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Glossary

COzeq

Ecoinvent

IPCC

LCA

OEM

PCR

SimaPro

Internal

The net emissions of the life-cycle expressed as the equivalent
amount of carbon dioxide.

Industry-recognised database containing life-cycle phase impacts
for numerous materials and products.

Inter-governmental Panel on Climate Change, the international
forum defining the global scientific position on global warming.

A technique whereby the various effects of manufacturing, using
and disposing of an item or service are evaluated according to a
methodology for a stated set of parameters.

Original Equipment Manufacturer; the first manufacturer of a new
item, holding design specifications and possibly copyright.

Primary Charge Roller; a key element of a photocopier where the
image is converted to a charge for transferring toner to paper.

Industry-recognised tool providing an interface to the Ecoinvent

database for easier assembly of lifecycles including reuse loops,
sensitivity analyses and presentation of the results,
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1 Summary

Life cycle analysis of remanufacturing monochrome toner cartridges over new
cartridges was conducted. The analysis was based on the real life data collected
by the Cartridge World and remanufacturing cycle of 3.5 times for each new
cartridge. The inventory included materials, energy, transport logistics,
remanufacturing ratio for each parts, and disposal and waste scenarios.

The analysis also included the use phase and analyse the effect of the use phase
in terms of paper wastage.

All analysis was based on the data available in Ecoinvent database using the
methodology of Inter-Governmental Panel on Climate Change (IPCC). SimaPro
was used as the software package.

Carbon impact of remanufactured cartridges was 22.8 kgCO,eq compared to 35
kgCO.,eq for new ones when the use phase excluded. This equates to about
35% carbon saving for remanufactured cartridges. These values were based on
the 3.5 remanufactured cartridge including the core (as new) and 4.5 times new
equivalent.

When the use phase was included, carbon impact increases to 143 kgCO,eq and
155 kgCO,eq respectively, which reduced the saving from remanufacturing to
8.3%.

For every 1% increase in paper wastage in the use phase, there is just over 0.6%
reduction in the benefit obtained from remanufacturing. There needs to be more
than 12% paper wastage during printing to wipe away the benefit of
remanufacturing. It is believed that this is significantly outside most users’
experience.

Looking at the carbon impact of monochrome toner cartridges worldwide,
excluding the use phase and at 40% remanufacturing market penetration by
volume, the total impact is about 1,580,000 tCO.,eq of which 484,000 tCO.eq is
from remanufacturing. The benefit over no remanufacturing is 259,000 tCO.eq.
Further potential savings are feasible if remanufacturing activity in the market
improves.

In the UK alone, 11,600 tCO.,eq is saved with 21% penetration by
remanufactured cartridges. This can be improved to 39,200 tCO.eq if new
cartridges takes only 29% of the total market and every core is remanufactured
3.5 times.
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2 Infroduction

2.1

In Life Cycle Analysis (LCA), material and energy balances are used to quantify
the emissions, resource use, and energy consumption of all processes required
to make the process of interest operate. Process blocks that are included in the
boundary of the analysis include raw material extraction, transportation,
processing, and final disposal of products and by-products. The results of the
inventory are used to evaluate the net environmental impacts so that efforts can
be focused on mitigating negative effects.

The high prices that the OEMs are charging for new printer cartridges have
encouraged a thriving community of remanufactures, of which there are about
100 in the UK, but about 20 of them cater for 60-70% of the market®. Although
cartridges contain by far the least amount of material, their high price and the
relative ease (and more importantly speed) with which they can be
remanufactured makes this sector very profitable.

Environmental concerns with the disposal of toner cartridges are being
addressed, in part, by the remanufacture of toner cartridges. Remanufacturing
offers significant environmental benefits by reusing the energy and resources
expended during original manufacture, and by diverting solid waste from landfill
and incineration. Remanufacturing, or recycling at a part level, involves the
disassembly, restoration to like-new condition and reassembly of a used product.
There are also “return and recycle” schemes where environmental benefits over
remanufacturing are claimed®.

Since the primary purpose of remanufacturing is to reuse/remanufacture parts,
the parts that are not reused enter the remanufacturers' waste stream. The
amount of product discarded (as opposed to reused/remanufactured) is important
to correctly model the waste stream.

Goal and scope

The goal of this study is to compare the carbon benefit of remanufacturing
monochrome toner cartridges over manufacturing new ones from scratch. The
study also intends to highlight the materials and energy benefits of
remanufactured cartridges if any. The outcome of the study will be used internally
and then disseminated externally mainly to printed media.

There are other published works on this subject in the literature®®. Some include
the use phase some do not. End of life scenarios are not clearly defined neither

a ENDS Report 359, December 2004, p 37
b ENDS Report 351, April 2004, p 34

¢ LaserJet Cartridge Environmental Comparison, A life cycle study of the HP96A print cartridge vs its remanufactured
counterpart in the UK, First Environment Incorporation, October 2004.
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for the new toner cartridges nor the remanufactured cartridges. This work will
include both the “use phase” and the “end of life options”. It also includes a
detailed analysis of the supply chain for both manufacturing and remanufacturing
activity. The effect of paper wastage during use will be analysed as this has
resulted in controversy among the OEMs and remanufacturing practitioners.

Throughout this study, ISO guidelines on Life Cycle Analysis (ISO 14040:
Principles and Framework, 14044: Requirements and Guidelines) is observed.

2.2 Product system and system boundaries

It is important that the project boundaries used in life cycle analysis for the
purpose are clearly and appropriately defined, to capture all of the impacts
associated with the activity under investigation.

The boundaries of this project encompass all the stages in the life cycle of a toner
cartridge including the impacts arising from its usage. In order to directly and
fairly compare the impacts of manufacturing (OEM) and remanufacturing, the
boundaries of both life cycles have to be consistent. When modelling the
remanufactured toner cartridge, the impact of a new cartridge is included. This is
simply due to the fact that a new shell needs to be manufactured first to be
remanufactured. This impact are amortised over the remanufactured lifespan. A
schematic illustration of the system boundaries designed by the CRR for
comparison of various product groups to identify the carbon benefits is given in
Appendix A.

Inclusions/Exclusions
The followings are included in this study:
e« Materials and energy

e Transport covering the whole supply chain and including entire transport
life cycle rather than the operation

e Use phase including paper and printer usage. It is assumed 5000 A4
pages is printed per cartridge.

e End of life (Reuse, Recycle) including detailed reuse/recycle ratios for
each parts

The followings are excluded in this study:

¢ Toner powder production, powder as part of a cartridge as an equal
amount is required for each cartridge use, whether newly purchased or

d Life Cycle Assessment of Toner Cartridge HP C4127X, Jonas Berglind & Henric Eriksson, Department of
technology, University of Kalmar, January 2002.
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refilled. However, the usage of toner in the “used phase” was included to
obtain the effect of paper usage/wastage

¢ Waste arising in part manufacturing and product assembly

Key assumptions and Limitations
Following assumptions are made for this study:

e OEM manufacturing is based in Far East with local supply chain for the
cartridge parts used.

e Waste scenario for the new product is based on the data available in
Ecoinvent Database for England. This has set recovery rates for each
material type, paper, plastics etc. and the remaining waste is sent to
landfill and incineration (83 and 17%, respectively). This however can be
updated when new data is available.

e Remanufacturing is exercised locally but parts are supplied from Far East.

e For each part remanufacturing/recycling ratio was based on the data
collected by Cartridge World. The data might differ for each
remanufacturer. All recycled parts go through the same waste scenario
for England as in the case of new toner cartridges.

Following limitations applies for this study:

e Majority of the data used in this study was obtained from Ecoinvent®
database version 2. Arguably, this is the most comprehensive database
for such data but the quality of each data set might affect the outcome.

2.3 Inventory

Printer cartridges vary greatly in shape and size. The study deals with a generic
toner cartridge that has major components. These components are identified
from an earlier study commissioned by the CRR to Best Foot Forward' on the
remanufacturing activity of Cartridge World over 3 months. During this period
about 490 cartridges, of 65 different models were refilled or remanufactured at
Cartridge World.

The primary data directly measured at a Cartridge World store can be considered
to be of high quality, although tempered slightly by some necessary assumptions
relating to the weight and composition of some components which were not
available for examination. Overall, however, these data are considered to be of
good quality.

¢ http://www.ecoinvent.ch/
f http://www.remanufacturing.org.uk/remanufactured-printer-cartridges.lasso
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Selected data from that study which is used here:

Average empty weights of all relevant cartridge models

Weights of major cartridge components (drums, wiper blades, primary
charge rollers (PCRs), mag rollers, and doctor blades) for relevant
cartridge models

Material composition of major cartridge components (as above)

Material composition of representative cartridge shells (without major
components) from the most commonly-used cartridge manufacturers

Figures for how many times the average cartridge is refilled at the store
Shop energy use associated with monochrome cartridge refills

Weight and composition of packaging associated with the components
purchased for cartridge repair

Weight and composition of packaging used for cartridge distribution.

Typical weights and composition of packaging used for the distribution of
new cartridges

Typical distances travelled by new cartridges and/or cartridge components
from manufacturers to the UK

Typical energy use associated with the original manufacture of office
equipment

Average haulage distances within the UK

The fate of printer cartridges at the end of their life in the UK

The list of major cartridge components, their average weight and material
composition used in this study is shown in Appendix B. Data for soft and hard
type primary charge rollers (PCR) are averaged to a single value. Cartridge world
replaces about 25% the drums with their own generic ones which is different in
weight and material composition

The rest of the data requirement is obtained from Ecolnvent database (version2)
which was available with SimaPro, an LCA tool by Pré Consultants®.

& http://www.pre.nl/

Internal

Page 9 of 20



©Centre for Remanufacturing & Reuse 2008

3 Impact Assessment

This is stage where in an LCA understanding and evaluating the magnitude and
significance of the potential environmental impact of a product takes place. A
large number of impact methodologies exist within SimaPro. It is important to
know the audience that the information is communicated to and desired
aggregation of the results. In this study, as explained in the goal and scope, we
would like to have a carbon impact (CO,) of the remanufactured monochrome
toner cartridges and compare it with the new ones. In this case we can use the
methodology developed by the Inter-governmental Panel on Climate Change
(IPCC) to look at the global warming potential over a 100 years (GWPq) of these
two activities in terms of CO, eq.

3.1 Carbon Impact

The literature review on the life cycle of toner cartridges reveals a controversy
exists between Original Equipment Manufacturers (OEMs) and remanufacturers.
While remanufacturers highlight the benefit of remanufacturing in terms of
materials and energy saving OEMs, on the other hand, emphasise the whole life
cycle of the product including the “use phase”. OEMs claim that remanufactured
cartridges are not as good as new ones; hence they result in paper wastage and
related additional use to obtain the same quality of printing or service. We
therefore modelled the “use phase” of a toner cartridge in our analysis. The use
phase includes the environmental burden of a printer for a given amount of paper
usage.

The overall impact of the two cases with and without the use is shown in Figure 1
where the cumulative carbon impact of remanufactured and OEMs cartridges are
compared. As shown, the use phase added more than two thirds of the overall
carbon impact in both cases amounting to 155kg for new and 143kg CO, eq. for
remanufactured cartridges. When the use phase excluded, the carbon impact
reduced to 35 and 22.8 kgCO, eq., respectively. These results are in very good
agreement of 28.6 and 17.6 kgCO, eq. found in a similar study" which assumed
every core is remanufactured twice, compared to 3.5 in this study.
Remanufacturing represents a benefit of 35% over new ones when the use phase
excluded. This benefit is reduced to about 8% when the use phase included in
the impact analysis.

This comparison is based on Cartridge World’s average remanufacturing cycle of
3.5. That is to say, each of OEM cartridges is remanufactured in average 3.5
times. Therefore the environmental burden of the new cartridge is included in the
remanufacturing data as without the core from a new cartridge remanufacturing

h |ife Cycle Assessment of Toner Cartridge HP C4127X, Jonas Berglind & Henric Eriksson, Department of
technology, University of Kalmar, January 2002.
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wouldn’t exist. For the same token, remanufacturing prevents the manufacturing
of new cartridges so there needs to be 4.5 new cartridges to make a comparison.

Figure 1: Comparative analysis of OEM and Remanufactured toner cartridges with and without the
use phase for average remanufacturing cycle of 3.5 times by the Cartridge World.

Benefit of remanufacturing increases with increasing number of reuse cycles.
When use phase excluded, the carbon benefit increases from 22% for one
(including the new one as core) up to 38% for four remanufactured cartridge
(Figure 2). At each remanufacturing cycle, every part has a
remanufacturing/recycle ratio. For example, replacement for wiper blades was
around 27%. The remaining 73% enters into the waste stream. These data were
gathered from 3 months trials at Cartridge World'.

When the use phase included carbon benefit of remanufacturing reduced
substantially (Figure 3). It now shows 5.4% for the first remanufactured cartridge
and increases up to 8.6% for the fourth. The carbon impact of the use phase,
120.25kg CO, eq., makes the overall benefit of remanufacturing activity
somewhat smaller.

I http://www.remanufacturing.org.uk/remanufactured-printer-cartridges.lasso
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Figure 2: Carbon saving by remanufacture over a new cartridge-excluding use phase

Figure 3: Carbon saving by remanufacture over a new toner cartridge after a number of reuse
cycles including the use phase

OEMs argue that remanufactured cartridges are inferior to new ones so that they
cost substantial paper losses in use. Although the quality of a print is a subjective
matter and it will be difficult to quantify, hypothetical paper wastage scenario was
developed to see its affect on the carbon impact (Figure 4). Impact of extra paper
usage modelled in terms of material, transport and usage of printer. At 5% paper
loss the carbon benefit is reduced from just over 8% to 5%. The benefit is totally
eroded at around 12%. These levels of paper wastage are quite high and
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believed it does not happen in real life. Besides majority of printers involve
printing text and the quality will not be so obvious to the user.

Figure 4: Effect of paper wastage during use phase on carbon benefit of remanufacturing for the
Cartridge World case of 3.5 cycles per toner cartridge

3.2 Market overview and analysis

According to Lyra Research’ the total aftermarket value of the monochrome toner
cartridges is around $4.3 billion, representing 25% share of the monochrome
toner market. Remanufactured cartridges usually sell 25-30% less than the
original ones, but some offers heavy discount®. The unit price of monochrome
cartridges varies depending on the models, size etc. If we assume that
remanufactured cartridge sells at half that of a new one at an average price of
$45, there are about 95.5 million units of remanufactured cartridges in the world.
Remaining three quarters of the market value is for OEMs and about $12.7 billion.
Accordingly, the average price of a new monochrome toner cartridge is $90, and
then there are about 141 million units of cartridges available worldwide. Based
on this analysis remanufactured units have about the 40% of the market. The
total carbon impact of remanufactured cartridges was 484,000 tCO, eq. while the
new ones were 1,100,000 tCO, eq. (Figure 5). The carbon saving at this level is
260,000 tCO; eq.

J The state of the aftermarket printer supplies industry, August 2008.
k http://www.rechargermag.com/articles/37174/
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Figure 5: Worldwide carbon impact of new and remanufactured toner cartridges and potential
saving for various remanufacturing market penetration ratio. The ratio is based on the number of

units.

& Carbon Saving @ Oem M Reman

In the UK, only just over one fifth of toner cartridges that are in use are
remanufactured (Table 1). Relative carbon impact of new and remanufactured
cartridges and potential carbon saving under various remanufacturing market

penetration ratio is shown in
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Figure 6. Carbon impact of the remanufacturing activity is around 21,700 tCO,
eq. If the compatible and irregular cartridges are included under the OEMs,
carbon impact of new cartridges is about 124,000 tCO, eq. At current level of
remanufacturing in the UK, i.e. 21% of the total market, carbon saving from
remanufacturing activity is 11,600 tCO, eq.

Table 1: Breakdown of UK toner cartridges sold in the UK annually.

Toner Cartridge Compatible Greyl/lrregular

Sales [units] 15164000 351000 4284000 465000 20264000
Sales [%] 74.8% 1.7% 21.1% 2.3% 100%
Source: Data supplied by the Recycler magazine.
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Figure 6: UK carbon impact of new and remanufactured toner cartridges and potential saving for
various remanufacturing market penetration ratio. The ratio is based on the number of units.

& Carbon Saving MOem M Reman

Based on the worldwide figures of new and remanufactured cartridges, for every
remanufactured cartridge there are 1.5 new cartridges in the market. The fact
that a new cartridge can be remanufactured at least 3.5 times as in the case by
Cartridge World, there needs to be just over 67 million new cartridges (cores)
available for remanufacturing to satisfy the market need if full remanufacturing is
utilised, i.e. 28% new, 72% remanufactured cartridges. This will bring further
opportunity to increase the potential carbon saving as shown in Figure 7. Almost
half a million tCO, eq. worldwide saving is possible while the saving in the UK is
about 39,000 tCO, eq. Potential saving will only be available if the manufacturers
take an interest in remanufacturing and make it part of the service they provide.
This can be achieved through core collection scheme where the manufacturers
provide the “service” rather than the “product” to their customers.

Figure 7: Further potential carbon saving if remanufacturing activity fully utilised, i.e. manufacturing

based on core needs to satisfy the demand.

i Potenti
|
B Current Saving
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Given the total value of the market for each activity, i.e. manufacturing and
remanufacturing, and their respective carbon impacts calculated earlier, we can
compare the environmental cost of providing each activity to customers. That is
to say the financial cost of producing the service for printing by toner cartridges
divided by respective environmental impact. This is shown in Figure 8 where the
environmental costs based on the sale values are compared. The cost of
remanufacturing is about 14% less than that of manufacturing for a market share
of 71% to 29%, respectively. We assume here that the delivered activity of
“service” is equal in terms of quality and need. Remanufacturers can use this to
highlight the environmental benefit of providing this “service” and also fulfil the
customer expectations for such service'.

Figure 8: The financial cost of each activity per environmental impact based on the service provided
to the end user. Assume the quality of service is equal.

® Manufacturing

@ Remanufacturing

! http:/ivww. prweb.com/releases/remanufactured-cartridge/value-add-services/prweb443731.htm
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4 Conclusions

Life cycle analysis of remanufacturing monochrome toner cartridges over new
cartridges was conducted using the SimaPro software package. The analysis
included the use phase as this has been shown to be missing from the works
found in the literature. This was included not only to fill the gap but also to look in
detail at claims on the paper wastage or quality of printing by the OEMs.

Our analysis was mainly on the data collected during the trials at Cartridge World.
Based on our analysis following conclusions are made:

Internal

Remanufactured cartridges are 35% less carbon impact than the new
ones when excluding the use phase.

This benefit was reduced to 8.3% when the use phase included on the
analysis.

The use phase contributed to about 77% for the new cartridges and 84%
for the remanufactured ones.

Over 12% printing paper have to be wasted during the use phase of a
remanufactured toner cartridge in order to erase the benefit of
remanufacturing. It is believed that such a high volume of wastage do not
occur during the use phase.

At current market levels (40% remanufacturing activity by volume), the
benefit of remanufacturing excluding the use phase worldwide contribute
to a net saving of 260,000 tCO.,eq. compared to a market where there is a
no remanufacturing et all. Total carbon impact of manufacturing and
remanufacturing was 1,100,000 tCO.,eq. and 484,000 tCO.eq.,
respectively. The remanufacturing equates to 31% of the combined
carbon impact.

There is more potential saving of 240,000 tCO,eq. over the above saving
if the ratio of new to remanufactured toner cartridges is 2 to 5, i.e.
manufacture of new cartridges is based on the need for cores for
remanufacturing.

In the UK, for the 21% of the remanufactured toner cartridges excluding
the use phase, the carbon benefit of remanufacturing is around 11,600
tCO,eq. over no remanufacturing activity. Total carbon impact of
manufacturing and remanufacturing was 124,000 tCO,eq. and 21,700
tCO.eq., respectively. The remanufacturing equates to just over 15% of
the combined carbon impact.

Further potential saving of 27,600 tCO,eq. is achievable if the ratio of
manufactured toner cartridges to remanufactured ones is 2 to 5.

If environmental cost of each activity is calculated on the basis of the sale

revenues, remanufacturing is 14% cheaper per tonne of CO,eq. for a
market conditions of 71% remanufacturing and 29% manufacturing.
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Appendix A: System

Boundary

Schematic of system boundary protocol that developed and adapted
by the CRR to compare the carbon impact of various remanufactured

products over new.
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Appendix B: Data Tables

Table 1: Weight and material composition toner parts that are
collected during the Cartridge World study.

_Parts | | Maeras _____________________|

Total Urethane Steel Moltop Al Silicon Cu Polyprop HIPS Polyoxy  Polyca

Weight Rubber rene e ylene methylen  rbonat
g € €
Hard PCR 66.98 18.35 48.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.27 0.73 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Soft PCR 6.78 0.60 5.58 6.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.09 0.82 0.09 0.00 0.00 0.00 0.00 0.00 0.00
PCR 73.76 18.95 54.21 6.00 0.00 0.00 0.00 0.00 0.00 0.00
average
0.00 0.36 1.55 0.09 0.00 0.00 0.00 0.00 0.00 0.00
MPS 25.31 0.00 20.33 0.00 4.98 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.80 0.00 0.20 0.00 0.00 0.00 0.00 0.00
Wiper 80.60 0.00 72.16 2.81 0.00 5.62 0.00 0.00 0.00 0.00
Blade
0.00 0.00 0.90 0.03 0.00 0.07 0.00 0.00 0.00 0.00
4K  Drum 24.03 0.00 2.00 0.00 15.69 0.00 0.67 5.67 0.00 0.00
Original
0.00 0.00 0.08 0.00 0.65 0.00 0.03 0.24 0.00 0.00
Non-4K 76.04 0.00 0.00 0.00 61.69 0.00 0.00 14.35 0.00 0.00
Drum
0.00 0.00 0.00 0.00 0.81 0.00 0.00 0.19 0.00 0.00
Doctor 48.27 0.00 43.75 0.00 0.00 4.53 0.00 0.00 0.00 0.00
Blade
Small
0.00 0.00 0.91 0.00 0.00 0.09 0.00 0.00 0.00 0.00
Remainde  496.22 44.51 0.00 0.00 0.00 0.00 0.00 409.86 39.86 1.99
r (casing)
0.09 0.83 0.08 0.00
4K Drum 161.00 0.00 0.00 0.00 47.00 0.00 2.00 16.00 0.00 96.00
Ccw
Replacem
ent
0.00 0.00 0.00 0.00 0.29 0.00 0.01 0.10 0.00 0.60
Total 824.23 19.31 241.29 8.93 84.02 10.31 0.70 20.45 410.69 39.94 2.00

Source: Cartridge World study by Best Foot Forward

Table 2: Weight and composition of packaging materials used for the
monochrome toner parts.

Card Paper HDPE Polystyrene Bubble wrap
Average Drum 25.30 0.22 1.33 0.00 1.27
Average Wiper 4.49 0.00 9.39 0.00 0.24
Average PCR 7.03 0.03 0.00 0.56 0.50
Average Mag 10.42 0.38 1.98 0.00 0.14
Average DR 4.82 0.00 6.89 0.00 0.11
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