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Abstract 
The consumption of the written word is changing. We are in the midst of a dynamic and uneven 

transition between paper products and ICT (Information and Communication Technology).  We 

reviewed the comparative research literature that attempted to measure the environmental 

implications of this transition.  We focused on the methods employed in making comparative 

statements using life cycle assessment (LCA) methodologies.  

 

Section 1 presented a framework developed to assess the challenges in conducting comparative 

LCAs. Section 2 reviewed comparative LCAs studies of ICT and paper products. Section 3 synthesized 

the broad patterns across the LCAs studies using the framework from Section 1.  Section 4 assessed 

illustrative LCAs from the ICT sector and presented potential solutions to the challenges identified in 

Section 3.   

 

In the conclusion, Section 5, we described the large variations between LCA findings as well as inside 

individual LCAs. What was less clear is the origin of the variation: in a lack of precise data, in the 

nature of ICT supply chains, in the challenge of modeling consumer behaviour, in modeling a 

multifunctional product, or in attempts to compare. These comparisons rely on averages, out of 

necessity not neglect. But given the scope for variation inside comparative LCAs, we are forced to ask, 

do we want to shape our understanding of the environmental implications of media using average 

data, or is there also a role for scenarios? One industry’s potential best (or worst) case scenario might 

differ greatly from another’s, and this distinction could prove important. Further, identifying each 

industry’s best (or worst) case scenario provides an opportunity to create benchmarks, identify gaps, 

and look for evidence of improvements over time. 
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Introduction 
The consumption of the written word is changing. Newspapers, magazines, books and other paper 

products used to be the primary means of distributing the written word. But computers, in all their 

various iterations, have challenged this dominance. The nature and pace of this transition is uneven 

and dynamic, as some paper media types may survive, while others adapt or disappear completely in 

the face of digital alternatives. Less clear are the environmental implications of this transition. Given 

that sustainability (broadly defined as economic activities that do not compromise the well being of 

future generations) is of increasing importance, it is worth considering the implications of a shift 

from paper to digital from an environmental perspective. This report reviewed research that 

assessed the environmental implications of this transition, focusing on the methods employed in 

making comparative statements about the environmental attributes of paper and digital media.  

The Internet, along with increasingly sophisticated and connected electronic devices, has changed 

the profile of the global economy, and has the potential to continue substituting or complementing 

traditional products and services. Researchers have studied the environmental trade offs between 

traditional and web based retailing (Edwards et al. 2010), between working at the office or at home 

(Mokhtarian et al., 1995), or between paper-based telephone directories and online equivalents 

(Zurkirch & Reichart, 2002). One of the most frequently considered trade-offs has been that between 

ICT (Information and Communication Technology) products and paper products such as bills and 

invoices, directories, textbooks, office paper, and newspapers. ICT includes technologies such as 

desktop and laptop computers, smartphones, e-readers, software, peripherals and connections to the 

Internet that are intended to fulfill information processing and communications functions. 

 

The environmental impact of these trade-offs has been considered most commonly by designing a 

comparative life cycle assessment (LCA). This literature review focused on comparative LCAs that 

juxtaposed ICT with paper products. Most of the LCAs considered focused predominantly on energy 

use, as this variable is closely linked to climate change, a prominent and pressing environmental 

concern. We identified patterns in the methodologies, data quality and study findings. These patterns 

are considered in a framework suggested by Reap (2008) that categorized unresolved challenges in 

the conduct of LCAs. Methodological issues that are unique to comparative LCAs of ICT and paper 

products are identified and discussed. We examined literature that demonstrated how these issues 

might be resolved, suggested areas where comparative LCAs might be improved, as well as identified 

environmental issues that are not necessarily well-captured by the traditional LCA approach.  

Section One: Limitations of LCAs  
An LCA is a four-step tool designed to estimate the potential environmental impact of a product, 

process or system. These four steps, and the challenges that occur at each stage, are summarized in 

Table 1.  Reap (2008) suggested challenges that are of particular concern, five of which are 
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considered here: functional unit definition, boundary selection, spatial variation, local environmental 

uniqueness, and data availability/quality. We have summarized the findings of Reap (2008), focusing 

on the five challenges identified. These five challenges structured our review of comparative LCAs. 

Reap (2008) identified these challenges as the most worthy of attention because they had significant 

influence over study results, but were also capable of being addressed. We focused on the theoretical 

concerns associated with LCA design and implementation.  

Table 1: LCA Problems by Phase  

Phase Problem 

Goal and scope 
definition  

Functional unit definition 
Boundary selection 
Social and economic impacts 
Alternative scenario considerations 

Life cycle inventory 
analysis  
 

Allocation 
Negligible contribution (‘cutoff’) criteria 
Local technical uniqueness 

Life cycle impact 
assessment  

Impact category and methodology selection 
Spatial variation 
Local environmental uniqueness 
Dynamics of the environment 
Time horizons 

Life cycle interpretation  Weighting and valuation 
Uncertainty in the decision process 

All  Data availability and quality 

Reproduced from Reap et al. 2008 
 

Functional Unit Definition 
The functional unit is “a measure of the performance of the functional outputs of the product system” 

(ISO, 2006). It is designed to provide a reference to which inputs and outputs are related, as well as 

produce a basis for comparability of LCA results. Challenges emerge when trying to incorporate 

products that have multiple functions. According to Reap (2008), “not identifying, decomposing, 

specifying and/or prioritizing these [multiple] functions appropriately with respect to a study’s goal 

and scope might yield a functional unit that fails to reflect reality well”. Further challenges arise from 

attempting to define strict functionally equivalent comparisons that may not be an accurate 

reflection of real behaviour. Non-quantifiable or difficult-to-quantify functions can also be a source of 

error; the functional unit can become a source of subjectivity, or act as a proxy for behaviour that is 

difficult to model.  All of these sources of error can potentially diminish confidence in LCA results. 

Reap concludes, “failure to select a representative functional unit or properly define a study’s 

boundaries can reduce an LCA to a misdirected and expensive exercise in data acquisition.” 
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Boundary Selection 
Boundary selection determines which processes and activities are included in an LCA. The LCA 

scientist must make a selection that balances two competing demands: the desire to produce 

objective, scientific and repeatable LCAs; and the constraints of resources and time to actually carry 

out an LCA. Implicit in boundary selection is the definition of ‘cutoff criteria’, which involves deciding 

whether a particular flow of mass or energy should be included in the LCA.  Commenting on cutoff 

criteria, Suh et al. (2004) suggest: 

1. “There is no theoretical or empirical basis that guarantees that a small mass or energy 

contribution will always result in negligible environmental impacts. 

2. Some input flows bypass the product system and do not contribute mass or energy content 

to the product. 

3. Environmental impacts by inputs from service sectors cannot be properly judged on the 

basis of mass and energy.  

4. While the individual inputs and outputs cutoff may be insignificant, their total sum might 

change the results considerably.”  

Ideally, an LCA would establish system boundaries after reviewing existing data and determining 

that particular flows do not need to be included in the study. However, if the necessary data exist to 

make this determination in a fair and objective matter, it is not clear why the LCA should not include 

these data in the first place. This is a challenging paradox in the conduct of an LCA. The ability to 

justify boundary selections can also be compromised by a paucity of data for new technologies, or the 

unwillingness of a private entity to reveal confidential data. 

Boundary selection can pose additional challenges. Input-Output (IO) analysis (where the burdens of 

a system are estimated by measuring energy and mass inputs and outputs and then allocating these 

estimates to a unit of product) has become a popular method of supporting boundary selection in 

LCAs. Lenzen (2000) found that estimated fossil fuel consumption in commodities extraction had an 

error range of 9% to 100% compared to estimates derived using IO methods. Given that IO databases 

are used several times in the comparative LCAs reviewed here, this potential error should be given 

close consideration.   

Spatial Variation 
Incorporating spatial variation into an LCA is an important consideration. Emissions generated over 

a product’s life cycle may cause impacts at the local, regional, or global level. So-called ‘site-generic’ 

LCAs lack spatial information and assume globally homogenous effects. This can embed inaccuracies 

in LCA results. For example, acidification and eutrophication effects can vary by a magnitude of three 

based off local meteorological variations (Huijbreghts et al. 2001; Potting et al., 1998). Hellweg 

(2001) suggests that geological conditions and geographic location can impact groundwater 

contamination from landfills by four orders of magnitude. Land use is also highly dependent on 
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spatial variation. Infrastructure that supports a product’s life cycle can occupy land of varying 

ecological productivity, and can indirectly change local meteorological and hydrological patterns 

(through, for example, changing run-off patterns of precipitation). As stated by Canals et al. (2006), 

“land use impacts are highly dependent on the conditions where they occur.”  

Local Environmental Uniqueness  
Reap (2008) summarizes the challenge of local environmental uniqueness as follows: “Each 

environment affected by resource extraction or pollution is, to a greater or lesser extent, unique. As a 

result, each local environment is uniquely sensitive to the stresses placed upon it by a particular 

product system’s life cycle.” Generic estimates can misrepresent, exaggerate or dampen variables 

such as acidification, eutrophication, and human toxicity by not recognizing local environmental 

conditions.  

Data Quality and Availability 
According to Björklund (2002) there are five issues that contribute to issues with data quality: badly 

measured data (so-called data inaccuracy), data gaps, unrepresentative (proxy) data, model 

uncertainty, and uncertainty about methodological choices. In general, both data and models can fail 

to accurately represent the temporal and spatial scope defined in an LCA. Data can be virtually 

unobservable, in instances of product recovery or end-of-life management. Data can be sourced from 

a standardized LCA database, but these data sets may not be peer-reviewed and finding the original 

data sources can be a challenge. Data measuring the same variable but from different information 

sources can arrive at conflicting conclusions about a particular issue. Reap (2008) suggests that, “in 

general, the literature tends to agree that data for life cycle inventories is not widely available nor of 

high quality.” Data can be outdated, compiled at different times and correspond to different materials 

produced over different time periods. The opportunities for low-quality data to enter an LCA are 

therefore abundant. And although one instance of low-quality data might not have a significant 

impact on LCA results, many compounded instances of suspect data can potentially diminish 

confidence in LCA findings. As Bare et al. (1999) suggest, it is hard to know “where to draw the line 

between sound science and modeling assumptions.” In reviewing the comparative LCAs, we often 

found issues of data quality and availability.  

Section Two:  Review of Comparative LCAs 
We structured our review according to the challenges discussed above. The studies were chosen for 

several reasons. They specifically examined potential trade-offs between ICT and paper products. 

They were from peer-reviewed journals or were detailed, publically available technical reports 

containing detailed descriptions of the methods employed. Most have been widely cited, and 

represented a cross sample of the limited body of research that exists. Our aim was not to review in 

detail the findings of each study, although, Annex One does contain detailed summaries of each. 

Instead, we summarized the characteristics of these studies as a whole. The studies reviewed are 
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listed below, with key findings and assumptions detailed. With one exception, the comparative LCAs 

concluded that the ICT product is preferable. However, we explored how these LCAs were modeled, 

the assumptions employed, and the data available, which we found to be important considerations 

that influence the final results. Below we have summarized the findings of each study, while also 

identifying key assumptions and methodological choices. 

Deetman, S. & Odegard, I., 2009. Scanning Life Cycle Assessment of Printed and E-paper Documents 
based on the iRex Digital Reader. 

 The global warming potential (GWP) of an e-reader device was less than officer paper, but 

depended on the volume of paper consumed.  

 The GWP of the e-reader was preferable when more than 3,000 pages of light-weight coated 

(LWC) paper were printed, or 5,000 pages of woodfree uncoated paper 

Enroth, M., 2009. Environmental impact of printed and electronic teaching aids, a screening study 
focusing on fossil carbon dioxide emissions. Advances in Printing and Media Technology, 36, 1-9. 

 The GWP of a digital version of a teaching aid (i.e. textbook) was 10 to 30 times higher than 

the footprint of a paper textbook, depending on the ICT device used.  

 This assumed a five-year lifespan of a textbook, with a different user each year. ICT products 

(either a desktop or a laptop) were assumed to last five years as well. 

Gard, D.L. & Keoleian, G.A., 2002. Digital versus Print: Energy Performance in the Selection and Use of 
Scholarly Journals. Journal of Industrial Ecology, 6(2), 115-132.  

 The GWP of a scholarly journal was reduced if delivered digitally rather than printed, bound 

and stored in a traditional library system. 

 The number of readers for a printed-article influenced the GWP of the traditional system. 

The personal transportation of a reader to the library also influenced the GWP of the 

traditional system.  

 The authors assumed that to access the digital system, the user must travel to the library. If 

this personal transport option was removed, the GWP of the digital system was reduced 

further.  

 The authors recommended that journals with low circulation be distributed digitally.  

Hischier, R. & Reichart, I., 2003. Multifunctional Electronic Media - Traditional Media: The Problem of 
an Adequate Functional Unit. International Journal of Life Cycle Assessments, 8(4), 201-208. 

 The authors modeled three scenarios around media consumption involving a newspaper, a 

TV, and accessing the Internet via a PC.  

 They found that for an individual article of 500 words, the GWP of paper is less than a PC, 

but conclude this is not a representative functional unit.  

 When modeling “media consumption” and being “well-informed” they found that TV has the 

smallest environmental footprint (using the Ecoinvent Ecopoints scoring system), followed 

by ICT, with a newspaper having the highest. 
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Kozak, G., 2003. Printed Scholarly Books and E-book Reading Devices: A Comparative Life Cycle 
Assessment of Two Book Options. 

 The author found that the environmental impact, not just energy use, of an e-reader is 

preferable to a printed textbook.  

 Assumed a college student who purchased 40 textbooks over the course of a four-year 

degree, and retains them for life. Also assumed that the student must explicitly travel to the 

bookstore to purchase the textbooks, which contributed to almost a third of the GWP of the 

footprint of the printed textbook.  

Moberg, Å. et al., 2010. Printed and tablet e-paper newspaper from an environmental perspective — A 
screening life cycle assessment. Environmental Impact Assessment Review, 30(3), 177-191.  

 The most important stage in the life cycle of both a newspaper and an e-reader was the 

production of the platform (the paper or e-reader device).  

 The footprint of a newspaper was strongly impacted by the number of readers, the 

electricity type(s) used in producing the paper, as well as the transport-distance associated 

with delivery. The e-reader was more difficult to model, as very little measured data were 

available. 

 Moberg et al. concluded that the production and disposition of the e-reader are significant 

stages in the life cycle of the product that are poorly understood. It was also found that 

assumptions on Internet energy consumption could impact the energy burden of the e-

reader during the “use” phase.  

Toffel, M.W. & Horvath, A., 2004. Environmental Implications of Wireless Technologies: News Delivery 
and Business Meetings. Environmental Science & Technology, 38(11), 2961-2970. 

 The authors compared reading a newspaper to reading the same information on a PDA. They 

concluded that reading the news on the PDA results in the release of 23-140 times less C02, 

several orders of magnitude less NOX and SOX, and the use of 26-67 times less water.  

Functional Unit Definition 
Table 2 summarizes the functional unit in the comparative LCAs reviewed. In the studies considered, 

there was a mixture of single-function and multi-functional units. The paper product was 

consistently considered a single-function unit (although in some instances, such and Enroth (2010) 

and Kozak (2003), the author modeled the ability to reuse the product). Some ICT devices were 

considered single-function, such as the e-readers modeled in Deetman & Odegard (2009), Moberg et 

al. (2010), and Kozak (2003). Other ICT devices, such as the PCs modeled in Gard & Keoleian (2002) 

and Hischier & Reichart (2003), and the PDA modeled by Toffel & Horvath (2004) were assumed to 

be multifunctional. In order to specify multi-functionality, the studies relied on average data on 

consumer behaviour. For example, Hischier & Reichart (2003) used survey data from Switzerland on 

average Internet-use time. There was little discussion on the validity of these averages. Further, little 

attention was given to how changing consumer behaviour or variances in consumer behaviour might 
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impact study findings. Most of the studies oriented their functional unit around a product rather than 

a service. The exceptions were Hischier & Reichart’s (2003) second and third scenarios, which 

modeled the service of being “well informed” or “consuming media”. However, they only considered 

one device, a home PC, as necessary to staying informed using ICT products.  Another consistent 

characteristic was the modeling of discrete functional units. The trade-off between one product and 

another was always considered to be absolute, viewing the paper and ICT products as substitutes 

(rather than potential complements).  

Table 2: Summary of Functional Units 

Study Functional Unit 

Deetman & Odegard One year of office paper use, using either an e-reader, or laser printer with 
paper 

Enroth The use of a teaching aid (either a textbook, or computer) over the course of 
five years by 5,000 students per year. 

Gard & Keoleian Reading a scientific journal article in a traditional or digital library system.  

Hischier & Reichart 1. Reading of a 500-word article (either online or in a newspaper) 
2. Staying “up-to-date” by watching either 25 minutes of TV, 10 

minutes online or reading 43% of a newspaper 
3. Daily media consumption, either 110 minutes of TV, 74 minutes on 

the Internet, or an entire newspaper 

Kozak 40 scholarly textbooks 500 pages in length, either purchased in physical 
form or downloaded to an e-reader. 

Moberg et al. The consumption of a newspaper during one year, either in physical form or 
on an e-reader. 

Toffel & Horvath One year’s worth of the New York Times, either delivered in Berkley 
California or wirelessly to a PDA.  

 

Boundary Selection and Definition 
The comparative LCAs reviewed can be considered “screening” LCAs. They were designed to use 

easily accessible data to highlight potential stages in product life cycles that contribute significant 

environmental impacts. Few measured data were used, with a reliance on secondary sources, data 

estimates and LCI databases being the norm. This impacted how system boundaries are defined. 

Annex One has several figures that show the system boundaries chosen: they were, in general, broad 

and inclusive. The only author to explicitly consider cutoff criteria was Kozak (2003). He chose to not 

model the impact of any material that constituted less than 1% of the mass of the functional unit. All 

of the LCAs refrained from modeling “content creation”, as this was assumed to be a variable 

common to both paper-based and digital media systems. 

Defining boundaries in the ICT sector was a particular challenge, due to limited data availability for 

ICT products. Only Deetman & Odegard (2009) and Moberg et al. (2010) had access to actual data on 

the ICT product being considered. However, these data were considered confidential and not 
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disclosed. Kozak (2003) and Toffel & Horvath (2004) demonstrated just how acute the challenge of 

ICT data collection was, as they were forced to use equivalency ratios from LCAs conducted for 

entirely different products. Therefore, the actual composition of energy and materials embodied in 

an ICT device was incomplete and vague. None of the studies explicitly modeled the abiotic resource 

depletion, in other words the extraction of non-renewable resources. Given the presence of hundreds 

of different metals and minerals in an ICT device, there was a potential for “significant insignificants” 

(a term used by Reap (2008) to describe the potential environmental impacts of small flows of 

energy or mass) in all of the LCAs.  

Other challenges in boundary collection occurred in the “use” stage of the products considered. For 

paper products, whether to include the personal transportation necessary to purchase a textbook (in 

Kozak (2003), for example) had a significant influence over study findings. Moberg et al. (2010), 

while modeling the distribution of a printed newspaper in Sweden, found that the delivery stage is a 

potentially significant but highly variable source of environmental concern. For ICT products 

boundary definition in the use stage was clouded by how to model and measure the Internet 

backbone that delivers the digital media considered. Some studies (Deetman & Odegard, 2009) 

refrained from attributing any impacts to the Internet backbone. They determined that documents 

viewed on the e-reader are generated internally and not reliant on infrastructure outside of the 

office. Gard & Keolian (2002) assumed that scholarly articles do travel over the Internet, but given 

how small the file sizes are relative to the volume handled by Internet infrastructure, do not attempt 

to allocate any impacts to the functional unit. Both Moberg et al. (2010) and Enroth (2010) attempted 

to model the energy and material requirements of the Internet, but expressed these figures with 

hesitation, citing their reliance on Economic Input-Output (EIO) data that are dated and may not 

accurately reflect the potential impacts of Internet infrastructure.  

Modeling the downstream impacts of the products considered was another challenge. The end-of-life 

(EOL) management of both paper products and ICT was modeled in several ways. Some studies, for 

example Toffel & Horvath (2004), did not model EOL at all. Other studies, for example Kozak (2003), 

assumed that paper products would not be recycled but instead be held in perpetuity, while ICT 

products would be disposed of in a local landfill. Several studies (Deetman & Odegard, 2009; Hischier 

& Reichart, 2003; Moberg et al., 2010) assumed that ICT EOL would occur within the regulatory 

confines of the European Waste Electrical and Electronic Equipment (WEEE) Directive. Hischier & 

Reichart (2003) assume that all but 5% of the ICT equipment is recycled or incinerated, with the rest 

going to a landfill. The others assume 100% recovery of ICT equipment for either recycling or 

incineration.   
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Spatial Variance, Local Environmental Uniqueness 
Issues of spatial variance and local environmental uniqueness were given very little attention in the 

comparative LCAs reviewed. It should be remembered that these were screening LCAs and not 

necessarily depictions of specific scenarios. Given the complexity of the systems under consideration, 

describing a system with sufficient precision to account for spatial variance would be resource 

intensive, if not impossible. However, certain modules in the LCAs reviewed were more 

geographically precise. Kozak (2003) and Gard & Keoleian (2002), for example, modeled specific 

activities at the University of Michigan. They used the power bundle for the region, mapped out the 

network infrastructure for the campus, and assumed personal transportation that reflected averages 

for local geography. Hischier & Reichart (2003) modeled several components at the regional level, 

using data for Swiss media consumption, energy consumption and recycling rates. For other 

variables, however, they relied on global data sets, reflecting the nature of ICT supply chains. The 

screening LCAs, combined with the complexity of ICT supply chains and the lack of high-quality data 

on ICT products, resulted in major variation in spatial scale inside each individual LCA. While some 

modules were able to reflect local variation (electricity bundles being the most common example), 

similar precision was not possible for other variables. None of the LCAs reviewed discussed whether 

this mixture of local, regional and global scales has the potential to impact study findings. By the 

same token, the characteristics of comparative screening LCAs (estimated data, global scale, broadly 

defined system boundaries) preclude them from including local environmental issues. And again, the 

authors do not discuss the potential impact on study findings.  

Data Quality and Availability 
The comparative LCAs reviewed had significant issues with data quality and availability. Two factors 

contributed to this: the broad scale of the systems analyzed, and the challenge of modeling ICT 

products. All of the studies relied, in some form or another, on LCI databases. Moberg et al. (2010), 

Deetman & Odegard (2009) and Hischier & Reichart (2003) all used the Ecoinvent LCI database. 

Toffel & Horvath (2004) relied on repurposing data from other LCAs, using equivalency ratios, but 

also the Carnegie-Mellon EIO-LCA database, a source specifically identified by Reap (2008) as 

problematic. Kozak (2003) and Gard & Keoleian (2003) relied on the Ecobilan DEAM database for 

several modules in their LCA. In several instances, with Kozak (2003) and Toffel & Horvath (2004) 

standing out as prominent examples, the authors were forced to rely on proxy data. More 

problematic is how proxy data were used to model several parts of a product, compounding 

whatever errors the use of proxy data might introduce. Given resources available and the 

intimidating scale of a comparative LCA of ICT and paper products, it is not surprising that issues of 

data quality and availability are prominent. However, most authors do not comment on these issues, 

and those who do (Kozak, 2003; Toffel & Horvath, 2004) express a high degree of confidence in their 

findings. We suggest that a deeper consideration of potential error is warranted.  
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Section Three: Uncertainties and Assumptions in Comparative LCAs  
It is clear that the studies reviewed share one purpose: to understand the environmental 

implications of media. They were also the leading attempts at answering some very complex and 

challenging questions. We have reviewed the uncertainties that exist, and considered the 

assumptions that inevitably result. A better understanding of these uncertainties and assumptions 

will provide a foundation for assessing the validity of the findings, and can help in identifying areas 

where further research is needed. 

Uncertainties in Comparative LCAs 
The main source of uncertainty in the comparative LCAs reviewed was in data, specifically, data 

around products and processes in the ICT sector. Data on raw material inputs requirements for ICT 

devices was either confidential, based off estimates, or relied on highly aggregated data sources. The 

connections between a manufactured product (such as a semiconductor) and the global mining 

sector were not explicitly discussed. The authors relied on the assumptions and allocations made by 

LCI databases, which may not necessarily capture the complexity of the ICT sector. ICT devices have 

hundreds of metals and minerals, and their manufacture requires extremely pure inputs. These 

databases sometimes relied on EIO methods, where industry-wide inputs and outputs are used to 

determine environmental impacts. And where primary data was available, it was often the average 

footprint for an element (e.g. silicon) that may not reflect the grade of element used in the ICT 

manufacturing process.   

Similar uncertainty surrounded efforts to measure Internet backbone data. Only Moberg at al. (2010) 

and Enroth (2010), who simply borrowed Moberg et al.’s (2010) findings, attempted to model the 

footprint of the Internet. They both used a figure that was derived using EIO methods from the USA 

SimaPro Input Output database. These figures are from 1998 and, as Moberg et al. (2010) stated, “the 

results concerning potential impact of using telecommunication infrastructure are too uncertain to 

draw any real conclusions from.” The Internet has evolved at a breakneck pace, with new 

infrastructure being added and old infrastructure being replaced. This infrastructure has increased in 

energy efficiency, but is likely characterized by a “rebound effect”. This is where a particular activity 

becomes more efficient, but the scale of the activity increases at such a pace that the overall impact 

increases. In our review, the exclusion of the Internet in some studies was justified because of the 

sheer volume of data flowing versus the miniscule size of the functional unit under consideration. 

This is a legitimate claim from a technical standpoint. However, it does pose a risk, as cutoff criteria 

might eliminate a variable, the Internet, which could potentially alter study findings. If the impacts of 

Internet infrastructure are not included in examinations of digital media consumption, it is worth 

asking where exactly they should be considered.  
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Another source of uncertainty associated with ICT data comes from EOL management. E-waste, 

which is waste made up of discarded, obsolete or broken electronic devices, is a significant global 

issue (see Grossman, 2006; Kahhat et al., 2008; Stone, 2009), but the seriousness of this issue is not 

evident in the comparative LCAs reviewed. Many of the LCAs were conducted in Europe, which has a 

substantially better track record at managing e-waste. The WEEE Directive (European Commission, 

2010) forces suppliers to recover and properly process e-waste, and compliance is high. In the United 

States only 18% of e-waste is processed domestically (EPA, 2008). Kozak (2003), however, assumed 

that all e-waste is disposed of in a local landfill. Toffel & Horvath (2004) did not attempt to model the 

EOL requirements of the PDA under consideration. Another reason why e-waste was given relatively 

little attention is that most of the studies (Hischier & Reichart (2003), Kozak (2003), and Moberg et 

al. (2010) being the exceptions) only focus on issues of energy use and GWP. E-waste can be a highly 

toxic and highly localized environmental issue. The LCA, as a tool of environmental assessment, 

struggles when attempting to model highly localized environmental issues, something discussed 

extensively by Reap (2008). Further, the LCAs reviewed here were predominantly focused on energy 

use, for a variety of reasons including data availability and the prominent challenge of climate 

change. Therefore, the issue of e-waste as it relates to digital media consumption was not considered 

in great detail in the comparative LCAs we reviewed.  

Recent research (Hischier, 2010) also suggested that nanomaterials, which are an important part of 

the ICT supply chain, are poorly understood by LCI databases. Hischier (2010) specifically notes that 

toxicity data is absent, and should be a research priority so that generic inventory datasets (such as 

the ones employed in all of the LCAs reviewed here) have better data in modeling the life cycles of 

products or processes that employ nanomaterials. Given the prominence of LCI databases in the 

studies reviewed, this absence is a particular concern, and demonstrative of how the complexity of 

the ICT supply chain has lead to poor data availability when trying to measure the environmental 

impacts of ICT.  

The lack of thorough analysis around the EOL impacts of ICT is indicative of another important trend 

in the studies reviewed. For the most part, they were heavily focused on GWP and energy use. Those 

that looked at issues beyond energy did so using LCI databases, EIO methods and weighting methods 

that Reap (2008) identifies as potential sources of error. This focus on GWP is unsurprising, given the 

current prevalence of climate change as an environmental issue. Further, energy data are some of the 

most readily available and these “screening” LCAs tend to focus on what is available. However, these 

studies should not inspire confidence in understanding the range of potential environmental impacts 

associated with media consumption. On issues such as toxicity, abiotic resource depletion, land use 

impacts, to name a few, there is still a high degree of uncertainty.  
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Assumptions in Comparative LCAs 
In the face of uncertainty, the modeler must assume. The studies reviewed here should not be faulted 

for having to estimate several variables in the life cycle of media consumption (and in particular, ICT 

products). However, there is a danger that the LCAs are driven more by the assumptions made than 

the data collected, and that study results are presented in such a way as to minimize the potential 

uncertainties of the analyses.  

As has been mentioned before, almost all of the studies (Hischier & Reichart (2003) being the 

exception) assumed a functional unit that is a product, not a service. Rather than assess the 

environmental impact of being “well informed”, they created specific and targeted scenarios and 

modeled accordingly. It should be asked whether these scenarios are in fact reflective of consumer 

behaviour. Deetman & Odegard (2009) modeled an office worker switching from printing 10,000 

pages a year to using nothing but an e-reader. Kozak (2003) modeled 40 textbooks, either in print or 

on an e-reader. Moberg et al. (2010) did the same for newspapers, as did Toffel & Horvath (2004). In 

short, there was a pattern of absolute substitution. Paper and ICT products were seen only as 

alternatives, not complements. There was a recognizable advantage for the modeler in choosing such 

a discrete trade-off but it was unclear if this is reflective of actual consumer behaviour. Findings that 

almost universally laud the environmental benefits of ICT over paper, but do so based on functional 

units that do not represent consumer behaviour, should be considered carefully.  

Hischier & Reichart (2004) buck the trend, and attempted to model being “well informed”, and media 

consumption in general. They made assumptions that are worth looking at closely. For paper 

products, they assumed that only one daily newspaper is read. A more thorough scenario might look 

at the overall print media consumption, and model a bundle of newspapers, books, and magazines in 

order to measure this environmental impact. The same bundling approach would also provide a 

richer analysis of the impacts of ICT products. To stay well informed, many consumers use a 

computer at home, another computer at work, a mobile device such as a smart phone, and more 

recently, additional devices such as an Amazon Kindle  or Apple iPad . Measuring the aggregate 

impact of these ICT products would provide a better understanding of staying informed with ICT 

products. Defining how consumers are digesting digital media would be an important but challenging 

baseline to establish, but there are quality data available that might help serve that purpose (see, for 

example, Bohn & Short (2009)). 

Comparing the findings of Enroth (2010) and Kozak (2003) further demonstrates the influence 

assumptions exert on LCA findings. Both modeled the use of a textbook, although Enroth’s (2010) 

textbooks are for school children while Kozak (2003) considered a university environment. Enroth 

(2010) finds that the GWP of an electronic textbook is 10 to 30 the GWP of a printed textbook. Kozak 

(2003) did not express the difference in GWP, but he did state that the lifetime energy use of an e-
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reader system is more efficient by a factor of approximately five (742 MJ for the e-reader, 3794 MJ 

for the textbooks). Explaining the difference between the two shows how far assumptions can go in 

driving study results. Enroth (2010) assumed that five different students use a textbook over a 

period of five years. She did not include the energy necessary to transport students to and from 

school in the footprint of the textbook. Kozak (2003), in contrast, assumed that a student purchases a 

textbook and retains it for life. Further, he modeled the energy necessary to transport the student to 

a bookstore to purchase the textbook. This personal transportation constituted almost a third of the 

energy used in the lifetime of a textbook. When Kozak (2003) assumed the textbook could be resold, 

and did not include the energy of a trip to the bookstore in the footprint of the textbook, it only took 

three different students using the same textbook for the energy footprint of the printed product to 

match that of the ICT product. Despite how a change in these two questionable assumptions (reuse 

and personal transportation) can dramatically impact study results, Kozak (2003) mentioned this 

only in the sensitivity analysis section of his report, and still concluded that the e-reader is 

unquestionably the environmentally preferable option. Not all textbooks will be re-used and 

acquiring a physical textbook does have the potential to require more physical transportation than a 

digital download. However, the ability for assumptions on consumer behaviour to cause significant 

shifts in study findings does indicate that caution should be employed in interpreting LCA results. 

Another influential assumption came in the form of energy bundles. Which power grid is assumed to 

provide energy at the various life cycle stages of a product had a significant influence on study 

findings (see Curran et al., 2005). As Moberg et al. (2010) and others identified, certain stages in a 

product life cycle are particularly energy intensive. For paper, it was the manufacturing stage. And 

for ICT products that are energy efficient in the “use” stage, it was also the manufacturing stage. 

When Moberg et al. (2010) modeled paper manufacturing using the Swedish energy bundle, which is 

dominated by hydroelectric power, the GWP of the paper product diminished. When the European 

energy bundle is used, which includes nuclear, coal and natural gas power sources in addition to 

hydroelectric, the footprint of paper manufacturing increased. Similar trends emerged in the “use” 

stage of ICT products: the power bundle supplying the energy for the device had significant influence 

over its impacts.  

The role of assumed energy bundles in the environmental impact of a product speaks to an important 

component of interpreting LCA results: the importance of scenarios. Unfortunately, this was never 

explicitly discussed in the studies reviewed, but is worth considering here. Inside the life cycle of a 

particular product there is scope for variation: in the energy bundles used, in the footprint of raw 

material extraction, in a consumer’s behaviour, and in the final act of disposition at EOL. The issues of 

spatial variation and local environmental uniqueness, considered significant by Reap (2008), are also 

connected to this issue of scenarios. The comparative LCAs reviewed rely on global data sets, 

estimated data, and LCI databases that are not well equipped to capture variation. The inability of 
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these comparative LCAs to describe specific scenarios means they are disconnected from the 

potential of an industrial sector, be it ICT or paper, to mange its environmental impacts. While LCAs 

necessarily look backward due to their reliance on available data, they are not well equipped to look 

forward. When trying to assess the current and future environmental implications of media 

consumption, the role of scenarios is important. 

Section Four: Building Better Comparisons: Lessons from E-Media LCAs 
Given the issues in assumptions and uncertainties reviewed in Section 3, we considered here 

potential solutions to improving an understanding of the environmental implications of media 

consumption. We identified research on ICT products that adopted the LCA methodology. We focused 

on reducing uncertainty in ICT data sources by considering LCAs that measure the entire life cycle of 

an ICT product, or strengthened our understanding of at least one stage in the ICT life cycle. We 

structured our review based on the framework of Reap (2008). Listed below are the studies that 

informed our discussion. We did not summarize these papers with the same degree of detail as 

applied in Sections Two and Three. Instead, we highlighted concepts and ideas as they applied to 

topic of comparative LCAs of media consumption. The studies reviewed were: 

Choi, B. et al., 2006. Life Cycle Assessment of a Personal Computer and its Effective Recycling 
Rate. International Journal of Life Cycle Assessments, 11(2), 122 - 128. 

Durucan, S., Korre, A. & Munoz-melendez, G., 2006. Mining life cycle modelling : a cradle-to-
gate approach to environmental management in the minerals industry. Journal of Cleaner 
Production, 14, 1057 - 1070. 

Frey, S.D., Harrison, D.J. & Billett, E.H., 2006. Ecological Footprint Analysis Applied to Mobile 
Phones. Journal of Industrial Ecology, 10(1-2), 199-216. 

Liu, C.H., Lin, S.J. & Lewis, C., 2010. Life cycle assessment of DRAM in Taiwan’s semiconductor 
industry. Journal of Cleaner Production, 18(5), 419-425.  

Lu, L. et al., 2006. Balancing the life cycle impacts of notebook computers: Taiwan's 
experience. Resources, Conservation and Recycling, 48(1), 13-25. 

Plepys, A., 2004. The environmental impacts of electronics. Going beyond the walls of 
semiconductor fabs. IEEE, (2003), 159-165. 

Scharnhorst, W., 2006. Life Cycle Assessment of Mobile Telephone Networks, with Focus on 
the End-of-Life Phase. International Journal of Life Cycle Assessments, 11(4), 290 - 291. 

Williams, E.D., Ayres, R.U. & Heller, M., 2002. The 1.7 Kilogram Microchip: Energy and 
Material Use in the Production of Semiconductor Devices. Environmental Science & 
Technology, 36(24), 5504-5510. 

Functional Unit 
Unlike the comparative LCAs, the functional unit was not a source of much discussion or concern in 

the LCAs reviewed here. The authors did not attempt to allocate burdens between various activities, 

thus avoiding many of the challenges associated with functional unit definition. This approach avoids 
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many of the challenges discussed above, such as how to appropriately model consumer behaviour. 

Contrasted with Hischier & Reichart’s (2004) attempt to model being “well informed”, the authors of 

these studies picked a product (be it a PC, a mobile phone, or a component inside an ICT device) and 

designed their LCA accordingly.   

System Boundaries 
The ICT LCAs reviewed had similar challenges with system boundaries as those present in the 

comparative LCAs. The complex and global nature of ICT required that system boundaries be broad 

and inclusive. As with the comparative LCAs the raw material requirements of the ICT product were 

often not modeled explicitly due to a lack of available data (Choi et al., 2006; Frey, 2006). While 

aggregate volumes of a particular element, such as copper, were available, the supply chain and 

footprint of each particular element were never modeled.  Figure 1, from Choi et al. (2006) 

demonstrated how an ICT LCA includes pre-manufacturing activities, but models only the raw 

material requirements inside of these modules. Further, Choi et al. (2006) suggest that several 

electrical components in the pre-manufacturing stage were not modeled, due to a lack of data. Given 

that the authors also identified the pre-manufacturing stage as the one with the highest 

environmental impact, with the exception of human toxicity, the absence of data at this stage is a 

concern. See Figure 2 for a summary of Choi et al.’s (2006) findings.  

 

Figure 1: System boundaries for a desktop PC LCA (Reproduced from Choi et al., 2006) 
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abiotic bepletion (ADP), global warming potential (GWP), ecotoxicity (ET), human toxicity (HT), acidification 
(Acid), depletion of the stratospheric zone (ODP), photo-oxidant formation (POCP), and eutrophication (Eut)  

Figure 2 Summary of findings from desktop PC LCA (Reproduced from Choi et. al, 2006) 
 

Choi et al.’s model is for an entire product, a desktop computer manufactured in Korea. In order to 

illustrate the complexity of an ICT product, we considered three system boundaries simultaneously. 

The first was Choi et al.’s (2006) (Figure 1), the second was that of Liu et al. (2010) (Figure 3) and 

finally that of Durucan et al (2006) (Error! Reference source not found.). Modeling the raw 

material requirements of an ICT device would require a model similar to that of Durucan et al.(2006). 

Modeling the production process of one component inside an ICT device would require a model 

similar to that of Liu et al. (2010). And finally, modeling an entire ICT device that contains hundreds 

of components and hundreds of different materials would require a model such as that of Choi et al. 

(2006). It is no wonder, then, that ICT LCAs often rely on EIO-LCA methods, LCI databases, and 

frequently exclude components or processes because there are simply no data available (as Choi et 

al., 2006, and Frey et al., 2006, both do).  
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Figure 3 System boundaries of LCA of DRAM in Taiwan (Reproduced from Liu et al., 2010) 
 

 

Figure 4 System boundaries of mining LCA (reproduced from Durucan et al., 2006) 
 

It is fair to ask, why does this matter? There are hundreds of components and raw materials inside 

any ICT device but they are present in such small volumes that trying to measure and model them all 

would be costly and not necessarily impact study findings. We suggest three reasons why these 
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small, unmeasured components are worthy of consideration, and why their exclusion is cause for 

concern. 

First, numerous studies, from Moberg et al. (2010) to Enroth (2010)to Choi et al. (2006) have agreed: 

the pre-manufacturing stage in the life cycle of an ICT product can be the source of the most 

environmental impact. Second, ICT devices are becoming increasingly energy efficient in the use 

stages. Smaller products use less power, and consumers prefer them (think of the shift from desktop 

to notebook PCs, or of the increased use of smartphones over traditional PCs). Finally, and as Plepys 

(2004) suggested, existing LCAs of ICT products have done a poor job of measuring the full 

environmental impacts of materials and energy uses in the pre-manufacturing stage of ICT.  

Plepys (2004) studied the environmental impacts of semiconductor manufacturing. Semiconductors 

are the ubiquitous backbone of ICT, and their environmental impact is of central importance to 

virtually any assessment of ICT products. Semiconductor manufacturing has evolved at a rapid pace, 

and the increasing sophistication of these products relies on component miniaturization and 

increasingly complex integrated circuits. Put simply, the ability for a smartphone today to out-

compute a desktop computer just 10 years old is due to advances in semiconductor manufacturing. 

These advances have translated into increasingly sophisticated manufacturing processes. At the time 

of writing, Plepys (2004) found that over 200 process steps are required in the production of a 

semiconductor. Today, that number may be even higher. These steps involve metal disposition, 

rinsing, and etching the semiconductor with a variety of chemicals. Purity of the chemicals employed 

is of central importance. Impurities can be tolerated only at a level of parts-per-billion (Pelpys, 

2004). Plepys (2004) found that “increasing material purity requirements may contribute to shifting 

the centre of manufacturing-related environmental impacts from circuit fabrication to raw material 

production stages.” He found that existing LCAs did not model the environmental impacts of these 

chemicals, and instead use LCI data for bulk-chemicals several grades lower than the purities 

required for semiconductor manufacturing. He concluded, “for this reason a potentially large part of 

upstream energy consumption remains unaccounted.” This challenge in the manufacture of one 

(albeit important) component of an ICT device is illustrative of the difficulties faced in measuring the 

environmental footprint of an ICT product. It is worth considering how, if in the study of one 

component such significant uncertainty exists, the findings of an ICT LCA or indeed a comparative 

LCA, might be affected by a higher degree of data availability.  

Spatial Variation, Local Environmental Uniqueness 
Issues of spatial variation and local environmental uniqueness followed similar trends in ICT LCAs as 

those found in comparative LCAs. The complex, global supply chains of ICT products required 

authors to rely on LCI databases that often consisted of national-level statistics. The ICT industry 

relies on original equipment manufacturers (OEMs) that are highly specialized and provide almost all 
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of the components inside a device, and tracing and measuring the impacts of all of these suppliers 

would be extremely resource-intensive. This is not to suggest that spatial variation and local 

environmental uniqueness do not matter in ICT; they are just issues that are very hard to measure, 

and were therefore unaddressed.  

One particular area where ICT LCAs relied upon global averages was in modeling the raw materials 

present in a device. Durucan et al. (2006) examined why assuming consistent environmental impacts 

between commodity supplies is problematic. They found that most of the data available in mining 

LCAs pay very little attention to modeling the extraction of mineral ore or the waste handling 

processes at a specific site. They considered available LCA data on mining to be a “largely simplified 

… single fact sheet.” Given these uncertainties, and the connection of the mining sector with the pre-

manufacturing stage of an LCA device, confidence in ICT LCAs should be adjusted accordingly. The 

raw material figures used are a reflection of averages that Durucan et al. (2006) do not consider 

reflective of actual environmental impacts.  

Data Availability and Quality 
Data availability was addressed as a serious challenge in all of the ICT LCAs we reviewed. Frey et al. 

(2006) and Scharnhorst (2006) both cited a paucity of data in trying to measure the environmental 

footprint of a mobile phone. Lu et al. (2006), when measuring the environmental impact of a 

notebook computer in Taiwan, had to rely on a consulting report from 1998 (Atlantic, 1998) that 

used voluntary survey data from private companies, reflective of manufacturing processes from the 

mid-1990s. In modeling the footprint of a desktop PC Choi et al. (20006) had to rely on 66 different 

databases, either private databases from the SIMAPRO  software package, or Korean national 

databases. All of these studies focused on a finished product, not a component. Their reliance on LCI 

databases that are private, outdated, or populated by estimated data is a source of concern. However, 

the authors were faced with few alternatives given the scope of the ICT supply chain.  

Studies that focused on more specific components in the ICT supply chain (Liu et al., 2010; Plepys, 

2004; Williams et al., 2004) were able to use more site-specific data. The authors still expressed 

concern, however, over significant gaps or uncertainties in the data available. Plepys’ challenges are 

well documented above, and are part of a broader trend in ICT data availability. Many private entities 

are reluctant in disclosing precise technical data on the environmental footprint of their products, as 

there is a risk that proprietary information may be revealed in this process. The challenge in the ICT 

sector is that challenges in data quality and availability occurs at so many stages in the life cycle of an 

ICT product. We should not question whether study findings are a reflection of available data, but 

instead ask whether available data are of sufficient quality to inspire confidence in the study findings.  

In our review, we gave particular attention to data availability and quality issues in the ICT sector. 

ICT has rapidly evolved, with changing products and processes emerging at such a pace that 
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gathering reliable data for life cycle inventory (LCI) databases has been a challenge. The ICT supply 

chain is also significantly more complex than that of the forest sector. Choi et al.’s (2006) depiction of 

the system boundaries of a PC computer demonstrates how many suppliers are involved in the 

creation of one product. Paper, in contrast, has a relatively simple supply chain. The forest sector is 

not evolving at the same pace as ICT: there simply is not the same scope for technological innovation. 

This means that the forest sector has been able to conduct and refine its LCA methodologies for a 

longer period of time (see Gaudreault et al., 2007, for more on LCAs in the forest sector). The forest 

sector has also historically been subject to pressure from environmental groups, leading it to adopt 

methods to assess its environmental impact, the LCA being one of them. These factors (a more simple 

supply chain, a historical impetus to manage its environmental impacts) has lead to a different level 

of data quality for the paper media supply chain compared to ICT.  

Section 5: Conclusions 
To model, conduct and assess an LCA in an objective and repeatable way is a challenge in and of itself. 

To produce an LCA using a functional unit that is allocated between multiple uses introduces a host 

of challenges when allocating environmental burdens. To produce an LCA for a product in the ICT 

sector means grappling with possibly the most complex and globalized industrial sector in the world. 

A comparative LCA of paper media and digital media is the perfect culmination of all these 

challenges.  

We have already discussed how defining the functional unit can impact study findings. When 

allocating only a percentage of a product’s footprint to an activity, caution and precision must be 

used. Or else, to repeat Reap’s (2008) warning, “failure to select a representative functional unit or 

properly define a study’s boundaries can reduce an LCA to a misdirected and expensive exercise in 

data acquisition.” Whether the functional units in the comparative LCAs considered here are 

“representative” is not a simple question. Some attempted to move beyond the discrete either/or 

scenarios and model the concept of being “well informed”. Even then, it is unclear how connected 

their findings are to the true environmental implications of media consumption. Assumptions on 

consumer behaviour can be equally problematic. Kozak’s (2003) questionable decision to allocate 

eight trips to the bookstore to the footprint of a college textbook contributed to almost 1/3rd of the 

total carbon footprint of the functional unit. Kozak (2003) also assumed that a textbook has one user 

for life, while Enroth (2010) assumes five students use one book. These basic assumptions on use 

contribute to study findings that have strongly divergent conclusions.  

Modeling the ICT sector proved to be equally challenging. At several stages in the supply chain, but 

most acutely in the raw material acquisition stage and pre-manufacturing, measuring the footprint of 

an ICT product required the use of coarse, old and estimated data. Research suggested (Plepys, 2004) 

that significant environmental impacts are simply unaccounted for. ICT data also poorly represented 
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the raw material requirements of a product. Given the potential for site-level variation in the 

extractive industry sector, this relatively unexplored relationship of ICT’s connection with 

nonrenewable raw materials is problematic. At some point or another, almost all of the studies 

reviewed had to rely on proxy data, estimating the impact of a component or product by 

manipulating data available for something similar. What is unclear, and in our view a pressing 

concern, are the compounding effects of all the estimates, guesses, cutoff criteria, and low-resolution 

data that characterize explorations of ICT.  

ICT is also changing, and changing rapidly. New devices, platforms and services are allowing 

consumers to digest media in a variety of ways. A fundamental characteristic of ICT is something 

known as Moore’s Law. The founder of Intel, George Moore, famously predicted in 1965 that the 

number of transistors in an integrated circuit would double every 18 months. He has yet to be proven 

wrong, and the ICT sector has innovated at a breakneck pace in the process. LCAs by necessity look 

backward, relying on what has already been measured. In a sector where data availability is poor, 

this can often mean reliance on old and estimated data. An important trend for our purposes, 

however, is that ICT devices are tending to get smaller, more-energy efficient and be useful for a 

shorter period of time. This means that the environmental profile of an ICT device is shifting. More 

and more of the impacts are found upstream in raw material extraction and production, or 

downstream in the EOL stage, precisely where data are weak. And during the use stage, more impacts 

will come from accessing the Internet. The footprint of cloud computing, and the Internet backbone 

more generally, is poorly understood. In short, the environmental burden of digital media is shifting 

towards areas we least understand.   

It is clear that the scope for variation between LCA findings, and inside an individual LCA is large. 

What is less clear is where this variation is born: in a lack of precise data, in the nature of ICT supply 

chains, in the challenge of modeling consumer behaviour, in modeling a multifunctional product, or 

in attempts to compare. All of these variables should be considered closely when reading the existing 

literature on paper and digital media. These comparisons rely on averages, out of necessity not 

neglect. But given the scope for variation inside comparative LCAs, we are forced to ask, do we want 

to shape our understanding of the environmental implications of media using average data, or is 

there also a role for scenarios? One industry’s potential best-case scenario might differ greatly from 

another’s, and this distinction could prove important. Further, identifying each industry’s best-case 

scenario provides an opportunity to create benchmarks, identify gaps, and look for evidence of 

improvements over time. 
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LCI Databases Consulted 
The following are LCI databases consulted by the various LCAs reviewed in this report.  

EcoInvent Database 
http://www.ecoinvent.org/database/ 

Carnegie Mellon EIO-LCA 
http://www.eiolca.net/ 

EcoBilan TEAM/DREAM 
https://www.ecobilan.com/uk_deam.php 

SimaPro 
http://www.earthshift.com/simapro7.htm 

Gabi Software 
http://www.gabi-software.com/ 

 

http://www.ecoinvent.org/database/
http://www.earthshift.com/simapro7.htm
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Annex One: Detailed Summaries of Comparative LCAs Reviewed 
We reviewed comparative LCAs that juxtaposed traditional paper products with ICT substitutes. We 
reviewed key findings of each study, and described the methodology employed.  We considered each 
study in light of the challenges discussed in Section One. Some of the studies considered are from 
peer-review journals, while others are published technical reports or white papers.  

Deetman, S. & Odegard, I., 2009. Scanning Life Cycle Assessment of Printed and E-paper Documents 
based on the iRex Digital Reader. 
Findings 
The authors concluded that the iRex reader performed better than printers and paper in supplying 
information for the office worker. They indicated that using PWC paper, after 3000 single-sided 
prints the e-reader was preferable. Using woodfree uncoated paper, 5000 prints were required 
before the e-eader was a preferable option. See Figure 5 for the thresholds modeled. It should be 
remembered that the authors state that this is a “scanning LCA” based off readily available data. 
However, they did not indicate that confidence in LCA results should be adjusted accordingly, but 
instead remain firm in concluding that the e-reader is the preferable option from the perspective of 
GWP. 

 
 
Figure 5: Break Even Point for the Office Worker (Reproduced from Deetman & Odegard, 2009) 
 

Goal  
Their goal was to compare the global warming potential (GWP) of the iRex e-reader to the same 
service provided by an office printer.  

Functional Unit 
The authors modeled a functional unit of one year of office paper use, using either an iRex e-reader 
or laser printer. Light-weight coated and woodfree uncoated paper was modeled.   

Key Assumptions  
 iRex reader had two year life span, and was charged daily for two hours 
 Single-sided printing was used 
 Digital reader was only used for reading office documents 
 The digital reader’s “notepad” function was assumed to offset the use of any paper, as it 

allows the user to take notes 
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System Boundaries 
Data on raw material extraction for the e-reader were not explicitly modeled. Data were available on 
the mass/volume of components, and then modeled based on mass and equivalent products from the 
Ecoinvent database. Several components were not modeled because of a lack of data. The “e-ink” 
screen of the e-reader had no manufacturing data, beyond mass. The authors therefore assumed a 
similar process to creating an LCD screen of a similar size, but without backlighting. Given that these 
are fundamentally two different technologies, it is unclear if this approach was valid.  For the power 
adaptor of the e-reader, a similar adaptor was found in the Ecoinvent database and the impacts 
modeled based on mass.  

For paper, LWC is a high quality paper that is not necessarily used in office environments. However, 
the authors used this product type because it was included in the Ecoinvent database. The authors 
also used the Ecoinvent module for uncoated woodfree paper. Both modules assume production that 
takes place in Europe. It was not stated whether raw material extraction is included in these 
modules. 

During the use stage, only the power consumption of the digital was modeled, using the electricity 
bundle for the Netherlands, known as the “Dutch Grid” variable in the Ecoinvent database. For the 
paper product, the studied used a defined module in Ecoinvent database for a typical laser printer, 
including manufacture, print toner, and power consumption. The study also employed the  “Dutch 
grid” variable for the use of the printer. 
 
No data existed on the disposal of a e-reader. The authors assumed that the device was equivalent to 
an LCD monitor and modeled disposal accordingly. Disposal is assumed to take place in Europe, and 
follow WEEE regulatory guidelines. This includes a mix of incineration and recycling. For paper, they 
assumed that 90% is recycled, 8% is sent to landfill, and 2% is incinerated. The recycled paper is 
assumed to offset the flow of new virgin paper.  

Spatial Variation, Local Environmental Uniqueness 
System processes were chosen that either represented Europe or Global (from the Ecoinvent 
database). Electricity for the use phase was assumed to be from the “Dutch Grid” module. Authors 
used data provided by Ecoinvent database, and did not specify whether this database was capable of 
differentiating between local environmental conditions.  

Data Quality 
Almost all of the data were derived from the Ecoinvent database. Additional data were received from 
the manufacturer of the iRex digital reader, but the specifics of these data were not disclosed. The 
Ecoinvent database is a product of the Swiss Centre for Life Cycle Inventories. We did not review 
specific issues of data quality inside this LCI database, but the findings of Reap (2008) on data quality 
in LCI databases are applicable. 

Enroth, M., 2009. Environmental impact of printed and electronic teaching aids, a screening study 
focusing on fossil carbon dioxide emissions. Advances in Printing and Media Technology, 36, 1-9. 
Findings 
The study found that the impact on global warming of a web-based electronic teaching aid was approximately 
10 times higher than the environmental impact of a printed textbook. In a high-energy use scenario, this figure 
increased to 30. The author attributed the difference to a textbook’s ability to be used over a long time by many 
readers. Figure 6 and  

Figure 7 break down the GWP of the various life cycle stages considered by Enroth.  
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The contribution from the different life cycle steps of the studied web based electronic teaching aid (high energy 
scenario with desktops & screens) when it comes to fossil carbon dioxide emissions.  

Figure 6 GWP of an Electronic Teach Aid (Reproduced from Enroth, 2009) 
 

 

The contribution form the different life cycle steps of the studied printed textbook (high energy printing 
scenario) when it comes to fossil carbon dioxide emissions.  

Figure 7 GWP of a Printed Textbook (Reproduced from Enroth, 2009) 
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Figure 8 Total CO2 Emissions for the teaching aids studied (reproduced from Enroth, 2009) 
 

Goal  
The aim of the study was to provide a screening comparison of the GWP of printer versus electronic 
teaching aids. The study focused on products with a long lifetime and many users.  

Functional Unit 
The function unit was the “Use of teaching aid during five years for 5,000 pupils per year (i.e. 25,000 
pupil years). Each year the pupils use the teaching aid 2 hours per week for 40 weeks. The pupils 
reside in six different cities in Norway”. 

Key Assumptions  
The printed textbooks weighed 0.8 kg oer book which corresponded to total weight of 4.8 tonnes in 
the functional unit, with 17% paper waste used in the production of the books. A lifetime of 5 years is 
assumed for the textbooks. For the electronic teaching aid, the share of the total impact from the 
needed computer equipment per user is calculated to be 3.7%, based off a life-time of 5 years and a 
total use of approximately 10,900 active hours during this life time. 

System Boundaries 
Upstream 
Figure 9 and Figure 10 describe the system boundaries used by Enroth. In general, the system 
boundaries were broad, but generalized and estimated data were used for most stages in the life 
cycle of each product. Specific cut-off criteria are not discussed.  
Use 
It is assumed there was no energy used in the reading of a textbook. For the electronic devices, 
energy use was based off data from a voluntary survey of PC manufacturers in Europe. (Jönbrink and 
Zackrisson 2007). The study also assumed a level of energy use associated with connecting electronic 
teaching aids to the Internet. The author quoted a figure used by Moberg et al. (2010) of 3Wh/MB. 
This is a figure that Moberg et al. (2010) identified as a rough estimate.  
 

Waste management was included in the system boundaries. For electronics, it was assumed that 95% 
is recycled, and 5% is sent to a landfill, depicting virtual compliance with WEEE directives. For paper, 
80% was assumed to be recycled and 20% incinerated. How these flows feed back into the system is 
not stated.  
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Figure 9 System boundaries of printed textbook (Reproduced from Enroth, 2009) 
 

 
Figure 10 System boundaries of electronic teaching aid (Reproduced from Enroth, 2009) 
 

Spatial Variation, Local Environmental Uniqueness 
Energy used in the system is assumed to be from the “Nordel” module in the Ecoinvent Database, 
which depicts the energy bundle of Denmark, Finland, Iceland, Norway and Sweden. Most of the data 
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used was repurposed from other studies. Some of these studies were “localized”; for example, the 
pulp and paper data came from a Sweden-specific study. Other data, however, were global in scale. 
The author did not address whether these variances in scale might impact study results.  

Data Quality 
Data on computer manufacturing were sourced from a technical report prepared for the European 
Commission. The data in this report (Jönbrink and Zackrisson 2007) were derived from a voluntary 
survey of computer industry representatives in the EU. Most of the data employed was generic rather 
than specific, repurposed from other studies or from private LCI databases. Given that the study has 
broad system boundaries, data were almost all estimated rather than measured. While the 
repurposed data did come from peer-reviewed studies, much of the original data is contained in LCI 
databases that are not necessarily open to the scrutiny of the peer review process.  

Gard, D.L. & Keoleian, G.A., 2002. Digital versus Print: Energy Performance in the Selection and Use of 
Scholarly Journals. Journal of Industrial Ecology, 6(2), 115-132.  
Findings 
The study modeled the life cycle impacts of journal collections, both digital and traditional (i.e. paper-
based). The authors conducted five primary scenarios, where they varied the number of readings, 
whether an article was printed after being read electronically, and whether personal transportation 
is modeled in the “use” stage. They found that digital collections varied between 4.10 and 216 MJ per 
functional unit. Traditional collections varied between 0.55 and 525 MJ per functional unit. They 
concluded, “Whether there are clear energy savings from IT depends on the aggregate behavior of 
individual users.” 

 
Figure 11 Description of scenarios considered (Reproduced from Gard & Keoleian, 2002) 
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Results for scenarios 2 through 5. 

Figure 12 Results for scenarios 2 through 5 (Reproduced from Gard & Keoleian, 2002) 
 
Goal  
The research question was stated as: “What is the relative life cycle energy consumption of digital 
and traditional library systems, specifically with regard to journal collections?” 

Functional Unit 
The functional unit (FU) of analysis was defined as one reading of the information contained in a 
typical article in a scientific scholarly journal. For the traditional system, the length of the average 
scientific journal article was 11.7 pages, which was rounded up to 12 pages. A standard-sized 8.5 in. 
by 11 in. publication was assumed. For the digital system, the same amount of information was 
represented as the file size of an equivalent e-journal article. To determine this file size, a sample of 
five scientific e-journal articles was selected. Actual kilobytes per page was determined, assuming the 
common portable document format (PDF). These results were then averaged and multiplied by 11.7 
to yield 1,524 kB per article. 

Key Assumptions  
Similar to every comparative LCA reviewed here, document creation and publishing was not 
considered given that each system shared this variable. The network transmission infrastructure (in 
other words, the Internet) was not included. The authors felt that given the functional unit of the 
study, and the sheer volume of information that travels over the Internet, network infrastructure 
burdens were negligible. The computers used in the digital system were assumed to require 8.300 MJ 
per computer, based off data from the early 1990s. This figure conflicts with a figure used by Toffel & 
Horvath, who assumed 3422 MJ per computer, and Williams (2003) who assumes 5600 MJ per 
computer. Due to the study goals, only the energy impact of EOL management of IT products was 
considered. When the energy associated with computer manufacture was associated 100% with the 
functional unit of the study, this increased the energy burden of the digital system by 79%. 

System Boundaries 
The authors emphasized that in selecting system boundaries, their objective was to produce 
comparative results. The findings were not designed to provide insights into the total environmental 
burdens of either system. Figure 13 and Figure 14 depict the system boundaries assumed. The 
inclusion or exclusion of personal transportation in the various scenarios was a key driver in the 
variation between results. For example, in Scenario 4, personal transportation accounted for 73% 
and 82% of digital energy burdens. Scenario 5 removed personal transportation from the digital 
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system, but retained it for the traditional system: this exclusion explained the gap between the 
energy profiles of each system in this scenario. 

 
Figure 13 System boundaries for a digital scholarly journal (Reproduced from Gard & Keoleian, 2002) 
 

 
Figure 14 System boundaries for printed scholarly journal (Reproduced from Gard & Keoleian, 2002) 
 

Spatial Variation, Local Environmental Uniqueness 
Both the models reflected journal collections in North America, specifically collections housed at the 
University of Michigan. Some variables, such as disposition of computer components, required use of 
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data from outside North America. The manufacture of ICT equipment also required more global data, 
given the complexity of the ICT supply chain. 

Data Quality 
The authors stated that in modeling both systems, they had “limited useful data”. Much of the IT 
equipment data was from the mid to late 1990s, and does not reflect the energy and material 
demands of the IT sector today. In some instances, the authors were able to use specific data (for 
example, in modeling the exact network infrastructure of a library at the Univeristy of Michigan). In 
other instances, generic data from LCI databases were employed. For some components, measured 
data were available, while in other instances estimates were used. The authors did not specifically 
discuss whether data quality would impact study results. 

Hischier, R. & Reichart, I., 2003. Multifunctional Electronic Media - Traditional Media: The Problem of 
an Adequate Functional Unit. International Journal of Life Cycle Assessments, 8(4), 201-208. 
Findings 
The authors felt that frequently electronic media is given credit for causing less environmental 
impact but felt that there is little research supporting this claim. They suggested that the challenge in 
making comparative declarations comes from the difficulties in defining an adequate functional unit 
in media consumption, as well as the problems of gathering large amounts of inventory data for 
complex electronic systems. They conducted three scenarios based on three functional units. 
Considered in aggregate, they find that reading the news on the Internet causes more impact than 
viewing it on a TV, but reading on the Internet causes less of an impact than a physical newspaper.  
They concluded that comparing multifunctional products using strict functional units did not reflect 
environmental impacts. They suggested designing functional units that represent real life choices, as 
opposed to discrete trade-offs that aren’t actually available to consumers. 
 

 

Figure 15 Influence of length of time for news consumption on environmental impact (reproduced from 
Hishchier & Reichart, 2003) 
 

Goal  
The authors explored the challenge of comparing electronic and traditional media, and in particular, 
focused on the selection of a meaningful functional unit. 

Functional Unit 
Three functional units were employed. They modeled reading or watching a single news item, either 
as a 500-word article in print or online, or a TV segment that relates a similar amount of information. 
They also modeled the concept of being “up-to-date”, which involved watching a 25-minute TV 
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broadcast, reading the news online for 10 minutes, or reading 43% of a daily newspaper. Finally, they 
modeled daily media consumption, which involved deriving both news and entertainment value out 
of the variables considered. This meant 110 minutes of TV watching, 74 minutes of time spent online, 
and the total burden of a newspaper.  

Key Assumptions  
In each scenario, it was assumed that the consumer was a Swiss adult using media at home. In the 
latter two scenarios, both thin tabloid-like newspapers as well as a longer “voluminous” newspapers 
were modeled. In each scenario, given the relatively short usage of electronic goods, only a relevant 
fraction of the manufacturing costs were attributed to the functional unit. Similarly, the EOL 
management of electronic devices were proportioned to the functional unit. It was assumed that 
electronic goods were disposed of by incineration.  

System Boundaries 
The authors used different sets of system boundaries for each scenario described. The broadest 
scenario, “daily consumption”, includes most of the processes in the life cycle of electronic and paper 
products. However, because the study repurposed data from other research, it is unclear whether 
particular cutoff criteria are used. Given the goal of the study, the authors did not address issues of 
system boundaries in detail.  

Spatial Variation, Local Environmental Uniqueness 
This study operated at various spatial scales. Patterns of media consumption were modeled for an 
average Swiss citizen. Energy bundles varied, depending on the activity, from the Swiss, hydro-
dominated bundle, to the European transport energy bundle to the Chinese energy bundle associated 
with computer manufacturing. The study relied on repurposed data that were mostly estimates and 
averages, and do not reflect local environmental uniqueness.  

Data Quality 
Given the scope of the systems assessed, the authors relied on screening data from multiple sources. 
They did not comment on the quality of these data sources and did not distinguish between peer-
reviewed and private data. There is a mix of measured and estimated data from a variety of sources 
over different time scales. The complexity of the scenarios considered demanded that data quality 
requirements be relatively low. 

Kozak, G., 2003. Printed Scholarly Books and E-book Reading Devices: A Comparative Life Cycle 
Assessment of Two Book Options. 
Findings 
The author found that, “from an environmental standpoint, it is difficult to argue against the 
integration of e-readers into a school’s curriculum”. This conclusion was based off four points:   

 Environmental burdens associated with electronic book storage (i.e. server storage) are 
small when compared to the physical storage of books (i.e. bookstore).  

 E-readers eliminate personal transportation-related burdens since they allow for instant 
accessibility to digitized texts (i.e. anywhere there is Internet access).  

 E-readers are more compact and are less material intensive than the equivalent number of 
printed books.  

 Although the most significant contributor to the e-reader’s LCA results, electricity generation 
for e-reader use had less of an environmental impact than did paper production for the 
conventional book system. 

Figure 16 summarizes the findings.  
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Figure 16 Total life cycle comparison of e-reader and textbooks (Reproduced from Kozak, 2003) 
 

Goal  
As stated by the author, “This study is designed to provide the electronics and e-publishing industries 
with information needed to improve the environmental attributes of e-books and e-readers.” He did 
so by comparing the life cycle burdens and impacts of a college student reading 40 scholarly books 
and the equivalent amount of digitized information (53.6 MB) using a dedicated e-book reading 
device. Total primary energy, material and water requirements, air and water pollutant emissions, 
and solid wastes for each system were evaluated. It is important to note that the targeted 
constituency was the e-publishing industry, not the publishing industry in general.  

Functional Unit 
The print-based functional unit was 40 scholarly books. The digital-based functional unit was 40 e-
books read off a RCA REB 1100 dedicated book reader. The user downloaded or purchased 40 
textbooks over the course of a 4-year degree program. It was assumed that for the physical book, 
eight trips to the bookstore were necessary, with five books purchased for each individual semester.  

Key Assumptions  
For the printed textbook, it was assumed that each individual file is 1,372kb. This was due to the 
proprietary file system used by the RCA e-reader. It is unclear whether this file size is representative 
of current e-book formats. However, a PDF file with over 500 pages (the assumed length of a 
textbook) would be substantially larger than 1,372kb. In the baseline scenario, the study also 
assumed that the student had to travel eight times in order to purchase textbooks. This assumption 
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proved highly sensitive in later analysis, contributing to over 35% of total GWP (versus 43% for the 
paper manufacturing process). 

Kozak’s study is one of the more thorough examples of modeling an electronic product. There were 
several assumptions he was forced to make, however, in order to complete this task. There were no 
data available for the specific e-reader under analysis. Therefore all environmental impacts were 
based off previous studies of LCD screens (which the author deemed the closest approximate 
product). The various component weights were measured for the e-reader, and ratios derived from 
the LCD screen LCA were applied. There was no information available for the battery in the e-reader. 
Instead, an LCA of a lithium-ion battery present in a hybrid automobile was used. The hybrid battery 
had a weight of 35.84kg; the e-reader batter weighed only 91.89g. The impacts of the hybrid battery 
were converted based on the weight of the e-reader battery. The raw materials in the e-reader were 
modeled according to the DEAM database. At the time, the most recent data available were from 
1996. Of the nine raw materials assumed to be present, five had no transportation data associated 
with them. For example, no data were available for the transportation required in producing the iron 
present. What is important to consider is the compounded impact of all these assumptions and 
estimates on LCA quality.   

 

Figure 17 Removing the personal transport component, and allowing textbooks to be resold 
(Reproduced from Kozak, 2003) 
 

System Boundaries 
The geographic boundaries of the study were limited to the United States. The exception was for ICT 
products, where the nature of raw material extraction and processing required a global scale. The 
temporal boundaries were a period of four years, a period that was suggested to be long enough to 
adequately cover the full environmental impacts of both production systems, while also being short 
enough to realistically deal with the rapidly changing nature of e-book technologies. Figure 18 and 
Figure 19 show the system boundaries of the printed book and e-book scenarios. It should be noted 
that raw material extraction was not explicitly modeled for either product system, but instead 
included in the “manufacturing process”. This was attributed to data availability. Kozak excluded any 
material that was 1% or less of the products mass. There was no EOL management in the printed 
product system, as the student is assumed to keep the textbook forever.  

 



The Environmental Implications of Media – Literature Review – FINAL  

37 
 

Figure 18 System boundaries of conventional book system (Reproduced from Kozak, 2003) 

 

Figure 19 System boundaries of e-reader system (Reproduced from Kozak, 2003) 
 

Spatial Variation, Local Environmental Uniqueness 
Given that the LCA modeled product systems that originate around the globe, there was no 
consideration given to spatial variation. The only local environmental impacts considered involved 
the disposal of e-waste in a local landfill. However, the toxic impacts of this process were not 
modeled and do not appear in the study findings.  

Data Quality 
The majority of data came from secondary sources, such as LCI databases and other LCA studies. The 
Database for Environmental Analysis and Management (DEAM) developed by the Ecobilan Group 
was consulted frequently. Data from DEAM were used in conjunction with a variety of secondary 
sources in order to complete the LCI for the product systems. Data were almost always estimated 
rather than measured, and equivalency factors, averages and generic data were used throughout. The 
compounding impact of repeatedly estimating data is not discussed, and the author contends that 
confidence in data sources is high.  

Moberg, Å. et al., 2010. Printed and tablet e-paper newspaper from an environmental perspective — A 
screening life cycle assessment. Environmental Impact Assessment Review, 30(3), 177-191.  
Findings 
Moberg at al.  suggested that the most important stage in the life cycle of both a newspaper and an e-
reader is in the production of the platform (the paper or e-reader device). The footprint of a 
newspaper was strongly impacted by the number of readers, the energy bundle used in producing 
the paper, as well as the transport-distance associated with delivery. The e-reader was more difficult 
to model, as very few measured data were available. Moberg et al. concluded that the production and 
disposition of the e-reader are significant stages in the life cycle of the product that are poorly 
understood. It was also found that assumptions on Internet energy consumption could significantly 
impact the energy burden of the e-reader during the “use” phase.  
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Goal  
The scope of the paper was to study a newspaper from a European perspective, with European 
electricity mix and waste flows, etc. In addition, a Swedish scenario was tested where the electricity 
mix, waste management and distribution of printed newspaper were altered. 

Functional Unit 
The functional unit of the study was “the consumption of a newspaper during one year by one unique 
reader”. The two product systems were studied separately and no combinations were made within 
the scope of this study (e.g. reading of a tablet e-paper newspaper combined with a printed version). 
 
Key Assumptions  
Several different environmental impact categories were assessed; resources used (non-renewable, 
renewable and total), acidification, climate change, eutrophication, photochemical oxidant (photo- 
oxidant) formation, ozone depletion and toxicity. In addition to the results for each impact category, 
two different kinds of weighting methods were used; Ecotax 02 and Eco-indicator 99. It was assumed 
that 2.4 readers read the newspaper each day. Moberg et al. stated, “Even though the data on the 
tablet e-paper production and waste management is uncertain it is clear that it is of major 
importance.” 

System Boundaries 
The authors conducted a “screening” LCA, where only readily accessible data ere used in the hopes of 
determining which variables were the most important in understanding environmental impact. 
Figure 20 and Figure 21 show the system boundaries employed. EOL management in both product 
systems was modeled, but for the e-reader, data were scarce.  

 
Figure 20 System boundaries of printed newspaper (Reproduced from Moberg et al., 2010) 
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Figure 21 System boundaries of e-reader based newspaper (Reproduced from Moberg et al., 2010) 
 

Spatial Variation, Local Environmental Uniqueness 
The only spatial variation that took place was in switching the energy bundles employed. In one 
scenario, a Swedish energy bundle was used to produce paper as well as power the e-reader. In 
another, a European energy bundle was used. This changed the environmental impacts of each 
product, as the Swedish energy bundle was dominated by hydroelectric power. The degree of 
variation modeled was limited by Moberg et al.’s use of the Ecoinvent database.  

Data Quality 
Virtually all of the data employed was derived from the Ecoinvent database. The issues associated 
with private LCI database and data quality discussed by Reap (2008) apply. Given that the study was 
a screening LCA, and data quality was not a central issue, the author did not comment on data quality. 
Moberg et al. did recognize the challenge in measuring the impacts of an e-reader, a relatively new 
product with very little data on its life cycle.  

Toffel, M.W. & Horvath, A., 2004. Environmental Implications of Wireless Technologies: News Delivery 
and Business Meetings. Environmental Science & Technology, 38(11), 2961-2970. 
Findings 
The authors compared reading a newspaper to reading the same information on a PDA. They 
conclude that reading the news on the PDA results in the release of 23-140 times less C02, several 
orders of magnitude less NOX and SOX, and the use of 26-67 times less water.  
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Figure 22 Environmental effects of three news scenarios (Reproduced from Toffel & Horvath, 2004) 
 

Goal  
The authors sought to understand how the delivery of the New York Times to a personal digital 
assistant (PDA) via wireless transmission might reduce the environmental footprint of reading the 
news.  

Functional Unit 
One year’s worth of the New York Times delivered in Berkley, California. They model two scenarios: 
one where 50% of the newsprint is derived from recycled sources, and another where 100% of the 
newsprint is derived from recycled sources.  

Key Assumptions  
To measure the life cycle emissions with the production of newspaper, the authors used data from 
the Environmental Defense Fund’s Paper Calculator, a problematic data source that was not designed 
for use in academic research. The Carnegie-Mellon EIO-LCA (discussed specifically by Reap (2008) as 
being a popular, but troubling, data source) was used to calculate the water emissions around paper. 
The printing process was also modeled using the Carnegie-Mellon EIO-LCA. The local distribution of 
the newspaper was modeled using data from the early 1990s on freight shipping in Holland.  

To model the life cycle emissions of the PDA, the authors decided to allocate 1/6th of the total 
emissions to the act of reading the newspaper. Because no data exist on the manufacturing and 
production of a PDA, the authors used estimated data instead. They aggregated information from 
LCAs on memory chips, processors, batteries and displays. They used equivalency factors from 
various studies, determining the appropriate ratio using mass. They conclude that the PDA requires 
153MJ to produce (this contrasts to estimates for desktop computers that range between 3342MJ 
and 8400MJ per computer). They measured the power consumption of the PDA, and allocated energy 
from the California energy bundle. They do not model EOL management of the PDA. 

System Boundaries 
Although the authors do not use the phrase, this study is indeed a “screening” or “scanning” LCA. 
They follow the newspaper and PDA from the manufacturing process through the use stage, but do 
not model EOL management. As they rely entirely on secondary sources, the cutoff criteria that they 
employ are not clear. Certain products, such as the power adaptors and cables that come with the 
PDA, were not modeled because the authors could not find data from other LCAs to repurpose.  

Spatial Variation, Local Environmental Uniqueness 
Although the functional unit of the study dictated a specific geographical unit, the study only uses this 
variable as a method of calculating transport distance. The transport emissions factors came from 
research from Europe on freight-shipping. The local environmental impacts of the various 
manufacturing processes in the PDA and newspaper life cycles were not modeled. 

Data Quality 
The study relied almost exclusively on secondary data and estimates. The only measurement came 
from the power-consumption of the PDA during the use phase. The EIO-LCA was used for many of the 
variables modeled, which indicates that the data quality is questionable. The authors did not 
comment extensively on data, beyond indicating that no primary data exist for the life cycle of a PDA. 

 


