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SUMMARY

A comparative assessment has been made of the Total Cost of Ownership (TCO) and Total
Carbon Cost of Ownership (TCCO) of printing systems for an educational establishment. The
study compares these whole life costs for three different scenarios: a scenario based on
remarketed printers and remanufactured cartridges (REM), a scenario based on printers with
extended warranty and original cartridges under an IT Managed Services (ITMS) contract, and a
scenario based on Print Managed Services (PMS). The scenarios are based on printing systems
and activities for an average establishment of 500 students.

The REM scenario has both the lowest cost and lowest CO,e footprint. For example, the average
cost-per-page (using the TCO framework and excluding the cost of paper) is £0.008 for the REM
scenario, £0.025 for the ITMS scenario, and £0.025 for the PMS scenario. The results of the
study demonstrate that different printing options can provide significantly different cost and
environmental opportunities and that options are ideally assessed on a whole life basis.
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1. INTRODUCTION

With increasing financial pressures across the education sector, schools and colleges are
evaluating the potential to save money on all aspects of their operations. Printing is a significant
operation in any establishment and there is scope to identify how cost savings can be made.
There are various ways in which a school (or college) can go about its printing. It could, for
example, have a printer in every classroom so that printing is done in the room in which the
students (or members of staff) are working. Alternatively, the school may have a small number
of large centralised printing machines located in communal areas and students can print
remotely from the classroom and retrieve their printed sheets at a later time.

Environmental considerations are also important and with increasing awareness of climate
change issues, schools and colleges are paying increasing attention to the carbon footprint of
their operations. That carbon footprint (the amount of carbon dioxide equivalent CO.e
emissions) corresponds not only to the use of electricity to support the printing activities in the
school but also to the CO,e embodied in the printers and cartridges and paper. Embodied CO,e
arises from the fact that energy is used, for example, to manufacture a printer or cartridge using
various materials and components, such as electronic circuits and plastic casings.

There are many ways in which a school can reduce the embodied CO,e of its printing activities.
For example, by purchasing a remarketed printer, one which may be a few months old, a CO,e
saving is made because a new printer does not have to be manufactured by the Original
Equipment Manufacturer (OEM). Remarketed printers are ones which can originate from a
variety of sources. They may be from customer returns and cancelled orders and so are fully
functional printers that have left a warehouse and can no longer be sold as new. They may be
overstocks, printers which are returned by retailers to make room for newer product lines. They
may be damaged products which have been returned because of a cosmetic flaw or damage
during shipping or a broken part. They may be printers that are fully functional but have been
replaced with a newer model. The remarketed printer is restored to its original condition and
performance and tested thoroughly. If broken or defective parts need to be replaced the test
results are re-verified. Remarketed printers are particularly suitable for organisations which do
not require the latest product performance or whose budget may be constrained. A remarketed
printer is a reused printer, one that is kept out of landfill or away from incineration. Similarly, by
using remanufactured cartridges, a CO,e saving is made because the cartridge casing and
internal components are being reused and in many cases the only new material that needs to be
replaced is the toner. A remanufactured cartridge has a lower embodied CO,e compared with a
new cartridge [1].

What are the options a school can choose from for its printing fleet and what are the cost and
CO.,e implications of the various options? Is it better value to have a fleet of remarketed
printers and use remanufactured cartridges? Should new printers with extended warranty
option be used and operated under an IT Managed Services (ITMS) contract that requires the
use of genuine OEM cartridges in order for the printer to be supported? Should the school opt
for a number of large multifunctional devices (MFDs) operated under a print Managed Services
(PMS) contract? Under a PMS contract, the school does not have to purchase the printers and
copiers outright but instead pays a quarterly leasing or maintenance charge as well as a cost-
per-page charge on its printing output. What are the cost implications of the various options?
Can the school save on costs and what are the CO,e implications associated with each option?



In this study a comparative assessment is made for a school for three scenarios (remarketed,
ITMS and PMS). Metrics such as the Total Cost of Operation (TCO) and Total Carbon Cost of
Operation (TCCO) of the printer fleet are evaluated as well as the cost-per-page and the CO,e-

per-page.

The objective of the study is to reveal the cost and CO,e implications of each the scenarios,
thereby pointing the way to solutions, including hybrid REM-PMS solutions, offering the most
appropriate solution given the printing needs of a particular school.

2. METHODOLOGY
2.1 Three scenarios

The approach taken in this study was in two stages. The first stage involved carrying out reviews
of printing infrastructure and activities across a range of schools and colleges to determine
indicative metrics such as the numbers and characteristics of printers and copiers distributed
across the school (or college), numbers of pages printed, amounts of paper consumed, toner
cartridges used, indicative prices for printing and maintenance, and student numbers. The study
focussed only on laser toner printing and copying. From the various data gathered, a typical
printing scenario was derived based on a model school with 500 students. Indicative results for
schools of other sizes (i.e. larger numbers of students) can be obtained through scaling.

The second stage involved carrying out calculations for the model school for three different
scenarios. In each scenario, the determining parameters for the model school were kept
identical, except for those parameters which are changed because of the scenario itself. The
following are examples of parameters which are kept fixed across the scenarios: the price of day
time and night time electricity, the numbers of pages printed, the number of colour pages
printed, the number of black and white (B&W) pages printed, the CO,e emission factors for
consumed electricity. Fixed parameters as well scenario-dependent-parameters will be
presented in tables through the report. All scenarios are evaluated over the same lifetime,
which is five years. The lifetime of smaller printers is typically about six years though in practice
this may be exceeded. In the case of large MFDs under a PMS contract, the device is usually
maintained on-site for three to five years or more depending on the contractual agreement.

The three scenarios are:

Scenario REM

In this scenario the model school purchases a number of remarketed printers and uses
remanufactured laser toner cartridges. There is a mix of B&W and colour printers and simple
multi-function devices across the school, with the smaller to mid-size machines located in the
classrooms and the larger machines in centralised (e.g. reprographics) facilities.

Scenario ITMS

In this scenario the model school is identical in every respect to that in the REM scenario except
for the fact that the school purchases its printers and extended warranty from the ITMS contract
provider and these are maintained under the IT managed services (ITMS) contract provider. The
ITMS arrangement requires the school to purchase new genuine (OEM) cartridges.



Scenario PMS

In this scenario the model school is identical to that in the REM and ITMS scenarios in terms of
its printing output (i.e. number of B&W and colour pages printed) but instead of a large number
of smaller machines distributed throughout, the school has a small number of heavy-duty Multi-
Functional Devices (MFDs) located in centralised or common facilities. To allow for some
localised printing by members of staff (e.g. for printing private letters and reports), the school
has supplemented its PMS printing with a small number of auxiliary printers under an ITMS
contract. The auxiliary printers are assumed to be a mix of B&W and colour printers in order to
cater for a diversity of printing.

2.2 Parameters used in the scenario calculations

The following table (Table 1) lists various fixed and common parameters used to describe the
model school scenario.

PARAMETER VALUE
Number of students 500
Number of reams of paper consumed per year (500 sheets 1960 reams
per ream)
Number of sheets of paper consumed per year 980,000 sheets
Number of B&W pages printed per year 1,220,000 pages
Number of colour pages printed per year 260,000 pages
Price of electricity at day-time tariff £0.12 per kWh
Price of electricity at night-time tariff (0000 — 0600hrs) £0.05 per kWh
Emissions factor for electricity [2] 0.54284 kgCO,e / kWh
Lifetime of the printing infrastructure (for this study) 5 years
Embodied CO,e of paper (standard 80g/m” printing paper) 3.73 kgC0,e / kg
(3]

Table 1. Various fixed and common factors used to describe the model school and its printing
activities.

Table 2 lists the power consumption and print speed of printers used in the scenarios. These
ratings are representative of a large number of printers and copiers in the marketplace. The
machines are characterised by the page yield of the toner cartridge. It is assumed that (i) the
power ratings and print speeds are the same for B&W and colour printers, and (ii) the power
ratings and print speeds are the same for a given remarketed and new printer characterised by a
given cartridge page yield. All printers are assumed to have duplex capability.

In order to calculate the energy consumed by any given printer during each day, the number of
pages that the printer prints and the print speed of the printer are used to derive the printing
time (in hours h), which is the used to derive the energy consumed (in kWh) by the printer in
print mode. Printing is assumed to take place only during the day time and so the day tariff for
electricity is used. It is assumed that during the night (0000 — 0600 hrs) there is no printing and
the printer is in sleep mode. During the remaining part of each 24 hours it is assumed that the
printer is in @ mix of standby and sleep modes. For printers characterised with cartridges of
page yield of 4,500 pages, the percentage of that time in standby mode is assumed to be 20%.
For the larger machines (page yield greater than 4,500 pages), the percentage of that time in
standby mode is assumed to be 60%. Through this analysis it is then possible to determine



energy consumed in each of the print, standby and sleep modes and from that to derive the
costs of the electricity consumed, given the prevailing tariff (Table 1), and the associated CO,e,
using the conversion factor (Table 1) associated with the electricity consumption.

PRINTER Power Power Power Print speed
(by cartridge page yield) rating in rating in rating in (pages per
print mode print sleep mode minute,
(W) standby (W) ppm)
mode (W)

4,500 page yield 275 23 7 16
10,000 page yield 550 50 10 27
20,000 page yield 1050 100 14 42
30,000 page yield 1550 150 17 54
40,000 page yield 2050 200 19 65

Table 2. Power ratings and print speeds of the machines.

Table 3 lists the numbers of printers in each sub fleet (characterised by the page yield of the
cartridges) used in the scenarios. The total number of machines in each of the printer fleets is
54 (REM scenario), 54 (ITMS scenario) and 14 (PMS scenario).

PRINTER

NUMBER OF PRINTERS

PAGES / MACHINE / DAY

SUBFLEET
(by cartridge
page yield)

REM
scenario

ITMS
scenario

PMS
scenario

REM
scenario

ITMS
scenario

PMS
scenario

4,500 page
yield (B&W)

25

25

12

12

4,500 page
yield (colour)

25

25

4

10,000 page
yield (B&W)

800

800

10,000 page
yield (colour)

600

600

20,000 page
yield (B&W)

5000

5000

20,000 page
yield (colour)

323

30,000 page
yield (B&W)

200

30,000 page
yield (colour)

40,000 page
yield (B&W)

5076

40,000 page
yield (colour)

Table 3. Printer sub fleets and pages printed per machine per day.



Under the ITMS scenario it is assumed that each printer is required to be covered by a warranty
in order to be supported, which is £5 per month throughout the lifetime of the printer. Under
the PMS contract there is a monthly maintenance charge which is assumed to be dependent on
size and functionality of the printer. These monthly maintenance charges, usually paid
quarterly, are assumed to be £110, £165 and £220 for each of the 20000, 30000 and 40000 page
yield characterised printers. The maintenance charge is applied at the level of each printer. The
pay-per-print charges for B&W and colour printing under the PMS scenario are £0.0045 and
£0.045 per page respectively. It should be noted that these charges are indicative and have
been assumed for the purposes of making comparative assessments between the scenarios. In
practice the actual charges agreed between a school / college and the ITMS or PMS provider will
reflect contractual agreements specific to the two parties. This study is not intended to suggest
what any such agreements should be.

In the REM scenario, the warranty charge is reflected by a fleet token charge. One token
(costing about £42 and surrendered for each repair visit) covers the entire fleet of REM printers
and can be used to cover repair for any of the printers in the fleet. The remarketed printers
come with the first year warranty cover. In practice schools have found that very few tokens are
required because the smaller machines in the REM scenario tend to have much fewer
maintenance requirements compared with the larger and more sophisticated machines in the
PMS scenario. Given this, a cost of £0.10 per printer per month for maintenance tokens through
the lifetime of the REM fleet has been assumed.

Table 4 lists the costs of printers. The printers are characterised by the page yield of the
cartridge. For example, the 4,500 page yield colour printer would hold four cartridges (one
black, one magenta, one yellow, and one cyan) each with a yield of 4,500 pages. Tables 5 and 6
respectively list the costs of printers using black and colour cartridges (remanufactured and
OEM).

PRINTER B&W or COST OF PRINTER
(by cartridge page yield) COLOUR remarketed New
4,500 page yield B&W £125 £200
4,500 page vyield colour £295 £440
10,000 page yield B&W £195 £370
10,000 page yield colour £474 £595
20,000 page yield B&W £335 £729

Table 4. Cost of printers.

Values for embodied CO,e for remanufactured and OEM cartridges (as well as embodied CO,e of
printers and copiers) have been calculated using a methodology described in detail elsewhere
[1] and been derived from studies on a wide range of printing systems [1, 4]. The methodology
used to calculate the CO,e values is based on the assessment of emissions of CO, and other
greenhouse gases through the life cycle of a product (exclude the use phase). The Kyoto set of
greenhouse gases is considered, and so the units of carbon footprint are given in terms of
equivalent mass CO, or CO,e. Other studies have also been published [for example, 5-7].



The CO,e values used for the 4500, 10000, 20000 page yield remanufactured cartridges are 1.9,
2.1, and 3.2 kgCO,e respectively. The corresponding values used for OEM cartridges are 7.3, 8.2,
and 9.9 kgC0O,e. The corresponding values used for new printers (using the same value for a
mono and colour printer) are 170, 270 and 450 kgCO,e. The embodied CO,e of a remarketed
printer is estimated to be 15% of that of the corresponding new printer.

BLACK CARTRIDGE For use in a Black COST PER CARTRIDGE
(by page yield) &White or colour remanufactured OEM
printer
4,500 page yield B&W £25.49 £78.00
4,500 page vyield Colour £23.87 £70.31
10,000 page yield B&W £36.29 £101.00
10,000 page yield Colour £45.29 £107.00
20,000 page yield B&W £44.22 £176.68

Table 5. Cost of black cartridges.

COLOUR CARTRIDGE COST PER CARTRIDGE
(by page yield) remanufactured OEM
4,500 page vyield cartridge (magenta, £24.59 £81.60
yellow, or cyan)
10,000 page yield cartridge (magenta, £58.77 £196.00
yellow, or cyan)

Table 6. Cost of colour cartridges.

The calculations do not include the following aspects in any of the scenarios:

e costs associated with machine down-time (i.e. printer unavailability)

e costs associated with paper (these are common across the scenarios because the
amount of paper used in each of the three scenarios is the same)

e (CO,e associated with repairs and maintenance processes

e CO,e associated with remote access of printers by students (e.g. during the evening)

e CO,e associated with in-school network management systems

e (CO,e associated with remote access and remote PMS applications

3. COSTS AND CARBON ANALYSIS
3.1 Lifetime costs

Table 7 below provides a list of the labels used to denote each of the sub fleets of printers in the
three scenarios. These labels are used in the figures and tables that follow.
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PRINTER SUBFLEET

Black

LABEL FOR PRINTER SUBFLEET

(by cartridge page &White REM ITMS PMS
yield) (B&W) or scenario scenario scenario
COLOUR
4,500 page yield B&W REMA4KM ITMS4KM PMS4KM
4,500 page yield colour REM4KC ITMS4KC PMS4KC
10,000 page yield B&W REM10KM | ITMS10KM
10,000 page yield colour REM10KC | ITMS10KC
20,000 page yield B&W REM20KM | ITMS20KM
20,000 page yield colour PMS20KC
30,000 page yield B&W PMS30KM
30,000 page yield colour
40,000 page yield B&W PMS40KM
40,000 page yield colour

Table 7. Labels used to denote the printer sub fleets.

In Figure 1 the lifetime costs, i.e. costs over the five year period, of each of the printer sub fleets
in the REM scenario are shown. It can be seen from Figure 1 that the largest cost is associated
with the REM10KC sub fleet, as this sub fleet performs the majority of colour printing (see table
3) and therefore carries a large cost burden in terms of replacement cartridge costs. The upfront
costs are the largest for the REM4KM and REM4KC sub fleets as each of these sub fleets has 25
printers, which are distributed across the establishment.

30000

28000 A
26000 4
24000 4
22000 4
20000 4
18000 4
16000 4
14000 4
12000 A
10000 A
8000 A
6000 -

lifetime cost of printer subfleet (£)

4000 4
2000 A

REM4KM

REM4KC

REM10KM

0 |IIII T ||||| T IIIII T ||||| T |||||

REM10KC

REM20KM
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m cost of electricity for printer in sleep mode

m cost of electricity for printer in standby mode
M cost of electricity for printer in printing mode
W cost of purchase of cartridges

W contract cost for pay-per-print

B maintenance / warranty charge for printer

W upfront cost of printer (incl delivery & installation)

Figure 1. Lifetime cost of each printer sub fleet (see Table 7) in the REM scenario

In Figure 2 the lifetime costs of each of the printer sub fleets in the ITMS scenario are shown.
The relative distribution of costs across the sub fleets is similar to that shown in Figure 1 for the
REM scenario except that the absolute costs in the ITMS scenario are significantly higher. The
higher costs derive essentially from the higher costs of the new printers and the OEM cartridges
compared with the remarketed printers and remanufactured cartridges.

90000

80000 H
70000 H
60000 H
50000 H
40000 A

30000 -

20000 +
10000 - I
: | H

ITMS4KM ITMS4KC ITMS10KM ITMS10KC ITMS20KM

lifetime cost of printer subfleet (£)

Figure 2. Lifetime cost of each printer sub fleet in the ITMS scenario. The key is the same as
that shown in Figure 1.

In Figure 3 the lifetime costs of each of the printer sub fleets in the PMS scenario are shown.
The sub fleets are different compared with the REM and ITMS scenarios because the PMS
scenario reflects a move to centralised printing within the school / college. Comparing Figure 3
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with Figure 1 (or Figure 2), it can be seen that the origin of the main costs in the PMS scenario
are the maintenance/leasing and pay-per-print charges. This is because the PMS scenario
reflects a shift to a service-oriented model compared with the REM scenario. The PMS20KC sub
fleet has the largest costs on account of the higher pay-per-print charge associated with colour
printing (£0.045 per page) compared with black and white printing (£0.0045 per page). The
costs of the PMS4KM and PMS4KC sub fleets correspond to that of the four printers (see Table
3) located in staff offices and maintained under an ITMS contract, which requires the purchase
of new printers (with warranty) and OEM cartridges. There are no maintenance or pay-per-print
charges for the PMS4KM and PMS4KC sub fleets.

90000

80000 -

70000 A

60000 -

50000 -

40000 A

30000 A

20000 -

lifetime cost of printer subfleet (£)

10000 -

0 L T E—

PMS4KM PMS4KC PMS20KC PMS30KM PMS40KM

Figure 3. Lifetime cost of each printer sub fleet in the PMS scenario. The key is the same as
that shown in Figure 1.

In Figure 4 the lifetime costs of each of the entire fleet in each of the three scenarios is shown.
The lifetime costs of the ITMS and PMS scenarios are similar (£188k and £182k respectively).
The lifetime cost of the REM scenario is significantly lower at about £59k.
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200000

180000 -

160000 -

140000 -

120000 -

100000 -

80000 A

60000 A

lifetime cost of printer fleet (£)

40000 A

20000 A

0 -
REM ITMS PMS

Figure 4. Lifetime cost of the printer fleet in each of the three scenarios. The key is the same as
that shown in Figure 1.

3.2 Lifetime CO,e

In Figure 5 the lifetime CO,e for each of the sub fleets in the REM scenario are shown for the
cases of paper included (Figure 5a) and paper excluded (Figure 5b). The CO,e comprises two
types of CO,e: embodied CO,e emissions and operational CO,e emissions. The embodied
emissions are those associated with the printers, cartridges and paper. The operational
emissions are those associated with the consumption of electricity and break down into the
emissions associated with the printers in print, standby and sleep modes. The main printing
workload in the fleet is through the REM20KM sub fleet and Figure 5b shows this sub fleet has
the largest embodied CO,e for paper.
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60000

50000

40000

30000 A

20000 +

10000 A I
1 = A B

CO2e over lifetime of printer subfleet
(kgCO2e)

REM4KM REM4KC REM10KM  REMI10KC REM20KM

m embodied CO2e of paper

m electricity kgCO2e for printer in sleep mode

B electricity CO2e for printer in standby mode

B electricity CO2e for printer in printing mode

B embodied CO2e of cartridges (incl recycling credits)

¥ embodied CO2e of printer (incl recycling credit in final year)

Figure 5a. CO.e over the lifetime of each printer sub fleet in the REM scenario including paper.

4500

4000 4
3500 -
3000 -
2500 A
2000 A

1500 A

1000 A

500 A

0 4 T T T T

REMA4KM REM4KC REM10KM  REM10KC REM20KM

CO2e over lifetime of printer subfleet
(kgCO2e)

Figure 5b. CO,e over the lifetime of each printer sub fleet in the REM scenario excluding paper.
The key is the same as that shown in Figure 5a.
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In Figure 6 the lifetime CO,e of the printer fleet in each of the three scenarios are compared for
the cases of paper included (Figure 6a) and paper excluded (Figure 6b). The total embodied
CO,e of paper is the same in each of the three scenarios. Although there is some redistribution
of emissions across the categories in the embodied and operational aspects, the overall CO,e
profiles are broadly similar. The overall CO,e in the PMS scenario is dependent on the number
of machines deployed.

140000

120000 4

100000 4

80000

60000 -

40000

20000

CO2e over lifetime of printer fleet (kgCO2e)

REM IT™MS PMS

Figure 6a. CO,e over the lifetime of the printer fleet in each of the scenarios including paper.
The key is the same as that shown in Figure 5a.

30000

25000 4

20000 4

15000 4

10000 4

5000 4

CO2e over lifetime of printer fleet (kgCO2e)

REM ITMS PMS

Figure 6b. CO,e over the lifetime of the printer fleet in each of the scenarios excluding paper.
The key is the same as that shown in Figure 5a.
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In Figure 7 the operational CO,e for each of the three scenarios are shown separately. It can be
seen from Figure 7 that CO,e from printers in the standby mode under the PMS scenario are
much larger than those of the other two scenarios. The CO,e emissions factor (see Table 1) is
the same for each scenario, and Figure 7 therefore reflects the relative quantities of electricity
consumed (in kWh and £). The electricity consumed in each of the REM and ITMS scenarios is
identical and, given the lower TCO of the REM scenario compared with the ITMS scenario
(£59,315 for the REM scenario, £188,406 for the ITMS scenario, and £181,810 for the PMS
scenario), the proportion of the TCO that apportions to electricity is higher in the case of REM
scenario (3.6%) compared with the ITMS scenario (1.1%). The larger machines in the PMS
scenario have much higher standby ratings than any of those in the REM and ITMS scenarios.
The electricity cost as a percentage of the whole life cost in the PMS scenario is 1.6%.

16000

14000 A

12000 4

10000 4

8000 4

6000 -

4000 +

2000 4

CcO2e over lifetime of printer fleet (kgCO2e)

REM IT™Ss PMS

Figure 7. Operational CO,e (electricity use) over the lifetime of the printer fleet in each of the
scenarios. The key is the same as that shown in Figure 5a.

3.3 Cost and CO,e per page

In Figures 8 and 9 the cost per page and CO,e per page are shown for each of the sub fleets in
each scenario. The page yields of the sub fleets are defined in Table 7. For example, in the
REM scenario there are two points plotted (one for B&W and one for colour) corresponding to
4500 page vield, two points plotted corresponding to 10000 page yield, and one point plotted
corresponding to the 20000 page yield. Where two points are plotted for a scenario at any
given page yield, the cost per page for colour is higher than that for B&W because four
cartridges (black, magenta, cyan and yellow) are being depleted to print the page. In the case of
the PMS scenario, the points plotted for the PMS4KM and PMS4KC sub fleets are the same as
those for the corresponding ITMS sub fleets, because the sub fleets are assumed both to be
under an ITMS arrangement.
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0.3000

0.2500

0.2000

0.1500

0.1000

cost per page printed (£)

0.0500

0.0000

A

+ REM

= [TMS

PMS

L
n |
. @
? I! T T
10000 20000 30000 40000

subfleet by page yield characteristic

50000

Figure 8. Cost per page printed in each sub fleet for each scenario. The page yields of the sub

90

fleets are defined in Table 7.

80 -

70 A

60 -

40 -

30 A

gCO2e per page printed

20 -

m

+ REM
u ITMS
PMS

Figure 9. CO,e per page printed in each sub fleet for each scenario (excluding paper).

10000 20000 30000 40000
subfleet by page yield characteristic

50000
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4. DISCUSSION OF RESULTS

For many schools and colleges the key driver in making decisions about printing infrastructure is
cost. The scenario analysis presented here shows that it is important to consider the Total Cost
of Operations (TCO) of a printing system. The upfront cost of a printer (and printer fleet) is only
a small component of the overall cost. In the PMS scenario there is no upfront cost for the
printer because the cost is shifted to a service cost, by way of the maintenance/lease and pay-
per-print charges. (The maintenance is in the pay per print charges - the monthly (paid
quarterly) charge is for the lease of the printer)

The TCO for each of the three scenarios is £59,315 for the REM scenario, £188,406 for the ITMS
scenario, and £181,810 for the PMS scenario. The TCCO (excluding paper) for each of the three
scenarios is 13.7 tCO,e for the REM scenario, 26.6 tCO,e for the ITMS scenario, and 26.0 tCO,e
for the PMS scenario. The TCCO (including paper) for each of the three scenarios is 108.3 tCO,e
for the REM scenario, 121.3 tCO,e for the ITMS scenario, and 120.6 tCO,e for the PMS scenario.

It might be assumed that in going from a distributed printing system (such as that in the REM
and ITMS scenarios) to a centralised printing system with, say, 75% fewer machines (as reflected
in the PMS scenario), that the electricity costs may be reduced. However, careful analysis of the
power ratings and operational modes is required because the shift is one from a relatively larger
number of smaller machines with relatively low power rating and smaller workload to a
relatively smaller number of larger machines with larger workload. In the analysis here the
lifetime electricity cost for the printer fleet is £2110 in each of the REM and ITMS scenarios
compared with a lifetime electricity cost of £2970 in the PMS scenario. The electricity cost as a
percentage of the whole life cost is 3.6%, 1.1% and 1.6% in the REM, ITMS and PMS scenarios
respectively.

SCENARIO (for equating purposes)
REM ITMS PMS

fleet TCO (£) 59,315 188,407 181,810
fleet TCCO excluding paper (kgCO,e) 13,681 26,598 25,949
total pages printed (lifetime) 7,400,000, 7,400,000 7,400,000
average cost per page printed (£) 0.00802 0.02546 0.02457
average gCO,e per page printed 1.85 3.59 3.51
ratios (ITMS or PMS to REM)

average cost per page printed (£) 3.18 3.07
average gCO,e per page printed 1.94 1.90

Table 8. Cost and CO,e per page for each of the three scenarios.

Table 8 provides a summary of the whole life average cost per page and CO,e per page for each
of the three scenarios. The average cost-per-page (using the TCO framework) is £0.008 for the
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REM scenario, £0.025 for the ITMS scenario, and £0.025 for the PMS scenario. The average
CO.e per page is 1.9 gCO.e for the REM scenario, 3.6 gCO,e for the ITMS scenario, and 3.5 gC0O,e
for the PMS scenario. The REM scenario has both the lowest cost and lowest CO,e footprint.
Compared with the REM scenario the cost per page in the ITMS and PMS scenarios is 3.1 times
higher. The CO,e per page (excluding paper) in both the ITMS and PMS scenarios is just under
twice that of the CO,e per page in the REM scenario.

In addition to cost and CO,e considerations, a school may have other considerations which
influence its choice of printing infrastructure and arrangements. For example,

e A school may prefer to have a printer in each classroom. This may help to minimise
classroom delays and also helps to avoid the situation whereby an instructor leaves a
classroom unattended in order to obtain a printout.

e The school may wish to minimise disruption to scheduled timetables caused by students
and instructors queuing at a preferred centralised printing facility.

e The school may wish to have a resource of necessary localised printers. These would be
used to print confidential information (e.g. student or personnel reports of a personal
nature, printing of cheques, private letters to parents, etc.) rather than being printed in
communal areas where there is the possibility of information being seen, forgotten or
left in a printer due to sudden printer stoppage (e.g. paper jam, power failure,
insufficient paper to complete a job, and unexpected breakdown where information is
part printed and not accessible for retrieval).

e Localised printers can be focussed for specific functions, such as printing of visitor
badges in a reception area or for other minor easily accessible printouts.

e Localised printers can be used to access and print information easily in library or study
areas where course work may be laid out for working on.

A school may wish to have a number of centralised printing devices under a PMS Service
contract in order to use external resources for certain requirements, such as

e To have all maintenance, repairs and cartridges provided.

e To overcome insufficient storage facilities in the classrooms for a printer and stock of
paper.

e To have the convenience of large format printing (e.g. A3+, banners) with finishing
capabilities (e.g. booklet maker, hole puncher, sorter, stapler) in a specific functional
area such as the reprographics department.

e To perform heavy-duty printing jobs requiring speed, multiple paper trays and a high
volume of paper needed for a single task.

Each establishment is unique and a single solution, such as all remarketed printers or all PMS
systems may not be optimal. In practice, a hybrid solution, such as a mix of REM and PMS
systems, may be the best solution for a given school or college. There may be a need to upgrade
older models of MFDs on PMS contracts. There may be a need to upgrade to a more current
and efficient remarketed printer that uses larger capacity toner cartridges for better value
printing output. It is, however, recommended that a school/college should carry out TCO and
TCCO assessments to determine its ideal configuration.
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5. SUMMARY

A comparative assessment has been made of the Total Cost of Ownership (TCO) and Total
Carbon Cost of Ownership (TCCO) of printing systems for an educational establishment. The
study compares these whole life costs for three different scenarios: a scenario based on
remarketed printers and remanufactured cartridges (REM), a scenario based on printers with
extended warranty and original cartridges under an IT Managed Services contract (ITMS), and a
scenario based on Print Managed Services (PMS). The scenarios are based on printing systems
and activities for an average establishment of 500 students.

The TCO for each of the three scenarios is £59,315 for the REM scenario, £188,407 for the ITMS
scenario, and £181,810 for the PMS scenario. The TCCO (excluding paper) for each of the three
scenarios is 13.7 tCO,e for the REM scenario, 26.6 tCO,e for the ITMS scenario, and 25.9 tCO,e
for the PMS scenario. The TCCO (including paper) for each of the three scenarios is 108 tCO,e
for the REM scenario, 121 tCO,e for the ITMS scenario, and 121 tCO,e for the PMS scenario. The
electricity cost as a percentage of the whole life cost is 3.6%, 1.1% and 1.6% in the REM, ITMS
and PMS scenarios respectively.

The average cost-per-page (using the TCO framework and excluding the cost of paper) is £0.008
for the REM scenario, £0.025 for the ITMS scenario, and £0.025 for the PMS scenario. The
average CO,e per page is 1.9 gCO,e for the REM scenario, 3.6 gCO,e for the ITMS scenario, and
3.5 gC0O,e for the PMS scenario. The REM scenario has both the lowest cost and lowest CO,e
footprint. The results of the study demonstrate that different printing options can provide
significantly different cost and environmental opportunities and that options are ideally
assessed on a whole life basis.
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