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‘Paradigm Proqgress by Ravi Karumanchiri

To estimate the energy requirements and the emissions that result from the purchase and delivery of our eBooks
over the internet; we have relied on the research presented by Christopher L. Weber, Jonathan G. Koomey, and
H. Scott Matthews; in their article entitled “The Energy and Climate Change Implications of Different Music
Delivery Methods”, published in the ‘Journal of Industrial Ecology’ (2010, Yale University, Volume 14,
Number 5). These researchers applied and/or established a humber of statistics that informed our calculations,
and we are very grateful to be able to draw on their work.

On-Site Computer Mfg

Power Usage Power Usage

Transaction Internet

Data Energy Req't

0.08 kWhr
0.08 kWhr
0.08 kWhr

2 VB
2 VB
2 VB

0.02093 kWhr 0.2 kWhr
0.01672 kWhr 0.2 kWhr
0.01714 kWhr 0.2 kWhr

With Modelled Delive

TOTAL
POWER

0.30093 kWhr 0.196 k
0.29672 kWhr 0.193 k
0.29714 kWhr 0.193 k

This means, on average, the online purchase
and digital download of 'Paradigm Progress’
entails 0.194 kg (0.427 Ibs.) of carbon
dioxide emissions.
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Average » 0.609 MB

# Element
1 Cover Jacket
2 Cover
3 Cover Outer Facing
4 Cover Inner Facing
5 Main Text Guts

6 Shipping Box

Wood Use

37 grams

14 grams

21 grams

39 grams

1.4 kgs

0.0000 grams

Totals 1.5kes

Purchased

Net Energy

Energy

157 watt-hours

260 watt-hours

89 watt-hours

139 watt-hours

5.8 kilowatt-
hours

335 watt-hours

6.7 kilowatt-
hours

124 watt-hours

218 watt-hours

71 watt-hours

104 watt-hours

0.018 kWhr

Weber, Koomey and Matthews calculated an ‘internet energy intensity factor’ of 7 kWh per
gigabyte of data transferred, applicable for 2008. These researchers note that this figure is
decreasing by approximately 30% per year, or 50% every two years, owing to technological
innovation and the installation of new computer equipment. However, for want of specific
corroborating evidence to support this assertion, we have applied this energy intensity factor
even though there is strong reason to believe that this overestimates the energy
requirements of present-day data transfers over the internet. By adding-up the ‘electronic
file size’ and the ‘transaction data’, we computed the ‘total data transfer’ (not shown in the
above table), and factored it against this7 kWhr per gigabyte ‘internet energy intensity
factor’, to establish ‘internet power usage’.

In the ‘Monte Carlo’ simulations used by Weber, Koomey and Matthews to model various
emissions scenarios, they used a range of between 40-200 watts of energy for on-site
electricity consumption; to account for home computer use, lighting, heating and cooling of
the room, and the network energy overhead for the online shopping, purchase and digital
download transaction. As is our (conservative) practice for this life cycle inventory, we have
used the 200 watt figure in our calculations.

In their work, Weber, Koomey and Matthews also accounted for the energy that was
required to manufacture the computer that was used for the online shopping, purchase and
digital download. To do this they relied upon an energy allotment factor of 0.004 kWhr per
minute of computer use (assuming a lifetime for the computer of 3 years), and modelled for
between 11 and 20 minutes of computer use in their ‘Monte Carlo’ simulations, in order to
apportion this manufacturing burden onto the online shopping, purchase and download
transaction. In our calculations, we have assumed the maximum of this range — 20 minutes
— to establish a computer manufacturing burden of 0.08 kWhr for each buying transaction.

In their aforementioned article, Weber, Koomey and Matthews made the assumption that
between 1 MB and 2 MB of data transfers are inherent to the process of online shopping
and the online purchase transaction. Accordingly, in the interest of being conservative, we
have assumed that the high-end estimate of 2 MB of ‘transaction data’ transfer is inherent to
every electronic purchase of one of our eBooks. This figure was added-on to the ‘electronic
file size’ of the eBook edition of ‘Paradigm Progress’ in focus, in order to calculate ‘internet
power usage’ by factoring this sum against the ‘internet energy intensity factor’ of 7 kWh per
gigabyte of data transferred.

Material Type Material Utilization

Coated Freesheet

Uncoated Unbleached
Kraft Paperboard

Coated Freesheet

Uncoated Freesheet

Uncoated Freesheet

Unbleached

Corrugated 0% virgin mat’l)

Greenhouse

Sulphur Oxides Nitrogen Oxides Particulates

Gases Pollutants

0.2 grams 46 grams 0.08 grams 0.04 grams 0.02 grams

0.4 grams 60 grams 0.1 grams 0.05 grams 0.02 grams

0.1 grams 26 grams 0.04 grams 0.02 grams 0.01 grams

0.2 grams 39 grams 0.07 grams 0.04 grams 0.02 grams

4.5 kilowatt-

Hazardous Air

8 grams

1.6 kgs

3 grams

2 grams

0.6 grams

hours

330 watt-hours

0.6 grams 69 grams 0.2 grams 0.07 grams 0.05 grams

5.3 kilowatt-
hours

10 grams 3 grams 2 grams 0.8 grams

1.8 kg

This hard-copy book weighing 0.71 kg (1.56 Ibs.), with corrugated
packaging, and all of the materials used (including raw materials, utilized
and scrap materials), gives rise to 1.8 kgs of CO2-equivalent emissions.

The Paper Calculator includes an energy credit for energy that is created by |A subset of total energy, purchased energy measures how much energy |Sulphur dioxide is produced when boilers burn fuel that contains sulphur. Of
burning paper — or the methane that decomposing paper creates — at the |comes from purchased electricity and other fuels.

end of its life. The Net Energy takes the total amount of energy required to
make the paper over its life cycle, and subtracts this energy credit. If most of
the energy used to make the paper is purchased, then the energy credit
might make the Net Energy lower than the Purchased Energy. (NOTE:
These calculations are specific to the waste management situation in the
United States.)

the fuels used in the paper industry, oil and coal generally contain the
highest quantities of sulphur. Sulphur dioxide contributes to air pollution
problems like acid rain and smog.

After adding 9.2 grams of CO2-eq. emissions to account for the inbound
freight of delivering these materials to the 'Fictitious Printing Plant', the total
GHG emissions attributable to this hardcopy book and its corrugated
packaing equals 1.8 kg-CO2eq. NOTE: This figure includes CO2 from
burning fossil fuels and ‘fugitive’ methane from paper decomposing in
landfills, at rates characteristic of the waste management regime in the
United States.

0.298 kWhr

‘Total Power is the sum of ‘Internet Power Usage’, ‘On-Site Power Usage’ and the

‘Computer Manufacturing Energy Requirement’.

16.5" x 9.25" x 1 pg @ 111 GSM (w/
30% recycled & 70% virgin mat’l)

6.25" x 9.25" x 2 pg @ 352 GSM (w/
90% recycled & 10% virgin mat’l)

14" x 10" x 1 pg @ 47 GSM (w/ 30%
recycled & 70% virgin mat’l)

12.38" x 9" x 2 pg @ 96 GSM (w/ 30%
recycled & 70% virgin mat’l)

6.19" x 9" x 160 pg @ 104 GSM (w/
40% recycled & 60% virgin mat’l)

13" x 20" x 1 pc (w/ 100% recycled &

Compounds

0.02 grams

0.03 grams

0.01 grams

0.02 grams

0.8 grams

0.04 grams

0.9 grams

Volatile Organic

0.194 k

Weber, Koomey and Matthews assumed a United States average carbon dioxide emissions factor for
electric power of 650 g/kWhr, which they also found to be the median value for global electric power
production (which ranges between 300-900 g/kWhr). Accordingly, we have applied this US average/global
median value throughout our calculations. It is important to note that the carbon dioxide ‘intensity’ of grid-
transmitted electric power is highly variable across the world, and is dependent on the energy source mix
that is used to generate electric power in each region. It is also worth noting that the carbon dioxide
intensity of grid electricity is variable by time-of-day; with peak demand times being the most carbon
intensive, and low demand times (such as overnight) being the least carbon intensive. This is owing to
electric power supply management practices, which rely more heavily on fossil fuels (such as coal and
natural gas) during peak demand times, with less carbon-intensive power sources — such as hydro-electric
and nuclear — supplying base-load power.

ardcopy Material Resources & Emissions————

Environmental impact estimates for forest-source materials used in hardcopy book production and for packaging materials, are based on the Environmental Paper Network Paper Calculator. For more information visit http://www.papercalculator.org

Gross Material
Scrappage
Usage

17.0 grams 6.1 grams

39.3 grams 13.1 grams

9.7 grams 5.4 grams

14.7 grams 0.9 grams

635.0 grams 39.2 grams

52.8 grams Not Included

Total Reduced
Sulphur

Wastewater

0.003 grams 1.2 litres

0.001 grams 482 miillilitres

0.002 grams 678 millilitres

0.003 grams 1.1 litres

0.1 grams 46.3 litres

0.003 grams 442 millilitres

0.1 grams 50.3 litres

This 'distributed’ and comparative life-cycle inventory details the resource

requirements and the emissions that would result from the production and delivery of
the book entitled 'Paradigm Progress' to the ‘Lebanon City Library' located at 404
Main Street, Lebanon, Kansas, USA (66952). Three different scenarios are examined.
The first is for an 'eBook’ edition delivered electronically, over the internet, as a
digital download. The second scenario models for a hard cover edition of the same
book, also bought online but delivered via multi-modal shipping that includes air
freight. The third scenario similarly models for a hard cover edition, but this time
delivered exclusively by truck. The second and third scenarios both include a
corrugated box.

To do this, we have based our analytical estimates on the findings of peer-reviewed
research studies and published life-cycle analyses; and on estimates produced by
experts in the field, as well as respected non-governmental organizations, regulatory
agencies, and preeminent standard-setting organizations. Whenever possible, our
analytical estimates are based on actual measurements. Wherever necessary, we
have made the most conservative assumptions that we could reasonably make.

As an electronic publishing house, we at 'DigiNatal Publishing’ make no qualms
about our preference for eBooks. However, in compiling these three ‘cradle-to-gate’
life cycle inventories, we have applied very conservative estimates in the interest of
being more-than-fair.

Net Material

_ Virgin Material
Shipped

Recycled Material

ipping

Segment

NB: The following 'Fine-Print' notes are reduced from the 'Supplementary Notes'.
About this Life Cycle Inventory

Essentially, this life cycle inventory is a three-way comparison that examines the energy and resource requirements
alongside the environmental impacts of three choices in reading materials. We call these three choices ‘scenarios’.
In scenario #1, a reader buys an eBook edition of ‘Paradigm Progress’ online and receives it instantly as a digital
download delivered over the internet to his or her computer. Scenario #2 sees a reader buy an equivalent hard
cover edition — also online — but for delivery, the hard cover book is packaged in a corrugated box and is physically
transported to the reader’s location via express shipping that includes air freight. Scenario #3 is essentially the
same as scenario #2, except that instead of express shipping using air freight, delivery of the packaged hard cover
book is made exclusively by truck. All three scenarios involve equivalent sized reading materials (with the eBook
being an electronic file, while the hard cover books are concrete items common to bookshelves everywhere).

As our calculations demonstrate; a significant aspect of the energy requirements and airborne emissions for
scenarios #2 and #3 arises from the physical transportation of these hard cover books to their delivery destination.
Our findings show — as a general rule — that as the delivery distance increases, and also as the speed of delivery
quickens; so too does the energy requirements and resulting emissions that are associated with making the
delivery. This is because greater distances demand more fuel, of course, and faster deliveries inherently consume
more fuel as well, because faster vehicles are more energy intensive.

To assess these logistical energy requirements and airborne emissions with the greatest accuracy we could
manage, it was necessary to model fuel consumption and resulting emissions with great detail — the chief detail
being a pair of precise locations marking the start and end of the delivery trip. This is a distinguishing characteristic
of this life cycle inventory, as we have modelled for a very specific logistical flow that ends at the ‘Lebanon City
Library’ (located at 404 Main Street, in Lebanon, Kansas, USA). Accordingly, deliveries to other locations will
produce different inventories. To see which other destinations we have modelled for, please visit the DigiNatal
Publishing webpage for ‘Paradigm Progress’ at http://www.diginatal.com/paradigmprogress where you can also find
a “kml’ file that you can read using ‘Google Earth’ software to quickly review summary results for different delivery
destinations, as well as the detailed notes that are meant to accompany this poster.

Because this is a ‘cradle to gate’ life cycle inventory, we have only examined the production and delivery of these
reading materials, but not their use nor their ultimate disposal, which would be called a ‘cradle to grave’ life cycle
inventory. (This is because we are mindful of the fact that ‘disposing’ of an eBook is essentially a zero-emissions
activity, whereas disposing of hardcopy books is anything but. Taking the additional step of preparing a ‘cradle to
grave’ LCI would only further skew results in favour of eBooks, which we are reluctant to do, for the sake of being
more than fair.) Nonetheless, we are presently contemplating this additional initiative, even though we feel it is
unnecessary in order to be instructive to an informed choice — in favour of the environmentally responsible decision
to buy your reading materials in ‘dematerialized’ form — as eBooks.

Assessing “Soft” eBooks from DigiNatal Publishing

To make the comparison that is the focus of this life cycle inventory, we began by producing eBook editions of the
Author’'s work entitled ‘Paradigm Progress’; including ‘.epub’ and ‘.mobi’ editions (among others), which are the
most popular open source file formats for eBooks. This helped us to establish the electronic file sizes of the
resulting eBook editions, and gave us a basis for estimating the resource requirements and environmental impacts
of delivering these eBooks as digital downloads transmitted over the internet. (It should be noted that producing
dematerialized eBooks is essentially a zero-requirement and no-impact process, because electronic files are copied
ad hoc as part of the internet transmission process, without any ‘upstream’ material requirements or ‘scrap’, nor the
need for advance storage, maintenance or packaging. Therefore, nearly all of the resource requirements and
environmental emissions are attributable to the process of delivering the eBooks, but not for actually producing
them; very much unlike hardcopy books.)

To perform the calculations needed to assess scenario #1; we have relied on the research presented by Christopher
L. Weber, Jonathan G. Koomey, and H. Scott Matthews; in their article entitled “The Energy and Climate Change
Implications of Different Music Delivery Methods”, published in the ‘Journal of Industrial Ecology’ (2010, Yale
University, Volume 14, Number 5). These researchers applied and/or established a number of statistics that
informed our calculations, and we are very grateful to be able to draw on their work.

1. An internet data transfer energy intensity factor of 7 kWh per gigabyte, current as of 2008. The researchers note
that this figure is decreasing by approximately 30% per year, or 50% every two years, owing to technological
innovation and the installation of new computer equipment in data centres around the world. However, for want of
specific corroborating evidence to support this assertion, we have applied the 2008 energy intensity factor of 7 kWh
per gigabyte transferred, even though there is strong reason to believe that this overestimates the energy
requirements of present-day data transfers over the internet. (Note that this over-estimation represents a bias
against eBooks.)

2. The researchers assumed a United States average CO2-equivalent emissions factor for grid-delivered electric
power of 650 g/kWhr, which they also found to be the median value for global electric power production (which
ranges between 300-900 g/kWhr). Accordingly, we have applied this US average/global median value throughout
our calculations. Using this emissions factor makes sense, because of the way that data is transmitted across the
internet, with a single file being divided into numerous ‘data packets’ that are routed in unpredictable fashion
through data centres around the world, until they reach the destination web server, where they are recompiled into a
single file and sent to the destination computer. For this reason, a single, global value is more useful than
regionally-specific factors. Perhaps in future, when appropriate sets of meta data and the tools necessary to
analyze them with rigour become available, this factor in our calculations can be improved.

3. The researchers also made the assumption that between 1 MB and 2 MB of data transfers are inherent to the
process of online shopping and the purchase transaction. Accordingly, we have assumed that 2 MB of data
transfers owing to ‘transaction processing’ are inherent to every electronic purchase of one of our eBooks (in
scenario #1), as well as to the hardcopy editions that are bought and shipped in scenarios #2 and #3.

4. Weber, Koomey and Matthews also assumed that between 11 and 20 minutes were spent by purchasers to shop
online. We have applied the high-end assumption of 20 minutes spent in this process, also across the board, for
scenarios #1, #2 and #3.

5. Following the lead set by Weber, Koomey and Matthews, we further assumed that these 20 minutes of time
spent shopping online, also entailed a combined energy requirement of some 200 watts of on-site energy for home
computer use, lighting, heating and cooling of the room, and the network energy overhead for the transaction. This
assumption is also on the high-end of the range considered by the researchers, who modelled for between 40-200
watts of energy; and we applied this energy requirement to all three scenarios examined in this life cycle inventory.

Leg1o0of5

Veh iCIe Heavy-Duty Truck

0.7 g of Diesel Oil

o Lebanon, Kansas, USA

6. Weber, Koomey and Matthews also factored-in the energy requirement of 0.004 kWhr per minute allotted to the
embodied manufacturing energy needed to build the computer used by the purchaser to execute the online
purchase transaction. This value is based on an assumed lifetime of 3 years for the computer. Further assuming 20
minutes of time spent online, this means our analysis should include 0.08 kWhr of energy use allocation for the
computer, per transaction, also for all three scenarios.

With this information, calculating the resource requirements and environmental emissions for scenario #1 becomes
a simple matter of factoring the eBook file sizes against these figures, as appropriate. The results are detailed here,
under the heading “eBook Energy & Emissions”, which include electric power requirements and the resulting carbon
dioxide equivalent emissions. The average of these results is further compared to scenarios #2 and #3 in the yellow
section of this poster in the bottom right corner (where this average eBook is depicted on a green background).

Assessing “Hardcopy” Books

One of the eBook editions we always produce is in the ‘Portable Document Format’ with the file extension ‘.pdf’.
This is a widely used file format originally developed by Adobe Systems® in 1993. What distinguishes PDF files
from other electronic formats is that they encapsulate a complete description of a fixed-layout flat document,
including the text, fonts, graphics, and other information needed to display it. In so doing, we can establish the page
dimensions and page counts that would be needed to produce any hardcopy edition of the same literary work.
Indeed, PDFs are the industry standard format for book printers producing complex layouts. (Other eBook formats
have ‘scalable’ font sizes, to allow readers to alter or ‘vary’ how the work is paginated. Effectively, PDFs fix’
pagination, thereby giving us a basis for estimating the resource requirements and environmental impacts of
hardcopy analogues, as we have done for scenario #2 and #3.

After establishing page dimensions and counts, we augmented this descriptive information with additional,
reasonable book-designing options to define the complete set of specifications for a comparative hardcopy book. (If
‘Paradigm Progress’ were available as a hardcopy edition, we would simply use its specifications to inform our
analysis.) In our LCI model we account for such things as paper weights, quantities utilized and scrapped
(considering the stock sizes of the basis sheets and the printing ‘signature’ and resulting ‘crops’ (cuttings) needed to
produce the book); as well as material types and contents, and the relative percentages of recycled and virgin
source fibres. We did this for every component of the hardcopy book. For hard cover editions, this includes the
cover jacket, the hard covers themselves, the paper ‘inner’ and ‘outer’ facings that are glued to the hard covers to
make them presentable, and the ‘text guts’ that comprise the bulk, printed pages of the book. Soft cover editions
are similar, but with a lighter cover that wraps-around the book, and without the ‘inner’ and ‘outer’ facings or the
cover jacket. The cover stock specified for soft cover editions is also much lighter than for hard cover editions,
naturally.

We should note that whatever scrap we have accounted for in our estimates, arises only from the cropping of basis
sheets to achieve the page sizes specified as explained above. So-called ‘make-ready’ scrap and scrap arising
from the proofing process are not included. Much more significantly, we should also note that many of the hardcopy
books printed in the world are never sold or read by anyone. They are scrapped without ever having been opened
by a single living soul. For many print runs, upwards of seventy percent of the books printed meet this sad and
wasteful fate. If we were to account for all of this scrap, and apportion it appropriately to the hardcopy books in our
LCI model, the comparison vis a vis eBooks would reflect very, very poorly on hardcopy books. Our decision to
exclude all of these sources of scrap, and to focus only on the ‘production scrap’ inherent to the single hardcopy
that is directly in our focus, is yet another instance of us being more than fair in our comparison. We did, however,
include 0.8 grams CO2-eq to account for the emissions inherent to trucking the production scrap for the hardcopy
book to a (fictitious) recycling facility located 100 kilometres away.

To be clear, we should also note that our estimates of the resource requirements and resulting emissions for
hardcopy books, whether they are hard or soft covered; does not include consideration of the energy required by
the book printer to actually manufacture the book, nor any consideration of the inks used for printing, nor any
adhesives that were used. In future, these considerations may be added to our LCI model, in order to produce an
even more complete life cycle inventory.

At the end of this step, all of these specifications were then factored against data from the ‘Environmental Paper
Network Paper Calculator’ (available online at www.papercalculator.org). The results of this process are depicted
here under the heading “Hardcopy Material Resources & Emissions”.

About the Corrugated Shipping Package

After we fully specified the hardcopy edition as explained above; we computed the specifications for a corrugated
box that would be suitable to ship it. We took great care not to over-specify this corrugated box, being certain not to
make it any bigger or thicker or sturdier than absolutely necessary. To be sure, the corrugated box we have
modelled may not be commercially available, and likely no such box would ever be used by any book distributor to
ship any comparable book. However, we have taken this approach in order to minimize the contribution of the
shipping box to the overall footprint of the hardcopy books in our comparison. We have done this, even though we
can model — with unparalleled precision — for virtually any corrugated shipping carton; and even though there is a
great likelihood that a hardcopy book distributor would probably use a larger box in real life. (Please see note #6 for
the complete specification of the shipping box we have modelled.) As with the hardcopy book, we have factored the
resultant material usage statistics for the corrugated shipping carton against the energy requirements and

emissions factors drawn from the ‘Environmental Paper Network Paper Calculator (available online at

www.papercalculator.org).

Hardcopy Logistics

In the specification-setting exercise for the hard cover analogue of our eBook and its shipping package, described
above; we established the weight of the package that would be shipped to the reader located at the ‘Lebanon City
Library’. This package weight informed all of our logistical calculations, which were variations on the following four
equations: FIRST: ‘Package Weight' x ‘Shipping Distance’ = ‘Workload’. SECOND: ‘Workload’ x ‘Vehicle-Specific
Energy Intensity Factor' = ‘Energy Requirement. THIRD: ‘Energy Requirement’ / ‘Regional/Fuel-specific Net
Calorific Value’ = ‘Fuel-Type Quantity’. AND FOURTH: ‘Fuel-Type Quantity’ x ‘Various Emissions Factors’ =
‘Resultant Emissions’. Combined, these four equations are known as the ‘fuel use’ method for calculating
emissions, and this method is considered the most accurate for calculating emissions attributable to the
transportation of freight. Let's examine each of these variables with more detail, for the sake of clarity and to
understand more about what sets this life cycle inventory apart from others.

AVIATION
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Bombardier CRJ-100ER

44.5 g of Jet Kerosene
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Embraer ERJ145

47.5 g of Jet Kerosene

Package Weight: This is the weight of the finished hardcopy analogue of our eBook entitied ‘Paradigm Progress’,
plus the corrugated shipping package it would be delivered in, as detailed above. At present, we have excluded any
other items that might ordinarily be included in such a delivery, such as an invoice, bill of lading, export/import
documents, receipt, label, coupon or promotional materials or any kind of adhesive or packing tape. Moreover, any
scrap that would have been produced in the making of the hardcopy book is also not on-board with this package. It
is important to note that for every component of this packaged hardcopy book, our estimations of its weight are
exact, insofar as the ‘mill weight’ of the materials still holds true at the time of delivery. What this means is that the
so-called mill weight reflects the moisture content of the materials at the time they left their respective paper mills
of original manufacture (typically 4-5% by weight). However, the printing process and or storage in moist
environments or transit through humid environments — even the seasons or temperature changes — may cause the
actual weight to vary from the mill weights we have relied upon to calculate our estimates. For the time being, we
have chosen to ignore these factors, for want of a way to accurately model them, and have assumed that the mill
weight of all these materials is appropriate for our current purposes. For the purpose of our logistics calculations,
the package weight we have used is 0.71 kg (1.56 Lbs.).

Shipping Distance: To determine a shipping distance, it was necessary to define a starting location, a delivery
destination and a route between them (which for multi-modal shipping, involves multiple logistical ‘legs’ which may
not be covered by the same vehicle or even type of vehicle). As a matter of course, we already had a delivery
destination in mind (actually, many more than one, but we want to consider them one at a time). What we really
needed was a starting location. To pick one, we decided that for our purposes, it was best to set a ‘fake’ starting
location, which we have called the ‘Fictitious Printing Plant’. This is where we have modelled that all of the material
components are merged into the hardcopy book and its shipping package. Effectively, we picked a (non-existent)
street address as the starting location for this simulated delivery of our spurious hardcopy book, for the sake of
making a comparison to our eBooks. In this same spirit, we have depicted a fake building at this location in the
“.kml’ file viewable using ‘Google Earth’ software.

If you have ‘Google Earth’ installed on your computer — even the free version — double-clicking on this ‘.kml’ file will
display all of the points of interest and the delivery routes that we have modelled for, up to the present point in time.
(We continually add destinations and delivery routes to this file, which you can find on the DigiNatal Publishing
webpage for ‘Paradigm Progress’ at http://www.diginatal.com/paradigmprogress. By surveying the latest release of
this file, you can quickly review the location-specific summary reports of this ‘DC-LCI’ (distributed and comparative,
life cycle inventory), where you can even click-through to see the full poster-reports and the detailed notes to
accompany them. Simply click on the book icons that depict the cover of ‘Paradigm Progress’ and wait for the API
to load the summary report (or scroll to the bottom of the pop-up bubble and click-through to find more information).
In our calculations, we have used kilometres exclusively, even though we have sometimes expressed results in
miles, or for aviation or navigation, in nautical miles.

Workload: This is the product of the package weight (expressed in metric tonnes), multiplied by the shipping
distance for each leg (expressed in kilometres), which results in a ‘workload’ that is defined in units of work known
as ‘metric-tonne kilometres’. One metric-tonne kilometre is the workload that is required to move one metric tonne
a distance of one kilometre.

Vehicle-Specific Energy Intensity Factor: These are a series of factors that we have compiled, the bulk of which we
have drawn from research conducted under the auspices of the ‘International Energy Agency’ (www.iea.org), which
detail, on a regional basis, the modal energy intensities of different forms of freight transportation, including light
and heavy duty trucks, rail, aviation and navigation. The use of this regional and time-sensitive data set, with its
application to different vehicle types and vintages, is one of the nuances that makes our emissions estimates more
accurate than can typically be computed with most online calculators. This value is expressed in ‘megajoules per
metric-tonne kilometre'.

Energy Requirement: By factoring the ‘Workload’ implied for a specific logistical leg, against the chosen ‘Vehicle-
Specific Energy Intensity Factor’, we can determine the ‘Energy Requirement’ that is appropriate for the given
region, considering where the logistical leg is modelled to take place, which further considers the vehicle fleet in
operation in that region (by vehicle vintage). This value is expressed in kilojoules.

Regional/Fuel-specific Net Calorific Value: All fuels are not alike, and from region-to-region around the world, not
even the same types of fuel are perfectly alike, owing to different sources and differing production practices at
various petroleum refineries. To account for this variation around the world, we have again drawn on data from the
‘International Energy Agency’ to use ‘Net Calorific Values' that are specific to different regions — which is yet
another nuance that makes our emissions estimates more accurate than can typically be computed with most
online calculators. This ‘Net Calorific Value’ (NCV) is a measure of the energy potential of a given weight of fuel,
and is expressed in units of ‘kilojoules per kilogram’.

Fuel-Type Quantity: By dividing the ‘Energy Requirement’ by the ‘Regional/Fuel-specific NCV’, we can at last
determine the quantity of the specific type of fuel that is required to move the package from one point to another,
all of the above things properly considered. In our calculations, this value is expressed as kilograms of a specific
tvoe of fuel

Emissions Factors: We have taken great care to select and properly use the most appropriate emissions factors for
all of our logistical emissions calculations. Most of our emissions factors have been drawn from the guidelines and
the ‘Emissions Factor Database’ published by the ‘Intergovernmental Panel on Climate Change’ (www.ipcc.ch); the
world’s leading authority and the chief scientific body concerned with these matters. Our high level of care is
mandatory, because the combustion of a certain amount of a given fuel, in different vehicles, will produce different
emissions profiles. In no case is this more critical than for aviation. As with all of the emissions factors we have
used for every mode of *freight* transport, the emissions factors for air freight are expressed in terms of grams of a
gas emitted for a given weight of fuel combusted (grams of gas per kg of fuel used). The unique challenge posed
by calculating emissions for freight logistics involving airplanes, is that the available emissions factors are all
applicable for cruise-level flight only, and do not consider the emissions that are produced during the landing and
takeoff (LTO) cycle, which can be considerable, especially for short-distance flights.

Boeing 737-700

AVIATION
Leg4of5

84.1 g of Jet Kerosene

In our considered opinion, this represents a significant deficiency with emissions inventories prepared for air freight,
particularly in the North American context, where we are heavily reliant on aviation for express shipping that might
typically be used to deliver hardcopy books bought online, as we have modelled in scenario #2 and #3. In order to
address this deficiency, we have devised a novel approach to estimate air freight emissions arising during the LTO
cycle, in order to include these significant emissions in our life cycle inventory. To our knowledge, no other
published life cycle inventory or online emissions calculator or even the ‘calculation tools’ promoted by the
‘Greenhouse Gas Protocol Initiative’ (www.ghgprotocol.org) have addressed this deficiency with the same or more
substantial rigour as have we. (Please, if you know otherwise, or if you recognize any error or problem with our life
cycle inventory, do not hesitate to let us know by contacting us through either of our websites, www.synerlux.com or
www.diginatal.com. We would be very grateful for your corrections and suggestions for improvement.) For
complete details on precisely what we have done to estimate LTO-related emissions from air freight, please refer to
the notes that accompany this  poster-report, which you can find online at
http://www.diginatal.com/paradigmprogress

Resultant Emissions: By applying the emissions factors to the fuel use statistics, we derive the ‘Resultant
Emissions’. In the present iteration of our LCI model, these include, as is scientifically appropriate; carbon dioxide
(CO2), carbon monoxide (CO), methane (CH4), nitrogen oxides (NO+NO2), nitrous oxide (N20), non-methane
volatile organic compounds (NMVOCs — a class of chemicals that all contain carbon atoms), and sulphur oxides
(SO2+S083). These results demanded yet another level of calculation aimed at correcting the ‘carbon balance’ of
the emissions profile established for each specific logistical leg.

You see; the emission factors for carbon dioxide assume that 100% of the carbon content of the fuel used was
combusted or ‘oxidized’. However, when any fuel is burned in an engine, the exhaust gases invariably contain
partially-burned constituents that have not been fully oxidized. This is because engines constrain the oxygen supply
as the fuel is put to work to generate power, and is especially the case when engines operate in the ‘thin’
atmosphere of higher altitudes, as do airplanes at cruise levels, or conversely, when jet engines are operated at
lower power levels while on the ground (as this entails a lower operating temperature at which combustion is also
less than complete). Road vehicles operating under load (as they all do) also produce partially combusted exhaust
emissions. For this reason, it is necessary to quantify the carbon content of the other carbonaceous gases and
subtract the carbon dioxide equivalent from the primary carbon dioxide emissions that were calculated with the use
of the ‘primary’ CO2 emissions factor. Doing this for carbon monoxide and methane is a relatively straightforward
affaire. However, to include the carbon dioxide equivalent emissions that are classified under the NMVOC
umbrella, we must first identify the constituent ‘species’ of carbonaceous emissions that make up the NMVOCs
emitted. (Not every life cycle analysis takes this additional step, which we have taken in the interest of precision.)

At present, we have relied upon two ‘organic gas species profiles’ to do this (and we intend to add more profiles in
the near future). For aviation emissions of NMVOCs; we have relied upon the profile published in “Recommended
Best Practice for Quantifying Speciated Organic Gas Emissions from Aircraft Equipped with Turbofan, Turbojet,
and Turboprop Engines, Version 1.0” by the ‘Assessment and Standards Division Office of Transportation and Air
Quality’, U.S. Environmental Protection Agency, and ‘AEE-300 - Emissions Division’ at the ‘Office of Environment
and Energy’, ‘Federal Aviation Administration’ (in the United States). (Publication ID: EPA-420-R-09-901 May
2009). For trucking emissions of NMVOCs; we have relied upon the data published by the United States
Environmental Protection Agency in their “Speciate Data Browser, version 4.2" as profile #2563 - 'Roadway -
Vehicle Exhaust Emissions - Raleigh’ (with the added assumption that the 50.55% unidentified portion, by weight, is
actually ‘isobutene/1-butene’ (CAS 106-98-9), which has an approximately average hydrogen/carbon ratio as seen
among the identified speciate constituents in this profile). Accordingly, the isobutene/1-butene emissions identified
for trucking logistics should be considered as suspect, even while they may arguably be considered suitable for our
purposes of correcting the carbon balance of our emissions profiles. This profile #2563 is available online at
http://cfpub.epa.gov/si/speciate/index.cfm. By applying the ‘mass fractions’ identified in these two organic gas
speciate profiles, we were able to calculate the carbon dioxide equivalent emissions that we needed to subtract
from the emission factor-derived quantities of carbon dioxide, in order to bring our emissions profile into
stoichiometric balance (thereby avoiding the error of double-counting carbonaceous emissions). The final results of
these calculations are reported here, in this poster-report.

This life cycle inventory was last updated
on Monday, September 5, 2011.

If you know of some error or problem with
this life cycle inventory, or if you have a
suggestion for how we can improve it,
please let us know by contacting us
through either of our websites.

www.diginatal.com
or
www.synerlux.com
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0.06 grams 0.1 grams 0.2 grams 17 grams
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ipping

0.09 grams 0.1 grams 0.07 grams 11 grams

Distance

0.04 grams 0.07 grams 0.09 grams 10 grams

0.07 grams 0.1 grams 0.2 grams 13 grams

Carbon Dioxide

3 grams

5 grams

7 grams

515 grams

Carbon Monoxide

26.9 km (16.7 miles)

Delivery Leg 1 of 5 from: Fictitious Printing Plant @ 11 Havenbrook Boulevard, Toronto, Ontario,
Canada (M2J 1A5); to: Vista Cargo Centre - Pearson International Airport @ 6500 Silver Dart Drive,
Mississauga, Ontario, Canada (L5P 1B1). This involves the transport of a 0.71 kg (1.56 Lb.) hard
cover book (corrugated packaging included), a distance of 26.9 km (16.7 miles), establishing a

375.4 km (202.7 nautical
miles)

Delivery Leg 2 of 5 from: Lester B. Pearson International Airport, IATA Airport Code YYZ, Toronto,
Canada; to: Detroit Metropolitan Wayne County Airport, IATA Airport Code DTW, Detroit, USA. This
involves the further transport of the same package, a distance of 375.4 km (202.7 miles),
establishing a 'workload' for this leg of 0.265 metric-tonne kilometres. After factoring for the energy

"workload for this leg of 0.0190 metric-tonne kilometres. After factoring for the energy
of the ‘Heavy-Duty Truck' we modelled for, the need for 30 kilojoules of energy is established, which
is the fuel equivalent of 0.00071 kg of diesel oil (assuming an NCV of 42,600 KJ/kg). By applying
the '2006 IPCC Guidelines for National Greenhouse Gas Inventories'; but using an even more
precise method than the one suggested there; we calculated our base carbon dioxide emissions'
using a CO2 intensity factor of 74 mg CO2 per kilojoule of fuel combusted (at 100% oxidation). We
also drew on a select panel of emissions factors to model other emissions, including; carbon
monoxide (CO), methane (CH4), nitrogen oxides (NO+NO2), nitrous oxide (N20), and h

of the ' jler CRJ-100ER' we modelled for, the need for 1,987 kilojoules of
energy is established, which is the fuel equivalent of 0.045 kg of jet kerosene (assuming an NGV of
44,600 KJ/kg). By applying the 2006 IPCC Guidelines for National Greenhouse Gas Inventories’;
but using an even more precise method than the one suggested there; we calculated our ‘base
carbon dioxide emissions' using a CO2 intensity factor of 71 mg CO2 per kilojoule of fuel combusted
(at 100% oxidation). We also drew on a select panel of emissions factors to model other emissions,
including; carbon monoxide (CO), methane (CH4), nitrogen oxides (NO+NO2), nitrous oxide (N20),

volatile organic compounds (NMVOCs). Because the CO, CH4 and NMVOCs all contain carbon, we
then reduced our 'base CO2 estimate' to bring all of our emissions estimates into 'stoichiometric
balance'. The resulting emissions profile is as follows:

See Note
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and thane volatile organic (NMVOCs). Because the CO, CH4 and NMVOCs all
contain carbon, we then reduced our ‘base CO2 estimate' to bring all of our emissions estimates into
'stoichiometric balance'. The resulting emissions profile is as follows:

See Note
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See Note
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431.5 miligrams #48

400.0 km (216.0 nautical
miles)

Delivery Leg 3 of 5 from: Detroit Metropolitan Wayne County Airport, IATA Airport Code DTW,
Detroit, USA; to: Chicago Midway International Airport, IATA Airport Code MDW, Chicago, USA.

This involves the further transport of the same package, a distance of 400.0 km (216.0 miles),

establishing a ‘workload' for this leg of 0.282 metric-tonne kilometres. After factoring for the energy
requirements of the 'Embraer ERJ145' we modelled for, the need for 2,117 kilojoules of energy is

established, which s the fuel equivalent of 0.047 kg of jet kerosene (assuming an NGV of 44,600

KJ/kg). By applying the '2006 IPCC Guidelines for National Greenhouse Gas Inventories'’; but using
an even more precise method than the one suggested there; we calculated our 'base carbon dioxide
emissions' using a COZ intensity factor of 71 mg CO2 per kiojoule of fuel combusted (at 100%

oxidation). We also drew on a select panel of emissions factors to model other emissions, including;
carbon monoxide (CO), methane (CH4), nitrogen oxides (NO+NO2), nitrous oxide (N20), and non-
methane volatile organic compounds (NMVOCs). Because the CO, CH4 and NMVOCs all contain
carbon, we then reduced our ‘base CO2 estimate’ to bring all of our emissions estimates into

‘stoichiometric balance. The resulting emissions profile is as follows:
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Scenario #3

All-Truck

Heavy-Duty Truck

50.8 g of Diesel Oil

1,916.0 km (1,190.5
miles)

ALL-ROAD delivery from: Fictitious Print Plant @ 11 Havenbrook Bivd., Toronto, Ontario, Canada
(M2J 1A5); to: Lebanon City Library @ 404 Main Street, Lebanon, Kansas, USA (66952). The ‘all-
road' delivery scenario we modelled also involves the transport of a 0.71 kg (1.56 Lb.) package;
HOWEVER, for a total distance of 1,916 km (1,191 miles), establishing a 'workload' for this end-to-
end delivery of 1.35 metric-tonne kilometres. After factoring for the energy requirements of the
'Heavy-Duty Truck' we modelled for, the need for 2,163 kilojoules of energy is established, which is
the fuel equivalent of 0.051 kg of diesel oil (assuming an NCV of 42,600 KJ/kg). By applying the
'2006 IPCC Guidelines for National Greenhouse Gas Inventories'; but using an even more precise
method than the one suggested there; we calculated our 'base carbon dioxide emissions' using a
CO2 intensity factor of 74 mg CO2 per kilojoule of fuel combusted (at 100% oxidation). We also
drew on a select panel of emissions factors to model other emissions, including; carbon monoxide
(CO), methane (CH4), nitrogen oxides (NO+NO2), nitrous oxide (N20), and non-methane volatile
organic compounds (NMVOCs). Because the CO, CH4 and NMVOCs all contain carbon, we then
reduced our 'base CO2 estimate' to bring all of our emissions estimates into 'stoichiometric balance'.
The resulting emissions profile is as follows:

See Note
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709.1 km (382.9 nautical
miles)

Delivery Leg 4 of 5 from: Chicago Midway International Airport, IATA Airport Code MDW, Chicago,
USA: to: Kansas City International Airport, IATA Airport Code MCI, Kansas City, USA. This involves
the further transport of the same package, a distance of 709.1 km (382.9 miles), establishing a
‘workload'for this leg of 0.500 metric-tonne kilometres. After factoring for the energy requirements of
the ‘Boeing 737-700" we modelled for, the need for 3,753 kilojoules of energy is established, which is
the fuel equivalent of 0.084 kg of jet kerosene (assuming an NCV of 44,600 KJ/kg). By applying the
'2006 IPCC Guidelines for National Greenhouse Gas Inventories'; but using an even more precise
method than the one suggested there; we calculated our ‘base carbon dioxide emissions' using a
CO2 intensity factor of 71 mg CO2 per Kilojoule of fuel combusted (at 100% oxidation). We also
drew on a select panel of emissions factors to model other emissions, including; carbon monoxide
(CO), methane (CH4), nitrogen oxides (NO+NO2), nitrous oxide (N20), and non-methane volatile
organic compounds (NMVOCs). Because the CO, CH4 and NMVOCs all contain carbon, we then
reduced our ‘base CO2 estimate’ to bring all of our emissions estimates into 'stoichiometric balance'.
The resulting emissions profile is as follows:
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344.1 grams 07

See Note

1.8 grams 08

See Note
#109

See Note

1.3 grams 410

See Note

10.8 miligrams 11

See Note

178.3 miligrams #1128
#88

See Note

109.1 miligrams 13

381.0 km (236.7 miles)

Delivery Leg 5 of 5 from: Joint Air Cargo Facility @ 700 Mexico City Avenue, Kansas City, Kansas,
USA (64153-2054); to: Lebanon City Library @ 404 Main Street, Lebanon, Kansas, USA (66952).

This involves the further transport of the same package, a distance of 381.0 km (236.7 miles),

establishing a ‘workload' for this leg of 0.269 metric-tonne kilometres. After factoring for the energy
requirements of the 'Light-Duty Truck' we modelled for, the need for 430 kilojoules of energy is

established, which is the fuel equivalent of 0.010 kg of diesel il (assuming an NCV of 42,600

KJ/kg). By applying the '2006 IPCC Guidelines for National Greenhouse Gas Inventories’; but using
an even more precise method than the one suggested there; we calculated our ‘base carbon dioxide
emissions' using a CO2 intensity factor of 74 mg CO2 per Kilojoule of fuel combusted (at 100%

oxidation). We also drew on a select panel of emissions factors to model other emissions, including;
carbon monoxide (CO), methane (CH4), nitrogen oxides (NO+NO2), nitrous oxide (N20), and non-
methane volatile organic compounds (NMVOCs). Because the CO, CH4 and NMVOCs all contain
carbon, we then reduced our 'base CO2 estimate' to bring all of our emissions estimates into

‘stoichiometric balance'. The resulting emissions profile is as follows:
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For more information about the organic gases identified for each logistical leg in scenario#2, and for the all-road

scenario #3, please review the following: NOTE #10 regarding logistical leg '1', details a number of NMVOC

emissions including: 0.144 mg of ethylene; 0.133 mg of toluene; 0.119 mg of isopentane (2-methylbutane); 0.114

mg of acetylene; 0.107 mg of ethylbenzene; 0.0894 mg of m & p-xylene; 0.0652 mg of benzene; 0.0569 mg of n-
pentane; 0.0507 mg of propylene; 0.0367 mg of ethane; 0.0353 mg of n-butane; 0.0285 mg of o-xylene; 0.0178 mg

of propane; and 1.02 mg of unidentified (assumed isobutene/1-butene). NOTE #26 regarding logistical leg '2',

details a number of NMVOC emissions including: 7.97 mg of ethylene; 7.53 mg of C-10 paraffins; 6.34 mg of

formaldehyde; 3.01 mg of C-10 olefins (modeled as trans-3,trans-6-decadiene); 3.01 mg of decanal; 2.34 mg of

propylene; 2.20 mg of acetaldehyde; 2.03 mg of acetylene; 1.50 mg of 2-dodecenal; 1.26 mg of acrolein; 0.936 mg

of glyoxal; 0.930 mg of methanol; 0.904 mg of isobutene/1-butene; 0.869 mg of 1,3-butadiene; 0.866 mg of

benzene; 0.774 mg of methylglyoxal; 0.532 mg of crotonaldehyde; 0.400 mg of 1-pentene; 0.379 mg of 1-hexene;

0.375 mg of propionaldehyde; 0.374 mg of phenol; 0.338 mg of c4-benzene + c3-aroald; 0.331 mg of toluene;

0.279 mg of naphthalene; 0.276 mg of n-tridecane; 0.268 mg of ethane; 0.242 mg of benzaldehyde; 0.238 mg of n-
dodecane; 0.229 mg of n-undecane; 0.226 mg of 1-heptene; 0.221 mg of methacrolein; 0.214 mg of n-tetradecane;

0.210 mg of 2-methylpentane; 0.190 mg of acetone; 0.185 mg of trans-2-pentene; 0.180 mg of 1,2,4-
trimethylbenzene; 0.167 mg of c5-benzene + c4-aroald; 0.165 mg of n-decane; 0.159 mg of styrene; 0.143 mg of m-
tolualdehyde; 0.142 mg of cis-2-pentene; 0.142 mg of 1-octene; 0.127 mg of 1-methyl naphthalene; 0.127 mg of 1-
nonene; 0.126 mg of valeraldehyde; 0.118 mg of o-tolualdehyde; 0.108 mg of cis-2-butene; 0.106 mg of 2-methyl-
naphthalene; 0.102 mg of n-pentane; 0.096 mg of c14-alkane (modeled as N-tetradecane); 0.095 mg of 1-decene;

0.095 mg of 2-methyl-2-butene; 0.091 mg of c15-alkane (modeled as N-pentadecane); 0.090 mg of ethylbenzene;

0.089 mg of n-pentadecane; 0.086 mg of o-xylene; 0.079 mg of m-ethyltoluene; 0.075 mg of c16-alkane (modeled

as N-hexadecane); 0.073 mg of m-xylene; 0.073 mg of p-xylene; 0.072 mg of 2-methyl-1-butene; 0.061 mg of

butyraldehyde; 0.058 mg of 3-methyl-1-butene; 0.055 mg of 1,2,3-trimethylbenzene; 0.046 mg of 2,6-
dimethylnaphthalene; 0.040 mg of propane; 0.036 mg of 4-methyl-1-pentene; 0.033 mg of o-ethyltoluene; 0.033 mg

of p-ethyltoluene; 0.033 mg of n-heptane; 0.032 mg of n-nonane; 0.032 mg of n-octane; 0.028 mg of 1,3,5-
trimethylbenzene; 0.027 mg of n-propylbenzene; 0.025 mg of n-hexadecane; 0.025 mg of p-tolualdehyde; 0.018 mg

of 2-methyl-1-pentene; 0.016 mg of isovaleraldehyde; 0.015 mg of trans-2-hexene; 0.005 mg of n-heptadecane;

0.002 mg of isopropylbenzene; and 0.001 mg of c18-alkane (modeled as N-octadecane). NOTE #57 regarding

logistical leg '3', details a number of NMVOC emissions including: 8.49 mg of ethylene; 8.02 mg of C-10 paraffins;

6.76 mg of formaldehyde; 3.21 mg of C-10 olefins (modeled as trans-3,trans-6-decadiene); 3.21 mg of decanal;

2.49 mg of propylene; 2.35 mg of acetaldehyde; 2.16 mg of acetylene; 1.60 mg of 2-dodecenal; 1.34 mg of

acrolein; 0.997 mg of glyoxal; 0.991 mg of methanol; 0.963 mg of isobutene/1-butene; 0.926 mg of 1,3-butadiene;

0.923 mg of benzene; 0.825 mg of methylglyoxal; 0.567 mg of crotonaldehyde; 0.426 mg of 1-pentene; 0.404 mg

of 1-hexene; 0.399 mg of propionaldehyde; 0.399 mg of phenol; 0.360 mg of c4-benzene + c3-aroald; 0.352 mg of

toluene; 0.297 mg of naphthalene; 0.294 mg of n-tridecane; 0.286 mg of ethane; 0.258 mg of benzaldehyde; 0.254
mg of n-dodecane; 0.244 mg of n-undecane; 0.240 mg of 1-heptene; 0.236 mg of methacrolein; 0.228 mg of n-
tetradecane; 0.224 mg of 2-methylpentane; 0.203 mg of acetone; 0.197 mg of trans-2-pentene; 0.192 mg of 1,2,4-
trimethylbenzene; 0.178 mg of c5-benzene + c4-aroald; 0.176 mg of n-decane; 0.170 mg of styrene; 0.153 mg of m-
tolualdehyde; 0.152 mg of cis-2-pentene; 0.152 mg of 1-octene; 0.136 mg of 1-methyl naphthalene; 0.135 mg of 1-
nonene; 0.134 mg of valeraldehyde; 0.126 mg of o-tolualdehyde; 0.115 mg of cis-2-butene; 0.113 mg of 2-methyl-
naphthalene; 0.109 mg of n-pentane; 0.102 mg of c14-alkane (modeled as N-tetradecane); 0.102 mg of 1-decene;

0.102 mg of 2-methyl-2-butene; 0.097 mg of c15-alkane (modeled as N-pentadecane); 0.096 mg of ethylbenzene;

0.095 mg of n-pentadecane; 0.091 mg of o-xylene; 0.085 mg of m-ethyltoluene; 0.080 mg of c16-alkane (modeled
as N-hexadecane); 0.077 mg of m-xylene; 0.077 mg of p-xylene; 0.077 mg of 2-methyl-1-butene; 0.065 mg of

butyraldehyde; 0.061 mg of 3-methyl-1-butene; 0.058 mg of 1,2,3-trimethylbenzene; 0.049 mg of 2,6-
dimethylnaphthalene; 0.043 mg of propane; 0.038 mg of 4-methyl-1-pentene; 0.036 mg of o-ethyltoluene; 0.035 mg
of p-ethyltoluene; 0.035 mg of n-heptane; 0.034 mg of n-nonane; 0.034 mg of n-octane; 0.030 mg of 1,3,5-
trimethylbenzene; 0.029 mg of n-propylbenzene; 0.027 mg of n-hexadecane; 0.026 mg of p-tolualdehyde; 0.019 mg
of 2-methyl-1-pentene; 0.018 mg of isovaleraldehyde; 0.016 mg of trans-2-hexene; 0.005 mg of n-heptadecane;

0.002 mg of isopropylbenzene; and 0.001 mg of c18-alkane (modeled as N-octadecane). NOTE #88 regarding

logistical leg '4', details a number of NMVOC emissions including: 30.3 mg of ethylene; 28.6 mg of C-10 paraffins;
24.1 mg of formaldehyde; 11.5 mg of C-10 olefins (modeled as trans-3,trans-6-decadiene); 11.5 mg of decanal;

8.89 mg of propylene; 8.38 mg of acetaldehyde; 7.72 mg of acetylene; 5.73 mg of 2-dodecenal; 4.80 mg of

acrolein; 3.56 mg of glyoxal; 3.54 mg of methanol; 3.44 mg of isobutene/1-butene; 3.31 mg of 1,3-butadiene; 3.30
mg of benzene; 2.95 mg of methylglyoxal; 2.03 mg of crotonaldehyde; 1.52 mg of 1-pentene; 1.44 mg of 1-hexene;
1.43 mg of propionaldehyde; 1.42 mg of phenol; 1.29 mg of c4-benzene + c3-aroald; 1.26 mg of toluene; 1.06 mg
of naphthalene; 1.05 mg of n-tridecane; 1.02 mg of ethane; 0.922 mg of benzaldehyde; 0.906 mg of n-dodecane;

0.871 mg of n-undecane; 0.859 mg of 1-heptene; 0.841 mg of methacrolein; 0.816 mg of n-tetradecane; 0.800 mg
of 2-methylpentane; 0.724 mg of acetone; 0.704 mg of trans-2-pentene; 0.686 mg of 1,2,4-trimethylbenzene; 0.635
mg of c5-benzene + c4-aroald; 0.627 mg of n-decane; 0.606 mg of styrene; 0.545 mg of m-tolualdehyde; 0.541 mg
of cis-2-pentene; 0.541 mg of 1-octene; 0.484 mg of 1-methyl naphthalene; 0.482 mg of 1-nonene; 0.480 mg of

valeraldehyde; 0.451 mg of o-tolualdehyde; 0.412 mg of cis-2-butene; 0.404 mg of 2-methyl-naphthalene; 0.388

mg of n-pentane; 0.365 mg of c14-alkane (modeled as N-tetradecane); 0.363 mg of 1-decene; 0.363 mg of 2-
methyl-2-butene; 0.347 mg of c15-alkane (modeled as N-pentadecane); 0.341 mg of ethylbenzene; 0.339 mg of n-
pentadecane; 0.325 mg of o-xylene; 0.302 mg of m-ethyltoluene; 0.286 mg of c16-alkane (modeled as N-
hexadecane); 0.276 mg of m-xylene; 0.276 mg of p-xylene; 0.275 mg of 2-methyl-1-butene; 0.233 mg of

butyraldehyde; 0.220 mg of 3-methyl-1-butene; 0.208 mg of 1,2,3-trimethylbenzene; 0.176 mg of 2,6-
dimethylnaphthalene; 0.153 mg of propane; 0.135 mg of 4-methyl-1-pentene; 0.127 mg of o-ethyltoluene; 0.125 mg
of p-ethyltoluene; 0.125 mg of n-heptane; 0.122 mg of n-nonane; 0.122 mg of n-octane; 0.106 mg of 1,3,5-
trimethylbenzene; 0.104 mg of n-propylbenzene; 0.096 mg of n-hexadecane; 0.094 mg of p-tolualdehyde; 0.067 mg
of 2-methyl-1-pentene; 0.063 mg of isovaleraldehyde; 0.059 mg of trans-2-hexene; 0.018 mg of n-heptadecane;

0.006 mg of isopropylbenzene; and 0.004 mg of c18-alkane (modeled as N-octadecane). NOTE #119 regarding

logistical leg '5', details a number of NMVOC emissions including: 1.73 mg of ethylene; 1.59 mg of toluene; 1.42

mg of isopentane (2-methylbutane); 1.37 mg of acetylene; 1.29 mg of ethylbenzene; 1.07 mg of m & p-xylene;

0.781 mg of benzene; 0.682 mg of n-pentane; 0.607 mg of propylene; 0.440 mg of ethane; 0.423 mg of n-butane;

0.341 mg of o-xylene; 0.213 mg of propane; and 12.2 mg of unidentified (assumed isobutene/1-butene). NOTE

#135 regarding the 'All Road' delivery, details a number of NMVOC emissions including: 0.144 mg of ethylene;

0.133 mg of toluene; 0.119 mg of isopentane (2-methylbutane); 0.114 mg of acetylene; 0.107 mg of ethylbenzene;
0.0894 mg of m & p-xylene; 0.0652 mg of benzene; 0.0569 mg of n-pentane; 0.0507 mg of propylene; 0.0367 mg

of ethane; 0.0353 mg of n-butane; 0.0285 mg of o-xylene; 0.0178 mg of propane; and 1.02 mg of unidentified

(assumed isobutene/1-butene).

SYNIKRIUX

Combined Insight

Paradigm
Progress

ardcopy Logistics Energy & Emissions—

We model that this 'Scenario #2'
requires five separate major

logistical 'legs’ (excluding ground
handling equipment at airports,
conveyor systems, tow motors,
forklifts and other pieces of

transportation equipment deemed to
have had only a very minor part to
play in this delivery).

Scenario #2

Multi-Modal
Shipping Totals

733.3 grams of Carbon Dioxide
2.8 grams of Carbon Monoxide

0.9 miligrams of Methane

2.3 grams of Nitrogen Oxides
24.4 miligrams of Nitrous Oxide

300.7 miligrams of NMVOCs

221.1 miligrams of Sulphur Oxides

Comparing the Greenhouse Gas (GHG) Emissions from the Purchase and Delivery of an eBook versus a Hardcopy Book

Logistical
Greenhouse Gas

Emissions

v Gas Emissions

Scenario #1

Internet Delivery

Carbon Dioxide

0.194 kg

Carbon Monoxide -

Methane -

Nitrous Oxide -

\ & 4

Scenario #2
Multi-Modal Shipping

Gas Emissions

733.3 grams

0.9 miligrams

24.4 miligrams

2.8 grams

A

Scenario #3
All-Truck ONLY

Gas Emissions

711.5 miligrams

4.1 miligrams

Global
Warming
Potential

158.5 grams 1

1.9

7.1 miligrams 25

298

J/

v
Scenario #1

Y

'Y Purchase & Delivery

Materials

Scenario #1

Internet Delivery

CO2-eq Emissions

Scenario #2
Multi-Modal Shipping

CO02-eq Emissions

0.194 kg 733.3 g
- 53¢
- 22.7 mg

- 739

Scenario #3
All-Truck ONLY

CO2-eq Emissions

158.5 g

14 g

177.7 mg

1.2 g

To compare the environmental impacts of eBooks and
traditional hardcopy books is difficult, because eBooks
are intangible and are delivered over the internet, while
traditional books are concrete and are delivered by
vehicles. To make this comparison, what is needed is a
"common denominator” to serve as an objective

measurement of both eBooks and hardcopy books. We
believe that the ideal measure to serve this purpose is
the "GHG footprint" of these reading materials, which
we have calculated in this section. CONSIDER: As per
the multi-modal freight '‘Scenario #2'; the production
and delivery of a hard cover copy of 'Paradigm

Progress’' (plus corrugated packaging), to this specific

0.194 kg 937 g

0 1.8 kg

352 g

1.8 kg

location, entails approximately 2.77 kgs of carbon
dioxide equivalent emissions. This makes 'Scenario
#2' approximately 14.3 times more CO2-emissions
'intensive’ than the digital download 'Scenario #1'.

TOTAL

0.194 kg 2.77 kgs

Scenario #2

Methane

0.1 grams 0.1 grams 0.06 grams 3 grams

Nitrogen Oxides

Nitrous Oxide

Delivered via Ground-Only Sh
End-to-End via Truck on a Direct Route
Scenario #3

NMVOCs

3 grams 5 grams 8 grams 568 grams

7.1 miligrams
574.9 miligrams
4.1 miligrams

141.2 miligrams

eBook Delivered as Digital Download

oV

See Note
#144

See Note
#145

See Note
#146

See Note
#147 &
#135

Nitrogen Oxides (NOx, which include NO and NO2) are products of the |Particulates are small particles generated during combustion, and pose a |Hazardous Air Pollutants are any of a group of 188 substances identified in |Volatile Organic Compounds (VOCs) are a broad class of organic gases, |Total Reduced Sulphur compounds cause the odour associated with kraft | Wastewater measures the amount of process water that is treated and |Biochemical Oxygen Demand (BOD) measures the amount of oxygen that | Total suspended solids (TSS) measure solid material suspended in mill [Chemical Oxygen Demand (COD) measures the amount of oxidizable |Solid Waste includes sludge and other wastes generated during pulp and

combustion of fuels that contain nitrogen. NOx contribute to acid rain and |range of health risks, including asthma and other respiratory problems, when |the 1990 United States Clear Air Act amendments because of their toxicity.

can react with volatile organic compounds and sunlight in the lower
atmosphere to form ozone, a key component of urban smog.

inhaled.

such as vapours from evaporating solvents and gasoline. VOCs react with |pulp mills. Exposure to TRS emissions has been linked to symptoms |discharged to a mill's receiving waters. Wastewater volume indicates both |microorganisms consume to degrade the organic material in the wastewater. |effluent, which can adversely affect bottom-living organisms upon settling in |organic matter in the mill's effluent. Since wastewater treatment removes |paper manufacturing, and used paper disposed of in landfills and

nitrogen oxides (NOx) in the atmosphere to form ground-level ozone, the |including headaches, watery eyes, nasal problems, and breathing difficulties. |the amount of fresh water needed in production and the potential impact of |Discharging wastewater with high levels of BOD can result in oxygen |receiving waters and can carry toxic heavy metals and organic compounds |most of the organic material that would be degraded naturally in the [incinerators.

major component of smog, and a severe lung irritant.

wastewater discharges on the receiving waters.

depletion in the receiving waters, which can adversely affect fish and other |into the environment. receiving waters, the COD of the final effluent provides information about
organisms. the quantity of more persistent substances discharged into the receiving
water.

Sulphur Oxides

Hardcopy Book Delivered by Express

M Cover Jacket Materials - 1.67%

M File Transfer - 1.43%

Shipping (Including Air Freight)

W Transaction-Related - 4.69%

Site Energy Usage - 67.05%

B Computer Manufacturing -
26.82%

B Cover Materials - 2.16%

m Cover Outer Facing Materials -
0.95%

B Cover Inner Facing Materials -
1.40%

B Main Text Gut Materials -
57.10%

Shipping Box Materials - 2.50%

Inbound Materials Trucking -
0.33%

Outbound Multi-Modal Shipping

-33.89%

Scenario #3

2.18 kgs

NOTE: The #2 and #3 'Purchase & Delivery' scenarios both include 191.1 g CO2-eq to account for the online purchase transaction (9.1
g CO2-eq), on-site power consumption for computer use, lighting, heating and cooling the room, and network energy overhead (130 g
CO2-eq), plus a 20-minute allotment of the computer manufacturing related emissions (52 g CO2-eq); on par with 'Scenario #1'. Unlike
scenario #1, the materials burden for scenarios #2 and #3 includes 0.8 grams CO2-

for scrap disposal transport.

Hardcopy Book Delivered by Ground
Shipping (All Truck, Direct Route)

M Cover Jacket Materials - 2.12%

B Cover Materials - 2.74%

m Cover Outer Facing Materials -

1.20%

H Cover Inner Facing Materials -

1.77%
B Main Text Gut Materials -
72.41%

Shipping Box Materials - 3.17%

Inbound Materials Trucking -

0.42%

Outbound Ground Shipping -
16.16%

Choosing to buy the eBook edition as a digital
download, instead of the hardcopy edition delivered by
multi-modal (express) shipping can avoid
approximately 2.6 kgs of carbon dioxide equivalent
emissions. Now consider the truck-only freight
'‘Scenario #3'; where the production and delivery of a
hard cover copy of 'Paradigm Progress’' (plus
corrugated packaging), to this specific location, entails
approximately 2.18 kgs of carbon dioxide equivalent
emissions. This makes 'Scenario #3' approximately
11.2 times more CO2-emissions 'intensive' than the
digital download 'Scenario #1'. Choosing to buy the
eBook edition as a digital download, instead of the
hardcopy edition delivered by truck can avoid
approximately 2.0 kgs of carbon dioxide equivalent
emissions.

Ravi Karumanchiri, Publisher, DigiNatal Publishing, www.diginatal.com, and Life Cycle Analyst, Synerlux Heuristics, www.synerlux.com




