodesign.

However, a stake holder has stated that the definitions of a container and a cartridge are

not aligned with theusers 'and i ndustri esd common unsthkehotdé¢rabedi ng . Th
lieve s that the users recognize replaceable products ,Wwhich fits into a machi ne
t r i dgreganless of it has complex components or not. Hence, the stakeholder sug-

gested to use these definitions:

1 Cartridge: An end -user replaceable product, which fits into or onto an imaging
equipment product
1 Containe r: An end -user product that holds ink or toner and is emptied into an im-

aging equipment product
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Regardless the choice of definitions it is important that the definitions are aligned across

different initiatives, so the VA and GPP use the same definitions.

1.1.4 Summary
Whilst each existing EU statistical classification codes provides some insight into imaging
equipment categorization, none of the statistical sources discussed above provides a per-
fect solution. For each of the statistical categorization systems, there is often a large de-
gree of ambiguity in terms of which category a particular type of imaging equipment would
fit within. This ambiguity would result in a significant amount of uncertainty if the statistical
categorization approaches  isused to derive savings fromthe revised Voluntary Agreement
on imaging equipment . Other data sources, such as those published by market research

organisations or as part of other environmental initiatives may provide enhanced data that

is more targeted towards imaging e quipment.
It is recommended to include definitions and categorisation from the GPP study 23, or sim-
ilar, of consumables such as ink and toner containers, and ink and toner cartridges into

the VA. As the VA requirements do address cartridges, definitions and categories could

help understanding of the requirements and this approach aligns with multiple national and
international labelling scheme, and lastly their us e and disposal have been identified by
previous studies as the most important life cycle environmental hotspot of imaging equip-

ment .

1.2 Legislation

This section summarisesthe scope andthe requirements found in legislation and initiatives

at EU, Member State  and third country level
1.2.1 EU legislation

Ecodesign Standby Regulation (EC) No 1275/2008

In 2008 the European Commission implemented a horizontal regulation on standby and off

mode power demand ((EC) No 1275/2008) which covered a broad range of products in-
cluding some imaging equipment 24 In 2013 the Commission published the Ecodesign Reg-
ulation (EC) No 801/2013 which is an amending regulation introducing requirements for

networked standby into the existing Regulation (EC) No 1275/2008 % In additi on to

2 http://eur _-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2008:339:0045:0052:en:PDF
% hitp://eur _-lex.europa.eu/legal _-content/EN/TXT/PDF/?uri=CELEX:32013R0801&from=EN
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changes around the power demand requirements in various power states, the revised reg-
ulation also included an amended product scope. Some of these amendments in scope

concern imaging equipment.

The requirements of Regulation (EC) No 1275/2008 only ap ply to products that are in-

tended primarily for use in the domestic environment, i.e. EMC Class B IT equipment %,

The definition of 6information technology equi pment 6
cal to EN55022 or EN55032 covering essential requirem ents of the EMC Directive. This

includes products intended for use in offices and other areas not being homes. All products

designated EN55022/EN55032 EMC Class A, especially commercial and industrial products,

are normally notin  the scope of the regulati  on.

In terms of imaging equipment , this means that products that are unlikely to be used in a
domestic environment will not be covered under the standby regulation. However, for
many i maging equi pment products there is nbBbnehear |

domestico products as even some relatively high speci

used in domestic premises. During the standby regulation review study , which was com-
pleted in 2017, it was found that several common office MFD models were defined as Class
A, even though they were clearly office equipment, but these were not subject to stand by

requirements of the regulation.

The Ecodesign Regulation (EC) No 801/2013 on networked standby includes exemptions
from requirements  on power consumption in networked standby (HiINA and non -HINA) for

imaging equipment meeting the following definitions:

1T Alarge format printing equipmentd means printing
on A2 media and larger, including equipment designed to accommodate continuous -
form media of at | east 406 mm width, for which #Apr
ment that generates paper output from electronic input. Printing equipment may
have additional functions and may be marketed as a multifunctional device or mul-

tifunctional produc t.
Large format printers are therefore exempted from the network standby requirements.

The Ecodesign Regulation includes a range of power demand and power management re-
quirements that are applicable to imaging equipment. These requirements are listed in

Table 5 and Table 6 together with the scope and exemptions

26 https://ec.europa.eu/energy/sites/ener/files/documents/Guidance%20document_Lot%2026_Net-

worked%20Standby_clean%20FIN.pdf
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Table 5: Ecodesign standby/off mode requirements relevant to imaging equipment

Power Demand Information or status
Requirement (W) display Allowance (W)

Standby Power 0.5 0.5

Demand All imaging equip-

ment for domestic None

Off Mode Power use 05?7 0

Demand

Table 6: Ecodesign networked standby requirements relevant to imaging equipment with the

scope and exemptions

Implementation Date and Requirement
January 2017 January 2019
i 28 in-
Netwc_)rk Standby | HiINAZ® Equip 12W 8W 8W
Requirements ment
Other Net-
worked 6W 3wW 2W
Equipment
Printing equipment
with a power supply . Large format
Exemptions of a rated power Large format print- finting eauip-
P larger than 750 W ing equipment P g equip
ment
and large format
printing equipment

The EU Ecodesign Regulation  on standby power demand also includes a wide range of
power management requirements (requirement details in Commission Regulation
1275/2008). This regulation is currently under revision, proposal for a revised regulation

was made with the intent to include several new product groups.

Ecodesign External Power Supplies Regulation (EC) No 278/2009

In 2009, the European Commission adopt ed a Regulation on the energy efficiency of EPS 2,
The Commission is currently at the stage of reviewing this Regulation , proposal for a re-
vised regulation was made and aims to align with US DOE (Department of Energy) Rule-

making requirements

The current Ec odesign EPS Regulation is limited in scope to single voltage EPS with rated
output powers below 250W. Most, but not all, EPS shipped with imaging equipment would

likely fall within scope of the current Ecodesign Regulation on EPS. It should be noted that

27 In Consultation Forum held in December 2017 for standby regulation, it is proposed that revised off mode
requirement should not exceed 0.3 W.

2 High Network Availability

2 http://leur _-lex.europa.eu/legal  -content/EN/TXT/PDF/?uri=CELEX:32009R0278&from=EN
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most non -domestic imaging equipment products are shipped with internal power supply
(IPS) units rather than EPS.

The Ecodesign Regulation on external power supplies (EPS) inc ludes no -load condition
electric power demand and average active efficiency for al | external power supplies (EPS)
with an output of less than 250 W and supplying only one output voltage at a time. The

EPS Regulation only applies to EPS that are intended to be used to power household and

office electrical and electronic equipment (requir ement details in Commission Regulation
No. 278/2009).  This regulation is therefore also relevant for a broad range of imaging

equipment 30,

EUDirective 2014/35/EU Zz Low Voltage Directive 31

The revised Low Voltage Directive (LVD) came into force onthe 20 ™ of April 2016. The LVD
ensures that electrical equipment that operates within certain voltage limits, provides a

high level of protection. The LVD Directive covers all health and safety risks of electrical
equipment operating with a voltage of between 5 0 and 1000 volts for alternating current
and between 75 and 1500 volts for direct current. Consumer goods with a voltage below

50 for alternating current or 75 for direct current are covered by the General Product Safety

Directive (GPSD) (2001/95/EC).

Most imaging equipment products fall undert he scope of the LVD  Directive .

EUDirective 2012/19/EU z The WEEEDirective 32
The Waste Electrical and Electronic Equipment (WEEE) Directive implements the principle

of extended producer r es penoSEEBardekpecyedtotake espen- pr od uc
sibility for the environmental impact of their products at the end of life. As such, the WEEE
Directive aims to reduce environmental impacts through setting targets for the separate

collection, reuse, recovery, recycli ng and environmentally sound disposal of WEEE.

As EEE, imaging equipment products fall under the scope of the WEEE Directive .

Moreover, the FAQ document on the WEEE Directive issued by the European Commission
in April 2014 33, has clarified that  most printer cartridges fall within the scope of the Di-
rective. Specifically, those which meet the definition of EEE given in Article  3(1)(a) , mean-

ing those that need electric current or electromagnetic  fields to operate . Those merely

30 http:/fleur -lex.europa.eu/legal  -content/EN/TXT/?uri=CELEX:32009R0278

31 http://eur _-lex.europa.eu/legal  -content/EN/TXT/PDF/?uri=CELEX:320141 0035&from=EN

32 http://eur _-lex.europa.eu/legal  -content/EN/TXT/PDF/?uri=CELEX:320121.001 9&from=EN
33 http://ec.europa.eu/environment/waste/weee/pdf/faq.pdf
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consisting of ink and a container without electric parts are out of scope , defined as #fAco
t ai ner 0.Aecbrding o the European Commission 34 these are found on the EU market
and can be classified as in k 6 Su p ésydtems ¥, toner cartridges separated f  rom the

print -head® and toner Ocalré¢s s dge’y.st ems

Because of the difference of implementation across Member States, the timeline for imple-
mentation after this clarification by the European Commission has been different. Accord-

ing to ETIRA %, althoug h this FAQ document was published in 2014, some Member States
have provided specific guidelines on the inclusion of cartridges in the scope until
2017/2018.

EURegulation 1907/2006/EC 7z REACHRegulation 3°

The Regulation on the Registration, Evaluation, Auth orisation and Restriction of Chemicals
(REACH) addresses chemicals, and their safe use, and aims to improve the protection of

human health and the environment through a system of Registration, Evaluation, Author-

isation and Restriction of Chemicals. The REA CH Regulation places greater responsibility
on industry to manage the risks from the chemicals they manufacture, import and market

in the EU. Companies are required to demonstrate how substances can be used safely and

risk management measures must be repor ted to users. The REACH  Regulation also estab-
lishes procedures for collecting and assessing information on the properties and hazards

of substances and requires that companies register their substances in a central database.

The entries in the database are then assessed to determine whether the risks of the sub-
stances can be managed. The REACH Regulation allows for some chemicals to be deter-

mi ned Asubstances of very high concern (SVHC)O0 due t
pacts on human health or the en vironment. The European Chemicals Agency must be no-

tified of the presence of SVHCs in certain products and the use of SVHCs may then be

subject to prior authorisation. Substances can also be banned were risks are deemed to

be unmanageable. As such, REACH e  ncourages substitution of the most dangerous chem-

icals when suitable alternatives have been identified.

34 Study on the implementation of product design requirements set out in Article 4 of the WEEE Directive. The

case re -usability of printer cartridges. Final report. January 2018.

3% Ink reservoirs as containers or bottles that can be refilled externally using ink supplied in low cost, which are

signif icantly cheaper than cartridges.

3 Restricted only to carrying the tone, simplifying the construction and material impact of the cartridge.

37 Where the cartridge as a replaceable element has disappeared completely. E.g. a manufacturer has replaced

the cartridge by a refillable toner reserv oir replenished from simply ~ -packaged toner refills.

%European Toner & Inkjet Remanufacturers6 Ass-80d8 ation aisbi/ivzw.
3 http ://eur -lex.europa.eu/legal _-content/EN/TXT/PDF/?uri=CELEX:02006R1907 -20140410&from=EN
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As REACH applies to all chemical substances defined in Article 3 contained in articles placed

on the market , such is the case of imaging equipment products

EUDirective 2011/65/EU z RoHSDirective 40

The Restriction of Hazardous Substances (RoHS) Directive aims to reduce hazardous sub-
stances from electrical and electronic equipment (EEE) that is placed on the EU market. A
number of hazardous substances are listed in the Directive along with maximum concen-
tration values that must be met. The RoHS Directive does contain some exemptions where

it has been decided that it may not be possible to manufacture some produc ts without the

use of one or more of the banned substances.
1.2.2 Member State and third countries legislations and initiatives

Blue Angel
The Blue Angel 4!, a German based eco -label, includes specifications for many products and
services on the EU market. The ec o-label includes detailed specifications for several key

pieces of information technology equipment.

The Blue Angel criteria are developed by a multi stakeholder group consisting of govern-

ment bodies, environmental and consumer associations, trade unions, industry and aca-
demia. There are two Blue Angel specifications that are relevant for this review study of
the Voluntary Agreement on imaging equipment: The Blue Angel on imaging equipment

(RAL-UZ 205)2 and the Blue Angle on i RemanufRALLUZUT7E4D.

In order to be considered within scope of the current Blue Angel specification on imaging
equipment products need to offer printing as their primary function, are capable of pro-
ducing monochrome or colour printouts (4 -colour -printing) on stan  dard paper with a gram-
mage of 60 to 80 g/m2, are capable of processing media or a minimum format of DIN A4

and up to a maximum format of DIN A3+, and work as electrophotographic devices (LED
or laser technology) by using toners or as inkjet devices by usin g inks (or gels, or waxes).
As well as including imaging products in scope, the Blue Angel specification also includes

additional components in scope including:

1 Consumable Materials
1 Photoconductor Drums

1 Packaging

IS

0 http://eur _-lex.europa.eu/legal -content/EN/TXT/PDF/?uri=CELEX:32011L0065& from=EN

1 https://www.blauer  -engel.de/en/blue -angel/who -is-behind -it

2 hitps://www.blauer  -engel.de/en/products/electric -devices/drucker -und - multifunktionsgeraete
S https://www.blauer __ -engel.de/en/products/paper - printing/tonermodule

BN

N

Toner

)
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The Blue Angel categorisation process is ba sed on technical attributes of the products.

Products are categorised based on:

1 Colour capability
1 Marking technology

1 Consumable type

Unlike ENERGY STAR v2.0 specification (most recent specification in effect , though v3.0
has been published ), the Blue Angel eco -label does not include detailed specific definitions
for each type of imaging equipment in scope. The Blue Angel specification does include a

number of different definitions for key issues in the areas of:

Stakeholders (i.e.  user, manufacture or  distributor)
Device designs (i.e. basic description)

Primary Functions

Printing and Printing Technologies

Device Parts

Materials and operating materials

Operation Modes

Time -related Definitions

= =4 -4 -4 -4 -—a -2 -8 -9

Power Consumption

The Blue Angel criteria on imaging equipment (RAL-UZ 205) contains a broad range of
requirements across multiple environmental category areas. In particular, the Blue Angel

specification addresses:

Energy efficiency

Lifetime extension

Recyclability

Long - life and recyclable design
Hazardous material  content

Particle emissions

= =4 -4 -4 A -a -2

Noise emissions

The Blue Angle has also developed a set of criteria
(RAL-UZ 177). The remanufactured toner module criteria include requirements on the fol-

lowing areas:

1 Collection and disposal
1 Documentation of collection process

1 Remanufacturing process
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Requirements for  housing parts
Heavy metal content
Azo Colorant content

Emissions

= =4 4 A -

Quality
The full details of each set of criteria can be viewed on the Blue Angel website.

Nordic Swan Ecolabel
The Nordic Swan Ecolabel is the official eco -label of the Nordic countries (Denmark, Nor-
way, Sweden, Finland and Iceland) 44 Nordic Swan scheme includes specification for over

60 product groups, including imaging equipment.

The Nordic Swan specific  ation (v6.5) for imaging equipment was implemented in June 2013
and has an effective end date of the 31 st of December 2020 45, There is no planned revision
in 2019, and it is thus very likely that the criteria document will be prolonged 12 to 24

months after effective end date 46,

The scope of the Nordic Swan imaging equipment specification extends to the following

product types:

Copiers

Digital duplicators

Facsimile machines (Fax machine)
Multifunction devices (MFD)
Printers

Scanners

= =4 a4 -—a -8 -

In addition to the main pr oduct groups listed above the Nordic Swan also includes consum-

able products and material in scope including:

OPC (Optical Photosensitive Conductor) kits
Drums

Toner powder

= =4 A -2

Toner cartridges

4 http://www.nordic  -ecolabel.org/about/
4 http://www.nordic __-ecolabel.org/product _-groups/group/?productGroupCode=015
46 Inf ormation provided by Product Development Manager of Nordic Swan Specification in October 2018
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The Nordic Swan includes the following product definitions which ar e aligned with the def-

initions used by the Voluntary Agreement V5.2 on imaging equipment

1 Copier - A commercially -available imaging product whose sole function is the pro-
duction of hard  copy duplicates from graphic hard copy originals. The unit must be
capable of being powered from a wall outlet or from a data or network connection.

This definition is  intended to cover products that are marketed as copiers or up-
gradeable digital copiers (UDCs).

1 Digital duplicator - A commercially -available imaging produc t that is sold in the
market as a fully -automated duplicator system through the method of stencil du-
plicating with digital reproduction functionality. The unit must be capable of being
powered from a wall outlet or from a data or network connection. This d efinition is
intended to cover products that are marketed as digital duplicators.

1 Facsimile machine (Fax machine) - A commercially -available imaging product
whose primary functions are scanning hard copy originals for electronic transmis-
sion to remote unit s and receiving similar electronic transmissions to produce hard
copy output. Electronic transmission is primarily over a public telephone system,
but also may be via computer network or the Internet. The product also may be
capable of producing hard copy duplicates. The unit must be capable of being pow-
ered from a wall outlet or from a data or network connection. This definition is

intended to cover products that are marketed as fax machines.

1 Multifunction device (MFD) - A commercially -available imaging product, which is a
physically -integrated device or a combination of functionally  -integrated compo-
nents, that performs two or more of the core functions of copying, printing, scan-
ning, or faxing. The copy functionality as add ressed in this definition is considered
to be distinct from single sheet convenience copying offered by fax machines. The
unit must be capable of being powered from a wall outlet or from a data or network
connection. This definition is intended to cover pr oducts thatare marketedas MFDs

or multifunction products (MFPs).

1 Printer - Acommercially -available imaging product that serves as a hard copy out-
put device, and is  capable of receiving information from single -user or networked
computers, or other input devices (e.g., digital cameras). The unit must be capable
of being powered from a wall outlet or from a data or network connection. This
definition is intended to cover products that are marketed as printers, including
printers that can be upgraded into MF Ds in the field

1 Scanner - A commercially -available imaging product that functions as an electro -
optical device for converting information into electronic images that can be stored,
edited, converted, or transmitted, primarily in a personal computing envir onment.

The unit must be capable of being powered from a wall outlet or from a data or
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network connection. This definition is intended to cover products that are marketed

as scanners.

The Nordic Swan imaging equipment environmental requirements are largely harmonised
with the Blue Angel eco -label but also with the ENERGY STAR label (on energy related

impacts); the categorisation approach is also harmonised.

As well as having a detailed environmental specification for imaging equipment, the Nordic

Swan has also developed a specification for remanufactured OEM toner cartridges (v5.4) 47,
The Nordic Swan remanufactured OEM toner cartridge specification was implemented in
June 2012 and has an effective end date of December 2022 . An evaluation of these criteria

took place in 2017, which concluded that the criteria is still valid and relevant. Thus, there

is no revision planned for next year 48,
The scope is limited to toner cartridges with no further categorization.

The Nordic Swan criteria are closely linked to those found in the Blue Angel, meaning that
if a product is already registered with Blue Angel then it is relatively straightforward to also

apply for a Nordic Ecolabel licence.
The Nordic Swan criteria on imaging equipment includes requirements on:

Energy efficiency

Disassembly

Ensuring cartridges are not designed to prevent re -use
Ability to use remanufactured cartridges

Take back system for consumables

Marking of plastics in casings and their components

Single plastic casing parts in casings and their co mponents
Limitations on different types of plastic in small parts
Chlorinated polymer restrictions

Flame retardants restrictions

Phthalates in external power cable

Chemicals used during production

Plastic materials in packaging

Re-cycled material in packag ing

Availability of spare parts
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Duplex printing

47 http://www.nordic __-ecolabel.org/product _-groups/group/?productGroupCode=008
48 Information provided by Product Development Manager of Nordic Swan Specification in October 2018
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Consumable page yield efficiency
Chemical Emissions

Noise Emissions

= =4 a4 -2

Product quality
The Nordic Swan criteria on remanufactured toner cartridges includes requirements on:

Hazardous material restrictions in toner
Working conditions

Chlorinated polymer restrictions

Plastic materials in packaging
Minimum weight recycled parts

Take -back system

Waste from production

Production quality

Print quality
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Measurable yield
The full details of each set of criteria can be viewed on the Nordic Swan website.

ENERGY STAR

ENERGY STAR is a US programme on energy efficiency of a broad range of products. An
agreement between the Government of the United States of America and the European

Com munity on the coordination of energy - efficient labelling programs for office equipment
was effective between June 2001 and February 2018 , which included imaging equipment
The current effective version of the ENERGY STAR specification for imaging equipment
(ENERGY STAR v2.0) was developed during 2011 to 2013 with implementation of the spec-
ification occurring in January 2014 in the US 4 and May 2014 in the EU %0,

The ENERGY STAR v2.0 specification will be retired on the 10 h October 2019 , with the new
ENERGY STAR v3.0 specification effective from the 11 h October 2019. Manufacturers have
been able to register products to the new ENERGY STAR v3.0 specification since the 28 th
December 2018.

The ENERGY STAR v3.0 specification  includes some key changes over the current ENERGY
STAR v2. 0 specification including:

1 Removal of copiers and fax machines from scope due to low sales volumes

4 https://lwww.energystar.gov/products/office_equipment/imaging_equipment/partners
%0 EU ENERGY STAR website was shutdown following the expiration of the EU -US agreement on 20th February
2018
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Inclusion of a AProfessional |l maging Productso
Inclusion of a Professional Digital Front  -end (DFE) category
Increasing the ef ficiency requirements of single voltage External Power Supplies
(EPS) to match the Level VI requirements in the International Efficiency Marking
Protocol 5!

1 More ambitious requirements for TEC Imaging Equipment products that are shipped
with a Digital Front  End (DFE)

1 Inclusion of default recovery time requirements for TEC products to help ensure
that products have a quick wake -up from Sleep Mode

1 Extension of default delay time requirements to all Imaging Equipment products
(both TEC and OM)
Reduced maximum delay times to sleep that can be set by the user

1 Slightly more stringent Automatic Duplexing Requirements for all TEC MFDs and
Printers (i.e. removal of optional accessory option)

1 Duplexing requirement harmonized in line with Blue Angel, by requiri ng duplexing
by default over the current speed bins.

1 Reduction of the additional energy allowance given for products capable of support-
ing output to A3 size media
Addition ofa small extra allowance for Wi - Fi functionality in TEC products

1 Energy efficiency requirements for TEC products that will only be met by between
24% to 29% (depending on speed and type) of the most efficient products in the
ENERGY STAR dataset

1 No proposed decrease in sleep mode base power demand requirements for OM
products due to low  savings potentials

1 Removal of additional sleep mode power demand allowances for scanner units in
OM MFD products (allowance, at same level as in ENERGY STAR v2.0 combined into
base allowance)

1 Removal of additional sleep mode power demand allowances for int ernal disk drives
in OM products

1 Proposal to reduce off mode requirements to 0.3W to align with the findings of the

European Commission Network Standby review study.

The ENERGY STAR v3.0 specification covers a wide range of domestic and office -based

imaging equipment.

The ENERGY STAR v3.0 specification for imaging equipment includes detailed definitions

for products in scope  of the current Voluntary Agreement

51 https://www.regulations.gov/docum ent?D=EERE -2008 -BT-STD-0005 -0218

categor:
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1 Printer : A product whose primary function is to generate paper output from elec-
tronic input. A printer is capable of receiving information from single -user or net-
worked computers, or other input devices (e.g., digital cameras). This definition is
intended to cover products that ar e marketed as printers and printers that can be
field -upgraded to meet the definition of an MFD.

1 Facsimile (Fax) Machine : A product whose primary functions are (1) to scan pa-
per originals for electronic transmission to remote units, and (2) to receive elec-
tronic transmissions for conversion to paper output. A fax machine may also be
capable of producing paper duplicates. Electronic transmission is primarily over a
public telephone system, but may also be via a computer network or the Internet.

This definiti on is intended to cover products that are marketed as fax machines.

1 Multifunction Device (MFD) : A product that performs the core functions of a
Printer and Scanner. An MFD may have a physically integrated form factor, or it
may consist of a combination of functionally integrated components. MFD copy func-
tionality is considered to be distinct from single -sheet convenience copying func-
tionality sometimes offered by fax machines. This definition includes products mar-
keted as MFDs-faimd tfinwnml tp(MEPd)uct s o

The ENERGY STAR v3.0 specification includes definitions for other types of imaging equip-
ment, such as scanners, d igital duplicators and mailing machines, which are not covered

under the scope of the current Voluntary Agreement

1 Scanner : Aproductw hose primary function is to convert paper originals into elec-
tronic images that can be stored, edited, converted, or transmitted, primarily in a
personal computing environment. This definition is intended to cover products that
are marketed as scanners.

9 Digital Duplicator :Aproductsoldasafully -automated duplicator system through
the method of stencil duplicating with digital reproduction functionality. This defini-
tion is intended to cover products that are marketed as digital duplicators.

1 Mailing Mac hine : A product whose primary function is to print postage onto mail
pieces. This definition is intended to cover products that are marketed as mailing

machines.

The ENERGY STAR v3.0 specification also includes a definitionfor A Pr of essi onal Il mag
Product s 0 whi ch, i n vi(retonhacblbuyprirdaersiwithc a scelaur speeds at 50ipm
where colour speed matches monochrome speed) , would not fall in scope of the current

Voluntary Agreement

1 Professional Imaging Product . A printer or MFD marketed as in tended for pro-

ducing deliverables for sale, with the following features:
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a) Supports paper with basis weight greater than or equal to 141 g/m2;

b) A3-capable;

¢) If product is monochrome, monochrome product speed equal to or greater
than 86 ipm;

d) If productis color, color product speed equal to or greater than 50 ipm;

e) Print resolution of 600 X 600 dots per inch or greater for each color;

f)  Weight of the base model greater than 180 kg; and

Five of the following additional features for color products or four for mo nochrome

products, included standard with the Imaging Equipment product or as an acces-

sory:

g) Paper capacity equal to or greater than 8,000 sheets;
h) Digital front -end (DFE);
i) Hole punch;
j) Perfect binding or ring binding (or similar, such as tape or wire binding
not staple saddle stitching);
k) Dynamic random access memory (DRAM) equal to or greater than 1,024 MB.
I) Third -party color certification (e.g., IDEAlliance Digital Press Certification,
FOGRA Validation Printing System Certification, or Japan Color Digita
ing Certification, if product is color capable); and

m) Coated paper compatibility.

The ENERGY STAR v 3.0 specification for imaging equipment also includes detailed comple-
mentary definitions for the marking technologies (i.e. the type of technology used to place

an image on the output media), the media format sizes (i.e. the size of the paper or other
media that can be used with the imaging equipment product), power modes and additional
functionalities found in imaging equipment. The definitions of the various marking technol-

ogies inthe ENERGY STAR V3.0 specification are:

, but

| Print-

9 Direct Thermal (DT): A marking tec hnology characterized by the burning of dots

onto coated print media that is passed over a heated print head. DT products do
not use ribbons.

1 Dye Sublimation (DS): A marking technology characterized by the deposition (sub-
limation) of dye onto print media a s energy is supplied to heating elements.

1 Electro -photographic (EP): A marking technology characterized by the illumination
of a photoconductor in a pattern representing the desired output image via a light
source, development of the image with particles o f toner using the latent image
the photoconductor to define the presence or absence of toner at a given location,

transfer of the toner to the final print media, and fusing to cause the output to

on
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become durable. For purposes of this specification, Color EP products simultane-
ously offer three or more unique toner colors, while Monochrome EP products sim-
ultaneously offer one or two unique toner colors. This definition includes Laser, Light
Emitting Diode (LED), and Liquid Crystal Display (LCD) illumination technologies.

1 Impact: A marking technology characterized by the formation of the desired output
i mage by transferring colorant from a fAribbono t
process. This definition includes Dot Formed Impact and Fully Formed Impact.

1 InkJet (1J): A marking technology characterized by the deposition of colorant in
small drops directly to the print media in a matrix manner. For purposes of this
specification, Color IJ products offer two or more unigue colorants at one time, while
Monochro me IJ products offer one colorant at a time. This definition includes Piezo -
electric (PE) 13, I3 Sublimation, and Thermal 1J. This definition does not include High
Performance 1J.

1 High Performance 13:  An 1J marking technology that includes nozzle arrays th at
span the width of a page and/or the ability to dry ink on the print media via sup-
plemental media heating mechanisms. High -performance |J products are used in
business applications usually served by electro - photographic marking products.

1 Solid Ink (SI): A marking technology characterized by ink that is solid at room
temperature and liquid when heated to the jetting temperature. This definition in-
cludes both direct transfer and offset transfer via an intermediate drum or belt.

1 Stencil: A marking technology characterized by the transfer of images onto print
media from a stencil that is fitted around an inked drum.

1 Thermal Transfer (TT): A marking technology characterized by the deposition of
small drops of solid colorant (usually colored waxes) in a melted/f luid state directly
to print media in a matrix manner. TT is distinguished from 1J in that the ink is solid

at room temperature and is made fluid by heat.

Of the above marking technologies, only Electrophotography (EP) , Inkjet (1J), high perfor-

mance |IJ and Solid Ink (SI)  are covered under the current Voluntary Agreement scope.

The ENERGY STAR v3.0 specification includes a detailed categorization process but with

two main overarching categor iklse cotfr icail tl ye dCAMEWLCOp t( i Tym)
(Operational Mode). Most, but not all, thermal based imaging equipment (i.e. those that

use significant amounts of heat to deposit an image) are defined as TEC products and

products that use no, or little heat, are classed as OM products. There are exceptions to

this general rule however. Further sub -categories of product types are defined underneath

these two overarching categories of ATECO and AOMO ba

as imaging speed.
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The ENERGY STAR v3.0 specification does not include any upper limits on imaging speed

(i.e. the speed which products can print, copy or scan), meaning that high speed products

can obtain ENERGY STAR certification. The scope of the current Voluntary Agreement is
restricted to monoimaging equipment with imaging speeds below 66 A4imagesper minute

(ipm) and colour imaging equipment with imaging speeds below 51 A4 ipm.

The definition does not extend the scope of product types covered under ENERGY STAR,

as many products meeti  ng the proposed definition are already ENERGY STAR qualified.
However, t he inclusion of a professional imaging equipment category within ENERGY STAR

allows for a clearer delineation between office -based products and products used for com-
mercial printing. T his delineation could serve to be useful within a revised Voluntary Agree-

ment (VA) given that the scope of the current VA is limited to home and office -based

products and does not cover professional imaging equipment

The ENERGY STAR v3.0 specification for imaging equipment includes detailed energy effi-
ciency requirements for many types of domestic and office -based imaging equipment. The
ENERGY STAR v3.0 product criteria  for imaging equipment can be found in the ENERGY
STAROs wébsite

USEPEAT

EPEAT is a green procurement scheme aimed at promoting the development and dissemi-

nation of multi - criteria specifications for a range of ICT products 53, The programme is man-
aged by the Green Electronics Council and supported by the US EPA and US Do E. The

programme is based in the US but is active internationally with manufacturers able to

register products separately in 42 countries around the world.

The EPEAT scheme adopts all scope, definitions, categorization and requirements from the
IEEE 1680.2 standard. The IEEE 1680.2 standard, and therefore the EPEAT scheme, cur-
rently include a specification for imaging equipment which adopts the ENERGY STAR v2.0
scope and categorisation process. The reference to ENERGY STAR is dynamic, meaning
that the futur e update on the US ENERGY STAR v3.0 specification will be automatically
referenced by the IEEE 1680.2 standard.

The EPEAT scope is slightly wider than ENERGY STAR in that consumables (cartridges as

well as toner material) and packaging are also within sco pe.

52 https://www.energystar.gov/products/office_equipment/imaging_equipment/key_product_criteria
53 http://lwww.epeat.net/about -epeat/
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The EPEAT criteria are taken from standards that are developed either through IEEE or

more recently NSF International (an independent, accredited organization that develops

standards in the USA) 54, The EPEAT specification for imaging equipment covers a broad
range of environmental performance criteria for the design of imaging equipment products

and associated processes. The scheme is intended to provide a tool for government, insti-

tutional, corporate, and consumer purchasers to identify products that de monstrate envi-

ronmental leadership.

The EPEAT initiative contains a large number of criteria that address various environmental
impact categories associated with imaging equipment, consumables and surrounding pro-

cesses such as recycling. The impact areas a ddressed by the EPEAT specification include:

Reduction/elimination of environmentally sensitive material
Materials selection

Design for end -of-life

Product longevity/life  -cycle extension

Energy conservation

End-of - life management

Corporate performance

Packaging

Consumables
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Indoor air quality

US Regulation on External Power Supplies

In April 2014, the US Department of Energy (DoE) published an updated regulation dealing

with the energy efficiency of external power supplies (EPS) 55, The regulation refers to the
EPS definition 3¢ below which dictates the EPS in scope which are referred to as
a The term fiexternal power supplyod means an extern
used to convert household electric current into DC current or lower -voltage AC cur-
rent to operate a consumer product.
b. The term fAclass A external power: supplyd means a

i. is designed to convert line voltage AC input into lower voltage AC or DC

output;

ii. is able to convert to only 1 AC or DC output voltage at a time;
54 http://iwww.nsf.org/about -nsf/
55 https://ww__w.regulations.gov/document?D=EERE -2008 -BT-STD-0005 -0219
%6 42 U.S.C. United States Code, 2010 Edition Title 42 - THE PUBLIC HEALTH AND WELFARE CHAPTER 77 - EN-
ERGY CONSERVATION SUBCHAPTER Il - IMPROVING ENERGY EFFICIENCY Part A - Energy Conservation Pro-
gram for Consumer Products Other Than Automobiles Sec. 6291 - Definitions
https://www.gpo.gov/fdsys/pkg/USCODE -2010 -title42/html/USC __ ODE-2010 -title42 -chap77 -subchaplll -partA -

sec6291.htm

C
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iii. is sold with, or intended to be used with, a separate end -use product that
constitutes the primary load;
iv. is contained in a separate physical enclosure from the end -use product;
V. is connected tothe end  -use product via a removable or hard -wired male/fe-
male electrical connection, cable, cord, or other wiring; and
Vi. has nameplate output power that is less than or equal to 250 watts.
c. The term Aclass A external power suppl:yd does not
i. requires Federal Food and Drug Adminis tration listing and approval as a
medical device in accordance with section 360c of title 21; or
ii. powers the charger of a detachable battery pack or charges the battery of a

product that is fully or primarily motor operated

The definition illustrates that E PS shipped with imaging equipment would likely be in scope

of the US regulation. It should be noted that most non -domestic and also many domestic
imaging equipment products are shipped with internal power supply (IPS) units rather than

EPS. However, the tr  end towards more mobile products may influence the market techno-

logical trend and may influence also imaging equipment products, especially those on the

cheaper range.

China - MEPS

I n 2012 China |l aunched their AHundr ed Enewithgthe Ef fi ci e
aim of developing 100 energy -saving standards (including MEPS) by the end of 2012. A

further 100 standards were developed in 2014 and 2015. MEPS were first developed for

imaging equipment in 2008 , update d standard for minimum allowable values of energy

efficiency and energy efficiency grades for copy machines, printers and fax machines was

published in 2014 5. This means that imaging equipment are also mandatorily graded ac-

cording to the 3 grades of the China Energy Label . See unfilled labels below , where the

typical energy consumption (TEC) should be shown in kWh on the label to the left, and

consumption during operational modes (OM) such as active and standby mode in W should

be shown on the label to the right

57 http://www.std.gov.cn/gb/search/gbDetailed?id=71F772D7ED11D3A7E05397BEOAOABS82A
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Figure 3: China Energy Labels for copy machines, printers and fax machines , TEC label (left)
and OM label (right).

Korea Ecolabel
The Korean eco -label covers a wide range of product types including several different spec-
ifications for imaging equipment and related consumables %8, The Korea eco -label has spec-

ification s in place for:

1 Printers (revised Feb 2013) - including laser and inkjet printers as well as multi
functional devices. The scope appears to extend to all types of office and domestic
printers with  the exemption of products which meet any of the following require-
ments:

0 printers that use continuous roll -type paper and have a printing speed higher
than 60 PPM
0 printers with printing speed higher than 70 PPM
o large format printers shall be excluded.
Fax machines - thermal and inkjet based (revised Feb 2013)
Copying machines (revised Feb 2013)
Toner cartridges (revised May 2017)

58 http://el.keiti.re.kr/enservice/enpage.do?mMenu=2&sMenu=1
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The Korea Ecolabel does not contain detailed definitions for the imaging equipment in

scope. The label does contain definitio

specification:

All-in-one optical drum  type toner cartridges

ns for consumables in scope of the consumables

: all-in-one type toner cartridges to

perform functions in one apparatus during a general printing process except the

fixing function

Optical drum  detachable toner cartridges : toner cartridge that excludes optical

drums and related functions and that has, at least, the function of directly supplying

a toner to an optical drum in an all -in-one type toner cartridge structure. (Note: A

structure with a m  agnetic roller is common and an optical drum can be installed

within a printer body or separate cartridge ).
Container type toner cartridge: toner cartridge with the structure that has only the
function of transferring the toner in a simple toner container or a container to the

stage prior to supplying the toner to the optical drum

Original toner cartridges: toner cartridge that is produced by the printer manufac-

turer directly or in consignment and applicable for each printer model.

Regenerated toner cartri  dges: toner cartridge which is made to be reused by filling

a new toner after disassembling the use completed toner cartridge to remove the

remaining waste toner, and replacing or repairing the limit part ( itincludes replacing

or repairing components, dru ms and wiper blades that are damaged or

inadequate forre -use).

The Korea ecolabel criteria on imaging equipment include requirements on:
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Energy efficiency

Duplex printing

Hazardous substance restrictions

Chemical Emissions

Noise Emissions

Take -back system

Marking of plastics in casings and their components
Limitations on different types of plastic in parts
Plastic materials in packaging

Disassembly

Reusability of cartridges

Safety criteria

Broadcasting and communication quality
Information ozone filter

Inf ormation on disposal and recycling
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1 Information on product warranty
The Korea ecolabel criteria on toner cartridges

Recycled paper support
Hazardous substance restrictions
Reusability

Packaging requirements
Take back requirements
Ease of disassembly

Ability to reuse

Toner emissions

Disposal requirements
Measurable yield

Minimum yield requirements
Print quality

Toner melting point requirements
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Consumer information reporting
The full details of each set of criteria can

Vietnam National Energy Efficiency Program

include requirements on:

be viewed on the Korea Ecolabel website.

(VNEEP)

In 2005, the Vietnamese Government, through the Ministry of Industry and Trade (MOIT)

released the Vietnam National Energy Efficiency Program (VNEEP).

%9 |n 2015, dur ing the

second phase of this programme, mandatory energy efficiency measures were placed on

some types of imaging equipment (i.e. standard

ucts). The mandatory energy efficiency requirements include a 1W off mode li

-format printers and multi -functional prod-

mit where

no fax functionality is present and a 2W off mode limit for products with fax functionality. 60

Japan- Top Runner Programme

Japanbés Energy Conser

for energy -consuming products called

t he

vation Law includes target

iTop Runne& the myets@ne setrby

identifying the most efficient model on the market. Manufacturers are then required to

ensure that the products they place on the market meet these target values. Compliance

can be achieved on a sales weig

59 http://www.moit.gov.vn/tin

hted average across all products, of the same type, placed

-chi-tiet/ -/chi -tiet/quy -%C4%91inh -dan-nhan -nang -luong -cho -cac-phuong -tien -

thiet -bi-su-dung -nang -luong -100136 -16.html
80 https://vanbanphapluat.co/tcvn

-9509 -2012 -may -in-hieu -suat -nang -luong

51 hitp://www.enecho.meti.go.jp/category/saving_and_new/saving/data/toprunner2015e.pdf

ef fi
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on the market. The Top Runner programme includes target values for photocopiers and

multi -functional devices which were last developed in 2011. 62

Other initiatives
Voluntary initiatives dealing wit h the environmental impacts of imaging equipment have
been developed in a large number of other countries including the following countries,

however they are not presented here in detail

Canada
China (PRC)
Chinese Taipei (Taiwan)
Hong Kong
India

Iran

Japan
Korea (ROK)
Russia
Switzerland
Thailand
Turkey
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Vietnam

1.2.3 Summary
Imaging equipment is covered by a large range of initiatives with much commonality in

terms of scope and categorisation approaches.

Whilst ENERGY STAR appears to have a strong influence on the scope and categorisation
approaches used by other initiatives, the ENERGY STAR scope is often truncated when

copied into other initiatives.

Most of the specifications are somewhat aged with most having been developed around

2013. Some of the other initiatives, such as EPEAT  and Nordic Swan , include a dynamic
link to ENERGY STAR specifications. This means that when an ENERGY STAR specification

is updated , the requirements are automatically adopted into that initiative. Conversely,
change s in scope within new ENERGY STAR specification s are not always transferred over
into other initiatives. For example, the scope of the Nordic Swan initiative remains un-

changed due to changes in scope within a new ENERGY STAR specification. The product

scope within EPEA T is also dynamically linked to the scope in the latest ENERGY STAR

specification. The revised ENERGY STAR specification may promote additional initiatives

62 https://www.asiaeec  -col.eccj.or.jp/top  -runner -target -standards/
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(e.g. Nordic Swan and Blue Angel ) to also update their scope and categorisation ap-

proaches on imagin g products.

The product definitions used by the different initiatives are often taken directly from EN-

ERGY STAR or are based on the ENERGY STAR definitions with alterations made. In some
cases, such as in the Blue Angel and Korea Ecolabel there are more s ignificant differences
with the ENERGY STAR definitions.

The number and type of environmental criteria covered under each of the main initiatives

can vary considerably. Some of the initiatives, such as ENERGY STAR, concentrate on
product energy use, wherea s other initiatives, such as the US EPEAT and the Blue Angel,
address a broad range of the environmental aspects associated with imaging equipment

and consumables. Table 7 provides an overview of environmental areas , those marked
with blue are aspects of the criteria covered by the different initiatives (unmarked areas

represent no criteria coverage) , and those marked with red are aspects covered by EU VA

on imaging equipme nt.

Table 7: Overview of environmental areas addressed by the EU VA and most relevant other

obligatory and voluntary schemes .Blue indicates aspects of the criteria covered by the differ-
ent initiatives ; red aspects covered by EU VA on imaging equipment; and unmarked no criteria
coverage
y other schemes
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Energy in Use
(multiple power
states)

Power Demand in
low power modes
Power Manage-

E / ment
Pnergy' U Maximum wake
ower in Use times

Internal Power
Supply Efficiency
External Power
Supply Efficiency
Life -cycle assess-
ment (LCA)
Automatic duplex
Paper Use N-up printing

Use recycled paper
Restrictions
Content of Inventory of safer
hazardous substitutions (i.e.
substances intentionally added
chemicals)
Postconsumer re-
cycled plastic con-
tent (declaration)

Recycled con-
tent
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Environmental Areas

Postconsumer re-
cycled plastic con-
tent (inclusion)

EU Volun-
tary Agree-
ment cover-
age

Coverage by other schemes

ENERGY
STAR V2.0

ENERGY

STAR V3.0

Blue Angel

Nordic
Swan

EPEAT/IEEE

1680.1

Korea Eco-
label

Ecodesign
Standby

Ecodesign
EPS

Bio based
plastic mate-
rial content

Bio based plastic
materials content
(declaration)

Bio based plastic
materials content
(inclusion)

Product
weight

Weight declaration

Recyclability

Ease of disassem-
bly

Limits plastic type
per plastic part

Manual separation
and marking of
plastics

Restriction surface
coatings

Identification haz-
ardous sub-
stances/special
handling needs

Design for reusa-
bility

Reusable/recycla-
ble minimums

End-of - life
analysis and
planning

Product end -of-life
characterization
report

Product Life-
time exten-
sion

Early failure pro-
cess/Guarantee

Spare parts availa-
bility

Upgradeability

Product take -
back

End- of - life pro-
cessing require-
ments

Corporate
performance

Environmental
management sys-
tem

Public disclosure of
key environmental
aspects

Public disclosure of
supply chain toxics

Working conditions

Manufactur-
ing Impacts

Chemicals used/
emitted during
production

Packaging

Substance re-
strictions

Recyclable materi-
als

Separable materi-
als

Compostability/
recyclability
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Environmental Areas

Recycled content

EU Volun-
tary Agree-
ment cover-
age

Coverage by other schemes

ENERGY
STAR V2.0

ENERGY

STAR V3.0

Blue Angel

Nordic
Swan

EPEAT/IEEE

1680.1

Korea Eco-
label

Ecodesign
Standby

Ecodesign
EPS

Plastics marked

Take -back service

Consumables

Use of non -manu-
facturer car-
tridges/containers

Cartridge/Con-
tainer Design for
Recycling

Cartridge/Con-
tainer Design for
Reuse

Cartridge/Con-
tainer Take -back
Offered

Toner/Ink Recy-
cling Conducted

Reporting take -
back statistics

Reuse of materials
from take -back
scheme

Consumable imag-
ing yield efficiency

Measured car-
tridge yield

Minimum cartridge
yield

Cartridge durabil-
ity

Cartridge print
quality

Cartridge remanu-
facturing/ recy-
cling process re-
quirements

Restrictions num-
ber plastics

Marking plastic
parts

Substance re-
strictions

Ease of disassem-
bly

Emissions

Chemical Emis-
sions (reporting)

Chemical Emis-
sions (limits)

Noise Emissions
(reporting)

Noise Emissions
(limits)

Safety

Safety require-
ments
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1.3 Review of relevant standards

1.3.1 European and international standards
European (EN) standards are documents that have been ratified by one of the three Euro-

pean Standards Organizations (ESOs), CEN (the European Committee for Standardiza-

tion), CENELEC (the European Committee for Electrotechnical Standardization) or ETSI
(European Telecommunications Standards Institute). Many of the EN standards result from
the adaptation of international standards (IEC and ISO ), to ensure that they are appro-

pria te to European conditions, etc.

CEN, CENELEC and ETSI deal with different fields of activity, but cooperate in a number of
areas of common interest. They also share common policies on issues where there is mu-

tual agreement.

The CEN/CENELEC Internal Regulation s, Part 2, state that the EN &6car
gation, to be implemented at national level, by being given the status of a national standard

and by withdrawal of any conflicting national standards. Therefore, a European Standard

automatically becomes a national standard in each of the 34 CEN -CENELEC member coun-

tries.

The international standards mentioned in this report are IS O (International Organization
for Standardization) standards and IEC (International Electrotechnical Commission) stand-

ards.

Measurement and performance standards

ISO/IEC 24711:2015 Method for the determination of ink cartridge yield for col-

our inkjet  printers and multi -function devices that contain printer components

The scope of ISO/IEC 24711:2015 is limited to evaluation of ink cartridge page yield for

ink - containing cartridges (i.e. integrated ink cartridges and ink cartridges without inte-

grated pri ntheads) for colour inkjet print systems. ISO/IEC 24711:2015 can also be applied

to the printer component of any multifunctional device that has a digital input printing

path, including multi  -function devices that contain inkjet printer components. Both li quid

and solid ink products can be tested using ISO/IEC 24711:2015.

ISO/IEC 29102:2015 Information technology -- Office equipment -- Method for
the determination of ink cartridge photo yield for colour printing with inkjet print-

ersand multi  -function devi  ces that contain inkjet printer components

ISO/IEC 29102:2015 is to provide a method to determine the ink cartridge photo yield of

ink -containing cartridges (i.e. integrated ink cartridges and ink cartridges without inte-

grated printheads) for colour photo printing with colour inkjet printers and multifunction
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devices that contain inkjet printer components. In the case where a cartridge set can be
used in multiple printer models, only one yield test needs to be performed as long as the

difference between pri  nter models does not impact yield.

ISO/IEC 29103:2011 Information technology -- Office equipment -- Colour photo
test pages for measurement of ink cartridge yield for colour photo printing

ISO/IEC 29103:2011 defines a set of test images in a common file f ormat, JPEG, that are
used in the testing of cartridge yield for printing of photographs. The defined documents

are used in ISO/IEC 29102 to determine the photo yield of cartridges in an inkjet -based

printing system.

ISO/IEC 19752:2017 Information technol ogy -- Office equipment -- Method for
the determination of toner cartridge yield for monochromatic electrophoto-

graphic printers and multi -function devices that contain printer components

ISO/IEC 19752:2017 is limited to the evaluation of toner cartridge pa ge vield for toner
containing cartridges (i.e. all -in-one toner cartridges and toner cartridges without a pho-

toconductor) for monochrome electrophotographic print systems. This document could also

be applied to the printer component of any multifunctional device that has a digital input -
printing path (i.e. multi -function devices that contain printer components).

ISO/IEC 19798:2017 Information technology -- Office equipment -- Method for
the determination of toner cartridge yield for colour printers and multi - function

devices that contain printer components

The scope of ISO/IEC 19798:2017 is limited to evaluation of toner cartridge page yield for
toner -containing cartridges (i.e. all -in-one toner cartridges and toner cartridges without a
photoconductor) f  or colour electrophotographic print systems. This document can also be
applied to the printer component of any multifunctional device that has a digital input
printing path, including multi -function devices that contain electrophotographic printer

componen ts.

ISO/IEC 24712:2007 Colour test pages for measurement of office equipment con-

sumable yield

ISO/IEC 24712:2007 defines colour test pages for the measurement of consumable yield.

The test page suite includes four "customer" type documents and one "diagno stic" page
that is used to determine end of ink or toner consumabile life. These pages can be used for

electro -photographic, inkjet printers and multi -function devices that have a digital printing

path,i.e. anall -in-one electro -photographic machine that h as digital printing capabilities.
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ISO/IEC 24790:2017 Information technology -- Office equipment -- Measure-
ment of image quality attributes for hardcopy output -- Monochrome text and
graphic images

ISO/IEC 24790:2017 specifies device -independent image qual ity attributes, measurement
methods and analytical procedures to describe the quality of output images from hardcopy

devices. This documentis applicable to human -readable monochrome documents produced

from printers and copiers.

ISO 179 -1:2010 Plastics -- Determination of Charpy impact properties -- Part 1:
Non -instrumented impact test

ISO 179 -1:2010 specifies a method for determining the Charpy impact strength of plastics

under defined conditions. A number of different types of specimen and test configura tions
are defined. Different test parameters are specified according to the type of material, the

type of test specimen and the type of notch. The method can be used to investigate the

behaviour of specified types of specimen under the impact conditions de fined and for esti-

mating the brittleness or toughness of specimens within the limitations inherent in the test

conditions.

DIN 33870 -1:2013 -12 Office machines - Requirements and tests for the prepara-
tion of refilled toner modules for electrophotographical printers, copiers and fac-
simile machines - Part 1: Monochrome

The purpose of this document is to specify minimum requirements for a consistent print
quality with the intention of ensuring undisturbed functionality over the total service life of

toner modu les.

DIN 33870 -2:2013 -12 Office machines - Requirements and tests for the prepara-

tion of refilled toner modules for electrophotographical printer, copiers and fac-

simile machines - Part2: 4 -Colour -printers

This standard contains requirements for the preparation of refilled toner modules for 4 -
colour -printers. It also specifies test methods for the determination of toner module yield

and quality characteristic features of the printouts. The aim of this standard is to specify

minimum requirements for co nsistent print quality and trouble -free operation over the en-

tire time of use of the toner cartridge.

ISO/IEC 24700:2005 Quality and performance of office equipment that contains
reused components
ISO/IEC 24700:2004 specifies product characteristics for u se in an original equipment

manufacturer's or authorized third party's declaration of conformity to demonstrate that a
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marketed product that contains reused components performs equivalent to new, meeting
equivalent to new component specifications and perfo rmance criteria, and continues to
meet all the safety and environmental criteria required by responsibly built products. It is

relevant to marketed products whose manufacturing and recovery processes result in the

reuse of components.

ISO/IEC  10561:1999 Information technology -- Office equipment -- Printing de-
vices -- Method for measuring throughput -- Class 1 and Class 2 printers
The standard specifies a method for measuring the throughput of class 1 and class 2 print-

ers, as defined in ISO/IEC 11160 -1. Three different test patterns are provided for

1 astandard business letter;

I aspreadsheet;

1 agraphic pattern.
The standard also defines a method for a performance test and one for an endurance test.
These tests are intended to measure only the pr inter throughput for documents in the
same class as the test patterns and not to evaluate any other printer features such as
character shaping, print compressions, network/controller performance, colour, etc. The
method is relevant to class 1 and class 2 p rinter types (e.g. dot matrix, daisy wheel, inkjet,
thermal transfer printers) and to all configurations (e.g. tractor feed, cut sheet feed, 80
column and over 132  -column print width, etc.). It is not the most suitable for comparing
performance of othercl  asses of printing devices such as high -speed page -oriented printers
or colour printers. This method is intended for use by printer manufacturers and test
houses so that a common form of test result presentation shall be obtained. It will also
enable a user to make a quick and easy comparison of the printing throughput of different

printers.

ISO/IEC 17629:2014 Information technology -- Office equipment -- Method for
measuring first print out time for digital printing devices

ISO/IEC 17629:2014 specifies a me thod for measuring first print out time of digital printing
devices. Itis applicable to digital printing devices and multifunctional devices. It is intended

to be used for black and white (B&W) as well as colour digital printing devices and multi-

functiona | devices of any underlying marking technology. It includes instructions for test

charts, test setup procedure, test procedure, and the reporting requirements for the digital

printing measurements

DIN 33871 -1:2013 -12 Information technology - Office machin es, inkjet print
heads and inkjet tanks for inkjet printers - Part 1: Preparation of refilled inkjet

print heads and inkjet tanks for inkjet printers
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The aim of the standard is to achieve constant print quality with black or coloured ink of
the refillable inkjet print heads and inkjet tanks. It specifies the principles for recycling as

well as testing of colour rendition quality and yield.

EN 12281:2002 Printing and business paper T Requirements for copy paper for

dry toner imaging processes

This European Standard specifies the performance requirements for uncoated cut -size pa-
per for dry toner imaging processes (i.e. copy paper), in 80 g/m2 and in A4 format based

on EN 20216 .

ISO 7779:2010 Acoustics -- Measurement of airborne noise emitted by infor-
mation technology and telecommunications equipment

ISO 7779:2010 specifies procedures for measuring and reporting the noise emission of
information technology and telecommunications equipment. The basic emission quantity is

the A -weighted sound power level which may be used for comparing equipment of the

same type but from different manufacturers, or for comparing different equipment

ISO 9296:2017 Acoustics -- Declared noise emission values of information tech-
nology and telecommunications equipment
ISO 9296:2017 specifies:
a) for a batch of equipment, the method for determining the following values:
- the declared mean A -weighted sound power level, LWA,m;
- the declared mean A -weighted emission sound pressure level, LpA,m ;
- the statistical adder for verification, Kv;
- the statistical upper limit A -weighted sound power level, LWA,c;
b) how acoustical and product information is to be published electronically or in hard
copy format in technical documents or other product li terature supplied to users by the
manufacturer or declarer;
¢) the method for verifying the noise emission values that are declared by the manu-

facturer or declarer.

ISO/IEC 28360:2015 Information technology -- Office equipment -- Determina-
tion of chemical emission rates from electronic equipment

ISO/IEC 28360:2015 specifies methods to determine chemical emission rates of Analyte

from ICT & CE equipment during intended operation in an Emission Test Chamber (ETC).

The methods comprise preparation, sampling ( or monitoring) in a controlled ETC, storage

and analysis, calculation and reporting of emission rates. The standard includes specific
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methods for equipment using consumables, such as printers, and equipment not using

consumables, such as monitors and PCs.

Safety standards

The Low Voltage Directive (LVD) (2014/35/EU) ensures that electrical equipment within

certain voltage limits provides a high level of protection for European citizens 5. A wide
range of harmonized standards are available to ensure that prod ucts meet the require-
ments of the LVD. % These harmonized standards cover both design of whole products and

of individual components. Many of these harmonized standards will apply to complete im-

aging equipment products as well as to imaging equipment compon ents

EN 62368 -1:2014 Audio/video, information and communication technology
equipment. Safety requirements
EN 62368 -1 has been formally documented as a suitable standard for establishing pre-

sumption of conformity of AV & ICT equipment with the EU LVD.

Substances, materials and end-of-life standards

1ISO 11469:2016 Plastics - Generic identification and marking of plastics products

Specifies a system of uniform plastic material marking . The standard does not cover every
aspect of marking (e.g. the marking process, the minimum size of the item to be marked,

the size of the lettering or the appropriate location of the marking) , but the marking system
described is intended to help identify plastics products for subsequent decisions concerning

handling, waste recovery or disposal. The standard refers to ISO 1043 -1 for generic iden-

tification of the plastics.

EN ISO 1043 -2:2011 Plastics - Symbols and abbreviated terms. Fillers and rein-
forcing materials
Defines abbreviated terms for the basic polymers used in plastics, symbols for components

of these terms, and symbols for special characteristics of plastics.

IEC TR 62635:2012 Guidelines for end - of - life information provided by manufac-

turers and recyclers and for recyclability rate calculation of electrical and elec-
tronic equipment

IEC/TR 62635:2012(E) provides a methodology for information exchange involving elec-

tronic and electrical equipment manufacturers and recyclers. The standard also provides a
methodology enabling calculation of the recyclability and recoverability rates of  to facilitate

optimized end of life treatment operations.

8 https:/leur -lex.euro pa.eu/legal -content/EN/TXT/?uri=uriserv%3A0J.L_.2014.096.01.0357.01.ENG
64 https://ec.europa.eu/growth/single -market/european -standards/harmonised -standards/low -voltage_en
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EN 50419:2006 Marking of electrical and electronic equipment in accordance with

Article 11(2) of Directive  2002/96/EC (WEEE)

Product marking requirements needed to ensure co mpliance with the WEEE  Directive and
additional information relating to the marking requirements, including positioning, visibil-

ity, dimensions, location and referenced documents. The marking requirements are appli-

cable to all manufacturers and producers o f electrical and electronic equipment placing

products on the EU market.

EN 50625 -1:2014 Collection, logistics & treatment requirements for WEEE - Part
1: General treatment requirements

Part of a series of standards requested in Commission Mandate M/518 wh ich aim to support
implementation and effectiveness of Directive 2012/19/EU (WEEE). The standard contains
requirements applicable to the treatment of all types of WEEE and addresses all operators

involved in the treatment (including related handling, sorti ng, and storage) of WEEE. In

particular, the standard addresses the following issue areas:

1 Management principles
o Technical and infrastructural pre -conditions
o Training
o Monitoring
0 Shipments
1 Technical requirements
o General
0 Receiving of WEEE at treatment facil ity
o Handling of WEEE
o Storage of WEEE prior to treatment
0 De-pollution (including Annex A normative requirements)
o0 De-pollution monitoring (including Annex B normative requirements)
o Treatment of non -depolluted WEEE and fractions
o Storage of fractions
0 Recycling and recovery targets (including Annex C & D normative require-
ments)
o Recovery and disposal of fractions

 Documentation

The standard applies to the treatment of WEEE until end -of -waste status is fulfilled, or until

the WEEE is prepared forre  -use, r ecycled, recovered, or final disposal.
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EN 62321 series Determination of certain substances in electrotechnical products
The purpose of the harmonized EN 62321/IEC 62321 series of standards is to provide test
methods that will allow determination of the levels of certain substances of concern in

electrotechnical products on a consistent global basis.

EN 50581:2012 Technical documentation for the evaluation of electrical and elec-
tronic products with respect to restriction of hazardous substances

The EN 50581 standard specifies the technical documentation a producer of EEE has to

collect for applicable substance restrictions in order to demonstrate compliance with Di-
rective 2011/65/EU (RoHS). The technical documentation required to meet the standard
includes:

1 A general product description

1 Documentation of materials, parts and/or sub -assemblies

1 Information showing the relationship between the technical documents and respective
materials, parts and/or sub -assemblies

1 Alist of harmonized sta  ndards and/or technical specifications used to prepare the

technical documents.

Other standards and initiatives

EN 61000 (IEC 61000) Electro Magnetic Compatibility (EMC) standards

Deals with different aspects regarding electro -magnetic compatibility and se ts the basis for
the European EMC legislation . Part 1 states general considerations, part 2 describes and
classifies the environment and specifies compatibility levels, part 3 specifies emission and
immunity limits,  part 4 defines testing and measurement t echniques, part5 defines instal-

lation and mitigation guidelines and part 6 defines generic standards

IEC 62430 :2009 Environmentally conscious design (ECD) for electrical and elec-

tronic products and systems

Specifies requirements and procedures to specify generic procedures to integrate environ-
mental aspects into design and development processes of electrical and electronic products

including combination of products, and the materials and components of which they are

composed.

Circular Economy package
Within the past 10 years the awareness of resource depletion has increased, and the ideas
of circular economy have been widely accepted as a solution that can improve the resource

efficiency. The European ~ Commis sion published in 2015 a circular economy package that
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included an action plan to promote circular economy 5. The areas of actions that are most

relevant in connection with ecodesign is the general measures on product design.

Product design is key to facil itating recycling, repair and refurbishment, but also more
durable products. All measures hold the potential to reduce the consumption of virgin ma-

terials (including critical raw materials) and reduce the environmental burden of products.

To reach better  design of products the Commission will:
T ASupport repairability, durability, and recyclabi
ments under the Ecodesign Directive , taking into account specific requirements of
different products. The Ecodesign working plan 201 51 2017 will identify product
groups that will be examined to propose possible eco -design and/or energy labelling

requirements. It will set out how ecodesign can contribute to the objectives of the

circular economy. As a first step, the Commission will prop ose requirements for
electronic displays, including requirements relat

T APropose the differentiation of financi al contrib
Extended Producer Responsibility scheme on the basis of the end -of-life ma nage-

ment costs of their products. This provision under the revised legislative proposal
on waste creates economic incentives for the design of products that can be more
easily recycled or reused. 0

T AExamine options and actions f meworkfornhediflerert oher ent p

strands of work on EU product policy in their con
The Spanish Royal Decree (No 110/2015) % has a set of requirements regarding the
amount of collected WEEE that should be prepared for reuse. The re quirements are e.g.:

1 2017 - 2 % of large household appliances collected as WEEE and 3 % of IT equip-
ment collected as WEEE is to be prepared for reuse

1 2018 - 3 % of large household appliances collected as WEEE and 4 % of IT equip-
ment collected as WEEE is to be prepared for reuse

1 Improve the monitoring, traceability and supervision requirements of waste
management activities by the public administration.

1 Separate collection, transport and storage conditions to allow appropriate
preparation forre -use and to prevent breakages and loss of materials

1 Recognise the role of social -economy actors in waste collection and treatment and

the possibility of handing over WEEE to these entities.

8 https://ec.europa.eu/growth/industry/sustainability/circular -economy_en
56 http://www.mapama.gob.es/es/calidad -y-evaluacion -ambiental/temas/prevencion -y-gestion residuos/span-
ishlegislationonwasteofelectricandelectronicequipmentsweeeroyaldecree11020150f20february_tcm?7 -382140.pdf
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http://www.mapama.gob.es/es/calidad-y-evaluacion-ambiental/temas/prevencion-y-gestion%20residuos/spanishlegislationonwasteofelectricandelectronicequipmentsweeeroyaldecree1102015of20february_tcm7-382140.pdf
http://www.mapama.gob.es/es/calidad-y-evaluacion-ambiental/temas/prevencion-y-gestion%20residuos/spanishlegislationonwasteofelectricandelectronicequipmentsweeeroyaldecree1102015of20february_tcm7-382140.pdf
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1.3.2 Mandates issued by the EC to the European Standardization Organizations

M/ 544 z Standardisation mandate to the European standardisation organisations as regards
ecodesign requirements for networked standby in support of  Regulation (EC) No 1275/2008
and Regulation (EC) No 642/2009

Regarding networked standby there are some useful definitions in Regulation (EC) No
1275/2008 °©7:

Network  means a communication infrastructure with a topology of links, an architecture,
including the physical components, organisational principles, communicat ion procedures

and formats (protocols).

Networked equipment means equipment that can connect to a network and has one or

more network ports

Networked standby means a condition in which the equipment is able to resume a func-

tion by way of a remotely initiated tr igger from a network connection.

As the outcome of the standardisation mandate M/544 for networked standby, the follow-
ing standards for measurement of n etworked standby power consumption have been de-

veloped:

CENELEC: EN 50643:2018 Electrical and electronic household and office equip-

ment - Measurement of networked standby power consumption of edge equip-

ment: EN 50643 was published in April 2018. The scope is edge equipment  defined as
networked equipment that can be connected to a network and interact with that network

or other equipment and that does not have, as its primary function, the passing of network

traffic to provide a network. In relation to Regul ation (EU) No 801/2013, these products
are all other networked equipment not being HiNA equipment such as imaging equipment.
The standard complements EN 303 423 (see hereinafter) i.e. the two standards together
cover all products in scope of Regulation (EU ) No 801/2013 . The standard specifies meth-
ods of measurement of electrical power consumption in networked standby and the report-

ing of the results . It also p rovides a method to test power management and whether it is
possible to deactivate wireless network connection(s). This standard has been written in
particular to support Commission Regulation (EU) No 801/2013 for the measurement of

energy consumption in networked standby. This standard applies to electrical products with

arated input voltage of 230 V a.c. for single phase products and 400 V a.c. for three phase

products.

57 http://eur _-lex.europa.eu/legal _-content/EN/TXT/PDF/?uri=CELEX:02008R1275 -20170109&from=EN



http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02008R1275-20170109&from=EN

68

ETSI: EN 303 423 V1. 2.1: Electrical and electronic household and office equip-

ment; Measurement of networked standby power consumption of Interconnect-

ing equipment : EN303423 was publi shedin August 2018. The scope isi nterconnecting
equipment (ETSI) defined as networked equipment that has, as its primary function, the

passing of network traffic to provide a network. In relation to Regulation (EU) No 801/2013,

these products are  mainly HiNA (High Network Availability) equipment such as router, net-

work switch, wireless network access point, hub, modem, VolIP telephone and video phone.

The standard complements EN 50643 i.e. the two standards together cover all products in

scope of Regulation (EU) No 801/2013 . The standard specifies methods of measurement

of electrical power consumption in networked standby and the reporting of the results t
also p rovides a method to test power management and whether it is possible to deactivate

wire less network connection(s). This standard has been written in particular to support
Commission Regulation (EU) No 801/2013 for the measurement of energy consumption in

networked standby. This standard applies to electrical products with a rated input volta ge
of 230 V a.c. for single phase products and 400 V a.c. for three phase products. The stand-

ard has been delivered to the European Commission for harmonisation.

M/543 z Standardisation mandate to the European standardisation organisations as regards
Material Efficiency
In December 2015, the E  uropean Commission published a standardisation request to the
ESOs covering ecodesign requirements on material efficiency aspects for energy -related
products in support of the implementation of Directive 2009/125/EC. ©8 It was noted in the
mandate, that the absence of adequate metrics is one of the reasons for the relative lack
of ecodesign requirements related to material efficiency in previous ecodesign implement-
ing measures. The mandate therefore requests that the ES Os draft new European stand-
ards and European standardisation deliverables on material efficiency aspects for energy -
related products in support of the ecodesign Directive 2009/125/EC. This standardisation
request clarifies that the following material effic iency aspects should be covered:

1 Extending product lifetime

1 Abilitytore -use components or recycle materials from products at end -of - life

1 Use of re -used components and/or recycled materials in products

prEN 45558
This European Standard  is currently under  development. The aim of the standard is to
develop a method so information on critical raw materials can be exchanged up and

down in the supply chain of energy related products. Though, it does not provide any

58 http://ec.europa.eu/growth/tools -databases/mandates/index.cfm?fuseaction=search.detail&id=564
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specific method to capture this information. H ow organisations will capture the data is in-

dividually which allow more flexibility.

The standard e.g. allows organisations to

1 to assess the use of critical raw materials in energy related products

9 to support collection and recycling processes, so the cr itical raw materials can be

extracted End -of-Life

i to use information on critical raw materials in life -cycle management
Furthermore, this standard can support policy makers regarding policy around the or im-
port of critical raw materials. It can also prov e to be valuable in connection with
Ecodesign studies as more information about the materials are available. This can lead to

more precise estimations of both the value and impact of critical raw materials in energy

related products, but also measures that can improve the recycling of critical raw materi-
als.

prEN 45554

This European Standard is currently under development and deals with the assessment
regarding the ability to remanufacture energy related products. The aim is to ensure a

general method for assessing the ability to remanufacture energy related products. The
aspects considered are among others:
1 Assessment of accessibil ity (Including a formula that can evaluate the accessibil-
ity)
1 Assessment of the ability to re -/disassemble (Including disassembly sequence,
disassembly index, time for disassembly and different formulas)
This standard may allow requirements regarding disas sembly in ecodesign as this stand-
ard creates a common framework for documenting the disassembly. Without any stand-

ard it is difficult for the market surveillance authorities to control such measures.

prEN 45556

This European Standard  is currently under dev  elopment . The aimisto ensurea  general

method for assessing the proportion of reused components in energy related products.
The aspects considered are among others:

1 Calculation of reused component index

1 Quality assurance (maintain records of previous quality control)

I Marking and Instructions (e.g. ensure traceability of the reused component)
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prEN 45557
This European Standard is currently under development. The aim is to ensure a general
method for assessing the proportion of recycled material content in energy related prod-

ucts. This standard relates to the physical characteristic of the materials and manufactur-
ing history of all the parts in the product. The standard includes:

1 Methods for calculating the recycled material content

1 Specific guidelines per material type

1 Traceability

1 Reporting
Guidelines for accounting and reporting recycled content will contribute to avoid potentially
unsubstantiated and misleading claims on recycled content for which it is not clear how
they are determined . This standard enables requirements of recycled content in products

as these claims can be controlled by market surveillance authorities

prEN 45555
This European Standard is currently under development and deals with methods for as-
sessing t he recyclability and recoverability of energy -related products. This standard sug-

gests a horizontal approach for all energy related products. However, the standard also

states that a correct assessment can only be done in a product -specific way, takingint o
account specific parameters of a specific product group. This standard defines a series of
parameters which may be considered to calculate product specific recycling and recover-

ability rates.

The standard provides a general methodology for:
1 Assessing the recyclability of energy related products
Assessing the recoverability of energy related products
1 Assessing the ability to access or remove certain components of interest to facili-
tate better recycling and recovery operations.

1 Assessing th e recyclability of critical raw materials from energy related

prEN 4555 3

This European Standard is currently under development and deals with methods for the
assessment of the ability to repair, reuse and upgrade energy related products. This

standard sugg ests a horizontal approach for all energy related products. The standard is
described as generic and general in nature which means that it is not intended to be ap-

plied directly but may be cited in relation with product specific or product group harmo-

nised standards.
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The standard provides a general methodology for:
1 the ability to repair products ,
1 the ability to reuse products, or parts thereof,

1 the ability to upgrade products, excluding remanufacturing.

Furthermore, this standard provides a common fra mework for future vertical and product

specific standards.

Standard prEN 50614

This European Standard is currently under development (within the standardisation man-

date M/518). The purpose of the standard is to facilitate the preparation for re -use of
equi pment and support the WEEE Directive . The standards include measures on how to
check, clean or perform repair recovery operations, so components of discarded products

(waste) are prepared so they can be reused without any other pre -processing. The stand-
ard also provides relevant description of quality, safety and environmental requirements

that a reuse operator should adopt to ensure safe products for the consumer and also to

protect the brand of the product (avoid faulty and dangerous remanufactured products) as

consumers still may connect a remanufactured product with the brand of the appliances

which not necessarily is the case.

Standard BS 8887 -211
This British standard focus on design for manufacture, assembly, disassembly
and end -of-life processing (MADE) of computing hardware. So, this standard is not related
to household appliances but some of the requirements could be used across all electronic
products. The standard describes the different types of products that potenti ally couldre -
enter the production. Examples of products that can re -enters the production are:
1 Non-working products (out -of-the -box)
1 Products that needs repair within the warranty period (returned to the OEM)
1 Unsold products (factory overstock, demonstr ation models, fitoyfeebDore
T Return of used product s -if-ef §jeir kelevansie comection t r ad e

with circular economy)

Standard VDI 2343

This standard by the Association of German Engineers (VDI) is providing a common frame-
work for the different definitions on reuse which is crucial to reach a common understand-

ing on the different definitions. Definitions are also crucial in connection with interpretation

of Regulation and without any clear definitions any requirements towards reuse /remanu-

facturing/refurbishment will be invalidated. In general, refurbishment is not clearly defined
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in most EU regulation (e.g. fully refurbishment is defined in the regulation on medical
devices ). The standard defines different levels of reuse such as:
1 Repair T restores defective product
1 Refurbishing 71 restores used product to a certain quality
1 Remanufacturing 7T rest ores wused product to d6éas good
reconditioned components and parts;
1 Upgrading 1 improving the functions/properties o f the original product
Definitions are very important in connection with the liability of the product. At which level
of repair/reuse is the original manufacturer (brand on the appliance) responsible for the

product.

Standard ONR 192102
Standard ONR 192 102 is an Austrian standard that establishes a label for electronic prod-

ucts designed for easy repair  , see Figure 4.

RT,
06 /‘}

‘NCERT®

ON Osterreichisches Normungsinstitut

reparaturfreundlich & langlebig

Figure 4: Austrian standard for label for electronic products

The standard/label established both obligatory requirements that should be followed by
anyone claiming the label, but also a set of voluntary requirements. If the also follow the
voluntary criteria they are awarded with a score. The score is dependent on the number of
criteria the product complies with and an overall reparability score is awarded which are

either égoodé, 6very goodd or obexcellentéd.
Examples of the requirements and criteria are:

Information relevant for disassembly (e.g. instructions, break down plan)
Requirements on information for repair (e.g. instructions and exploded views)
Easiness of disassembl e (e.g. possibility of breaking down the product and acces-
sibility to inner parts (cable leng ths, space for mounting, welding, screw orienta-

tion and size, scale of  design)

5 http://leur -lex.europa.eu/legal  -content/EN/TXT/PDF/?uri=0J:L:2017:117:FULL&from=EN

as
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Such standards and labels are very important for both manufactures designing products
for the circular economy, but also regarding requirements. European standard can be de-
velop ed in line with ONR 192102, which makes any requirements towards improvement
resource efficiency (design for easy disassemble etc.) more robust and makes it possible
for the market surveillance authorities to control such requirements. Summary of relevan t

standards
1.3.3 Possible problems with test standards

Possible problems on accuracy/tolerances

The ENERGY STAR v2.0 test procedure is currently the most widely used test procedure
for measuring the energy use of imaging equipment. There are no known issues with ac-
curacy or tolerances when testing the energy use of imaging equipment according to the
ENERGY STAR v2.0 test procedure.

Possible problems on reproducibility
There is no known issue with reproducibility when measuring energy use according to the
ENERGY STAR test procedure.

Reflection of real-life use in test standards

It is widely recognise  d that the ENERGY STAR v2.0  TEC use profiles within the test proce-
dure over -estimate the amount of images equipment likely produce on a weekly basis. For

this reason, the US EPA amend ed the ENERGY STAR v3.0 TEC use profiles, reducing the

number of images p roduced so thatit  better reflects real -life usage.

1.3.4 Summary
Based on the environmental areas covered by the VA and differentinitiatives listed in Table

7, Table 8 showsthe same areas mapped against standards and metrics available to sup-

port measurement of these. Table 8 also shows the potential additional areas that could
be recommended for a revised VA or future policy measures (shown highlighted in green).
These are:

1 Imaging equipme nt products
0 Hazardous substances content: Restrictions and inventory of safety alternatives
o Product lifetime extension: Guarantee to avoid early failure
o Noise emissions
1 Imaging equipment consumables
0 Use of non -manufacturer cartridges/containers
o Consumable imaging yield efficiency
0 Measured cartridge yield

0 Minimum cartridge yield
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Cartridge print quality

Cartridge remanufacturing/ recycling process requirements
Marking plastic parts

Substance restrictions

Ease of disassembly

O O O O o o

Chemical emissions

In spite there are no standards to test most of these metrics, they are covered by other
initiatives  which means there are measurement and reporting procedures in place for man-

ufacturers to report on these metrics

Table 8: Overview of environmental areas mapped against available standards and metrics for
measuring, testing and verification (not exhaustive)

*Red fields indicate the coverage of VA on imaging equipment, blue fields indicate the standard s and
metrics available for testing or measur ing of the particular environmental area , and green fields
indicate potential additional areas that could be recommended for a revised VA or future policy

measures . See table next page s.
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" Consumable imaging yield efficiency refers to the minimum page yield per gram of the total consumable material supplied
72 Minimum cartridg e yield refers to the ~ minimum page yield for an equivalent cartridge/container offered by an alternative



1.4 Conclusions and recommendations

1.4.1 Proposed product scope
The product scope of VA has been evaluated against the existing ENERGY STAR version
2.0 and version 3.0 as well as other schemes , see Figure 5. Most identified schemes have
similar product scope as the ENERGY STAR , Which therefore is seen as the most central

scheme.

Itis recommended to continue the align ment of the scope with ENER GY STAR, particularly
concerning imaging equipment products, to make sure the most important products are

covered by the agreement concerning sales and energy consumption and other resource
impact . This would remove fax machines and standalone copiers from scope, reflecting the

US EPA thinking that sales of these product types are now too low to warrant inclusion.

Furthermore, to reflect the current market trends for typical speeds and other functionality
features . Therefore, itis proposed toremove the sp eed limit on images per minute and to
also consider the inclusion of professional imaging equipment category .

Scanners and digital duplicators are not considered to account for a large market in the EU
and there is no evidence suggesting that their sales would develop otherwise . Itis therefore

not recommended to include them as new products in scope for the VA.

Lastly, itis recommend ed to define the cartridges and containers and include them in the

scope as discussed in section 1.1.3 . See Figure 6 for the proposed revised scope for VA.
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ENERGY STAR v3.0

ENERGY STAR v2.0

VA v5.2 — Household & office equipment

Printers
MFD EP, LI/HPILJ, SI
SUUTU ! <66 A4 ipm Monochrome
! Copiers ! <51 Adipm Colour
E P ___'F_Tr;_;; v i
L _machines _:
Scanner
DT, DS, TT, Impact, Stencil
Digital Other formats than A4 (e.g.
Duplicator A6, 4"x6", A3, A2 and larger)
Mailing No limits on speed
machine

Professional Imaging Products

(printers & MFDs)

VA 5.2

ENERGY STAR v2.0

ENERGY STAR v3.0

Figure 5: Comparison of VA and ENERGY STAR product scopes

Proposed revised scope VA

Imaging Equipment products

Printers

EP, 1J/HPIJ, SI, DT, DS, TT,

Impact, Stencil

MFD

Other formats than A4 (e.g.

Professional Imaging Products

A6, 4"x6", A3, A2 and larger)
No limits on speed

|
|
(printers & MFDs) :

Imaging Equipment
consumables

Toner cartridges
and containers

Inkjet cartridges
and containers

Figure 6: Proposed revised scope for V
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In Table 9 and Table 10, definitions of consumables, cartridges and containers are shown,
which are aligned with the current GPP criteria (for products) and with EPEAT, Blue Angel

and the Korea Ecolabel (for consumables).

Table 9: Imaging Equipment products definition

Imaging Equipment products

Products that are marketed for office or domestic use, or both, and whose function is one or
both of the following:

a) to produce a printed image in the form of paper document or photo through a marking pro-
cess either from a  digital image, provided by a network/card interface or from a hardcopy
through a scanning/copying process;

b) to produce a digital image from a hard copy through a scanning/copying process.

Table 10 : Imaging Equipment consumables definitions

Imaging Equipment consumables

A replaceable product that is essential to the functioning of the imaging equipment product.

Consumables are replaced or replenished by either the end user or service provider during the

normal usage and life  span of the imaging equipment product. Examples of consumables in-

clude, but are not limited to: toner, toner containers, toner bottles, toner cartridges, waste

toner cartridges, ink cartridges, ink heads, ink sticks, ribbon ink, thermal paper, office paper ,
imaging units, transfer belts, transfer roller, fusers and drum maintenance units. Items that are

not intentionally designed to be normally replacese

The definitions of product types in the proposed scope are shown in Table 11. These are
aligned with definitions found in ENERGY STAR v 3.0. The definition of professional imaging

products is also proposed in the v3.0 specification.

The definition of consumables types proposed in the scope , see Table 12, have b een elab-

orated to be aligned with EPEAT, Blue Angel and the Korea Ecolabel.

Table 11 : Imaging Equipment definitions for product types in scope

Imaging equipment prod- Definition

uct

Printer A product whose primary function is to generate paper output
from electronic input. A printer is capable of receiving infor-

mation from single  -user or networked computers, or other in-

put devices (e.g., digital cameras). This definition is intended to
cover products that are marketed as printers, and printers that

can be field -upgraded to meet the definition of an MFD.

Copier A product whose sole function is to produce paper duplicates

from paper originals. This definition is intended to cover prod-

ucts that are marketed as copiers, and upgradeabl e digital copi-
ers (UDCs).
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Imaging equipment prod-

uct

Multifunctional device (MFD)

Definition

A product that performs the core functions of a Printer and

Scanner. An MFD may have a physically integrated form factor,
or it may consist of a combination of functionally integrated
components. MFD copy functionality is considered to be distinct

from single -sheet convenience copying functionality sometimes

offered by fax machines. This definition includes products mar-

keted as MFDs-faimd tfi ol tpiroduct so

Professional im aging products

A printer or MFD marketed as intended for producing delivera-
bles for sale, with the following features:

a) Supports paper with basis weight greater than or equal to
141 g/m2;

b) A3 -capable;

¢) If product is monochrome, monochrome product sp eed equal

to or greater than 86 ipm;

d) If product is color, color product speed equal to or greater
than 50 ipm;

e) Print resolution of 600 x 600 dots per inch or greater for
each color;

f) Weight of the base model greater than 180 kg; and

Five of the fol lowing additional features for color products or
four for monochrome products, included standard with the Im-
aging Equipment product or as an accessory:

g) Paper capacity equal to or greater than 8,000 sheets;

h) Digital front -end (DFE);

i) Hole punch;

j) Perfect binding or ring binding (or similar, such as tape or
wire binding, but not staple saddle stitching);

k) Dynamic random access memory (DRAM) equal to or greater
than 1,024 MB.

I) Third -party color certification (e.g., IDEAlliance Digital P
Certification, FOGRA Validation Printing System Certification, or
Japan Color Digital Printing Certification, if product is color ca-
pable); and

m) Coated paper compatibility.

ress
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Table 12 : Imaging Equipment definitions for consuma bles types in scope

Imaging equipment consumable Definition

Container An end -user replaceable product that holds toner or
ink and that fits onto or into or is emptied into an
imaging equipment product. Containers do not con-
tain integrated  components or moving parts integral

to the imaging productds fun

Toner cartridge An end -user replaceable product, which fits into or

onto an imaging equipment product, with printing -
related functionality that includes integrated compo-
nents or moving  parts integral to the imaging equip-

ment 6s function beyond hol di

Inkjet cartridge An end -user replaceable product, which fits into or

onto an imaging equipment product, with printing -
related functionality that includes integrated compo-
nents integral to the i magin

beyond holding ink.

1.4.2 Legislations
Imaging equipment  and consumables are covered by a range of EU legislation and direc-
tives , none of these address energy and resource efficiency and it woul d therefore be val-
uable that the Voluntary Agreement does. Imaging equipment are also covered by a num-
ber of voluntary schemes. In spite oft hese schemes being largely based on the ENERGY
STAR specification for imagine equipment both in terms of scope and categorisation, some
of them (e.g. Blue Angel, Nordic Swan Ecolabel , US EPEAT programme ) cover many more
environmental areas than ENERGY STAR. Some of the additional environmental areas can

also be important to address in the EU voluntary agreement.

1.4.3 Environmental metrics and standards

Environmental metrics and relevant standard s have been reviewed to  assess whether the
environmental areas covered by the legislation and voluntary  scheme s can be quantifiable
and measurable with widely adopted standards. A su mmary table is presented in section

1.3.4 to show the requirements of VA and its corresponding test standards, as well as
potential additional requirements for oth  er environmental areas . The following require-
ments could be considered for the future policy measure or arevised VA as they are already

covered by the current VA and/or by widely adopted  test standards

1 Imaging Equipment products
o Hazardous substances content: Restrictions and inventory of safety alternatives
o Product lifetime extension: Guarantee to avoid early failure

o Noise emissions
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Imaging Equipment consumables

0 Use of non -manufacturer cartridges/containers (additional requirements)
Consumable imaging yield efficiency

Measured cartridge yield

Minimum cartridge yield

Cartridge print quality

Cartridge remanufacturing / recycling process requirements

Marking plastic parts

Substance restrictions

Ease of disasse mbly

O O O O o o o o o

Chemical Emissions
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2. Task 2: Markets

Task 2 follows the MEErP methodology and includes the following:

1. Generic economic data: EU sales and trade data based on production, import and ex-
port is assessed based on PRODCOM data analysis, aiming at identifying any similari-
ties with our established stock model and/or filling data gaps.
2. Market and stock data: The establishment of the EU installed base (stock) based on
EU annual total sales and growth rates and average product lives.
3. Market trends: The trends have been assessed regarding products and product fea-
tures
4. Consumer expenditure base data and Life Cycle Cos ts (LCC) : Identifying the base
cases for analyses, average EU consumer prices, repair and maintenance costs, dis-

posal tariffs and taxes, electricity prices and regional differentiations.

2.1 Generic Economic data
The PRODCOM statistics are the official source for product data on the EU market. It is
based on product definitions that are standardised across the EU thus guaranteeing com-

parability between Member States. Data are reported by Member States to Eurostat.

The PRODCOM statistics have some limitations given the complexities in the market and
so are they not always as detailed as necessary to support decision making within

ecodesign preparatory studies

Within this study, the PRODCOM statistics are used to co mpare against product data
sourced from other data sources and expert assumptions in order to provide a higher de-

gree of confidence in the final product dataset. The product data sourced was used to
establish annual sales for product categories in scope, a nd subsequently for establishing

the installed base in the EU (i.e. stock).

PRODCOM EU sales and trade (i.e. the EU consumption) is derived by using the following
formula based on data from PRODCOM  73:

O GadZi®l OQQHIQE QdHLOW eI Qonéi o

S PRODCOM has reported that the results of this method are often unreliable (sometimes producing a negative
figure) however no other options are avai lable.
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For imaging equipment and consumables, the following PRODCOM categories have been

used to search for available data in the database:

Table 13 : PRODCOM code and description for imaging equipment in scope of current Voluntary
Agreement
Product group Prodcom code and description
NACE 26.20: Manufacture of 26.20.16.40 : Printers, copying machines and facsimile ma-
computers and peripheral chines, capable of connecting to an automatic data processing
equipment machine or to a network (excluding printing machinery used for

printing by means of plates, cylinders and other components,
and machines performing two or more of the functions of print-
ing, copying or facsimile transmission)

26.20.18.00 : Machines which perform two or more of the func-
tions of printing, copying or facsimile transmission, capable of
connecting to an automatic data processing machine or to a net-

work
NACE 28.23: Manufacture of 28.23.21.00 :Photo -copying apparatus incorporating an optical
office machinery and equip- system or of the contact type and thermo -copying apparatus

ment (except computers and
peripheral equipment)

28.23.26.00 : Parts and accessories of printers of HS 8443 3

NACE 20.30: Manufacture of 20.30.22.73 : Organic composite solvents and thinners used in
paints, varnishes and similar conjunction with coatings and inks; based on butyl acetate
coatings, printing ink and

mastics 20.30.22.79  : Organic composite solvents and thinners used in

conjunction with coatings and inks (excluding those based on
butyl acetate)

20.30.24.50 : Black printing inks

20.30.24.70  : Printing inks (excluding black)

Table 14 : Sales data from PRODCOM for products in scope

26.20.16.40 : Printers, copying machines and facsimile machines, capable of connecting to an
automatic data processing machine or to a network (excluding printing machinery used for

printing by means of plates, cylinders and other components, and machines performing two or

more of the functions of printing, copying or facsimile transmission) [ Million items]

Production 0.5 0.5 0.7 0.5 04 0.3 0.3 0.4
Import 27.0 29.6 27.4 235 24.1 235 21.5 20.5
Export 17.1 23.4 21.7 18.1 16.3 16.1 15.4 14.9
Sales 104 6.6 6.4 5.9 8.2 7.7 6.5 6.1
26.20.18.00 : Machines which perform two or more of the functions of printing, copying or fac-

simile transmission, capable of connecting to an automatic data processing machine or to a net-
work [ Million items]
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Production 0.2 0.1 0.1 0.1 0.0 0.1 0.0 0.0
Import 37.6 40.1 17.4 40.3 40.2 42.9 42.2 40.8
Export 21.3 20.5 10.7 249 225 231 224 22.2
Sales 16.5 19.7 6.8 15.5 17.7 19.9 19.8 18.6
28.23.21.00 : Photo - copying apparatus incorporating an optical system or of the contact type

and thermo -copying apparatus [  Million items]

Production 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Import 0.5 0.3 0.3 0.8 0.1 0.1 0.1 0.0
Export 0.2 0.2 0.3 0.8 0.9 0.9 0.9 0.0
Sales 0.3 0.1 0.0 0.0 -0.8 -0.8 -0.8 0.0
28.23.26.00 : Parts and accessories of printers of HS 8443 3 [ Million items]

Production 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Import 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Export 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sales 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20.30.22.73 : Organic composite solvents and thinners used in conjunction with

coatings and inks; based on butyl acetate [ Million kilograms]

Production 72.7 71.2 56.8 66.0 63.6 64.6 58.4 55.6
Import 14.1 16.1 14.5 13.6 15.5 17.1 19.6 19.1
Export 224 324 31.8 50.1 62.4 51.4 27.2 26.2
Sales 64.3 54.9 39.5 29.5 16.7 30.3 50.8 48.5
20.30.22.79 : Organic composite solvents and thinners used in conjunction with coatings and

inks (excluding those based on butyl acetate) [ Million kilograms]

Production 697.0 799.9 771.5 762.2 722.7 698.3 806.7 1,131.5
Import 2475 285.3 276.9 270.2 285.7 274.5 266.2 275.9
Export 308.9 335.2 323.9 388.3 381.8 412.0 383.3 417.8
Sales 635.6 750.0 724.5 644.0 626.7 560.8 689.6 989.6
20.30.24.50 : Black printing inks [ Million kilograms]

Production 168.1 169.5 161.2 171.6 175.0 172.0 155.1 163.0
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2009 2010 2011 2012 2013 2014 2015 2016

Import 11.7 12.4 11.2 114 10.1 8.9 9.1 9.8
Export 126.6 120.3 123.4 122.9 130.0 138.6 130.5 134.5
Sales 53.2 61.6 48.9 60.1 55.1 42.4 33.7 38.3
20.30.24.70: Printing inks (excluding black) [ Million kilograms]

Production 885.2 977.4 788.5 870.2 867.6 852.2 850.6 855.8
Import 431.3 468.1 446.9 434.6 442.1 444.1 436.9 434.7
Export 470.9 514.7 475.7 477.3 456.7 470.1 457.3 476.1
Sales 845.6 930.9 759.7 827.5 853.1 826.3 830.2 814.5

Experience from other studies and also the MEErP guidance document itself shows that the
PRODCOM data are not very reliable for the analysis of individual products. This also applies

to imaging equipment, e.g. negative sales for PRODCOM code 28.23.21.00 (p  hoto -copying
apparatus incorporating an optical system or of the contact type and thermo -copying ap-
paratus) , while other PRODCOM codes have very fluctuating values with high increase and
decreases. Also, it can be difficult to quantify how the different PR ODCOM codes for con-
sumables fits with the products in scope i.e. 20.30.22.79: Organic composite solvents and

thinners used in conjunction with coatings and inks (excluding those based on butyl ace-

tate). However, the data from PRODCOM can be used for compar ison and indications of
trends. The data presented in Table 14 is also presented as graphs for better indication of
the trend. The sales are presented in Figure 7 forequipmentand Figure 8 for consumables.
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Figure 7:PRODCOM sales data derived for imaging equipment

2.000
1.800
1.600
1.400
1.200
1.000
800
600
400
200

0
2009 2010 2011 2012 2013 2014 2015 2016

Million kilos

m20.30.22.73 m20.30.22.79 = 20.30.24.50 1 20.30.24.70

Figure 8:PRODCOM sales data derived for consumables (ink and toner)

Based on Figure 7 and Figure 8, it can be difficult to determine a trend, as the sales are

fluctuating, but following tr ends can be suggested:

1 Decrease in the sales of single function equipment (26.20.16.40)
Decrease in the sales of multi -function equipment since 2014 (26.20.18.00), how-
ever the trend is difficult to determine based on high fluctuations.

1 In general, decrease  of consumables except for organic composite solvents and
thinners used in conjunction with coatings and inks (excluding those based on butyl

acetate) (PRODCOM code 20.30.22.79)
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2.2 Market and stock data

Dueto sales datafrom PRODCOM notbeing very reliable , other sources are used to deter-
mine the market and stock data. In this section the different sources and assumptions

made to estimate the market and stock data for each of the product types within the scope
(presented in  Task 1) are presented. In general, this section presents the needed data to

determine the stock of equipment in EU.
2.2.1 Market, lifetime and stock of imaging equipment

Sales of imaging equipment

The sales of imaging equipment are based on a number of different sources to present the

historic al, current and future sales. Current sales are based on 2015, due to the availability

of data is limited to 2015 annual sales from the more reliable source, EU ENERGY STAR
market report based on products in the EU ENERGY STAR database, which were registered

in USA and EU as available on the EU market. The data and estimation methods used are

presented in Table 15.
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Table 15 : Sources and estimates

Historic al sales

to the determine the

Current sales (2015)

current

sales of imaging equipment

Future sales

Inkjet Impact assessment 2013 74
printers ket report based on stakeholder con-
sultation, after 2021 linear
regression
Laser Impact assessment 2013 74 | EU ENERGY STAR mar- From 2016 -2021 estimated
printers ket report based on stakeholder con-
sultation, after 2021 linear
regression
Inkjet Impact assessment 2013 7 | EU ENERGY STAR mar- From 2016 -2021 estimated
MFDs ket report based on stakeholder con-
sultation, after 2021 linear
regression
Laser Zeroin 1995 7° and linear EU ENERGY STAR mar- From 2016 -2021 estimated
MFDs regression between 1995 ket report based on stakeholder con-
and 2015 sultation, after 2021 linear
regression
Scanner Online research e.g. In- Online research 78 Linear regression until 202 0,
foTrends ¢ and sources 77 afterwards stable sales.
Copier Imp act assessment Impact assessment Impact assessment 2013 “
2013 74, 2013 ™, Ecolabel and Ecolabel and GPP Economic
GPP Economic and mar- and market analysis 2000 -
Ecolabel and GPP Eco- ket analysis 2000 - 2009 7°. Assumed z ero sales
nomic and market analysis
2009 ° by 2020 .
2000 -2009 7
Facsimile Online research , Ecolabel Linear regression be- Assumption: Zero sales in
(Fax) and GPP Economic and tween 2009 and 2020 2020
Machine market analysis 2000 -
2009 °,

The impact assessment has been used to de termine the historical sales. For other products

the historical sales are based on online research and other studies such as the eco label

7 https://eur _-lex.europa.eu/legal  -content/EN/ALL/?uri=celex:52013SC0014
s Brother introduced the world's first multi -function machine - https://www.brother.co.uk/about

- brother/history
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GPP Economic and market analysis 2000 -2009. The compiled sales data from 1995 to 2040

are presented in  Figure 9.
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Figure 9: Estimated sales for imaging equipment
From Figure 9, itis clear that sales of most types of imaging equipment will slowly decrease

from 2015 towards 2040. Scanners and copiers are expected to decrease gradually and

falls to zero by 2020 ; this is estimated based on the analysis on the presence of scanners
and copiers in the EU ENERGY STAR database. Inkjet printers have had the largest de-
crease in sales since 2005. In general, the sales of printers have decreased more than the

sales of MFDs, and today, based on sales data, MFDs are clearly the preferred type of
imaging equipment. The total annual sales amount to ca. 24.8 million units in 2016, this

is in agreement with the PRODCOM derived sales for 2016. The sales of imaging equipment

are also pr esented as tablesin  Table 16.

76 http://www.infotrends.com/public/Content/INFOSTATS/Articles/2007/07.31.2007.html

77 http://newbusinesstechnology.co.uk/2011/05/document -scanner -market -analysis/

8 http://www.syndicatemarketresearch.com/market -analysis/document _-imaging -scanner -market -global -indus-
try -perspective -comprehensive.html

"http://susproc.jrc.ec.europa.eu/imaging -equipment/stakeholders.html
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Table 16 : Annual sales of imaging equipment in million units and annual growth rate

2015 -2040

2015 ‘2020 ‘2025 2030 2035 2040

Average annual

Annual sales of imaging equipment in million units

growth rate %

Inkjet printers 0.96 0.91 0.86 0.82 0.78 0.74 -1.00%
Laser printers 3.82 3.64 3.46 3.29 3.13 2.97 -1.00%
Inkjet MFDs 14.82 14.09 13.40 12.74 12.12 11.53 -1.00%
Laser MFDs 4.18 3.98 3.78 3.60 3.42 3.25 -1.00%
Scanner 0.46 0.88 0.88 0.88 0.88 0.88 2.63% &
Copier 0.57 0 0 0 0 0 -
Facsimile (Fax)

Machine 0.40 0 0 0 0 0 -
Total sales 25.21 23.50 22.39 21.34 20.33 19.38 -1.05%

The assumed decrease in sales can be a consequence of the trend in businesses and offices

ai ming to become?, fvpeseprmnre wdrkris famdled digitally e.g. signing of
contracts digitally and reports which a re handed in online.  This alsoimpacted the do  mestic
sector too, where the sales are also falling in the recent years. In many countries, the

public sector and semi - public like the energy and water utilities are also going more digital

e.g. by using secure e  -mail etc. for sending letters and documents to citizens and organi-
sations. However, many people still prefer to print their assignments and reports for dif-

ferent purposes, so a lot of printing is still occurring tough with declining tendency . It can

be assumed that the sales of paper follow trend s et by the sales of imaging equipment

In general, very accurate predictions and estimations of the future sales of products are
difficult to quantify as many factors might have an impact. However, the sales are assumed

to decrease for all types of imaging equipment with varying rates. The highest decrease is

expected to be connected with single functionality ~ copiers and fax machines , which are

considered to almost disappear from the market in 2020. In reality, single functionality

copiers have already almost disappeared from the market in 2018. Very low sales of copier s

are modelled to account for the uncertainty. Without any  significant sales of single func-

tionality copiers and fax machines, it might not be important to model them separately in

80 Although no growth from 2020 onwards, this is the estimated total growth averaged over the 25 year period.
8 A stakeholder suggests that the trend towards a fipaper
and eye problems.
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this study, as no impacts are imposed by these types of equipment when the sales are

negligible or zero.

Voluntary Agreement scope coverage
According to inputs from stakeholders 82 most of the imaging equipment put on the market
is covered by the Voluntary Agreement. The share of products covered by the Voluntary

Agreement is presented in Table 17.

Table 17: Market coverage of imaging equipmentin scope by VA signatories only . Data pro-
vided by the Secretariat of EuroVAprint

Calendar Market size represented
Year by VA signatories only
(%)
2017 97%
2016 96%
2015 95%
2014 95%
2013 95%*
2012 95%
2011 96%
*Assumptions made by the study team I no data available

As presentedin Table 17 the Voluntary Agreement has covered 95 % or more of the market

since 2011. Based on the sales supplied by the signatories and their market coverage of

products in scope of VA, the deviation f rom the estimated total market presented in Table
16 by the study team is relatively small for the recent years of 2014 - 2017. The fluctuation
ofca. 0.66 upto 1.75 million units higher or lower than the reported total sales of imaging
equipment from signatories, this can be explained by the comparison of the linear regres-

sion of the model and the natural year by year fluctuation of real -life sales figures. For the
higher estimated annual sales, it could also be partially the number of imaging equipment

outside of the scope of VA due to current exemptions and scope boundary.

Lifetime of imaging equipment

In the preparatory study, it was determined that the lifetime o fimaging equipment ranged
between 4 years for inkjet printers and up to 6 years for laser printers. The lifetime of
imaging equipment is a key parameter for assessing the stock, life cycle cost and the

resource consumption. The lifetime used i nthisstudy i s the fAeconomi,cwhiphr oduct |

82 Independent in spector RINA Consulting via VA signatories, stakeholder consultation, July -August 2018
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represents the lifetime where the product is in normal use, and it is the lifetime between

the design lifetime and the behavioural lifetime. The different definitions of lifetime are

presented in Table 18.

The design lifetime

Table 18 : Different definitions of lifetime

The behavioural (or social)

lifetime

Definition in current study

Is the intended lifespan re-
garding functioning time,
the number of functioning
cycles, etc., foreseen by the
manufacturer when the
product is designed, pro-
vided that it is used and
maintained by the user as
intended by the manufac-
turer. The design

lifetime must n ot be con-
fused with the guarantee
period of products, which is

a service offered by the

Manufacturer and fulfils
other constraints, namely
commercial.

Is defined as the number of years
until the device is replaced for
reasons other than technical fail-
ure o r economic unattractiveness.
This generally regards social and
consumption trends, a product in-
cluding new feature(s) has been
released and is preferred, e.g. a
more quicker imaging equipment
type with enhanced imaging ca-
pabilities

The term Al i fEco-i
nomic product | i f
current study must be under-
stood as the period (i.e. the
number of years) during which

the appliance is used and con-
sumes electricit.y
to disposal o). Ti
value included between the so-
cial lifet ime and the design life-
time.

According to the preparatory study

8 the lifetime of printers used in private households

may only be two to three years. This statement was based on inputs from stakeholders.

However, this is not assumed to be the case anymore as more documents are digital and

fewer printed.

According to the
stakeholder inputs,

inkjet printers, inkjet MFDs

nof fi

the lifetime is assumed to be 6 years for laser printers and MFDs . For

ce equi pme# made byl ENERGY STAR,0 supported by

, ENERGY STAR calculator and preparatory study indicated 4

years, where as the inputs from stakeholders indicated 5 years lifetime, so from 2017 on-

wards the lifetime for inkjet products are assumed 5 years.

The lifetime of consumables is

below one year. It is highly dependent on the cartridge/container yield (i.e. how many

pag es can be printed) and user use patterns. The life

presented in Table 19.

8 EuP Preparatory

Studi es ,2008magi ng

time spans used in this study are

Equi pment o

8 https://www.energystar.gov/sites/default/files/asset/document/Office%20Equipment%20Calculator.xlsx
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Table 19 : Estimated lifetime of imag ing equipment

Inkjet printers 5
Laser printers 6
Inkjet MFDs 5
Laser MFDs 6
Scanner * 6
Copier 6
Facsimile (Fax) Machine 6

* Scanners are not in the scope of the current VA

Imaging equipment stock

The stock of imaging equipment in Europe are determined based on sales and the expected

lifespan. In the current stock model, the statistical standard deviation of the lifetime is

assumed to be 1 year for imaging equipment. This is used to calculate the nu mber of
imaging equipment in the stock, using a normal distribution for their lifetime of years +/ -
the standard deviation of years. The sales figures and the lifetime assumptions above are

combined to obtain the stock model. The stock of all imaging equip ment is shownin Table

20 for every 5 ™ year from 2015  -2040.

Table 20 : Stock of imaging equipment from 2015 to 2040 in million units

Inkjet printers 18.9 4.4 4.9 4.6 4.4 4.2
Laser printers 27.7 24.4 23.1 22.0 20.9 19.9
Inkjet MFDs 62.7 66.9 75.5 71.8 68.2 64.9
Laser MFDs 23.3 26.4 25.3 24.1 22.9 21.8
Scanner 21 4.1 5.6 5.7 5.7 5.7
Copier 5.7 2.1 0.1 0.0 0.0 0.0
Facsimile (Fax) Machine 4.2 15 0.1 0.0 0.0 0.0
Total stock 144.6 129.7 134.6 128.2 122.2 116.5

When looking at the sales and the stock in compiled graphs it is seen that the sales (and
thus the stock) increases over time, resulting in a total stock of almost 180 million products

in 2006 . After 2006 there is a decrease in the stock originating from the drop in sales. The
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average decrease in stock from 2010 to 2040 is approximately 1.3 % per year. The sales

and stock figures w ill be used in subsequent tasks to estimate annual energy consumption

and the resource consumption.
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Figure 10 : Total annual sales and stock of imaging equipment

The stock of imaging equipment will also be used in the following s ection on sales of con-
sumables, since the sales of consumables are assumed to be correlated with the stock of

imaging equipment.

The decrease in sales of imaging equipment corresponds well with the decrease in sales of

paper. The sales of paper have decreased steadily since 2007 (the tendency before 2007

is unknown). The sales of graphic paper 8 are presented in  Figure 11.

8 http://www.euro  -graph.org/statistics
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Figure 11 : Sales of graphic paper

The sales of graphic paper have decreased with 4.3 % annually in the period between 2007
and 2017. Within the same timeframe the sales of imaging equipment decreased with 2.8

%.

2.2.2 Market and stock data for consumables (ink and toner)

Sales of consumables
The sales data for consumables are divided into four main categories which are:
1 Ink cartridges
1 Ink containers
I Toner cartridges
1 Toner containers
The definitions of cartridges and containers can be found in Task 1. The main difference is
that containers for ink or toner do not contain integrated components or moving parts

integral to the imaging equipmentds function,

These four categories are expected to cover all types of consumables (inks and toners) for
imaging equipment. The sources and assumptions made to calculate the sales are pre-
sented below:
1 The current annual sales of ink and toner consumables are 2008 -2016 data for
Western Europe from | nfo Trends %, it is scaled up to the whole EU -28 via a factor

derived from GDP.

86 U.S., W estern European and World Wide Market and Trends for Laser and Inkjet Supplies , John Shane , sales

data fro m 2008 - 2016
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1 The historical data was linearly estimated based on the available data for 2008 -
2016.
1 From 2017 and onwards t o 20 2rformaiion ¥itrmattdinerandd on | DC
inkjet cartridges sales are falling 2.7% - 4% annually, due to multipack and high
yield inkjet cartridges, as well as high yield toner cartridges with the intention to
reduce servicing costs in contracts.
1 From 2021 onwards, nod  ata is available, sales are assumed to have a steady 1%
decrease.
1 The data from Info Trends only consider ink and toner consumables and does not
furthersub -di vi de into fAcartri ddghe ®ibbwing assuinptionsarai ner s 0
made:
o0 For ink it is assumed that 20 % of the ink is sold as cartridges and the
remaining 80 % are sold as containers (unitcount) ,according toinputs from

stakeholders 88 89,

o For toner it is assumed that 80 % of the toner is sold as cartridges and the
remaining 20 % are sold as containers, accor
opinion.

A correlation between the current sales of consumables and imaging equipment in stock

are determined , this would be inputs for analysis in later tasks, see Table 21.

Table 21 : Correlation between consumable sales (inks and toners) and equipment in the stock

2008 2010 2012 2014 2016 Average

Ink cartridges and containers

Ink consumables sales (million units) 393 392 409 404 404 401
Stock of inkjet printers and inkjet MFDs
(million units) 100 100 96 87 77 92
Ink units/equipment 39 | 39 | 43 | 46 | 52 4.3
Toners cartridges and containers

Toner consumables sales (million units) 144 143 149 147 148 146
Stock of laser printers and laser MFDs

. ) 42 46 49 50 51 48
(million units)
Toner units/equipment 3.4 3.1 3.1 2.9 2.9 3.1

87 IDC, EMEA Consumables Tracker, March 2017. Western Europe Consumables shipments, 2014 -2021 by tech-

nology.

8 EFIM (European Federation of ink and ink cartridges manufacturers) inputs, stakeholder consultation July -
August 2018

89 VA signato ries do not agree with the data provided
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The average sales of ink consumables per each imaging equipment is 4.3 per year, and
the average sales of toner consumables per each imaging equipment is 3.1 peryear. ltis
not clear how the data from InfoTrend cover multipacks (e.g. 3 + 1 container packa ge)
which consists of the three primary colours and black containers in one pack. However, as

the average number of consumables per imaging equipment is quite low 3.1 -4.3 consum-
ables per year, it is assumed that the data is based on the sales units reporte d by compa-
nies for the packaged final products, this means multipack with several tanks in one would

consider as one consumable. The two packaged products in Figure 12 would be considered
as two consumables in the estimated sales, therefore the actual number of cartridges and

containers is possibly slightly higher than the estimated figures.

Multipack
Cyan/Cian/ Ciano

Yellow/ Jaune / Gelb
‘Amarillo/ Giallo

Figure 12 : Example of a Canon printer consumables, there are five slots for ink containers, 3 +
1 are sold in one multipack, and a black container sold separ
ages)

20 % of th e inkjet units are assumed to be cartr idges and the remaining 80 %  are con-

tainers. For laser printers and laser MFDs, 80 % are assumed to be cartridges and 20 %
containers. The o verall consumable sales have been estimated and are presented in Figure
13.
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Figure 13 : Estimated sales of consumables (ink and toner cartridges and containers)

As a verification of the stock model, in 2018, the current model estimates 376 million inkjet
and 137 million toner cartridges, similar figures (370 million inkjet and 135 million toner
by the

ftoner cartridges and containers through-

cartridges) are quoted
tridges and containers are higher than the sales o
out the period 1995 to 2040. It is expected that the sales of ink and toner consumables
will decrease due to decreasing stock levels of imaging equipment. Whilst other types of
imaging equipment also use ink and ton er consumables; the sales of these other products
are too low to have a significant impact on consumable sales levels. The annual sales are

presented in table below.

Table 22 : Annual sales of consumables in million units and growth rate

Co miThe sdles afink cars t udy

‘ 2015

Annual sales of consumables

2020 ‘ 2025 ‘ 2030

2035

in million units

2040

2015 -2040

Growth rate
%

Ink cartridges 80.76 69.90 64.74 61.57 58.55 55.68 -1.48%
Ink containers 323.03 279.61 258.97 246.28 234.21 222.73 -1.48%
Toner cartridges 117.86 102.02 94.49 89.86 85.45 81.27 -1.48%
Toner containers 29.47 25.50 23.62 22.46 21.36 20.32 -1.48%
Total sales 551.12 477.03 441.83 420.17 399.58 380.00 -1.48%

The stock of ink and toner consumables
discarded a few times within a year
consider in this study since significant

distribution phase

of consumables, see further in Task 5

is not calculated due to consumables are used and
. The total sales are an important input parameter to
environmental impacts occur in the production and

. In connection to end  -of-life, the

9 Study on the implementation of product design requirements set out in Article 4 of the WEEE Directive. The

case of re -usability of printer cartridges. 2018.
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number of discarded cartridges is also impor tant, and this can be calculated based on the
sales. In addition, the  collection rate is highly important for ink and toner consumables

sin ce reuse, remanufacture and recycling can reduce the environmental impacts.

Consumables market structure

The market of the consumables in Western Europe as shown in Figure 14 is assumed to be

representative for the EU  -28. The OEMSs account for nearly 68% of ink consumables, and

79% of the toner consumables. In addition, each market intelligence has its own terminol-

ogy for the market segment , i n the efiaouaciwedtOENM | e 0 s egn
cartridges and new non -OEMSs (such as non -OEM new builds, clones etc.) cartridges are

included. Without the exact distribution, it can be expected the OEM cartridges (both new

and remanufactured) can account up to ca. 80% of inkjet and ca. 88% for toners. i R
fillerso refers to only refilling of ink and toner,
fiCounterfeitso r e EMycartridgas labehed asOBNMs.

Western Europe Consumables Shipments, 2016
by Segment

Ink Toner

1% 2% 1%

= Original
= Compatible
= Refillers

Counterfeits

Source: IDC, EMEA Consumables Tracker, March 2017

Figure 14 : EMEA consumables market segment 2016. (Source: DKWU , referencing IDC as
source)

The current VA signatories actually cover a rather large market share of the consumables

in the EU market. The signatories cover ca. 73 - 78%, depending on the companiesinclu ded
i n Aot he Figude, 15 elosv. Combining with OEMs cover 80 T 88% total EU consum-
ables market, this means that VA signatories cover up to 68% of the market. If th e VA

expand s to include more signatories, this coverage would increase. It is therefore worth

considering the formal inclusion of consumables in the VA scope as proposed in Task 1.
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Market Share OEMs EU 2016
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Figure 15 : EU Market share of consumables by O EM in 2016. (Source: DKWU, referencing IDC
as source )

2.3 Market trends

This section of the report investigates some of the general market trends associated with
imaging equipment on the EU market. This includes the trends in sales and trends in func-
tions whi ch all can have an impact on the future market of imaging equipment. This has
been taken into account when forecasting the annual sales in previous subsections. This

section is divided into the following parts:

1 General market trends which gives an estimati on of the general market trends
(growth/decline per segment)

1 Market channels and production structure which describes how imaging equipment
is traded

1 Product trends which describes how the products in scope are evolving with new

features

2.3.1 General market trends
The general market trends are somehow already described in Section 2.2, as it estimates
the future sales and thereby the trend. For all product categories the sales are expected
to decrease. The average growth/decrease per 5 year from 2000 to 2020 and the average

annual growth/decrease from 2000 -2040 are presented in  Table 23.
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Table 23:Average annual growth (green)and decrease (red)

_ 2000 -2005 2005 -2010 | 2010 -2015 2015 -2020 2020 -20 40

Inkjet printers 4.1% -4.8% -37.0% -1.0% -1.0%
Laser printers 2.1% 0.9% -3.8% -1.0% -1.0%
Inkjet MFDs 4.1% 4.3% 3.5% -1.0% -1.0%
Laser MFDs 14.9% 8.4% 5.9% -1.0% -1.0%
Scanner 26.2% 12.9% 14.8% 13.9% 0.0%
Copier -1.7% -5.1% -12.9% -100.0% 0.0%
Facsimile (Fax) Ma- -9.0% -28.1% -12.9% -100.0% 0.0%
chine

Ink cartridges 4.5% 1.2% -4.0% -3.4% -1.0%
Ink containers 4.5% 1.2% -4.0% -3.4% -1.0%
Toner cartridges 8.0% 4.4% 2.1% -0.1% -1.0%
Toner containers 8.0% 4.4% 2.1% -0.1% -1.0%

In the beginning of the century most imaging equipment experienced an increase in sales

except for copiers and fax machines. This decline in sales of copiers and fax machines are
expected to continue and it is predicted that these types o f equipment willd isappear from
the market by 2020. Scanners are the only type of equipment, which will have stable sales

after 2020. The consumables are assumed to follow the general trend with falling sales

after 2020. Except for scanners, single function equipment has in general experienced the

highest decrease in sales.

2.3.2 Market channels and production structure
Imaging equipment is sold as a product and as a service. In the vast majority of cases
imaging equipment sold into domestic premises is sold as a product rather than service.
Some repair services may be provided with domestic product purchases, but on -going site -
based support is unlikely to be provided. In the commercial sector, there are many organ-
isations, including manufacturers, which offer a broad rang e of imaging equipment services
such as leasing contract and service contracts with a variety of payment schemes . Where
imaging equipment services are employed these include management of the imaging

equipment from cradle to grave as well as full managemen t of any consumables.

Japanese and US based companies account for the majority of imaging equipment manu-
facturing, with most of this manufacturing taking place in Asia. Some imaging equipment

and consumable manufacturing does still take place within the EU . For example, Canon in
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Germany %, Océ inthe Netherlands %, Xeroxinthe Netherlands % and Brother in Slovakia **
The consumable remanufacturing business also has well established manufacturing facili-

ties in many EU member states.

2.3.3 Product trends
General tren ds in technology, design and product performance are investigated in this
section. Some market trends have already partly been presented in previous sections
where it is clear that MFD equipment have gained popularity over single function printers,
but als o that the total market size of imaging equipment is decreasing. This decrease is
|l i kely attributable to the #fApaper free officebo
such as e -tickets and digital letters from many public and private organisations . The sales

trends which are discussed further in the following section are:

Single function units to MFDs

I ncrease in functions such as fAiManaged Print
Paperless offices

Circular economy trends

Trends for consumables

= =4 -4 -8 -2

Single function devices t o MFDs
The shift from single function devices to multifunctional devices is present in the sales
numbers presented in  Section 2.2 . This shift was also pointed out in the preparatory study
as one of the major trends. A review of historical sales data confirms that the predicted
shift to multi -functional devices was correct. It is assumed that this trend will continue
towards 2040, with sales of single function device s decreasing dramatically. According to
the preparatory study the driving forces behind this trend was:
9 Digitalization and miniaturization in electronics which enables smaller devices with
more functions without increas ing the size of the product.
1 The affo rdability of MFDs compared to single function devices. The price of MFDs
had decreased making them more available for consumers.
1 Consumer perception of having different functionalities available in a combined de-
vice.
These factors are still considered to be the main driving forces for the shift from single

function devices to MFDs.

1 https://www.canon.de/about_us/about_canon/giessen/

92 https://www.oce.com/about/corporate -information/worldwide/netherlands/
% hittp://www.xerox.com/perl - bin/world_contact.pl

% http://brother  -slovakia.sk/
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Increase in services

Besides functions such as printing, scanning, faxing etc. other functions are also gaining
popularity for imaging equipment. Some of these functions are co nnected with availability
and management of devices and internet of things . An example is Managed print services

(MPS) which can be defined as:

Managed print services (MPS) are services offered by an external provider to optimize or
manage a ¢ o mpamendugput.dieenain components provided are needs assess-

ment, selective or general replacement of hardware, and the service, parts and supplies

needed to operate the new and/or existing hardware (including existing third - party equip-
ment if this is requi  red by the customer). The provider also tracks how the printer, fax,

copier and MFP fleet is being used, the probl ems, and

Paperless Offices

The paperless office is not a new idea, as it has been around since the introduction of t he
personal computers. An early prediction of the paperless office was made in a 1975 Busi-

ness Week article %. The overall idea of the paperless office was based on the premise that
digitalisation and general office automation that would make paper redundan t for anumber
of tasks, such as bookkeeping, recordkeeping etc. The article predicted that printing would

be almost redundant in 1995. This has since proven not to be correct, but the idea of a

paperless office and paperless society is still present and d evelopment towards paperless
society is taking place but with a much longer lead time . There are many ways in which
paper consumption can be reduced, including 96,97

I Share files without printing. With cloud solutions such as Microsoft Office 365,

Google Docs, Dropbox etc., it is possible to work simultaneously with colleagues on
a document or spreadsheet.

I Track the number of pages printed per person and generate monthly reports, so
the awareness of pri  nting habits is increased.

1 Request paperless statements and bills from service providers (e.g. bank state-
ments, telecommunication bills etc J)

1 Overall government decision that all written communication from the public services

will take place digitally e.qg. through an official e -mail -box (e.g. Denmark)

Many imaging equipment manufacturers published tips on how to use less paper in the

office %. The trend of paperless office may happen at a slower speed than predicted in 1975

% https://www.brother.co.uk/blog/sme/2017/paperless -office -tips -small - business

% https://www.cio.com/arti cle/2377681/time  -management -productivity/14  -tips -for -creating -a-paperless -of-
fice.html

7 https:/iwww.forbes.com/sites/kateharrison/2013/04/19/5 -steps -to-a-nearly -paperless -office/#69850f0e7e9a
% https://www.brother.co.uk/blog/sme/2017/paperless -office -tips -small - business
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but based on the paper consumption presented in Figure 11, it is seen that the pape
consumption is dropping. This could also be related to a generation change, younger people
more used to work through displays on mobile phones and notebooks instead of paper, are

coming into offices and organisations.

Circular economy trends

A circular economy is an alternative to a traditional linear economy (make, use, dispose)

in which resources are kept in use for as long as possible, extracting the maximum value

from them whilst in use, then recover and regenerate products and materials at the end

of each service life. Within recent years the awareness of resource depletion has increased,

and the ideas of the circular economy have been widely accepted as a solution that can
improve resource efficiency.

Some efforts have already been undertaken to de sign imaging equipment to account for
modularity, maintainability and recyclability as some professional equipment are partly
modular with easily replaceable parts/modules. When products are designed in a modular
way, the waste generation is reduced as the main equipment expands its lifetime. This is
a way to design out waste which a commonly known method to reduce the environmental
impacts of products. The design out waste approach are closely connected with the waste
hierarchy. The waste hierarchy is pres entedin Figure 16. The waste hierarchy presents the
most environmentally friendly alternative for products, which means that is better to re-

cover materials (incineratio n for energy generation) than to dispose materials, and it is

better to recycle materials than to recover materials and so on.
Reduce
Reuse
Recycle
Recover

4

Figure 16 :The waste hierarchy

In addition, some efforts have been made on both the design and su pply chains of car-
tridges and containers to increase resource efficiency. The amount of materials used within
consumables over the life of an imaging equipment product is not insignificant. Consuma-

bles, such as toner and ink cartridges, are less likely to be designed in order to facilitate

ease of disassembly and recyclability . It is suggested that potential leakage of ink or toner
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could have some negative impact on design features, which facilitate disassembly and re-
cyclability. Design features which eased disassembly and recyclability could be encouraged
through wider adoption of remanufacturing of consumables by OEMs Some imaging equip-
ment manufacturers have taken steps to reduce the number of materials used in printer

cartridges in order to facilitate mor e effective material recovery. 99

The collection rate of ~ OEM cartridges is only 18% to 25% via OEM takeback programmes 100,
but the reusable fraction of the collected cartridges is high at 75% to 80%. Other sources
indicate that the collection rate for all OE M cartridges is lower, and including B2C products,

the total collection of all cartridges sold is expected to be below 25%. D ue to the low
collection rate , it is unlikely that cartridges are remanufactured or refiled more than
once %0, Other sources also report remanufacturing rates between 20% and 30% 101 Car-
tridge remanufacturing is undertaken by a range of organisations ranging from small com-

panies to the major imaging equipment manufacturers themselves. Based on the high

fraction of reusable products of the collected products it can be assumed that there is
substantial technical potential for increased collection and reuse through improved han-

dling of the fraction of cartridges which enter the WEEE stream, diverting them from recy-

cling and energy recovery.

Another circular design option offered by some manufactures 102 are pay per use or print
as a service. The rationale of this idea is that the c onsumers are not interested in the
device itself but the service it delivers, so the manufactures retains ownership of the de-

vice. In theory, this could promote imaging equipment that is more durable, maintainable

and recyclable as manufacturers and servic e providers have a vested interest in increasing
product longevity.  The benefits of the circularity, however, have to be assessed in con-
junction with the energy consumption during use because newer products tend to have

lower energy consumption.

9 https://www.kyoceradocumentsolutions.com.au/environment/Pages/ECOSYSOzoneSafeTechnology.aspx
100 stydy on the implementation of product design requirements set out in Article 4 of the WEEE Directive, The

case of re -usability of printer cartridges, http://ec.europa.eu/env ironment/waste/weee/pdf/KH0418170ENN.pdf

101 EITRA, Key facts about the cartridge remanufacturing market, available from http://www.etira.org/cartridge -
remanufacturing/key  -facts/

102 E g. https://www.ricoh.co.in/products/printer -as-a-service
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Trends for consumables 103

Some stakeholders 1% report that barriers to consumable remanufacturing are increasing.

The stakeholders reported that advanced technical features in consumables, such as em-

bedded software on chips, can have a detrimental effect on the abili ty to remanufacture
consumables at their end of life. Whilst these advanced technical features may not be
purposefully hindering remanufacturing , their inclusion in products may result in fewer
consumables being remanufactured. This means that less consuma  bles are remanufac-

tured by 3 " party remanufacturers, which may impose increased environmental impacts.

According to an OEM manufacturer 105 ' remanufacturing toner cartridges has been a suc-
cessful business, the process of remanufacturing and manufacturing a cartridge from new
is identical once the cartridge empties are supplied by either their supplier or collected

back from end -users. For cartridges unable to be reused, the materials are recycled into

new products. Reuse and recycling of cartridges are gaini ng the focus of the OEM manu-

facturers but slowly.

Other OEMs do not undertake significant amounts of consumable remanufacturing. It is
unclear whether these other OEMs have plans to increase consumable remanufacturing.
Some OEMs have made efforts to redu ce environmental impacts of consumables through

other approaches such as the inclusion of recycled content in new consumables.

2.4 Consumer expenditure base data

The average consumer prices and lifetime end -user costs are determined by prices in the
following categories:

Purchase price

Installation costs

Repair and maintenance costs

Running costs for operation (i.e. costs for electricity, paper, and toner/ink co nsum-
ables)

1 End of life cost

Each of the above costs are explained in the following sub -sections.

103 According to a stakeholder, this section does not accurately represent the trends and state of the market
104 ETIRA, stakeholder consultation, July -August 2018.
105 | EXMARK, stakeholder consultation, June 2018.
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Printers and MFDs come in a wide variety of formats with different purchase and operating
costs. Furthermore, prices and costs also vary widely depending on w hether the printing

is colour or monochrome.

All aspects of the LCC  (Life Cycle Cost) analysis, except electricity consumption, were es-
tablished based on data collected in the study from online retail prices, including costs of

consumables, purchasing cos ts, and maintenance.

2.4.1 Interest and inflation rates
All economic calculations were made with 2016 as the base year, as this is the latest whole
year for which data is available. Inflation rates from Eurostat 106 were used to scale costs
to 2016 -prices. Furtherm ore, a discount rate of 4% was used in accordance with the MEErP

methodology.

2.4.2 Base cases identification
In order to calculate LCC, the base cases have been identified in early stage to avoid time
consuming data collection on speed categories not to be use d in the later modelling and
analyses. The base cases aim at being representative of the current market. They have
been established by the study team with stakeholder input mainly from the industry. The
sales presented in section 2.2 have been distributed further into colour capability and prod-
uct speed in image per minute (ipm). This is done by assuming the composition of the
market is more or less the same as the compos ition of products registered in the US EN-
ERGY STAR database.

As the EU version of the ENERGY STAR database is no longer functional 107 due to expiration
of the EU -US agreement, t he most comprehensive and updated dataset available for im-
aging equipment is the US ENERGY STAR database. Unfortunately, in recent years the level

of product information provided in the ENERGY STAR database has been significantly re-

duced. The reduction in data granularity has resulted in a truncated analysis of average
technologies fo r this review project. Table 24 illustrates the numbers and types of imaging
equipment that are registered in the US ENERGY STAR database. The total es timated sales
for each main product type (e.g. Laser MFD, inkjet printer) in previous sections  have been
included to help estimate sales at the sub -product type level (e.g. Colour Laser MFD with

a speed range of 20 to 40 images per minute (ipm). The total sales values are multiplied

by the percentage of each sub -product type in the ENERGY STAR database to arrive at

106 hitp://e c.europa.eu/eurostat/statistics -explained/index.php/File:HICP_all -items, _annual_average_infla-
tion_rates, 2006 -2016_(%25)_YB17.png
107 https://ec.europa.eu/energy/en/energy -star
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sales at the sub -product type level. Note that there are no inkjet products above 40 ipm

registered in the ENERGY STAR database.

The results in  Table 24 show that there is considerable variability in the home and office
imaging equipment market. This variability makes it difficult to identify typical technolo-
gies. It can also be noted that the speed categories outside of the current VA scope ac-

counts for over 12% of the total sales of printers and MFDs, so the speed limits in the VA

are outdated as already mentioned in Task 1.

For each technol ogy and colour format, the speed interval with the highest sales are high-
lighted by bold fonti n Table 24. The cells shaded in grey illustrate speed ca tegories of

products which are not in scope of the current VA.

Table 24 : Types of Imaging Equipment Registered in the US ENERGY STAR database (Septem-
ber 2018) and Estimated 2018 Sales Data . Speedinterval s with the highest sales are high-
lighted by bold font . Cells shaded in grey illustrate speed categories of products not in scope
of the current VA

& L e .E @ : P d Per Prod
o O 5 S S S & er Spee er Product
3 Lg 238 7 © Cat T
g [e) — © E = S ®© a aegory ype
g % 3 E S oD =2 = Product
9 2 @ £ S =
& 8§ ¢& |§ = e
MFD Inkjet (13) Colour |'s O 20 186 6.7% 54,555,905 87,113,461
20 < s 111 4.0% 32,557,556
MFD Inkjet (13) Mono 20 < s 5 0.2% 1,466,557 2,053,179
Printer Inkjet (1J) Colour |'s O 20 102 3.7% 9,889,318 13,961,390
20 < s 42 1.5% 4,072,072
Printer Inkjet (1J) Mono s O 20 4 0.1% 387,816 484,770
20 < s 1 0.0% 96,954
MFD Electro -pho- Colour |'s O 20 69 2.5% 1,011,693 11,685,785
tographic
(EP) 20 < s 471 | 17.0% 6,905,903
40 < s 150 5.4% 2,199,332
51 < s 39 1.4% 571,826
60 < s 55 2.0% 806,422
s >80 13 0.5% 190,609
MFD Mono s O 20 71 2.6% 1,041,017 13,108,019
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Electro -pho- 20 < s 472 17.0% 6,920,565
tographic
(EP) 40 < s 184 6.6% 2,697,847
60 < s 32 1.2% 469,191
66 < s 42 1.5% 615,813
s >80 93 3.4% 1,363,586
Printer Electro -pho- Colour |'s O 20 29 1.0% 1,139,832 10,219,183
tographic
(EP) 20 < s 164 5.9% 6,445,946
40 < s 32 1.2% 1,257,746
51 < s 15 0.5% 589,568
s > 60 20 0.7% 786,091
Printer Electro -pho- Mono s O 20 20 0.7% 786,091 14,188,943
tographic
(EP) 20 < s 154 5.6% 6,052,901
40 < s 112 4.0% 4,402,110
60 < s 12 0.4% 471,655
66< s O 50 1.8% 1,965,228
s>135 13 0.5% 510,959
Copier All All All 10 6.7% - 8,800,727
Fax All All All 6 4.0% - 206,267
The base cases are chosen from each category in Table 24, the speed range with the

highest sales has been chosen, with the exception for inkjet monochrome printers, whose
sales were low in general. The speed ranges have been crosschecked with avera ge speed,
they match quite well, except for laser monochrome MFDs and printers. To avoid overes-
timation of energy and resource consumptions, the speed range 20<s U 40 is chosen for

these two categories too, as they also match the base case (V3 and V1) fr om preparatory
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study completed in 2008. There is no base case for copiers and fax, as their sales are

relatively low and expected to continue to decline.

Professional printer and MFD is also chosen to be a base case, as it is important to assess
if they s hould be in or out of the scope of VA, and to estimate impacts of fully aligning with
the newest draft of ENERGY STAR version 3.0 scope.

Based on the sales distribution by speed categories and supported by stakeholder inputs 108
udy are chosen, and shown in Table 25. BC 1- 5 are supported
including BC 6 i 7, however BC 6 still

the base cases in current st
by majority of stakeholders, EVAP did not support
showed relevanta mount of sales, and the inclusion of BC 7 in analysis would provide better
evidence whether VA should align with US ENERGY STAR and include them in the VA scope.
The analyses in the later tasks will focus on these 7 base cases, instead of all speed cate-
gories.

Table 25 : Base case identified mapped with preparatory study 2008 base cases

iso denotes the product speed expressed in i mages per

Preparatory study base case

Base cases for current study

BC1 Monochrome Laser MFD Vi
BC2 Col our Laser MFD, 2 V2
BC3 |Monochrome Laser Prin V3
BC4 Col our Laser printe V4
BC5 Col our Inkjet MFD V5/V6
BC6 Colour I nkjet Prin -
BC7 Professional printer and MFD -

2.4.3 Purchase cost
Purchase costs for imaging equipment products can vary depending on the technology,
brand and the capability. They range from less than 100 EUR for small 110 inkjet printers,

up to many thousands of euros for large MFDs (see  Figure 17).

Purchase prices shown in Figure 17 are based on ca. 500 data points via online collection
supported by stakeholder inputs 111 and their deviation error bars show the range of varying

prices for each product type.

108 Stakeholder consultation, October i November 2018.

109 Task 5, EuP PreparatoryS t udi es @l maging Equi pment o,
110 Small means a printing speed of 20 image per minute ( ipm).

111 stakeholder consultation, inputs received for BC 2 i 3and BC5 - 6, September 1 November 2018

2008
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Figure 17 : Purchase prices (low, high and assumed for each BC) for imaging equipment prod-
ucts from online collected data 112 excluding professional products
It can be seen in the figure above that colour inkjet printers have a wider variation of prices

than inkjet MFDs and therefore the average price is higher, this is mainly because there
are only a few of single inkjet printers on the market, these are more specialised and often

more expensive.

Average price per unit according to St atista 1'% is approx. 114 -115EURin 2010 -2015and
it is approx. 122 EUR in 2018 and it is projected to increase to 123 EUR in 2020. The
average price in Statista covers all B2C and B2B sales for printers and copiers, and there-

fore many different sizes and technologies are included in the dataset.

As recommended in Task 1, professional imaging equipment should be included as a new
category in VA scope, to align with ENERGY STAR version 3.0 specification. The figure
below shows the purchase price and the va rying range for professional printer or MFDs,

the prices were collected via online research 14,

2 f{is0 in each base case i ndi cimdge per mhue (pom).nt i ng speed in
113 Average price per unit for printers and copiers, https://www.statista.com/outlook/15030500/102/printers -
copiers/e _urope?currency=eur#market -volumePerCapita

114 Online research, August 2018.

115


https://www.statista.com/outlook/15030500/102/printers-copiers/europe?currency=eur#market-volumePerCapita
https://www.statista.com/outlook/15030500/102/printers-copiers/europe?currency=eur#market-volumePerCapita

120,000

100,000
' 80,000
=)
e
=
E 60,000 N
v
<
T
(&)
[
2 40,000
20,000
0
BC7 Professional printer and MFD
Figure 18 : Purchase price range (low, high and assumed) for professional imaging equipment
products from online collected data
The average unit price  assumed for each imaging equipment type in this study is shown in

Table 26. These would be used for the LCC calculation.

Table 26 : Average u nit purchase prices for imaging equipment used for the LCC calcu-
lation
BC# Product Average purchase
BC1 Monochrome Laser MFD, 2 757
BC2 Col our Laser MF D, 20 < 4800
BC3 Monochrome Laser Printe 456
BC4 Col our Laser printer, 2 513
BC5 Col our Inkjet MFD, s O 58
BC6 Col our I nkjet Printer, 139
BC7 Professional printer and MFD 61395

2.4.4 |Installation costs
Installation costs are considered negligible. Consumer printers usually do not require in-
stallation from a professional. Even though larger machines require professional installa-

tion, the cost level for this is still marginal compared to the cost of the machine , in some
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cases, this could cost up to several thousand EUR, but this would be part of the total

purchase costs.

2.4.5 Running costs for operation
Imaging equipment running costs typically consist of the costs of electricity and the cost

of consumables such as paper, toner and in k cartridges/containers.

Imaging equipment running costs vary considerably depending on a number of variables
such as type, functionality, brand and usage. The costs identified below represent averages

based on desk research and literature reviews.

Electricity costs

The annual electricity price based on the PRIME Model ** and provided by the European
Commission will be used for the economic calculations in this study. The electricity prices

are reported in 2013 EUR /kWh and corrected for inflation to fixed 20 16 - prices as shown in
Table 27. The electricity price is divided into household and services. These premises are

assumed to be the most suited for printers and are therefore used. However, it should be

noted that the PRIME  Model has forecasted lower electricity price development thant he
MEETrP. Previously an escalation rate of 4 % was used according to MEErP methodology but

based on the PRIMES number the escalation rate is only approximately 1 %.

Table 27 : 2016 e lectricity rates according to PRIMES

t NA O &§WH\(3016prices)

Households| Services

2005 0.159 0.127
2010 0.175 0.151
2015 0.194 0.160
2020 0.207 0.174
2025 0.213 0.179
2030 0.216 0.183
The prices were given every fifth year and linear interpolation is used in between.

115 https://ec.europa.eu/clima/policies/strategies/analysis/models_en

117



The preparatory study 2008 has been used for finding the annual electricity consumption

of MFDs and printers , the assumptions for usage hours from the study are confirmed s till
applicable by the 2017 compliance report for the VA 116 The power consumption may be
slightly outdated, as the data was collected in 2008, and with EU VA in place, the average
productinthe EU could be more efficient. = Task 3 presents the current energy consumption
for different product types with more recent data, in this section, the aim is to show the

overall proportion of the LCC during different phases.

For professional printer and MFD, the EPEAT and ENERGY STAR databases have been as-
sessed to find average annual electricity consumption, and assuming the same lifetime as

laser printers and MFDs.

Using the annual electricity consumption presented below and the electricity price for
services for 2015, the typical electricity costs for the chosen MFDs and printers are calcu-

lated and shownin Table 28.

Table 28 : Typical printers and MFDs calculated annual costs from electricity use

Product Annual electricity con- Annual electricity
sumption, kWh/a costs, 4/

BCl1 Monochrome Laser MF 250 40
BC2 Col our Laser MF D, 2 370 59
BC3 Monochrome Laser Pr 270 43
BC4 Col our Laser printe 360 58
BC5 Col our I nkj et MF D, 22 4
BC6 Colour Inkjet Print 18 3
BC7 Professional printer and MFD 664 106

Consumables

Paper

The amount of paper consumed per imaging equipment model is strongly related to product

speed. However, it is difficult to match these into the
16 http://Iwww.eurovaprint.eu/fileadmin/eurovaprint_files/pdfs/2018/REG0405001_EuroVAprint -8th_pe-

riod_repf.pdf
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preparatory study paper usage for inkjet printer and MFDs and the ENERGY STAR usage
profile from the ENERGY STAR Imaging Equipment Test Method 117 have been investigated.

According to recent statistics, average daily print volume per user is reduced by 16% a n-
nually from 2015t0 2016 '8, as well as many paper intensive sectors such as financial and

legal sectors, their printed volumes have been decreased by 10% - 18% from 2015 to
2016. Given this trend has been gradually taken place, the printed volume should be sig-
nificantly reduced compared with data from 2008. Preparatory study 2008 assumed 19.5

kglyear office paper usage, this is equivalent to ca. 17,333 images in a lifetime of 4 years.

This is quite high for colour inkjet MFD and colour inkjet printer, which are mainly domestic

equipment or operated much less frequent than common office equipment.

For other laser base cases, the images over lifetime is found using the ENERGY STAR

number of jobs per day and the equation for calculating number of images per jo b as part
of the test method , then assuming 261 working days per year . Itis found tobe 742,832
images per lifetime, however this is seen as quite high for most of the laser base cases.

The print volume s using ENERGY STAR test method usage profiles has b een developed as
with thetestmethod inmind . Usingthese data for assessment of real -life paper use implies

uncertainties.

For mono laser printer, the stakeholder inputs indicated a rather small equipment, there-

fore a lower number of images printed per lifetime is assumed. Based on the stock volume

of consumables, and the page yield data obtained via online research and stakeholder

inputs, the total printed volume per lifetime deviate from the data from preparatory study

2008 and the images calculated us ing ENERGY STAR equation. It is therefore decided to
align the printed volume with the estimated consumables sales and page yields with cred-

ible sources. The assumed total printed pages per lifetime are presented in Table 33.

For professional equipment, the pages per month is found via online search for high, me-

dium and low speed based on recommended and/or maximum monthly volumes , and
weighted average was found 78,00 0 pages per month and 56 million pages over a lifetime

of 6 years. This method may over -estimate the print volume because it is part of the
technical specification  of the equipment capability and not necessarily reflecting typical use

of the products

7 https://www.energystar.go v/sites/default/files/FINAL%20Version%203.0%20ENERGY%20STAR%20Imag-
ing%20Equipment%20Program%20Requirements.pdf
118 From 20.54 pages in 2015 to 17.39 pages in 2016. https://www.printaudit.com/printaudit -blog/by -the -num-

bers -2015 -2016 -industry -printing -statistics -are -out -and -the -details -are -surprising
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The costs of paper were found to be 0.042 EUR/sheet for A4 paper, and 0.062 EUR/sheet
for A3 paper, based on retail prices online of 20 samples from 10 suppliers 119 Paper prices
also vary due to different weights, finishes, and paper type (e.g. recycled or virgin). Nor-

mally, paper would be a significant factor in the running costs of an LCC calculation, but

paper is however not a key focus in the current review stud Y, so the costs of this consum-

able is not included in the LCC, in order to concentrate on the other costs of the LCC.

Toner and ink cartridges
Cost of toner or ink consumables vary greatly based on type and capacity. Small laser and

inkjet printerstendt o have the highest price per EUR/printed sheet, while large laser MFDs
tend to have the lowest.

Table 29 illustrates the variability in consumable pri ces according

to draft GPP for imaging equipment technical report *2°. OEM produced cartridges  tend to

be generally more expensive than remanufactured and non -OEM cartridges.

Table 29 : Collected price data for toner and inkjet cartridges for MFDs and printers

Printing Cartridge Color/mo - Price range Yield range Cost per
technology manufac - nochrome (EUR /car- (pages/ page range
turer tridge ) lifetime) (EUR)
Laser OEM Black 49-269 1400 -50000 0.002 -0.054
Colour 67-326 1000 -55000 0.002 -0.067
Remanufac - Black 26-67 1000 -44000 0.002 -0.050
tured & non -
OEM Colour 20-105 1000 -38000 0.002 -0.021
Inkjet OEM Black 6-37 300 -2500 0.011 -0.058
Colour 24-26 1020 -1500 0.017 -0.024
Remanufac - Black 9-20 560 -1200 0.017 -0.032
tured & non -
OEM Colour n.a. n.a. n.a.

Toner consumable prices in EUR/sheet are highly dependent on consumable yield (i.e. the

number of pages that can be printed from a single cartridge/container). Lower yield con-

sumables are approximately 10 times more expensive in terms of price per printed sheet.
This cost differential is likely due to the overall consumable costs being largely determined

by the manufacturing and distribution of the cartridge itself rather than the toner material.

Higher yield consumables are most often used in larger imagin g equipment.  Lower yield

consumables are most often used in smaller imaging equipment.

119 4CC, Image, Color Copy, HP, Brother, Lomax, Avery, Rey Text & Graphics, Multicopy, Symbio.

120 Revision of EU Green Public Procurement (GPP) criteria for Imaging Equipment. Preliminary Report (Draft 1).

September 2018. JRC, Viegand Maagge and Tenvic. Available at: http://susproc.jrc.ec.europa.eu/imaging -equip-
ment/d ocs/PR_GPP_EUIE_1st AHWG_September_2018.pdf

121 n.a. = data not available for cartridges that were compatible to the MFDs/printers where price data were

collected
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Based on a set a more recent data and stakeholder inputs for BC 2 i 3andBC5 - 6, Table
30 below shows the assumed average price of consumable per sheet of paper, which is

used to calculate the running costs from consumables usage in the total life cycle costs.

However, due to the lack of remanufactured consumables data, the average page yield i s
assumed the same as OEM cartridges, in addition, the failure rate is assumed at 10% for

non - OEMs whereas it is assumed 3% for OEMs to account for the higher failures in non -
OEM products, indicated by imaging equipment manufacturers. The term fifeadi liusre r a
used to describe any consumable , which does not function on first install into an imaging
equipment product , or which ceases to function after a short period of functionality. The

assumed failure rates are based on manufacturer data 122 For professiona | printer and MFD,
the average prices for cartridges are limited, so it is assumed that the prices are the same
for OEM and non -OEM cartridges, and the same page yield for non -OEM and OEM laser

cartridge yields is applied due to limited data.

It can be no ted that some cartridges for colour equipment is cheaper than monochrome
equipment, this relates to the page vyield. In the data found via desk research online, the

average Yield is lower for cartridges for colour equipment than mono. As colour equipment

has often up to 4 cartridges or containers (for mono, cyan, magenta and yellow), the
average yield and prices of each individual consumable is lower, this depends on how the
consumables are sold, as mentioned previously. For inkjet products, MFD consumables are
cheaper than printers, this can be due to the dataset is skewed towards business products,

the inkjet printers left on the market are likely to be more specialised.

122 hittp://www.hp.com/canada/en/commercial - printers/designjet/pdf/printhead -reliability. pdf
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Table 30 : Average price per sheet, average price per cartridge /container and page yield as
well as failure rate assumed for OEM and non - OEM consumables (prices take the failure rates
into account)

OEM cartridge and container Non - OEM cartridge and container

Product Average Average é\;(;reage Failure Average Average

type U/ She el price vield rate U/ She el price

Average
Page
Yield

Failure
rate

BC1 Mon-
ochrome
Laser 0.009 ua 14 15729 3% 0.004 a 5 15729 10%
MFD, 20

)

<s U 40

BC2 Col-
our Laser
MFD, 20

<s U 40

0.004 a 9 25499 3% 0.003 a 6 25499 10%

BC3 Mon-
ochrome
Laser
Printer,
20<s U
40

0.041 a 12 3250 3% 0.018 a 5 3250 10%

BC4 Col-
our Laser
printer, 0.021 a 13 6409 3% 0.010 a 6 6409 10%
20<s U
40

BC5 Col-
our
Inkjet R 0.064 a 1 288 3% 0.043 a 1 288 10%
MFD,s U
20

BC6 Col-
our

Inkjet 0.057 a 2 480 3% 0.010 a 4 480 10%
Printer, s

o,

U 20

BC7 Pro-
fessional
printer

and MFD

0.0014 a 11 81650 3% 0.0015 a 11 81650 10%

2.4.6 Running costs for repair and maintenance
Many imaging equipment vendors (e.g. manufacturers and resellers) also offer service
agreements on equipment. Imaging equipment service agreements are also available

through specialised companies.
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The average imaging equipment repair cost has been estimat ed to be is approxi mat
($60), with costs varying fré&m 034 to 078 ($40 to $90

Inthe USA,one -yearon -si te service costs appr Bforpriateredng G170 ( $
the same service costs approximately 0260 ($299) for
costs in the EU in practice can be slightly lower than in the USA, which is due to higher

labour costs in the US than the average EU labour costs 125 A service subscription for large

MFD devices can cost @%$0ukh)d a59éarEURand around 08 (%
smaller devices 1?*. Some manuf acturers note that it is more expensive to repair some

types of imaging equipment than it is to manufacture new products 126 In these cases,

manufacturers are more likely to provide a new product (if under warranty) or suggest that

users purchase a new produ ct rather than attempt to repair a malfunctioning one. This

issue, of buying new rather than repairing, would most frequently relate to inkjet printers

and inkjet MFDs given their relatively low purchase prices. Repair prices for these products

are therefo re assumed to be zero, or it would have to be the same as the original sales

price. Repair and maintenance costs include both labour costs and the costs of spare parts.

Stakeholders have provided inputs for BC 2 and 3, these have been included.

Table 31: Assumed repair and maintenance costs for typical imaging equipment

Product type Repair & Maintenance [ EUR /year]

BC1 Monochrome Laser MFD, 20< s 0 40 170
BC2 Colour Laser MFD, 20<s U 40 400
BC3 Monochrome Laser Printer, 20 <s 0 40 50
BC4 Colour Laser printer, 20 < s 0 40 170
BCS5 Colour Inkjet MFD, s~ U 20 0
BC6 Colour Inkjet Printer, s 0 20 0
BC7 Professional printer and MFD 595
In cases where imaging equipment need to be repaired by a professional, the average EU
|l abour cost in the category fAlndustry, construction a
tion, defence, compul sory soci al Table 3. MThelagoyrgosts s used,
123 https://www.thumbtack.com/p/printer -repair -cost , accessed July 2018.
124 nttp:/iwww.office.xerox.com/perl -bin/product.pl?product=SERVICE&page=pric , accessed July 20 17.
125 https://tradingeconomics.com/united - states/labour _-costs
126 http://www8.hp.com/uk/en/campaign/out -of -warranty/oow.html
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are based on the latest Labour Cost Survey (currently 2012) and an extrapolation based
on the quarterly Labour Cost Index (LCI). The data covered in the LCI collection relate to

total average h ourly labour costs 1?7,

Table 32 : Average total labour costs for repair services in euro per hour

_ 2000 2004 | 2008 | 2012 | 2013 = 2014 2015 -

EU-28 countries, EUR/h

As shown in  Figure 19, labour costs vary greatly across Europe. The labour cost in each

country can affectthe  end-u s e rwilidgness to repair 128,
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Figure 19 : Hourly labour cost in EUR, 2016 for European countries 129

2.4.7 End of life costs
End of Life (EoL) costs can include the costs for disposal of imaging equipment, costs of
purchasing services from recycling companies, or transportation costs to recycling stations
or WEEE stations. As most office  -based imaging equipment is relatively easy to uninstall,
the costs of decommissioning can probably be considered negligible. WEEE recycling costs
vary depending on specific EU member state laws and which type of party (i.e. domestic
or commercial) initiates the recycling. In the UK, recycling costs begin at around 100 EUR
for 70 kilos of waste but can be significantly higher depending on manual labour require-

ments and transportation capacity 130 Th ese costs are likely to vary widely across different

127 http://ec.europa.eu/eurostat/cache/metadata/en/Ic_Ici_lev_esms.htm#unit_measure1475137997963

128 Note that the time for repair can vary depending on the operation, and the hourly labour cost is not directly
used in later tasks.

129 https://ec.europa.eu/eurostat/web/labour -market/labour _-costs/database

130 https://www.envirowaste.co.uk/commercial/weee -recycling -and -it-disposal/ , accessed July 2017.
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EU Member States due to the differences in how WEEE is implemented across the EU. Given
that recycling costs are insignificant compared to purchase and running costs, the end -of -

life costs have been negl ected.

The disposal costs are often paid by the end -user buying the product in the form of the
Eco tax under the WEEE Directive, however this can be different for some Member States.
For imaging equipment, WEEE fees are usually around 3 to 5 EUR/tonne Bl This fee is

adjusted on a country basis and by product category depending on recycling costs.

Table 33 below shows the EoL costs for imaging equipment, the total number s of OEM
cartridges or non -OEM cartridges used over a lifetime. Imaging equipment is calculated by

assuming 5 EUR/tonne and the average weight of each imaging equipment product type.

The number of cartridges used over a lifetime is found via the assumed pa ges prints over
the lifetime of the equipment and the page yield previously presented in Table 30. Using
the average weight of cartridge and the same WEEE fee of ca. 5  EUR/tonne for cartridges 0
proper disposal, the total EoL costs for OEM and non -OEM cartridges are estimated. It can
be seen in the table below, that due to the number of cartridges used over a lifetime of

the imaging equipment, the EoL disposal costs for all cartridges are higher for most cases

in comparison with the disposal costs of the imaging equipment itself.

It should be noted that the number of OEM and non -OEM cartridge used in a lifetime is
highly dependent on several variables: 1) printed pages o ver a lifetime, 2) the average
page yields per cartridge and 3) the average cartridge unit weight. These contain a number

of uncertainties due to previously mentioned disagreement of data on typical printed pages

for each speed categories, and the lack of data for average page yields for non -OEM car-
tridges, therefore the number of cartridges in lifetime per imaging equipment might be

over - or underestimated. The aim is to show the distribution of costs from different life

cycle phases.

181 Ca. 4.4 EUR/tonne for business and ca. 5.9 EUR/tonne for households in Denmark, th erefore assumed
slightly higher than EU average, https://www.dpa - system.dk/da/WEEE/Producenter/%C3%98konomi/Gebyrer
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Table 33 : EoL costs estimation for imaging equipment products, using OEM or non -OEM car-
tridges

Imaging equip- OEM Non -OEM
ment cartridge cartridge

Pages/
lifetime

Product type

Number Number

Average of non -
Average car- OfcalrE_M OEM
e | wges s
: Ig ’ 0 - in Ii?‘e-
: 2 time

BC1 Monochrome
Laser MFD, 20< s 350,000 51.94 0.260 0.71 22 0.17 25 0.48
O 40

BC2 Colour Laser

wen e 576,000 71.50 0.358 0.71 23 0.38 25 0.35
BC3 Monochrome

Laser Printer, 20 < 53,000 12.59 0.063 0.71 16 0.27 18 0.38
s O 40

BC4 Colour Laser

printer, 20 120,000 34.45 0.172 0.71 19 0.41 21 0.48
40

BC5 Colour Inkjet

mED S L 6,500 7.64 0.038 0.05 23 0.01 25 0.01
BCE Colour Inkjet 10,500 12,59 0.063 0.05 2 0002 24 0.01
Printer, ]

BC7 Professional 56,160,000 323 1.613 0.71 688 2.45 688 2.45

printer and MFD

2.4.8 Total Life Cycle Costs
Considering all the information, assumptions and data presented in previous sections of
this chapter, the total LCCs were established (see Figure 20 and Figure 21). Please notice
that inthis section, the electricity consumption data in the LCC is based on the preparatory
study from 2008. An updated LCC based on updated electricity consumption data analysed

in Task 3 is presented in Task 5.

The cartridges are a major cost during the lifetime of printers and MFDs . The actual printed

pages over li fetime presented has a direct influence on the calculated running costs  as the

number of cartridges needed depends on the printed volume. The LCC presented in this

subsection are based on the study teamds assumpti on

can vary a lot from case to case.

It can be seen that cartridges account for the dominant share of the LCC for both OEM and
non - OEM cartridges used. However , slightly more prominent for the OEM cartridges due to

average higher costs of cartridges. It is espe cially important for laser printers and MFDs
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with speed more than 20 ipm, because the assumed pages printed over a lifetime is much
higher due to the higher speed. For colour laser MFD, the stakeholder input heavily skews
the average product purchase price , and maintenance and repair costs, therefore these

account for the largest share of the LCC, instead of consumables.

10,000
9,000
8,000
7,000

6,000

5,000
4,000
3,000
2,0
1,0
_ mn R

BC1 MONOCHROME BC2 COLOUR LASER BC3 MONOCHROME BC4 COLOUR LASER BC5 COLOURINKIJET BC6 COLOURINKIET
LASER MFD,20<S < MFD,20<S < 40 LASERPRINTER, 20 <PRINTER, 20< S < 40 MFD,S = 20 PRINTER, S < 20
40 5240

5]

]

WPurchase price  MElectricity M Cartridges (OEM) M Repair & Maintenance B EoL

Figure 20 : Total Life Cycle Costs for product lifetime with OEM cartridges based on electricity
consumption data from the preparatory study.
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I E—
BC1 MONOCHROME BC2 COLOURLASER BC3 MONOCHROME BC4 COLOURLASER BCS5 COLOURINKIET BC6 COLOURINKIET
LASERMI;[[};,20<55 MFD,20< S < 40 LASERPSREIN4TDER,2D< PRINTER, 20< S = 40 MED, S = 20 PRINTER, S £ 20
W Purchase price B Electricity M Cartridges (non-OEM) M Repair & Maintenance B Eol
Figure 21 : Total Life Cycle Costs for product lifetime with non - OEM cartridges based on elec-
trici ty consumption data from the preparatory study.
Figure 22 shows the LCC of professional printer and MFD with both OEM and non -OEM

cartridges, due to the higher costs per print, the LCC of cartridges is slightly higher for
non - OEM. Despite the significantly high purchase price, the cartridges still account for th e
largest share of the LCC.  Again here, thenumberof pages printed over lifetime and thereby

the amount of consumables purchased are based on the study teambds assum

BC7 PROFESSIONAL PRINTERAND MFD (OEM CARTRIDGES) BC7 PROFESSIONAL PRINTERAND MFD (NON-OEM
CARTRIDGES)

160,000

140,000

120,000

100,000

80,000

60,000

40,000

20,000

W Purchase price B Electricity B Cartridges M Repair & Maintenance BFEol

Figure 22 : Total Life Cycle Costs for professional ima ging equipment with OEM or non -OEM
cartridges  based on electricity consumption data from the preparatory study.
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2.5 Conclusions and recommendations

Based on the market analysis, description of product and market trends, as well as the

LCC calculations, the fo  llowing conclusions can be made.

2.5.1 Market and stock data

Task 2 has reviewed and analysed the PRODCOM production, import and export data in

order to derive apparent sales and trade. However , based on experiences, PRODCOM data
has not been very reliable, the refore it is not directly used for sales and stock estimation.
Annual derived sales in 2016 from PRODCOM shows 24.6 million units  of IE equipment,
which was used to verify the estimated sales from other sources . The estimated sales
derived in this study are presented in Table 34.

Table 34 : Annual sales of imaging equipment in million units and growt h rate

2015 -2040

‘ 2015 2020 2025 2030 2035

Growth rate %

‘ Annual sales of imaging equipment in million units

Inkjet printers 0.96 0.91 0.86 0.82 0.78 0.74 -1.00%
Laser printers 3.82 3.64 3.46 3.29 3.13 2.97 -1.00%
Inkjet MFDs 14.82 14.09 13.40 12.74 12.12 11.53 -1.00%
Laser MFDs 4.18 3.98 3.78 3.60 3.42 3.25 -1.00%
Scanner 0.46 0.88 0.88 0.88 0.88 0.88 2.63%
Copier 0.57 0 0 0 0 0 -
Facsimile (Fax)
Machine 0.40 0 0 0 0 0 -
Total sales 25.21 23.50 22.39 21.34 20.33 19.38 -1.05%
Estimated annual sales for all imaging equipment covering inkjet, laser printers and MFDs,
copiers, scanner and fax machines are ca. 24.8 million units in 2016, this is more or less

in agreement with PRODCOM derived annual sales.

It can be seen in the estimated sales, that copier and fax markets are declining and ex-

pected to fall to zero by 2020, therefore they will not be analysed in detailed , this result
also supports the proposed scope concluded in Task 1 . The market for scanner has also
been reviewed, there are sources estimating slight increase in sales up to 2020, however

the development beyond which is uncertain, therefore there it is not recommended to

include these in the scope of the VA and scanners will not be analysed further in d etail.

The product scope and recommendations remain as presented in Task 1

The ink and toner consumables are accounted in kilograms in PRODCOM and in units from
other sources and is it therefore not possible to compare these values directly, but it has

been used to check the sales indirectly with an assumed weight per unit. In this study the
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assumed sales of cartridges and containers are almost 450 million units. The sales of ink

and toners is presented in Table 35.

Table 35 : Annual sales of consumables in million units and growth rate

‘ 2015 ‘ 2020 2025 2030 2035 2040 2015 -2040

‘ Annual sales of imaging equipment in million units Growth rate %
Ink cartridges 80.76 69.90 64.74 61.57 58.55 55.68 -1.48%
Ink containers 323.03 279.61 258.97 246.28 234.21 222.73 -1.48%
Toner car- 117.86 102.02 94.49 89.86 85.45 81.27 -1.48%
tridges
Toner contain- 29.47 25.50 23.62 22.46 21.36 20.32 -1.48%
ers
Total sales 551.12 477.03 441.83 420.17 399.58 380.00 -1.48%

2.5.2 Market trends
The general trend for both equipment and ink and toner consumables is that the market is
expected to decrease, and more single function machines are replaced by multifunctional
machines which properly in the future will include services such as Managed Print S ervice.
The decline in sales of imaging equipment and ink and toners can be a consequence of the
paperless office. However, the paperless office has not yet been fullyimplemented as many
people still prefer to print documents. Another product trend is the implementation of cir-
cular economy strategies such as modular printers and equipment as a service (pay per
print), however some stakeholders indicates that the recycling of ink and toner consuma-
bles are increasing in complexity and thereby reducing the po ssibility to recycle these con-
sumables. This tendency is not in line with the circular economy, even though some man-

ufacturers are focusing on reuse and recycling.

2.5.3 Consumer expenditure data and LCC
In order to calculate LCC, the base cases have been ident ified in early stage to avoid time -
consuming data collection on speed categories not to be used in the later modelling and

analyses. Six base cases have been chosen, mainly based on the highest sales distribution

of the speed categories, and in addition, p rofessional printers and MFDs are chosen to be
also a base case to assess the impacts of these equipment. See base cases in Table 36
below.

Consumer expenditure, such as purchase costs, installation costs, running costs and end
of life costs for imaging equipment have been presented in this task. Based on these data,

the LCC for several imaging equipment types have been calculated without incl uding paper
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usage. The LCC, summarised in the table below, shows that the running costs of the con-
sumables such as toner and ink containers and cartridges is the largest share of the life
cycle costs for most of the base cases chosen. From the consumer exp enditure point of
view, there could be opportunities to implement policy measures for the cartridges usage
and costs.

Table 36 : LCC of base cases as the sum of average purchase price, lifetime electricity costs

(based on electricit y consumption data from the preparatory study ), lifetime consumable
costs for OEM  and non -OEM cartridges and end of life costs discounted back to 1 st year .

Life- Lifetime " E“?nzfntgi .
Average Lifetime time consumables quip bl
pur- electric- repair consumables)
Product . ;
chase ity costs, & main -
price [ 0] tenance Non - Non -
[G] , OEM[ U] OEM] U]

BC1 Mono-
chrome Laser
MFD, 20 < s 757 217 922 3,210 1,456 0.34 0.35
O 40
BC2 Colour
Laser MFD, 20 4,800 321 2,169 2,084 1,664 0.44 0.45
< s O 40
BC3 Mono-
chrome Laser 456 195 229 2,163 959 0.12 0.13
Printer, 20 <
s O 40
BC4 Colour
Laser printer, 513 312 922 2,507 1,253 0.24 0.25
20 < s O
BC5 Colour
Inkjet MFD, s 58 16 - 414 282 0.04 0.05
O 20
BC6 Colour
Inkjet Printer, 139 13 - 603 104 0.07 0.07
s 0 20
BC7 Profes-
sional printer 61,395 576 3,226 78,751 84,103 4.06 4.06
and MFD
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3. Users

Printers and MFDs have a diverse range of users. These range from the largest corporate
enterprises to individual consumers. Whilst some types of imaging equipment (e.g. large

format laser printers) will almost exclusively be used in large organisations or professional

print business, some smaller produc ts (e.g. standard format laser printers) may be used

by both household and smaller office users

3.1 Use phase direct energy consumption
According to ENERGY STAR specification v3.0 (effective date 11 October 2019), energy

performance of imaging equipment produ cts is compared by two different methods:

1 An evaluation of power measured in watts in various operating states. This evalua-
tion method is called Operational Mode (OM). Sleep requirements are applicable for
specific imaging equipment products. Off -mode requ irements for all OM products.

1 An evaluation of typical electricity consumption calculated in kilowatt -hours during
normal operation over a week. This evaluation method is called Typical Electricity
Consumption (TEC) and it is calculated from energy and tim e measurements and
number of jobs per day (depending on image speed) defined in the TEC test proce-

dure. TEC requirements are applicable for specific imaging equipment products.

The main reason for needing to differentiate between OM and TEC products is that OM
products are typically used in households and speciality applications such as large printing
equipment. These products spend a significant part of their time in low power modes and

have a wide range of  usage profile s, which ¢ an vary tremendously depending on the type
of the user . TEC products are typically used in business applications such as working group
devices where power consumption from printing etc. in active mode is also considered
important. TEC products would have m  ore harmonised user profiles although they could
differ greatly depending on types of users and any corporate policy regarding printing
Therefore, OM products are more fit to an evaluation method that considers only low power

modes, while TEC products are better fit to a method that considers active use too.

3.1.1 Applicability of evaluation methods
ENERGY STAR v3.0 classifies in the definition section of the specification imaging equip-
ment products as either ATECO or #AOMO acanaonethod ng
for energy performance. Printers and MFDs are classified as TEC or OM according to their

printing media format and marking technology (see Table 37).
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Table 37 : Applicability of evaluation methods for printers and MFDs (ES V3.0

Evaluation method Equipment type Media format Marking technology
TEC Printer Small 132 Inkjet: HP1J
Standard 33 Inkjet: HP1J
Laser: EP

Others: SI, specialty
technologies

Multifunctional device Standard Inkjet: HP1J
(MFD)
Laser: EP

Others: SI, specialty
technologies

Professional All All
OM Printer Standard Inkjet: 13
Large 13 Inkjet: HP1J
Large or small Inkjet: 1J
Laser: EP

Others: SI, specialty
technologies , specialty
technologies

Multifunctional device Standard Inkjet: I3, specialty
(MFD) technologies
Large Inkjet: HPI1J, 13
Laser: EP

Others: SI, specialty
technologies

IJ=Inkjet; HPIJ=High Performance Inkjet ; EP=Electro -photographic; SI=Solid Ink. S peciality technologies : Some
or all of: Direct Thermal , Dye Sublimation , Thermal Transfer and Impact.

Solid ink imaging equipment products are assumed not to be sold in significant volumes in
the European market beca  use there are only 6 models of solid ink printer (by one manu-
facturer) registered in the US ENERGY STAR database (September 2018) and identified as
being on sale in the EU. Furthermore, these products have quite similar functionality as
laser printers and  are targeting the same office users as the laser technology products, so

the use patterns are assumed to be similar. Regarding the speciality marking technologies,

132 products designed for media sizes smaller than those d efined as Standard (e.g., A6, 40x60,
ing those designed to accommodate continuous -form media less than 210 mm wide.

133 Products designed for standard -sized media (e.g., Letter, Legal, Ledger, A3, A4, B4), including those designed

to accommodate continuous  -form media between 210 mm and 406 mm wide. Standard -size products may also

be capable of printing on small -format medi a.

134 Products designed for A2 media and larger, including those designed to accommodate continuous -form media

greater than or equal to 406 mm wide. Large -format products may also be capable of printing on standard -size

or small -format media.
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these are sold in very limited numbers and are not assessed specifically. Therefore, the

use patterns are only investigated for inkjet (including the HPI1J) and laser technologies.

TEC product requirements and average energy consumption

The TEC evaluation method has been developed by the US EPA for ENERGY STAR as a
proxy for a typical use pattern . The measurement and calculation methodologies for TEC
products are detailed in ENERGY STAR Product Specification v3.0 and Test Method v3.0 for
Imaging Equipment. The specification and test method are periodically reviewed and up-

dated, if necessary, to en  sure TEC test results are representative of real -world perfor-
mance, and this has been the case for version 3.0. The calculation of TEC for TEC products

with print capability is shown below:
0 . 0O (o]
PO 0 Y3

YO0 v O ¢ ©O CT

Where:
Ejos_paiLy =daily job energy (calculation shown below, in kWh)
ErnaL=final energy 3 (kwWh)
Nioss=number of jobs per day
trnaL=final time to sleep (hours)
EsLeer=sleep energy (kWh)
tsLeer=sleep time (hours)

The calculation of TEC for TEC MFDs without print capability is shown below:
0 . O O
PO o} 0

"YO6 v O ¢ O qT

Where:
Eauto=auto - off energy (kWh)
tauto=auto - off time (hours)

The calculation for daily job energy is shown below:

) p ) . O (0] (0]
o T ¢ O 0 C

Where:

Esosi=energy of thei ™ job (kWh)
TEC requirements for printers and multifunctional devic es being considered by this review
study have been aligned to ENERGY STAR v3.0. ENERGY STAR classifies printers and MFDs
into speed groups, printing colour and non -professional / professional since energy con-
sumption differs. The product type sub -division according to speed has been revised sig-
nificantly from v2.0, simplifying this to less categories though adding the professional,

assuming this reflects better the current market.

135 According to  ENERGY STAR test method v2.0, it is the energy measured from the time the meter and timer
are in zero until the meter shows the product has entered sleep mode, the final sleep mode or auto - off.
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The maximum TEC allowed per week for a given printer and MFD is the sum of r equire-
ments below plus an adder for A3 -capable products an adder for products where Wi -Fiis

the interface used during the test , as follows:

"YOO “YO6 0QQQi06QQQi

Where:

Adder a3 =0.05 (kWh/week ) for A3-capable products
Adder wi-ri = 0.1 (kWh/week ) for products where Wi  -Fi is the interface used during
the test (only for professional imaging products)
TEC requirements are shown in Table 38 (non -professional) and Table 39 (professional).
Version 2 TEC requirements are kept in version 3 for professional products, while the re-

quirements are strengthened for non - professional.
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Table 38 : TEC requirements for non - professional printers and MFDs for both inkjet and laser
technologies (without adders

. L TECRreg to t he nearest 0.01
Equipment type Colour Speed (s) division KWhiweek for reporting

Printer 136 Monochrome s0 20 0.226
20<s 040 0.018 xs i 0.152
40<s 060 0.025xs 1 0.439
60<s O 135* 0.049xs i 1.903
s > 135* 0.183 xs i 20.127
Colour s020 0.275
20<s O 40 0.032xs i 0.397
40<s O 60* 0.002 x s + 0.833
s > 60* 0.100 xs i 5.145
Multifunctional Monochrome s0 20 0.263
device (MFD) _
20<s 040 0.018 xs i 0.115
40<s 060 0.016 xs 1 0.033
60<s O 80* 0.037xs i 1.314
s > 80* 0.086 xs i 5.283
Colour s 020 0.254
20<s 0O 40 0.024 xs i 0.250
40<s O 60* 0.011 x s + 0.283
60<s O 80* 0.055xs i 2.401
s > 80* 0.118 xs i 7.504

*The VA contains limits of product speed at 66ipm (mono) and 51ipm (colour), so some of these speed categories
do not apply to the VA.

¥ Referred in ENERGY S-MERO6V3.O0 as O6Non
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Table 39 : TEC requirements for professional imaging products printers and MFDs for both
inkje tand laser technologies (without adder

: L TECReq to the nearest 0.01
Equipment type Colour Speed (s) division KWhiweek for reporting

Printer 137 Monochrome sU 5 0.3
5<s U 20 0.04xs+0.1
20<s U 30 0.06xs i 0.3
30<s U 40 011xs 1 1.8
40<s U 65 0.16xs i 3.8
65<s U 90* 02xs 1 6.4
s>090 * 0.55xs 1 37.9
Colour s U 10 1.3
10<s U 15 0.06 xs+0.7
15<s U 30 0.15xs i 0.65
30<s 0 75* 0.2xs 1 2.15
s>75 0.7xs T 39.65
Multifunctional Monochrome sU0 5 0.4
device (MFD) _
5<s U 30 0.07 xs +0.05
30<s U 50 0.11 xs i 1.15
50<s U 80* 0.25 xs i 8.15
s>80 * 0.6 xs 1 36.15
Colour s U 10 1.5
10<s U 15 0.1 xs +0.5
10<s U 15 0.13 xs +0.05
30<s U 70* 0.2 xs i 2.05
70<s 0 80* 0.7 xs i 37.05
s>80 * 0.75 xs 1 41.05

*The VA contains limits of product speed at 66ipm (mono) and 51ipm (colour), so some of these speed categories
do not apply to the VA.

The average energy consumption per week and per year for TEC products are shown in
Table 40, which were retrieved from declared data for TEC per week in ENERGY STAR
Database (accessed in September 2018). For professional printer and MFD, average TEC

137 ReferredinENE RGY STAR v3.-MFD®$ O6Non
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was based on speed, weight and A3 capabil ity analyses of EPEAT and ENERGY STAR da-

tasets. Assuming 52 weeks in a year, the annual energy consumption is then calculated.

Table 40 : Current average TEC per week (from ENERGY STAR database) and annual energy
consumption for TE C base cases compared with annual consumption data from preparatory
study 2008

Average annual
Average TEC energy consump-
Product tion

Prep. Study an-
nual energy
consumption
(kWhlyear)

(KWh/week)

(kWh/year)

BC1 Monochrome Laser MFD,

20<s U 40 o " 0
E&CZ Colour Laser MFD, 20 <s 1.8 92 370
U 40

BC3 Monochrome Laser Printer,

20<s U 40 4 " o
BC4 Colour Laser printer, 20 < 21 110 360
sU 40

BC7 Professional printer and 12.8 138 664 n.a.

MFD

All non -professional TEC printers and MFDs, both colour and monochrome, must have au-

tomatic duplexing capability integral to the base product and enabled by default for speeds

> 19 ipm (colour) and > 24 ipm (monochrome). All professional imaging products m ust
have automatic duplexing capability present at the time of purchase. These requirements

do not save energy but paper. Printers whose intended function is to print on special single -

sided media are exempt of this requirement.

OM products requirements an d average energy consumption

The measurement and calculation methodologies of the OM evaluation method for OM
products are detailed in ENERGY STAR Product Specification v3.0 and Test Method v3.0 for
Imaging Equipment. The evaluation is done by comparing wi th requirements of maximum

sleep mode power consumption (P SLEEP_MAX, iN watts) and off mode power consumption (W).

The calculation of P sLeer_max for OM products is shown below:

o o 6 QQQi 6 QQQi

8TEC data from the EPEAT and ENERGY STAR databases |, accessed 2018.
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Where:
Pvax_sase=Maximum Sleep Mode power allowance for the base marking engine
(watts)
Adder nterrace=Power allowance for the interface functional adders used during the
test (watts)
Adder other=Power allowance for any non -interface functional adders in use during
the test (watts) 1 see Table 11 of ENERGY STAR v3.0 specification for type of al-
lowances for both interface and non -interface functional adders
n=number of allowances claimed for interface fun ctional adders used during the
test (it shall be less than or equal to 2)
m=number of allowances claimed for any non -interface functional adders in use

during the test (unlimited)

The maximum Sleep Mode power allowances for the base marking engine (P max_sase) and
for standby/off applicable to OM products for ENERGY STAR version 2 and 3 are shown in

Table 41. Standby requirements in version 2.0 are substituted with off requi rements in
version 3.0. The relation between standby and off is further described in the section Power

management settings

Table 41 :Sleep mode base power allowance and standby/off mode power requirements for
OM products, from ENERGY STAR V2.0 and V3.0

Product Format and marking Pwmax Base Pwmax Base Standby Off (watts),
type technology (watts), (watts), (watts), ES V3.0

ES V2.0 ES V3.0 ES V2.0

Printers Small, all including 4.0 4.0 0.5 0.3
inkjet, electro  -photo-
graphic
Standard inkjet 0.6 0.6 0.5 0.3
Large, all others in- 2.5 25 0.5 0.3
cluding electro -photo-
graphic
Large inkjet 4.9 49 0.5 0.3
MFDs Standard inkjet 0.6 11 0.5 0.3
Large inkjet 4.9 54 0.5 0.3
Large, all others in- 8.2 8.7 0.5 0.3
cluding electro -photo-
graphic
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The maximum Off Mode power requirement for all OM products is 0.3 watts. In ENERGY
STAR specification v2.0 there were requirements for power consumption on standby, how-
ever, v3.0 derogates from these requirements and changes them to Off Mode require-

ments.

Sleep mode power allowances for functional adders and other general requirements can
be found in ENERGY STAR Imaging Equipment ve rsion 3.0 specification  13°. These adders
are largely the same as version 2.0, but two unnecessary adders are removed in version

3.0, see the adders from version 3.0 in Table 42 below.

139 Available at:  https://www.energystar.gov/sites/default/files/FINAL %20Version%203.0%20EN-
ERGY%20STAR%20Imaging%20Equipment%20Program%20Requirements.pdf
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Table 42 : Sleep Mode Power Allowances for

Interface

Memory

Power
Supply

Touch
Panel Dis-

play

Connection
Type

Wired

Fax Modem

Wireless,
Radio- fre-
quency (RF)

Wireless, In-
frared (IR)

n.a.

n.a.

n.a.

Max. Data Rate,
r (Mbit/second)

r<20

Any

Any

Any

Any

n.a.

n.a.

n.a.

OM Functional Adders based on ENERGY STAR Im-
aging Equipment version 3.0 specification

Details

Includes: USB 1.x, IEEE 488,
IEEE

1284/Parallel/ Centronics,
RS232

Includes: USB 2.x, IEEE 1394/
FireWire/i.LINK, 100Mb Ether-
net

Includes: USB 3.x,1G Ethernet

Includes: Flash memory -
card/smart - card readers, cam-
era interfaces,

PictBridge

Applies to MFDs only.

Includes: Bluetooth, 802.11

Includes: IrDA.

Applies to the internal capacity
available in the Imaging Equip-
ment for storing data. Applies

to all volumes of internal
memory and should be scaled
accordingly for RAM. This adder
does not apply to hard disk or
flash memory.

Applies to both internal and ex-
ternal power supplies of Mailing
Machines and Standard Format
products using Inkjet and Im-

pact marking technologies with
nameplate output power (P our)
greater than 10 watts.

Applies to both monochrome
and color touch panel displays.
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Functional
Adder Al-
low ance

(watts)

0.2

0.4

0.5

0.2

0.2

2.0

0.1

0.5/GB

0.02 x
(Pout 7

10.0)

0.2



Data on power consumption in active, ready, sleep and standby/off modes were retrieved

from signatorieso6 compl i an¥ewhichewsre tumned in annwal af-or 2017
erage consumption based on the usage patterns presented in section 3.1.2 . Usage patterns

data were retrieved f rpbance sepodsnwhictoara basedon evleahre-

ported by 2008 Preparatory study 141 see Table 43 below.

Table 43 : Use pattern (hours per mode) base d on preparatory study 2008

Ready Sleep Off
Mode Mode

Workgroup 1J 0.25 1.25 105 8
printer
Home 1J printer 0.07 0.5 3.43 16

The average annual energy consumption is calculated by assuming BC 5 colour inkjet MFD

follows the Workgroup 1J printer use pattern from Table 43 above,and BC 6 follo ws Home
1J printer use pattern. Assuming 5 days a week for BC 5, and 7 days a week, and a total

of 52 weeks (same as TEC products), t he average energy consumption per year for oM
base cases is found and shownin Table 44.

Table 44 : Average active, ready, sleep, standby/off mode consumption and annual average
energy consumption for OM base cases compared with data from preparatory study 2008

AEEYRE Prep. study
tﬁ/(; Ready Sleep | Standby/off ngngSs‘rg}/ annual en-
Product tion ergy con-
) (W) (W) (W) sumption
(kWhiyear) (kWhlyear)
13.3 5.0 11

BC5 Colour Inkjet

o

MFD,s U 20

0.2 59 22142

BC6 Colour Inkjet

143
Printer,s U 20 7.8 2.1 0.4 0.1 1.7 18

3.1.2 Parameters influencing energy consumption
Energy use in imaging equipment can vary considerably between different models and it is
strongly correlated to the level of functionality provided. Imaging equipment products that
utilise thermal technologies, such as laser, tend to use more energy than i nkjet -based
products. Energy use varies significantly even within distinct product types such as laser

printers.

140 Reported Annex C data from all 11 signatories, received from RINA, September 2018.
141 Table 4 report, Table 37 and Table 40.

142 Assuming same as  preparatory study base case V6 1J printer /MFD workgroup
143 Assuming same as  preparatory study base case V5 1J printer /MFD personal
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However, there are certain parameters that have been identified as to all have influence

on energy consumption and that are related to consum er preferences in terms of purchase

(i.e. imaging speed) and to consumer use (i.e. power management and time use in differ-

ent power modes). They are described in next sections.

Imaging speed

Figure 23 to Figure 26 illustrate the correlation between TEC energy use and imaging speed
amongst TEC monochrome, colour MFDs and printers, b ased on data from signatories
The charts show that there is a general correlation of higher speed leads to higher energy
consumption, but itis not always c onsistent. Monochrome products have a more consistent
trend than colour products. It should be noted that the charts show 0.0 kWh/week for
some data points, this simply meant the energy consumption was not reported for that

model, these should not be consi dered.

Monochrome Printers

12,0

10,0 °
>
8 80
s * s
§ [ } [ ]
Z 60 o ®
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}_
[ ]
2,0 "L
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0 10 20 30 40 50 60 70 80

Mono print speed (ipm)

Figure 23 : Correlation of TEC and imaging speed for monochrome printers (TEC products)
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Figure 24 : Correlation of TEC and imaging speed for colour printers (TEC products)

12,0

10,0

L
=)

6,0

TEC (kWh/week)

4,0

2,0

0,0

Figure 25 : Correlation of TEC and imaging speed for monochrome MFDs (TEC products)
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Figure 26 : Correlation of TEC and imaging speed for colour MFDs (TEC products)

Power management settings

After the imagingequi p ment product fulfils the fAjobd, an autom
more reduced power mode(s) usually takes place 144 These power modes are usually fixed
by the product design, and are divided into sleep mode, auto -off mode and off mode %5,

Sleep mode isar educed power state that the product enters automatically after a period

of inactivity or in response to user manual action. Sleep mode permits operation of all
product features (with a possible delay to transition into Active State) . The product can
leave the sleep mode after user activation of a physical button, or in response to external

electrical stimulus e.g. from the network when print job is sent.

ENERGY STAR v2.0 specifications include a standby state, however not as a specific mode
but as the lowes t power consumption state which cannot be switched off (influenced) by
the user and that may persist for an indefinite time when the product is connected to the
mains. It can be off mode, but also sleep mode or ready state depending on the product.
ENERGY STAR v3.0 does not define standby nor include power requirement to standby.

Requirements for the lower power state are substitute by off mode requirements.

ENERGY STAR off mode is comparable to the standby mode in the EU standby regulation
1275/2008, thou gh the definitions differ slightly. ENERGY STAR sleep mode overlaps the
standby mode and networked standby in 1275/2008 (with amendments), because it may

and may not be able to leave the sleep via an external signal. In 1275/2008, networked

Y“EuUP Preparatory Studies fAlmaging Equipmento (Lot 4). Final Repor:
I nfrastr uc tinstiteand Fraéamhaofer IZM, 2007.
145 According to ENERGY STAR v3.0 specifications, applicable for printers and MFDs

145



standby require  ability tor esume a function by way of a remotely initiated trigger from a

network connection

When the product enters automatically into sleep mode from ready state, it does it after a

period of inactivity called o0Def amelofdaydesgl cloge ot i med or
business, which can be adjusted in the product's settings. Some products are capable of

automatically enter multiple levels of sleep modes. The required default delay times to

enter sleep mode for MFDs and printers are defined in EN ERGY STAR v3.0 specification and

is between 5 and 45 minutes depending on product type. This specification defines also

maximum delay times the user can adjust either 60 or 120 minutes also depending on

product type. The difference between these two requir ements can be up to 75 minutes,

showing the user can significantly prolong the default delay time and keep power con-

sumption levels higher. An imaging equipment product enters off -mode when it has been
manually or automatically switched off, but it is stil | plugged in and connected to the mains.
I't is call-etifédmahuat is result from a manuabffatefven

resultant from an automatic or predetermined stimulus (e.g. a delay time or clock).

Ready State is not a reduced powe r mode because in this state an imaging equipment

product has reached operating conditions and has not yet entered into any lower - power

modes, though the power level is lower than in Active State. In this state a product is not

producing output and can ent er Active State with minimal delay by responding to any

potential inputs including external electrical stimuli 146 and direct physical intervention.

However, there is an amount of time the device, once it has entered sleep or off mode,

takestoreturntoread y st ate. This is called O6recovery ti meo.
tion sets recovery time requirements depending on print speed and maximum default delay

time to sleep values . The length of the recovery time is a design parameter. Shorter re-

covery time is  better, because the user needs to wait less time for the product to produce

prints etc.

Frequency and characteristics of use

Active State is the power state in which an imaging equipment product is connected to a

power source and is actively producing ou tput, as well as performing any of its other pri-

mary functions. Printers convert digital content onto physical media such as paper , and
MFDs can also convert physical media into digital format by use of a built -in scanner . The
duration of active state is i nfluenced primarily by the job requirement in terms of quantity

and quality, together with the speed of the imaging equipment product.

146 According to ENERGY STAR V3.0 specifications, some examples are network stimulus, fax call or remote control
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The preparatory study showed that imaging equipment spent a lot of their time in sleep
and off modes during a day, see Figure 27. Average time laser printers spent in different

power modes/states  is shown in Figure 28.

Use Pattern Characteristics
Power level (fixed) Time duration of modes (variable)
Modes: o - A
The quantity
(TEC job structure)
Ready and quality of required
images determine the time
Sleep duration of the active mode
Off
0 Watt
} t } 1 : .
4h 8h 12h 16h 20h Time
Figure 27 : Schematic description of use pattern factors during the course of a day 147
By the time of the preparatory study, laser printers spent most of their time in soft - off
mode and spent very little time in active state (i.e. performing jobs) at households and at

offices. The authors quantified these use patterns into four power modes: active state,

stand by mode, soft -off mode and hard - off mode (as defined in Lot 6 Preparatory study on
standby and off -mode losses #%). Hard -off mode is the mode in which the product is con-
nected to a power source but turned off with a switch, which physically interrupts the

electrical connection (referred to as off-mode OW in Lot 4 preparatory study). In soft - off
mode, an electronic switch is used, which allows small amounts of power to be drawn for

the soft -off switch and an indication of the off mode (referred to as aff-mode in Lot 4

preparatory study).

“Taken from the EuP Preparatory Studies @Al maging Equipmento (Lot
Behaviour and Local | -in$titutausd tFrauntlooferuzMe 2007. ¥ k o
148 | ot 6 EuP Preparatory Study Task 1
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m Soft off-mode Hard off-mode m Soft off-mode = Hard off-mode

Figure 28 : Average time laser printers spent in different power modes/states 147

For inkjet printers, the preparatory study 149 developed the usage patterns further in order

to harmonise with more up -to -date power mode and state definitions. These were divided

into active s tate, ready state, sleep mode, off mode and OW mode. This was not done for

laser products as they are mostly TEC products. TEC product requirements and test method

already consider daily usage patterns for the calculation of their energy consumption and

for establishing requirement levels of this consumption. For OM products (mostly inkjet
technology), the requirements are defined as power consumption levels in different low

power modes and thus it is necessary to know their daily usage patterns in these mo des

to calculate their daily energy consumption.

Inkjet usage patterns defined in the preparatory study are deemed still valid since these

are what the Signatories to the VA report in their compliance reports. They are presented

in Figure 29.
Inkiet printer- h hold Inkjet printer- office 1%
0% nkjet printer- household ,,, Jetp 5%
14%
44%
m Active state Ready state m Active state Ready state
Sleep mode H (Soft) Off mode Sleep mode m (Soft) Off mode
m OW (Hard) Off mode m O0W (Hard) Off mode

Figure 29 : Average time inkjet printers spent in different power modes/states 149

Overall, it is expected that these use patterns remain overall very similar: printers and

MFDs tend to spend a great part of their time in reduced power modes, in particular off,

MWEUP Preparatory Studiestdl hagitng)EqFimml Report on Tdmstk
tut and Fraunhofer 1ZM, 2007.
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standby and sleep modes. Note tha t inkjet printers should not necessarily spend extended
periods of time in a hard  -off state due to considerations of ink drying. However, it is also
expected that many users are not aware of this issue and so may unplug inkjet printers

when notinuse. Hence, 17% of the time imaging equipment is assumed to be in off mode.

The preparatory study established 5 days a week as the standard use per consumer, re-
gardless if they were office or household users. The ENERGY STAR office equipment calcu-
lator does consi der seven days of the week. It is assumed that household products such
as standard inkjet OM products are used 7 days a week, spending most of their time in
reduced power modes. Office products such as standard laser and HP1J TEC products are
assumed to be used 5 days a week. Large products (mostly classified as OM products) are
used in specialized imaging services companies and it is assumed they will be used 5 a

week in average, spending most of their time in reduced power modes.

3.1.3 Best practice in sustaina ble product use for direct energy consumption
The preparatory study identified short delay times as the sole practice for sustainable use
concerning energy consumption. This is now reflected in the TEC calculation for TEC prod-

ucts, where E rinaL and t rinaL are included in the formula.

The preparatory study argued that these delay times are mostly technology related, how-
ever, delay times can also be adjusted by the user and may be affected by the recovery
time in case it takes long for the product to en ter ready state. The balance between delay
times (and thus energy consumption) and functionality depends on the applied technology.
In the case of laser printers, this depends on the technical design of the fuser technology,

which defines recovery time.

3.2 Use phase indirect energy consumption

Imaging equipment products release heat while in operation, which could affect indirectly
the heating, cooling and ventilation systems of the building. Additionally, emissions of sub-
stances and heat from use can affect t he air quality which would require additional venti-

lation or cooling.

However, this is considered to be negligible compared to the energy consumption in the
different power modes and to the embedded energy and environmental impacts from the
use of paper an d cartridges. Therefore, no need for quantifying and assessing these effects

is deemed necessary.

3.3 Use phase resources consumption

As imaging equipment products are becoming more energy efficient, the importance of

consumables (mainly toner, ink and paper ) is raising. An ongoing study on the revision of

149



EU GPP criteria for Imaging Equipment 150 concluded that consumables, which are con-
sumed during use phase, are responsible for 20 -30% of the life cycle Global Warming
Potential and Primary Energy Demand of ima ging equipment products, in particular printers
and MFDs. Widely used voluntary schemes such as the Blue Angel, EPEAT and the Nordic
Swan assess consumables in their certification criteria (as presented in Task 1 report),
concurring on their importance. In conclusion, the consumption of toner and ink cartridges

has been identified as one of the most important life cycle hotspots of printers and MFDs.

Concerning Life Cycle Costs (LCC), the revision of the EU GPP criteria study shows that
paper and cartridge  costs are dominant in the lifetime of printers and MFDs at different
monthly print volumes, both for laser and inkjet technologies. When removing paper costs
from the LCC (since paper is not a key focus in the current review study), cartridges costs
aret he dominant for all laser and inkjet printers and MFDs, except for professional products

where purchase price is also an important life cycle cost.

Normally, paper would be a significant factor in the running costs of an LCC calculation,
but paper is howev er not a key focus in the current review study, so the costs of this
consumable is not included in the LCC, in order to concentrate on the other costs of the
LCC. Nevertheless, the VA includes requirements that addresses the paper consumption
such as the r equirement on duplex printing, this can reduce the resource consumption

during use phase.

This section presents a short overview of paper and consumables usage patterns and some

examples of best practice in sustainable use.
3.3.1 Parameters influencing resource consumption

Use of paper

The total paper usage by different imaging equipment have been reviewed from different

sources, such as preparatory study (2008), LCA stud
tions 1! and finally compared with the calculated printed volume by using ENERGY STAR

specification on number of images per job.

150 Revision of EU Green Public Procurement (GPP) criteria for Imaging Equipment. Preliminary Report (Draft 1).

September 2018.  JRC, Viegand Maagge and Tenvic.  Available at:  http://susproc.jrc.ec.europa.eu/imaging -equip-_
ment/docs/PR_GPP_EUIE_1st AHWG_ September 2018.pdf

151 https://www.xerox.com/digital - printing/printers/printing -equipment/xerox _ -nuvera -200 -288 -mx/enjm.html
https://www.xerox.com/digital - printing/printers/digital -press/xerox -800 -1000/enjm.html https://www.of-
fice.xerox.com/digital __-printing -equipment/digital - press/enjm.html
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According to the preparatory study, the quantity of paper consumption in pages depends

on the use pattern and the required image quali ty in relation to the quality the printer or
MFD delivers. Based on EU imaging equipment stock of laser and inkjet printers and their
registered output volume in 2005, the preparatory study presented average monthly print

volumes of 1351 to 2196 pages for laser printers and 73 pages for inkjet printers.

A more recent literature review of LCA studies in the print industry 152 showed a wide range
of monthly print volumes ranging from 2500 pages/month for small capacity printers to
25000 pages/month for large ca pacity printers. The printing capacity refers to print imag-

ing speed, which is another factor that affects paper consumption (see task 2, section

2.4.5). This monthly print volumes showed some

dure in ENERGY STAR,whic h i s related to the printersod
their print imaging speed. Therefore, some of the LCA studies used standard conditions to

calculate the average print volumes.

Since the information on printed volume varies between differe nt sources and it should be
defined case by case, therefor it is derived as an average using the given variables. The
average printed volumes over lifetime for different base cases are found using the ratio of
consumables and equipment in Task 2 and the av erage page yield provided by stakeholders
and collected via online research. The printed pages over lifetime for the base cases are

then used to calculate the Life Cycle Costs, see Task 2 report, Section 2.4, Table 21. Be-

sides paper consumption itself, it is found that higher printed pages over lifetime means
higher number of cartridges needed, this increases the resource consumption during use

phase, however this is highly dependent on the page yield of cartridges.

Use of toner and ink cartridges and cont ainers

A 2018 study on re -usability of printer cartridges 153 found that, due to the differences in
printing requirements and costs, household users most commonly use inkjet printers/MFDs

and thus ink cartridges and containers (see difference of definitions i n Task 1), while of-

fice/business users most commonly use laser printers/MFDs and toner cartridges and con-

tainers.
Cartridges and containers are sold by OEM of printers and MFDs but also by non -OEMs.
Non-OEM are sold by remanufacturers and other manufactur ers that produce primary car-

tridges and containers. ETIRA 1% showed that in 2016, for four of the five largest OEM

152 | ife Cycle Assessment in the Print industry. Justin Bousquin, Eni Gambeta, Marcos Esterman, and Sandra
Rothenberg. Journal of Industrial Ecology, April 2012.

153 Study on the implementation of product design requirements set out in Article 4 of the WEEE Directive. The

case of re -usability of printer cartridges. Final report, 2018.

154 Position Paper on the EU Commission Circular Economy policy proposals and the upco ming review of the EU
Voluntary Agreement Imaging Equipment. Brussels, July 2016.
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brands, original OEM cartridges had 80 -90% of their respective inkjet, and 70 -82% of their
respective toner Western EU markets. This means that more OEM than non -OEM cartridges
and containers are used in printers and MFDs in Western Europe. This may be different in

Eastern Europe due to the significant difference in purchase price as shown in task 2,

section 2.4.
The amount of toner and ink cartr idges/containers used per printer and per MFD depends
greatly on their yield and failure rate. In task 2, page yields for OEM and non -OEM car-

tridges and containers on the EU market were collected from desk research and average
page yields were established (Task 2, Section 2.4, Table 17). According to expert opinion,
failure rates were assumed 3% for OEM cartridges and containers and a higher rate (10%)

for non -OEMs. Considering these and the average pages per lifetime of the different print-
ers and MFDs int he selected base cases, the average number of cartridges/containers
used per base case have been estimated. It has shown that average page yield per car-
tridge can influence greatly on the resource consumption during use phase, lower page
yield would lead t o higher number of cartridges needed over a lifetime, so addressing the

page yield of cartridges is a key area for resource efficiency.

3.3.2 Best practice in sustainable product use and design for resource consumption
Concerning paper use, the preparatory stud y identified two best practices: use of duplex

functions in printers and MFDs and use of recycled and low weight paper by the user.

Since ENERGY STAR v2.0 product specification, the requirement of automatic duplex ca-

pability has been implemented for colou r printers and MFDs over 19 ipm and over 24 ipm

for monochrome. ENERGY STAR v3.0 has gone beyond by requiring this capability to be
enabled by default. This is not a user -related practice but a technology related capability,
howeveritis user-related prac tice to keep the default setting. The availability of the printer

and MFD to accept recycled paper and low weight paper are also found in many imaging
equipment products on the EU market. However, users may be encouraged by organisa-

tions to print all docum  ents in recycled paper and/or low weight paper in order to reduce

environmental impacts.

Concerning use of toner and ink cartridges and containers, some practices in design that
can reduce their life cycle environmental impacts and reduce the use of sing le-use cartridge

and containers are:

1 Use of common cartridge and container form factors across multiple imaging equip-
ment models
Use of fillable containers rather than cartridges

1 Increase of toner/ink amounts to increase cartridge yield
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1 Implement cartrid  ges/containers take -back systems for OEM products i however,
the focus should be on increasing the amount of recycled/reused materials rather

than sending plastics for incineration

The 2 018 study onre  -usability of printer cartridges 155 identified market lea  ders concerning
reuse of cartridges and containers based on a semi - quantitative assessment in relation to

the following factors:

Reuse percentage of cartridges
Closed vs open loop recycling
Incentives for product returns
Commendations/awards

Prominence and detail of re -use scheme marketing

= =4 4 -4 -—a -

Life cycle approach

The results of this studyébés assessment show that Lexn
leader in printing  cartridge reuse, presenting a comprehensive set of re -use statistics.

Brother andto alesser extent Canon, also appear to be engaged in some re -use activities,

with many other OEMs focusing primarily on open loop recycling or energy recovery (i.e.

waste to energy production) . At least one manufacturer does employ some closed loop

recycling within  their consumable products. Information provided by Lexmark to this re-

view study show that about 40% of their cartridges placed on the market are collected via

their take -back programme, and out of the collected cartridges, 28% of their cartridges

are reuse d, 69% are recycled and 3% are incinerated with energy recovery, with no share

sent to landfill.

3.4 End-of-life behaviour

In this section, the importance of end -of-life is discussed and highlighted through reviewing
existing literature on identifying hotspots over the lifetime of imaging equipment and its
consumables. Aspects concerning the end of life of products are assessed and presented

in detail. In particular those that affect the durability, reparability, disassembly and recy-

clabilit y of imaging equipment.

According to the Ecodesign Working Plan 2016 -2019 %6, ecodesign related work should

investigate especially the following aspects:

1 Durability: Minimum lifetime of products with a view to assess possibilities for ex-

tending product lifet  ime

155 Study on the implementation of product design requirements set out in Article 4 of the WEEE Directive. The
case of re -usability of printer cartridges. Final report, 2018.
156 https://ec.europa.eu/energy/sites/ener/files/documents/com_2016_773.en_.pdf
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1 Reparability: Availability of spare parts and repair manuals with a view to assess
possibilities for design for repair

1 Disassembly 7: Removal of certain components with a view to assess possibilities
for increase their reparability and improve maintena nce (i.e. by easy removal)

1 Recyclability: Identifying materials that hinder recycling with a view to assess pos-

sibilities to avoid them in the product design

These aspects are in line with the circular economy package published by the European

Commission i n 2015, which includes an action plan to promote circular economy 158

3.4.1 Hot spots for imaging equipment and ink and toner consumables
Traditionally, the use phase (energy consumption) of products has the greatest environ-

mental impact regarding emission of CO 2. So, inthe past , the focus has been concentrated

on reducing the energy consumption of energy related products. However, due to the high
consumption of consumables (paper, ink and toners) by imaging equipment, the environ-
mental hotspots ma vy differ from other energy related products typically covered by
ecodesign .

There are a number of life cycle assessment on imaging equipment which point at con-
sumables as a major environmental hot spot. Consumables are used during the use phase
ofimaging equipment, but they reach end -of -life repeatedly (up to over 100 cartridges can
be used by a non -domestic equipment, as seen in Task 2 life cycle cost assessment), and

there is a great potential in addressing their end -of - life routes.

To pinpoint potenti  al for improving the environmental performance, the key findings from
the literature review conducted in connection with the Revision of EU Green Public Procure-

ment (GPP) criteria for Imaging Equipment 159 is presented below.

For imaging equipment , the enviro nmental hotspots are based on the energy consump-

tion (total energy) and the emission of COz2. There are different impact categories and
boundary conditions used in different life cycle assessment s, this means that it is difficult
to compare different assess ments and to draw a clear conclusion from them. Also, the
differentiation in boundary conditions might affect the outcome of different LCAs. The GPP

project stated that:

¥ To distinguish from fdi smantlingo, although not directly mentio
economy as well. Dismantling usually refers to the removal of componen ts and operation of taking the product

apart at end -of-life, this could in some cases be destructive.

158 https://ec.europa.eu/growth/industry/sustainability/circular -economy_en

159 http://susproc.jrc.ec.europa.eu/imaging -equipment/docs/PR_GPP_EUIE_1st AHWG September_2018.pdf
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1 For laser printers and MFDs , the impacts from cartridges itself are atleast as im-

portant as the contribution from the energy consumption during use . The LCA by
Koehler et al. (2010) 89 actually found that the cartridge contribution is on par as
the contribution from the energy in use . This means that the end -of-life treatm ent

of cartridges are highly important.
1 For inkjet printers and MFDs, cartridges are also becoming important in terms of

LCA. Itis found in the LCA by Katarzyna (2012) 6!, t he dominant impact of house-

hold inkjet printers come from the manufacturing (exclud ing the largest impact
coming from paper consumption), , the third main impact is the energy consump-
tion in the use phase  and the fourth being the liquid ink usage . With increas ing

energy efficiency, the ink  jet consumables become even more important.

This means that the energy consumption during use still is very important for imaging
equipment, but consumables are at least as important as energy consumption, and should

be quantified in environmental impact assessment during Task 5.

Ink and toner consumable s are already pinpointed as hotspots in the assessment of

imaging equipment. However, some LCAs are focusing on the environmental performance

of different types of consumables (including the treatment at end -of -life) and conclude the
following:
I The LCA case study by Krystofik et al. (2014) 162 present significant reductions in

environmental impacts when comparing cartridge refills and cartridge remanufac-
turing to single -use inkjet cartridge s. It is found that the cartridge refills presented

the lowest environmental impact with a saving of 76% in GWP (Global Warming
Potential) , and remanufactured inkjet cartridge provides a saving of 36% in GWP
compared with a new single  -use cartrid ge. Note that the results varied greatly de-
pending on how the consumer transport was modelled. Hence, with certain travel

assumption the result was in favour of new cartridges compared to remanufactured

cartridges.
1 According to the study commissioned by UK Cartridge Remanufacturers Associa-
tion 163, where the carbon footprints of remanufactured toner cartridges and sing le-

use OEM cartridges have been assessed, 25 to 40% saving in carbon footprints

have been found when the single -use cartridge (ccalld eda roétsriindgg eeb )c

160 | ife Cycle Assessment of a Solid Ink Multifunction Printer Compared with a Color Laser Multifunction Printer.

Total Lifetime Energy Investment and Global Warming Impact. Debra Koehler, Wendi Latko, Anne Stocum.

April 2010.

161 | jfe Cycle Assessment of an Inkjet Printer .Grzesi k Katarzyna, Terefe®o Tomasz, 2012.
162 When consumer behavio  ur dictates life cycle performance beyond the use phase: case s tudy of inkjet cartridge

end -of -life management. Mark Krystofik & Callie W. Babbitt & Gabrielle Gaustad. International Journal of Life
Cycle Assessment, 2014
163 Carbon Footprints and Ecodesign of Toner Printer Cartridges. UKCRA 2008.
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compared to long life cartridges (which run up to 15 refilling cycles). Furthermore,
when performing 5 refill cycles or more, the importance of consumer transport to
enable the refilling becomes also a hotspot. However, this could vary w idely de-
pending on the fuel allocated per trip per refill of cartridge, as the consumer would
most likely use the trip to carry out other activities. Generally, more refills mean
less the contribution of manufacturing to the environmental impacts, and a re duc-
tion up to about 60% carbon footprint is possible for cartridges that can take 15
refills or more 164,

1 The LCA studies done by HP (2014) 165 and Krystofik et al. (2014) 162 show that the
amount of paper prints a cartridge can yield is also a key parameter. When the use
of paper is included in LCAs (as it is the one of the most dominant factor sinan
LCA) , the <cartridgeds ability to deliver
whether one cartridge is better than other. Due to frequent reprints, cartridges
delivering lower quality print outs turned to have slightly higher life cycle environ-
mental im pacts due to the need of to use more paper in order to achieve the quality
desired.

1 HPOs d% ghdws lower environmental impacts for OEM cartr idges (study was
commissioned by  HP) or on par with remanufactured cartridges depending on the

impact category.

Overall, the environmental impact of ink and toner consumables may be considerabl y re-
duced if these are reused/remanufactured a number of times , unless the consumer
transport would have a dominant impact depending on means of transport and distance.

The prerequisite is that the page yield should be higher than the yield of new cartridges,

else their environmental benefits become detrimental becau se of higher paper consump-
tion. A metric to measure yield and make this comparable is essential to ensure these

benefits are achieved

3.4.2 Durability of equipment
Longer lasting products could have the potential to reduce overall life cycle impacts im-
posed by equipment. The same may be true for ink and toner consumables and their du-

rability. With a longer lifetime the impacts and consumption of raw materials are reduced

164 A stakeholder has st ated that the study assumes an unsupported number of remanufacturing cycles for a
toner cartridge it also specifically states that its findings do not apply outside a narrow group of remanufacturers

within the UK

165 | ife Cycle Assessment Original HP LaserJe t toner cartridges compared with remanufactured cartridges. HP,
April 2014.
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since the impacts of mining, production, transportation etc. are spread over a longer perio d

of time and displaces the need for new equipment 166
The durability of imaging equipment varies depending on  the type of equipment, intended
use, availability of spare parts and the ease of repair . For example 67:

1 Domesticinkjet printer s may not be designed with as much durability as other types
of imaging equipment (e.g. a large MFD located in a business premise) , since the
purchase price is becoming quite low, and the cost of repair and spare parts relative
to the purchase price is considered to be too high in most cases.

1 Large multi -functional devices are designed to ensure that they are durable enough
to perform a sig nificant amount of imaging over an extended period of time (e.g.
typical or maximum monthly number of pages printed) , and in some cases retain
useful value at the end of life to facilitate reuse or remanufacturing. This approach
has been applied by a range of manufactures working with durability and an exam-
ple is Ricoh. In 1994, Ricoh established some guidelines to decrease the environ-
mental impact of their products. This was achieved by designing product and parts

with reuse and recycling in mind 168

Howeve r, the lifetime can be influenced by a series of factors besides the initial design and

build quality. According to stakeholders 169 ' the components across the different types of
equipment are unlikely to fail, and the non -domestic equipment is often replaced duetoa
customer desire for a faster machine, more efficient machine of a machine with new func-

tions. In this case, the issue lies in demand side, and only a change in customers' view on

replacing well -functioning equipment with new equipment could poten tially increase prod-

uct lifetime.

3.4.3 Reparability, maintainability and availability of spare parts
A way to improve the lifetime of imaging equipment is to design products with more pos-
sibilities of repair so it is more affordable for the consumers to repair than replace equip-
ment. However, stakeholders 170 have stated that the business models of many OEMs are

to sell their equipment at a lower price and then to sell more consumables which increase

166 Deloitte (2016) Study on Socioeconomic impacts of increased reparability i Final Report. Prepared for the
European Commission, DG ENV
167 Revision of EU Green Public Procurement (GPP) criteria for Imaging Equipment. Preliminary Report (Draft 1).

September 2018. Available at: http:/ /susproc.jrc.ec.europa.eu/imaging -equip-
ment/docs/PR_GPP_EUIE_1st AHWG_September_2018.pdf
168 hittps://www.e _llenmacarthurfoundation.org/assets/downloads/publications/Ellen -MacArthur -Foundation -To-

wards -the - Circular - Economy -vol.1.pdf
169 EuroVAPrint, Stakeholder consultation, July - August 2018.
170 Stakeholder consultation  with OEMs and remanufacturers  , July -August 20 18.
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the profit. One stakeholder has stated that tn some cases, it is cheaper to purchase a new
printer than to buy a full set off new cartridges 171 Alow price means that household equip-

ment may be too expensive to repair compared to new equipment. 172 The low price of new
equipment may also have an impact on the second -hand ma rket and makes it unattractive

to buy second -hand equipment. To improve the second -hand market of domestic equip-
ment a stakeholder has suggested that a #Alife
the second -hand market, since consumers are made aware of the usage of the equipment
(equivalent to an odometer in a car). Also, the availability of spare parts for household

equipment seems very limited 173 Allin all, low priced household equipment is not likely to

be repaired and the repair of household equipmen t are assumed to be  negligible in the

coming tasks.

To some degree, non -domestic equipment is designed with modularity in mind, as some
components can be exchanged quickly by the customers. These parts (e.g. the image
drum) are often located easily availab le from the side of the equipment and could be con-
sidered as consumable as these are expected to be exchanged during the lifetime of the
equipment. However, some components and parts are difficult to access and would require
professional support if they br eak e.g. printed circuit boards which can be difficult to ac-
cess, easy access and information for the location of these components would be useful.

In Figure 30 an example of the placement of printed circuit boards is presented.

171 ETIRA, stakeholder cons ultation, June i August 2018

172 A stakeholder points out that household printers have very low volume output i.e. h ousehold printers simply
do not printvery much  hence need for repair is minimal.

173 Based on online research , e.g . https://www.idns.co.uk/ (no spare parts, only cartridges available for the do-
mestic models assessed), https://www.psaparts.dk/ (no spare parts, only cartridges available for the domestic
models assessed), https://www.unicompparts.com/ , No available spare parts for 3 different domestic printers
currently available on the market (specif ic search for spare parts for domestic printers).
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Figure 30 : Overview of the location of printed circuit boards in a standard laser MFD 174

If the repair is done by professionals the cost of repair is constituted of the labour costs
and the cost of the spare parts, which means that the affordability of repair is very much
dependent on the labour costs. However, in some cases imaging equipment is sold together

with a service contract 7%, which extends the warranty pe riod and, in some cases, also
improve the terms of the warranty. For professional equipment, some spare parts are

available on the internet, such as paper trays and other easily exchangeable parts. For

non -domestic equipment it is assumed that a great shar e is sold together with a service
contract. This means that non -domestic equipment is repaired more frequent, and more
materials are used for spare parts, therefore assumed to be repaired twice as much as

household products.

This means that the average am ount of spare parts used for imaging equipment is depend-

ent on the sales distribution between domestic equipment and non -domestic equipment.
The distribution has been identified by Green Public Procurement study 176 "an average is
found and used in this study ,see Table 45.

174 Stakeholder inputs,  October -December 2018
175 https://store.hp.com/UKStore/Merc h/Product.aspx?id=UG189E&opt=&sel=CPK&jumpid=reg_r1002_uken_b

002_title_r0001
176 Revision of European Ecolabel and Green Public Procurement (GPP) criteria for Imaging Equipment ,2018
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Table 45 : Sales distribution between domestic and non -domestic equipment

Used in

this study

Domestic 48% 45% 47% 47% 47% 47% 50%
Inkjet Non -Do-
. 52% 55% 53% 53% 53% 53% 50%
mestic
Domestic 11% 11% 11% 11% 10% 9% 10%
Laser Non-do-
. 89% 89% 89% 89% 90% 91% 90%
mestic

It is assumed that 1% 77 of the initial weight of domestic equipment are used for spare

parts and that spare parts are purchased more often for non -domestic equipment. Based
on this assumption and the distribution on domestic and non -domestic equipment, the
amount of materials us  ed for spare parts are 1.5% of the initial weight of non -domestic
inkjet equipment and 1.9% of non -domestic laser equipment.

According to stakeholders 178 spare parts are available for minimum 3 years for consumer
products (domestic) and 5 years for commerc ial products (non -domestic). In addition,
whenever spare parts are delivered, it is accompanied by user instructions for how to re-

place them, except for spare parts which need to be replaced by service staff (due to safety

reasons).

In relation to availabi lity of spare parts to support durability of products , some environ-
mental initiatives contain requirements that manufacturers must offer extended guarantee

or spare parts availability for a defined number of years 179 Other initiatives, rather than
requiring an actual guarantee, require that manufacturers publicly state their processes for

dealing with early failure in products. Both approaches aim to encourage manufacturers to

build durability into products to save costs stemming from the need to replace pro ducts

that have failed after a short lifetime.

3.4.4 Remanufacturing and reuse of cartridges
Regarding ink and toner consumables, the reparability is not as important, as these are
not usually repaired, but increasing durability and lifetime can still be vital, as they could
be remanufactured and reused (also called dArefillingo

turing, reusing (or refilling) cartridges, it is possible to reduce the consumption of virgin

177 Standard value in EcoReport tool

178 EuroVAPrint, s takeholder consultation, July -August 2018.

17 https://www.ecolabel.dk/ -/criteriadoc/3048  and https://produktinfo.blauer -engel.de/uploads/crite-
riafile/en/DE  -UZ%20205 -201701 -en%20Criteria.pdf
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materials, hence minimising environmental impacts. The share of remanufactured and re-

used ink and toner consumables are presented in Task 4.

Figure 31 shows the process for recycling and remanufacturing toner and ink cartridge s. A
successfully tested remanufactured cartridge is subsequently brought to market, a reman-
ufactured cartridge not successfully tested  will be disassembled and its materials may be
recycled. The inclusion of the figure below does not suggest that all cons umables are col-

lected, recycled or remanufactured by manufacturers in the area.
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Figure 31 : Flow chart for recycling/remanufacturing process of toner and ink cartridges 180
However, the consultation with remanufacturing industry 8! indicated that currently i nk
and toner consumables are less likely to be designed to facilitate ease of disassembly and
may even actively blocking remanufacturing , due to concerns over leakage and to com-
mercial reasons . According to an EU study on the re - usability of printer cartridges 182 cur-
rently remanufactured cartridges account for 20% of toner cartridge market (ca. 27 million
units), and 13% of inkjet cartridges market (49 million units). The study also estimated
that for the whole cartridge market, th e technical potential is 87% -92% for inkjet and

180 ETIRA, questionnaire response, June 2018.

181 ETIRA, DKWU, EFIM, stakeholder consultation, June i August 2018

182 page 34 1 35, Study on the implementation of product design requirements set out in Article 4 of the WEEE
Directive - The case of re -usability of printer cartridges, 2018
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toner cartridges respectively, and economic potential is 84% -86% for inkjet and toner

cartridges respectively.

The rate of remanufactured ink and toner consumables are challenged by the design

changes of ink and toner consumables, but other reports 18 alsodiscussso -cal l ed dAkiller
¢ hi P'sas areason for low remanufacture rate 185 |t is important to point out that not all
chips included within consumables can be considered i

all usage of a consumable at their end of life.

AKill er c¢hi ps-ase based dreteclenical characteristics of the printer cartridge,
which often are introduced at the design phase, whereby design decisions are made with-
out the ambition to facilita te or encourage re -use of the product at end  -of-life. Examples

of this can be:

1 Use of gluing components together (irreversible joining)
Chips that cannot be reset, which is a problem in connection with e.g. ink levels.
This means that the chip often has to be replaced, which not always is an oppor-

tunity.

These different types of obstacles could have contributed to the low remanufacturing of

OEM cartridges.

However, there are also some innovative actions taken by the industry regarding car-
tridges. Instead of single use ink and toner consumables some non -OEMs and OEMs 8¢ sell
refillable consumables , which reduces the need for virgin plastic and therefore eliminates
the need for cartridges. Instead of purchasing more cartridges the customers can purchase
ink in bottles to refill existing cartridges they own, which also reduces the price of ink per

print substantially. Some imaging equipment manufacturers have taken steps to reduce

the number of materials used in printer cartridges in order to facilitate more effective ma-
terial recovery 7. A stakeholder suggests informing customers on the number of prints it

can perform, so low capacity consumables are discouraged.

183 https://publications.europa.eu/en/publication -detail/_-/publication/17b7b664  -15f0 -11e8-9253 -

Olaa75ed71al/lanqguage -en/format -PDF#

Bt gKiller chi ps6 are electronic components which provide useful fu
levels, or page counters, that make re -use difficult if they do not include provision for resettin g the chip

during reuse.

185 According to HP this section of the report is not correct in relation to HP printers and cartridges.

186 https://www.epson.co.uk/for -home/ecotank

187 https://www.kyoceradocumentsolutions.com.au/environment/Pages/ECOSY SOzoneSafeTechnology.aspx
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3.4.5 Collection rates at households/other users for imaging equipment and consum-
ables
When the equipment and consumables are discarded at end -of-life, it is important that it
is collected so the materials can be reused or recycled. For imaging equipment and con-
sumables there are different routes for the waste depending on the type of waste and

whether the waste is covered by the WEEE directive or not.

Imaging equipment

As electronic products, imaging equipment falls within the scope of the Waste Electrical

and Electronic Equipment (WEEE) 2012/19/EU Directive. 188 The WEEE Directive regulates
the separate collection, treatment and recycling of end -of-life electrical and electronic
equi pment, which includes imaging equipment within ceé

tions equipment”.

This means that imaging equipment must be collected at end-of-life and sen tto suited

facilities for reprocessing. lllegal trade and sales of scrap challenge the collection rate for

some product categories. The statistics from Eurostat present products placed onthe mar-
ket and waste collected for IT and teleco mmunications equipment 189 No statistic s are
available specifically for  imaging equipment  collected so the actual collection rate is difficult
to quantify.

From 2019 onwards, the minimum collection rate to be achieved annually shall be 65% of

the average w eight of Electrical and Electronic Equipment (EEE) placed on the market in

the three preceding years in each Member State, or alternatively 85% of Waste Electrical

and Electronic Equipment (WEEE) generated on the territory of that Member State 19 Table
46 shows the collection rate for IT and telecommunications equipment calculated based on
the WEEE collected in 2014 '°! and the average weight of EEE placed on the market in the

three preceding years . 2014 data are presented because the information for many coun-

tries are missing or not available for the more recent years 2015 12017.
188 European Commission, Directive 2012/19/EU of the Eur opean Parliament and of the Council of 4 July 2012 on
waste electrical and electronic equipment (WEEE), available from http://eur  -lex.europa.eu/legal -con-

tent/EN/TXT/?uri=C  ELEX:32012L0019

189 http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=env_waselee&lang=en

190 nttp:/feur  -lex.europa.eu/legal  -content/EN/TXT/PDF/?uri=CELEX:32012L0019&from=EN
191 Only year with information about waste collected for all presented countries.
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Table 46 : Calculated collection rate of
Average EEE put on the

IT and telecommunications equip

WEEE collected

ment

in Europe, 2014

Collection rate

Country

The

market 2011  -2013 2014

Austria 27,597 18,057 65%
Belgium 78,315 18,364 23%
Bulgaria 3,280 2,549 78%
Croatia 4,842 2,722 56%
Cyprus 1,281 493 38%
Czech Repub-

lic 43,981 8,813 20%
Denmark 22,615 11,625 51%
Estonia 1,726 1,165 67%
Finland 18,876 9,381 50%
France 179,371 67,731 38%
Germany 250,456 144,476 58%
Greece 13,786 5,191 38%
Hungary 11,204 8,995 80%
Iceland 1,213 715 59%
Ireland 17,393 6,412 37%
Italy 94,261 59,582 63%
Latvia 2,087 528 25%
Liechtenstein 56 58 103%
Lithuania 3,296 3,144 95%
Luxembourg 3,193 678 21%
Malta 789 330 42%
Netherlands 51,430 29,699 58%
Norway 24,112 14,448 60%
Poland 55,938 25,884 46%
Portugal 13,242 11,218 85%
Romania 13,511 4,803 36%
Slovakia 4,378 2,691 61%
Slovenia 2,606 2,253 86%
Spain 67,341 20,205 30%
Sweden 38,418 24,006 62%
United King-

dom 276,911 127,093 46%
Total 1,327,506 633,309 48%

average collection rate for large household equipment at EU level was just below 4

% in 2014 %2, This value should be improved to 65 % in 2019

Currently, i tis unclear where

the waste,

which does not enter into the WEEE stream

according to EU targets

192 Based on the available data, the collection rate is slightly better in 2016. In 2016 the collection rate seems to
be 50 %.
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Itis likelythatmanyend -of-l i fe i maging equi pment products
ises, disposed of via municipal waste streams or exported as used or end -of - life equipment

to non -EU countries.

According to data provided by stakeholders 193 ‘asregardtoth e alternative collection target
of 85% of Waste Electrical and Electronic Equipment (WEEE) generated on the territory of

that Member State , the collection rates range between 60 -82%, leading by Germany, the
UK and Belgium, with 82%, 73% and more than 70% r espectively. The average rate is still

below target.

EU Member States are also obligated to ensure that EEE producers such as imaging equip-

ment manufacturers and resellers, finance the collection, treatment, recovery and envi-
ronmentally sound disposal of WEEE, through extended producer responsibility schemes.
However, t he low collection rate of products cannot be directly addressed in the Ecodesign
Regulation but should be addressed by each Member State regarding their obligatio ns with

regard to the WEEE D irective.

Ink and toner consumables

For ink and toner consumables the routes of disposal are more difficult to quantify as some
consumables consists of electronic components. The European Commission has provided
guidance stating that printer cartridges with electronic components, and which a re depend-
ent on electric currents or electromagnetic fields to operate, can be considered EEE and

therefore can be considered as being within scope of the WEEE Directive (2012/19/EU).

This Commission guidance is non  -mandatory, and M ember States are free to  decide
whether printer cartridges are to be treated as WEEE. The UK for example has taken the

position that printer cartridges are to be treated as WEEE (even when collected separately)

and as such they need to be processed in the same manner as any other WEEE**. For ink
and toner consumables collected as WEEE the collection rate is assumed to follow the trend

presented in Table 46 asthese consumables are a part the same category.

According to stakeholder inputs 193 recent resear ch from Anthesis 1% shows that collection
rate for printer cartridge is 65% in France, 68% in the UK, and 70% in Germany. The later

two are the leading countries in terms of general WEEE collection, as mentioned above.

For Germany, out of the 70% collected, 46% are reused or recycled, this means ca. 32%

of the total cartridges placed on the market that are covered by WEEE are reused ore

193 EVAP, reply to questionnaire 25  -07-2018.
194 https://b2bcompliance.org.uk/2016/04/printer -cartridges -now -in-scope -from -q1-2016/
195 Anthesis (2017) All WEEE Flows of Printer Cartridges in France, Germany, and the United Kingdom
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recycled. Given that this is one of the best performing countries in the EU, the average is

assumed lower.

France Germany United Kingdom
Placed on Market, 2015 11.7 kt 23.6 kt 16.9 kt
Collected 65 % 7.5kt 70 % 16.6 kt 68 % 11.5 kt

By OEMs 35 % 4.0 kt 18 % 4.3 kt 30 % 3.2kt
By 3 Party Sector 30 % 3.5kt 52 % 12.3 kt 38 % 8.3 kt
Reuse/Recycle 53 % 6.3 kt 46 % 10.9 kt 39 % 6.8 kt
Energy Recovery 8% 0.9 kt 5% 1.2 kt 5 9% 0.8 kt
Landfill <1 9% <(.1 kt <1 % 0.2 kt <1 % 0.1 kt
Export — Rest of World 4 % 0.3 kt 18 % 4.3 kt 23 % 3.9kt
Unaccounted 35 % 4.1 kt 30 % 7.1kt 32 % 5.4 kt

Figure 32 : Collection rates of printer cartridges in France, Germany and the United Kingdom
(Source: EVAP)

Ink and toner consumables that are not covered by the WEEE directive are assumed to be

disposed as either household waste or handed in at local waste collection sites.
3.5 Conclusions and recommendations

3.5.1 TEC and OM products
|l maging equi pment products are classified as ATECO
ergy performance evaluation methods are applicable to each of these product groups re-
spectively. The main reason for differentiat ing TEC and OM products is that OM products
are typically used in households and speciality applications such as large printing equip-
ment. These products spend a significant part of their time in low power modes and have
a wide range of usage profile s, which can vary tremendously depending on the type of the
user . TEC products are typically used in business applications where power consumption
from printing is also considered important. TEC products would have more h armonised
user profiles. OM products are more fit to an evaluation method that considers low power
modes while TEC products are better fit to a method that considers active use too. The

classification of printers and MFDs as TEC and OM products is shown in Table 47.
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Table 47 : Applicability of evaluation methods for printers and MFDs (ES V3.0)

Evaluation method

‘ Equipment type

‘ Media format

Marking technology

TEC Printer Small 1% Inkjet: HP1J
Standard 7 Inkjet: HP1J
Laser: EP
Others: SI, specialty
technologies
Multifunctional device Standard Inkjet: HP1J
(MFD)
Laser: EP
Others: SI, specialty
technologies
Professional All All
OM Printer Standard Inkjet: 13
Large %8 Inkjet: HP1J
Large or small Inkjet: 1J
Laser: EP
Others: SI, specialty
technologies , specialty
technologies
Multifunctional device Standard Inkjet: I3, specialty
(MFD) technologies
Large Inkjet: HPI1J, 13
Laser: EP
Others: SI, specialty
technologies
IJ=Inkjet; HPIJ=High Performance Inkjet ; EP=Electro -photographic; SI=Solid Ink. S peciality technologies : Some
or all of: Direct Thermal , Dye Sublimation , Thermal Transfer and Impact.
3.5.2 Use phase energy consumption
Energy use in imaging equipment can vary considerably between different models and it is
strongly correlated to the level of functionality provided. Imaging equipment products that
utilise thermal technologies, such as laser due to thermal heat loss, tend to use more
% products designed for media sizes smaller than those defined

ing those designed to accommodate continuous
197 Products designed for standard

to accommodate continuous
be capable of printing on small

198 Products designed for A2 media and la
greater than or equal to 406 mm wide. Large

or small -format media.

-form media less than 210 mm wide.
-sized medi a(e.g., Letter, Legal, Ledger, A3, A4, B4), including those designed

-form media between 210 mm and 406 mm wide. Standard

-format media.

rger, including those designed to accommodate continuous
-format products may also be capable of printing on standard
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energy than inkjet -based products. However, some parameters related to consumer pref-
erences in terms of purchase i.e. imaging speed and conditions during use phase i.e. power
management settings and frequency and characteristics of use have been identified t o}

have influence on energy consumption from a consumer perspective.

In general, it is found that there is a correlation of higher printing speed leading to higher
energy consumption, nevertheless the wide range of energy consumptions in the same
speed cate gory shows that the energy performance varies greatly. This could be improved
by having better power management settings by default, which minimises the time spent

in a high -power state.

However, the user has still the possibility to control the power man agement settings, in

particular for time transitioning from active state to reduced power modes (delay time)

and subsequently to ready state. Although the latter is more controlled by the fuser tech-

nologies, the users will have an influence on the time the y prefer to set as delay time. Long

delay time can be seen as convenient for users as the waiting time could be shortened,

but more energy would be consumed, therefore quick #Ar
power state to ready state is very important f or preventing user -behaviour induced in-

crease in energy consumption.

Information from preparatory study on use patterns in the different power modes is
deemed still relevant for OM printers and MFDs. This, together with the assumed 52 weeks
per year and power consumption information in the US ENERGY STAR Database (accessed
in September 2018) as well as average power consumption in different modes from re-
ported data by VA signatories, annual energy consumption of the base cases has been
calculated. These represents the average energy consumption of products currently on the

market in 2018 and will be used for the modelling and analyse in later tasks, see Table 48.
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consumption for TEC produc ts
Average annual Annual energy
energy consump- consumption
tion 2008

Table 48 : Annual energ

Product

(kWh/year ) (CYEED) gk

BC1 Monochrome Laser MFD, 20 < s

O 40 79 250
BC2 Colour Laser MFD, 20<s U 40 92 370
BCE3 Monochrome Laser Printer, 20 < 7 270
sU 40

BC4 Colour Laser printer, 20 < s U 110 360
40

BCS5 Colour Inkjet MFD, s~ U 20 6 22200
BC6 Colour Inkjet Printer,s 0 20 2 18201
BC7 Professional printer and MFD 664 -

3.5.3 Use phase resource consumption
Two major consumables in the use phase impact greatly on the resource consumption: the
use of paper and the use of ink and toner cartridges. The paper usage itself is a resource
consumed, but the printed volume assumed for each imaging equipmen t speed category
influence directly on the number of cartridges consumed to produce the prints. Different
sources on printed volume have been reviewed and compared with the calculated printed
volume by using ENERGY STAR specification on number of images pe rjob. Itis clear that
there is no agreement between the sources and comparing with the printed volume calcu-
lated using the method in ENERGY STAR specification. It is therefore derived based on the
ratio of sales consumables and stock of equipment. Even t hough it is an important factor,
the printed volume itself cannot be regulated or addressed by the Voluntary Agreement to
minimise resource consumption, as it depends mainly on the user demand and behaviour.
In addition, paper as a consumable is not the fo cus of this study as already mentioned in
Task 2. The focus of resource consumption during use phase should be set on cartridges.
The consumption of cartridges however can be largely influenced by the page vyield per
cartridge, given any total printed pages over lifetime, a lower page yield would lead to

higher number of cartridges needed.

19% preparatory study 2008
200 Assuming same as  preparatory  study base case V6  |J printer /MFD workgroup
201 Assuming same as  preparatory study base case V5 1J printer /MFD personal
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3.5.4 End-of-life behaviour
The durability and lifetime of imaging equipment can be difficult to quantify but in this
study the lifetime is assumed to be in the range of 4 -7 ye ars depending on the type of
equipment. The average lifetime is assumed to be 5 years for inject printers and MFDs,
although previously preparatory study and ENERGY STAR calculator indicated 4 years, the
newest information provided by stakeholder indicated 51 6 years at present time. The av-
erage lifetime all laser printers and MFDs are assumed 6 years, same as ENERGY STAR
calculator and preparatory study, although stakeholders provided lifetime varying between
51 7 years. With a standard deviation of 1, most of the products have lifetime between 4
to 7 years in the stock model, developed for the current study. The lifetime of household
products may increase if spare parts are available, but currently is seems difficult to find
suited spare parts. In addition, many household products are sold at such a low price that
it is more attractive for customers to buy new equipment than to get them repaired. Spare
parts for non -domestic equipment seem more available and the imaging equipment them-
selves are to some degree already modular, which ease a potential repair operation. After
the useful lifetime of imaging equipment and consumables should be collected and be
properly reused and recycled, but the current collection rate is only approximately 50% for

EU as a whole, and not yet reached the WEEE targets.

Due to the high consumption of consumables, the environmental hotspots are not only

related to the energy consumption in the use phase. For imaging equipment, particularly

those with laser technologies, the environmen tal impacts imposed by consumables are at
least as important as the contribution from the energy consumption during use , SO the
end - of - life treatment of them should be addressed. For imaging equipment with inkjet
technologies, the electricity consumption i s still highly relevant as the third highest impact
source, the fourth being the liquid ink usage . The largest impacts come from the manufac-
turing phase, right after the paper consumption  during use, however paper consumption

is not the focus of the current study. This means that the cartridges consumption is a

hotspot, more and more so with increasing energy efficiency.

Existing LCAs on imaging equipment and consumables have different sc opes, impact cat-
egories and conditions,  and with different aims, therefore it is difficult to draw unanimous
conclusions from them. Based on the LCA on comparing reused (refilled) cartridges with

single use cartridge, it can be concluded that the environme ntal impacts imposed by ink
and toner consumables can be significantly reduced if these are reused/remanufactured a

number of times (up to 60% of CO2 emission of cartridges reused 15 times). However, the

other LCAs show that the quality of the print still needs to be maintained  to avoid reprints

which could lead to an increased consumption of paper.
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4. Task 4: Technologies

Task 4 follows the MEErP methodology and includes the following:

1. A description of the identified average technology at product level on the current
European market including technical specifications and energy consumption levels.
This enables the identification of base cases that would be the basis for the analy-
sis and modelling in later tasks.

2. A description of the identified ave rage technology at component level.

3. A description of the Best Available Technology at product level, including technical
specifications and energy consumption information.

4. A description of the Best Available Technology at a component level.

5. A short overvie w of the potential aspects that will define the Best Not yet Availa-

ble Technology on the European market.

An overview of the implications in terms of use of materials for average technologies and
BAT. A description on the use patterns and end of life has b een presented already in task
3. Therefore, this task focuses on the technologies and the demand of components and

materials.

4.1 Technical product description

The following section provides a general overview of the main technical and environmental

aspects of different types of imaging equipment available on the EU market.

There is a large amount of variability in terms of the types of imaging equipment that are

placed on the EU market. The products included in the scope of the existing Voluntary
Agreement on imaging equipment range from small desktop inkjet -based printers to large
commercial laser based multi -functional devices. The products at the extreme ranges of

the product scope share few technical similarities apart from being able to place an image

on paper. Despite these technical differences all types of imaging equipment, being elec-

tronic products, have associated environmental impacts, although the extent and charac-

teristics of these environmental impacts varies across the different types of imaging equip-

ment.

The i maging equipment market can be roughly split
some overlap amongst mid  -range products. Both the domestic and commercial markets

are constantly changing due to a myriad of factors such as customer demand s and contin-

ued technological innovation. Imaging equipment used within the commercial sector tends

to be larger and faster than those used in the domestic sector.
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The majority of the imaging equipment included within the scope of this revision study

conv erts digital content onto physical media such as paper. Some of the imaging equip-
ment types in scope can convert physical media content into digital format (e.g. scanners

and MFDs).

A number of different marking technologies are used within imaging equipme nt to place
content onto physical media. The most common marking technologies used in imaging
equipment are Electro - Photographic (EP) (Laser) and Ink jet(13). Basicillustrations of these

imaging processes are provided in Figure 33 and Figure 34.

' Paper rollers

Charging
roller

phot Ariict,
Photoconquctor

Drum

Transfer

ol o

Paper in tray

rollers

Figure 33 : lllustration of typical electro - photographic imaging process 202
Bubble Bubble
formation seperation

e

Ink from
consumable

Actuator Bubble
(heater or eposited on|
piezoelectric) paper

Figure 34 : lllustration of typical inkjet imaging process 2%

The EP (Laser) marking technology is an electrostatic digital printing process which uses
light and toner particles to imprint images onto output media such as paper. The light may

be produced from a laser (e.qg. an aluminium gallium arsenide (AlGa As) semiconductor

202 Adapted diagram from general online source on laser printing technology
203 Adapted diagram from general online source on inkjet printing technology
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laser) and mirror array, or more recently via a light emitting diode (LED). The first stage

in the EP process involves the use of a primary charge roller (PCR) to place either a nega-

tive or positive charge onto an organic photoconductor ( OPC) drum. A light source is then
used to imprint the desired image (i.e. the document/image to be printed) onto the OPC

drum. As the light hits the OPC it alters the electrostatic charge in the contact area.
Charged toner particles are then transferred on to the OPC, where they become attracted
to the area with altered charge. A transfer belt rolls the output media (e.g. paper), which

is given a strong opposite charge to the toner particles, past the OPC. As the charged

output media passes the OPC it picks up the toner in the form of the image to be printed.
The output media then passes through a fuser unit which melts the toner and secures the

image to the page. Colour EP imaging equipment contain at least four OPCs (i.e. most

often black, cyan, magenta and yellow). Toner is either stored in cartridges, which typically
contain the OPC, or containers with the OPC as a separate component. In colour -based EP

imaging equipment, the toner colours are blended to provide the desired colour output.

Inkjet (1J) mark ing technology is characterized by the deposition of colorant in small drops

directly to the print media in a matrix manner. There are a number of sub -types including
Piezo-Electric (PE) 13, IJ Sublimation, and Thermal IJ which largely dictate the way in w hich
ink is removed from a reservoir and placed on the output media. 1J based products utilise

cartridges or containers which contain ink.

Solid ink (SI) marking technology is also within scope of the current VA on imaging equip-
ment. The SI marking technology uses ink that is solid at room temperature and liquid
when heated. The melted ink is applied to output media in a requested pattern via print-

head nozzles (in a similar manner to inkjet printers).

4.1.1 Average technology of imaging equipment
The avera ge technology of imaging equipment is described on product type level in the
following sections. The average technology was found for each product group by looking
at the most frequently occurring performance measures found in the main types of imaging
equ ipment. The performance parameters are all mentioned for each base case in the sec-
tions below. The most frequently occurring values for each parameter were then used to

identify the average technical product design.

In addition to imaging equipment type ( e.g. MDF or Printer) and marking technology (e.g.
laser or inkjet ), the imaging equipment speed is also used as a key performance attribute.
Imaging equipment speed is most frequently defined as the maximum claimed mono-
chrome speed in images per minute whe n processing a given media. For standard size
imaging equipment this is normally defined as the number of pages of A4 paper that can

be imaged per minute.
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Table 49 : Types of Imaging Equipment Registered in the US ENERGY STAR databa se (Septem-
ber 2018) and Estimated 2018 Sales Data

Sales p er | Sales p er
- . © . Speed Cate- Product
g’§ £ o & @ gory Product Type el
_ch £ g c %E 2 8 Type speeds)
S o = g8 £
2 S 5 s
BC1 MFD Electro - Mono | 20 < s ( 472 17.0% 6,920,565 13,108,019
photo-
graphic
(EP)
BC2 MFD Electro - Col- 20 < s ( 471 17.0% 6,905,903 11,685,785
photo-
. our
graphic
(EP)
BC3 Printer Electro - Mono ' 20 < s ( 154 5.6% 6,052,901 14,188,943
photo-
graphic
(EP)
BC4 Printer Electro - Col- 20 < s ( 164 5.9% 6,445,946 10,219,183
photo-
. our
graphic
(EP)
BC5 MFD Inkjet Col- s O 20 186 6.7% 54,555,905 87,113,461
(19)
our
BC6 Printer Inkjet Col- s O 20 102 3.7% 9,889,318 13,961,390
(19)
our
Table 50 illustrates the average speed of the common types of imaging equipment found

in the ENERGY STAR database. The average product spe eds, in Table 50, correspond well

to the highest selling speed categories of each product type shown in Table 24 . Whilst this
suggests that average speed may be a viabl etyeoxy for
of imaging equipment it fails to conside r the wide variability even within the individual

types of imaging equipment. This is seen for the EP technology printers and MFDs, espe-

cially monochrome format, the average speed is above the 20 T 40 ipm speed range which

has the highest sales, however us ing 49 ipm and 57 ipm for laser MFD and printer base

cases could lead to overestimation of energy and resource consumption etc.
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Table 50 : Average Imaging Speed of Imaging Equipment Registered in the US ENERGY STAR
database

Imaging E  quip- Marking Technology Colour Format Monochrome Product
ment Type Speed (ipm)
MFD Inkjet (13) Colour 16.1
Printer Inkjet (13) Colour 17.2
Printer Inkjet (13) Mono 7.0
MFD Electrophotographic (EP) Colour 40.9
MFD Electrophotographic (EP) Mono 49.4
Printer Electrophotographic (EP) Colour 41.8
Printer Electrophotographic (EP) Mono 57.3

Energy use in imaging equipment can vary considerably between different models and is

strongly correlated to the level of functionality provided. Imaging equipment products that

utilise thermal technologies, such as laser, tend to use more energy than inkj et-based
products. Variability in energy use not only occurs between completely different types of

imaging equipment as it also occurs within sub -types such as laser MFDs.  Table 51 shows
the average energy use and power demands of imaging equipment (as measured according

to the Energy Star v2.0 methodology) for the base cases. Table 74 in Annex A'i Additional
Tables and Figures  shows the results for all speeds categories, and that there is significant
variability in e nergy use across the different types of imaging equipment. The results also

show that there is less variability in the power demands within the inkjet -based products

and wide variability ion the TEC values for laser -based products.
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Table 51 : Average Energy Use and Power Demands for Imaging Equipment Registered in the
US ENERGY STAR database
Imaging Marking Colour Monochrome Average Energy/Power
Equipment Technology Format Product Speed
Type (ipm) Standby/

Off Mode
(W)

1 MFD Electrophoto - Mono 20 < s O 1.5
graphic (EP)

2 MFD Electrophoto- Colour 20 < s O 1.8
graphic (EP)

3| Printer Electrophoto - Mono 20 < s O 14
graphic (EP)

4| Printer Electrophoto - Colour 20 < s O 2.1
graphic (EP)

5| MFD Inkjet (1J) Colour s O 20 1.1 0.1

6 Printer Inkjet (1J) Colour s O 20 1.0 0.2

Figure 35 to Figure 44 provide charts of average TEC values (per ipm speed listed in the
ENERGY STAR database) anda verage sleepand standby/ off mode power demand (respec-
tively for TEC and OM products) compared to the ENERGY STAR limits for the most common

types of imaging equipment listed in the US ENERGY STAR database.

The figures for laser MFDs a  nd laser printers are limited to only those products as being
registered for sale in the EU. Due to limited number of registrations, the figures for inkjet

MFDs and printers show all products registered in the US ENERGY STAR database. Given

the global natu re of imaging equipment, it is not expected that including US registered
products would significantly impact the results. The speed categories include maximum
imaging speeds of 66 ipmand 51 ipm and represent products that are within scope of the
current v oluntary agreement 2% on imaging equipment , however for laser MFDs and print-

ers, the speeds categories outside the VA scope are also included.

The ENERGY STAR limits (red lines in figures) are based on the average estimated ENERGY
STAR specification limit f or each listed product speed (i.e. each listed ipm value). The
ENERGY STAR limits (red and black lines in figures) include estimated adders for inkjet
products based on the adders listed by the manufacturers in the ENERGY STAR database.

Not all adders coul d be identified accurately as the data was not available in the ENERGY

204 The VA contains limits of product speed at 66ipm (mono) and 51ipm (colour).
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STAR database. For example, the ENERGY STAR v2.0 and ENERGY STAR v3.0 specification
includes an adder for power supplies over 10 W rated output, but the database does not

list the actua | size on the power supply used in the product. Where manufacturers had
stated the application of a power supply adder it was necessary to include an assumed

power supply size.

The figures show that  many products registered in the US ENERGY STAR database have
energy efficiency levels well below those required by the ENERGY STAR v2.0 specification

limit . The US EPA estimates 99% of printers and MFDs on the US market within the scope
of the ENERGY STAR v2.0 specification were compliant with that specification by the end
of 2017. 2% This high ENERGY STAR penetration rate suggests that there are unlikely to be

large numbers of highly inefficient imaging equipment (i.e. equipment that would not even

meet the ENERGY STAR v2.0 specification limits) models on the market. However, the new
ENERGY STAR v3.0 specification provesthat there is still sufficient variation in products to

warrant the development of a new speci fication.
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Figure 35: Average TEC values of Mono Laser MFDs

205 Us EPA, ENERGY STAR® Uni t Shipment and Market Penetration Report Calendar Year 2017 Summary, avail-
able from https://www.energyst ar.gov/ia/partners/downloads/unit_shipment_data/2017/2017%20Unit%2 0Ship
men t%20Data%20Summary%20Report.pdf?915f -26a0
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10 1517 18 19 20 21 22 24 25 27 28 30 31 32 35 36 40 42 45 46 50 52 55 60 65 70 75 80
Imaging Speed (Images Per Minute (IPM))

—e— Average of ENERGY STAR TEC Limit (kWh/week)
—e— Average of Typical Electricity Consumption (TEC) (kWh/wk)

Figure 37 : Average TEC of Colour Laser MFDs
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Figure 39: Average TEC of Mono Laser Printers
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Figure 40 : Average TEC of Mono Laser Printers (under 66ipm)
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Figure 41: Average TEC of Colour Laser Printers
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Figure 44: Average Sleep and Standby/Off Mode Power Demand of Inkjet MFDs

4.1.1.1 Professional imaging equipment

Due to manufacturer requests, the US EPA have carved out a fAprofessional
ment 06 category within the ENERGY STAR v3.0-eadbeci fica
products. Neither the current ENERGY STAR database nor the EPEAT database provide

suffi ci ent i nformation to identify which products fal/l
ing equipmentodo category. As such, it is difficult t
these product types with a high level of confidence in the results. It is possib le to estimate

the average energy performance of these products by cross comparing individual product

model registrations in the ENERGY STAR and EPEAT databases and using some of the

reporting fields in both databases to estimate which products could poten tially be classed

as fAprofessional imaging equipmento. I n conducting th
product performance against 3 of the 4 (speed, product weight and A3 paper capability)

mandatory professional imaging functionality requirements (i.e. those in the draft 2 of the

US EPA ENERGY STAR v3.0 specification). A total of 63 products in the combined ENERGY

STAR v2.0 and EPEAT database (from a total of 3251 EPEAT and 3001 ENERGY STAR reg-

istered products) were shown to meet the proposed professional imaging functionality re-

guirements . The TEC and average technical functionalities of the 63 products varied widely.

Due to the wide spread of TEC and technical functionality, it was decided that further data

would be required to identify the a verage performance of fAprofessional

with a sufficient level of accuracy.
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4.1.1.2 Typical design cycle

The imaging equipment market in the EU is dominated by 10 manufacturers. These 10
manufacturers have significant control over the design of mo st imaging equipment placed
on the EU market. Most product design occurs within each of the organisations but with

some co -operation amongst the manufacturers on aspects such as consumable design.

In terms of timescales, the release of new models of imagi ng equipment is, on average,
significantly faster now than in the past. Many laser -based products typically ha  ve model
lifetimes (i.e. the amount of time a model would be sold on the market with no or few

changes) of many years. During this time period, ch anges may be made to key components

to increase the level of energy efficiency found in existing models of products. Individual
components (e.g. marking engines, motors etc) often have considerably longer lifetimes.

Inkjet based models have typically had s horten lifetimes than laser -based models. How-
ever, the rapid increase in ENERGY STAR v2.0 penetration rates from 25% in 2013 to 99%

by 2017 suggests that either the lifetime of m any imaging equipment  models is how much
reduced or manufacturers are making i mprovements in the energy efficiency levels of ex-

isting models in order to meet new ENERGY STAR requirements

4.1.2 Average technology of components
Imaging equipment, with the exception of consumables, are placed on the market as com-
plete products. This means that individual components are not normally sold separately
unless as spare parts. Given that individual components are not commodity items there is

little openly available information about the average performance of these components.

Power Supplies

Imag ing equipment power supply units (PSUs) convert AC (alternating current) mains elec-

tricity sources into DC (direct current) at specific voltages (e.qg. 12V,5V, 3.3V for IPS)
which are then used by different components within the imaging equipment. Two m ain
types of PSUs are used with imaging equipment; External Power Supplie s (EPS) and Inter-

nal Power Supplies (IPS). EPS s are typically used with lower powered imaging equipment,
such as inkjet printers and MFDs, and IPS are typically installed in higher po wer demanding

products such as laser printers and MFDs.

The efficiency of EPS placed on the EU market is addressed in an existing ecodesign regu-

lation 2°¢ and so these products will not be addressed in detail within this report.

206 COMMISSION REGULATION (EC) No 278/2009 of 6 April 2009 implementing Directive 2005/32/EC of the
European Parliament and of the Cou ncil with regard to ecodesign requirements for no -load condition electric
power consumption and average active efficiency of external power supplies, available from http: //eur -lex.eu-

ropa.eu/legal -content/EN/TXT/?uri=CELEX%3A32009R0278
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The efficiency of IPS within products plays an important part in overall product energy
efficiency levels.  Given that the ENERGY STAR v2.0 and ENERGY STAR v3.0 TEC test pro-
cedures require measurement of energy use across a number of power modes they inher-

ently address some aspects of IPS efficiency. That is, an imaging equipment product with
a very low efficiency IPS would find it harder to meet the overall ENERGY STAR TEC limits.
However, given that the ENERGY STAR TEC procedures assume high levels of usage, IPS
efficiency in lower po  wer modes may not be adequately addressed. This stems from the
fact that IPS efficiencies tend to be low when supporting low loads (i.e. low power de-
mands). Where products are sat in low power modes for significant periods of time, the

IPS efficiency would  become more important. It should be noted that the ENERGY STAR
v3.0 test procedure results in imaging equipment spending less time in active and ready
states and more time spent in low power modes. As such, the influence of low power
demands on the overal | TEC value is higher under ENERGY STAR v3.0 than previous EN-
ERGY STAR specifications. However, it is not clear whether this additional time spent in

low power modes has a significant weighting on overall TEC performance given that power
demand in low powe rmodes is significantly lower than power demands in active and ready

states.

For this reason, the efficiency of IPS in many other information technology products, such

as personal computers and servers, are covered under various environmental initiatives.

The inclusion of IPS efficiency requirements in environmental initiatives results in manu-

facturers publicly reporting data about the IPS used in their products. This data covers

factors such as power rating and efficiencies at different loading levels. Gi ven that there
are no IPS efficiency requirements in any of the major environmental initiatives on imaging

equipment, IPS data for these products is not widely available.

Charge Producing Components

Imaging equipment based on the electrophotographic (EP) m arking technology utilise com-
ponents that produce charges on the OPC and paper in order to function. In the past these
charges were primarily produced via corona wires (a wire with an electrical current running

through it). Passing high voltages through co rona wires leads to the development and
release of ozone. Newer EP based imaging equipment use charged rollers instead of corona

wires which limits ozone production.

Light Sources

Light sources are used in two main imaging equipment components. Scanning units within

MFDs and standalone scanning products use light sources in their operation (i.e. light is

shone on an image and the reflected light is measured and the image is digitall y repro-
duced). Compact fluorescent lamps (CFLs) were the primary light source before being re-

placed by LEDs. The electrophotographic (EP) marking technology also utilises lightin order
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to discharge parts of the OPC. Lasers (normally an aluminium gallium a rsenide (AlGaAs)
semiconductor laser) have traditionally been used to perform this function but have also

been replaced by LEDs in some products.

Consumables

Types of consumables

Consumables are used in all imaging equipment that support output of physica I media (i.e.
printing to paper). There are 5 main types of consumable used in imaging equipment, as

detailed in Table 52. Drum, fuser and transfer uni ts have typically much higher page yields

than the ink/toner consumables.

Table 52 : Types of imaging equipment consumables
Imaging equipment Description

consumables

Container (ink/toner) An end -user replaceable product that holds toner or ink and that
fits onto or into or is emptied into an imaging equipment product.

Containers do not contain integrated components or moving parts

(other than simple rollers) integral to the i mag
tion.

Cartridge ( ink/toner) An end -user replaceable product, which fits into or onto an imag-
ing equipment product, with printing -related functionality that in-
cludes integrated components (e.g. a drum unit) or moving parts
integral to the i maging equi pmerhée
ink or toner material.

Drum unit An end -user replaceable product, which fits into an imaging

equipment product and which includes a photosensitive drum.
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Fuser unit An end -user replaceable product, which fits into an imaging
equipment product and which consists of a pair of heated rollers

that fuse toner onto output media.

Transfer unit An end -user replaceable product, which fits into an imaging
equipment product, and which supports the transfer of toner onto

output media ahead of a fusing process.

Inkjet consumables either consist of a separate print -head and ink cartridge (i.e. a sepa-
rated system), or a combined unit including the ink reservoir and a print -head (i.e. an
integrated cartridge). In separated systems the print -head, either permanent or long -life

component in the printer, contains most of the electronics required to fire drops with the

ink stored in a separate cartridge. Ink cartridges often contain some electronic circuity
which support a variety of functions (i.e. an ti - counterfeit/fraud, the number of pages/drops
printed, enhanced print quality and reliability, etc.) through communication with the im-

aging equipment to provide the best customer experience. Ink containers with or without
electronic circuitry typically u sed to fill a tank in the printer and are not required to be

inserted for printer to print.

Laser toner consumables are typically more complex than inkjet consumables and may

consist of a significant number of different components and materials. Most laser toner
cartridges also contain electronic chips to support a variety of functionality such as page

counting, anti -counterfeit and anti -fraud etc. Laser toner containers may also contain elec-

tronic chips.

Imaging equipment containers and cartridges can be further sub -divided into the types

shown in Table 53.
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Table 53 : Types of imaging equipment cartridges

OEM manufacturer car-

tridge

OEM manufacturer con-

tainer

Non-OEM manufacturer

cartridge (new -built)

Non-OEM manufacturer

container (new -built )

Non-OEM manufacturer

cartridge (remanufactured)

Non-OEM manufacturer

container (remanufactured)

Remanufactured cartridge

Remanufactured co ntainer

Refilled cartridge

Refilled container

and containers
definitions of them.

. See Task 7 for suggested

Description

A cartridge manufactured by the OEM imaging equipment manu-

facturer .

Atoner or ink container manufactured by the OEM imaging equip-

ment manufacturer

A cartridge not manufactured by the OEM imaging equipment
manufacturer  but whic h is unused when first placed on the mar-

ket. remanufactured and/or refilled.

A toner or ink container not manufactured by the OEM imaging
equipment manufacturer but which is unused when first placed

on the market

A cartridge not manufactured by the OEM imaging equipment

manufacturer which is remanufactured and/or refilled

A toner or ink container not manufactured by the OEM imaging

equipment manufacturer which is remanufactured and/or refilled.

A cartridge that has been used, repaired by replacing wear parts

and filled with new toner or ink (incl. solid ink)

A container that has been used, repaired by replacing wear parts

and filled with new toner or ink (incl. solid ink)

A cartridge that has been used and filled with new toner or ink

(incl. solid ink).

A contain er that has been used and filled with new toner or ink

(incl. solid ink).

Additionally, there could be a dedicated category for high yield cartridges and containers:
this is a cartridge or container that contains higher volumes of toner or ink to support
higher page yields

, however these  may be manufactured by the OEM imaging equipment

manufacturer or an alternative manufacturer.

Table 53 identifies a few types of organisation involved in placing consumables onto the
EU market. The terminologies in different studies and used by different stakeholders or

industry parties vary, therefore can be confusing. These are:
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1 OEM manufacturer 1 this is the same manufacturer that manufactures the imaging
equi pment product. Consumables from OEM manufactu
nal so.
1 Non-OEM manufacturer (new -built) T there are an incre asing number of organisa-
tions which manufacture compatible new consumables for imaging equipment prod-
ucts. Consumables from these types of manufacturers are marketed under their
own brands, these are known as ficompati bl eso
1 Non-OEM manufacturer ( remanufact ured) i there are a large number of EU based
organisations which take used OEM consumables and remanufacture or refill them
for further use. There are other non -EU based organisations that also remanufac-
ture consumables and place them on the EU market. The consumables from these
manufacturers are often called firemanufactured o o r Arefill edo, the | at"
study is assumed the.same as fAreusedo
1 Non-OEM manufacturer (counterfeit) - new cartridges manufactured by a third
party (not an OEM), but illegally b randed under an OEM brand name , these are also

known as ficl oneso

Identifying average types of consumable is complicated by the wide variety of products on
the market. Even within the types listed in Table 52 and Table 53 there is considerably

variability in terms of other functionality including:

1 Pageyield T the number of pages that can be printed from a cartridge or container
before a replacement is needed

i Colour type 1 -cartridges/containers can provide mono (i.e. black) or colour (typi-
cally cyan, magenta or yellow) outputs or both.

1 Consumable com plexity 1 consumables can contain electronic chips which support

printing related functionalities such as page counting and security verifications

A central component in ink and toner cartridges is the electronic chip because it controls

the use of the ca rtridges . The first types of chips placed in cartridges were simple devices

that could be easily reset at the end of a consumabl e
chips installed in cartridges started to become more complex. Electronic chips used in car-

tridges on the market today include extremely complex encryption codes and perform a

number of functions. The electronic chips within cartridges are typically mounted on a small

circuit board and support communication between the cartridge and imaging e quipment

(through either direct contact or radio frequency connections). Typically, these electronic

chips perform the following functions:

1 Include a memory chip(s) to store information
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T May include a processor to calcul at entfraancher ect r es
imaging equipment
Include a power control circuit to supply the processor
Provide power protection from voltage spikes, etc.
Contains cartridge specific information (allowing connected imaging equipment to
verify an authorised cartridge is i nstalled).
Stores the cartridge yield data
Stores geographical region data
Supports authentication to allow communication between the cartridge chip and the
imaging equipment.

1 Allows the imaging equipment to store data about toner or ink levels and usage

Imaging equipment sends information about the pages printed, page coverage and esti-

mated toner remaining to the electronic chip in the cartridge. The imaging equipment de-

termines the remaining ink or toner levels in the cartridge by estimating previous use . This
information can then be retrieved by the imaging equipment through requests sent to the

chip. The chip therefore serves the imaging equipment but must be capable of correctly
responding to the machine in a pre -defined time frame using the correct en cryption. The

encryption includes the correct cartridge part number information, correct regional data,

whether the cartridge is new or used, the page -count and page coverage data as well as
remaining ink or toner levels. The information that the chip retu rns must match the infor-
mation expected by the imaging equipment in order to work properly . Any differences in

the information will result in the cartridge no longer being able to function.

Imaging equipment uses the information stored on the chip to dete rmine when the car-

tridge has reached the end of its life . At this point some ink or toner may remain in the

consumable . Once the imaging equipment determines the cartridge has reached the end

of its |ife a message is sent t o idgehwdl aithei podlangeme mor y a

function or will provide a warning to a user that no ink or toner is left

As noted in the Task 3 report, t he use of consumables is one of the three life cycle envi-
ronmental hotspots  impacting the imaging equipment product group . Depending on the
printing technology, the relative contribution of life cycle environmental impacts from the

use of consumables can be as important as energy in use impacts and therefore the joint
second most important after the use of paper. When paper use is excluded from the system
boundaries, the embodied impacts from the consumables (i.e. from manufacturing) can
become at least as important as in-use energy consumption, in terms of Global Warming
Potentia |, Primary Energy Demand, Ozone Depletion, Acidification Potential, Eutrophication

Potential, Resource Depletion Potential, amongst others. The relative impacts of paper,

189



consumables and energy in use are highly dependent on the type and even model of im-

aging equipment under consideration.

Given the high environmental impacts associated with consumables it is therefore relevant
to investigate the average technology inherent in imaging equipment consumables which

may impact their environmental performances.

Identifying average consumable re -manufacturability performance is complicated by the
wide variety and number of consumables on the EU market. Nevertheless, there are several
performance parameters of consumables that are relevant to discuss for material or re-

source efficiency.

Page yield

The page yield of consumables (i.e. the number of pages that can be printed before a
consumable need to be replaced or refilled) is also an important indicator of material effi-

ciency. Page yield is a common metric to benchmark consumables and duetoitsin fluence
on their overall environmental impacts (i.e. lower yield s result in more frequent consuma-

ble replacements) is considered important. The page yield of consumables varies signifi-
cantly across the imaging equipment models on the EU market. Small inkje t consumables

may have page yields of less than 300 pages, but consumables used in high volume print-

ing devices may page yields of tens of thousands. In addition, there is often a significant
amount of variance in the page yields of consumables designed fo r use in the same prod-
uct. That is, manufacturers often offer consumabl es with

for the same imaging equipment model. Furthermore, the page yields of consumables of-

fered by different manufacturers for similar performing pr oducts can also vary significantly.
Table 54 illustrates the variability and average page yield for consumables for the base

cases. Thisis an extract  of the complete analysis shown in Table 75 in Annex AT Additional
Tables and Figures for some common types of imaging equipment. The values are based

on page yield data secured found for a total of 104 products from a single large consumable

supplier. Data was not available for some of the highest speed product types as consuma-

bles for th ese product types are not often sold on the open market.
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Table 54 : Average Page Yields of Consumables 207

Monochrome Consumable (Cartridges/Containers) Page Yield

Product Speed, s,
Product T as Calculated in Remanufactured/ Compati-
roduct Type the ENERGY STAR ble Consumable

OEM
Test Method Aver-

BC1 Mono Laser MFD 20 < s O 40 15729 45000 3000 5525 9000 3000
BC2 Colour Laser MFD 20 < s O 40 7646 15000 2900 7460 15000 5000
BC3 Mono Laser printer 20 < s O 40 9727 36000 1200 6978 18000 1200
BC4 Colour Laser Printers 20 < s O 40 6409 30000 1500 5453 12000 1500
BC5 Colour Inkjet MFD s O 20 384 1130 165 527 1130 165
BC6 Colour Inkjet Printers s O 20 2371 | 10000 180 731 1130 500

Consumable imaging yield efficiency

Most modern imaging equipment includes functionality which tracks the amount of imaging
undertaken with each newly installed consumable. Once consumables are deemed to have

finished their useful lives the imaging equipment notifies the user to replace the consum-

able. Claims have been made by a French environmental association that some imaging
equipment manufacturers face lawsuit in France, because their products stop consumables
from working even where there is up to 20% of the ink remaining. 208 However, the excess
amount of ink or toner left in consumables at the end of their functional lives has been

shown to vary significantly. 209 Material efficiency requirements based on weight and page

yield could incentivise manu facturers to ensure more toner and ink is used before consum-

ables reach their end of life.

Despite large variability in page yields, it is possible to identify average performances in

terms of ¢ onsumable imaging yield efficiency , refers to the minimum page vyield per gram

of the total consumable material supplied . A recent project on the revision of the EU GPP
criteria for imaging equipment 210 included detailed analysis of page yields and material
efficiencies for a range of consumab les on the EU market. C  onsumable weight data was
secured from an EU based remanufacturer 211 and compared to y ield data for the same

consumables. The analysis was conducted for the following five maintypes of consumables

9 Toner container
9 Toner drum units

i Toner cartridges

207 pData found via a large consumable supplier, assessed in 2018.

208 https://www.therecycler.com/po sts/printer -manufacturers -face -french -lawsuit/
209 https://www.pcworld.com/article/152953/printer_ink_costs.html
210 Revision of the EU Green Public Procurement (GPP) Criteria for Imaging Equipmen t. Technical report. JRC,

Viegand Maagge and Tenvic. February 2 018.
211 Embatex Iberia S.L, personal communications.
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1 Ink containers

1 Ink cartridges

Each of the five main types of consumables were further subdivided into mono/black and
colour. Metrics were developed which ensured that approximately half of the consuma-

bles (of each type) met the following proposed EU GPP  efficiency requirements

shall not be lower than:

For Toner Cartridges or Containers:
(2 x [10 x tanh(0.1+0.0003 x (CMass -10)) -0.5]+1)
For Ink Cartridges or Containers:
(2 x [15 x tanh(0.2+0.0004 x ( CMass-8)) -1]+2)

where, page yield is the measured number of images that may be produced by the con-
sumable. Cartridge or Container/Drum mass. CMass is calculated as the mass (g) of each
cartridge or container plus drum unit, as measured in the condition to be installed (i.e. full
of ink or toner and any additional components not present whilst installed in the imaging

equipment removed).

The figures below show the results of the EU GPP analysis as well as the proposed criterion
limit line. Consumables  above the red line would be compliant with the criterion limit, with

those below the line not meeting the requirement.
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Figure 45 : Material efficiency of Mono Toner Cartridges and Containers with associated Drum
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An overall conc lusion is that for containers and cartridges of approximately same page
capacity, there are two to four times difference in weight and in some cases even more.
This indicates a large resource efficiency potential by setting a maximum weight require-

ment.

An example of requirement is the proposed EU GPP comprehensive criterion efficiency re-
quirements , where a pproximately 50% of the toner cartridges and containers in the da-
taset (571 products) met requirements. Analysis of the inkjet consumables revealed that

54% of the mono and 71% of the colour consumables in the dataset (194 products in total)

met the proposed comprehensive criterion efficiency requirements. The consumables in
the dataset were assumed to be representative of products on the market. As such,

assumed that about the 50% of consumables on the market would be compliant with pro-

posed EU GPP comprehensive criterion and could therefore be described as providing av-

erage material efficiencies.

Hazardous material

There are often hazardous materi al concerns associated with consumables stemming from
the use of chemicals and additives in toners and inks. Hazardous substances present in
cartridges are usually not assessed in Life Cycle Assessments. However, during the oper-

ation of the imaging equipme nt products hazardous substances can be emitted, in the form
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of dust, volatile organic chemicals (VOCSs), ozone, benzene, particulate matter and semi -

volatile organic compounds (SVOCs).

Information about the hazardous material content of cartridges/containe rs is available in

several widely used sources of information and environmental initiatives including:

A Material Safety Data Sheets
A Blue Angel RAL -UZ 205
A Nordic Swan

A Ecma 370

The level of detail provided about hazardous material content of consumables varie sacross
the main initiatives. The material safety data sheets and the Ecma 370 provide the least
amount of information about consumable hazardous material content. The Ecma -370 dec-

laration includes criteria relating to:

1 cadmium content of photo conductors and inks/toners
labelling of consumables and provision of Safety Data Sheet (SDS) where consum-
ables are classified as hazardous or where they contain a substance(s) for which

there are Community workplace exposure limits

In addition, the Blue An  gel RAL -UZ 205 specification requires that no substances which
contain mercury, cadmium, lead, nickel or chromium -VI-compounds are to be added to
toners and inks. An exemption is included for high molecular weight complex nickel com-

pounds used as colourant  s. There is also an exemption for production -related heavy metal
(e.g. cobalt and nickel oxides and organotin compounds) contamination. Further re-
strictions are included for azo dyes (dyes or pigments) in toners and inks that can release
carcinogenic aroma tic amines as listed in Regulation (EC) 1907/2006 (REACH Regulation),
Annex XVII, Appendix 8. Biocides which are not covered by an active substance dossier for
preservatives for products during storage (product type 6) according to the Biocidal Prod-

uct Reg ulation (BPR, Regulation (EU) 528/2012) are also not permitted under the Blue

Angel rules. Furthermore, the Blue Angel RAL -UZ 205 specification also prohibits the inclu-
sion of selenium, lead, mercury or cadmium (or any of their compounds) in photoconductor

drums.

Consumables remanufacturing and barriers

As shown in Task 3, there are LCAs stating that the ability of a consumable to be remanu-
factured (i.e. a consumable that has been used, repaired by replacing wear parts and filled
with new toner or ink incl. solid ink ) can have an important impact on overall environmental

impacts. However, there appear to be a range of issues which may limit the ability for
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some consumables to be remanufactured. The Commission recently published a study ,

which investigates the consumable reuse market in detail 22,

The report claims that whilst the consumable market is very competitive , the regulatory
environment is not  yet well suited to promot e the reuse of products or encourag e dema-
terialisation and grea  ter material efficiency. It is also suggested that OEMs have focussed

their take -back schemes on recycling material rather than reuse of consumables. The re-

port notes that as the purchasing costs of consumables are significant enough, it has

spurred the de velopment of a consumable remanufacturing industry as well as a non -OEM
new - built consumable manufacturing industry. The European consumable remanufacturing

industry is largely made up of SMEs. Companies manufacturing non -OEM new - built con-

sumables are most ly based in Asia but can also be found in the USA 213,

In investigating the interactions between OEMs and remanufacturers, the report published

by the Commission claimed that no evidence of collaboration (such as providing mechanical

details or software desi  gn of imaging equipment or consumables to the remanufacturers)

between OEMs and remanufacturers could be found. The lack of collaboration between

OEMs and remanufacturers, suggests that remanufacturers need to reverse -engineer any
consumable parts that nee  dto be replaced during the remanufacturing process, this is also

confirmed by the stakeholder consultation with remanufacturers 214

There are a number of major spare parts suppliers that concentrate on providing replace-

ment parts for consumables. Examples of available replacement parts include:

PCRs

Wiper blades

Doctor Blades

Drums (OPC)

Mag Rollers / Developer Rollers
Toner/Ink

Reset Gears

Caps/Covers

Fuses Toner Chips

Seals

= =4 4 -4 -4 -4 A -2 _a -8 -9

Replacement electronic chips

212 Eyropean Commission, 2017, Study on the implementation of product design requirements set out in Article

4 of the WEEE Directive The case of re -usability of printer cartridges. Final report
23 hitps://www.scc  -inc.com/About/Company  -History
214 stakeholder consultation with ETIRA, EFIM, DKWU, June T August 2018.
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There are several different challenges limiting the ability to remanufacture imaging equip-
ment consumables.  These can be broken down into technical and non -technical barriers
The technical barriers would Iimit OEMs®d own ability

if not addressed.
The technical barriers include design features such as

1 Sonic welding T which necessitate cutting consumables plastic bodies open to re-
place worn parts. Some consumables have sonic welds in a zig -zag pattern which
makes the cutting process even more difficult.

1 Adhesive tapes T some consumables include very adhesive double -sided tapes
which also make it difficult to open consumables and replace worn parts

I Gluesnotscrews 1 some consumables have glued connections rather than screwed
connections which again hamper opening of cons umables.

1 Inclusion on non -reprogrammable electronic chips 1T most of the electronic chips
included in OEM consumables cannot be reset once the imaging equipment has
written an end of life message onto the chip. This is often cited as the largest single
barrier to consumable remanufacturing by non -OEMs. This means that electronic
chips need to be replaced during the remanufacturing process and necessitates
replacement of the OEM electronic chip with an after -market electronic chip. Whilst
after - mar ket replacement electronic chips are widely available from specialist com-
panies, such as Static Control ~ 2!5, a significant amount of effort is required to de-
velop these products for each new type of consumable released to market. In order
for remanufactured ¢ artridges to work as intended, replacement electronic chips
need to be able to provide the same level of functionality as the original OEM elec-
tronic chips. This means that replacement chips need to emulate the software com-

munications between the imaging e quipment and the chip itself.
The non -technical barriers include factors such as:

1 Legal restrictions on remanufacturing such as patented remanufacturing pro-
cesses 2% and patents placed on parts needed to facilitate use after remanufactur-
ing.
1 Legal cases where imaging equipment OEMs have taken cartridge remanufacturers
to court for copyright and patent infringement 27,
1 Imaging equipment  firmware updates  which stop non-OEM cartridges from being

used. Firmware updates sent to imaging equipment after having been placed on

215 nttps://www.scc  -inc.com/
216 https://patentimages.storage.googleapis.com/82/e5/84/c022ch4dc55ea9/US20090297208A1. pdf
217 nttps://www.therecy  cler.com/posts/the  -canon -legal -train -rolls -on/

198



the market can result in changes to the encryption process between the imaging
equipment and the electronic chip. In some cases, the original OEM chips a re able
to adapt to these firmware updates and changes to the encryption process, but
replacement non -OEM chips cannot adapt. The result is that the replacement chip
is no longer able to function correctly which renders the remanufactured cartridge
unusabl e. Some of the examples have been observed from EPSON and HP
218,219,220,221

1 Lack of information sharing by OEMs about how consumables may be remanufac-
tured 222,

1 Obligations placed on consumable resellers to only sell original OEM consuma-

bles 222,
Published claims about poor quality issues with remanufactured consumables 223,
1 Propagation of inaccurate claims that imaging equipment warranties will be voided

by use of non -OEM consumables Published claims thatimaging equipment warran-
ties may be impacted by use of non -OEM consumables 224,

1 Closed sales systems where OEMs bundle selling of imaging equipment and all

consumables to be used through the life of the hardware
1 Restricted supply of used consumables due to OEM take -back schemes, however
at least one OEM remanufacture the cartridges after take -back schemes 22

Non -technical barriers related to patents and intellectual property rights are also discussed

further in following sections

The rise of counterfeits from Asia

In the new -built cartridge segment, the rise in sales of the counterfeit OEM consumables
known as ficlones dfrom Asia is seen as a high threat. The imports can undercut prime
producersthrough  acombination of lower quality units and lower manufacturing standards,

particularly in their health and safety aspects. This has a further impact when reuse and

218 hitps://www.therecycler.com/posts/epson -update -blocks -remanufactured -cartridges/

219 https://www.therecycler.com /posts/epson -faces -class -action -over -firmware/

220 nttps://www.therecycler.com/posts/another -hp-firmware -upgrade -impacts -aftermarket/

221 nttps://gizmodo.com/one -year -after -bricking -third -party -ink -with -update -hp-1809073739

222 gtakeholder consultation with rema nufacturers and experts, ETIRA, June i August 2018.

223 nhittps://www.lexmark.com/en_GB/products/ink -toner/genuine _-lexmark -cartridges/
https://www.epson.co.uk/consumables/genuine -inks/whybuygenuine

224 hitps://lwww.epson.co.uk/consumablégenuineinks/whybuygenuinéttps://in-
foserve.lexmark.com/ids/ifc/ids_topic.aspx?root=v33076668&topic=v39295550&pr&hads=L exmark XC81
55&loc=en_US

https://support.hp.com/usen/document/c01268315

225 nttps://www.lexmark.com/en_us/products/supplies -and -accessories/collection -and -recycling -program.html
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remanufacturing is considered , as the cartridges may be unsuitable, contain toxic or re-

strict ed hazardous substances and may also fall short in their obligations to be taken back

under the WEEE Directive.  Toner and ink cartridges with an electronic chip are EEE products

and so fall under the scope of WEEE. 226 producers of EEE in the EU must either register as
a producer and if producing over 5 tonnes per year must join a producer compliance
scheme (PCS). The PCS takes on the producer6s
ment, recovery and environmentally sound disposal of collected househol d WEEE. In addi-

tion, under WEEE producers must: 221

=

mark products with the crossed out wheeled bin symbol and a date mark

provide information on reuse and environmentally sound treatment of the products

and components (includes materials, dangerous substances and preparations)
within one year of putting them on the market

make sure that distributors are provided with the producer registration number

keep records for at least 4 years of the amount of EEE put on the market by category
Producers should aimtoimp  rove product design to facilitate recycling and reuse of

components and materials.

Enforcement of existing EU legislation including WEEE, RoHS and patent rights on produc-
ers of cloned consumables would help to alleviate the negative impacts of these produc ts.
For example, enforcing WEEE obligations on producers of cloned cartridges (i.e. consuma-
bles with an integrated chip) would ensure that they were not only responsible for provid ing

information on reuse and environmentally sound treatment of the products and compo-

nents (includes materials, dangerous substances and preparations) within one year but
that they would also have to aim to improve product design to facilitate recycling and reuse
of components and materials. Enforcement of RoHSs restrictions on all cloned consumables

would ensure that these product types had a toxicity profile the same as OEM consumables.
However, enforcing environmental legislation is complicated by the fact that many cloned
consumables, and all counterfeit consumables, infringe intellectual property rights, and so,

should not be on the EU market at all.

Consumables and Intellectual Property Rights (IPR)

Within the EU, a patent is defined as a legal title that  can be granted for any invention

having a technical character provided that it
226 https://www.gov.uk/government/publications/electrical -and -electronic_-equipment -eee-cover ed-by -the -
weee -reqgulations/electrical  -and -electronic -equipment -eee-covered -by -the -weee -regulations

227 nttps://www.gov.uk/guidance/electrical -and -electronic -equipment -eee-producer -responsibility
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susceptible to industrial application. A patent can cover how things work, what they do,
what they are made of and how they are mad e. Patents givesthe ownerthe rightto prevent

others from making, using or selling the invention without permission. 228

The use of patents within the consumables industry is widespread. OEMs ensure that their
consumables are covered by patents to ensure th at they have the right to stop other or-

ganisations from making use of their inventions. Each patent placed on a consumable can

contain over a hundred claims, which cover related aspects of the product design. 229 OEM
patents, and associated claims, cover a ra nge of consumable related factors including, but
not limited to:

1 Ink and toner compositions

1 Physical and electrical connections between consumables and imaging equipment

1 Physical shape of consumable

1 Physical shape of refilling container (vessel used to refill existing ink or toner con-

tainer)

Physical characteristics of internal components (e.g. wiper blades)
Methods for authenticating each consumable placed in imaging equipment
Methods for storing da  ta on consumables

Methods for determining remaining ink/toner in a consumable

= =4 a4 -8 -2

Methods for refilling ink and toner containers and cartridges

Any organisation wishing to place a remanufactured or compatible/cloned version of an
OEM consumable on the EU marke t needs to ensure that no OEM patents are breached.
The wide range of patents and the scope of the patents can therefore cause difficulties for
organisations wishing to place a remanufactured or compatible consumable on the market.
Organisations needtoen  sure they are aware of all patents, and associated claims, covering
the consumable and secondly ensure that none of these patents are breached during the
remanufacturing/manufacturing process. Given the number of patents and their wide

scope, ensuring that  no patents are breached can be a complex process.

In addition, to identifying patent coverage on any particular consumable, its associated
parts and, potentially, the remanufacturing process, there are legal uncertainties associ-
ated with identifying when remanufacturing a product or developing a compatible product

results in infringement of intellectual property rights, such as patents. The relationship

228 hitps:// _ec.europa.eu/growth/industry/intellec tual - property/patents_en
229 http://blakeslee  -law.com/pubs/2015 -07%20 -%20RT%2065%20 -%20N0t%20s0%20patently%200bvi-
ous.pdf
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between patent infringement and remanufacturing/compatible manufacturing has been the
addressed in EU me mber state court cases. Several examples of court cases involved in
discussing the issues surrounding remanufacturing/manufacturer of compatibles were ex-
plored in a 2016 paper. 2 A few court cases were discussed in the paper, one of them is

about patent inf  ringement by cartridge remanufacturing:
Canon KK v. Badger Office Supplies Ltd 0, 231, 232

In 2014, Canon launched UK legal proceedings against Badger Office Supplies Limited
and two other companies for infringement of their European patent (EP2087407 ) and

stating fiby, inter alia, the importation, manufacture and sale of certain toner cartridges

for use in various models of Canon and Hewlett -Packard laser beam printers 0 . Badger
Office Supplies Ltd sold  remanufactured toner cartridges, with Canon believ ing that any
remanufactur ing of toner cartridges using OEM components infringe  dtheirp atent. The

court case was not finalised and there was an out o f court settlement. 232

The Recycler website published Badger s points of contention with Canon, and publicly
asking Canon for clarification o n the leve |of permitted repair  to an OEM empty cartridge
before patent infringement is reached. 21 In doing so, Badger provided four scenarios,

asking which would be considered to be breaching Ca

1. No replacement of any parts,

2. Replacement of a minor part e.g. magnetic roller or wi per blade,

3. Replacement of toner drum fitted with a new gear/coupling which avoids
infringing the patent and

4. Fit OEM gear/coupling from that empty (not another empty) onto a new

toner drum and the new combined part then assembled into the empty.

No direct r esponse from Canon could be found but they state on their website that
fiRecycling means that toner cartridges are neither refilled nor remanufactured. Toner

cartridges that are refilled or remanufactured reuse critical toner cartridge parts that

could be d amaged or close to the end of their lifespan. They are more likely to mal-

function, generate fewer prints, and do not guarantee print quality. By recycling toner

cartridges, Canon safeguards toner cartridge quality and protects the environment. 0?33

20 Hartwell etal, 2016, Journal of Remanufacturing (2016) 6:3 , Management of intellectual property uncertainty
ina remanufacturing strategy for automotive energy storage systems 0 avai l tpsl/lemk.springer.com/con-
tent/pdf/10.1186%2Fs13243 -016 -0025 -z.pdf

21 https://www.therecycler.com/posts/badger - office -supplies -comments -on-canon -case/

22 nttps://www.therecycler.com/posts/badger -office -supplies -settles -with -canon/

233 https://www.cano  n.co.uk/for_home/product_finder/multifunctionals/laser/features/environment/cartridge
_recycling/recycled.aspx
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There appe artobe two main IP (Intellectual Property) uncertainties relatedto remanufac-
turing. The re is a lack of legally recognized definitions for the various activities that are
undertaken during remanufacturing. That means that there is legal ambiguity on the exact

meaning of activities such as: repair, reconditioning, refurbishment and remanufactur-

ing.?® This can |l ead to confusion in the courts about wl
fimanufacturingod and therefore br eacheraintyiB whetight s. The
circular activities , such as remanufacturing, regardless of how the fiperpetrator 0 choo ses

to describe them , are covered by IP rights.  2%° The paper discussed the Shiiltz case and its

outcome, which gives an insight to problem with IP rig hts regarding remanufacturing.
Schiitz (UK) limited v Werit (UK) limited 230
This case is hot about imaging equipment or consumables. A manufacturer ( Schitz Ltd)

of rigid intermediate  bulk containers (IBCs) (large plastic containers surrounded by a

metal cage) took two companies (Werit Ltd and Delta Ltd) to court for patent infringe-

ment. Delta Ltd was reconditioning the plastic containers, after initial use, then placing

the reconditioned containers inside an existing metal cage for further resale. Welta Ltd

was making new replaceable plastic containers for inclusion in the metal cages. The UK

Supreme court ruled that placing new plastic containers in discarded Schitz  metal

cages, didnotconstitute t he act of O6makingdé of the . Thé&cGurtcovered

noted that:

(a) the bottle
i. is afreestanding, replaceable component of the patented article,
ii. has no connection with the claimed inventive concept,
iii. has a much shorter life expectancy than the other, inventive, component,
iv. cannot be described as the main component of the article, and
(b) apart from replacing it, Delta does no additional work to the article beyond rou-

tinerepairs, Del ta does not fimakeo the patented articl
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framework for managing IP uncertainty

s within the Shiiltz case

Schiitz factors:

- The replaced component is a
freestanding, replaceable
component of the patented article

- The replaced component cannot
be described as the main
component of the article

-The replaced component has no
connection with the claimed
inventive concept (of the patent to
the article)

- The replaced component has a
much shorter life expectancy than
the other, inventive, component (of
the patent to article)

in remanufacturing

.2%0 The figure identifies how, in

the case of remanufacturing or manufacturing of clone/compatible toner consumables, IP

rights would likel

individual patent

y be breached where a

ny replaced components are covered by either an
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Figure 50 : Framework for managing IP uncertainty within remanufacturing (adapted from
Hartelal 29)

Upon reviewing the background EU legislation on patents , itis less clear about how toner
and ink consu mable remanufacturing results in patents being infringed. Article 29 of the

Agreement on a Unified Patent Court states the following:
Article 29 - Exhaustion of the rights conferred by a European patent 234

The rights conferred by a European patent shall not extend to acts concerning a
product covered by that patent after that product has been placed on the market in
the European Union by, or with the consent of, the patent proprietor, unless there
are legitimate grounds for the patent proprietor to oppose fur ther commercialisation

of the product.

24 nttps:/leur  -lex.europa.eu/legal  -conte nt/EN/TXT/PDF/?uri=CELEX:42013A0620(01)&from=EN
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However, whilst the exhaustion of EU patents does occur after first sale, any remanufac-
turing is perceived by some EU member state courts to result in the exhaustion of the

original patent being cancelled. 235

The legal situation surrounding the remanufacturing of imaging equipment consumables in

the USA appears to be more definitive. In the legal case of Impression Products v. Lexmark
International, the ~ US Supreme Court ruled that once a patented item has been sold once,
the patent is "exhausted" and can no longer be enforced. 26 The exhaustion of US patents
after a product is first sold also extends to instances where the product is first sold outside

of the USA. 237 This means that if a toner or ink consumable is sold in the EU any US pa-

tent(s) are exhausted on sale.

It can be concluded that IPR has a large impact of consumables remanufacturing industry.
Itisagreatnon -technical barrier for remanufacturers in the EU, especially when the patent

law is not definitive when the exhaustion of the patent occurs and when o r how the patents
of consumables are infringed. The US Supreme Court example could provide a good prec-

edent for the EU, however this is one of the non -technical barriers that cannot be easily
addressed by the VA under Ecodesign Directive. Nevertheless, giv en all the hurdles im-
posed by the IPR, there are still non -OEM and remanufactured consumables on the EU

market, so the remanufacturers have been counteracting the impacts of the OEM patents.

4.1.3 Best Available Technology (BAT) at product level
Due to its vari ed nature, there is no one single best available technology (BAT) found in
imaging equipment. Rather there are a series of BATs for each type of imaging equipment
and for each associated environmental impact area. This section of the report investigates

some of the BATs found in the different types of imaging equipment on the EU market.

Whist ENERGY STAR does not cover all aspects on energy efficiency in imaging equipment,

the obvious exception being internal power supply efficiencies, it does cover most o f the
important area. As such, the ENERGY STAR database is a good source of information for
identifying BAT in terms of energy efficiency at the product level. Table 55 showsthe single
lowest power demands and TEC values found for each type of imaging equipment in the

US ENERGY STAR database. It is clear from the table that BAT levels of energy efficiency

vary considerably across the different types of products and within the different speed

categories.

25 https://global.canon/en/news/2018/20181116a.html

6 nttps://arstechnica.com/tech -policy/2017/05/supreme -court -strikes -down -federal -circuit -again -limits -lexm a
rk-patent -rights/
7 https://www.osborneclarke.com/insights/us -supreme -court -rules -for -world -wide -patent -exhaustion/
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Table 55 : Lowest Energy Use and Power Demands for Imaging Equipment Registered in the US
ENERGY STAR database

Imaging \ENle] Colour Monochro me BAT Energy/Power
Equipment Technol- For- Product Speed

Type ogy mat (ipm) TEC Sleep Standby/

(kWh/week) Mode Off Mode
(W) (w)

BC1 = MFD Electro - Mono 20 < s O 0.5
photo-
graphic
(EP)

BC2 = MFD Electro - Colour |20 < s O 0.8
photo-
graphic
(EP)

BC3 | Printer Electro - Mono 20 < s O 0.6
photo-
graphic
(EP)

BC4 | Printer Electro - Colour (20 < s O 0.7
photo-
graphic
(EP)

BC5 | MFD Inkjet (1J) | Colour |s O 20 0.4 0.1

BC6 | Printer Inkjet (1J) | Colour |'s O 20 0.6 0.1

The use of two different energy efficiency approaches in ENERGY STAR (i.e. the TEC and

OM approaches) does not always allow for easy comparison of energy efficiency levels

across different product types. For example, due to the different measurement method ol-
ogies it is not easy to compare laser based MFD (i.e. energy use measured against the TEC

test procedure) and inkjet MFD (i.e. power demand measured using the OM approach)

levels of energy efficiency. Traditionally laser -based products provided higher le vels of
functionality, especially in terms on imaging speed, to inkjet products and so direct com-

parisons between the product types were not required. That is, if users required a high -
speed printer they would automatically favour a laser -based product. Ho wever, the func-
tionality gap between laser and inkjet -based products continues to close and so direct
comparisons between the different types of products are now more valid. Indeed, under

ENERGY STAR imaging equipment that offers high performance inkjet te chnology is meas-
ured according to the TEC methodology. Table 56 illustrates how low energy use can be

for some of these high - performance inkjet product s compared to similar laser  -based prod-

ucts.
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Table 56 : Energy Efficiency of High - Performance Inkjet and Comparative Laser Based Imaging

Equipment
Brand Type Marking Colour Automatic Typical Elec-
Name Technology Capabil- Duplex Out- tricity Con-
ity put Capable sumption
(TEC)
()
Epson WF-C20590 MFD High Perfor- Colour 100 Yes 1.2
mance 1J
Brother HL- Printer = High Perfor- Mono - 100 Yes 1.3
S7000DN mance 1J chrome
Konica Bizhub PRO = MFD Electro -pho- Mono - 100 Yes 135
Minolta 1100 tographic chrome
(EP)
Xerox Xerox D95A MFD Electro -pho- Mono - 100 Yes 19.8
MFD tographic chrome
(EP)
Konica AccurioPress MFD Electro -pho- Colour 100 Yes 20.0
Minolta C6100+PF - tographic
711 [MFP (EP)
System]
Konica AccurioPress Printer = Electro -pho- Colour 100 Yes 20.0
Minolta C6100+PF - tographic
707m (EP)
[Printer Sys-
tem]
Xerox Versant Printer | Electro -pho- Colour 100 Yes 24.5
3100 Press tographic
(EP)
Xerox Versant Printer = Electro -pho- Colour 100 Yes 26.1
2100 Press tographic
(EP)
In terms of environmental design other than related to energy efficiency, a review of the

imaging equipment registered with the EPEAT initiative shows some clear best practice
examples. Table 57 shows some of the more ambitious environmental design requirements
included within EPEAT and the percentage of products in the database that meet those

requirements.
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Table 57 : Availability of Enhanced Environmental Design Features amongst EPEAT Registered
Imaging Equipment models

Environmental Design Feature Compliance %

Reduction of substances on the European Union REACH Candidate List of SVHCs 39%
Production of inv  entory of intentionally added chemicals residing in the product 39%
Spare parts availability for 5 years or more 49%
Minimum 25% content of postconsumer recycled plastic 4%

4.1.4 BestAvailable Technology (BAT) at a component level
Information about BAT at the component level in imaging equipment is difficult to identify
due to the relative closed box nature of the product group, where it has not been possible

to get energy and other environmental data at component level.

4.1.5 Consumables
Design features of cartridges and containers used in imaging are important considerations
in identifying BAT levels. The most common design features used to reduce resource use

of cartridges and containers include:

1 Avoidance of technical features (e.g. non -reprogrammable or non  -replacea-
ble chips) which limit the ability to remanufacture cartridges

1 Use of common cartridge or container form factors across multiple imaging
equipment models

1 Use of containers (i.e. simple toner/ink vessels) rather than cartridges (i.e.
components which include technical features needed for imaging as well as
the toner/ink storage vessel)

1 Increase of toner/ink amounts to increase cartridge yield (i.e. number of

pages that can be printed)

Consumables which pro  mise high le vels of material efficiency can be found on the EU mar-

ket. Figure 51 illustrates the difference in material content between a Kyocera toner cas-

sette a nd a conventional toner cartridge. The Kyocera toner cassette is made from five
pieces of plastic, rubber and foam , whilst the ¢ onventional laser printer cartridge contain S
65 components, comprising humerous materials including aluminium and stee I.Itisi m-

portant to note that the conventional toner cartridge contains additional components (e.g.
drum unit, OPC, waste toner hopper etc) beyond those in the Kyocera toner cassette. In

the Kyocera approach these additional components are included in additional ¢ onsumable
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products used within the imaging equipment. Kyocera expressed that these additional com-
ponents are designed to have a longer useful life than the comparable components in the
conventional toner cartridges, and so material impacts are spread out o ver a longer time

frame 238,

Figure 51 : Comparison between Kyocera toner cassette and conventional toner cartridge 238

Other manufacturers also provide simple toner containers for laser imaging equipment
rather than complex toner cartridges. Figure 52 shows another example of a simple toner
container, from Ricoh, that could promote material savings over conventional toner car-

tridges.

Figure 52: Simple toner container 23

The Kyocera and Ricoh toner containers share the fact that they do not include an electronic
chip. This means that the toner containers can pot entially be reused without needing to

reset or replace an electronic chip.

In the inkjet area are some manufacturers offer refillable containers rather than requiring

purchasers to continually purchase new container or cartridges.

Epson have developed a  product range which includes refillable inkjet containers. 29 These

Epson printers are shipped with simple bottles containing ink which are used to refill the

238 https://www.kyoceradocumentsolutions.eu/index/about/environment/green_technology/ecosys_technolog

y.html
239 https://epson.com/ecotank -super -tank -printers
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ink container installed in the inkjet printer. The manufacturer claims that the ink bottles
shipped wi th the inkjet imaging equipment wil/ provide 2

on 300 pages printed per month). 240

Canon have also developed a range of inkjet imaging equipment models which include a
Continuous Ink Supply System (CISS) utilizing refillab  le integrated ink tanks. 24! The man-

ufacturer also provides simple bottles filled with ink with the imaging equipment.

These refillable ink tank solutions could help to reduce waste impacts associated with use
of conventional inkjet cartridges and containers . However, the material savings associated
with these ink tank systems would be significantly smaller than savings from the use of

toner container systems.

There are a significant number of consumables on the EU market which meet the hazardous
material co ntent restrictions found in the Blue Angel RAL -UZ 205 specification .?4> Consum-
ables which meet these Blue Angel requirements can be considered BAT from a hazardous

material point of view.

4.1.6 Best Not Available Technology (BNAT)
The imaging equipment market is relatively mature and there are no known completely
new technologies on the immediate horizon that could be described as best not available
technology (BNAT). Further improvements in energy efficiency are likely to be achieved
through iterative improvements in the energy efficiency of individual components such as
power sup plies and light sources. Improvements in power management functionality are
also likely to result in further energy savings due to reduced impacts on usability of prod-

ucts.

The greatest opportunity for improvements in material efficiency are likely to com e from
changes to consumables via either enhanced technical design or through changing business

practices. This would include a continued move to more simple ink and toner containers

rather than complex cartridges. Where a move towards more simplistic ink and toner con-
tainers is not possible, efforts should be made to facilitate reprogrammable electronic chips

for use in cartridges. Reprogrammable electronic chips would facilitate easier remanufac-

turing of cartridges at their end of life. Cartridges could a Iso be designed without the use

of sonic welds and glues, and instead favour screws and metal clips as in earlier models of

240 https:/lepson.com/For  -Home/Printers/Inkjet/Epson -Expression -ET-3600 -EcoTank - All-in-One-Supertank -

Printer/p/C11CF73201
241 https://www.canon.co.uk/printers/refillable -ink -tank -printers/
242 https://www.blauer -engel.de/en/products/electric -devices/drucker -und-multifunktionsgeraete
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imaging equipment cartridges. This could also facilitate easier remanufacturing of car-

tridges by any economic operator that secures end of life consumables.

4.2 Production, distribution and end -of-life

This section of the report includes an assessment of some of the p roduction, distribution

and end -of-life issues associated with imaging equipment.

4.2.1 Product weight and Bills -of-Materials ( BOMSs)
The extensive variability of models of imaging equipment on the market means that prod-
uct weight varies considerably. The box plot in Figure 53 illustrates the wide distribution
of imaging equipment weights found in models registered with the EPEAT scheme. The top
and bottom bars represent the maximum and minimum weights found in the EPEAT data-
base, with the box illustrating the top and bottom quar tiles and the red dot showing the
average weight. The maximum weight of printers found in the EPEAT database is 1084 kg
and the lightest 1.7 kg with an overall mean of 140 kg. The mean is skewed towards
heavily products as the EPEAT scheme is more strongly focussed on non -domestic prod-

ucts.
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Printer MFD

Figure 53 :Imaging equipment weight from EPEAT registered imaging equipment w eight .

Despite the wide range of imaging equipment weights, similar materials are used in the

production of all imaging equipment. To aid more detailed investigations bill of material

(BOM) data was requested from external stakeholders. For each base case, data h ave been
received for 2 14 models, therefore for confidentiality reasons the average data are pre-

sented in this section, compared with the averaged data provided within the original
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Ecodesign Preparatory Study in imaging equipment. 243 1t can be observed that some de-
materialisation will have occurred over time for some base cases, however due to the
differences in models chosen, as it is impossible to choose the exact same models as from

preparatory study due to market obsolesce.

4.1.1.3 BC 1:Monochrome Laser MFD, 20 <sU 40

The original imaging equipment preparatory study included a standard size monochrome

laser MFD base case product with an assumed speed of 26 ipm and duplex functionality
The base case was described as including copying, n etwork printing, scanning, and facsim-
ile functionality. Facsimile functionality is less likely to be found in newer MFD on the mar-

ket due to less use of the technology. The monochrome laser MFD shared all of the same

attributes as other comparable laser -based products. The results on the BOM from the

preparatory study and the average BOM assumed for the current study can be seen in

Table 58. The updated assumptions are based on stakeholder inputs 244
Table 58 : Monochrome Laser MFD, 20 <s 0 4.0 - Comparison of material input categories by
Current study —— Preparatory study
Materials Average - Monochrome Laser‘ Average - Monochrome Laser‘
MF D, 20 < s O 4 MF D, 20 < s O 40
Bulk Plastics 18444 13228
TecPlastics 5645 5406
Ferro 39224 39141
Non -ferro 2871 1834
Coating 0 0
Electronics 4176 2485
Misc. 21878 6048
Total weight 92239 68141

4.1.1.4 BC 2:Colour Laser MFD, 20 < sU 40

The original imaging equipment preparatory study included a colour laser MFD base case
product with an assumed speed of 26 ipm. The BOM data for this product group can be

seen in Table 59. The chassis and trays of this product type consist of a metal frame with

plastic housing. The original preparatory study noted that the colour MFD was on average

EUP Preparatory Studies Al maging Equipmento (Lot 4) Final

by Fraunhofer 1ZM and PE Europe
244 stakeholder survey, July  -December 2018.
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30% heavier than equivalen t monochrome products due to more complex technology for

colour image reproduction. It was further noted that each product had a variety of paper

trays and sorters. As laser  -based products, the marking technology consisted of in -line
multi -colour (cyan, ma genta, yellow, black) dry ~ -toner consumables. The laser  -based mark-
ing technology is supported by a laser beam device, photo conductor drum, toner supply

from a cartridge or container, blade and charger roller, clearer blades, transfer rollers, and

a high te mperature fixing unit consisting of a hot fuser roller and a pressure roller.

The paper transport components included different motors (e.g. stepper motors), belts and

rollers of various sizes, sensors and other driving mechanics. The scanner units includ ed
cold cathode florescent lamps (CCFL), mirrors, lenses, scan head, glass plate, driving me-

chanics, and controller boards and digital interfaces. Newer products would more likely use

an LED rather than CCFL light source.

The integrated electronic hardwar e included processor, memory, main boards, and digital
interfaces. Each product contained circuit multiple boards. As with most new colour laser
MFDs in this speed bracket the original products under investigation included internal, ra-

ther than external, p  ower supplies. User interfaces consisted of mechanical (buttons) and

optical (colour LCD) panels.

Based on a survey among stakeholders 245 the average weight of colour laser MFDs has
decreased considerably. However, the data received from stakeholders varies from ap-
proximately 15kg to 130kg. The BOM adopted to the current study is compared to the BOM

from the preparatory study in Table 59.

245 stakeholder survey, July  -December 2018.
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Table 59 : Colour Laser MFD, 20 <'s U 40 - Comparison of material input categories by weight

Current study Preparatory study
Materials Average - Colour Lasqr MFD, Average - Colour Lase:\r MFD,
20 < s O 40 (¢ 20 < s O 40 (o9
Bulk Plastics 11493 26262
TecPlastics 10166 17422
Ferro 27653 75416
Non -ferro 2964 7636
Coating 0 0
Electronics 6300 2460
Misc. 9624 14250
Total weight 68200 143446

4.1.1.5 BC 3:Monochrome Laser Printer, 20 <s U 40

The original imaging equipment preparatory study included a standard size monochrome
laser printer base case product with an assumed speed of 26 ipm and duplex capability . As
per similar base case products, the chassis and trays consisted of a metal frame with plastic

housing. It was noted that the single function laser printer was considerably smaller than

the comparable MFD product.

Apart from the size, all other aspects of the marking technology, paper paths, power supply

and user interface were the sam e as other laser -based products studied. It was noted that

the mass proportions of the main materials were considerably different across each model.

The results on the BOM analysis for the preparatory study and the average BOM assumed

for the current study can be seen in Table 60. The updated assumptions are based on
stakeholder inputs 246, and it should be noted that the weight is a little lower than presented
in the preparatory study, this could be these mono laser printers are becoming highly

specialised as the trend is shifting to MFDs.

246 stakeh older survey, July -December 2018.
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Table 60 : Monochrome Laser Printer, 20 < s 0 40 - Comparison of material input categories by

weight
Current study Preparatory study
Materials Average - Monochrome Laser Average - Monochrome Laser
Printer, 20 < Printer, 20 <
Bulk Plastics 4855 4613
TecPlastics 1512 5307
Ferro 4445 7290
Non -ferro 489 807
Coating 449 0
Electronics 1467 823
Misc. 2085 4265
Total weight 15301 23104

4.1.1.6 BC 4:Colour Laser printer,20<s U 40

The original imaging equipment preparatory study included a colour laser printer base case
product with an assumed speed of 32 ipm and duplex functionality . It was noted that the
component and material composition of the products is basically the same as in the mon-

ochrome laser printer base case, with the only exception being support for multiple colour
toner cartridges. As with the other products, the chassis and trays consisted of a metal

frame with plastic housing. The marking technology was standard monochrome dry -toner
electrophotography using the typical components including lase r beam device, photo con-
ductor drum, toner cartridge, blade and charger roller, clearer blades, and transfer rollers

in a single housing. The other components, with the exception of the scanning unit, were

the same as the laser MFD base case example. Based on stakeholder inputs 247 it seems
that the average colour laser printer is lighter than in the preparatory study. The BOM

assumed for the current study and the BOM from the preparatory study are presented in

Table 61.

247 stakeholder survey, July  -December 2018.
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Table 61 : Colour Laser printer, 20<'s U 40 - Comparison of material input categories by

weight
Current study Preparatory study
Materials Average - Colour Laser Average - Colour Laser‘printer,
printer, 20 < s 20 < s O 40 (g
Bulk Plastics 8439 14998
TecPlastics 3871 2424
Ferro 8045 15901
Non -ferro 772 1619
Coating 0 2
Electronics 3305 1533
Misc. 4316 6625
Total weight 28747 43103

4.1.1.7 BC 5 and BC 6Colour Inkjet MFD, s U 20 and Colour Inkjet Printer, s U 20

The two bas €olourdngjet BIFD(si U 200 and fiColour Inkjet Printer,s U 200) have
been combined for the BOM analysis due to their similar physical characteristics. The inkje t

MFDs would likely contain more material on average due to the extra scanning functional-

ities included in these product types. The overall difference would likely be minimal though

given that these products are primarily small domestic products. The origi nal imaging
equipment preparatory study included BOM data, shown in Table 62, for four different
Complete Bill of Materials (BOM) were provided by fou r different brand name manufactur-

ers.

The original preparatory study team noted that the four products , for which BOM data was
secured, had some functional differences. It was claimed that these differences related to

the print head technology  (i.e. mecha nical, using piezoelectric ~ system and thermal inkjet
technologies ), consumable configuration (i.e. single colour cartridge  and multi -colour car-
tridges ). The p apertransport components , within each product, include d motors (e.g. step-
per motors) and  other mechanics. All four products ha d integrated flatbed scanner incor-
porating CCD (Charge Coupled Device) or CIS (Contact Image Sensor) as sensor s and with
CCFL (Cold Cathode Fluorescent Lamp) and/or LED (Light Emitting Diode) arrays as light

source s. Newer products would be unlikely to have CCFL based light sources as they have

largely been replaced with LED light sources. Each product also had populated electronic

boards (e.g. memory, driver circuitry, digital interfaces) . The user interfaces were eithe r
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mechanical (buttons) or optical (small colour LCD) components. Each product had an in-

ternal power supply. New small inkjet -based products would more likely utilise an external
rather than an internal power supply. As with new products, steel and plastics were used
for the framing and housing of the products included in the original preparatory study. In

the current study the BOMs are divided in printers and MFDs. The inkjet printer is lighter

than the MFD, but in general the inkjet imaging equipment is co nsiderable lighter that
other types of imaging equipment. The BOM assumed for the current study is based on
stakeholder inputs 2%, The current BOM and the BOM from the preparatory study are pre-

sented in Table 62.

Table 62 : Colour Inkjet MFD, s U 20 - Comparison of material input categories by weight

Current study Current study Preparatory study
Materials IAr\l/ekrajgee t- Cﬁ/:clJ:uT3 | Inkﬁa\;eragﬁme-r C,olours N l\AA\'/%a/gﬁme_r Coilour énkjeé( s
(9) (9)

Bulk Plastics 3742 2242 4453
TecPlastics 474 577 489
Ferro 1271 797 1929
Non -ferro 135 259 293
Coating 0 0 0.2
Electronics 566 173 478
Misc. 1081 361 1712
Total weight 7269 4408 9355

4.1.1.8 BC 7: Professional printer and MFD

The original imaging equipment preparatory study did not include a base case for profes-
sional imaging equipment. The current BOM is based on stakeholder inputs 249 and supple-
mented with data obtained via desk research 250 and it reveals the professional equipment

is considerable heavier than other types of imaging equipment. The results are shown in

Table 63.

248 stakeholder survey, July  -December 2018.
249 gtakeholder survey, July  -December 2018.
250 pttp://www.ecoleaf  -jemai.jp/eng/lab  el.html
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- material input categories by weight

Current study Average
Materials Professional Imaging

Table 63 : Professional printer and MFD

Equipment (g)

Bulk Plastics 26205
TecPlastics 10280
Ferro 94116
Non -ferro 9870
Coating 0
Electronics 2855
Misc. 5279
Total weight 148605

4.1.1.9 Consumables bills -of-materials (BOM)
In order to assess the impacts of the consumables, the BOM of the four main types of
consumables used by  the base cases are collected. Stakeholders have provided inputs for

BOM?3! and the inputs have been averaged and shown in Table 64 to Table 67 below.

4.1.1.9.1 Toner cartridge

7 sets of data have been received from 5 different stakeholders on toner cartridges, the
total weight of full toner cartridges vary between 600g up to 1700 g. The BOM presented
below are the averages of the 7 data sets and therefore a fictive cartridge in order to

account the variation in sizes.

21 stakeholder consultation via questionnaire, January i February 2019.
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Table 64 : Toner cartridge - material input categories by weight

Materials Current study Average

Toner cartridge (g)

Bulk Plastics 339
TecPlastics 86

Ferro 179

Non -ferro 58
Coating 10
Electronics 3

Toner material 166

Misc. 132

Total weight 973

4.1.1.9.2 Toner container

4 sets of data have been received from 4 different stakeholders and supplemented by study

teamds online research. The total weight of full tone
g, the average material composition of a toner container is presented belo w. On average,

the material weight of toner containers is lower than cartridges.

Table 65 : Toner container - material input categories by weight

Materials Current study Average

Toner container (g)

Bulk Plastics 264

TecPlastics 150

Ferro 181

Non -ferro 19
Coating 0
Electronics 1

Toner material 130
Misc. 53

Total weight 799
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4.1.1.9.3 Ink cartridge
4 sets of data have been collected for ink cartridges, 3 sets of data provided empty car-
tridge BOM, the total weight of full ink cartridge varies between 140 g to 220 g. Ink car-

tridges are significantly smaller than toner cartridges and container.

Table 66 : Ink cartridge - material input categories by weight

Vil Current study Average

Ink cartridge (g)

Bulk Plastics 45
TecPlastics 1
Ferro 0.6
Non -ferro 0
Coating 0.1
Electronics 0.2
Ink material 120
Misc. 8
Total weight 174

4.1.1.9.4 Ink container

Data on ink containers were scarce, only one set of data received from a stakeholder, and

suppl emented by study teambs online research.
been presented below. It is clear that ink containers do not contain electronics a nd consist

of much less materials but the amount of ink it contains is also rather low.
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Table 67 : Ink container material input categories by weight

Materials Current study Average

Ink container (g)

Bulk Plastics 33
TecPlastics 1
Ferro 1
Non -ferro 0
Coating 0
Electronics 0
Ink material 20
Misc. 9
Total weight 64

4.2.2 End-of-life
The End -of-Life routes for imaging equipment products and consumables are similar to

those of other electronic products in the EU (as presented in Task 3). These are:

Landfilling
Incineration, with and without energy recovery
Recycling of materials

Remanufacturing/Refurbishing

= =4 a4 -8 -2

Reuse/Refilling

Moreover, before their End  -of-Life, products are collected and sorted. According to the
WEEE Directive 22 and the Waste Framework Directive 253 ' collection includes preliminary

storage and preliminary sorting of waste (the

Figure 54 shows that, according to both Directives, recovery operations include incineration

with energy recovery %%, recycling of materials and preparing for reuse 255 Remanufactur-
ing/refurbishing and reuse/refilling are not recovery operations but they depend on pre-
paring for reuse and are part of another product system. Disposal activities are landfilling

and incineration without energy recovery 256

252 https://eur -lex.europa.eu/legal  -content/EN/TXT/PDF/?uri=CELEX:320121 0019&from=EN
253 hitps:/leur -lex.europa.eu/legal  -content/EN/TXT/PDF/?uri=CELEX:32008L0098&from=EN

24 60% and 65% minimum efficiency for installations permitted before and after 2 009 respectively

25 ¢ mparing for re  -use 6means checking, cleaning or repairing recovery operations, by which products or com-
ponents of products that have become waste are prepared so that they can be re -used without any other pre
processing;

26 QOr with a | ower efficiency than 60% or 65% as described previously
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Figure 54 . Applicability of Waste Framework Directive definitions to IE products and consuma-
bles.

According to Article 4 of the Waste Directive, preparing for reuse is the second most pre-

ferred end -of-life route after prevention (see Figure 55). In this hierarchy, recovery comes
one before last preferred route, however, it is important to note that in the Directive this

route is referred to as O6other recoverydé and

second to las t since it refers mainly to incineration with energy recovery.

FRCOCNGRSTE]  [r~everon
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\ )
. RECOVERY /
\ ;
“\pisPosar’
\ /
\/
Figure 55 . W aste management hierarchy 27

In the following sections, the recyclability for imaging equipment and ink and toner con-
sumables is assessed and the recycling rates are presented. These recycling rates are used

in the EcoReport tool and are important factors for the overall environmental analysis.

4.1.1.10 Recyclability of imaging equipment and ink and toner consumables

After collection from end -users or waste handling stations , imaging equipment  and con-
sumables are treated at suited facilities depending on the desired destination. The waste
handling is assumed to be very different for equipment and consumable cartridges and

different ob stacles can occur.

4.1.1.11 Imaging equipment

For imaging equipment, t  here are several inherent problems that can have a negative
impact at the recycling at end of life. Firstly, many of the plastics types used in imaging
equipment contain Brominated Flame Retardan ts (BFRs), which need to be removed from

any separately collected WEEE and disposed of or recovered separately. Secondly, waste

27 http:/lec.europa.eu/environment/waste/framework/
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plastics containing BFRs may not be suitable for reuse in new products and can be difficult
to recycle properly . Other issues include difficulty in ensuring materials can be collected
within separate streams in such a manner that they are suitable for reuse or even recycling
Not all types of plastics can be recycled together, and if they are recycled together the

resulting plastic  quality would be poorer, and not feasible for wide -range of use.

Besides collection targets shown in Task 3, t he WEEE Directive also sets recycling and
recovery targets for all types of electrical goods, which EU member states are obligated to
achieve. Currently, as from 15 August 2018, t he WEEE D irective 28 requires that for IT and

telecommunications equipment

1 75% shall be recovered and 55%  shall be prepared for re -use and recycl ed, ifitis
small IT and telecommunication equipment (i.e. does not have any external dimen-
sion more than 50 cm)

1 85% is recovered and 80% shall be prepared for re -use and recycled, it is large

equipment (i.e. with any external dimension more than 50 cm)

In addition, the Directive also requires that certain substances, mixtures and components

must be removed from any collected WEEE for selective treatment. The following sub-

stances, mixtures and components can be relevant for imaging equipment:
1 polychlorinated biphenyls containing capacitors
I mercury containing components, such as swit ches or backlighting lamps
1 batteries
9 printed circuit boards of electronic devices if the surface of the printed circuit board

is greater than 10 square centimetres
toner cartridges, liquid and paste, as well as colour toner
plastic containing brominated fl ame retardants

gas discharge lamps

= =4 -4 -2

liquid crystal displays (together with their casing where appropriate) of a surface

greater than 100 square centimetres and all those back -lighted with gas discharge
lamps

external electric cables

9 electrolyte capacitors ¢ ontaining substances of concern (height >25 mm, diameter

>25 mm or proportionately similar volume)

However, the a ctual end -of-life practices for imaging equipment and WEEE, vary both

across the EU and within individual member states. Within the WEEE recycl ing industry,

28 Annex V of WEEE Directive:  https://eur _ -lex.europa.eu/legal _-content/EN/TXT/PDF/?2uri=CELEX:02012L.0019

20180704&from=EN
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recyclers use a variety of common methods for recycling waste imaging equipment includ-

ing:

1 Fully manual segregation: involves the segregation of imaging equipment from
other WEEE streams followed by manual dismantling

1 Fully manual segregatio nwithre -use: process the same as above but with the reuse
of certain components

1 Semi-automated with commercial shredding: involves the mechanical shredding of
WEEE to aid with the recovery of ferrous and non -ferrous metals. Manual picking
operations undertaken to recover PCBs and other components.

1 Semi-automated with commercial smashing: involves the manual removal of WEEE
requiring manual recovery. Remaining WEEE is then spun and smashed into smaller

components with magnetic separation and final manual picking lines.

The cost increases with the amount of manual labour, so it is often considered that shred-

ding is the preferred option for separation of materials. However, the valuable material in

some professional equipment may make it econom ically attractive to manual dismantle
products with the purpose of reuse of certain components. In some circumstances manu-
facturers also undertake a significant amount of remanufacturing of used equipment. 259

This is especially true for larger business machines which retain greater value at end of life

compared to domestic products.

Some professional products and all household equipment are considered to be shredded
as it is a cost -effective segregation proce  ss of materials. The shredding process is briefly

described in  Figure 56.

Pre-processing Size reduction: Shredding: Mechanical sorting | Residuals to
WEEE + Extraction of »  Manual and = Progressive - Magnetic landfill/incineration
» potentially hazardous [™] mechanical > destruction ] separators
parts (switches, cutting and size = Eddy currents
lamps, electronics) reduction of - Density/optical
» Extraction of other the waste separators
parts (cables, glass,
inserts etc.)
v v
! Blowing agents (to Metals and plastics for
v incineration) recycling /recovery

Parts for further recycling
frecovery processing

Figure 56 : Expected reprocessing of household equipment and some professional equipment
at End - of - Life

The pre -processing is the first st ep in the recycling process of imaging equipment which
are shredded . This first step often consists of manual removing of targeted components

and/or materials for further treatment. Th e pre -processing is very important in connection

29 https://www.xerox.com/corporate -citizenship/2016/sustainability/sustainable -products.html
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with an effective recycling process by reducing the risk of contamination, quickly recover
selected valuable materials for further reprocessing and allow compliances with current
directive on hazardous subst  ances?®® and waste 26! and prevent damage to the facility in

the following steps.

Next is a series of shredders, which reduces the imaging equipment  in smaller pieces, so
the different materials can be sorted. The dust is removed and captured by cyclones. When
the equipment is shredded into smaller pieces (approximately 1 cm to 10 cm) different

technologies handles the sorting. These technologies are often 262

1 Magnetic separation removing ferrous metals
Eddy current separators removing non -ferrous metals such as  copper, aluminium,
and zinc

1 Density separators: Different types of plastic.

Imaging equipment are assumed to follow the same End -of - Life treatment as most WEEE.
This means that the majority of the imaging equipment is shredded and only a small part

ofthe imaging equipmentis reused. However, most of the metals and half of the electronics

are recycled. The default values from EcoReport tool 2% for the End -of- Life treatment for
imaging equipment  (the share of recovered, recycled, and reused materials) in this study
have been modified according to newer information 264 and stakeholder inputs 2%, The val-
ues have been averaged and presented in Table 68, these values are  used in the current

study for modelling.

260 http://ec.europa.eu/environment/waste/rohs_eee/index_en.htm

261 http://ec.europa.eu/environment/waste/weee/index_en.htm

262 http://www.sciencedirect.com/science/article/pii/B9780128033630000031
263 nhttp://lec.europa.eu/growth/industry/sustainability/ecodesign_da

264 Plastic Europe, Available at: http://www.plasticseurope. org/documents/document/20161014113313 -
plastics_the_facts_2016_final_version.pdf
265 Stakeholder consultation via questionnaire, January i February 2019.
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Table 68: Estimatedr ecycling rates for imaging equipment adopted in the current study

Bulk Ferro
Plastics Non - Elec- Misc
Tec Plas ferro tronics ;
tics Coating
EoL mass fractiontore -use, in % 2 2 2 2
EoL mass fraction to (materials) 64 84 64 64
recycling, in %
EoL mass fraction to (heat) re- 20 0 20 11
covery, in %
EoL mass fraction to non  -recov. 9 9 9 5
incineration, in %
EoL mass fraction to land- 5 5 5 19
filllmissing/fugitive, in %
Total 100 100 100 100

The share of imaging equipment to be remanufactured or reused could potentially be im-

proved, asitis very low at 1 -2 %. However, it can be very difficult to determine how much

it could technically increase, as products not are handled by the manufacturers at End -of-
Life. For ferro or non  -ferro metals, the recycling rates are high, up to 95%. In Table 69 a
possible BAT scenario with increased reuse and less landfilling is presented. These values
are based on information available online from manufacturers 266 and information on the
content on recyclable materials in office equipment from a waste recycler 267 and supple-
mented by stakeholder inputs 265 The BAT reuse and recycling rates for miscellaneous ma-

terials is estimated slightly on the high end in order to simplify the model, however it is

assumed that with the focus on reuse and recycling, the design of products would become

simpler and with few er components and therefore reduce the amount of miscellaneous

materials that cannot be reused or recycled.

266 https://www.kyoceradocumentsolutions.be/en/index/environment/recycle_and_reuse.html
267 hitps://www.envirowaste.co.uk/commercial/weee -recycling -and -it-disposal/weee -guide/weee -recycling -
potential -success/
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Table 69 : Recycling rates for imaging equipment - BAT

Bulk Plastics HEC .
; Non -ferro Electronics
TecPlastics .
Coating

EA)OL mass fractiontore -use, in 17 17 17 17
EoL mass_fractlon to (materials) 83 83 83 53
recycling, in %
EoL mass fraction to (heat) re- 0 0 0 30
covery, in %
EOI.‘ mags frqcuon tonon -recov. 0 0 0 0
incineration, in %
EoL _ma_ss fraf:'_tlon _to land- 0 0 0 0
filllmissing/fugitive, in %
Total 100 100 100 100

4.1.1.12 Ink and toner consumables

Some of the ink and toner consumables are handled as regular WEEE and will follow the

same processes as described above for imaging equipment. Mostly the cartridges with
electronics chips are considered as WEEE as from August 2018. Containers are still out side
the scope of WEEE.

Contrasting to the imaging equipment, however, it is estimated that a larger amount of
cartridge recycling and reuse already takes place . The European association ETIRA esti-
mat es that between 20 to 30% of all cartridges sold worldw ide are remanufactured 268,

Based on stakeholder inputs, the following information has been obtained:

1 Concerning collection and primary sorting, a pproximately 10 -15% are collected and
processed under OEM material recycling programmes
I Concerning reuse and r  ecycling for consumables collected:
0 15-20% of all cartridges  in the EU are reused as a cartridge after first use ,
this includes OEM and non - OEMs?%®
o Inthe UK and Germany alone, as best practices in the EU, ca. 30% of all
printer cartridges are being recycle dorreused (68% - 70% collection rates
and 39% - 46% reuse/recycling rates) 27
0 In Austria and Switzerland, approximately 50 % are being recycled or re-

used out of those collected, but collection rate is max 65% or lower.

%8 EITRA, Key facts about the cartridge remanufacturing market, available from http://www.etira.org/cartridge
remanufacturing/key  -facts/

29 ETIRA, stakeholder consultation, July -August 2018.

210 EVAP, reply to questionnaire 25  -07-2018.
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o0 InEastern Europe, the reuse and recycling rate is below 10% of all cartridges
placed on the market
0 Formost OEM s, 0% up to 3% of the cartridges are reused, while 75% of the
materials are recycled into new products, see Table 71
0 Lexmark estimates that 24% of existing toner cart ridges contain post -con-
sumer recycled plastic 27127
1 The remaining ink and toner consumables not collected , plus all the non -original

newbuilt cartridges from out side EU, have no environment  -friendly end -of-life so-

lution at all , these follow the fate of normal waste, resulting in that 60 -70% of all
cartridges ends on landfills or incinerated after a single use 272
1 As a whole industry, 30,000 - 50,000 tonnes of printe r cartridges landfilled and

incinerated in 2015 273, based on the infotrend estimation

These numbers suggest that there is a potential for further reuse and recycling of ink and
toner consumables. The remanufacturing process is undertaken by a range of organi sations
from small companies to the major imaging equipment manufacturers themselves, such

as Lexmark, nevertheless there should be more focus on the remanufacturing market.

Ink and toner consumables in some circumstances follow the same end -of-life rout es as
imaging equipment, as some countries already consider cartridges as WEEE even before

the scope extension in WEEE Directive. This means that they would receive the same treat-

ments and obtain the same recovery rates as presented for imaging equipment i n Table
68 . However, cartridges are currently also remanufactured by OEMs and the remanufac-

turing industry. This means that the rate of reuse is higher. The informati on from stake-
holders 2%° show rather divergent views on the reuse and recycling rates for different ma-

terials, see Table 70 for the best estimates based on all the information provided.

271 The importance of Remanuf  acturing in the Circular Economy T A success story. Lexmark. Presentation in June
2018.

22 As of 2015, approximately 6300 Mt of plastic waste had been generated, around 9% of which had been

recycled, 12% was incinerated, and 79% was accumulated in landfills or the natural environment. Production,

use, and fate of all plastics ever made . Roland Geyer , Jenna R. Jambeck and Kara Lavender Law . Accessed via
http://advances.sciencemag.org/content/3/7/e1700782.full

273 http://www.lexmark.com/en_gb/about/news -releases/lexmark -applauds -european -commission -plans -and -

outlines -measures.html

229


http://advances.sciencemag.org/content/3/7/e1700782.full

Table 70 : Recycling rates for cartridges adopted in the current stud

Bulk Plastics HEC .
; Non -ferro Electronics
TecPlastics .
Coating

EA)OL mass fractiontore -use, in 15 15 15 1
EoL mass_fractlon to (materials) 32 32 32 64
recycling, in %
EoL mass fraction to (heat) re- 35 35 35 1
covery, in %
EOI.‘ mags frqcuon tonon -recov. 0 0 0 5
incineration, in %
EoL mass fraction to land-
filllmissing/fugitive, in % 18 18 18 29
TOTAL 100 100 100 100

Based on the presented stakeholder inputs previously in this subsection, it seems that the

recovery rate of cartridges can be improved as the combined reuse and recycling rate is

ca. 50% in Germany, Austria and Switzerland . In addition, the EPEAT initiativ e includes
requirements on reporting of end -of -life options used within consumable take back pro-
grams. 24 Manufacturers registering imaging equipment models with the EPEAT initiative

publish total tonnage and percentages of material that are sent to each of the listed end -
of -life options. A review of the consumable take -back programme requirements included

in the EPEAT initiative provides further insights into current practices amongst some of the

larger imaging equipment manufacturers. Table 71 provides an overview of the end -of -life
options employed in the consumables take back programmes of some major imaging
equipment manufacturers. The results are mostly indicative o f activities within US based
recycling programmes, verification via some company reports in the EU show similar fig-

ures.

274 https://greenelectronicscouncil.org/epeat - criteria/
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Table 71: Useof End -of -Life Options in Consumable Take Back Programmes

End of life  management

=
Manufacturer s 2 o Lz c o S § _
o = 8 £=

Canon 23%  86.7% 10.3% 0.7% 0.0% 0.0%
Epson 0.0% 0.0%  100.0% 0.0% 0.0% 0.0%
Konica Minolta 0.0%  87.6% 12.4% 0.0% 0.0% 0.0%
Kyocera 0.0%  52.7% 22.8% 24.6% 0.0% 0.0%
HP Ink 0.0%  73.9% 23.7% 0.5% 1.8% 0.0%
Toner 29% | 83.9% 13.2% 0.0% 0.0% 0.0%
Lexmark 27.6% | 69.0% 3.4% 0.0% 0.0% 0.0%
Sharp - 52.0% 17.1% - 0.0% 0.0%
Toshiba 0.0%  43.4% 11.9% 44.7% 0.0% -
Ricoh 0.0%  65.0% 0.4% 34.6% 0.0% 0.0%
Xerox 45.0% | 20.0% 10.0% 25.0% 0.0% 0.0%

Based on the EPEAT initiative and inputs from stakeholders 255, a possible BAT scenario is
estimated and presented in Table 72. These recovery rates can be supported by the find-
ings of the report 2'2 published by the Commission, which also stated that the reusable
fraction of these cartridge is quite high at 75 i 80%. Note that in the BAT scenario, the
reuse and recycling rates are increased significantly and that no materials are incinerated

or landfilled as some manufactures already have zero landfill and incineration policy 275

275 https://kmbs.konicaminolta.us/kmbs/about/environment
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Table 72 : Recycling rates for cartridges - BAT
Ferro
Non -ferro Electronics

__Coating |

Bulk Plastics

TecPlastics

EA)OL mass fractiontore -use, in 60 60 60 60

EoL mass_fractlon to (materials) 40 40 40 40

recycling, in %

EoL mass fraction to (heat) re- 0 0 0 0

covery, in %

EOI.‘ mags frqcuon tonon -recov. 0 0 0 0

incineration, in %

EoL mass frac_tl_on tp land- 0 0 0 0

filllmissing/fugitive, in %

Total 100 100 100 100
Regarding containers there may be a reduce d economic incentive to reuse these types of

consumables , and they are normally not defined as WEEE according to the definition of
electrical and electronic equipment (EEE) and thus nor as WEEE 276 However, some man-

ufacturer offers a take  -back solution for co  ntainers as well as for cartridges.

4.3 Conclusions and recommendations

This section summarises the information presented in Task 4 in terms of both average and
BAT at product level and at component level. It also discusses if the scope should be refined
and sums up the barriers and opportunities for Ecodesign policy measures from a technical

perspective.

4.3.1 Average and BAT at product level
Having reviewed the environmental performances of imaging equipment on the EU market,
there appear to be significant improvement opportunities available at both the product and

consumable le vel.

Table 73 presents the energy efficiency improvement potential in ENERGY STAR registered

TEC based and OM based imaging equipment for each base case. It is calculated using the

full dataset with all ENERGY STAR registered products. For each product with its TEC value,

a BAT TEC value is found for the same speed (e.g. 30 ipm) and the percentage reductio n
if reducing the energy consumption from the product's TEC to BAT TEC is calculated. Then
all the individual percentage reductions are averaged over the base case, which is the

resulting estimated  energy efficiency potential for the base case.

276 gglectrical and  electronic equipment  6or &EE6means equipment which is dependent on electric currents or elec -
tromagnetic fields in order to work properly and equipment for the generation, transfer and measurement

of such currents and fields and designe d for use with a voltage rating not exceeding 1 000 volts for alternating

current and 1 500 volts for direct current
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The BAT TEC is for actual products on the market using currently available technology and

does not assumed any additional efficiency improvements.

For OM products the two base cases are both 20 ipm or below and sleep and standby/off
levels for this speed range are i ndependent on the speed and therefore the average can

be compared with the BAT for the full speed range.

The results show that  for the base case current market technology can reduce electricity
consumption for TEC by approximately 14% -26 %. Further savings may be achievable by
considering other aspects which are not addressed by the ENERGY STAR test procedure,

such as internal power supply efficiency.

Table 73 : Average and BAT Energy and Power Levels . See body text for description of calcula-
tion method. Total number of products in dataset is 659 .

BC# Imaging Marking Colour Monochrome TEC (kWh/ week) or OM power (W)
Equipment Technology Format Product

Type Speed (ipm) BAT Reduction

BC1 @ MFD Electro -pho- Mono 20 < s 1.5 0.5 25%
tographic
(EP)
BC2 | MFD Electro -pho- | Colour 20 < s 1.8 0.8 26%
tographic
(EP)
BC3 | Printer Electro -pho- Mono 20 < s 1.4 0.6 14%
tographic
(EP)
BC4 | Printer Electro -pho- | Colour 20 < s 2.1 0.7 30%
tographic
(EP)
BC5 | MFD Inkjet (1) Colour s O 20 Sleep: 1.1 04 W 64%
W
Standby/off: 0.1W 0%
0.1
BC6 | Printer Inkjet (13) Colour s 0 20 Sleep: 1.0: 0.6 W 40%
Standby/off: 0.1wW 50%
0.2
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BAT on non -energy in use impact areas can be seen in some of the products registered

within the EPEAT initiative. These include:

1 Products with up to 54% of their plastics content being postconsumer recycled
plastic .

1 Products that do not need to utilise ¢ admium exemptions under the EU RoHS Di-
rective .

1 Product s that do not contain substances included in the Candidate List of Sub-
stances of Very High Concern (SVHC) and REACH Annex XIV (List of Substances

Subject to Authorization) above 0.1%

There are other environmental design features seen in BAT products e.g. t hose which are
registered at EPEAT and Blue Angel. Alone EPEAT contains currently about 5100 copiers,

printers and MFDs registered.

4.3.2 Average and BAT at component level
Many consumables designed for use with imaging equipment placed on the EU market are
complex devices which utilize significant amount of materials. Simplification of design (i.e.
shifting to containers rather than cartridges), remanufacturing and enhanced reuse of ma-
terials could all assist in reducing material usage in consumables. Alternat ive approaches
to complex consumables are readily available in the market place and do not seem to
impact quality or functionality of the imaging equipment. For example, the Kyocera Ecofys
toner consumable system is designed to minimise material use and en sure easier reman-
ufacturing or recycling of consumables at their end of life. Other manufacturers, such as
Epson, have developed refillable ink container systems which may result in significantly

less plastics being used over the life of an inkjet printer.

4.3.3 Barriers and opportunities for Ecodesign from a technical perspective
Based on the above analysis there appear to be many opportunities  to encourage increased
environmental savings from imaging equipment and their associated consumables. Further
reducti ons in environmental impacts for imaging equipment products could be achieved

through:

1 Energy efficiency - The ENERGY STAR v2.0 specifications are mature as witnessed
by high penetration rates amongst products on the market. The revised ENERGY
STARV3.0sp ecification will reflect approximately the most25% most efficient prod-
ucts on the market. Using the ENERGY STAR v3.0 specification within any future VA
or Ecodesign initiatives on imaging equipment could encourage further energy sav-

ings. Additional energy savings could be achieved by addressing inefficiencies in
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internal power supplies. The internal power supplies of mo st other information tech-
nology have been covered in Ecodesign initiatives and this has resulted in signif icant
energy savings.

1 Enhanced wider environmental product design - The current VA includes a truncated
set of environmental product design criteria. Analysis of other initiatives, such as
EPEAT, shows that there are significant numbers of products on the market , which
exhibit better environmental design characteristics than required under the current

VA initiative  (about 5100 copiers, printers and MFDs are currently  registered under

EPEAT)
There appear to be significant resource savings ava ilable through the reduction of material
usage associated with imaging equipment consumables. Further reductions in environmen-
tal impacts for imaging equipment consumables could be achieved through development

of criteria in the following areas

1 Supportin g remanufacturing of consumables by:

0 Requiring, or encouraging, the use of r eprogrammable electronic chips in
cartridges

0 Requiring that any firmware updates sent to imaging equipment after they
are placed on the market do not impact the use of remanufactur ed consum-
ables. This requirement could be met by allowing users to roll back and re-
port any problematic firmware, however, without rolling back security up-
dates

0 Requirements for, or encouraging the use o f, fixings (e.g. screws or clips)
that allow access i nto the consumables for the purposes of replacing worn
parts without the need to cut casings.

o Disclosure of patents on any consumables which  may restrict third party

remanufacturing

o Disclosure of any legal actions taken against third party remanufacturers for
breaching intellectual property rights that cover any aspect of remanufac-
turing

o0 Production of consumable schematics showing all components and connec-

tion types used

1 Supporting dematerialisation of consumables by:
0 Inclusion of consumable material effic iency requirements , which take ac-
count of consumable mass and page yield
0 Requirements that seek to either minimis e, or require disclose of, the num-

ber of parts and materials in consumables
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1 Supporting reductions of hazardous material content in consumable s by:

o Inclusion of r estrictions on hazardous material content in toners and inks
1 Supporting reduced environmental impacts in OEM consumable end -of -life pro-
cessing by:

o0 Inclusion of criteria which identify the numbers and total weights of consum-
ables coll ected through take back programmes.

o Inclusion of criteria which require reporting on the amounts of collected con-
sumable material sent to the following end of life options:

A Reuse

Recycling

Waste to energy incineration

Incineration

Storage

Landfill

> > > > >

There may be several technical and non -technical barriers in the way of setting require-

ments that further environmental savings on imaging equipment and consumables

The typical internal power supply (IPS) efficiency of imaging equipment is unknown, be-
cause the lack of a ccess to dat a, therefore difficult to develop a requirement on it . One
solution could be to source the IPS efficiency data from initiatives on other similar product
groups, such as computers, where there has been a strong emph asis on reducing wasted
energy in inefficient power supplies. Secondly, the ENERGY STAR TEC requirement indi-
rectly addresses the power supply efficiency, but it is rather limited to the high load levels,

therefore the efficiency during low power modes (at low loads) remains unaddressed.

The use of imaging equipment consumables contributes to a very significant share of over-

all environmental burdens from this product group. It is clear that there are a number of

available solutions that can help to mitigate these impacts. However, there are likely to be

a number of potential barriers to the inclusion of some environmental criteria on consum-

ables, such as uncertainties of the design features that limits reuse and remanufacturing,

issues with patents and intel lectual property rights, and the rise of non -reusable counter-
feits from Asia that hampers reuse/remanufacturing and impacts the competitiveness of

EU businesses in this industry.

It can be difficult to source definitive information about which design feat ures limit further

reductions in environmental impacts of consumables. That is, there are often competing
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claims that specific design features are both necessary for technical reasons and are pur-
posefully included to limit remanufacturing ability . Many of the technical features which
limit the ability to remanufacture are related to the electronic chips included in consuma-
bles. These electronic chips are often needed in cartridges to support advanced user func-
tionalities (e.g. toner/ink level reporting) but also to ensure that printers are not damaged
from running dry cartridges. To overcome these barriers, it will be necessary to ensure

that requirements support the continued usage of advanced functionalities but also facili-

tate remanufacturing.

There are a significant number of patents and other intellectual property rights that cover

the broad range of consumables on the market. Many of these intellectual property rights

cover aspects of consumable design, software and remanufacturing processes that could
significantly hamper the ability of 3 @ party organisations to remanufacture consumables.

The US Supreme Court ruling can be of inspiration for the patent disputes in the EU re-

garding consumables too, and it needs to be clearer about when the patent is ex hausted
and how the remanufactured consumable infringes the IPR. Any requirements regarding
remanufacturing consumables in the VA would need to be developed in a way that it does

not infringes IPR, however this non -technical barrier for remanufacturing can not be easily
and solely addressed by the VA under Ecodesign, but it also touches how the patent law

should be interpreted.

The rapid increase in the numbers of fAclonedod and cou
into the EU market from Asia may also caus e issues. These cloned and counterfeit con-

sumables are often  unsuitable for remanufactur ing, may contain  restricted hazardous sub-

stances and ma nufacturers may not fulfil their obligations under the WEEE  and RoHS Di-

rective s. Any requirements placed on OEM ¢ onsumables would not result in reduced envi-

ronmental impacts from these cloned consumables. The rise in cloned consumables is also

i mpacting OEM, and remanufacturing organisationso r e\
OEM consumable manufacturers may be mor e sensitive to extra financial burdens placed

on their products whilst at the same time facing competition from cheaper imported prod-

ucts. Enforcement of existing EU legislation including WEEE, RoHS and patent rights on

producers of cloned consumables woul d help to alleviate the negative impacts of these

products. Enforcement of RoHs restrictions on all cloned consumables would ensure that

these product types had a toxicity profile the same as OEM consumables. However, en-

forcing environmental legislation is complicated by the fact that many cloned consumables,

and all counterfeit consumables, infringe intellectual property rights, and so, should not

even be on the EU market.
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Annex A z Additional Tables and Figures

Table 74 : Average Energy Use and Power Demands for Imaging Equipment Registered in the
US ENERGY STAR database

Imaging Marking Technol- Colour Monochrome Average Energy/Power
Equip- ogy Format Product Speed :
ment (ipm) TEC Sleep Sicle])Y)
Type (kWh/week) Mode Off Mode
(W) (W)
MFD Inkjet (1) Colour s O 20 1.1 0.1
20 < s O 1.3 0.1
MFD Inkjet (1J) Mono 20 < s O 1.6 0.1
Printer Inkjet (1J) Colour s O 20 1.0 0.2
20 < s O 1.3 0.1
Printer Inkjet (1J) Mono s O 20 1.0
20 < s O 1.4 0.1
MFD Electrophotographic Colour s O 20 0.9
(EP)
20 < s O 1.8
40 < s O 3.0
51 < s O 3.8
60 < s O 7.7
s >80 12.3
MFD Electrophotographic Mono s O 20 0.8
(EP)
20 < s O 1.5
40 < s O 2.7
60 < s O 4.5
66 < s O 5.9
s >80 16.6
Printer Electrophotographic Colour s O 20 1.0
(EP)
20 < s O 21
40 < s O 4.3
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Imaging Marking Technol- Colour Monochrome Average Energy/Power
Equip- ogy Format Product Speed :
ment (ipm) TEC Sleep Sicle])Y)

Type (C IR Mode Off Mode
(W) (W)

s> 60 17.9
Printer Electrophotographic Mono s O 20 0.6
(EP) :
20 < s O 1.4
40 < s O 2.6
60 < s O 3.6
66 < s O 13.6
s>135 57.6
Copier All All All 1.2
Fax All All All 0.5

Table 75 : Average Page Yields of Consumables

Monochrome Consumable (Cartridges/Containers) Page Yield
Product Speed, s,
Product as Calculated in Remanufactured/ Com-
Type the ENERGY STAR I patible  Consumable
Test Method
s O 20 1600 1600 1600 1600 1600 1600
20 < s O 40 9727 36000 1200 6978 18000 1200
Momola- (40 < s O 60 17152 40000 2600 14647 25000 3000
ser printer 60 < s O 66 24125 41000 10000 0 0 0
66 < s O 13 25667 41000 11000 0 0 0
s>135 0 0 0 0 0 0
s O 20 3267 7200 1000 3075 7200 1000
20 < s O 40 15729 45000 3000 5525 9000 3000
Monola- 40 < s O 60 15077 45000 2500 12063 25000 3000
serMFD | g0 < s O 66 18400 25000 6000 18667 25000 6000
66 < s O 80 36880 70000 6000 15500 25000 6000
s >80 0 0 0 0 0 0
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s O 20 2371 10000 180 731 1130 500

20 < s O 40 2069 5000 700 1534 2500 1200
Colour
Inkjet 40 < s O 51 0 0 0 0 0 0
Printers .
51 < s O 60 0 0 0 0 0 0
s>60 0 0 0 0 0 0
s O 20 6633 23000 1400 9185 23000 1400
20 < s O 40 6409 30000 1500 5453 12000 1500
Colour La-
ser Print- 40 < s O 51 18910 44000 6000 14500 36000 6000
ers N
51 < s O 60 21117 44000 6000 29250 36000 27000
s$>60 59000 80000 52000 0 0 0
s O 20 384 1130 165 527 1130 165
20 < s O 40 1300 4000 250 313 550 250
Colour 40 < s O 51 1300 4000 250 313 550 250
Inkjet R
MED 51 < s O 60 0 0 0 0 0 0
60 < s O 80 0 0 0 0 0 0
s >80 0 0 0 0 0 0
s O 20 5653 23000 1400 7129 23000 1400
20 < s O 40 7646 15000 2900 7460 15000 5000
Colourla- 40 < s O 51 25031 44000 10500 27375 36000 25000
serMFD |51 < s O 60| 29550 44000 11500 27375 36000 25000
60 < s O 80 28968 80000 8000 0 0 0
s >80 59000 80000 52000 0 0 0

Table 76 : Lowest Energy Use and Power Demands for Imaging Equipment Registered in the US
ENERGY STAR database

Imaging Marking Colour For- Monochrome BAT Energy/Power
Equipment Technology mat Product

Type Speed (ipm) TEC Sleep Standby/
(kwh/ Mode Off Mode
week) (W) (W)
MFD Inkjet (13) Colour s O 20 0.4 0.1
20 < s O 0.5 0.0
MFD Inkjet (1J) Mono 20 < s O 1.1 0.1
Printer Inkjet (1) Colour s O 20 0.6 0.1
20 < s O 0.7 0.1
Printer Inkjet (1J) Mono s O 20 0.7 0.1
20 < s O 0.9 0.1
MFD Colour s O 20 0.4
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Imaging Marking Colour For- Monochrome BAT Energy/Power
Equipment Technology mat Product

Type Speed (ipm) TEC Sleep Standby/
(kwWh/ Mode Off Mode
week) (W) ()

Electro -photo- 20 < s O 0.8
graphic (EP)

40 < s O 1.8

51 < s O 2.5

60 < s O 3.9

s >80 5.9

MFD Electro -photo- | Mono s O 20 0.4
graphic (EP)

20 < s O 0.5

40 < s O 1.5

60 < s O 2.8

66 < s O 3.2

s >80 5.8

Printer Electro -photo- Colour s O 20 0.4
graphic (EP)

20 < s O 0.7

40 < s O 1.7

51 < s O 25

s> 60 5.0

Printer Electro -photo- | Mono s O 20 0.4
graphic (EP)

20 < s O 0.6

40 < s O 15

60 < s O 2.6

66 < s O 3.0

s>135 17.5

Copier All All All 1.1

Fax All All All 0.5
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Table 77 : Energy Efficiency of High - Performance Inkjet and Comparative Laser Based Imaging

Equipment
Brand Type Marking Colour Automatic Typical Elec-
Name Technology Capabil- Duplex Out- tricity Con-
ity put Capable sumption
(TEC)
(kW' h/wk)
Epson WF-C20590 MFD High Perfor- Colour 100 Yes 1.2
mance 1J
Brother HL- Printer = High Perfor- Mono - 100 Yes 1.3
S7000DN mance 1J chrome
Konica bizhub PRO = MFD Electro -pho- Mono - 100 Yes 135
Minolta 1100 tographic chrome
(EP)
Xerox Xerox D95A MFD Electro -pho- Mono - 100 Yes 19.8
MFD tographic chrome
(EP)
Konica AccurioPress MFD Electro -pho- Colour 100 Yes 20.0
Minolta C6100+PF - tographic
711 [MFP (EP)
System]
Konica AccurioPress Printer = Electro -pho- Colour 100 Yes 20.0
Minolta C6100+PF - tographic
707m (EP)
[Printer Sys-
tem]
Xerox Versant Printer | Electro -pho- Colour 100 Yes 24.5
3100 Press tographic
(EP)
Xerox Versant Printer = Electro -pho- Colour 100 Yes 26.1
2100 Press tographic
(EP)
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Table 78 : Average and BAT TEC Levels . The percentage reduction is here calculated as reduc-
tion from average TEC to lowest TEC in the speed range.

Imaging Marking Colour Monochrome TEC (kWh/week)
Equipment Technology Format Product
Type Speed (ipm) Average BAT % reduc-
tion
s O 20 0.9 0.4 55%
20 < s O 1.8 0.8 55%
~ 0
Electrophoto - 40 < s O 3.0 1.8 39%
MFD raphic (EP) Colour
grap 51 < s O 3.8 25 35%
60 < s O 7.7 3.9 49%
s> 80 12.3 5.9 52%
s O 20 0.8 0.4 51%
20 < s O 1.5 0.5 67%
~ 0
Electrophoto - 40 < s O 2.7 1.5 45%
MFD raphic (EP) Mono
grap 60 < s O 45 2.8 38%
66 < s O 5.9 3.2 46%
s>80 16.6 5.8 65%
s O 20 1.0 0.4 58%
20 < s O 2.1 0.7 67%
Printer Electrophoto - Colour 40 < s O 4.3 1.7 60%
graphic (EP)
51 < s O 3.4 25 26%
s> 60 17.9 5.0 72%
s O 20 0.6 0.4 37%
20 < s O 1.4 0.6 56%
~ 0
. Electrophoto - 40 < s O 2.6 15 43%
Printer raphic (EP) Mono :
grap 60 < s O 3.6 2.6 27%
66 < s O 13.6 3.0 78%
s>135 57.6 17.5 70%
Copier All All All 1.2 1.1 11%
Fax All All All 0.5 0.5 0%
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5. Task 5: Evaluation and environment

In this task, the current Voluntary Agreement will be evaluated . I twill include assessment
of the primary design, resource efficiency and information requirements, and how effective
and efficient the Voluntary Agreement has been in delivering energy and resource effi-

ciency. Lastly, possible recommendations for improveme nts will be presented.
Task 5 will also partly follow the MEErP methodology and includes the following:

1 Product specific inputs, where the data and information collected in Task 1 T 4, will
define the all the specific inputs for base cases.

I Base case en vironmental impact assessment, where the EcoReport tool is used sep-
arately for imaging equipment consumables from products , in order to better ac-
count for the resource consumption, as well as using product specific inputs, to
calculate emissions and resour  ces categories for the life cycle.

1 EU total environmental impact assessment, where the base case impact assessment
per unit will be scaled up to the whole EU, in order to assessment the impacts of

the product group as whole to the EU.

5.1 Evaluation of current Voluntary Agreement

In this section, the current Voluntary Agreement is evaluated for the appropriateness of

the various requirements and its effectiveness in delivering energy and resource savings.

5.1.1 Overall compliance
The VAinclud es requirements on a number of environmental impact areas including energy
use, design for recyclability, cartridge design and information provision. The requirements

are split into three parts:

1 Part I: Primary design requirements
1 Partll: Other resource efficiency requirements

1 Part lll: Information requirements for end -users

For part I, the minimum compliance rates are shown in Table 79. For part Il and part Ill,
the re quired compliance rates are 100% after 2012 or 2015, depending on the type of

requirement.
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Table 79 : Overall sales weighted VA compliance

Period

OM?"" products
placed on the EU

market

targets

TEC?™® products
placed on the EU
marke t

Tier | Jan-Dec 2015 90% 70%

Tier Il Jan-Dec 2016 93% 80%

Tier Il Jan 2017 onwards 99% 90%
Signatoriesd compliance to the VA requirements 1is

The independent Inspector is an independent third party, designated by the VA Steering

Committee (which

279

to veto the choice of the Inspector ), who is tasked with:

1 collecting and processing information supplied by Signatories

T determining a Signatoryébs

9 carrying out of audits

The Independent Inspector carries out annual ¢

with the results published on the EuroVAPrint website.

includes the European Commission as a member and that

compliance

have the r ight

with the

ompliance assessments for all signatories,

280 The compliance analysis includes

assessment of whether overall sales weighted targets are met and whether individual prod-

ucts comply with each of the VA requ irements.

5.1.2 PartI: Primary design requirements

In this subsection, the appropriateness and the effectiveness of primary design require-

ments set by the VA are assessed.

For energy in use, the VA requir

es that targeted

are compliant to many of the requirements in the ENERGY STAR specification for imaging

equipment (v2.0)

weighted ENERGY STAR compliance rates for the last 8 years have been found.

in Table 80, t here is a clear trend of

time, with only 0.1% of the total sales covered by the signatories being non

281 According to data collected by Independent Inspector

282 the sales

As shown

ENERGY STAR non -compliance rate diminishing over

-comp liant with

277 OM: Operational Mode: ENERGY STAR Imaging Equipment (IE) specification. The procedure is to be used to

quantify the power consumption
method.

of imaging products that do not utilize the Typical Electricity Consumption (TEC)

278 TEC: Typical Electricity Consumption method for the Version 2.0 ENERGY STAR Imaging Equipment (IE) spec-

ification. The procedure is to be used to obtain and evaluat e the TEC of Standard
digital duplicators, fax machines, multifunction devices (MFDs), and printers that use high

ogies such as Electrophotography (EP) and Solid Ink (SI), and those that provide comparab

279 http://www.eurovaprint.eu/fileadmin/eurovaprint_files/pdfs/VA_version_5.2_April.pdf

-size |IE products such as copiers,
-temperature technol-
le functionality.
, section 7

280 nttp://lwww.eurovaprint.eu/pages/compliance/
281 Energy consumption requirements (TEC and OM products)
bility (TEC products)

282 period 8 Randomised data in Excel - file, RINA, August 2018.
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the ENERGY STAR based requirements . It is important to note that non -compliance does
not mean that signatories have incorrectly claimed that products are complaint with the
ENERGY STAR requirements. Non -compliance in this instance only means tha tthe products

have not been declared to meet the ENERGY STAR specification limits.

Table 80 : Overall sales weighted compliance with ENERGY STAR v2.0 for2011 -2017

Period Dates % compliant

1 1 January 2011t0 30  June 2011 86.2%  95.5%  91.8%
2 1 October 2011 to 31 March 2012 90.6% | 96.3% @ 94.3%
3 1 January 2012 to 31 December 2012 91.9% 99.9% @ 97.1%
4 1 January 2013 to 31 December 2013 94.1% 99.9%  97.8%
5 1 January 2014 to 31 December 2014 94.6%  99.9% @ 98.0%
6 1 January 2015 to 31 December 2015 96.5% | 99.7%  98.6%
7 1 January 2016 to 31 December 2016 98.1% 99.9%  99.2%
8 1 January 2017 to 31 December 2017 99.8% | 99.9% @ 99.9%

The VA Annex C data reported for 2017 by signatories have been provided by the Inde-
pendent Inspector with permission from VA secretariat. The study team assessed the data

and verified the conclusion of the Independent Inspector o n overall compliance rates.

It can be seen that the overall compliance rates for TEC and OM products have increased

from 91.8% in 2011 and up to 99.9% in 2017. Task 2 report has presented the market

coverage of the VA signatories to be around 95% - 97% in the period of 2011 T 2017.
Taking into account of the brands and models outside of the VA market coverage but ac-

tively sold in the EU, the actual compliance of the entire EU market of imaging equipment

with the VA requirement is 3 T 5 % lower than the reported value for VA covered ma rket.

See Table 81 forthe compliance rates for number of models and sales weighted compliance

rates for different types of imaging equipment.
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Table 81 : Model based and sales weighted compliance rates for different types of IE and
matched to the base cases

Compliance Sales weighted Match to current base
rate, models compliance rate cases
% %
TEC Mono- 89% 96.4% BC3 Monochrome Laser
chrome non - Printer, 20
MFD
TEC Mono- 79% 99.6% BC1 Monochrome Laser
chrome MFD MFD, 20 < s
TEC Colour non - 93% 90.5% BC4 Colour Laser printer,
MFD 20 < s O 4
TEC Colour MFD 85% 99.1% BC2 Colour Laser MFD,
20 < s O 4
OM Colour M FD Off mode: Off mode: 100% BC5 Colour Inkjet MFD, s
100% Sleep: 100% O 20
Sleep: 100%
OM Colour non - Off mode: Off mode: 100% BC6 Colour Inkjet
MFD 100% Sleep: 99.3% Printer, s
Sleep: 93%
The 2017 reported energy consumption TEC in kWh/week for TEC products under the VA
are plotted against the ENERGY STAR version 2.0 requirements in Figure 57 to Figure 60
below. Some data points show 0 kWh/week due to no data was reported . Each data point
represents a particular model. The number of products of each model actually sold ¢ an

vary from onetom  any thousands.

Monochrome noaMFD

20,0

3
o 15,0
2
<
i 10,0
O
w 5,0
|_

0,0

0 10 20 30 40 50 60 70 80 90 100
Mono print speed (ipm)
® Measured TEC ===TEC_req, kWh/week TEC_max, kWh/week
(kWh/week)
Figure 57 : Reported energy consumption TEC (kWh/week) for mono non -MFDs, compared
with ENERGY STAR Version 2.0 requirement for TECreq and TECmax (which is TECreq + adder
for A3 capability) . Each data point represents one model.
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Monochrome MFD

30,0
25,0
20,0
15,0
10,0

TEC (kWh/week)

o1
o

o
o

0 10 20 30 40 50 60 70 80 90 100
Mono print speed (ipm)

® Measured TEC e===TEC_req, kWh/week e===TEC_max, kWh/week
(kWh/week)

Figure 58: Reported energy consumption TEC (kWh/week) for mono MFDs, compared with EN-
ERGY STAR Version 2.0 requirement for TECreq and TECmax (which is TECreq + adder for A3
capability) . Each data point rep resents one model.

Colour noAMFD

35,0

w
o
o

)

25,0
20,0
15,0
10,0

TEC (kWh/week)

o o
o ©

0 10 20 30 40 50 60 70 80 90 100
Mono print speed (ipm)

® Measured TEC — TEC_req, kWh/week -~ TEC_max, kWh/week
(kWh/week)

Figure 59 : Reported energy consumption TEC (kWh/week) for colour non -MFDs, compared
with ENERGY STAR Version 2.0 requirement for TECreq and TECmax (which is TECreq + adder
for A3 capability) . Each data point represents one model.
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Mono print speed (ipm)
® Measured TEC ——TEC _req, kWh/week ———TEC_max, kWh/week

(kWh/week)

Figure 60 : Reported energy consumption TEC (kWh/week) for colour MFDs, compared with
ENERGY STAR Version 2.0 requirement for TECreq and TECmax (which is TECreq + adder for
A3 capability) . Each datap oint represents one model.

The 2017 reported s leep mode power demand for OM products under the VA are plotted
against the ENERGY STAR version 2.0 sleep allowances in Figure 61 and Figure 62 below.

Colour noAMFD

Sleep Power (w)

123456 7 8 9101112131415161718192021222324252627282930

Model #

= ENERGY STAR ®2.0 OM Sleep Power Allowance® Measured Product OM Sleep Power
(W) (W)

Figure 61 : Reported sleep power (W) for colour non -MFDs OM products , compared with EN-
ERGY STAR Version 2.0 requirement for sleep power allowance . Each data point represents
one model.
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= ENERGY STAR ®2.0 OM Sleep Power Allowance® Measured Product OM Sleep Power
(W) (W)
Figure 62 : Reported sleep power (W) for colour MFDs OM products , compared with ENERGY
STAR Version 2.0 requirement for sleep power allowance . Each data point represents one
model.

Based on the results above,  the conclusion is that  the primary design requirements from
ENERGY STAR version 2.0 have been achieved by the majority of the product models.

Although there are a number of TEC models that draw more  power than the ENERGY STAR
limit, they account for a small share of overall sales , therefore allow ing for a very high
overall sales-weighted compliance rate. The sleep mode power demand of virtually all OM
products is well below the ENERGY STAR requirement , especially for colour MFDs, indicat-

ing potential for reducing the sleep mode power allowances for OM products.

The VA primary design requirements also include other aspects beyond energy and power,
such as auto duplex capability and default auto duplex enabled for TEC products, and de-

fault delay time for OM products, see table below for the level of commitment.

Table 82 : Level of commitment to primary design requirements in VA
TEC/OM Provides auto du- Default  Auto du- Compliance with default delay
TEC prod- 86% 65%
ucts
OM prod- 100%
ucts
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Estimated savings in electricity consumption

Earlier Impact Assessments (2013) 283 estimated that the VA will  provide direct electricity
savings of 7.9 TWh per year in the EU in 2020 and 9 TWh per year in 2030 (excluding the
additional savings that will be made through increased resource efficiency ). Indirect energy
consumption expressed in electricity equivalent assessed in the impact assessment (2013)

mainly came from  the paper usage. See detailsin Table 83.

Table 83 : Business -as-usual (BAU without VA) and Voluntary Agreement direct and indirect
energy consumption for the stock of Imaging Equipment estimated by Impact Assessment
(2013)

1995 2000 2005 2010 2015 2020 2025 2030

BAU (preparatory study

Direct (TWh) 27.01 22.33 11.97 8.67 8.69 9.13 9.74 10.40
Indirect (TWh) 23.42 27.74 33.14 38.77 40.89 42.75 44.43 46.99
Total (TWh) 50.43 50.07 45.11 47.44 49,58 51.88 54.18 57.39
Voluntary

Direct (TWh) 27.01 22.33 9.04 3.54 1.56 1.22 1.27 1.33
Indirect (TWh) 23.42 27.74 33.14 36.67 34.67 35.62 37.03 19.16
Total TWh) 50.43 50.07 42.18 40.21 36.23 36.84 38.29 40.49

Each year, the VA Inspector produces a compliance report , Which includes an energy usage

report for the products within the scope of the VA placed on the EU market for the particular
period . See Table 84 for the estimated energ  y consumption of TEC and OM imaging equip-
ment for 2011 1 2017. The compliance report by Inspector states that the energy con-

sumption for the TEC products is based on the reported TEC value (kWh/week), and OM

products energy  consumption is based on the powe r reported for Aprinting:

fisl eepd and Aoff o mode and t he pr epaandhasedgnacualudy

shipments and actual measured energy values

283 Commission Staff Working Document - Impact Assessment Accompanying the document Report from the
Commission to the European Parliament and the Council on the Volun tary Ecodesign Scheme for Imaging Equip-
ment - COM(2013) 23 final
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Table 84 : VA for imaging equipment i Energy usage report for p roduct s placed on the EU mar-

ketin the particular year 2011 -2017 284,
. Energy Star Compliant & Non-
Energy Star Compliant Energy Star Non-Compliant :
Compliant
Energy Consumption (MWh/a) Energy Consumption (MWh/a) Energy Consumption (MWh/a)
Period| Dates TEC oM TOTAL TEC oM TOTAL TEC oM TOTAL
1 |1January 2011 to 30 June 2011 468,585 64,584 120,092 3,739 123,831 588,676 68,323 657,000
2 |10ctober 2011 to 31 March 2012 478,251 74,407 87,606 3,671 91,277| 565,856 78,078 543,934
3 |1January 2012 to 31 December 2012 780,063 103,129 109,267 473 109,740 889,330 103,602
4 |1January 2013 to 31 December 2013 813,602 90,058 81,932 169 82,10 895,534 90,227 | 985,76
5 |1January 2014 to 31 December 2014 | 835,916 85,245 1 59,478 127 ; 895,394 85,373 767
6 |1January 2015 to 31 December 2015 709,332 75,656 784 37,297 638 37,935 746,629 76,294 22,924
7 |1January 2016 to 31 December 2016 | 592,352 65,123 657,476 20,132 145 20,277] 612,484 65,269 | 677,753
8 |1January 2017 to 31 December 2017 | 514,378 60,740 575,11 3,621 90 3,7 517,999 60,830

The energy consumption  figuresin Table 84 are for the sales in each year and only for the
products in scope of the VA and cannot be compared with the figures in Table 83, which

are for the stock of all imaging equipment and contains projections

An updated savings analysis has been undertaken as part of this review study. The updated
analysis includes updated sales and stock data sour ced from EU ENERGY STAR market
report 201 72% and shipment total s provided by signatories to the Independent Inspector

for 2017. Average energy consumption per unit for 2010 are based on figures from Impact
Assessment (2013) and average energy consumption per unit for 2017 from ENERGY STAR
registration data as well as from energy data reported to the Inspector according to VA

Annex C.

The updated savings analysis shows that the direct energy consu  mption saving from the
VA is estimatedtobe 4 TWhin 2015, 9.5 TWh in 2020 and 10 TWh in 2030 , see Figure 63
and Table 85, when allocating all the savings to the effect of the VA (see in next section

an assessment of possible s eparati on of savings driven by the VA and by other initiatives ).
The total direct energy consumption in the BAU 0 scenario (without EU action) is estimated

to be higher than suggested in the preparatory study (2008) and Impact Assessment
(2013), at 16 TWh in 2015 and 14 TWh in 2030 . Under the BAU scenario (with current VA

in place and no other changes ) total energy co nsumption is estimated to have been 12
TWh in 2015 , decreas ing to 6 TWh by 2020 with a furtherto 4 TWh by 2030 .

Manufacturing stakeholders have reported that there is a very good chance that imaging
equipment falling under the definitions but not covered by the signatories would also com-
ply with the VA requirements. Itis estimated the total EU market including those not under

VA have 3 15 % lower compliance rate than VA market coverage only, this is estimated as

the BAU scenario fincHgueleE outside VAO in

284 Appendix 4, EuroVAprint Imaging Equipment Voluntary Agreement, Annual Compliance Report of the Inde-
pendent Inspector - Period 8 (1 January 1 31 December 2017), RINA, April 2018.

25 Q3-Q4 20 15: Survey of the Market Penetration of Energy Efficient Office Equipment under the EU ENERGY
STAR Programme. 2017
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Figure 63 : Estimated energy consumption of BAU 0 (no EU action) and BAU (current VA in
place) due to various initiatives incl. the VA

Figure 63 shows that there was an increase of energy consumption before the current VA
was in place, in contrary to the Impact Assessment (2013). This is because the stock was
modelled differently, and the sales data from impact assessment were updated with new

dat a for 2015, this created an incline in stock even though the sales were declining.

Table 85 : Imaging equipment energy consumption EU - 28 estimated in current study

2010 2015 | 2020 | 2025 | 2030

BAU 0 (without VA), TWh/year 15 16 16 15 14
BAU (with current VA) TWh/year 15 12 6 5 4
Separating s  avings driven by the VA and by other initiatives

The commitments within the VA ensuring certain percentages of products meet ENERGY

STAR specifications undoubtedly helps to increase the number s of products on the EU mar-
ket that meet ENERGY STAR energy efficiency requirements. However, there are other

policy drivers, which encourage manufacturers to ensure products meet the ENERGY STAR
specifications fully or partly such as the US ENERGY STAR, t he EU ENERGY STAR ( expired
on 20 February 2018 ), Green Public Procurement, the Blue Angel, the Nordic Swan and
initiatives outside the EU (see further in the Task 1 report). All these schemes work towards

the same target of increasing the share of purchase d imaging equipment products compli-
ant with ENERGY STAR and it is not possible to calculate the contribution from each of the
schemes. However, in the following, we provide an estimation of the contribution of the

VA by analysing the penetration rates of t he ENERGY STAR implementation in the United

States.

253



A basic driver in the US is that US Federal Agencies are required to purchase imaging
equipment that meet the ENERGY STAR specifications. 286 As manufacturers strive to
achieve ENERGY STAR status for their products the number of ENERGY STAR products

available on the market increases rapidly after the development of a new specification.

The US EPA tracks the penetration rate of ENERGY STAR prod ucts on the US market
through conducting annual assessments. 287 Table 86 includes a summary of the US EPA
estimates on ENERGY STAR penetrations against different specificat ions. The cells coloured

green represent the point at which new ENERGY STAR specifications are developed. The
US EPA aim to develop new ENERGY STAR specifications which reflect the top 25% most

efficient models available on the market when the requirements enter into effect. 288

The cells coloured blue represent reported data, such as the US EPA published ENERGY
STAR penetration rates 287 for the specific years (i.e. the percentages of products on the
market that meet the current ENERGY STAR specification). Cells colour orange are inter-
polated values.

Table 86 : US EPA Published ENERGY STAR Penetration Rates for Imaging Equipment and EU

ENERGY STAR Penetration Rates driven by the VA i targets and actual reported compliance.
See the body text for explanation on colour codes.

ENERGY STAR ENERGY ENERGY VA targets VA compliance
v1.0 STARvV1 .1 STAR v2.0 ES v2.0 ES v2.0

(vear | OM | TEC Jom | _TEC__| OM | TEC | _OM_| TEC | OM | TEC |
2000 25109 R2516%

2007 | 34.8%  35.8%
2008 | 44.7%  46.7%
2009 [646% N575%
2010
2011
2012
2013
2014
2015
2016
2017

93.0% | 80.0% [9919% [9410% |

. 250%
o 990%
S100.0% 0 90.0% | 70.0% {99796 198:8% 1
1000%
IIN99I0% I 99.0% | 90.0% [99I9%IN [974%

It is clear from the results that the ENERGY STAR penetration rates in the US have in-
creased rapidly. This suggests that other policy drivers, such as Government procurement
requirements, are very strong drivers of ENERGY STAR adoption. The table also prov ides

the EU VA targets and actual reported compliance (blue cells), itis clear that the VA targets

286 https://www.gsa.gov/governmentwide -initiatives/sustainability/buy -green -products -services -and-vehi-
cles/bu y-gree n-products/energy -efficient -products

287 https://www.energystar.gov/index.cfm?c=partners.unit_shipment_data

288 https://www.energystar.gov/ia/partners/prod_development/downloads/guiding_principles_2012.pdf?fefa

854a
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have not been very ambitious, given the US ENERGY STAR v2.0 penetration rates is already
100% in 2015, but the targets are set at 90% and 70% for OM and TEC . The actual re-
ported compliance showed 99.7% and 93.8% for OM and TEC, closer to the actual US

reported data.

It is important to note that the US EPA reports ENERG
& Printero | evel r zdtdgaiesoftMFr@aa ngpeinter. Thiskwould result in the

penetration rates being skewed where ENERGY STAR penetration rates are high for prod-

ucts sold in high volumes (e.g. MFD inkjets). This concern is somewhat offset by the VA

Independent Inspector reported ENERGY STAR pene tration rates for OM and TEC products.

The influence of other government policies on ENERGY STAR penetration rates is also an

important consideration in the EU. Prior to February 2018 when the US -EU ENERGY STAR
agreement ended, all central government bodie s in the EU were also required to purchase
products that met ENERGY STAR specifications for larger tenders. 289 The energy efficiency

directive has the same obligation 2% _Given the significant purchasing power of central gov-
ernment bodies in the EU, it is assumed that this policy should also have a significant
impact on ENERGY STAR penetration rates within the EU market, however, no information
has been possible to collec t about the actual compliance of these requirements in the

Member States.

In an attempt to identify the share of ENERGY STAR penetration increases that led by the
VA, the study team considered all available penetration data. Table 87 shows an average

annual ENERGY STAR penetration rate increase for OM and TEC products. This average is

calculated by finding the differences of the figures in green cells and the first blue cells
(first reported penetration rate) in Table 86 and divide over the number of years. These
average values provide an overall average annual increase, this can be seen as the Busi-

ness-as-Usual (BAU) baseline for the VA.

289 nttps://ec.e uropa.eu/energy/en/energy - star
290 nttps:/feur  -lex.europa.eu/eli/dir/2012/27/0j

255


https://ec.europa.eu/energy/en/energy-star

Table 87 : Average Annual Increases in ENERGY STAR Penetration Rates

2006 -201 4
Annual Increase rate

US ENERGY STAR V1.0 OM 7.4%
TEC 8.1%

US ENERGY STAR V1.1 OM 37.0%
TEC 37.0%

US ENERGY STAR v2.0 OM 74.0%
TEC 74.0%

Average Annual Increase OM 39.5%
(from v1.0, v1.1 and v2.0) TEC 39.7%

Table 88 compares the VA target and the VA actual compliance annual increases with the

BAU average annual increase driven by the US initiatives.

Table 88 : VA target annual increases and VA actual compliance annual increases compared
with BAU annual increase driven by the US initiatives

2015 2016 2017

BAU average annual increase oM 39.5% (2006 -2014)
driven by the US initiative TEC 39.7% (2006 -2014)
Overall VA Target Annual In- oM 32.5% 3.0% 6.0%
crease TEC 22.5% 10.0% 10.0%
Overall VA Compliance  Annual OoM 37.3% 0.2% 0.1%
Increase TEC 34.4% 0.2% 3.4%

The results in  Table 87 and Table 88 suggest that the BAU annual increase from the US
ENERGY STAR penetration is roughly comparable to the VA targeted increases. Considering

the US EPA shipment data and the fact the EU central Government procurement was also

tied to ENERGY STAR specification , the study team's conclusion is that the VA has a lesser
influence on ENERGY STAR penetration rates in the EU and thereby is not the major driver
behind all the energy savings presented in Figure 63. Itis however not possible to quantify

the amount of savings as result of the VA compared to other initiatives.

Overall, the study teambébs judgement s that the US
initiatives by the European Co mmission, by the Member States and by other schemes out-

side the EU is a major driver for the development of more energy efficient imaging equip-

ment and for increasing the market penetration rate. Furthermore, the judgement is that

the VA is and has been an effective additional policy measure for reducing the amount of

non -ENERGY STAR compliant products entering the EU.

Finally, it is assumed that with the cessation of the US -EU ENERGY STAR agreement in
February 2018, the VA targets on ENERGY STAR penetrati on rates may become a more

significant driver of energy efficiency in the EU.
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Improvement potential

The energy efficiency requirements within the current VA are based on the requirements
within the ENERGY STAR v2.0 specification. Th e ENERGY STAR v2.0 speci fication was fi-
nalised in 2013 and became effective on the marketin J anuary 2014 . At five years old, the
ENERGY STAR v2.0 specification is mature and so unlikely to adequately reflect good levels

of energy efficiency in imaging equipment. This is withesse d by the 2017 US EPA ENERGY
STAR shipment data, which suggests that 99% of all MFDs and printers sold in the US

during 2017 were complaint with the ENERGY STAR v2.0 specification. 291 |n 2017, the US
EPA launched the development of the ENERGY STAR v3.0 specif ication, in recognition of
the fact that the ENERGY STAR v2.0 penetration rate was too high. 292 The ENERGY STAR

v3.0 specification has been published and will take effect on 11 October 2019.

To support the ENERGY STAR v3.0 development process, the US EPA has compiled a prod-
uct dataset of currently registered ENERGY STAR products. The dataset includes measured

energy and power data for each product as well as the ENERGY STAR v3.0 specification

limits. Using this data it is possible to estimate the potential en ergy savings resulting from
adoption of the ENERGY STAR v3.0 specifications for each product. Table 89 illustrates the
average measured TEC and averag e ENERGY STAR v3.0 specification limits for products in

the ENERGY STAR v3.0 dataset, categorised into each of the TEC Base Cases. The analysis

shows that on average the ENERGY STAR v3.0 specification limits result in 21% less energy

being used per TEC bas ed product.

Table 89 : Estimated ENERGY STAR v3.0 Impacts on average energy use (TEC Base Cases)

Average Average Reduction in Average _ Re-
Measured V3.0 TEC Re- duction in
Base cases for current study ; Energy Use
quirement (%) Energy Use
BC1 Monochrome  Laser 0.56 0.47 16.0%
MF D, 20 < s
BC2 Colour Laser MFD, 20 0.67 0.48 28.2%
< s O 40
BC3 Monochrome Laser 0.52 0.44 14.5% 21.0%
Printer, 20
BC4 Colour Laser printer, 0.83 0.62 25.4%

20 < s O 40

Table 90 shows the average sleep and standby power demand changes required under the
ENERGY STAR v3.0 specification for OM products fitting base case 5 and 6. It is clear from
the results that the ENERG Y STAR v3.0 specification will result in some additional energy

21 The US EPA ENERGY STAR Shipment Data only assesses products that are
292 hitps://www.energystar.gov/products/spec/imaging_equipment_specification_version_3_0_pd
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savings, but these are much smaller than seen for the TEC products. This suggests that

the ENERGY STAR v3.0 specification for OM products may be too lenient.

Table 90 : Estimated ENERGY STAR v3.0 impacts on average power demand (OM Base Cases)

Average sleep mode Average standby Mode

power (W)  Power (W) Reduction

in Sleep Reduction

ENERGY ENERGY Mode in Standby

Base cases for cur- All Prod- STAR v3.0 All Prod- STAR v3.0 Power De- Power De-
rent study ucts Compliant ucts Compliant mand

mand
Products Products

1.2 11 0.1 0.1 11.0% 0.9%

Colour Inkjet
MFD, s O
Colour  Inkjet
Printer,

BC5

BC6 1.0 0.9 0.2 0.2 11.5% 0.0%

As US federal agencies are required to purchase products that meet ENERGY STAR speci-
fications, manufacturers are often quick to ensure that new products meet revised ENERGY

STAR specifications. 2% Thisis also due tothe anine  -month -period between publishing the
new specification and the effective date during which the penetration rate increases. En-

ergy used by new products is often significantly lower than the maximum allowed under

the revised ENERGY STAR specifications, and so overall energy savings potential i s higher
than the difference between average current performance and the ENERGY STAR specifi-

cation line (as calculated in Table 89 and Table 90). This means that the average reduction

in energy use for the base cases is assumed to be higher than 21% indicated in Table 89.

5.1.3 Part ll: Other r esource efficiency requirements
For the resource efficiency requirements, the compliance majority cannot be quantitatively
assessed, with the exception of declared percentage of recycled plastic content, see Table
91. The percentages are obtained via the VA Annex C data reported by signatories to the
Independent Inspector. It can be seen that the majority of the products have 0 1 5% of the

recycled plastic content in the imaging equipment, as claimed by the manufacturers.

Table 91 : Level of commitment regarding percentage of recycled plastic content

TEC/OM Percentage of recycled plastic content (R
0<RO5%| 5<R0O20% >20% |

TEC products 7% 68% 7% 8%
OM products 20% 7% 0% 0%
A total of about 11,000 products are claimed as exemptions from the resource efficiency

and information  requirements of the VA |, see Table 92. These exemptions mean that even
though these number of products placed on the market do not meet the requirement, the

compliance rates for Part Il and Ill of the VA can still be 100%, as the y are legitimately

2% https://www.gsa.gov/governmentwide - initiatives/sustainability/buy -green -products -services -and -vehi-
cles/buy -green -products/energy -efficient -products
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exempted due to a number of exemption clauses in the VA, such as the small volume of

sales (less than 5000 units per year) for section 5.1 and 5.2.

Table 92 : Number of products placed on the market claimed exempt ions from the VA in 2017

Section 5.1 Il Availability of N -up print- 3625
ing

Section 5.2 Il Design for recycling 2080

Section 5.3 Il Polymer composition 0

Section 5.4 Il Cartridges 0

Section 5.5 Il Recycled content 0

Section 6.1 11l Resource and energy ef- 3497
ficiency

Section 6.2 11l Availability of spare 0
parts

Section 6.3 11l Cartridge disposal and 2080
treatment

Section 6.4 11l Paper recyclability infor- 0
mation

Section 6.5 Il Paper recyclability im- 0
provement

Section 6.6 11l Environmental charac- 9862
teristics

11290 (0.1% of total
Part Il and 111 Exempt in some way sales)
For the rest of the requirements, according to the compliance report for 2017, all signato-
ries have 100% compliance rates, see figures below. The compliance rates for Part Il are
100% for 2012 1 2017 according to the compliance report each year 2% However, this shows

a contradictory picture to the current situation described by the EU remanufacturers.

294 http://www.eurovaprint.eu/pages/compliance/
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Table 93: TEC products compliance rates for VA Part |, Il and I 295

Signatory Part| Meets Part | Part Il Meets Part Il Part I Meets Part ll|
Nr. Compliance compliance Compliance compliance Compliance | compliance
Rate target? Rate target? Rate target?
1 96.00% Yes 100.00% Yes 100.00% Yes
2 99.92% Yes 100.00% Yes 100.00% Yes
3 99.92% Yes 100.00% Yes 100.00% Yes
4 96.90% Yes 100.00% Yes 100.00% Yes
5 97.83% Yes 100.00% Yes 100.00% Yes
6 95.07% Yes 100.00% Yes 100.00% Yes
7 95.70% Yes 100.00% Yes 100.00% Yes
3 99.58% Yes 100.00% Yes 100.00% Yes
g 99.99% Yes 100.00% Yes 100.00% Yes
10 96.53% Yes 100.00% Yes 100.00% Yes
11 99.55% Yes 100.00% Yes 100.00% Yes
Table 94 : OM products compliance rates for VA Part |, Il and lll 295
Signatory Part |l Meets Part | Part Il Meets Part Il  Part Il Meets Part Ill
Nr. Compliance compliance Compliance compliance Compliance | compliance
Rate target? Rate target? Rate target?
99.63% Yes 100.00% Yes 100.00% Yes
100.00% Yes 100.00% Yes 100.00% Yes
8 100.00% Yes 100.00% Yes 100.00% Yes
11 100.00% Yes 100.00% Yes 100.00% Yes
For Part Il requirement section 5.4 on cartridges, remanufacturers 2% claimed that there

are repeated cases where VA signatories have actively attempted to prevent the reuse of

the cartridges and prevent the use of a non -OEM cartridge in  their imaging equipment. For
example, there are at least two models from Canon , Which involves patents to prevent
reuse and remanufacturing by launching lawsuits against non -OEM new - buil ds and reman-
ufactured cartridges and applying for patent on specific parts such as shaft and memory

device 2°7. Other infringements mentioned involves firmware updates that occurs during
use phase and prevent future use of non -OEM cartridges with the imaging equipment, for

example, in 2016 there has been global HP firmware upd ates resulted in problems for users

2% EuroVAprint Imaging Equipment Voluntary Agreement, Annual Compliance Report of the Independent Inspec-
tor - Period 8 (1 January i 31 December 2017), RINA, April 201 8.

2% stakeholder consultation with ETIRA, DKWU, EFIM, June T August 2018.

297 Canon patent lawsuits against newbuilts and remanufactured cartridges -Patent 2 087 407 , HP inkjet patent
0940 259/258 on memory device , Canon patent EP 153 6207 on shaft . ETIRA Activity Report 2017 i 2018
accessed via:  http://www.etira.org/wp -content/uploads/2017/07/Annual -Report -2017 -2018.pdf
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of certain printer models not being able to use non -HP cartridges 2%. At least 17 HP models
are identified to have warning s to end -users about the dynamic security feature affecting

using non -HP cartridges with non  -HP security chip 2%°.

However, as seen in  Table 92, there is no exemption cI  aimed for section 5.4 of Part Il
commitment, in principle, 100% compliant rates with no exemption would mean all prod-

ucts placed on the EU market should be able to use non -OEM cartridges.

Estimated indirect savings

Indirect savings from paper usage is est imated by the impact assessment (2013) to be 4
TWh in 2015, 7 TWh in 2020 and nearly 8 TWh in 2030. No other indirect savings from
resource efficiency such as from consumables or equipment were estimated by the impact
assessment (2013).  As the current stud vy does not focus on the paper usage, it cannot be

verified if this saving estimated by the impact assessment has been achieved by the VA.

Improvement potential

The current VA on imaging equipment includes a number of non -energy in use environ-
mental design requirements. Given the high market compliance rates to the additional
environmental design requirements in the VA (i.e. the criteria are included in other initia-

tives which enjoy high market penetration rates) these could be seen to describe average

envi ronmental performance of imaging equipment on the market. However, the current VA
environmental design requirements are somewhat truncated when viewed in comparison

to the requirements in other environmental initiatives which also have high penetration

rat es. For example, the EPEAT initiative includes significantly more environmental design

criteria than the current VA , yetstillhasover 5000 registered products. Given that ENERGY
STAR has similar numbers of registered products and the US EPA estimated a 9 9% market
coverage level, it is assumed that the 5000 products registered with EPEAT also represent

a significant share of products on the market. This suggests that average environmental
performance for imaging equipment lies somewhere between the require ments laid down
in the current VA and those included in more comprehensive initiatives such as EPEAT. It

should be noted that EPEAT requires that all products registered with its scheme meet the

latest ENERGY STAR energy efficiency specification. In June 2018, there were  approxi-
mately 5100 imaging equipment models registered with the EPEAT initiative, suggesting

2% ETIRA Activity Report 2017 i 2018 acc essed via: http://www.etira.org/wp - content/uploads/2017/07/Annual

Report -2017 -2018.pdf

29HP ColorLaserJet Pro M253 -M254 series, M153 -M154 series, M178 -M181 series, M 278 -M281 series:

HP ColorLaserJet Pro M254dn, M254dw, M254nw, M154a, M154nw, M180n, M180nw, M181fw, M280nw, M281fdn,
M281fdw, M281lcdw. HP LaserJet Pro M15 series, M28 -M29 series: HP LaserJet Pro M15a, M15w, M28a, M28w,
M29w. https://support.hp.com/lv -en/document/c06121285
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that a significant percentage of imaging equipment models on the market have overall

environmental performances above that described by the current VA requirements.

The paper used in imaging equipment can contribute to a large share of overall environ-

mental burdens. In general, the faster an imaging equipment product the more paper it

can be expected to use over its lifetime (i.e. users buy faster i maging equipment when
they expect to use the product more often). As paper usage increases it becomes more
important to reduce the associated impacts. For this reason, the VA and other major envi-
ronmental initiatives include requirements for some products to have automatic duplexing
functionality, N -up printing and ability to print on lower weight paper and recycled paper.
Automatic duplexing enables the production of images on both sides of an output sheet

without the need for users to manually turn and re feed paper into the imaging equipment
product. Automatic duplexing is more common on faster laser -based products which are

designed to output higher volumes of images.

The current VA on imaging equipment does contain a requirement that cartridges shall not
be designed to prevent reuse or recycling. However, the VA does not identify what technical
features of consumables could be considered barriers to remanufacturing and so does not

provide any clarity on defining average consumable design in terms of reman ufacturing.

Furthermore, assessment of the extent of the non  -energy in use environmental require-

ments in the VA compared to requirements in other established initiatives such as Blue
Angel, Nordic Swan , and especially EPEAT revealed that the other initiatives contain a much
broader range of environmental criteria than the current VA (see Table 6 in Task 1repor t).

It is also important to note that EPEAT has a wider product scope than the VA as its scope

mirrors the ENERGY ST AR v2.0 scope. As such EPEAT covers types of imaging equipment

(e.g. large format products) that are outside of the VA scope. These factors suggest that
the number of environmental criteria included in the VA , and the scope of the VA, should
be significant ly expanded to ensure that the VA is driving environmental improvements

beyond a business as usual scenario.

In addition, some of the VA requirements are worded in such a way that they leave room

for interpretation. As example of this issues can be seen wi th the VA 5.4 criteria, which
address remanufactured consumables . The criterion allows signatories to include design
features for innovation, development or improvements in design or functionality of the

products or consumables cartridges that may inadvert ently impact the ability to use  re-
manufactured consumables or for consumables to be remanufactured . This causes a con-
flictin that one party (e.g. a sighatory) may see the innovative design feature as necessary

and the impact on remanufactured consumables as unfortunate.

262



Another stakeholder (e.g. a consumable remanufacturer) may view the innovative design
feature simply as a feature designed to impact remanufactured consumables. The Inde-
pendent Inspector is left to adjudicate on these potential interpretat ions of the criteria, but
where it cannot reach a final decision the VA Steering Committee is charged with making

the final interpretation.
Other examples include:

1 Non-separable connections (e.g. glued, welded) between different materials shall
be avoided unless they are technically or legally required.

I Large -sized casing parts must be designed in a way that the contained plastics can
be used for the production of h igh -quality durable products by applying available
recycling techniques.

1 The machine shall not be designed to prevent the use of a non -OEM cartridge

Each of the above criteria include some degree of interpretation and thereby ambiguity.
For example, there is no definitive list of permissible technical reasons why non -separable

connections may be used in products.

5.1.4 Partlll: Information requirements  for end -users
The VA contains a number of requirements for signatories to publish environmental infor-
mation to inform end users. As seen already in Table 93 and Table 94, the compliance
rates for Part Il commitment information requirements are 100%, this applies to the past
years since VA is established. For 2017, the majority of the exemptions are applied to Part
Il information requirements, Section 6.3 Cartridges disposal and treatment and Section

6.6 Information on product environmental characteristics to be provided by Signatories.

Environmental information about products can help to inform users purchasing decisions

and decisions about how to best use products to reduce environmental impacts. To support

these user processes, some voluntary environmental initiatives publish product d ata in a
centralised location thereby facilitating easy access and availability at any time. The VA

does not require that signatories provide the required information at any specific time

during the compliance period. As such, signatories could choose to p ublish the required
information on the last day of the year and still maintain their compliance status. The VA
information provision requirements also do not cover all of the VA product requirements.

That is, signatories are not under any obligation to pub lish data about how their products
perform with respect to a range of the VA environmental requirements. This issue, com-

bined with the lack of centralised publication and potentially delayed publication, means

that users have no easy method of identifying which particular imaging equipment models

meet the VA requirements.

263



5.1.5 \Verification procedures for VA requirements
The I ndependent I nspector (shlesponsilaefdr eerifying thancerppk-ct or 0)
ances with the VA requirements. The Inspector is a leg al entity, a consulting firm, which is
an independent third party designated by the Steering Committee. The VA specifies that
The Steering Committee shall engage the services of the Independent Inspector upon
terms and conditions that shall require underta kings of confidentiality from the Independ-
ent Inspector, and which shall also set out any requirements or applicable mechanisms for
a process of appeal, in case this is ever be necessary. The Commission shall have the right
to veto the choice of the Indepe ndent Inspector 3%, The costs are borne by the Secretariat

of the Voluntary Agreement.

The Inspector is responsible for collecting and processing information supplied by Signato-
ries pursuant to Section 7, Annex B and Annaace C;

with the Agreement; and for the carrying out of audits.

The VA specifies that a maximum of two random audits per year can be financed by the
Signatories and that a minimum of two audits should be performed. Till date, the audits
have involved verifi  cation of documentation, product datasheets, guides and manuals , cor-

porate information  etc. No laboratory tests have yet been carried out.

Data reported by signatories to the Independent Inspector

The Inspector receives the VA Annex C data reported by sig natories every year for the
product model each puts on the market. For each of the model, the number of units shipped

(sales) are given, therefore it enables the Inspector to assess sales -weighted compliance

rates. The data to be reported for each model ar e the following:
For all products in scope:

Product name

Number of units shipped

Product description, i.e. mono or colour, MFDs or non -MFDs

Product introduced on/after 1 st January 2012, 1 st January 2014, o0r1 st January 2015
Mono print speed (ipm)

Self -decl aration on meeting the VA commitments Part | (primary energy)

Percentage of recycled plastic content (%)

Self -declaration of meeting the VA commitments Part Il (resource efficiency)

= =4 -4 -4 -4 A -2 -2 -2

Self-declaration of meeting the VA commitments Part Ill (information)

300 From Section 7 of the VA.
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1 Indicating where non  -compliance with Part Il and Ill are excused by low volume

exemption
TEC products:

Measured TEC (kWh/week)
ENERGY STAR version 2.0 limit for TEC (kWh/week) including adders

Self -declaration on meeting auto duplex capability requirement or not

= =4 A -2

Self -declaration on default auto duplex is enabled or not
For OM products:

Measured sleep power (W)

Printing/active mode power (W)

Ready mode power (W)

Off (standby) mode power

ENERGY STAR version 2.0 sleep power allowance (W)

= =4 -4 -4 - -

Self-declaration on m eeting the default delay time requirement or not

Verifying compliance with primary energy requirements

The Inspector essentially compiled the data and self -declarations from 11 signatories and
calculated the compliance rates for Part | commitment primary e nergy requirement each
year. According to the Inspector 301 ' no product testing is performed as part of the Inde-
pendent I nspectords annual compliance reporting becau
not have a mandate for doing so under the VA ). The Inspector stated that ENERGY STAR
registration provides  an indication of compliance with the energy requirements. Up until
expiration of the  EU-US agreement on ENERGY STAR ON 20 February 2018 , the Inspector
had the access to the EU ENERGY STAR database via a websit e dedicated for the EU,
enabl ing cross checking that values self -declared match with the dataset from ENERGY
STAR. The self -regulation guidelines require that The Independent Inspector should select,

at random, an adequate number of products from different signatories for testing, prefer-

ably acquiring them from retailers in different Member States (physical or online shops) 302,

It is important to note that whilst the VA currently relies on ENERGY STAR for energy
efficiency performance metrics ,it does notreq uire that signatories detail exactly how prod-
ucts meet the ENERGY STAR specification limits. In contrast, when products are registered

in the ENERGY STAR database, manufacturers are required to detail exactly how products

301 |nterview with Independent Inspector, RINA, September 2018.
302 Section 3.6, header ~ Testing
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meet the ENERGY STAR specification s by providing technical product details used for cal-

culating the compliance threshold level . The lack of detailed reporting in the VA becomes

an i ssue when ENERGY STAROGs additional energy all owan
for defined product  features) are applied in order to meet the ENERGY STAR specification

limit because the possible application of allowances should not be reported to the Inspec-

tor. The issue concerns TEC products regarding an allowance for A3 -capability and Wi -Fi

allowance (the latter only in v3.0) and OM products regarding several sleep mode power

allowances such as for interface, memory and power supply.

Without insight into which additional allowances have been applied it is not also possible

to identify if a product defi nitely meets the ENERGY STAR specification.  The Inspector is
required T and specifically limited to T collecting the data as mandated in Annex C of the

VA.

Control of compliance data and lack of transparency 303

The annual compliance reports since 2015 publi shed onthe EuroVAprint 's website contains
a list of all products in scope for signatories indicating for each product's compliance with

Part I, Part Il and Part Ill, respectively, however, all manufacturer names and all model

names and numbers are anonymi sed. As per VA Section 8.2 a Market Surveillance Author-

ity may require at the Inspector qualification status of a specific model (yes/no) on a con-
fidential basis . The Inspector is not allowed to disclose lists on the qualification status of

signatories' pr oduct portfolio.

This means that it is not possible for a Market Surveillance Authority to get an overview of
compliance status for marketed products and from this overview, select specific models to

check. However, they can require qualification status o f one or more specific models on a
confidential basis and have thereby a possibility of performing verification of the models'
qualification. For some MSAs, the confidential basis may be an issue for them to offer, see
also below . Furthermore, the informat ion provided can only be for products placed on the
market between four and 16 months ago due to the VA reporting requirements, see Section

5.1.6 . It is thereby not p  ossible to require qualification status on a newly placed product

on the market.

During the review study of the VA, the study team requested and obtained the randomised
and anonymous Annex C data of all 11 signatories from the Independent Inspector, how-
ever it required signinga Non -Di scl osure Agreement with the study

which prevents the team to share or publish any data obtained, else the Independent

Inspector could not receive the permission from the Secretariat of VA to share the dat a.
303 A stakeholder states that lack of transparency is evident and that this must be clarified in a possible new VA
and that transparency will only be achieved through a legislative proposal and not via the VA.
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This level of confidentiality requirement for acquiring data may discourage any Member
State to carry out market surveillance on imaging equipment, additionally to the fact that

they do not possess the same rights of authority as for Ecodesign regulatio ns3%4,

The self -regulation guidelines 3% point 3.5, heading  Accessto data states: The self -regula-
tion measure should include a requirement that the signatories provide, upon request,

market surveillance authorities of the Member States responsible for ecodes ign with spe-
cific documentation and information, to the extent this is not included in the documentation

supplied with the products, to enable them to verify compliance with the requirements of

the self -regulation measure, including through testing. This s ection does not mention that

the data may only be provided on a confidential basis and the Study Team therefore be-

lieves that the confidentiality condition may not be in line with the self -regulation guide-
lines . Furthermore, the Market Surveillance Authori ties should have specific documentation
and information  on the products to enable them to verify compliance and not only infor-

mation on the qualification status.

Due to the lack of transparency and of full access to the reported data and non -complian t
mod els, verification of  the VA primary energy requirements is more difficult  for Market

Surveillance Authorities (MSAS) compared to an ecodesign regulation

Shortcomings of verification for resource and information requirements

For resource efficiency require ments and information requirements, the Inspector compiles

and assesses relevant data provided by Signatories for annual compliance reporting pur-

poses and conducts random audits in accordance with a VA Steering Committee -approved
audit methodology. = The audit methodology for the verification of compliance is detailed in

the confidential document prepared by the Inspector 306 ' The audit method largely echoes
the method of inspecting technical documentation for verification of compliance with
ecodesign and ene rgy labelling requirements adopted by MSAs 807 It is therefore consid-
ered widely accepted for these unquantifiable requirements. The documentation could in-

clude test reports, commercial materials, and internal policy documents etc. Upon receiving
dissatisfac tory documentation, there are 3 subsequent audit processes for the Inspector to

pursue: interviewing in attempt to receive further information, product testing (only for

304 RINAstatesthat RI NA O s h a n dprovisiog of iaformation as the Independent Inspector is bound by what

is written in the VA, specifically: AThe Independent Inspector sha
of the Signatoryédés identity and an)turdler bran redation fo this agreementison pr ovi ded
mai ntained. o

305 The guidelines were published in November 2016 and the Commission should receive a proposal for revision

of the VA measure aligned with the Guidelines as far as possible, at the latest in 2018.

306 |maging VA Audit Methodology version 1.0. Methodology for the auditing of Sig
untary Agreement to Improve the Environmental Performance of Imaging Equipment Placed on the European

Mar ket Ver sRINAN20BG. 20 .

307 Danish MSA 's experiences .
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Part | and Il) and site visits. Most audits never go beyond interviewing, as it was me ntioned

that the Inspector has not carried out any testing to date.

For some resource efficiency requirements, the documentation audit method may not be

sufficient. For example, regarding the Part Il section 5.4 commitment on not preventing

the use of non -OEM cartridges, the Inspector searches online to find a non -OEM cart ridge
for sales for a model of imaging equipment. If there are non -OEM cartridges for sales for
this model, it is deemed compliant with this requirement. The study team sees this as an

indication of compliance. If more certainty should be achieved, tests o f a number of non -

OEM cartridges could be performed.

5.1.6 Operation of VA
There appear to be a number of issues with the way in which the VA is managed and
operated in relation to verification of compliance, though some of these are regulated by

the self -regul ation guidelines. These issues are described in the following.

Compliance Reporting periods: Signatories to the VA have two months and two weeks after

the end of the 12 -month reporting period to provide the Independent Inspector with VA
compliance reports  according to VA Annex C. The self -regulation guidelines require this
period to be maximum 2 months. The Independent Inspector will publish the Annual Com-
pliance Reports by 30 April of each year covering products placed on the market during

the previous fu Il calendar year. Prior to this time neither the Independent Inspector nor

Market Surveillance Authorities and any other stakeholder is made aware of which products

signatories deems to be compliant with the VA. As such, it is not possible for any external

stakeholder to question the verification status of any product until 4 months after the

reporting period ends.

Allegation of Non -Compliance Proces s: The VA sets out a process for allegations of non -
compliance. However, any external party wishing to raise an allegation of non  -compliance
must first deposit 4,000 EUR into an escrow account before the Independent Inspector will

begin investigations. Whilst this fee is refunded if the allegation is upheld it is lost if either

the Independent Inspector or the S teering Committee (Signatories and Commission) do

not uphold the allegation and the third party shall also be responsible for additional costs

incurred beyond the amount of the escrow. The Secretariat of EuroVAprint informed that
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until now (May 2019) no pa rty has entered this process. The study team believes that the

fee requirement is not in line with the self -regulation guidelines point 3.5 308

Steering Committee: Together the signatories and the Commission form the Steering Com-

mittee which is the co  -ordin ating and governing body of the VA. Meetings of the Steering

Committee shall be open to observers from EU, EEA and EFTA Member States and perma-

nent members of the Ecodesign Consultation Forum. The Steering Committee has the final

say over any interpretatio n of potential non - compliances. Final decisions are based on vot-

ing rights with each signatory afforded a vote and the Commission afforded a vote. Only

for the choice of the Independent Inspector, the Commission has the right to veto. Where

final decisions are not unanimous, they can be passed by a two thirds majority. This means

that the Commi ssionbs single vote does not fhisovi de m

decision -making is accordingto Self-Regulation Guidelines 3% point 3.5.

Monitoring and repor  ting : The Independent Inspector  is charged with assessing the overall
compliance rates for each signatory, with their findings published on the VA website. Whilst

it is clear that the Independent Inspector is undertaking vigorous documentation checking,

th e Independent Inspector has not yet performed any product testing or any physical prod-
uct inspection  within the scope of its random auditing. Furthermore, the documentation
checks are performed after the reporting period is over, which means theoretically up to
almost 16 months after a certain product has been placed on the EU market before any

monitoring and verification checks are being carried out.

5.1.7 Evaluation summary of the current VA
This subsection summarises the evaluation of the current VA in terms of effectiveness, the
shortcomings of the current VA, and improvement potential and recommendations for a

revised VA in the future.

Effectiveness of the VA

The VA signatories are in com  pliance with the VA targets for primary design requirements

well before the required effective period and the VA can thereby been seen as effective in
achieving these targets. The analysis of energy consumption of in scope imaging equip-

ment revealed estima ted energy savings to be orexpectedtobe 4 TWhin 2015, 9.5 TWh
in 2020 and 10 TWh in 2030 i.e. more than estimated in the Impact Assessment of the VA.

308 Extracts of point 3.5: Complaints. The self -regulation measure should ensure that any party can submit, free

of charge, substantiated allegations of possible non -compliance to the Independent Inspector. The Independent
Inspector should e valuate these allegations and, where appropriate, follow -up by requesting information from
the signatory concerned, by testing and/or by an inspection. The Independent Inspector should at each Steering

Committee meeting provide an overview of all allegatio ns submitted since the last meeting and, if it has not
investigated any of them, provide its reasons for this.

309 COMMISSION RECOMMENDATION (EU) 2016/2125 of 30 November 2016 on guidelines for self -regulation
measures concluded by industry under Directive 2009/125/EC of the European Parliament and of the Council
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It is however not possible to quantify the amount of savings as result of the VA compared

to other ini tiatives. The judgement is that the VA is and has been an effective additional
policy measure for reducing the amount of non -ENERGY STAR compliant products entering
the EU , but that US ENERGY STAR scheme supported by initiatives by the European Com-
mission, by the Member States and by other schemes outside the EU is a major driver for

the development of more energy efficient imaging equipment . With the cessation of the
US-EU ENERGY STAR agreement in February 2018, the VA targets on ENERGY STAR pen-

etration ra tes may become a more significant driver of energy efficiency in the EU.

According to the compliance report by Independent Inspector, the target compliance rates
have been achieved each year since the start of Voluntary Agreement. See Figure 64 below
for the first 5 periods up to the end of 2014. From 2015 to the end of 2017, the overall

compliance rates are also well above 90%, higher than the target compliance rates.

Improvement in compliance since the start of
the Voluntary Agreement
100.0
975
£ 950
a
B
S 925
=
2
E 900
o = Overall product compliance
875
= pean VAS compliance rate
85.0
Period 1 Period 2 Period 3 Period 4 Period 5
Figure 64 : Period 1 (2011) I period 5 (2014) overall compliance rates and mean VA signato-

riesd compli®nce rate

However, it is inconclusive if the resource efficiency and information requirement have
been effective, as contradicto ry descriptions of compliance have been expressed by signa-

tories and the Independent Inspector on one hand and remanufacturers on another.

810 http://www.eurovaprint.eu/fileadmin/eurovaprint_files/pdfs/REG0220001_EuroVAPrint -5th_pe-
riod_repd1.1.pdf
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Recommendations for improvements
There are a wide range of steps that could improve the effectiveness of a future V A to
ensure that it delivers environmental savings beyond a business -as-usual scenario. These

steps can be broken down into several key areas:

1 Product scope : The current VA only covers a truncated version of the ENERGY
STAR v2.0 scope. The scope of the VA could be extended to match the ENERGY
STAR v3.0 scope, or beyond, to ensure that environmental improvements are stim-
ulated in all types of commonly used imaging equipment.

1 VA information requirements . The current VA requires that signatories publish
some environmental information about their products. However, the VA require-
ments fail to ensure that users can easily access data on energy consumption and
information that addresses each of the VA requirements for each specific model in
the VA scope. It is re commended that information requirements will include this
information for each model. A central source of information for any in scope models
placed on the EU market would provide additional significant benefits for consumers
and a range of stakeholders.

1 VA resource efficiency requirements . The level of ambition in the current VA is
weak in comparison to other voluntary environmental initiatives. Large numbers of
product registrations to some of the other more ambitious environmental initiatives
suggests t hat the VA may not be delivering savings beyond a business as usual
scenario. To combat this issue, the VA should include a wider range of requirements
addressing each environmental impact area associated with imaging equipment.

1 Compliance with the self -regulation guidelines : The VA should be updated to
be in line with the guidelines specifically on these points:

9 Signatories should report the compliance data and information for their
products within 2 months after the end of the reporting period

1 The deposit and possible fee fora  llegation of Non -Compliance should be re-
moved

1 Market Surveillance Authorities should have access to specific documenta-
tion and information to enable them to verify compliance with the require-
ments of the  self -regulation measure, including through testing and without
this being on a confidential basis

1 The Independent Inspector should select, at random, an adequate number
of products from different signatories for testing, preferably acquiring them
from reta ilers in different Member States (physical or online shops )

1 Additional coverage targets : The current VA includes targeted ENERGY STAR
compliance rates. This allows the signatories to increase the share of ENERGY STAR

qualified models in their product portf olios over time, rather than needing to ensure
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5.2

that all models meet ENERGY STAR requirements from the outset. This approach

could be extended to compliance against other resources efficiency requirements

where 100% compliance could not be expected from the start. For example, man-
ufacturers could be required to ensure that a certain percentage of products meet

ambition levels of post -consumer recycled content in their products. This would
allow the manufacturers some flexibility which ensuring that there wer e stretch
goals on non -energy in use environmental design features.

Wording of VA requirements : Some of the VA requirements are ambiguous, and
SO open to interpretation. For example, the VA 5.4 criteria, which address remanu-
factured consumables, includes an exemption for innovation, development or im-
provements in design or functionality of the products or consumables cartridges

that may inadvertently impact remanufactured consumables. This exemption

causes some ambiguity in that whilst a particular technic  al feature may result in
the limited the use of non - OEM cartridges, or prevent a cartridge from being reused

or recycled, a signatory could suggest that the technical feature was included be-
cause of reasons related to Ainnovatmeonnds,
design or functionality of the imaging equipment products or cartridges.

Product information for compliance verification: The VA currently relies on
ENERGY STAR for energy efficiency performance metrics. However, the VA does not
require tha t signatories detail exactly how products meet the ENERGY STAR speci-
fication limits. In contrast, w hen products are registered in the ENERGY STAR da-
tabase, manufacturers are required to detail exactly how products meetthe ENERGY
STAR specifications. Thel ack of detailed reporting in the VA becomes an issue when
ENERGY STAROGs additional energy all owances
fined product features) are applied in order to meet the ENERGY STAR specification

limit. Without insight into which ad ditional allowances have been applied it is not
also possible to identify if a product does meet the ENERGY STAR specification.

M ore transparency : A higher level of transparency is generally recommended. In
addition to what is mentioned above, it is recom mended to publish information on
audit methodology ; a more detailed compliance report with description of the types

of documentation received and actions taken in case of dissatisfactory documenta-

tion .

Product specific inputs for environmental impact asses sment

In accordance with the MEErP methodology task 5 identifies the relevant base cases and

guantifies the current baselines in terms of economic and environmental impact for each

of the base cases. The economic impact is calculated as the life cycle cost s of products for
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the end -user, while the environmental impact is quantified in terms of energy and resource

aspects. The inputs for the calculations consist of the data presented in the previous tasks.

The calculations are performed with the ErP EcoReport tool, which is an Excel sheet devel-
oped specifically to aid in the impact analysis of Energy -related Products 3'*. All calculations
in this task are based on the year 2018, which is the latest year with sufficient available

data. The EcoReport tool includes a range of background data for calculating impacts of

different materials, distribution, and disposal methods.

The calculations in EcoReport tool are made for each of the following base cases identified

for the purpose of this study:

T BC171 MonolLaser MFD
1 BC2 i Colour Laser MFD
i BC3 i Mono Laser printer
1 BC4 i Colour Laser Printer
1 BC5 i Colour Inkjet MFD
1 BC6 i Colour Inkjet Printer
1 BC7 1 Professional printer/MFD
In addition, the impacts of ink and toner consumables are also calculated separately in the

EcoReport tool.

5.2.1 Inputs for baseline calculations
The inputs needed from the previous tasks to establish a baseline scenario for each base

case, is summarised inth e following.

Sales, stock and economic base data is all found in task 2 and is summarised in in Table
95.

311 https://ec.europa.eu/growth/industry/sustainability/ecodesign_en
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Table 95 :Basecase economic and market data for EcoReport, from task 2 to task 4.

Product Life years Task 2, Section 2.2.1
Annual sales min. Units/year Task 2, Section 2.2.1
EU Stock min. Units Task 2, Section 2.2.1
Product price a dnit Task 2, Section 2.4.3
Electricity rate a / kWh Task 2, Section 2.4.5
Repair and maintenance  / uni't Task 2, Section 2.4.6
costs

Discount rate (interest % Task 2, Section 2.4.1
minus inflation)

Escalation rate (pro- % Task 2, Section 2.4.1

jected annual growth of

running costs)

Present Worth Factor (years) Automatically calculated in EcoReport
(PWF)

The present worth factor is automatically calculated by the EcoReport tool using the fol-

lowing formula:
0wo pzpfp 1 A
Wher e:

1 N is the product life

9 r is the discount rate minus the growth rate of running cost components (e.g. en-
ergy and water rates)

The energy consumption inputs are derived from task 3 (section 3.1.1). The derived aver-
age energy consumption for each base case 2018 isshownin Table 96.
Table 96 : Average annual energy consumption for each base case in 2018 (in BAU scenario).
[kWh/year]
BC 1 Mono Laser MFD 78.80
BC 2 Colour Laser MFD 92.00
BC 3 Mono Laser printer 71.10
BC 4 Colour Laser Printer 109.90
BC 5 Colour Inkjet MFD 5.90
BC 6 Colour Inkjet Printer 1.70
BC 7 Professional printer/MFD 664.00
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When p roduct s are manufactured  a considerable amount of energy is used to mine the raw

materials , producethe m and manufacture the final product. This
ded e ndmrngpgyécases. Some of this energy can be recovered at End of Life (EOL)

when products are either reused, recycled, or incinerated for energy production. When

products are landfilled , part of this energy islost , except for that recovered in the form of

methane emissions when the lan dfills are closed . EcoReport tool quantifies this energy, as

well as the energy used during the distribution and electricity used by the products and

the energy used to collect them and treat them at their End -of - Life (EoL). EcoReport tool

call s t HEnergydGERt*E) 6 which we refer to as Primary Energ
lowing reports to align with the common terminology used for LCAs. The quantification of

Primary Energy Demand has been done by using the EcoReport tools without modification.

The neede dinputs to calculate the environmental impacts are presented in  Table 97.

Table 97 : Inputs to calculate the environmental imp acts and where they are presented

The material composition and weight of the materials for tt Task 4, section 4.2.1
different base cases

The distribution phase and values used in the EcoReportt Below in this section
Volume of package during transportation.

Spare parts weight Task 3, section 3.4.3
Share and weight of materials send touse, recycling, incin- Task 4, section 4.2.2
eration andiandfill at End of life

The manufacturing process is assumed to be negligible or at least small compared to other
impacts , which also was the case in the preparatory study. Furthermore, it is not possible

to add or adjust values for the manufacturing process itself.

Based on the dimensions of the base cases, and inputs provided by stakeholders, the av-

erage package volumes used in the EcoReport Tool are given in the table below.

312 Gross Energy Requirements
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Table 98 : Base cases and consu mables package volume

Description Package volume, fh

BC 1 Mono Laser MFD 0.51
BC 2 Colour Laser MFD 0.44
BC 3 Mono Laser printer 0.08
BC 4 Colour Laser Printer 0.24
BC 5 Colour Inkjet MFD 0.05
BC 6 Colour Inkjet Printer 0.07
BC 7 Professional printer/MFD 3.25
Ink cartridges 0.0005
Ink containers 0.0002
Toner cartridges 0.0067
Toner containers 0.0012

5.2.2 Methodology for base cases environmental impact assessment
The methodology for this review study is important as it deviates slightly from the MEErP
from Task 5 onwards, where we utilise the environmental impact assessment at product
level from EcoReport Tool results to model scenarios for the whole EU -28 and year ly im-
pacts. In this subsection, a brief introduction to how the Business -as-usual scenario is

modelled from the base cases identified.

See Figure 65 for the outline ofth e calculation method. All the inputs specified above come
from previous tasks, exiting literature, desk research as well as stakeholder consultation.
These inputs e.g. BOM, energy consumption, reuse and recycling rates for each base case
are inserted into  EcoReport tool. The same types of inputs for consumables (i.e. ink and
toner cartridges and containers) are also inserted, however these impacts from consuma-

bles are included in each base case during the use phase. The results from EcoReport Tool
shows the total life cycle materials consumption, primary energy demand, GWP and other
environmental impacts for each base case. These impacts are then linked with the stock
model where annual sales, stock in use and annual discarded products are segregated, to

obt ain the total EU -28 environmental impacts per category.
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Figure 65 : Method for calculating BAU life cycle environmental impacts at product and EU level
5.3 Base case environmental impact assessment
For each base case the following environmental and economic impacts are calculated:
1 Life cycle Impacts per product over its lifetime T individual product per base case,
showing only primary energy and CO 2-e(. emissions (i.e. Greenhouse Gas emis-

sions) in the next sections
1 Impacts of all imaging equipmentin EU -28 stock as the baseline scenario (BAU)

The environmental impacts are divided into four different life cycle phases  33:

1 The production phase : In this phase the weight of the materials is multiplied with
the LCA Unit Indicato rs3* so the impacts of using the different materials can be
calculated. Itincludes manufacturing which des cribes the (OEM) manufacturing of
metals and plastics materials.

1 The distribution phase : This phase covers all distributing activities from OEM
compo nents to the final customer.

I The use phase :Forthe use phase, the average product life in years and the annual
energy consumption are multiplied with each other to calculate the energy con-
sumption during the whole lifetime.

1 Thedisposal andreuse andrec  ycling inthe end -of -life phase :These deal with the
impacts of end-of-life.Inther euseandr ecycling phase,the reuse of whole products
and recycling of the different materials are credited, and a negative value can ap-

pear (due to avoiding the production of new materials).

313 The lifetime and  the life cycle are different parameters. However, the lifetime of imaging equipment products
is included in the use phase of the life cycle
314 see MEErP 2011 Methodology, Part 2
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Besides primary energy and greenhouse gas emissions, other impacts are calculated in the
EcoReport Tool. The focus of the following assessments is only on these two impact cate-

gories.

The EcoReport tool presents the life cycle environmental impacts in fifteen different cate-

gories. Total energy (i.e. Primary Energy Demand) and Greenhouse Gas emissions  are the
most common  categories assessed in Ecodesign studies. Other environmental impact cat-
egories reported by the EcoReport tool present high uncertainties or inconsistencies in their
interpretation, which prevents their more widely application for policy -making. For exam-
ple, the amount of water consumption for cool ing or process water was not yet harmonized

by the time of developing the EcoReport tool (2011), so large uncertainties in the results

may exist. Environmental impact indicators related to water consumption have been har-

monised in ISO standards but are now calculated as water footprint 315 Also, some other
environmental impact categories have been harmonised further such as acidification and
eutrophicati on, where the reference units recommende
Product Environmental Footprint (PEF )36 are different to those reported in the EcoReport

tool.

In order to represent the total amount of energy being used throughout the whole imaging

equi pment productsdé6 |ife cycle, Pri mary Energy Demand
tor. This environmenta  |impact category presents usually similar trends as Greenhouse Gas

emissions .

All the impacts over the product life cycle are presented in Annex B 1 Impacts over a

lifetime calculated in the EcoReport Tool for the different base cases.

5.3.1 Imaging equipment

The primary energy demand and emission of CO 2-eq in the different life phases of imaging
equipment are presented in Table 99 to

Table 100 . Note that the life cycle phase with the highest impact is marked with red, and

the lif e cycle phase with the lowest impact is marked with blue.

315 https://www.iso.org/standard/43263.html

316 COMMISSION RECOMMENDATION of 9 April 2013 on the use of common methods to measure and communi-
cate the life cycle environmental performance of products and organisations (2013/179/EU). Available at:
https://eur _-lex.europa.eu/legal _-content/EN/TXT/?uri=CELEX%3A32013H0179
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Table 99: Primarye nergy demand in the different life cycle phases of imaging equipment
Red: Highest impact. Blue: Lowest impact.

Product Produc- Distribution Use Recy- Total
tion MJ MJ cling MJ
MJ MJ
BC 1 Mono Laser MFD 14,007 722 4,384 124 -4,009 15,229
BC 2 Colour Laser MFD 18,200 644 5,140 164 -5,531 18,617
BC 3 Mono Laser printer 4,511 203 3,242 40 -1,330 6,667
BC 4 Colour Laser Printer 9,467 399 6,024 85 -2,848 13,127
BC 5 Colour Inkjet MFD 1,908 172 283 16 -528 1,851
BC 6 Colour Inkjet Printer 849 195 84 7 -212 923
BC 7 Professional
printer/MFD 29,013 4,009 36,110 242 -7,347 62,028

Table 100 : Emission of CO  2-eq in the different life cycle phases of imaging equipment
Red: Highest impact. Blue: Lowest impact.

Product Production Distribution Disposal Recycling
Kg CO 2-eq Kg CO 2-eq Kg CO »2- Kg CO 2-
€q
BC 1 Mono Laser MFD 775 47 189 1 -225 787
BC 2 Colour Laser MFD 1,027 42 222 1 -315 977
BC 3 Mono Laser
printer 247 14 139 0 -74 326
BC 4 Colour Laser
Printer 524 27 258 0 -159 650
BC 5 Colour Inkjet MFD 101 12 12 0 -28 97
BC 6 Colour Inkjet
Printer 44 14 4 0 -11 51
BC 7 Professional
printer/MFD 1,660 255 1,545 1 -429 3,032

The primary energy demand inthe use phase of all imaging equipment has decreased over

the past years due to the voluntary agreement , ENERGY STAR and the standby regulation.
For most energy consuming products, the use phase imposes the greatest primary energy
demand in the life cy cle. This is only true for professional equipment where 5 8% of the
total energy consumption appears in the use phase (only electricity consumption). For all

other base casesthe production phase is responsible for at least 6 8% of the environmental
impacts. This is due to a relatively low electricity consumption in the use phase, a short

lifetime, and a high content of electronics and other materials with high embedded energy.

The primary energy demand and greenhouse gas emissions are closely connected and
there is a high correlation between the parameters. In the use phase there is a direct
correlation between energy used and CO 2 emitted. For production , on the other hand, the
primary energy demand and emitted CO : differs depending on the materials used. Fo
imaging equipment, the use phase is responsible for between 7% and 51% (professional

equipment) of the global warming potential (GWP) due to emission of greenhouse gasses.
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Besides primary energy demand and the emission of CO :.eq, other impacts are calcu  lated
in the EcoReport Tool. All the impacts over the life cycle are presented in Annex BT Impacts
over a lifetime calculated in the EcoReport Tool . Here it can be seen that the production

phase has the highest impact in 14 out of the 15 impact categories for base case 1 to base

case 6. Compared with other products groups recently reviewed (vacuum cleaners 817 air
conditioners 318, tumble driers 3!° and local space heaters) iti s rather unusual that the im-
pacts imposed by the  production phase is dominant in so many impact categories. Base

case 7, however due to the still high electricity consumption during use phase, the impacts

of use phase is almost as high as the production ph ase.

Besides the normal impact categories in the EcoReport Tool, the material consumption of
the different base cases is calculated. The material consumption can be divided in different
ways and could simply be an indication of the amount of materials in the different base
cases. However, some of the materials are reused, recycled, incinerated (with or without
heat recovery) or end on a landfill at end -of-life. Table 101 presents the share of the

different material which are reused, recycled, incinerated or landfilled.

817 https://www.review  -vacuumcleaners.eu/
818 https://www.eco  -airconditioners.eu/
319 https://www.review  -tumbledriers.eu/
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Table 101 : Material consumption and how the different materials are handled end

Product

BC 1 Mono Laser
MFD

BC 2 Colour La-
ser MFD

BC 3 Mono Laser
printer

BC 4 Colour La-
ser Printer

BC 5 Colour
Inkjet MFD

BC 6 Colour
Inkjet Printer

BC 7 Professional
printer/MFD

5.3.2

The primary energy demand and emission s of CO 2-eq in the different life

Red: Highest impact. Blue:

Fraction

Plastics

Ferro and non ferro
Electronics
Miscellaneous
Plastics

Ferro and non ferro
Electronics
Miscellaneous
Plastics

Ferro and non ferro
Electronics
Miscellaneous
Plastics

Ferro and non ferro
Electronics
Miscellaneous
Plastics

Ferro and non ferro
Electronics
Miscellaneous
Plastics

Ferro and non ferro
Electronics
Miscellaneous
Plastics

Ferro and non ferro
Electronics

Miscellaneous

toner consumables are presented in

with the highest impact is marked with red, and the life cycle phase with the lowest impact

is marked with blue.

Reused
(ka)

482
842
84
438
433
612
126
192
127
99
29
42
246
176
66
86
84
28
11
22
56
21
3
7
1,350
5,900
101
387

Ink and toner consumables

Recycling
(kg)

15,417
26,941
2,673
14,002
13,862
19,595
4,032
6,160
4,075
3,157
939
1,334
7,878
5,643
2,115
2,762
2,698
900
363
692
1,804
676
111
231
43,186
188,807
3,245
12,369

Lowest impact.

Incineration
(heat recov-

ery) (kg)

4,818
8,419
835
2,297
4,332
6,123
1,260
1,011
1,273
987
293
219
2,462
1,763
661
453
843
281
113
114
564
211
35
38
13,496
59,002
1,014
2,029

Incinera-
tion (kg)

2,168
3,789
376
1,094
1,949
2,756
567
481
573
444
132
104
1,108
794
297
216
379
126
51
54
254
95
16
18
6,073
26,551
456
966

-of -life

Landfill
()

1,204
2,105
209
4,047
1,083
1,531
315
1,780
318
247
73
386
615
441
165
798
211
70
28
200
141
53
9
67
3,374
14,751
254
SIoIS

phases of ink and

Table 102 and Table 103 . Note that the life cycle phase

energy in ink and toner used in the cartridges and
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Table 102 : Primary e nergy in the different life cycle phases of consumables
Red: Highest impact. Blue: Lowest impact.

Ink cartridges -2 3 10 9

Ink containers 4.6 0.3 1.0 0.1 -0.8 5.3

Toner cartridges 81.9 8.8 9.0 1.0 -16.5 84.1

Toner containers 66.0 1.6 7.0 0.7 -13.3 62.0
Table 103 : Emission of CO  2-eq in the different life cycle phases for consumables

Red: Highest impact. Blue: Lowest impact.

Product Production Distribution Disposal Recycling Total
KgCOz eq KgCOz eq KgCOz eq KgCOz eq Kg CO 2-eq KgCOz eq

Ink cartridges -0.1
Ink containers 0.2 0.0 0.0 0.0 0.0 0.2
Toner cartridges 4.1 0.6 0.4 0.0 -0.9 4.2
Toner containers 3.5 0.1 0.3 0.0 -0.8 3.1

For ink and toner consumables the highest primary energy occursinthe  production phase.

In practice ink and toner have no primary energy demand in the use phase, however due

to the modelling setup the embedded energy from the production of ink and toner has

been allocated here. Not considering the use phase, t he second highest primary energy
demand occurs in the distr  ibution phase. However, the impact of transportation is limited.

The primary energy and greenhouse gas emissions are closely connected and there is a

high correlation between the parameters. The primary energy and emitted CO  2-eq differs

only a little depen  ding on the materials used.

Besides primary energy and the emission of CO 2-eq, other impacts are calculated in the
EcoReport Tool. All the impacts over the life cycle are presented in Annex B 1 Impacts over
a lifetime calculated in the EcoReport Tool . Here it can be seen that the production phase
has the highest impact in 15 out of the 15 impact categories for all ink and toner consum-

ables.

5.3.3 Combined equipment and consum ables
The combined impact of imaging and ink and toner consumables is presented in this section
and consist of the impact of one equipment and the impact of all the ink and toner con-
sumables used over a lifetime for each base case. The combined primary energy and emis-
sion of CO2 -eq for imaging equipment and ink and toner consumables are presented in

Figure 66 and Figure 67.
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Figure 67 : The combined emission of CO 2-eq from imaging equipment and ink and toner con-
sumables for all 7 base cases. Please not ice that the scale of the Y -axes is different.

The combined results clearly show that the electricity consumption has less impact than

the production phase for BC1 to BC6. For BC7 the impact of production and the electricity
consumption in the use phase ar e approximately on par. The impact of ink and toner con-
sumables is the net impact. This means that for ink and toner consumables the reuse and

recycling rates are already credited. Even with the current reuse and recycling rates of ink

and toner consumable s and equipment ,theimpact s credited back from reuse and recycling

can offset the electricity consumption in the use phase forBC1,2,5and 6 . The impacts
of consumables in use phase is actually the third largest impact over th life cycle behind

electricity consumption for BC 1 i 6. For BC7 the impact of the electricity consumption in

the use phase is considerable higher than the impacts of cons umables. Hence, the  primary

energy for professional equipment is still high.

5.4 EU total environmental impact assessment

The EU totals are the environmental impacts aggregated to EU level. For the EU totals the
eEnvironmental impacts of imaging equipment  (EU-28 stock) is calculated by multiplying

the current stock with the impacts of each of the base cases.

284



The previous section showed that the production phase has the highest impacts regarding
primary energy demand and emissions of CO 2-eg. Other categories are of course also im-
portant but assumed to have less overall environmental impact. In addition, the impact of

ink and toner consumables is also visible and the third highest over life cycle after elec-
tricity consumption in the use phase. In Figure 68 and Figure 69, the primary energy de-
mand and emission of CO 2-eq 2005 -2030 forthe different  base cases and for ink and toner

consumables are presented.
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Figure 68 : Developmentin primary energy demand for the different base cases and for ink and

toner consumables.
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Figure 69 : Developmentin em ission of CO 2-eq for the different base cases and for ink and
toner consumables.
From the figure it is visible that BC2 and BC1 have the highest primary energy demand
and thus the highest emission of CO 2-eg from 2016. This is mostly due the high sales and
weight of these base cases. BC7 has the lowest impact regarding primary energy demand

and emission of CO 2-eq, which is due to low sales. However, it should still be noted that
BC7 has the highest impact per product, as BC7 has a high content of material and a high
energy consumption in the use phase. In Figure 70 and Figure 71 the combined impacts

(primary energy demand and emission of CO 2-eq) of all base cases and all ink and toner

consumables are presented.
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Figure 71 : Combined emission of CO2 -eq from imaging equipment and ink and toner consuma-

Since 2010 the energy consumption and emission of CO

bles

2-eg in the use phase are reduced

while the impact in the production phase and impact imposed by ink and toner consuma-

bles have remained stable. This means that the greatest potential for further improvements

may be connected with materials and ink and tone

r consumables. However, it should also

be investigated if the energy consumption in the use phase can be reduced. In Figure 70

and Figure 71 the dotted line (net total)

is the baseline scenario for further assessment in

later tasks. The material consumption is also aggregated to EU level in Figure 72.
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Figure 72 : Aggregated material consumption of all base case and ink and toner consumables

5.5 Life cycle cost per product

Based on economic inputs , EcoReport automatically calculates the life cycle costs (LCC)
with the following formula:

066 00O 0DWO OO VD
Where:
1 LCCis Life Cycle Costs

1 PP isthe purchase price of the imaging equipment

1 OE isthe operating expense and are the com bined costs of electricity and the repair
and maintenance.

1 PWEF (Present Worth Factor) is a formula described below and is based on the con-
cept of time value of money.

1 EoL is End of life costs (disposal costs, recycling charge) or benefit (resale) , Which
are assumed to be negligible based on the analyses in section 2.4.7).
The purchase cost for individual ink and toner consumables are presented in Table 104 .
The purchase costs for OEM and non -OEM consumables are already presented in Task 2,

and the OEM share of consumables als o shown in Task 2 that is ca. 80% and 88% for ink

and toner consumables, therefore weighting of 80% and 20% are applied to the OEM and

non - OEM consumables to find the weighted average price per unit, the averaged prices are

used in the LCC and the economic calculations. It is clear from the table that t he purchase
price of toner consumables is assumed to be considerable higher than the purchase price

of ink consumables.  The price per consumable is the average price of all cartridges, which
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consist of a mixt ure of all -in-one cartridges with multiple colours and single colour car-

tridges/containers.

Table 104 : Product price for ink and toner consumables in EUR

Product OEM Non-OEM Weighted

Product price Product price = average

[EUR/unit] [EUR/unit]  [EUR/unit]
BC 1 Mono Laser MFD 140 59 124
BC 2 Colour Laser MFD 90 67 85
BC 3 Mono Laser printer 129 53 114
BC 4 Colour Laser Printer 130 61 116
BC 5 Colour Inkjet MFD 18 11 17
BC 6 Colour Inkjet Printer 27 4 22
BC "Professional printer/MFC 111 111 111

The life cycle cost including the purchase price (including installation), repair and mainte-

nance cost , electricity and consumables costis presented in  Table 105.

Table 105 : LCC for imaging equipment . Red: Highest impact. Blue: Lowest impact.
Product Product price | Electricity Repair & Consumables Total
[EUR/unit] [EUR] maintenance [EUR] [EUR]
[EUR]
BC 1 Mono Laser MFC 922 2,974 4,723
BC 2 Colour Laser MFI 4,800 81 2,169 2,041 9,091
BC 3 Mono Laser 456 53 229 2,274 3,012
printer
BC 4 Colour Laser 513 97 922 2,788 4,320
Printer
BC5 Colour Inkjet MFD 58 4 0 413 475
BC_: 6 Colour Inkjet 139 1 0 557 697
Printer
BC 7 Professional 61,395 585 3,226 2,668 67,874
printer/MFD
For imaging equipment, the greatest cost is related to th e consumables and the purchase

cost or the repair and maintenance cost. This is quite unusual as the electricity cost often
are dominant. This is due to low energy consumption in the use phase but relatively high

costs of the consumables . The LCCs of imaging equipmentare  also presentedin Figure 73.
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Figure 73 : LCC per base cases including costs of ¢ onsumables  in use phase
Note: The costs of ink and toner consumabl es for BC 7 are assumed to be higher than shown in the

chart. See body text for explanation.

The LCC for imaging equipment and ink and toner consumables reveals that the majority

of the costs for  five of out seven  base cases are connected with the purchase of ink and
toner consumables. For  all base cases the electricity cost only represents only a smaller

share of the cost over a lifetime. The results are - with one exception for BC 7 - similar to
the LCC calculation made in Task 2 with the outdated 2008 el ectricity consumption  from
the preparatory study . For BC 7 however, the number of consumables assumed in this
assessment (same amount consumed for BC1 T BC4) is considerably lower than the LCC in
Task 2, this is done to balance the data for total EU sales of consumables. In reality, BC 7

is likely to consume many more than BC1 T BC4. Due to uncertainty of the print volume and

number of consumables used of lifetime, th e assumption has been maintained.

5.6 End-user expenditure baseline

The life cycle cost for each of the base cases are also aggregated to EU level. For the EU

totals the annual  end-user expenditure in EU -28 is calculated based on the life cycle costs

per product. The calculated price takes into account the efficiency of th e products in stock
(electricity/fuel price), annual repair and maintenance and the purchase price (including

installation) multiplied with the annual sales. The annual end -user expenditures in EU -28

of all imaging equipment are presented in Figure 74.
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Figure 74 : Annual end -user expenditurein EU
The total annual end  -user expenditure amounts to above 60 billion EUR in 2018. Figure 74
shows that the annual  end-user expenditure is decreasing which is caused by a com bina-

tion of falling sales and higher efficiency (lower electricity consumption).

5.7 Conclusions and recommendations

The main recommendations and conclusions of the evaluation of the VA and the environ-

mental impact assessment are summarised in this section.

5.7.1 Evaluation of the Voluntary Agreement on imaging equipment
The VA signatories are in compliance with the VA targets for primary design requirements

well before the required effective period and the VA can thereby been seen as effective in
achieving these t argets. The analysis of energy consumption of in scope imaging equip-

ment revealed estimated energy savings to be orexpectedtobe 4 TWhin 2015, 9.5 TWh
in 2020 and 10 TWh in 2030 i.e. more than estimated in the Impact Assessment of the VA.

Itis however not possible to quantify the amount of savings as result of the VA compared

to other initiatives. The judgement is that the VA is and has been an effective additional
policy measure for reducing the amount of non -ENERGY STAR compliant products entering
the EU, butthat US ENERGY STAR scheme supported by initiatives by the European Com-
mission, by the Member States and by other schemes outside the EU is a major driver for

the development of more energy efficient imaging equipment . With the cessation of the
US-EU ENERGY STAR agreement in February 2018, the VA targets on ENERGY STAR pen-

etration rates may become a more significant driver of energy efficiency in the EU.
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It is more inconclusive if the resource efficiency and information requirement have been
effect ive, as contradictory descriptions of compliance have been expressed by signatories

and the Independent Inspector on one hand and remanufacturers on another.

Key recommendations include:

Improve wording of VA requirements to avoid ambiguity in interpretation

Publish product data for compliance verification

1 Extension of the product scope to match ENERGY STAR v3.0 scope or b eyond
1 Publicat ion of VA information requirements for each model

1 Included a wider range of resource efficiency requirements

1 Secure compliance with the self -regulation guidelines

I Additional coverage targets on non -energy in use environmental design features

1

1

1

Increase transparency

5.7.2 Impacts of imaging equipment and consumables
For imaging equipment, the production phase and the use of ink and toner consumables
are the most dominant phases of the entire life cycle in terms of primary energy demand
and emission of CO 2-eq. However, the distribution of the environmental impacts varies
considerably between BC1 to BC6 an d BC7. For BC7 the electricity consumption in the use
phase is the most dominant in terms of primary energy and emission of CO 2-eq. The im-
aging equipment product group differs from most other IT product groups by having the
production phase and consumption  of consumables as the most dominant phases. This is
due to relatively low electricity consumption in the use phase, short lifetime, high content
of electronics and other materials with high embedded energy and needed use of consum-

ables for the image creat  ions.

It is difficult to quantify the importance of different impact categories, but the focus of this
study has mainly beenon primary energy demand (i.e. total energy in EcoReport tool) and
emission s of CO2-eq. The combined primary energy demand of imag ing equipment is pre-
sented in Figure 75. This will provide the baseline (BAU scenario) for Task 7, where other

proposed policy scenarios will be assessed against.
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Figure 75: Combined primary energy demand of imaging equipment and ink and toner con-
sumables for EU -28.

The combined primary energy of imaging equipment and consumables  will account to
above 150 PJ in 2018 resulting in 8 Mt CO2 -eq emitted. The primary energy demand is

expected to decrease due to falling sales and higher efficiencies.

The decrease in primary energy demand in the use phase has also an impact on the total

end -user expenditure which are expected to decrease towards 20 30.

The life cycle costs assessment also confirmed that the consumables account for the
largest share for the majority of the base cases, with exceptions for BC 2 and BC7, out of
which BC 2 could be skewed by stakeholder inputs for the very high purchase and repair

and maintenance costs, and BC 7 is skewed by the low number of consumables assumed.
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Annex B z Impacts over a lifetime calculated in the EcoReport Tool

All'the i mpacts over a lifetime of imaging equipment base cases calculated in the EcoReport
Tool in connection with Task 5 are presented in Table 106 to Table 112 fori maging equip-

ment and in Table 113 to Table 116 for ink and toner consumables.

Imaging equipment

Table 106 : Alli mpact categories for BC 1 Mono Laser MFD . The life cycle phase with the high-
est impact for each of the categories is highlighted with red text.
Production | Distribution

Total Energy (MJ) 14,007 722 4,384 124 -4,009 15,229
of which, electricity (MJ) 8,731 1| 4,336 0 -2,650 10,419
Water ¢ process (litre) 2,265 0 23 0 -718 1,570
Water ¢ cooling (litre) 4,874 0 235 0 -1,138 3,971
Waste, norhaz./landfill (g) 27,835 412 2,437 285 -7,102 23,867
Waste, hazardous/ incinerated (g) 705 8 74 0 -211 576
Emissions (Air)
GWP100 (kg G@q) 775 47 189 1 -225 787
Acidification (g S£eq.) 5,792 144 859 8 -1,744 5,059
VOC (g) 24 11 95 0 -8 122
Persistent Organic Pollutants (rgeq) 297 2 13 0 -83 230
Heavy Metals (mg Ni eq.) 1,984 21 63 5 -643 1,430
PAHSs (mg Ni eq.) 346 25 13 0 -105 280
Particulate Matter (g) 4,125 1,744 58 49 -1,311 4,665
Emissions (Water)
Heavy Metals (mg Hg/20) 1,012 1 28 1 -315 726
Eutrophication (g P£ 33 0 1 1 -9 26
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Table 107 : All impact categories

for BC 2 Colour Laser MFD

est impact for each of the categories is highlighted with red text.

. The life cycle phase with the high-

Total Energy (MJ) 18,200 644 | 5,140 164 -5,531 | 18,617
of which, electricity (MJ) 12,367 1| 5,086 0 -3,889 13,565
Water ¢ process (litre) 3,051 0 30 0 -990 2,092
Water ¢ cooling (litre) 4,711 0 265 0 -1,236 3,740
Waste,non-haz./landfill (g) 28,134 373 2,811 288 -7,640 23,966
Waste, hazardous/ incinerated (g) 925 7 88 0 -292 728
Emissions (Air)
GWP100 (kg G@q) 1,027 42 222 1 -315 977
Acidification (g S©eq.) 7,919 129 1,015 11 -2,472 6,602
VOC (g) 32 9 111 0 -11 143
Persistent Organic Pollutants (Rgeq) 250 2 14 0 -71 195
Heavy Metals (mg Ni eq.) 2,880 19 79 8 -941 2,045
PAHSs (mg Ni eq.) 428 22 16 0 -134 332
Particulate Matter (g) 5,703 1,521 77 69 -1,848 5,522
Emissions (Water)
Heavy Metals (mélg/20) 1,454 1 36 1 -463 1,029
Eutrophication (g P9 41 0 1 2 -12 32
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Table 108 : All impact categories

for BC 3 Mono Laser printer

highest impact for each of the categories is highlighted with

Production Distribution

Other Resources & Waste

. The life cycle phase with the
red text.

Disposal Recycling| Total

Use

Total Energy (MJ) 4511 203 | 3,242 40 -1,330 6,667
of which, electricity (MJ) 2,937 0 3,227 0 -911 5,253
Water ¢ process (litre) 722 0 7 0 -231 498
Water ¢ cooling (litre) 1,449 0 156 0 -346 1,258
Waste, norhaz./landfill (g) 6,364 153 1,704 63 -1,664 6,620
Waste, hazardous/ incinerated (g) 230 3 53 0 -70 216

Emissions (Air)

GWP100 (kg G@q) 247 14 139 0 -74 326
Acidification (g S©eq.) 1,813 43 622 2 -560 1,921
VOC (g) 7 2 72 0 -2 78
Persistent Organic Pollutants (Rgeq) 46 1 8 0 -13 41
Heavy Metals (mg Ni eq.) 654 8 39 2 -214 488
PAHs (mg Ni eq.) 107 6 9 0 -33 88
Particulate Matter (g) 1,311 265 26 16 -424 1,193
Emissions (Water)
Heavy Metals (mg Hg/20) 278 0 17 0 -88 206
Eutrophication (g PO 14 0 1 1 -4 11
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Table 109 : All impact categories

highest impact for each of the categories is

for BC 4 Colour Laser Printer

Use

Production | Distribution

highlighted with red text.

. The life cycle phase with the

Disposal Recycling  Total

Other Resources & Waste

Total Energy (MJ) 9,467 399 | 6,024 85 -2,848 | 13,127
of which, electricity (MJ) 6,488 1| 5,99 0 -2,034 | 10,451
Water ¢ process (litre) 1,586 0 16 0 -512 1,089
Water ¢ cooling (litre) 2,532 0 288 0 -620 2,200
Waste, norhaz./landfill (g) 12,776 250 | 3,169 127 -3,419 12,904
Waste, hazardous/ incinerated (g) 481 5 98 0 -149 436

Emissions (Air)

GWP100 (kg G@q) 524 27 258 0 -159 650
Acidification (g S©eq.) 3,878 81 | 1,158 5 -1,214 3,909
VOC (g) 16 5 133 0 -5 149
Persistent Organic Pollutants (Rgeq) 90 1 15 0 -26 80
Heavy Metals (mg Ni eq.) 1,452 13 74 4 -477 1,065
PAHs (mg Ni eq.) 231 13 16 0 -72 189
Particulate Matter(g) 2,901 823 53 35 -943 2,867
Emissions (Water) ‘
Heavy Metals (mg Hg/20) 612 0 32 0 -197 447
Eutrophication (g PO 20 0 1 1 -6 16
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Table 110 : All impact categories

for BC 5 Colour Inkjet MFD
highest impact for each of the categories is highlighted with red text.

Production Distribution

Other Resources & Waste

. The life cycle phase with the

Use Disposal Recycling Total

Total Energy (MJ) 1,908 172 | 283 16 -528 | 1,851
of which, electricity (MJ) 1,181 0| 276 0 -352 1,105
Water ¢ process (litre) 294 0 3 0 -92 204
Water ¢ cooling (litre) 795 0 19 0 -172 642
Waste, norhaz./landfill (g) 2,603 137 157 24 -611 2,310
Waste, hazardous/ incinerated (g) 102 3 5 0 -29 81

Emissions (Air)

GWP100 (kg G@q) 101 12 12 0 -28 97
Acidification (g S©eq.) 722 37 57 1 -215 601
VOC (g) 3 1 6 0 -1 9
Persistent Organic Pollutants (Rgeq) 15 1 1 0 -4 12
Heavy Metals (mg Ni eq.) 249 7 5 1 -82 180
PAHs (mg Ni eq.) 43 5 1 0 -13 36
Particulate Matter (g) 504 176 6 6 -162 531
Emissions (Water)
Heavy Metals (mg Hg/20) 101 0 2 0 -32 71
Eutrophication (g PO 5 0 0 0 -1 4
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Table 111 : All impact categories

highest impact for each of the

for BC 6 Colour Inkjet Printer

Production

Other Resources & Waste

Use

Disposal

Recycling

. The life cycle phase with the
categories is highlighted with red text.
Distribution

Total

Emissions (Air)

Total Energy (MJ) 849 195 84 7 -212 923
of which, electricity (MJ) 415 0 80 0 -111 384
Water ¢ process (litre) 108 0 1 0 -33 76
Water ¢ cooling (litre) 539 0 8 0 -123 425
Waste, norhaz./landfill (g) 1,384 149 49 11 -286 1,307
Waste, hazardous/ incinerated (g) 50 3 2 0 -14 41

GWP100 (kg G@q) 44 14 4 0 -1 51
Acidification (g S©eq.) 296 41 17 0 -82 274
VOC (g) 1 2 2 0 0 4
Persistent Organic Pollutants (Rgeq) 8 1 0 0 -2 7
Heavy Metals (mg Ni eq.) 81 8 2 0 -26 64
PAHs (mg Ni eq.) 33 6 1 0 -9 30
Particulate Matter (g) 171 243 2 2 -53 364
Emissions (Water)
Heavy Metals (mg Hg/20) 64 -20 45
Eutrophication (g PO 3 0 0 0 -1 2

Table 112 : All impact categories
the hig

for BC 7 Professional printer/MFD

hest impact for each of the categories is hig

Production | Distribution

hlig

hted with red text.

Use Disposal | Recycling

Other Resources & Waste

. The life cycle phase with

Total

Total Energy (MJ) 29,013 4,009 36,110 242 -7,347 62,028
of which, electricity (MJ) 12,226 9 | 35957 0 -3,273 44,919
Water ¢ process (litre) 3,389 0 34 0 -1,024 2,398
Water ¢ cooling (litre) 13,969 0 1,723 0 -3,138 12,555
Waste, norhaz./landfill (g) 119,957 2,054 19,558 1,229 -29,754 113,044
Waste, hazardous/ incinerated (g) 1,289 41 579 0 -360 1,548
Emissions (Air)
GWP100 (kg G@q) 1,660 255 1,545 1 -429 3,032
Acidification (g S£eq.) 12,916 784 6,893 17 -3,539 17,071
VOC (g) 57 68 801 0 -17 909
Persistent Organic Pollutants (r@eq) 1,825 12 102 1 -487 1,452
Heavy Metals (mg Ni eq.) 3,629 104 397 9 -1,060 2,979
PAHs (mg Ni eq.) 1,914 147 103 0 -528 1,635
Particulate Matter (g) 8,564 11,112 228 102 -2,529 17,476
Heavy Metals (mg Hg/20) 3,192 3 186 3 -927 2,458
Eutrophication (g P9 79 0 8 4 -21 70
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Ink and toner consumables

Table 113 : Allimpact  categories for Ink cartridges . The life cycle phase with the highest im-
pact for each of the categories is highlighted with red text.

Production Distribution

Other Resources & Waste

Total Energy (MJ) 5 1 6 0 -4 8
of which, electricity (MJ) 1 0 0 0 0 1
Water ¢ process (litre) 0 0 0 0 0 1
Water ¢ cooling (litre) 7 0 10 0 -4 13
Waste, norhaz./landfill (g) 6 0 19 1 -5 21
Waste, hazardous/ incinerated (g) 0 0 0 0 0 0
Emissions (Air)

GWP100 (kg G@q) 0 0 0 0 0 0
Acidification (g S©eq.) 1 0 1 0 0 2
VOC (g) 0 0 0 0 0 0
Persistent Organic Pollutants (Rgeq) 0 0 0 0 0 0
Heavy Metals (mg Ni eq.) 0 0 2 0 0 1
PAHs (mg Ni eq.) 4 0 0 0 -1 4
Particulate Matter (g) 0 2 1 0 0 3
Heavy Metal§mg Hg/20) 0 0 0 0 0 0
Eutrophication (g P9 0 0 0 0 0 0
Table 114 : All impact categories for Ink containers . The life cycle phase with the highest im-

pact for each of the categories is highlighted with red text.
Production Distribution Use Disposal Recycling Total

Other Resources & Waste

Total Energy (MJ) 5 0 1 0 -4 3
of which, electricity (MJ) 1 0 0 0 0 1
Water ¢ process (litre) 0 0 0 0 0 0
Water ¢ cooling (litre) 7 0 2 0 -1 7
Waste,non-haz./landfill (g) 6 0 3 0 -1 8
Waste, hazardous/ incinerated (g) 0 0 0 0 0 0
Emissions (Air) ‘
GWP100 (kg G@q) 0 0 0 0 0 0
Acidification (g S©eq.) 1 0 0 0 0 1
VOC (g) 0 0 0 0 0 0
Persistent Organic Pollutants (Rgeq) 0 0 0 0 0 0
HeavyMetals (mg Ni eq.) 0 0 0 0 0 0
PAHs (mg Ni eq.) 4 0 0 0 -1 4
Particulate Matter (g) 0 1 0 0 0 1
Emissions (Water) ‘
Heavy Metals (mg Hg/20) 0 0 0 0 0 0
Eutrophication (g P9 0 0 0 0 0 0
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Table 115 : Allimpact categories for Toner cartridges . The life cycle phase with the highest im-
pact for each of the categories is highlighted with red text.

Production Distribution Use Disposal Recycling Total

Other Resources & Waste

Total Energy (MJ) 66 9 9 1 -12 73
of which, electricity (MJ) 17 0 0 0 -3 14
Water ¢ process (litre) 6 0 1 0 -2 5
Water ¢ cooling (litre) 74 0 14 0 -19 69
Waste, norhaz./landfill (g) 147 5 27 6 -34 151
Waste, hazardous/ incinerated (g) 2 0 0 0 -1 2
GWP100 (kg G@q) 3 1 0 0 -1 4
Acidification (g S£eq.) 17 2 2 0 -6 14
VOC (g) 0 0 0 0 0 0
Persistent Organic Pollutants (Rgeq) 1 0 1 0 0 1
Heavy Metals (mg Ni eq.) 1 0 2 0 -2 2
PAHs (mg Ni eq.) 35 0 0 0 -6 30
Particulate Matter (g) 5 23 1 0 -2 27
Emissions (Water)
Heavy Metals (mg Hg/20) 5 0 0 0 -3 3
Eutrophication (g PO 0 0 0 0 0 0
Table 116 : All impact categories for Toner containers . The life cycle phase with the highest im-
pact for each of the categories is highlighted with red text.

Production Distribution Use Disposal | Recycling | Total

Other Resources & Waste

Total Energy (MJ) 54 2 7 1 -12 52
of which, electricity (MJ) 16 0 0 0 -2 15
Water ¢ process (litre) 5 0 1 0 -2 4
Water ¢ cooling (litre) 70 0 11 0 -21 61
Waste, norhaz./landfill (g) 79 1 21 5 -30 76
Waste, hazardous/ incinerated (g) 3 0 0 0 -1 2
GWP100 (kg G@q) 3 0 0 0 -1 3
Acidification (g S©eq.) 15 0 1 0 -5 11
VOC (g) 0 0 0 0 0 0
Persistent OrganiPollutants (ng-ifeq) 0 0 0 0 0 0
Heavy Metals (mg Ni eq.) 1 0 2 0 -1 2
PAHSs (mg Ni eq.) 23 0 0 0 -4 19
Particulate Matter (g) 3 4 1 0 -2 7
Heavy Metals (mg Hg/20) 8 0 0 0 -3 5
Eutrophication (g P9 0 0 0 0 0 0
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6. Task 6: Improvement potentials

In this task, the technical design options that present potential environmental improve-

ments are identified and assessed. The task includes:

1 The identification of the design options that can deliver potential improvements
concerning use of energy and resources, including the quantitative assessment,
until the extent possible, of the environmental improvements and additional con-
sumer costs per option

1 The identification of the primary energy demand over a life cycle and life cycle cos t
of the different design options, individually and aggregated in clusters

I Selection of those design options , which present the best balance of primary energy

and life cycle costs

6.1 Design options (DOs)

In this section,t he design options for the seven base cases are shown and their potential
effect on energy consumption, improvement costs and other potential effects are summa-
rised .

These options were identified based on the barriers and opportunities presented in Task 4
report conclusions. They have been def ined for imaging equipment products and for con-

sumables, and inspired from ongoing work on the review of the Voluntary Agreement

(VA) %% and the review of Green Public Procurement (GPP) criteria for imaging equip-
ment 321,
Table 117 shows the identified design options and Table 118 the improvement environ-

mental potentials and improvement costs per unit of imaging equipment product or of
consumable. A description of their technical implications, ambition level and enviro nmental
savings potential as well as improvement costs per unit are presented in the sub sections ,

these assumptions are based on des k¥ pneldatnanmalydes .st akeho

320 Industry Voluntary Agreement to improve the environmental performance of imaging equipment placed on
the European market. Draft FY18 v.1. November 2018.

321 Available at:  http:/susproc.jrc.ec.europa.eu/imaging - equipment/stakeholders.html

322 Stakeholder consultation via questionnaire, January - February 2019.
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Table 117 : Design options for imaging equipment products and consumables
Description of No Detailed Ambition
design options ' description level
11 Joining, fastening or sealing techniques do not prevent access to low
. . : relevant components  listed in Annex VII of the WEEE Directive 823
Design for dis-
mantling of imag-
ing equipment
products Joining, fastening or sealing techniques do not prevent access to
plastic parts >100 g and spare parts listed in option 3.2 , and do not .
1.2 . . ; high
prevent mechanical remov al of consumables , when the device is
not plugged in . The se parts must be able to be removed safely.
Manufacturers must provide a minimum 3 -years warranty, free of
additional costs, effective from delivery of the product. This war-
Warranty for ser- ranty must cover repair and replacement and include a service
vice and repair of > agreement with options for pick -up and return or on  -site repairs. medium
imaging equip- The warranty must not be invalidated as a result of non -OEM car-
ment products tridges or containers being used in imaging equi pment unless it is
proven that any malfunction was directly caused by the use of a
non - OEM cartridge or container.
) ) Service information about available spare parts should be available
Design for d|sa§- 31 in service manuals, videos or webpages in freely accessible web- low
sembly and avail- : sites or provided with spare parts , except for spare parts intended
ability of spare to be serviced by trained service staff.
parts for imaging - -
equipment prod- Spare parts *** must be accessible by using commonly used fasten-
ucts 3.2 ers for joining components, subassemblies, chassis and enclosure, high
and must be available for 5 years.
rezoifégoﬁl;:tm; For all products, total weight of plastic content of the product unit
-cycled plastl 4 must not contain more than 80% virgin plastic . The remaining 20% high
imaging equip- ;
content should be made of post -consumer recycled plastic.
ment products
Firmware/software shall be also maintained by signatories over the
) . 5.1 same period spare parts are made available (period defined in cur- low
Firmware in imag-
A . rent VA)
ing equipment
r )
products 592 Any firmware updates must not prevent the use of non -OEM and medium
' reused/remanufactured consumables
Use of reused and Cartridges shall not be designed to prevent its reuse and recycling,
and equipment shall not prevent the use of non -OEM cartridges,
remanufactured 6 . A . . o s low
without exemptions (previously with possibility for exemption in VA
consumables -
requirem ent 5.4 of Part II)
Information on Signatories shall provide end  -users with information on suitable re-
consumables re- 7 manufacturing & reuse, or end -of - life management options for used low
use, disposal and consumables. This information may be communicated via a freely
treatment accessible company website.
Page yield is the measured number of images that are to be pro-
Consumables 8 duced by the consumable mass. Expected page yield must be de- low
page yield clared for all consumables to be supplied in use with |E products
and evidence should be provided on how the yield was derived.
323 Batteries, PCB > 10cm2, Toner cartridges, Plastics containing BFRs, Liquid crystal displays >100cm2 , External

electric cables, Electrolyte capacitors containing substances of concern (height >25mm, diameter >25mm or
proportionally similar volume)
324 Spare parts applicable:

not considered a consumable), Fuser units (where not considered a consumable), Drum units (where not consid-
ered a consumable), Transfer belts/kits (where not considered a consumable), Maintenance kits (where not con-

Storage devices, Print heads (where not considered a consumable), Laser unit (wher

sidered a consumable), Paper feed compo nents, Density sensors, Power and control circuit boards, Cartridge/con-
tainer attachment components, External power supplies, Hinges
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Description of Detailed Ambition
. . No. -
design options description level
Page yield/CMass shall not be lower than:
For Toner Consumables:
(2 x [10 x tanh(0.1+0.0003 x (CMass -10)) -0.5]+1)
Consumable im- For Ink Consumables:
aging yield effi- 9 (2 x [15 x tanh(0.2+0.0004 x (CMass -8)) -1]+2) high
ciency where CMass is calculated as the ma ss (g) of each cartridge or con-
tainer plus drum unit, as measured in their to be installed condition
(i.e. full of ink or toner and any additional components not present
whilst installed in the imaging equipment removed).
. . For all laser equipment models placed on the market after 1 Jan
Indoor air quality . o . .
2020 and tested with a specific toner cartridge according to Blue
of laser products o _
and toner car- 10 Angel current test procedure, emissions shall not exceed limit val- low
. ) ues re garding the release of TVOCs, undefined VOCs, Styrene, Ben-
tridges configura- ) . )
tions zene, ozone, dust and ultrafine particles as defined by Blue Angel
RAL-UZ-205
Hazardous substances in toner cartridges shall be declared by Sig-
Hazardous sub- - ; -
. natories as Safety Data Sheets in the official language of each
stances in toner 11 . - . . low
. Member State in freely accessible websites or another readily ac-
cartridges -
cessible form for customers
. Signatories shall ensure that products in scope of the VA and placed
Primary energy . .
requirement of on _the EU market by Signatories af_tgr 1_January 2017 shall comply
. ) . 12 with ENERGY STAR ® v3.0 specifications and default duplex set- low
imaging equip- . ; . ] o
tings requireme nts in accordance with specific market uptake tar-
ment products 305
gets 3%,
Internal power
supply efficiency Signatories shall publish the nameplate rated output power and ef-
information of im- 13 ficiency levels of any power supply included within, or supplied for high
aging equipment use with, all imaging equipment within scope of the VA.
products
Compliance infor- For each product in scope of the VA and placed on the EU market,
mation of prod- 14 signatories shall produce environmental documentation detailing low
ucts and consum- compliance with each VA criterion. The documentation, or a URL to
ables the documentation, shall be published on the E uroVAPTint website.
Table 118 : Improvement potentials and costs per unit for design options
. Savings potential per unit 326 Improvement cost
Description of i+ 327
design option No. per unit added
9 Bc1 | Bc2 | BC3 | BC4 BC5 BC6 BC7 to price
p
Ca. 0.5% of product
. EoL: +2% reuse of ma- Same as price:
. 0, -
11 Eo'gl';:n/d" :e;‘oferg; n;ﬁ:,e” terials and +4% recy- BCs1-4 | BCs1-4:5EUR
Design for dis- o recycling cling BCs 5 & 6: 1 EUR
mantling of imag- BC7:5EUR
Ing equipment Ca. 1% of product
products s T
. EoL: +10% reuse of ame as prce:
1.2 | EoL: +10% reuse of materi- matérials and +12% BCs1-4 BCs 1-4: 10 EUR
als and +12% recycling recvelin ° BCs5 &6: 2 EUR
ycling BC7: 10 EUR

325 For Tier | (2021), the compliance rate for both TEC and OM product groups shall be 40%.

326 When design option concerns IE products, %/unit saving is per product placed on the market. When it concerns
consumables, %/unit saving is per cartridge or per container placed on the market.

327 When design option concerns IE products, the cost is per pro

consumables, the cost is per cartridge or per container placed on the market.
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Description of

Savings potential per unit

Firmware in imag-
ing equipment
products

prolongation | ifeti

326
Improvement cost
desi i No. per unit 3¥" added
esign option Bc1 | Bc2 | BC3 | BC4 BC5 BC6 BC7 to price
i . 0, -
Production: 10% material E;?Sgrﬁgznm 1t|(2)ﬁ) Pqufﬁ:- Ca. 4% of product
Warranty for ser- consumption reduction due tion P due tolsameas ' Opricré'
Vlifﬁaa?r? rzpilir ?f 2 to Ol i/ir:ea roprol prolongation lifetime BCs1-4 BCs 1-4: 40 EUR
mer?t p%odqucfs EoL: +4% reuse of materi- EoL: +49% reuse of ma- BCs5&6: 9 EUR
alls and +6% recvelin terials and +6% recy- BC7: 40 EUR
o recycling cling
Production: 5% materi al consumlpt -
Design for disas- 31 year prolongation lifetime P Negligible for all BCs
sembly and avail-
ability of spare ca. 1% of product
parts for imaging Production: 15% net material consumption reduction 3% due to price:
equipment prod- 3.2 02 year prolongation 1if BCs 1-4:10 EUR
ucts BCs5&6:2EUR
BC7:10 EUR
Post-consumer
rei(r:ryl/ac;rc]jgptlea(\quli;-ln 4 Production: 20% primary plastic consumption reduction 10 EUR for all BCs
ment products
Production: 5% material consumption reduction because of
51| 60.5 year

Use of reused and
remanufactured
consumables

Information on
consumables re-

me 0.2 EUR for all BCs
functioning
2 - 3EUR for all BCs
52 EoL: +15% reuse and +2% recycling of cartridges/containers for reprogramming
firmware
6 EoL: +15% reuse and +2% recycling of cartridges/containers Negligible - 0 EUR
7

use, disposal and
treatment

EoL: +1% reuse and +1% recycling of cartridges/containers

Negligible - 0 EUR

Consumables
page yield

Consumable im-

Production : 5% material consumption reduction due to im-
proved comparison between remanufactured consumables and

higher market uptake
EoL: +12% reuse of materials and +3% recycled materials

329

1-2 EUR for all car-
tridges and contain-
ers used in all BCs

aging yield effi- 9

ciency

Indoor air quality

Production : 25% material consumption reduction due to less
material used for  manufacturing of consumables

10 EUR for all con-
sumables used in all
BCs

of laser products
and toner car-

No costs added to

purchase price. Ad-
10 Negligible impact on energy or resources ditional test costs of
tridges configura- approximately 800
ges config EUR for manufactur-
tions
ers.
Hazardous sub- .
. L Not possible to
stances in toner 11 Negligible impact on energy or resources .
. quantify
cartridges

328 Net = increased materials from more spare parts available

tured cartridges

T reduction materials consumption due to increased lifetime
329 Due to highe r uptake of remanufactured cartridges because of a harmonised quality metric to compare new and remanufac-
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Savings potential per unit 826 Improvement cost

Igesprlptlo? of No. per unit 3¥" added
esign option BC1 BC2 BC3 BC4 BC5 BC6 BC7 to price

Primary energy
requirement of 12 USE: averagel5 -20% energy consumption reduction due to
imaging equip- improved energy efficiency

ment products

BCs 1-4: 20 EUR
BCs5&6:5EUR
BC7: 30 EUR

Internal power

supply efficiency USE: average 3 - 5% additional energy ~ consumption reduction BCs 1-4:2 EUR

information of im- 13 due to improved energy efficiency of power supplies BCs 5 &6:2 EUR
aging equipment P oy yolp PP BC7: 30 EUR
products

Compliance infor-
mation of prod- 14 Use: 1% additional energy consumption reduction due to bet-

ucts and consum- ter informed  purchase decision
ables

ca. 2 EUR for all BCs

6.1.1 Design for dismantling of imaging equipment products (DO 1.1 and 1.2)
The first design option shows a low ambition level option DO 1.1 and a high -level ambition
option DO 1.2.

DO1.1lis basedon i ndustryés own pr opos allowamktionldvelbesauseonsi der e
it is additional to existing but less detailed measure in the WEEE Directive . The WEEE
Directive imposes the Member Statesto "... encourage cooperation between producers and
recyclers and measures to promote the design and production of EEE, notably in view of

facilitating re -use, dismantling and recovery of WEEE, its components and materials [ 330
The Directive further specifies specific substances, mixtures and components listed in An-
nex VIl of WEEE Directive have to be removed from any separately collected WEEE. There-

fore, arequirementond  esign for dismantling of imaging equipment products will comple-
ment measures in the WEEE Directive and increase the reuse of materials. E.g a stake-

holder has stated that discharge lamps have to be removed in accordance with  Annex VII
of WEEE Directive , but currently they are difficult to remove. Th erefore, implementation of
the design option will make it easier to remove these lamps. The assumption is that this
option would increase the reuse of materials at end -of-life by 2% and the product materials

fraction sent for recycling by 4% for all base ¢ ases.

The increase in reuse and recycling rates in all design options are based on the inputs from
stakeholders on the possible BAT end -of - life treatments and allocated to each option ac-

cording to the ambition level.

DO 1.2 takes this technical design to a higher ambition level, since it expands to other
parts (plastic parts >100 g and spare parts listed in option 3.2 ) not listed in the WEEE
Directive and it facilitates = mechanical removal of consumables, when the device is not

pluggedin. Itisassumedth atthis option would increase the reuse of materials (incl. whole

330 The WEEE Directive, Article 4.
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products or component reuse) at end -of-life by 10% and the product materials fraction

sent forrecyclingby 1 2% for all base cases.

Inreality,t he improvement potentials are likely a bit higher for base cases 1 to 4 and base
case 7, since these are B2B products and their appropriate sorting, collection and recovery

are better than for B2C products (base cases 5 and 6).

DO 1.1 would not imply large improvement costs (average ca. 0.5% of the p roduct price)
as it is assumed that already many products on the market have a certain degree of dis-
mantlability features. DO 1.2 would imply higher costs (doubled as much as DO 1.1)

because it requires a larger share of the product having these features.

Stakeholder views: No stakeholder has expressed strong view on this design option. It
is assumed that there would be no technical problem . It is however mentioned that the list
of components (not spare parts) for DO 1.2 should be refined to reflect more t hose relevant

for imaging equipment.

The recycling industry has two further additions to improve the dismantlability of imaging

equipment.

1 Specify that discharge lamps should be designed in a way so they can be easily
removed, in accordance with any VIl requirements of the WEEE Directive

1 To ensure that mechanically ink cartridges can be readily removed even when the
devise is in OFF mode. He  nce, this today can pose a challenge (very time consum-

ing) for recycling facilities today.
Both these comments have been taken into account for the design options.

6.1.2 Warranty for service and repair of imaging equipment products (DO 2)
DO 2 extends the legal guar ant ee f r o myedr#bte 3 \yald Jor the consumer as a
protection against faulty goods, or goods that don't look or work as advertised. It extends
to one more year but also to repair and replacement services, which are very important to
ensure pr oper repair and replacement of spare parts. Moreover, it explicitly prevents this
warranty period to be invalid due to the use of non -OEM cartridges or containers, as this
is a common non -technical barrier that prevents the use of more refilled and remanuf ac-
tured cartridges, as explained in previous task reports. This design option is not a technical
design feature, but as explained in Task 4 report, there are non -technical barriers that
prevent more reuse and recycling of products and consumables which are important to

tackle, apart from the technical features. This option is considered of medium ambition.

It is assumed that this option would reduce 10% of material consumption due to its con-

tribution to prolong the productsd |ifetime by
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All | ifetime prolongation savings are based on qualitative assessment e.g. a product with

average life -time of 6 years, if equally disaggregate its material consumption over a typical

lifetime, meaning each year of prolongation in lifetime is equivalent to ca. 17% of materials
saved from a new product being purchased , @ conservative 10% saving is chosen to ac-

count for uncertainties.

It is also assumed that it will increase the reuse of materials at end -of -life by 4% and the

product materials fraction sent for recycling by 6% for all base cases .

DO 2 would imply larger improvement costs due to increased repair and transport costs to
approved facilities and to the extension of the coverage period. It would also imply larger
administration costs. The estimated improvement costs are mainly based on online re-
search of warranty costs . Sources show that 2 years warranty accounts for ca. 12% of the
product price and 3 years warranty accounts for 16%, the cost of an extra year warranty

is ca. equivalentto 4 % product price 33!,

Stakeholder views: OEM manufacturer s are concerned about providing warranty when

non -OEM cartridges are used, as the performance characteristics e.g. emission, lifetime,

page yield are determined by the combination of equipment and consum ables. Input pro-
vided by stakeholders during the revision of the GPP criteria for Imaging Equipment 821
points out at the same concern by OEMs. However , evidence shows that this particular
aspect may prevent being to benefit from warranty terms, and it is thus important to

ensure that the warranty period includes using such cartridges. This will incentivize the use

of refilled and remanufactured cartridg es, which would reduce the environmental impacts

from the use of cartridges %2,

Stakeholders also suggest that warranty obligation should be set by the legal provisions in
each Member State, a suggestion also made during the revision of the GPP criteria. How-
ever, there may be some Member States that do not include legal warranties for business

customers, particularly important for B2B products.

6.1.3 Design for disassembly and availability of spare parts for imaging equipment
products (DO 3.1 and 3.2)

The third des ign option shows also two ambition levels , DO 3.1 and DO 3.2.

DO3.1is basedon i ndustryés own proposal and it is considere
it is not a technical design feature but an administration procedure to provide information

to end -users and service professionals about the availability of spare parts. It is assumed

31 Service Contract Pricing: Printers 2016. https://www.warrantyweek.com/archive/ww20161103.html| accessed
March 2019
332 EuroVAprint states this statement is not necessarily supported by recognized LCA studies.
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that this option would prolong the lifetime of imaging equipment products by up to 0.5

years because the end -users would be more informed about repair possibilities by the

re placement of spare parts. This would indirectly reduce the material consumption of new

products by 5%. Again, 1 year of prolongation in lifetime is equivalent to ca. 17% of ma-

terials saved from a new product being purchased, half year prolongation is ca. 8 %, but
5% is chosen for accounting for not necessary all users would prolong its lifetime due to

more information on spare parts. In addition, a stakeholder has suggested to define spare

parts for repair and maintenance parts. This addition does not change the overall assump-
tions, but it may open for different possibilities for better maintenance of products. Hence

maintenance parts could also be available for non - professionals to purchase.

DO 3.2 takes this administration procedure further to a technical d esign feature, where
specific spare parts shall be easily accessible and shall be available for a period of 5 years.

This is considered of a high ambition level because of the more extensive list of spare parts

to be accessible, and because of the longer p eriod they should be available for repair.

Spare parts listed have been defined by finding the most common types of spare parts for

imaging equipment products 3, |t i s assumed this option would pro
by up to 2 year due to the high degr ee of accessibility and availability of components. This

would indirectly reduce material consumption by 15% per product for all base cases. This
is considered a net reduction, taking into account there will be a higher use of materials
from spare parts. T he lifetime extension counteracts this effect and provides significant

savings.

DO 3.1 is assumed not to imply improvement costs as this is purely an administrative

feature which requires only edition work to include this information on readily available

material. In spite of the high ambition, DO 3.2 is assumed to imply only 1% additional

costs per product, because there are already products on the EU market with ease of dis-

assembly features that offer longer spare parts availability periods. These produc ts are

usually Blue Angel, EPEAT and Nordic Swan labelled.

Stakeholder views: No strong view on DO 3.1 . There ar e divergent views on DO 3.2.
Some stakeholders expressed no issue if the spare parts are already those they supply.

Other stakeholders expressed no issue with providing 5 years spare part availability for EP,

Solid Ink, and High -Performance Inkjet products , but it is not economically feasible for

other inkjet products, which have 3 years availability currently.

During the revision of the GPP criteria for Imaging Equipment3 stakeholders found positive

the alignment of the proposed availability period with o ther schemes (e.g.a5 -years period

333 Online research of imaging equipment spare parts suppliers and identifying the most common parts.
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is requested by Blue Angel). However, some stakeholders proposed to align fully with Blue

Angel, where no specific list of spare parts is defined. The study team finds that an ex-

haustive list is crucial to ensure that im aging equipment is not overprovisioned in busi-
nesses, or that a consumer purchases a new product too early because of early failures.

Ot her spare parts are not relevant since they
and are not as important f or the function of the product. Therefore, it is important to focus

on the specific parts that will create a disruption of the lifetime.

6.1.4 Post-consumer recycled plastic in imaging equipment products (DO 4)
DO 4 implies that new products have a minimum 20% o f total plastic weight in the product
as post -consumer recycled plastic (see Table 117 ). Most material volume in imaging equip-
ment products consists of common plastic s (e.g. PS (HI -PS), ABS, PC) and metals (steel,
copper, aluminium). In spite of their high embodied impact, steel and aluminium are now-
adays highly recyclable but plastics are not. Therefore, it is considered important to ad-
dress this source of impacts by proposing a criterion to incentivize the use of recycled
plastics. In spite other voluntary schemes like Blue Angel, Nordic Swan and EPEAT require
similar design features and that the current Voluntary Agreement does too, only EPEAT
and Nordic Swan require  minimum content. In fact, the compliance of EPEAT requirement
in EPEAT registered products in only 4% (see Task 4 report, table 9). The draft GPP criteria
for imaging equipment for the ongoing revision defines 2 5% in the top end of recycled
content levels . Because of the presented arguments, this design feature is considered of a

high ambition level.

This option would reduce 20% of primary plastic content in products which would be re-
placed instead by recycled plastic. This would bring environmental saving s during the pro-

duction of the products.

It is assumed that DO 4 imply 10 EUR improvement costs  per unit based on stakeholder
input 234, duo to that it would require extra quality assurance in order to achieve the same

quality of product appearance and addit ional management costs. The recycled plastics like
PP and ABS are readily available on the market and are typically cheaper than new plastics.

This would counteract the additional development costs of incorporating recycled materials

in the product. Moreov  er, some products on the EU market are already sold with a share

of post -consumer recycled plastic.

Stakeholder views: Divergent views have been received regarding the feasibility. One
stakeholder has already demonstrated the technical feasibility of this design option with

current product in a successful business model. Some expressed that it is possible at a

334 Stakeholder consultation via questionnaire, January - February 2019.
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cost, others expressed that the absence of a standard on recycled content makes it inap-
propriate to set a minimum requirement. The latter comment wa s also pointed out during
the revision of the GPP criteria for Imaging Equipment 321 'where stakeholders emphasized
the lack of a measurement or trackin g method to quantify the amount of recycled materi-

als. Tracking of material contents is a complex exercise in particular along the ICT value

chain. However, other stakeholders requested to harmonize this requirement with Blue

Angel, where a minimum content of 5% of the complete plastic material in imaging equip-
ment should be recycled. Although the threshold is much lower, this would also require the
capability of tracking recycled material. It thus seems that some manufacturers have al-

ready a tracking syste  m in place and would be able to report on this content.

The recycling industry states that these types of requirements are instrumental to pull the
demand for recycled plastic in imaging equipment and must be implemented. However,
they suggest that the rec  ycling target should be measured out of the total plastic waste in

the product.

6.1.5 Firmware in imaging equipment products (DO 5.1 and DO 5.2)
The fifth design option shows also two ambition levels DO 5.1 and DO 5.2.

DO 5.1 is based on a draft proposal for the VA and it is considered low ambition level

because industry already maintains firmware regularly in imaging equipment products

through software updates. Whether it is for shorter or longer periods than what industry

proposes, it is not known. Because of t his, it is assumed that small environmental improve-

ment potentials exist by prolonging the productso6 |if
ing malfunctioning, for the products which firmware is maintained for shorter periods. This

would indirectly reduce the material consumption at the production phase by 5%, same

rationale for the amount of reduction as previous options, such that 1 year of prolongation

in lifetime is equivalent to ca. 17% of materials saved from a new product being purchased,

half year prolongation is ca. 8%, a more conservative figure is chosen to account for un-

certainties.

DO 5.2 relates also to firmware maintenance, within the same period of time, but it spe-
cifically preventsth e updates that block the use of non -OEM consumables 33, This has been
a barrier to use more remanufactured consumables, as explained in previous task reports.
This is thus considered of medium ambition, because it does not imply large efforts from

industry technically spe  aking, but it is more a competitive issue. However, it is estimated

335 According to a stakeholder ¢ artridge blocking by firmware update may be an environmental offence. In the
USA there is an increasing number of class actions against this practice.
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that this would unblock a higher use of remanufactured/refilled consumables, with increas-

ing reuse by 15% and recycling by 2%, instead of buying brand -new consumables.

DO 5.1 would imply  only small improvement costs for extending the maintenance period,

for products where it is shorter. DO 5.2 would, in the contrary, imply a slightly larger
improvement costs for reprogramming software, but these are not considered to be large

since this im provement option is to be implemented at the software rather than at the

product levels , thisisassumed2 T 3 EUR per unit of imaging equipment.

Stakeholder views: DO 5.1 is generally accepted. For DO 5.2, there are again different
views, some stakeholde r expressed no issue, but others stated that f irmware updates are
used for a number of purposes that may include: To provide optimum product performance

in order to protect the quality of customer experience; to protect the device and network

fromthe late st security threats; to protect OEMs' intellectual property; and to reduce coun-

terfeiting of OEM cartridges and warranty fraud.

Firmware updates are technically necessary, especially for security updates and bug fixing,

but whether blocking non  -OEM cartri dges is technically necessary for equipment to work

is debatable. As shown in Task 4 and 5 reports, there are currently many cases showing

barrier to remanufacturing due to patents, Intellectual Property Rights, allowing firmware

updates that block the use of non -OEM consumables is rendering the current VA commit-
ment on resource efficiency requirement for cartridges useless. Moreover, same input was
provided by stakeholders during the revision of the GPP criteria for Imaging Equipment 821
however, the proposed GPP criterion requests that firmware is rolled back if it prevents the

use of remanufactured cartridges. In the other hand, this design option is more open as it
requires to avoid firmware that prevents their use. In this way, there is more space for

innovation and different strategies to be implemented by OEMs, and there is no need to

disrupt the main functions of the firmware as discussed by some stakeholders.

6.1.6 Use of reused and remanufactured consumables (DO 6)
DO 6 is based on a draft proposal for VA and it implies that imaging equipment products
and consumabl es designs do not prevent consumabl esd r
An exemption clause in the current Voluntary Agreement prevents this from happening in
the cases these designs prevent innovation, development or improvements in design or
functionality of the products. Industryo6s proposal is
the po tential for the use of reused and remanufactured consumables is fully unlocked. This
option is considered of  low ambition, because it does not imply large efforts from industry
to change or disrupt technologies already readily available on the market. But it requires
that some blocking technologies are reprogrammed or removed, so products and consum-

ables designs do not prevent consumablesd reuse and r
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This option would imply 15% higher uptake of reused and remanufactured consumables

and 2 % higher  recycling.

It is assumed that costs would be negligible because, in principle, the designs should have

already been made to facilitate the use of reused and recycled OEM and non -OEM car-

tridges. In reality, some designs exist that prevent these because of t he exemption clause.

But the costs to reprogram or remove blocking technologies from the market should not

be allocated to consumers.

Stakeholder views: No strong view expressed for this design option, it is generally ac-

cepted by those not currently using the exemption.

6.1.7 Information on consumables reuse, disposal and treatment (DO 7)

DO 7isalso basedonadraft proposal forthe VA anditimpliesthatend -usersare provided

with suitable end - of-life information for consumables. As such, it does not imply any tech-

nical change on the design, but it is more an administration procedure to support the

provision of the consumables to end -users. However, this information could improve the

way consumables are sorted and facilitate their recycling. Proper and avail able information

could help businesses to sort out consumables separately or establish contact with manu-

facturers if a take -back system exists. And it could help consumers to become aware of

any collection centre that can take used consumables for further reuse or recycling. The

ambition level of this design option is considered low, since it does not require any technical

effort for improving the design of the consumables, but it is more an administration pro-

cedure to provide more information to consumers.

This option would increase marginally the number of consumables being reused at their

end -of-life (assumed 1% higher reuse and recycling) , because the information would not

necessarily prevent that they end up being sorted as commercial and household wast
However, chances are larger for them ending up in the electronics, hard plastic or metals

recycling bin , if containers are already provided in the relevant Member State.

It is assumed that costs would be negligible because no technical changes are expected on
the consumabl esd design and administration

ered negligible.
Stakeholder views: This option is generally accepted by stake holders.

6.1.8 Consumable page yield (DO 8)
DO 8 is not a technical design option, but a technical reporting option to facilitate the

comparison of the consumablesd functionaldi

can be used t o c¢omp a wunetiortandiscanmhalibitleatidy@osté per printed
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page by knowing in advance the number of pages expected to be printed. By reporting
page yield, it is expected that a level playing field is created, which can incentivise longer
yields maintaining same pr inting quality (including refilled and remanufactured cartridges).
The latter is of special importance, as printing quality has a strong impact on the use of
paper and can also indirectly reduce environmental impacts from new cartridge manufac-
turing, if th is information induces a higher market uptake of consumables with higher

yields. The ambition level is considered low because this is already a requirement of the

Voluntary Agreement, but this design option involves also the provision of evidence on how
th e yield was calculated and it includes all consumables including containers , notonly car-
tridges.

This option is assumed that it would reduce 5% of materials consumption during produc-

tion, as an indirect effect from incentivising consumables with longer life by improving their
yields. Itis assumedthat more reused and remanufactured cartridges would be purchased

if their declared page vyield is similar to a brand -new cartridge but marketed at a lower
price and reused/recycled . It is therefore assumed 12 % i ncrease for reuse and 3% in-

crease for recycling.

It is assumed that this reporting option would imply 1-2 EUR compliance costs per model
of consumable , because this design option would incentivize signatories to report yields for

all consumables, andt he non -signatories producing refilled and remanufactured cartridges

to join in the Voluntary Agreement. For new members, reporting page yield would imply

testing and reporting costs.

Stakeholder views: There is no strong view om this design option, as the VA already
address the page yield  which follows either ISO standards or other reproducible methods
developed by the manufacturers , SO there should be no problem providing evidence on

how page yield was calculated and apply across all consumables.

6.1.9 Consumable imaging yield efficiency (DO 9)
DO 9 is also a technical reporting option but it has a direct influence on product design,
since it provides a metric that can be used to indicate the page vyield efficiency in relation
to the amount of materials used in con sumables. The more materials and sub -components
a consumable has, the more difficult becomes to reuse or recycle it, in addition to difficul-
ties from other design features that prevent their reuse (e.g. a programmed chip). Also,
the more complex these are, the higher consumablesé I|ife cycle en
There is significant variation in the amount of material used within consumables that pro-
vide the same or similar functionality. Any reduction in weight will reduce the amount of
materials used. Re porting this metric, would thus allow for a technical comparison of the

yield and material efficiency of consumables that could incentivize the use of highly efficient
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consumables. Task 4 report describes how this metric has been developed, based on the
ongoing revision of the EU GPP criteria on imaging equipment. Since the estimated cut - off
established from this revision is relatively high (50% of the EU market), this design option

is considered of high ambition.

It is assumed this option would reduce 25% of materials consumption during production
based on stakeholder inputs  , since it is expected that more material efficient consumables

are placed on the market as an effect of this option.

It is also assumed that this reporting option would imply somewhat high improvement
costs (i.e. 10 EUR per  model ). In spite of this being only a technical reporting option, there

is a direct effect on consumables design which would lead to design improvements consid-

ered relatively costly, as the design of complex consumab les would have to be radically

changed.

Stakeholder views: Some stakeholders expressed that the Nordic Swan Ecolabeling cri-

teria should be used instead of the metrics developed for the  GPP. The Nordic Ecolabelling
sets similar but more simplified requireme nt on the ratio of consumable weight and page
yield, see Table 119 . However, during the revision of the GPP criteria for Imaging Equip-

ment 32!, stakeholders claimed there should not be differences between ink and toner yield

efficiency calculations because criteria and requirements should be technologically agnos-

tic. Because of this and the complexity of calculating this metric, stakeholders were

strongly opposed to this criterion. The study team emphasized that ink and toner consum-

ables designs are essentially different and thus need different calculation methods . This is
done for other requirements as well. Moreover, the formula only requires collecting car-

tridge yield and consumable mass and it is thus easy to implement and verify considering

page vyield is already reported. The proposed Nordic Ecolabelling requi rementsin Table 119
assess only consumables used in toner imaging equipment. Including ink consumables is

of primary importance due to their high sales and stock in the EU.

Table 119 : Nordic Ecolabelling Consumable requirement on highest index for weight/1000

pages
Images Per Monochrome application Colour application (Kg/1000
Minute (IPM) (Kg/1000 pages according pages according to

to ISO/IEC 19752) ISO/IEC19798)
IPM > 19 = 0,65 =2
IPM < 19 =1 <3

6.1.10 Indoor air quality of laser products and toner cartridges configurations (DO 10)
DO10 requires that the TVOCs, undefined VOCs, Styrene, Benzene, ozone, dust and ul-

trafine particle  emissions from all laser imaging equipment models placed on the market
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after 1 Jan uary 2020 do not exceed the limit values included in Blue Angel RAL -UZ-205.
The emission rates requirements shall be meas ured for the whole printing system, i.e. the
printer, consumables and paper. Therefore, DO10 applies to laser equipment used with all

types of consumables described in previous tasks.

VOC, dust and other emissions from imaging equipment are hazardous to h umans when
indoor levels become too high. For this reason, most major voluntary environmental initi-

atives on imaging equipment (in this case Blue Angel, EPEAT, Nordic Swan and the Korean

Ecolabel) include limitations on imaging equipment emissions, therefo re this option is con-

sidered low ambition.

Ensuring that products meeting the VA requirements have reduced substance emissions

will help reduce indoor air pollution.

It is assumed that meeting the DO10 requirements would result in some additional testing

costs for VA signatories, estimated at 800 EUR per model. The extent of these additional

costs is unclear as many signatories already conduct emission testing to achieve compli-

ance with other initiatives such as Blue Angel. In addition, a number of existi ng VA signa-
tories own laboratories that are accredited to test emissions against the Blue Angel test

procedure. These signatories include:

1 Kyocera 3%
1 Canon37
1 Xerox 338
1 Lexmark 3%
The impacts of this design option are unfortunately not possible to model with the e xisting

methodology, so it is not included in the assessment in the later sections.

Stakeholder views: Some stakeholders have expressed that the wording of the require-
ments has to be modified. A stakeholder suggests that information must be present ed
directly on the  packaging. This could be done similar to the EPEAT awards with three cat-

egories 1T Gold, Silver and Bronze.

336 https://www.kyoceradocumentsolutions.eu/index/about/kyocera_press_areal/press_details.L 3ByaW50ZXJf bX
VsdGImdW5jdGlvbmFscy9uZXdzL zZIwMTQva3IlvY2VyYV9kb2N1bWVudF9zbh2x 1dGlvbnMz.html

337 https://global.canon/en/csr/product/safety.html

338 https://www.fujixerox.com/eng/company/icc/test_04.html

339 https://csr. _lexmark.com/emissions.php
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6.1.11 Hazardous substances in cartridges (DO 11)
DO 11is based on a draft of VA proposal and it implies that Signatories declare use of any
hazardous substances in toner cartridges in standardised format for end -users. This is dif-
ferent to Blue Angel (RAL  -UZ 205 Edition January 2017) and to the ongoing revision of the
EU GPP criteria on imaging equipment, where the proposals are to requir e specific hazard-
ous substances restrictions in all cartridges and in all consumables respectively. Hazardous
substances present in cartridges are usually not assessed in Life Cycle Assessments, but
they are important because they prevent the recycling of certain materials such as plastics.
Moreover, during operation of the imaging equipment products some hazardous sub-

stances can be emitted.

Providing information  **° to end -users would help consumers to be aware about their pres-
ence in toner cartridges. But in practical terms, it is unlikely end -users know how to inter-
pret Safety Data Sheets without further guidance, and itis questionable whether this highly

technical information would change any purchasing decision. It is thus assessed that this

reporting opt ion is of low ambition.

It is assumed that the impact of this option on energy and resources consumption is neg-
ligible. Itis difficultto foreseen sofar how muchitwould costto implement this reporting

option, which would imply testing and administrati on costs.
Stakeholder views: No issues raised by stakeholders.

6.1.12 Primary energy requirement of imaging equipment products (D0O12)
The ENERGY STAR targeted penetration rates are based on historical increases in the per-
centage of products meeting previous EN ERGY STAR specifications for imaging equipment
(i.e. v1.0, v1.1 and v2.0).

The savings potential is based on the difference in performance between products in the
ENERGY STAR dataset that are compliant and non -compliant with the ENERGY STAR v3.0

specifica tion limits.

The assumed costs are based on the ENERGY STAR guiding principle that ENERGY STAR
specifications are set so that if there is a cost differential at time of purchase, that cost is

recovered through utility bill savings, within the life of the product, generally between 2
and 5years. The costsincludedin DO12 are likely quite high, this is assumed in recognition
that in some cases product alteration costs would be higher than the saved energy costs

over the life cycle

340 A stakeholder has suggested to provide information by a QR code.
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In DO 12, there are th

ree ambition levels. The low ambition is based on the natural devel-

opment of energy efficiency that is driven by ENERGY STAR version 3.0 adopted in the US.

The compliance rate of the ENERGY STAR requirement is usually ca. 25% at the time of

the assessment
the compliance target follows the natural development, so the compliance target for VA in

terms of primary energy requirement is assumed 30% in 2020 and gradually after 5 years

of requirement is taken place, i.e. 2018

-2019. In the low ambition option,

the compliance target should be 100%. Medium ambition for DO 12 assumes the c

ance rate for Tierlby202 O0is 40% .

comments.

High ambition for DO 12 assumes the ¢

Tier 1l it would be 90%.

that requirements from VA should apply to 90% of all units, however this includes primary

These

ompliance rate

t wo

| evel s

ar e

ompli-

devel oped

for Tier I by 202 0 is 6 0% and by

energy, resource efficiency and information requirements. Lower the

energy requirement in the first tier, may allow signatories more resources and time to

improve resource efficiency requirement compliance.

This is proposed, because Voluntary Agreement guideline states

ambition for primary

See Table 120 for the targeted compliances over time assumed for the three levels.

Table 120 : Targets for compliance with ENERGY STAR version 3.0 requirements

Ambition 2020 2021 2022 2023 2024 2025
level

Low ~30% 40% 60% 90% 95% 100%
Medium ~40% 60% 90% 100%

High ~60% 90% 100%

Stakeholder views:

The study team proposed the high ambition level for this design

option . Some stakeholders expressed that the compliance target in 2019 should be 25%,

this could lead to 30% or 40% compliance by 2020, depending on how the market devel-

ops, therefore low and medium ambition levels are proposed to assess the impacts.

6.1.13 Internal p ower supply efficiency information of imaging equipment products

The energy efficiency of internal power supplies can play an important role in the overall
energy efficiency of a product. This is widely recognised by the fact that internal power

supply units included with many other IT products placed on the EU market are subject to

(DO 13)

energy efficiency requirements. The ENERGY STAR specifications include a use

ciency metric (i.e. TEC) for some types of products and so inherently address inte

-based effi-

rnal

power supply efficiency. However, it is widely recognised that the ENERGY STAR TEC use

profiles do not represent actual usage in all cases. The energy efficiency of PSUs become
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more important for products which are not used to the same extent as under the ENERGY

STAR TEC use profiles.

In addition, the ENERGY STAR v2.0 specification and the ENERGY STAR v3.0 specification,

provide additional sleep mode power demand allowances based on the rated output of

PSUbs. I nformation about t hused withimaging equipment is nob f

always readily available to purchasers.

A test method exists 34 for types of internal power supplies where the dc output can be

disconnected from the product allowing measurement to take place and that have detailed

input and output ratings

The reduction in energy consumption and improvement costs are based on experts' esti-

mated values. DO13 is an information only requirement and, as such, the costs to produce

the information are spread across sales of all identical produ

cts. It is recognised that the

cost estimates are probably over estimated. Stakeholders are invited to provide alternative

adaptation costs and energy savings

Stakeholder views: Some stakeholders' view is that it is i

mpossible to measure IPS sep-

arate fro m the equipment. Currently there are no Internal Power supply efficiency levels

applicable for IE.

6.1.14 Environmental information of products and consumables (DO 14)

The current VA on imaging equipment states that accurate information on the environmen-

tal perfo rmance of products will enable customers to make more sustainable purchasing

decisions. **? To support sustainable purchasing, the VA includes requirements for signato-

ries to publish environmental information about products. These information publication

requ irements need to be met for products to be complaint with the VA.

The current VA includes different stipulations around communication of environmental in-

formation. For some requirements information needs to be communicated at the time the

product is purch ased. This is to ensure that users are made aware of good efficiency prac-

tices when they first begin to use a new product. Signatories can communicate this infor-

mation via:

CD

= =4 A -2

Publicly available website

341 Generalized Test Protocol for Calculating the Energy Efficiency of Internal Ac
Revision 6.7
342 http://www.eurovaprint.eu/pages/voluntary -agreement/

319

Printed insertion sheet(s) provided in/on the box of the product

-Dc and Dc -Dc Power Supplies

PSUs

Pop-up screens on usersédé computers during the in
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The VA includes other general requirements on the provision of environmental information
such as the requirement to provide the mandatory information required in the ECMA 370
standard 3% and the requirement to provide users with information regarding recycl ed pa-

per via their websites or other means.

There are several fundamental issues with the VA environmental information provision
requirements, which limit their ability to support sustainable purchasing decisions . Firstly,
the VA does not require signatori es to publish environmental information covering all VA
requirements. This hampers the effectiveness to make purchasers aware of the environ-

mental profile of products. Secondly, the VA does not require that environmental infor-

mation is provided at a time w hen users are making purchasing decisions. That is, the VA

does not require that signatories publish the environmental information when products are

first placed on the market. Thirdly, the VA is vague about how signatories should make
environmental inform  ation public. That is, there are no requirements that signatories

should make all environmental information available on a publicly accessible website.

The VA environmental information provision requirements could be improved in several

ways to better sup  port sustainable purchasing decision making. All, widely used, voluntary
environmental initiatives on imaging equipment require that information is published in a

standard format and provide centralised repositories of data for registered products. These

central repositories of data allow users to review the environmental performances of prod-

ucts before making purchasing decisions. Following standard industry practice, the VA

should include a requirement for signatories to publish all environmental data in a central
repository. This central repository could be provided on the EuroVAPrint website alongside

all other VA information. It is recognised that some environmental initiatives have larger

budgets to manage product environmental information databases. D ue to the extra costs
associated with database development and management, it is suggested that the VA cen-

tral repository should be limited to pdf type documents. To further facilitate sustainable
purchasing, the VA should require that all environmental in formation is published in a
standardised format. These two alterations design options would allow prospective pur-

chasers to more easily compare the environmental performance of products at the time

they are making their purchasing decisions.

343 https://www.ecma ___-international.org/publications/standards/Ecma -370.htm
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1% reduction i n energy consumption has been assumed for this option, based on based
onthe findings of a2015study 3* on the Impact of Sustainability Information on Consumer

Decision Making

The improvement costs are based on stakeholder inputs.  DO14 is an information only re-
quirement and, as such, the costs to produce the information are spread across sales of

all identical products. It is recognised that the cost estimates are probably overestimated.

Stakeholder views: No issues raised and the Euro  VAprint mentioned that similar require-

ment is being proposed by the signatories for the revised VA:

The signatories shall publish on the EVAP website information identifying which products
meet the requirements of Section 4 from when those products are fir st placed on the mar-
ket after the commencement date of this Voluntary Agreement. The information shall be

regularly updated.

6.2 Methodology for calculating the environmental impacts and costs of

design options
In order to perform the quantitative assessment o f the environmental improvements and
additional consumer costs of the presented design options, a methodology was followed to
calculate their life cycle environmental impacts and costs per imaging equipment product
unit, including consumables (see Figure 76). The modelling of the base cases was explained
in Task 5 report, which was used as a baseline for comparison with design options, in order
to assess life cycle pote  ntial environmental and costs savings/burdens and continue further

for finding the least life cycle cost.

344 Dara O'R ourke * and Abraham Ringer, 18 AUG 2015, "The Impact of Sustainability Information on Consumer

Deci sion Makingo, Jour naDOIo10.1110/jkalR310, Yate UnivErsity. Linkg y , http://onlineli-
brary.wiley.com/doi/10.1111/jiec.12310/abstract .fDi rect userso (who |l ook actively
were most strongly influenced by sustainability information. The study shows that for the 'direct users', the

purchase intention rate increases on average 1.15 %-point for each point increase in

score, reported on a zero  -to-ten scale.
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Figure 76 : Methodology for calculating the environmental impacts and costs of design options
The design options presented p reviously describe potential technical and information re-
quirements that could be adopted as policy measures to improve the resource efficiency of
the product. According to MEErP methodology, the life cycle environmental improvements
and costs are assessed  per product unit and produced with the EcoReport tool. Figure 76
shows examples of two design options and how the estimated materials reduction and
increased reuse/re  cycling percentages shown in Table 118 were used as inputs to calculate,
the BAT life cycle environmental impacts, using the EcoReport tool. The percentages are
estim ates resulting from stakeholder and expert inputs as well as separately analysis
shown in Section 6.1.
BAT is only one clustering of design options, based on those including the highest ambition
levels, but more clusters with different levels of ambition were established and quantita-
tively a ssessed, which are shown in section 6.3 . Moreover, the life cycle costs of individual
and clustered design options were also calculated using the EcoReport tool. All reuse and

recycling rates increase from all design options are assumed to sum up to reach the BAT
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level, with the rationale that all conditions for reaching current identified BAT will be met

by adopting all the design options that improves reuse and re cycling.

A key step was to keep the modelling of the design options for imaging equipment and
consumables in separate EcoReport Tool files, in order to model the detailed effect of dif-

ferent design options in the life cycle of cartridges and container s, ev en though consuma-
bles ultimately only contribute to use phase impacts of imaging equipment. The results

from the EcoReport Tool should represent the improved products, formed by individual
option and clusters of options, in terms of resource efficiency for imaging equipment and

for consumables.

6.3 Life cycle environmental impacts and costs

As explained in Task 5 report, the focus of this study concerning environmental impacts

has been on assessing the primary energy demand and the Greenhouse Gas Emissions.

In the other hand , the Life Cycle Costs (LCC) per productisa Isoa good indicator for cost -

effectiveness of the design options

LCC is the sum of all recurring and one -time costs over the full life span of the product for
the consumer. The LCC is being m odelled in the EcoReport tool and covers a number of
life cycle phases. The phases found relevant to include for imaging equipment are the
purchase phase, i.e. the product price, the use phase which entails electricity consumption

and repair and maintenanc e costs. Any costs related to the disposal of the product has not
been considered, they were found small enough to be negligible. The main assumptions

for equipment and consumables respectively can be found in Task 2 Section 2.2 and 2.4.

The proposed desig n changes include a cost change per product which is simply added to

the purchase price. Proposed reduction in material use is also assumed to affect the pur-

chase price and in order to simplify the model a material reduction of 10% (up to a year

of life pr olongation) equals a purchase price reduction of 10%. This is a conservative esti-

mation based on that  a product with average life  -time of 6 years . | f material consumption
and product price of a new product are equally disaggregate d over the lifetime, each year
of prolongation in lifetime is equivalent to ca. 17% of materials saved, and the same per-

centage of product price saved from a new product being purchased

The results for each design option are presented in the next section for each base case.
Figures are presented separately for consumables, to show the particular effect of the
design options, which are relevant for cartridges and containers solely. Moreover, results

are also shown for clustered design options, which are described in section 6.3.2 .
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6.3.1 Individual design options LCC and primary energy
Figure 77 shows the primary energy consumption over life cycle (PE) and the LCC of all

design options  (DO) related to imaging equipment for BC1 (Mono Laser MFD).
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Figure 77 : Primary energy over life cycle and LCC i BC1

The results show very small differences amongst different design options, both for LCC and

for primary energy over a life cycle.

However, DOs 3.2 and 2 show the lowe st primary energy and LCC of all . The determining
factors are the high material reduction s for the two design options, but also the high level

of recycling for DO 2 has an effect on PE. Considering the large energy reduction in DO 12

of 20%, the impact of this design option shows how little impact the use phase has on PE

and LCC for BC1, when  whole life cycle is considered.

Figure 78 shows the PE and the LCC of all design options  related to imaging equipment for
BC2 (Colour Laser MFD).
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Figure 78 : P rimary energy over life cycle and LCC i BC2

Similar to BC1, DO 2 and DO 3.2 have the lowest PE and LCC. Furthermore, BC2 presents
the highest LCC for all the design options, compared to all base cases except BC7, which

is mainly a result  of a higher purchase price that was based on stakeholder inputs.

Figure 79 shows the PE and the LCC of all design options  related to imaging equipment for

BC3 (Mono L aser printer).
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Figure 79 : P rimary energy over life cycle and LCC - BC3

The results show a small difference between the different design options, similar to BC1.
However, the levels for both PE and LCC are considerably lower than for BC1 . This is be-

cause these products, although being similar, are smaller and cheaper than BCL1 products
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(see Task 4, section 4.2.1). However, their energy consumption in the use phase is relat-
edly large in comparison with the siz e of the equipment, therefore has a higher impact
relative to the production phase. Consequently, the DO 12 which entails a 20% energy

reduction in the use phase, has the lowest PE over a life cycle.

Figure 80 shows the PE and the LCC of all design options  related to imaging equipment for

BC4 (Colour Laser printer).
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Figure 80 : P rimary energy over life cycle and LCC - BC4

The PE and LCC are slightly lower than for BC1. This shows no comparison to BC2 which
delivers a more complex functionality. Similar to BC3, DO 12 has the lowest PE which

indicates a relative high impact from the use phase compared to the production phase.

Figure 81 shows the PE and the LCC of all design options  related to imaging equipment for
BC5 (Colour Inkjet MFD).
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Primary energy over life cycle and LCC- BC5
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Figure 81 : P rimary energy over life cycle and LCC - BC5

BC5 presents the lowest levels of LCC of all the base cases primarily driven by a low pur-
chase price. However, as for the previous base cases, LCC levels are similar between design

options , but lowest for DO 3.1 and 3.2. PE levels are lowestf or DO 2 and 3.2.

Figure 82 shows the PE and the LCC of all design options related to imaging equipment for

BC6 (Colour Inkjet printer).
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Figure 82 : P rimary energy over life cycle and LCC i BC6
Generally, these products are more expensive (see Task 5, section 5.5) than inkjet MFDs,

because consumers nowadays prefer inkjet MFDs  with more functionalities and there are
much le ss inkjet printers left on the market therefore these are more customised . This is

why there are significant differences in LCC between BC5 and BC6. On the other hand, the
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use of primary energy for BC6 is about half than for BC5. This indicates that inkjet printers
are used less due to fewer functions, and the amount of materials needed for the produc-

tion is also smaller.
LCC is the lowest for DO 3.1 and 3.2. PE levels are lowest for DO 2 and 3.2.

Figure 83 shows the PE and the LCC of all design options related to imaging equipment for
BC7 (Professional printer/MFD).
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Figure 83 : P rimary energy over life cycle and LCC i BC7
The scale of LCC is very different compared to previous base cases, since average price
and other costs are much higher for professional products. The products are also larger
and more frequently used which results in high primary energy demand (see Task 5 , Sec-

tion 5.3) . DO 12 stands out with the lowest PE which is similar to BC 3 and BC 4 and

indicates a higher impact from the use phase relative to the production phase.

Figure 84 shows the PE and the LCC of all design options related to consumables for inkjet
cartridges. Consumables are in reality part of the life cycle of imaging equipment products,
but they are shown here separately in order to discuss their LCC and primary energy effi-

ciency.
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Primary energy over life cycle and LCC - Inkjet cartridges
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Figure 84 : P rimary energy over life cycle and LCC i Inkjet cartridges
Differences between consumables design options are also small, although DO 9 (related to
consumable imaging yield efficiency) shows clearly a lower PE . This is due to this option
leads to a material reduction of 25 %. Increasing the reuse shares for DOs 5. 2 and 6 by

up to 15% have little impact on PE and no impact on the purchase price because the

firmware changes for DO 5.2 only lead to improvement costs in the equipment itself, while

DO 6 removes the exemption which can be exploited to hinder reuse and re manufacturing
of cartridges, no costs should be added to end -users for removing this exemption, and
therefore no changes in LCC for these options compared to BAU. The reduction in material
consumption for DO 9 does affect the LCC as for cartridge because t he relatedly high im-

provement costs overshadow the cost savings from prolonged lifetime.

Figure 85 shows the PE and the LCC of all design options related to consumabl es for inkjet

containers.
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Primary energy over life cycle and LCC - Inkjet containers
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Figure 85 : P rimary energy over life cycle and LCC i Inkjet containers

The PE is about half compared to inkjet cartridges mainly due to a lower material input but
DO 9 still shows a significantly lower P E compared to the other DOs. The LCC is | higher
for all options than the BAU levels, due to improvement costs cannot be offset by the cost

savings from prolonged lifetime.

Figure 86 shows the PE and the LCC of all design options related to consumables for toner

cartridges.
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Figure 86 : P rimary energy over life cycle and LCC i Toner cartridges
The LCC are higher for toner than for inkjet cartridges due to purchase price differences,

same as the PE as toner cartridges are larger. Still DO 9 is the best out of the 6 design
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options, and in contrast to inkjet consumables the cost savings from prolonged lifetime can

be observed inth e LCC. This is basically because toner consumables are larger and more
expensive products, therefore the improvement costs make up a smaller share of the pur-
chase price for toner consumables, whereas the improvement costs for DO 9 is quite large
inkjet con sumables. The LCC for DO 6 does not change in comparison with BAU, as the

costs of removing an exemption does not assume extra costs for end -users.

Figure 87 showst he PE and the LCC of all design options related to consumables for toner

containers.
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Figure 87 : P rimary energy over life cycle and LCC i Toner containers
The LCC are the same as for toner cartridges, but the PE levels of toner co ntainers are
slightly lower, due to smaller than toner cartridges. The differences between  design options
concerning the PE are the same as for toner cartridges, where design options 9 stands out
with the lowest level for both LCC and PE.
6.3.2 Clustered design optio ns z LCC and primary energy
Design options have been clustered to investigate the potential of impl ementing several
design improvements at the same time. The clustering has been done as it follows in Table

121.
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Table 121 : Clustered design optio ns

Short name Description Design options
included

BAU Business -as-usual. None

RES_LOW Design options related to resource efficiency DO1.1, DO3.1,
improvements at lowest level of ambition DO5.1, DO6, DO7

ENER_LOW Design option related to energy efficiency im- DO 12,D0O 14
provements at low level of ambition

RES_MED Design options related to resource efficiency DO1.1, DO2, DO3.1,
improvements at medium level of ambition DO5.1, DO5.2, DOG,

DO7

ENER_MED Design option related to energy efficiency im- DO12*, DO 14
provements at medium level of ambition

RES_Con_BAT Design options related to resource efficiency DO5.2, DO6, DO7,
improvements at high ambition level for con- DO8, DO9
sumables

RES_IE_BAT Design options related t o resource efficiency DO1.2, D02, D0O3.2,

improvements at high ambition level for IE DO4, D0O5.1
products

RES BAT Design options related to resource efficiency All in previous two
improvements at high ambition level both for

consumables and equipment

ENER_BAT Design options related to energy efficiency im- DO12* | DO13, DO
provements at high ambition level both for con- 14
sumables and equi pment

*Medium ambition for compliance rate, Tier | by 2021, 60% of TEC and OM product shall be compliant

with ENERGY STAR version 3.0 requirements.

** High ambition for compliance rate, Tier | by 2021, 90% of TEC and OM product shall b e compliant
with ENERGY STAR version 3.0 requirements.

A RES scenario can be combined with an ENER scenario by adding the impacts i.e. they

are not mutually exclusive.

Figure 88 shows the PE and the LCC of clustered design options for BC1 (Mono Laser MFD).
By clustering design options, the LCC are aggregated and become higher for the different

clusters.

332



Primary energy over life cycle and LCC - BC1
18,000 2,500
16,000 2,250
[ ]

_ 14,000 2,000
2 12.000 1,750
& 1,500
=5} , E
£ 10,000 >
> 1,250 =

8,000 o
g ) 1000 & WLCCIEUR]
6,000 ® Pri

) 750 Primary energy
4,000 £00
2,000 250
0 0
A A A A
& \9$ S € €& & S FF
‘(E’/ 43'/ é,/ <<,Q,/ (10(\/ N4 Qi" s & rs
LN P Q3 S &7 Qg‘?’ S
Q.
Figure 88 : P rimary energy over life cy cle and LCC for clustered design options i BC1l
Figure 88 shows reductions, by implementing clustered design options, of up to 32% of

primary energy use  compared to BAU for BC1. LCC has for some design options increased

slightly (<1%) compared to BA U but most design options see a reduction of up to 13%

The combination of industry proposals with design options related to resource efficiency
improvements (RES_BAT & RES_IE_BAT ) show the largest reductions of primary energy

used. The same design options show the least LCC.

Figure 89 shows the PE and the LCC of clustered design options for BC 2 (Colour Laser
MFD). The results from clustered design options show reductions of up to 32% of primary

energy use compared to BAU for BC2.
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Figure 89 : P rimary energy over life cycle and LCC for clustered design options i

RES BAT and RES_IE_BAT show the least LCC and PE.

BC2

Figure 90 shows the PE and the LCC of clustered design options for BC3 (Mono Laser

Printer).
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Figure 90 : P rimary energy over life cycle and LCC for clustered design options i BC3
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The results from clustered design options show reductions of up to 24 % of primary energy
use compared to BAU for BC3 , slightly lower than for the previous base cases. On the other

hand, LCC shows higher reductions of up to 17%.

RES_BAT shows the least PE and LCC, however RES_Con_BAT, which is related to resource
efficiency improvements for consumables, shows a lower LCC than RES_IE_BAT. This is
because BC3, prod ucts are significantly cheaper than in BC1 and BC2 but the price for

consumables is assumed the same and therefore make up a larger share of the total LCC.

Figure 91 shows the PE and the LCC of clustered design options for BC4 (Colour Laser

Printer).
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Figure 91 : P rimary energy over life cycle and LCC for clustered design options i BC4
The results from clustered design options show reductions of up to 25% of primary energy

use compared to BAU for BC4. LCC shows reductions of up to 11%.
RES_BAT and RES_IE_BAT show the least LCC and PE.

Figure 92 shows the P E and the LCC of clustered design options for BC5 (Colour Inkjet
MFD).
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Primary energy over life cycle and LCC - BC 5
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Figure 92 : P rimary energy over life cycle and LCC for clustered design options i BC5
The results from clustered design options show reductions of up to 36% of primary energy

use compared to BAU for BC 5. This is the highest reduction of all base cases. In contrast

toBC1-4 the OENERO® scenarios see a slightly higher

electricity consumption of BC 5 products is very small compar edto BC 1 -4 products which
means that energy efficiency improvements count very little in the total life cycle costs.

The increased product costs simply outweigh the electricity costs savings.

RES_MED shows the third lowest PE due to a high material reduc tion (20%) and a high
recycling rate (10%). Again RES_BAT and RES_IE_BAT show the least LCC and PE.

Figure 93 shows the PE and the LCC of clustered design options for BC6 (Colour Inkjet

printer).
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Figure 93 : P rimary energy over life cycle and LCC for clustered design options i BC6
The results from clustered design options show reductions of up to 33 % of primary energy

use compared to BAU for BC 6. Similar to BC5 there are slightly higher increases in LCC of

up to 2% for the O6ENERO6 scenari os.
RES_BAT and RES_IE_BAT show the least LCC and PE for BC 6

Figure 94 shows the PE and the LCC of clustered design options for BC7 (Professional
printer/MFD).
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Figure 94 : P rimary energy over life cycle and LCC for clustered design op tions i BC7
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The results from clustered design options show reductions of up to 17 % of primary energy
use compared to BAU for BC 7. Design options lead to a decrease in LCC of up to 28%

which is the highest out of all base cases.

The same pattern as for all base cases is repeated with RES_BAT and RES_IE_BAT having
the least LCC and PE.

6.4 Conclusions and recommendations

Table 122 and Table 123 below give an overview of all clustered design options for all

seven base cases for primary energy over the life cycle and life cycle cost respectively.
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Table 122 : Summary of primary energy use for clustered design options per base case
Numbers are colour coded, dark red cells represent the highest primary energy use while dark
green represents  the lowest.

Primary en-
ergy [MJ]

BAU

RES_LOW 14,131 17,193 6,494 12,479 1,692 865 58,975
ENER_LOW 14,654 17,934 6,316 12,216 1,827 937 54,738
RES_MED 12,620 15,282 5,989 11,465 1,486 769 55,742
ENER_MED 14,654 17,934 6,316 12,216 1,827 937 54,738
RES_Con_BAT
RES_IE_BAT
RES_BAT
ENER_BAT 14,484 17,735 6,188 11,978 1,816 934 53,303

Table 123 : Summary of LCC for clustered design options per base case

Numbers are colour coded, dark red cells represent the highest  LCC while dark green represents
the lowest.

Life cycle

cost [Eur]
BAU
RES_LOW 2,114 7,012 1,134 1,922 145 215 59,502
ENER_LOW 154 232 65,549
RES_MED 2,071 6,564 1,121 1,903 148 210 53,395
ENER_MED 154 232 65,549
RES_Con_BAT 2,087 7,389 1,077 1,870 65,538
RES_IE_BAT 2,006 1,086 1,862
RES_BAT 155 208
ENER_BAT 156 234 65,555
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The clustered design option with the largest reductions compared to BAU for both PE and

LCC is the RES BAT. RES _BAT is therefore the preferred option for all seven base cases
and is related to resource efficiency improvements at a high ambition level for b oth prod-
ucts and consumables. RES_BAT entails a reduction in material use of 30%, improved

reuse, recycle and recovery rates of 15%, 18% and 20% respectively (44 %, 8 % and 0

% for consumables) and a minor reduction in electricity consumption (during use p hase)
of 1%.

The DOs ENER_LOW, ENER_MED & ENER_BAT with high use phase electricity reductions

(21% to 25%) only show minor reductions in primary energy use over the life cycle com-

pared to BAU and sees slight increases in LCC for most base cases. These res ults emphasize
the findings from Task 5, which showed a relatively low impact from the use phase com-

pared to the production phase. These design options focus on energy efficiency, they do

not improve the rates of reuse, recycling and recovery which affects PE significantly.

Reducing material use for consumables is also showing little impact on primary energy use

over the life cycle. Each base case is assumed to use in average between 4 -5 consumables
per year and between 20 T 25 consumables in total over the equipment life of 5 -6 years.
The material consumption for consumables is relatively small compared to the material
consumption for the imaging equipment, therefore the clustered option RES_Con_BAT re-

sults in higher PE and LCC than RES_IE_BAT.

It can be co ncluded that at an individual equipment level, the resource efficiency improve-
ments with the highest ambition for consumables alone (RES_Con_BAT) is less effective
than for the equipment alone (RES_IE_BAT). Implementing resource efficiency options for
both equipment and consumables with medium (RES_MED) and low ambitions (RES_LOW)

are better than only improving consumables.

Based on the analysis above, RES_BAT isthe preferred option on the individual base cases
level. It is recommended to model the impact s of the clustered design options in Task 7 to

assess the impacts atthe EU  -28 level.
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7. Task 7: Policy scenarios

In this task, the policy analyses are presented with the recommended policy instruments

and the measures to be selected. The different policy scenarios with different sets of re-
quirements are analysed against the baseline, a Business -as-Usual (BAU) scenario, the
results are presented in terms of life cycle primary energy consumption, GWP, material
consumption and electricity consumption during u se phase. The impacts on consumer ex-

penditure are also presented for different policy scenarios.

Finally, Task 7 should summarise the analyses results and make recommendations on the

policy measures that should be adopted for the product group.

7.1 Policy analysis

This sub -section summarises the findings of Task 1 1 6 and the potential policy measures

to be considered.

7.1.1 Stakeholder consultation
The stakeholder consultation process in this study has been carried out in four major steps.
Industry stakeholders including OEMs, remanufacturers and industry experts have been
active in providing inputs and data. However, the participation from NGOs and Member

States (MSs) have been limited.

The first consultation began in June T July 2018, where the study team requested for inputs
for base case choices, energy consumption, usage patterns, costs over a typical life cycle,

basic information regarding imaging equipment and consumables etc. In addition, the

study team also requested v iews on the VA via more open -ended questions, such as the
effectiveness and issues of the current VA. The study team held various telephone confer-

ences with VA signatories, EuroVAprint 3% representatives, remanufacturer representatives
and industry experts e tc. regarding information on current reuse and recycling situation in

this sector; the issues with remanufacturing consumables, and the lack of transparency
issues with the VA. During this process, the study team consulted the Independent Inspec-

tor 34 forth e current VA, upon signing the non -disclosure agreement (NDA), the Independ-
ent Inspector, with the permission from the EuroVAprint , submitted reported data for 2017

according to Annex C of the VA.

The second round of stakeholder consultation began in Octo ber 2018, where we refined
the choices of base cases, and requested more detailed data on each base case, such as

the bills -of-materials (BOM), as well as verification of the estimated sales and stock of

345 EuroVAprintis a n association grouping all major manuf acturers of imaging equipment that operate in Europe
in relation to the VA on imaging equipment . http://www.eurovaprint.eu/home/
346 RINA Consulting Limited
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imaging equipment and consumables. Upon signing a nu mber of non -disclosure agree-
ments with several signatories, the study team received sets of data for each base case

and information on the sales of consumables. NDAs prevent the study team from present

any data directly, even anonymously, therefore the dat a for base cases supplied by the
signatories have been averaged and then only the averaged values have been presented

in the study reports.

The third round of stakeholder consultation began in January 2019, where the study team

further requested BOM of co  nsumables, as scarce information was received in the previous

round. The study team verified the assumptions needed for the inputs to EcoReport tool

and requested inputs or comments on the teambs esti ma:
rates as wellasa BAT scenario reuse and recycling rates for both imaging equipment and

consumables. The study team presented a draft list of design option to improve energy

and resource efficiency of imaging equipment and consumables, as well as the estimated

savings and associated costs, and requested feedback from stakeholders. The stakehold-

ersd inputs on savings and costs have been taken int

on feasibility have been presented in Task 6.

The last round of stakeholder consultation took p lace at a stakeholder meeting the 25 April

2019 followed by a one  -month period for submitting written comments.

7.1.2 Barriers and opportunities for  improvements
Task 5 showed that for non - professional IE (BC1 -BC6) including consumables (  use of ink
and toner ), the equipment production phase is the most dominant phase of the entire life
cycle in terms of primary energy demand and emission of CO2 -eq. followed by the elec-
tricity consumption and consumables in the use phase. For professional IE (BC7) the most

domina nt phase is electricity, followed by the production phase and the distribution phase.

The biggest opportunity thus relies on tackling the environmental impacts from the pro-

duction and end of life of imaging equipment and consumables. Increasing products a nd
consumables sent to end of life routes with higher reuse and recycling will decrease the

overall life cycle environmental impacts. Designing products and consumables that can

facilitate these routes is an important incentive.

The main barriers and oppo  rtunities to tackle this are described in the next paragraphs, as
well as barriers and opportunities identified to further reduce the environmental impacts

from the use phase.

Scope
The current VA covers a truncated version of the ENERGY STAR v2.0 scope . The main

truncation is due to limiting the scope to only include IE products with image speeds below
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66 A4 images per minute for s tandard black & white (BW) format products and below 51
A4 images per minute for standard colour format products. Additionally, some product
types with lower market shares are also left out, such as scanners and non -standard for-
mats (such as A2 and larger and A6 and smaller products) and less typical marking engines

i.e. not being e lectrophotograph vy, i nkjet and solid ink.

Even though the VA scope covers most of the commonly sold imaging equipment, products

outside the VA scope still constitutes a non -marginal share of the sales. E.g. - as shownin
Task 2 - speed categories outside of the current VA scope acc ounts for over 12% of the
total sales of printers and MFDs . This creates an uneven market level playing field as en-
vironmental improvements are not stimulated equally for all types of commonly used im-

aging equipment in addition to not achieving the environ mental improvement potential for

this market share.

Therefore, an opportunity exists in extended the scope to match the ENERGY STAR v3.0
scope, in particular concerning the removal of the current VA speed limits and the inclusion

of professional products.

Concerning consumables, the scope provided in the VA section on scope (Section 3) is

clear, because it states under a sub -s e c t iPomductB&co ped :In this Voluntary Agreement,

fiproductsd means imaging equipment meeting the

fiimaging equi pmento and Aproductd do not i ntowude

ever, in another sub  -section cartridges are mentioned as the ones that are produced or
recommended by the OEMs for use in imaging equipment in scope for which there are
commitments regarding other resource efficiency requirements 347 The conclusion is that
cartridges produced or recommended by the OEMs are in scope for one particular require-
ment. There is no mention of containers, which account for a significant share of the con-

sumables in particular for ink equipment, as it has been shown in Task 2 report.

An opportunity is to clearly include both cartridges and containers in the scope of the VA.
This requires harmonized definitions, which are proposed in Task 1 report and are aligned

with the draft GPP criteria for imaging equipment, EPEAT, Blue Angel and the Korea Eco-

label. Furthermore, the VA should be edit ed to improve the clarity on which products are

included in scope.

347 VA, Section 5.4.1:  Any cartridge produced by or re commended by the OEM for use in the product shall not be

designed to prevent its reuse and recycling. and Section 6.3  Cartridge disposal and treatment For new product
models first placed on the EU market after 1 January 2012, Signatories shall provide end -users with information
on suitable end -of-life management options for used cartridges. This information may be communicated via a
company website.
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Energy efficiency requirements

Task 4 report showed electricity in use reduction potentials between 14% and 30% for the

TEC base cases (BC1 -BC4) going from average to BAT products (as per September 2018)
and between 0% and 64% for sleep and standby/off for OM base cases (BC5 -BC6). A
further potential in BAT is assumed due to efficiency developments since September 2018

and due to the introduction of ENERGY STAR v3.0 specification.

An oppor tunity exists in using ENERGY STAR v3.0 energy efficiency requirements. The
Voluntary Agreement supplemented by the US ENERGY STAR and other initiatives in the

US, other countries, EU and Member States has been effective in achieving direct energy
consumpt ion savings, as it was shown in Task 5 report. Especially in the current situation

without an EU ENERGY STAR scheme, the VA can assist in securing that only few ENERGY

STAR v3.0 non -complying products will enter the EU market.

A barrier is if the VA will not be updated to be in compliance with the self -regulation guide-
lines and additionally follow the study team's recommendations on information require-

ments, transparency etc.

Resource efficiency requirements z Legislation and environmental metrics and sta ndards

The level of ambition  concerning resource efficiency requirements in the current VA is weak
in comparison to other voluntary environmental initiatives (e.g. Blue Angel, Nordic Swan
Ecolabel, US EPEAT programme ). Large numbers of product registration s (e.g. more than

5000 in EPEAT) to some of the other more ambitious environmental initiatives suggests
that the VA may not be delivering savings beyond a business as usual scenario. To combat
this issue, the VA should include a wider range of requirements addressing consumables,

so it covers the life cycle environmental hotspots associated with imaging equipment.

A range of potential improvement options and requirements have already been discussed
in Tasks 1 and 6 reports. These could incentivize the market for a reduction of the produc-
tion environmental impacts both by reducing material consumption and shifting to higher
reuse and recycling rates at the end of life. Existing metrics and standards are found for

most of them, as described in Task 1 report.

Consumable remanufacturing z Technical and non -technical barriers

As discussed in previous tasks, the ability o f a consumable to be remanufactured can have
an important effect on life cycle environmental impacts. However, there seems to be a lack

of regulatory practices to promote the reuse of consumables or encourage dematerializa-

tion and greater resource efficien cy. Thisis partly created by the lack of measures to secure
an openness between OEMs and remanufacturers (largely SMEs) to remove barriers for

reuse.
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Many OEMs retain the customers within the bran d, once the imaging equipment is pur-
chased , by sellingown  brand consumables |, ensur ing both full control of the imaging equip-
ment -consumables systemand  continuous profit from the same end -usersover the lifetime
of the product . Thereis therefore noincentive forthe = OEMs to encourage competitiveness
of non -OEM consumables. From the regulatory perspective, it is positive impact regardless

by who, as long as more and more consumables are remanufactured and reused.

However, there are several different barriers limiting the ability to remanufacture imaging
equipment consumables. These are mainly technical (e.g. sonic welding, use of adhesive

tapes, inclusion of non  -reprogrammable chips, use of firmware in equipment that prevents

the use of non -OEM cartridges) and non -technical (e.g. use of patented remanufacturing
processes that prevent wider remanufacturing, copyright issues when non -OEMS use OEM
cartridges for remanufacturing, lack of remanufacturing information, published claims

about poor quality printing when using remanufactured consumables).
An opportunity ther  efore exists for reusing consumables, but large barriers exist.

Wording of VA requirements
Some of the requirements are ambiguous and thus open to interpretation and difficult to
verify. These should be revised to avoid loopholes and misinterpretations, s ee further in

Task 5 report.

Other improvements of the VA
Opportunities exist for improving the effectiveness of the VA and securing a higher market

pull of customers towards higher efficiency products. The improvements include:

1 VA information requirement s to secure public information for each specific model in
scope

1 Compliance with the self -regulation guidelines  regarding timing of signatories' re-
ports; removal of the deposit and possible fee for a llegation of non-compliance ;
access to Market Surveillance Authorities to  specific documentation and infor-
mation ; and product testing by The Independent Inspector
Detailed p roduct information for compliance verification

1 Increase of transparency of the VA operation
These suggested improvements options are detailed in Task 5 report.

7.1.3 Policy instruments
There are several product policy instruments available, which could be used to regulate

imaging equipment . Given that there  is already a Voluntary Agreement available forthese
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products, the focus of policy instruments is easily identified. The basic types of policy in-

struments as presented below:

1) No action option T Business as usual (BAU), the current VA is to be retained as it
is. The first overall decision to be made is whether there is a need for further EU
intervention. This BAU scenario will be used as reference for comparison with other
policy scenarios.

2) Ecodesign requirements (under the Ecodesign Directive (2009/125/EC)): T his
means mandatory minimum requirements would be introduced for a set of param-
eters ; the manufacturers would bear the responsibility for their products to be com-
pliant when placed on the market and the Member States would verify compliance
viamarketsurv ei I | ance activities. This acts as a fApush
achieve better performance because all appliances will have a minimum level of
energy efficiency performance regulated by the implementing measure.

3) Energy labelling (under the Energy La belling Regulation (2017/1369/EU) 348): This
implies mandatory labelling of the product for a set of parameters. Manufacturers
are responsible for labelling their products and it is also enforced by Member State
market surveillance  regarding both the actual | abelling and the correct energy class
This acts as a pull instrument because the consumers will choose the products they
want to purchase , which can pull the market towards higher energy performance.

4) Self-regulation as an alternative to Ecodesign require ments: The Ecodesign Di-
rective (2009/125/EC) recognizes self -regulation by industry as an alternative to
binding legislation. Self  -regulation, which can be based on voluntary agreements,
is a valid alternative as long as it delivers the policy objectives s et out in the legis-
lation faster and in a less costly manner than mandatory requirements. The di-
rective gives specific requirements for self -regulative measures.  Since there is al-
ready a self -regulative measure i.e. the Voluntary Agreement on imaging equip-
ment regulated by the industry since 2011, this is a highly relevant policy instru-
ment to analyse further.

5) Voluntary labelling  implies manufacturers can choose whether to label their prod-
ucts. In the case of ENERGY STAR 3 and Ecolabel 3%, the specifications  are estab-

lished through regulations, ensuring that the labelled product belongs to the upper

348 Regulation (EU)2017/1369 of the European Parliament and of the Council of 4 July 2017 setting a framework
for energy labelling and repealing Directive 2010/30/EU

34 Regulation (EC) No 106/2008 of the European Parliament and of the Council of 15 January 2008 on a Com-

munity energy -efficiency labelling programme for office equipment (recast version)

350 Regulation (EC) No 66/2010 of the European Parliament and of the Council of 25 November 2009 on the EU

Ecolabel
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segment of the market in terms of energy consumption and other environmental
aspects. Member States are responsible for market surveillance. The ENERGY STAR
covers imaging equipment , but since 2018 the EU-US ENERGY STAR agreement
expired and it is no longer possible to register under ENERGY STAR in EU. For the
EU Ecolabel , EU Regulation 66/2010/EC 3! already cover ed imaging equipment un-
der electronic  equipment category 352, however, the EU Ecolabel on imaging equip-
ment was discontinued by December 2017. It is consider as not an option to rein-
troduce an EU Ecolabel on imaging equipment.

6) Green Public Procurement (GPP) is directed for mainly Europe's public authorities
and through their large purchasing volume, their purchasing power can be used to
transform the market. GPP criteria for imaging equipment were published in
2014. 33 The criteria are currently under revision with a t arget completion date by
end o f 2019.

Although the energy efficiency of imaging equipment has been improved over the past 8

years, itis difficult to determine if the resource efficiency requirements of the VA have had

any tangible impacts. This is also due to the fact that the VA allo ws incompliance up to a
certain percentage, unlike Ecodesign regulations, and the requirements do not have to

apply to all products on the market. Furthermore, the information that would prove com-

pliance is not publicly available or can be easily requested by the MS Market Surveillance
Authorities (MSA). The evaluation of the VA is therefore less straight -forward than for the

ecodesign regulation or energy labelling.

The current VA signatories do not include any consumable manufacturers or remanufac-

turers and the product scope does not include consumables (whether OEM, non -OEM new

built or remanufactured consumables), therefore any potential requirements set for con-

sumables will only cover up to 68% of the EU consumable market (the consumable OEMs

thatare VA signhatories), see Task 2 for more details. This means that the market coverage

for consumabl es wil/ not me e tegulatibremeasorentths & macket t hat As
coverage of at® Inaddiian, it & Grtdudre how non -OEM and remanufactured

consumables will be addressed under the VA. If left unaddressed, the market coverage of

these products could increase even more due to the unfair advantages of not being covered

by the VA.

31 http:/leur  -lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:1:2010:027:0001:0019:en:PDF

352 http://ec.europa.eu/environment/ecolabel/eu -ecolabel -products -and -services.html

353 https://ec.europa.eu/environment/gpp/pdf/criteria/imaging/EN.pdf

34 COMMISSION RECOMMENDATION (EU ) 2016/2125 of 30 November 2016 on guidelines for self -regulation
measures concluded by industry under Directive 2009/125/EC of the European Parliament and of the Council
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If the structure and the operation of the current VA continues bus iness as usual, the effec-
tiveness of the VA for resource efficiency requirements would continue to be unknown with

different sides claiming different situations.

An alternative policy instrument worth considering is an Ecodesign regulation. It would
ensur e the coverage of the whole EU market, while keeping level playing fields for all,
regardless of imaging equipment manufacturers or consumables manufacturers or reman-

ufacturers.

Energy labelling might also be considered, however, main resource efficiency r equirements
are difficult to distribute over energy classes and thus better suited for an Ecodesign reg-

ulation.

An advantage of continuing the VA is that it is already in effect, while an Ecodesign regu-

lation would take a number of years possibly up to fou r years of development in consulta-
tion with stakeholders and the following impact assessment, policy process, voting and
adoption, before requirements would take effect. In addition, a VA is more flexible regard-

ing updates, while an Ecodesign regulation wo uld require a technical review and a complete
policy process.  Furthermore, the industry stakeholders are still highly interested in main-

taining the self -regulation.

The following section will therefore recommend policy measures that can improve the ex-

isting Voluntary Agreement and achieve the untapped saving potentials.

7.1.4 Recommended policy measures
The design options (DO) presented in Task 6 have been selected for further assessment
as specific requirements. Their formulation proposed for the revised VA i s explained in next

sections, which has been used to develop the policy scenarios presented in section 715 .

VA product scope
No matter which policy measures are chose n, it is recommended that two changes shall

be always incorporated:

1) Aligning the VA scope with the ENERGY STAR v3.0 by removing the current VA
speed limits. Section 3.3.4 of the current VA shall remove the maximum speeds,
see modified section as  follows:

Household and office equipment: This Voluntary Agreement is limited to
household and office equipment, meaning:
1 Standard black & white (BW) format products

1 Standard Colour format products
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2) Including consumables in product scope of the VA.  Section 3.2 of the current VA

should be modified as follows  355;

In this Voluntary Agr eement , A pr o dimagingequipmenamesting the con-
ditions in section 3.3, and ficonsumabl esd means i ma

as containers and cartridges meeting the definitions in Annex A.

Section 3.3.2 of the current VA should be modified so all containers and ¢ artridges are

included, as follows:

Consumables: This refers to imaging equipment consumables, such as containers, ink car-

tridges and toner cartridges meeting the definitions in Annex A.

Annex A of the current regulation should be extended with definitions for consumable,

cartridges and containers. The following list of definitions are in most parts harmonized

with the most recent version of the GPP Technical Report 356 put the definitions may need
to be updated, when the final GPP criteria have been publishe d:
Imaging equipment consumable : A replaceable product that is essential to the func-

tioning of the imaging equipment product. Consumables are replaced or replenished by

either the end user or service provider during the normal usage and life span of the i maging
equipment product. Examples of consumables include, but are not limited to: toner, toner

containers, toner bottles, toner cartridges, waste toner cartridges, ink cartridges, ink

heads, ink sticks, ribbon ink, thermal paper, office paper, imaging uni ts, transfer belts,
transfer roller, fusers and drum maintenance units. Items that are not intentionally de-

signed to be normally replaceable are considered to be spare parts.

Container : An end -user replaceable product that holds toner or ink and that fits onto or
into or is emptied into an imaging equipment product. Containers do not contain integrated

components or moving parts integral to the imaging pr

Toner cartridge : An end -user replaceable product, which fits into or onto an imaging
equipment product, with printing -related functionality that includes integrated components
or moving parts integral to the imaging equipmentbs

material.

35 ECOS strongly support the recommendation that consumables (cartridges) be included in scope of the VA.
356 Revision of EU Green Public Procurement (GPP) criteria for Imaging Equipment. Technical Report 2.0. Draft
criteria. June 2019.
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Inkjet cartridge : An end -user replaceable product, which fits into or onto an imaging
equipment product, with printing -related functionality that includes integrated components

integral to the imaging equipmentds function beyond h

Design for dismantling of imaging equipment products
DO 1.1 (low ambition) can be added as a resource efficiency requirement in Part Il com-

mitments of the VA as follows:

Joining, fastening or sealing techniques for imaging equipment in scope shall not prevent
access to relevant components listed in Annex VIl of the WEEE Directive , SuU ch as : Batter-
ies, PCB > 10cm 2, Toner cartridges, Plastics containing BFRs, Liquid crystal displays
>100cm 2, External electric cables, Electrolyte capacitors containing substances of concern

(height >25mm, diameter >25mm or proportionally similar volume)

DO 1.2 (high ambition) can be added as a resource efficiency requirement in Part Il com-

mitments of the VA as follows:

Joining, fastening or sealing techniques for imaging equipment in scope shall not prevent
access to Polychlorinated biphenyls containing capacitors, mercury containing components
such as switches/backlight lamps, plastic parts >100 g and spare parts. They must be able

to be removed safely.

Spare parts definition should be added to the Annex, and the list of relevant spare parts

could be add ed to the definition:

Storage devices, print heads (where not considered a consumable), laser unit (where not
considered a consumable), fuser units (where not considered a consumable), drum units
(where not considered a consumable), transfer belts/kits (wh  ere not considered a consum-
able), maintenance kits (where not considered a consumable), paper feed components,
density sensors, power and control circuit boards, cartridge/container attachment compo-

nents, external power supplies  and h inges .

Warranty for service and repair of imaging equipment products
DO 2 (medium ambition) can be added as a resource efficiency requirement in Part Il

commitments of the VA as follows:

Signatories must provide a minimum 3 -years warranty, free of additional cost s, effective
from delivery of the product. This warranty must cover repair and replacement with options

for on -site repairs or pick -up and return. The warranty must not be invalidated as a result

of non -OEM cartridges or containers being used in imaging eq uipment unless it is proven

that any malfunction was directly caused by the use of a non -OEM cartridge or container.
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Design for disassembly and availability of spare parts for imaging equipment products
DO 3.1 (low ambition) can be added as an information requirementin Part [l commitment S

of the VA as follows:

Service information  and installation guidance about available spare parts should be avail-

able in manuals, videos or webpages in freely accessible websites or instructions  provided
with spare parts,  except for spare parts intended to be serviced or installed by trained
service staff.

DO 3.2 (high ambition) can be added as a resource efficiency requirement in Part Il com-

mitments of the VA as follows:

Spare parts must be accessible by using commonly us ed tools and/or commonly used fas-
teners that are reusable or at least replaceable fasteners for joining components, subas-

semblies, chassis and enclosure, and must be available for 5 years after product delivery.

Spare parts definition should be added in t he Annex, and the list of relevant spare parts

could be added to the definition:

Storage devices, print heads (where not considered a consumable), laser unit (where not
considered a consumable), fuser units (where not considered a consumable), drum units
(where not considered a consumable), transfer belts/kits (where not considered a consum-

able), maintenance kits (where not considered a consumable), paper feed components,
density sensors, power and control circuit boards, cartridge/container attachment compo-

nents, external power supplies  and h inges.
In addition , the definitions of reusable and removable should be added to Annex A:

Reusable: An original fastening system that can be completely re -used, or any elements
of the fastening system that cannot be re -used are supplied with the new part for a repair,

re-use or upgrade process.

Removable: An original fastening system that is not reusable, but can be removed without
causing damage or leaving residue which precludes reassembly (in case of repair or up-
grade) or re -use of the removed part (in case of re -use) for a repair, re  -use or upgrade

process.

Post-consumer recycled plastic in imaging equipment products
DO 4 (high ambition) canbea  dded as a resource efficiency requirement in Part Il commit-

ments of the VA as follows:
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For all products, total weight of plastic content of the product unit must not contain more
than 80% virgin plastic content. The remaining 20% content should be made of post -

consumer recycled plastic.

Firmware in imaging equipment products
DO 5.1 (low ambition) can be added as a resource efficiency requirement in Part Il com-

mitments of the VA as follows:

Signatories shall identify if imaging equipment firmware updates can be rolled back to
previously installed versions. This functionality may be provided through a network con-
nected computer or within the imaging equipment itself. Instructions detailing how firm-

ware updates can be rolled back must be provided in the technical documentation and on
signatories' websites. If the previous version of th e firmware is made openly available on
the internet, from the time it is first released, and users are provided clear instructions on

where this can be located, then the objectives of the criterion are met.

Firmware and software for imaging equipment shall be maintained by  Signatories for min-

imum 3 years after product delivery

DO 5.2 (medium ambition) can be added as a resource efficiency requirement in Part Il

commitments of the VA as follows:

The machine or any associated current or future OEM firmwar e shall not prevent the use

of a non-OEM consumable.

Imaging equipment shall include functionality allowing firmware updates to be rolled back
to previously installed versions. This functionality may be provided through a network con-
nected computer or wit  hin the imaging equipment itself. Instructions detailing how firm-
ware updates can be rolled back must be provided in the technical documentation and on
signatories' websites. If the previous version of the firmware is made openly available on
the internet, from the time it is first released, and users are provided clear instructions on

where this can be located, then the objectives of the criterion are met.

Firmware and software for imaging equipment shall be maintained by Signatories for min-

imum 3 years after product delivery

Use of reused and remanufactured consumables
DO 6 (low ambition) is the removal of the exemption clause for paragraph 5.4 on Cartridges

of the Part Il commitments of the VA, so the following text shall be deleted :
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The requirements o f paragraph 5.4 shall not be interpreted in such a way that would pre-
vent or limit innovation, development or improvements in design or functionality of the

product s, cartridges, etc.

Information on consumables reuse, disposal and treatment
DO 7 (low ambition) can be added as information requirement in Part Ill commitments of

the VA as follows:

Signatories shall provide end  -users with information on suitable remanufacturing & reuse,
or end -of-life management options for used consumables. This inf ormation may be com-

municated via a freely accessible company website.

Signatories shall report the end of life options used for materials collected within consum-
able take back programmes. Reports should include the percentage of materials sent to
each of the following end -of-life management methods as a proportion of total collected

weight of cartridges and containers

Reuse of components

Materials recycling

Waste -to -energy

Material in storage, pending processing
Incineration

Landfill

= =4 -4 -4 -8 -

Signatories shall pub lish the reports on a publicly available website on an annual basis.

Consumables page vyield
DO 8 (low ambition) modifies the existing information requirement 6.6.2 of Part Il com-

mitments, so the requirement should include all consumables:

Signatories shall make information on all consumables yield available to  customers on the
packaging and in all public technical data based on the measurement standards specified,
for example, in ISO/IEC 24711:2006 (for ink), ISO/IEC 19752:2004 (for monochrome

toner), ISO/IEC 19798:2006 (for colour toner), and through other company methods.

Page yield should be added as parameter to be reported in the Annex C reporting form.
The final formulation of the modified requirement, the definitions for consum able, car-
tridges and containers should be added to Annex A, depending on the final formulation of

the modified requirement.
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Consumable imaging yield and mass resource efficiency
In this measure, the prerequisite is that the VA will include consumables in the product

scope, so the primary design requirement could apply to cartridges and containers.

DO 9 (low ambition) can be added as a primary design requirement in Part | Commitments

of the VA as follows:

Signatories shall report the consumable mass resou rce efficiency for each consumable de-
signed for use within each imaging equipment model placed on the market. The consum-

able mass resource efficiency should be calculated according to Equation 1.
Equation 1: Consumable mass resource efficiency=(Page Yield) /IC_MASS

Where:
1 Page yield is the measured number of images that may be produced by the con-
sumable
1 Consumable mass (CMass) is the mass (g) of each cartridge or container (plus drum
unit, if applicable), as measured in their to be installed condition (i.e. full of ink or
toner and any additional components not present whilst installed in the imaging

equipment removed).

DO 9 (medium ambition) can be added as a primary design requirement in Part | Commit-

ments of the VA as follows:

All consumables designed fo  r use with in each imaging equipment model placed on the
market must meet minimum consumable mass resource efficiency requirements. The con-
sumable mass resource efficiency should be calculated according to Equation 1 and must

not be lower than the threshold indicated in below table

Equation 1: Consumable mass resource efficiency=(Page Yield)/C_MASS

Type Minimum consumable mass resource efficiency

Toner car- C Pt 0OWRMP THNMmNmo 60 @i pm ™ p
tridge or con-

tainer &

drum

Ink cartridge C pPU OWRME TEIMNT O0®I W p ¢

or container

Where:
1 Page yield is the measured number of images that may be produced by the con-

sumable
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1 Consumable mass (CMass) isthe mass (g) of each cartridge or container (plus drum
unit, if applicable), as measured in their to be installed condition (i.e. full of ink or
toner and any additional components not present whilst installed in the imaging

equipment removed).

Consumable Hazardous Material Content

As reported in Task 6 on hazardous substances (DO 11) i t is assumed that the impact of
this option is negligible regarding energy and resources consumption. Itis difficultto fore-
seen so far how much it would  cost to implement this option, which would imply testing

and administration costs. Hence, this policy measure is not included in the calculations.
However, it is suggested to ban certain substances:

Colourants used in consumable products must not contain any intentionally added sub-

stances that meet the classifications in the table below.

Hazard class Hazard CLP - regulation (EC) No. 1272/2008
categor

Carcinogenicity fgrc. 1A, H350 May cause cancer

Carcinogenicity fgrc. 1A, H350i May cause cancer if inhaled
Carcinogenicity Carc. 2 H351 Suspected of causing cancer

Germ cell mutagenicity Y:;ta' 1A, H340 May cause genetic damage

Germ cell mutagenicity Muta. 2 H341 Suspected of causing genetic defects
Reproductive toxicity 1REe)pr. 1A, CHSI%O May damage fertility or the unborn
Reproductive toxicity Repr. 2 H361 Suspected of damaging fertility or

the unborn child

.S.pecmf: target organ tox- STOTSE 1 H370 Causes damage to organs
icity (Single exposure)
.S.pecmf: target organ - tox- STOT SE 2 H371 May cause damage to organs
icity (Single exposure)

Specific target organ tox- H372 Causes damage to organs through

STOTRE 1

icity (Repeated exposure) prolonged or repeated exposure
Specific target organ tox- H373 May cause damage to organs

. STOT RE 2

icity (Repeated exposure) through prolonged or repeated exposure
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Consumables must also meet the following hazardous material requirements:

1 Not contain any additional REACH Candidate List substances at a concentration of
greater than 0.1% (by weight)

1 Toners and inks must not contain any intentionally added mercury, cadmium, lead,
nickel or chromium -VI-compounds. High molecular weight complex nickel com-
pounds used as colourants are exempted.

1 Toner and inks must not contain azo dye s (dyes or pigments) that can release car-
cinogenic aromatic amines listed in Regulation (EC) 1907/2006 (REACH Regula-
tion), Annex XVII, Appendix 8.

1 No biocides must be added to toners or inks unless an active substance dossier as
defined under the Biocidal Product Regulation (BPR, Regulation (EU) 528/2012) for
preservatives for products during storage (product type 6) has been submitted.
Substances must not be used where they have been rejected from inclusion in the
list of approved substances for product ty pe 6.

1 Photoconductor drums must not contain intentionally added selenium, lead, mer-

cury or cadmium (or any of their compounds).

Primary energy requirement of imaging equipment products
In this measure, the prerequisite is that the VA scope will align with the ENERGY STAR
v3.0, especially regarding removing the outdated speed limits and including professional

imaging equipment

DO 12 can replace the primary design requirement 4.1 in Part | commitments of the VA as

follows, depending on the level of ambi tion to be chosen:

Signatories shall ensure that products in scope of the VA and placed on the EU market by

Signatories after 1 January 2019 shall comply with ENERGY STAR® v3.0 specifications and

default duplex settings requirements in accordance with the following targets:

Period OM and TEC prod- OM and TEC prod- OM and TEC prod-
ucts placed on ucts placed on ucts placed on
the EU market the EU market the EU market

Low ambition Medium ambition High ambition
Tier | Jan-Dec 30% 40% 60%
2020
Tier I Jan-Dec 40% 70% 90%
2021
Tier Jan-Dec 60% 90% 99%
I 2022

It should be noted that low ambition level reflects the projected BAU development without

any changes to the current VA, due to the driver driven by the US ENERGY STAR, although
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the uncertainties exist regarding how the penetration rates for US ENERGY STAR will de-
velop in the EU now the EU and US ENERGY STAR agreement has ended. The Commission
guidelines for self -regulation measures  specifies that the requirements should be presented

with a date of their application and if the self -regulation measure covers along time -span
it should include successive levels of requirements. The requirements should apply to at

least 90 % of all units (covered by the self -regulation measure) placed on the market

and/or put into service by each signatory. 357

Figure 95 and Figure 96 show the development in use phase energy and primary energy
consumption, respectively, for BAU and for the three ambition levels. Table 124 and Table

125 show the same energy consumption in a table form for 2020, 2025 and 2030.

The same data are shown as energy and prima ry energy savings in Figure 97 and Figure
98 and Table 126 and Table 127.

357 https:/feur  -lex.europa.eu/legal  -content/EN/TXT/PDF/?uri=CELEX:32016H2125&from=EN
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Figure 95 : Annual energy consumption in use phase for BAU, low ambition, medium ambition
and high ambition for DO 12 . Professional imaging equipment is included.
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Figure 96 : Annual primary energy consumption in use phase for BAU, low ambition, medium
ambition and high ambition for DO 12 (primary energy factor: 2.1). Professional imaging
equipment is included
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Table 124 : Annual energy consumption in u

and high ambition

se phase for BAU, low ambition, medium ambition
for DO 12 (same data as used in

Figure 95). Professional imaging equip-

ment is included

TWhl/year 2020 2025 2030
BAU 7.4 5.6 53
LOW 7.4 5.0 4.2
MED 7.4 4.8 4.2
HIGH 7.4 4.7 4.2

Table 125 : Annual primary energy consumption in use phase for BAU, low ambition, medium

ambition and high ambition for DO 12 (primary energy factor: 2.1, same data as used in Fig-
ure 96). Professional imaging equipment is included
PJlyear 2020 2025 2030
BAU 56 42 40
LOW 56 37 32
MED 56 36 32
HIGH 56 35 32
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Figure 97 : Annual energy savings in use phase for low ambition, medium ambition and high
ambition compared to BAU
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for DO 12 .



Figure 98 : Annual primary energy savings in use phase for low ambition, medium ambition
and high ambition compar edto BAU for DO 12 (primary energy factor: 2.1).

Table 126 : Annual energy savings in use phase for low ambition, medium ambition and high

ambition compared to BAU for DO 12 (same data as used in Figure 97).

TWhiyear 2020 2025 2030
LOW MED HIGH LOW MED HIGH LOW MED HIGH
BC1 0.01 0.01 0.01 0.11 0.14 0.15 0.19 0.19 0.19
BC2 0.01 0.01 0.01 0.12 0.16 0.17 0.22 0.22 0.22
BC3 0.00 0.01 0.01 0.08 0.10 0.11 0.13 0.13 0.13
BC4 0.01 0.01 0.01 0.14 0.18 0.20 0.24 0.25 0.25
BC5 0.00 0.00 0.01 0.05 0.07 0.08 0.08 0.08 0.08
BC6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BC7 0.01 0.01 0.01 0.10 0.13 0.14 0.18 0.18 0.18
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