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Summary

The report uses green house gas (GHG) emissionrdraswan indicator to
evaluate the environmental impact and cost of atiirdormation storage system utilized
within UBC campus. GHG emission of producing, tporsing, and storing paper is
compared with equivalent storage capacity of Compasxc (CD). Total GHG emissions
for using paper as storage media was calculatbd 822 ton in 2006, which includes
production pollution 814 ton, transportation envgsb.96 ton, and storage pollution 1.71
ton. To save the same amount of information on 6@d] GHG emission is only 25.6 ton
for 2006. The cost of the paper storage methodi®rhan $1.3 million per year while
the cost of CD-storage method being only around®i®Dper year. Every time a
document is produced and stored using digital dewvistead of using printing paper,
GHG mission can be reduced by 97.0% and cost caadueed by 98.7%. Itis
recommended that UBC departments and offices swiriéch using printing paper as

information storage media to using digital dataage device when applicable.



Introduction

UBC currently has a partnership with Iron Mountéanstorage facility company)
to house paper and other media type materials @sopéhe need for record retention.
Every year Iron Mountain picked up thousands ofepdqoxes from UBC. Documents are
recalled from Iron Mountain periodically and areygically transported from Coquitlam
to UBC in order to be viewed then transported babkkn the departments from UBC are
finished viewing the files. UBC pays frees to Irbfountain for this type of record
retention service, material cost, and monthly gferdees. The problem is that the
frequency of transportation and the storage of pagpeate great amount of carbon
emissions, and UBC sustainability office likes ® ¢arbon neutral. The suggestion to
improve the carbon emissions is that all the recad be stored electronically. This
project will include full life cycle accounting arnidentify the resources associated with
paper document storage procedures on campus agasvelliron Mountain, and full life
cycle on compact disc (one way to store recordstreleically). Contribution to
sustainability at UBC will be potential to redudeetneed for paper by storing data
electronically, to reduce carbon emissions by elating the transportation of documents
between UBC and Iron Mountain; to reduce all thestg€amassociated to box, house
transport and rent out space at Iron Mountain g®riacilities. The purpose of this
project is to calculate the G@missions associated with the production, tranaport
and storage of paper documents created by UBC tamddsat Iron Mountain, and to

compare the emissions and costs to electronicstiatage on site or off site.



Scope

The objective of this study is to compare greenskagas (GHG) emission of
UBC paper storage system to another alternativeshwik electronic storage system. The
scope of GHG emission for paper storage systemdles| production of paper that stored
by UBC in 2006, transportation of all documentpaper storage facility ( i.e. Iron
Mountain Inc.), and paper storage utility. Factetsch are not included but may
contribute to more GHG emissions are: Paper pgrtctors including ink and cartridge
consumption and printer utility and depreciatioap®r binding factors including binding
covers, staples, coils, etc; Paper handling fachmtsding labelling, packing, packages,
and security sealing; Paper destroying factorsigtiolg shredding paper recycling,
machine utility and depreciation. It should berped out that storage facility Iron
Mountain Inc. provides a chance for sharing storageurces. For example document
delivery vehicles from Iron Mountain Inc. delivetscuments to multiple destinies on a
trip, so UBC shares delivery GHG emission with otlhen Mountain customers. This
factor is not included in this report.

In this report, compact disc (CD) of equivalentatge capacity to paper is chosen
as an electronic storage alternative. More optayesavailable in current market. DVDs
(digital video disc) and HD-DVDs (high definitiddVD) have larger storage capacity
per disc, in application they are preferred ovesCiBowever studies on life cycle
analysis and GHG emission factor for producing DMIHD-DVD are not available. For
comparison reasons, CD is chosen in this repord Higc drives is also a potential
option for electronic information storage; howedae to the rewritable nature of hard
disc drives, they aree not suitable for storingrdthrmation and thus it is not chosen in
this report. GHG emission of CD is calculated as@a¢inission during CD production.
There is no CD transportation GHG emission becduseo final calculation results, CD
storage volume is small enough for on-campus séorag be consistent with paper
storage system, following GHG emission factorsrexeconsidered in calculation: CD
burning factor including computer utility and degiegion; Document scanning factor
including scanning labour, scanning machine utditgl depreciation; CD handling
factors including labelling, packing, packages, aadurity sealing; CD destroying
factors including landfill cost, shredding machutdity and depreciation . It should be



pointed out that CDs have shorter life span thaepdf storage information on one CD
is used on a high frequency with little care takarthis CD’s reading surface, it is likely
that this CD gets worn out and needs to be repldodbiis report, this replacing factor is

considered to be not significant.



Investigation data

Data used in this report come from three main ssuidBC Supply Management
Office, Iron Mountain Inc. on site investigatiorutcand literature review. It is known
that UBC paper consumption is about 400 ton in A60@f1hany, 2006) and GHG
emission factor for paper is 2.53 tonne GHG penégpaper; GHG emission factor for
gasoline is 2.443 kg GHG per Liter gasoline ; GH@ssion factor for electricity is
84.00 tonne CO2/GWh (including imports) (Rouhag06). During investigation tour,
the student team found out that paper storage @81@ are distributed over seven
facilities of Iron Mountain Inc. Paper documentsiir UBC are generally stored over a
seven-year period before they are destroyed. Tihere statistics shown total paper
storage amount from UBC in Iron Mountain Inc, oeege document pick-up delivery
frequency. Document pick-up frequency varies drtmn different department/offices.
Usually financial department and UBC hospital reggihigher pick-up delivery service.
UBC hospital requires daily document transfer seryvin comparison, UBC Supply
Management Offices has document pick-up service pec week. In 2007, out of 80
boxes of paper document from UBC Supply Manager®éinte that stored in Iron
Mountain, 17 boxes were recalled for pick-up. GalerUBC ordered gasoline supplied
van for next-day delivery service from Iron Moumtémc. By watching online video
posted on Iron Mountain Inc. website, studentsitbaut van type is Ford E350 (Iron
Mountain, 2009). In city condition, Ford E350Varefeonsumption is 18.1 L/100km
(Natural Resources Canada, 2006). Calculated bygl@ddap, a single travel distance
from Iron Mountain Burnaby facility to UBC campus25.8km. In Iron Mountain Inc.
Burnaby facility, about 1.3 Million cubic feet paps stored in a five-story- high
building (about 50 meters). Documents are storedbmut 2 meter high shelves, and a
narrow walking aisle lays between each shelf. BgaereAl and Figure A2 in
Appendix). Medium lightings are provided on eacdieadf each story of storage; while
lights on main walking aisle are left on 24 houes gay, lights on side aisles have
controlled timers. Storage facility has low tengiare and low humidity, automatic
controlled all year round.

Student team carried out CD investigation on a pdctaples CD-R, printable”
purchased from Staples Office Depot, UBC brancis. fibund that Standard CD usable



storage space is 680MB, and dimensions of a CD20enm in diameter and 1.5mm in
thickness. By scanning files using Xerox Photocolgi¢-2A located in Chemical and
Biological Engineering Building, UBC, it is detemed that a piece of black and white
A4 paper takes 60kb storage volume. GHG emissictoifdor producing a CD is 1.8 kg
GHG per 1 CD( INICIATIVA VERDE, 2008 )

It is found that retail price of 500 sheets pape$4.99, 50 pack CD is $44.92.
From a contrast that UBC Supply Management Offiegl@with Iron Mountain Inc., the
price for new deposit box of paper files (receivargl entry) is $1.54 per cubic foot;
price for secure space of deposit is $0.255 peicdobt monthly on a more than 5 years
storage term agreement; file retrievals is $2.50cpbic foot. UBC general policy

requires documents to be stored for more than sgyans before they can be destroyed.



Assumption

Eventhough students obtained most of the informateeded for calculation;
reasonable assumptions still need to be made &r toccomplete the calculation.
Following are all the assumptions used: Of allghper consumed on UBC campus in
2006, about 80% is stored at Iron Mountain IncilitgcIron Mountain Burnaby facility
is used to stand for all the seven Iron Mountam #torage facilities in Great Vancouver
Area, BC; Document pick up van travels a roung ietween UBC and Iron Mountain
Burnaby facility once every working day; A4 Papétype 20Ib to 24 |Ib (about 80g/m2)
is used; Average volume of 500 sheet paper is F0@stimate measurement of a pack
of paper) ; Storage space for every cubic meteempiapl.5 m ( estimate from facility lay
out, see FigureAl and Figure A2 in Appendix) ; EEiergy Performance Index) is
about 1138kWh/m2 annually on average for museumibraty environments in North
America applies to Iron Mountain facility (Bell, 28)

For convenient reasons, storage volume on eachi&ihhy not fully used, thus
average used capacity per CD is estimated to béViE5All stored paper are scanned in
black and white format; One CD discs takes 4.32*48 space, that is a cubic volume
with length equivalent to a CD diameter, and thedsiequals twice of a CD disc.

In paper transportation cost estimation, averageiment pick-up frequency is
missing because it varies a lot from different U@&partment/offices. Pick-up frequency
is assumed to be 10% of total UBC paper storagenwelmonthly. Assume average

paper storage life is seven years.



Approach

The objective of this report is to find a bettenwta store backup files in UBC.
To achieve this, the current storage method, whsgs paper as the storage media are
compared with CD-storage method. The CD-storag@odeis suggested because one
CD can store a lot of information and the methowda® widely applied in many
companies for file-keeping purposes. The total Gdidssion and cost for both the
current iron mountain storage method and the Ciagware calculated. The resulted
data are compared to find which option is better.

The GHG emission from paper storage method comadynieom three parts.
They are the paper production emissions, the tatefpn emissions and the ventilation
emissions. The paper emission is calculated simgilyg the equation:

Epaper productionyM*f*0.8 1)

where Epaper producionf€presents total the paper emission in ton, natheunt of paper

UBC produced in tons per year, drthe emission factor of paper in ton GHG/ton paper.

To calculate the transportation emissions, thevalhg equation is used:
Ewansmannual traveling distance (km)*gas consumptioa(takm)*(fgas) (2)
Where Eyansyrepresents the GHG emission due to transportatioon,fy.sthe emission

factor of gasoline in ton GHG/L gasoline.

The ventilation emission takes 7 years storagegen to consideration

Even=(energy performance index )*(storage area/floofj¢brs*7years 3)

The total GHG emission for paper is the sum ofttinee emissions found above

Epaper total— E(paper productionf" E(trans)+ E(ven) (4)

The emission of CD storage method is obtained thighfollowing equation:

Eco= (number of CD needed)k() (5)
where Ep represents the total GHG emission of CD in tonfarttie emission factor of
CD inton GHG/CD



From contrast of UBC Supply Management Office viitim Mountain, paper
storage cost can be divided to four parts. Theyase of purchasing blank paper, the
cost of long term security storing the paper imIMountain Inc. storage facility, the cost
of first time deposit of the paper and the costetfieving the paper from storage facility.
The cost of buying the paper is calculated withftdlewing equation:

Cost of buying the paper= ($/paper)*Gs8eets of paper needed (6)

The cost of the paper calculated based on theotdlsé “5000 pack staple's multipurpose
printing paper” ($54/5000 sheets paper). The nur@t&m the equation is used to
convert the retail price to wholesale price.

The cost of the paper storage is calculated iodotig equation, taking 7 years storage
period into account:

Cost of storing paper= storage cost rate I#/fotal volume of paper*7 years @)

The cost of initial deposit is calculated by:

Cost of initial deposit= initial deposit rate ft§)*total volume of paper (8)

The cost of retrieving paper is calculated by:

Cost of retrieving the paper = retrieving ratetf$fftotal volume of paper *0.1 9)
The total cost of paper is found by taking the sfrthe all the cost allocated above.

The cost of CD is found by:

Cost of CD= (cost per CDjumber of CD need (10)
The cost per CD is found by:
Cost per CD=$44.92/50CD8*0 (11)

In the above equation, $44.92 is the common cupgog to buy a pack of 50 CDs and
0.8 is used to convert the retail price to wholegalce.



Results and Discussion:

The obtained results are summarized in the follgwables:

Table1 GHG emissions of paper storage system

Amount of paper stored at Iron Mountain from UBC  nrie 322
GHG emission for producing paper tonne 814
Fuel consumption of transferring all document from
L/year 2438

UBC campus to Iron Mountain storage facility
Total GHG emission for document transportation futlnne/year 5.96

Ventilation energy required to store paper from UB&Gwh/year 2911

GHG emission for ventilation tonne 1.71
Total volume space required for storage °m 670
Total paper GHG emissions tonne 822

Table 2 GHG emissions of CD storage system with same stor age capacity as paper

storage system
Amount of CD needed CDslyear 14239
GHG emission for producing CDs tonne 25
Fuel consumption of transporting L/yea 0
Total GHG emission for transportation fuel tonnatye 0

Ventilation energy to store CD required kwh/year 0
GHG emission for ventilation tonne 0

Total volume space required for storage ®m 0.62

Total CD GHG emissions tonne 25

It can be seen that the CD storage method genematels less GHG emission
than the paper storage method does. Among the Tod$4GHG emission generated
from the paper storage method, about 6,000 toarifibuted to the emission of
transportation. This emission is inevitable for gfaper storage method because UBC
does not have space to store the paper. In conn@astD storage method does not have



this problem. One CD can store information thatadg|to 10,000 sheets of scanned
paper; and it only takes about 0.62 tmstore all the information on UBC campus using
CDs. Each office will be able to keep all the GBat contained desired information.
Thus, the GHG emission from transportation candrepteted eliminated and the fuel

used in the transportation can be saved.

The costs of the two methods are summarized bellow:
Table 3 Cost of Paper storage method

purchasing cost of paper $ 550,929
cost of storage over 7 years $ 762,229
cost of retrieving documents $ 8,8[77

Total cost $ 1,322,034

Table4 Cost of Paper storage method

purchasing cost of CD $ 10,234
cost of storage $
cost of transportation $ 0
Total cost $ 10,234

It is found that the cost of the CD-storage metisatiuch lower than that of the
paper-storage method. The main cost of the papeage method is the cost of buying
the paper. This fits the hypothesis that paperggpensive. In contrast to that, the cost
of buying the CD is much less because it requeetively little amount of CDs to store

the same amount of information.

A visual comparison of the two methods is givethia following figures:
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Figure 1: GHG emission comparison of the two meshod
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Figure 2: Cost comparison of the two methods



Conclusion

In conclusion, using CD as information storage raéslimore environmental
friendly and economic than current paper backuppg®system. If current paper storage
method is completely replaced by CD-storage methlmost 800 ton green house gas
can be reduced and $1.3 million can be saved=ath For every bit of effort that made
to switching using paper to using CD, 97.0% of grbeeuse gas reduction and 98.7%

cost reduction can be achieved.



Future wor k and Recommendations:

In this report, students compared environmentabichpf information storage
management using greenhouse gas emission as ordisatause global warming is one
of a major concern in today’s society. Further camgons on other indicators, such as
toxic release and natural resource (e.g. elegtyideéduction can be performed.

Paper storage system and CD storage is only conhpaespects of production,
transportation pollution and storage. It is recomdeal that future study on comparison
of functioning (printing paper, burning CD) and qowsting to be performed to complete
life cycle analysis of paper storage system andstiage alternative.

Other electronic system alternatives should beidensd, life cycle analysis of
DVD and HD-DVD needs to be performed.

In order to improve the accuracy of results presgint this report, it is
recommended that campus-wide surveys to be pertbameé accurate measurements in
Iron Mountain Inc. storage facility to be perform&iirveys all UBC departments and
offices on the stored amount of paper, averagerdentipick-up frequency, and paybill
amount to Iron Mountain Inc. Random samples shbaldrawn to obtain average sheets
of paper in each storage box.

Information obtained from UBC Supply Managementi€affshows that about
60% of the purchasing efforts in this office halec&onic duplicates using Laserfiche©
imaging system. However the hardcopies are stit ks backups and stored using Iron
Mountain facility because electronic copies areamdtusted. It is an example showing
that current technology already allows implicatadrelectronic file storage; but paper
storage method is not replaced yet because tlabilly of electronic copy needs to be
improved. To switch from using printed paper tongsiligital data system, imaging
system and imaging procedure need to be madeyegahusted. This involves efforts on

improving technology of imaging system and legislasystem.
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Appendix A

Tablesand Figures



Figure Al Insideview of Iron Mountain Inc. storagefacility
Reference : Iron Mountain Inc. Website Video Tawvw.ironmountain.ca/en/services/tours/
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Figure A2 Arrangement of paper storagein Iron Mountain Inc. storage facility
Reference : Iron Mountain Inc. Website Video Tawvw.ironmountain.ca/en/services/tours/



Appendix B

Sample calculation



To calculate the GHG emission for paper production:
Epaper=m*f = 886651 Ib paper/yr *0.8* 0.454 Ib/kg / 1000kg/to2.53 kg GHG/ton=
1018 ton GHG/yr

To calculate the transportation emission for storing paper:
Ewansi=25.8km/day * 2 * 261 workdays/yr * 18.1L/100km *423 kg GHG/L gas = 5.96
ton GHG/yr

To calculate the space needed for paper storage:

Mass of storing paper = 886651 Ib paper/yr *0.84536 kg/lb = 322 ton
Basis weight of ‘20Ib’ paper = 80g/m

Storing paper in area = 322 ton/ (80g) m 4021781

Area of each sheet of paper = 8.5 in * 11.5 inG68.nf /sheet

Total sheets of paper used = 4021787 (8.063 ni/sheet) = 6.37*10sheets
Total volume of paper= 321742.5kg/ (720kdfm 670 ni

To calculate GHG emission during of paper storage

Ventilation energy for whole Iron Mountain storamslding

=1153 kWh/year/ft1000nt/floor*5 floors =5.69*16 kWh/year

Ventilation energy for UBC paper storage

=(5.69*10 kWh/year)/(1.3*16m*)*(670 nt) = 2911 kWh/year
Even=2911kWh/year *84 ton/GWh *1DGWh/KWh*7 years = 1.71 ton/year

To calculate the GHG emission for CD method:

Equivalent storage capacity of one CD= 650Mb / (@pkge) = 11093 page/CD
Number of page produced from UBC = 321743/ (0.0844%age) = 157958049 pages
Number of CD needed= 157958049 pages / 11093 pBge/C1239 CD/yr

Ecp= 14239CD/yr *1.8 kg /CD /(1000kg/ton) = 25.6 ton/y

To calculate the cost for paper method:

Cost of purchasing paper= $54/5000 sheets pap&7*8)’ sheets /yr = $550,929
Cost of storing the paper= $0.25%/tonth * 670m* 12months/yr*7yrs= $762,229/yr
Cost of initial deposit = $1.547t (0.0283 f/m®) * 670nT = $36,454/yr

Cost of retrieving the paper = $2.8/f(0.0283 f/m®) * 670nT* 0.15 = $8,877 /yr
Total cost the paper method =$550,929 /yr+$762y2 236,454 /yr+$8,877/yr=
$1,322,034 /yr

To calculate the cost of CD storage method:
Cost per CD=$44.92/50CD *0.8= $0.719 /CD
Total Cost of CD=$0.719 /CD*14239= $ 10,234



