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ABSTRACT
Streaming movies over the Internet has become increasingly
popular in recent years as an alternative to mailing DVDs to
a customer. In this paper we investigate the environmental-
and energy-related impacts of these two methods of movie
content delivery. We compare the total energy consumed
and the carbon footprint impact of these two delivery meth-
ods and find that the non-energy optimized streaming of a
movie through the Internet consumes approximately 78% of
the energy needed to ship a movie, but has a carbon footprint
that is approximately 100% higher. However, by taking ad-
vantage of recently proposed “greening of IT” techniques in
the research literature for the serving and transmission of the
movie, we find that the energy consumption and carbon foot-
print of streaming can be reduced to approximately 30% and
65% respectively of that of shipping. We also consider how
this tradeoff may change in the future.

1. INTRODUCTION
With the increasing deployment of broadband con-

nectivity, online movie streaming is becoming increas-
ingly popular, with many predicting that streaming will
replace more traditional mail-based shipping of movies.
Some companies (e.g., Netflix) provide both delivery
methods. With streaming service, a customer selects
a movie and is then able to view the movie immedi-
ately as it is streamed from Internet-connected servers
to the customers display device. With mail-based deliv-
ery, a customer orders a movie online, and the movie (in
DVD form) is then mailed (shipped) to the user, who
later returns the DVD via mail. Although mail delivery
of DVDs is currently more popular, online streaming is
gaining popularity [15, 16].

There is currently considerable interest in both using
information technology (IT) to “green” other industries
and in “greening” the IT infrastructure itself. Movie
content delivery offers a case study that illustrates and
quantifies the potential of both of these opportunities.
In this paper we quantify the amount of energy con-
sumed and environmental impact (carbon footprint) of
two methods for movie delivery (traditional DVD mail
delivery versus on-line streaming), allowing us to de-

termine the extent to which streaming can green this
service. We find that non-energy optimized Internet
streaming consumes approximately 78% of the energy
needed to ship a movie, but has a carbon footprint that
is approximately 100% higher.

Considering recently proposed methods for decreas-
ing energy use in data centers and networks, we find
that the energy consumption and carbon footprint of
streaming can be reduced to approximately 30% and
65% respectively of that of shipping making streaming
delivery even more attractive, but still not overwhelm-
ingly so. Lastly, we also consider longer term trends in
both content itself (e.g., increased size, with 3D high-
def movies) and potential changes in both network and
mail-based delivery. Here we find that greening gains
decrease, as the amount of data associated with a movie
increases.

As a case study, this work reminds us that IT even
greened IT is not always a panacea for significantly
greening traditional industries, despite the rather intu-
itive appeal of delivering data via a gleaming, modern
IT infrastructure versus a traditional bricks, mortar,
and roadway system. The energy- and environmentally-
related benefits to be had are modest and only in cer-
tain areas of the movie-content delivery service design
space. However, our results do point to the fact that
there are such indeed benefits to be had, and quantifies
the extent to which ongoing research efforts in greening
IT data centers and Internet infrastructure can be used
to realize, and increase, these benefits.

The remainder of this paper is organized as follows.
§2 overviews related work. We describe shipping and
streaming delivery methods and assumptions about movie
viewing in §3. We quantify the energy consumed in the
shipping and the online streaming cases in §4 and §5
respectively. We present the carbon footprint and eval-
uation results in §6 and §7 respectively. We discuss the
results in §8, and conclude in §9.

2. RELATED WORK
Several recent studies have compared the environ-

mental impact of online versus retail store purchases.
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In [39], the authors compare the environmental impact
of renting a DVD from Blockbuster with that of order-
ing a DVD from Netflix. The environmental impact of
online versus retail purchase of electronics was exam-
ined in [42]. Both [39] and [42] observe that the online
option is advantageous from the environmental stand-
point. [45] provides more mixed results, noting that
in urban areas, online purchases consume more energy,
while in rural areas the two options have similar energy
consumption.

In [43], the authors compare the energy cost and car-
bon footprint of Internet-downloading of songs versus
traditional retail purchasing of a CD. Part of their anal-
ysis is a calculation of the energy spent in transmitting
a bit of information. The analysis in [21] compares the
dollar (not energy) costs of sending a large amount of
data over the Internet versus shipping the same data
via mail; the focus of our paper is on the energy and
environmental costs of two methods of movie content
delivery, and the schemes that can be used to green
these methods.

Nano Data Centers [41] is a distributed computing
platform that the authors argue can save approximately
20-30% in energy compared to traditional data centers
for VOD services. In contrast, this paper compares
the energy and environmental costs of traditional data
centers with mail delivery, considers both manufactur-
ing and transmission energy costs, and also estimates
the carbon footprints. The savings envisioned in Nada
could be realized by replacing the data center VOD ser-
vices that we consider with Nada distributed services.

3. SHIPPING AND STREAMING DELIVERY
METHODS

In this section we describe the infrastructure and en-
ergy consumption/carbon footprint model of shipping
a DVD via mail versus streaming a movie through the
Internet. For assessing the energy and environmental
costs1 in shipping a DVD, we consider Netflixs DVD
mail-delivery service as a representative example [39].
The costs of manufacturing the various components in-
volved in shipping (DVDs, packaging, trucks) operating
the distribution centers, and transporting the DVDs are
determined and added to determine the cost of deliver-
ing a single DVD.

In the streaming case, costs are incurred in trans-
mitting the movie over the Internet and in manufactur-
ing the various equipment involved in streaming. The
costs of recycling are also taken into account (both for
streaming and mail delivery). We calculate these costs
and amortize them appropriately in estimating the cost
of a single streaming of the movie. We perform these
calculations assuming two scenarios a non-energy op-
timized scenario (roughly, using todays technology and
operating at peak power ratings at all times, even when

Description Value
S Size of Movie 8 ∗ 8 ∗ 109 bits
D Duration of Movie 2 ∗ 3600 seconds
N # Movies streamed in a day 2.2 ∗ 106

R Recycling Factor 0.87
L Lifetime of IT equipment 3 * 365 days
T # Movie Titles [15] 105

Table 1: Parameter values used in assessing cost

idle) and an energy-optimized scenario (where recent
research results for decreasing the energy consumption
of data centers and networking are taken into account).
The parameters used in our calculations are given in
Table 1.

Once the movie has been delivered to the customer
(whether by mail or via streaming), the customer watches
the movie on a laptop or display device such as a flat
panel TV. The total energy cost of watching a movie on
a laptop and television are 2.788MJ and 5.44MJ respec-
tively (refer Appendix). As these costs are common to
both shipping and streaming we will not consider these
costs further. We note here, however, that these costs
are larger (by a factor of roughly 3 to 5) than the de-
livery costs discussed in the remainder of the paper,
making display costs the dominant factor in viewing in-
home movies.

4. ENERGY SPENT SHIPPING A DVD
For evaluating the energy costs for shipping a DVD

we use data provided in prior work [39]. After the DVDs
are manufactured, they are first transported to the main
distribution center in Sunnyvale, California [39]. Then
the DVDs are put in plastic cases and trucked to the
various regional warehouses. We assume this distance
as 3800Km [39]. The weight of the DVD is 18g and
the weight of the plastic case is 85g [39]. Once at the
regional warehouses, DVDs are shipped to customers
on request, and returned to the warehouse by the cus-
tomer, until the life of the DVDs expire. The reusability
of DVDs is taken as 12 [5]. For this last-leg-shipping be-
tween the warehouse and customer, DVDs are removed
from the plastic case and transported in a custom-made
paper sleeve. The approximate weight of the DVD with
paper sleeve is 21g. This last-hop transportation is as-
sumed to be done by a truck, with a round trip distance
is 210Km [39].

Warehouse
Any company which ships movie DVDs to people living
in different parts of the country most have distribution
centers spread throughout the country. We consider the
number of number of regional distribution centers to be
55 [24]. The area of each distribution center is assumed
to be 20000sq ft [26]. The area of the main warehouse
from which these DVDs are dispatched is assumed to be
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79000sq m [39]. The values of annual energy consump-
tion per sq ft was determined from [1, 14]. Using these
values and considering that a total of 2.2 million DVDs
will be shipped in a day from the 55 distribution cen-
ters and main warehouse, we determine the total energy
consumption that needs to be attributed to the single
shipping of the DVD is 0.069MJ.

DVD
We assume that the paper sleeves and plastic cases used
for DVD packaging are recycled [2]. The energy savings
when paper and plastic are recycled are about 64% and
80% respectively [3]. Since we could not find the energy
savings of DVD recycling, we assume that it is 13%, as
with other IT equipment [38]. Using these recycling
factors, we estimate the marginal energy cost incurred
in manufacturing a DVD, plastic case and paper sleeve
for a single shipping of a DVD to be 0.976MJ, 0.125MJ
and 0.1764MJ respectively [14]. We have amortized the
manufacturing cost of the DVD and the plastic case
over the reusability of the DVD.

Transportation
We assume that a 20000lb (9060kg) delivery truck is
used for transportation. We assume that the truck has a
energy efficiency of 18MJ/mile [43, 29] and the lifetime
of the truck is 155000 miles [8]. The energy spent in
the transportation of the DVD (with plastic case) to
the distribution center which should be attributed to a
single shipping is

103 ∗ 10−3

9060
∗ 2361 ∗ 18 ∗ 1

12
= 0.0403MJ

and the energy spent in the last leg of the transportation
to the customer is

21 ∗ 10−3

9060
∗ 130.49 ∗ 18 = 0.0054MJ

The total cost of manufacturing the truck is 200932
MJ (refer Appendix). The fraction of manufacturing
energy of the truck, which should be associated with
shipping a movie once is

103 ∗ 10−3

9060
∗ 2361

155000
∗ 200932

12

+
21 ∗ 10−3

9060
∗ 130.49

155000
∗ 200932

= 0.0033MJ

Table 2 summarizes the energy consumption of the
various steps associated with mail-based DVD delivery.
Note that the energy consumption of DVD manufactur-
ing accounts for 70% of the overall energy cost.

5. ENERGY SPENT IN ONLINE STREAM-
ING

Transportation
Energy

Manufacturing
Energy

Total
Energy

Warehouse 0 0.069 0.069
DVD 0 0.976 0.976
PlasticCase 0 0.125 0.125
PaperSleeve 0 0.1764 0.1764
Truck 0.046 0.0033 0.0493
Total 0.046 1.35 1.396

Table 2: Energy costs: DVD Shipping Method (in MJ)

In this section, we estimate the total energy con-
sumed in streaming a movie via the Internet. In this
scenario, a streamed movie originates from the data
center, traverses a set of backbone and edge routers,
and finally passes through the home router to reach the
customer. The customer watches the movie on a dis-
play device. We assume the data center is provisioned
to meet a peak demand of 2.2 million requests (based on
the fact that Netflix currently ships 2.2 million DVDs
per day [15] and most movies are watched between 6
pm and 12 am).

We consider two scenarios a non-energy optimized
scenario (roughly, using todays technology and operat-
ing at peak power ratings at all times, even when idle)
in §5.2 and an energy-optimized scenario (where recent
research results for decreasing the energy consumption
of data centers and networking are taken into account)
in §5.3. We begin by considering manufacturing costs
associated with a single streaming of a video, which are
common to both scenarios.

5.1 Energy spent in equipment manufactur-
ing

An exact analysis of the energy expended in manufac-
turing servers, hard drives and routers is not available
in literature. Therefore we estimate these costs from
data given in [44, 30]. Since manufacturing accounts
for only 12% of the total energy cost (Table 3), even
if our estimates differ from the actual values, they are
unlikely to affect our overall conclusions. We again as-
sume that 13% of the total energy expended in man-
ufacturing IT equipment is recovered by recycling [38]
and assume that IT equipment has a lifetime of 3 years
[44], as noted earlier.

5.1.1 DataCenter and Routers
Storage: We use to find the manufacturing energy cost
of the data storage. The manufacturing cost of a disk
drive of size 30GB was 2926MJ in 2000 (taking into
account the manufacturing costs of semiconductors, sil-
icon wafers, electronic chemicals, semiconductor manu-
facturing equipment, transport, packaging, disk drives
and other parts) [44].

By Moore’s law, the number of transistors that can
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be packed in the same area will double every 18 months.
In 2000, 2926MJ was spent on a 30GB hard drive, and
by application of Moore’s law, in 2009, the same amount
of energy will be spent on 2TB hard drive.

The manufacturing cost of a 1PB data data storage
is 2926*500 = 1463000MJ. Now the fraction of the total
manufacturing cost of this 1PB storage, which should
be attributed to a single streaming of a movie is

1463000MJ
L

∗ 1
N
∗R = 0.000528MJ

Servers: We estimate the total energy expenditure in
manufacturing a server from the total energy spent in
manufacturing a desktop as 5345MJ, after excluding the
manufacturing cost of the CRT monitor (The manu-
facturing cost of the desktop is 6400MJ, and the CRT
monitor is 1055MJ)[44] .

The rate at which a server can serve requests is con-
tingent upon how fast it is able to read data from the
disk. The maximum sustained rate at which data can
be read from the disk is 464 Mbps [22, 32]. Therefore,
the total number of servers required to serve the peak
load in Table 1 is

Ns =
N( S

D )
464 ∗ 106

= 42151

Therefore, the server-related manufacturing energy
cost attributable to streaming a single instance of a
movie is

5345 ∗Ns

L
∗ 1

N
∗R = 0.081MJ

Routers: To simplify the calculation of router costs,
we assume that only M7i (edge router - 400W, 10Gbps)
[12] and M40 (backbone router - 1600W, 40Gbps) [11]
Juniper routers are involved in the streaming of the
movie. To obtain the manufacturing energy cost of a
router, we scale the value obtained for the desktop pro-
portional to the weight of a router. We consider the
average weight of a desktop (excluding display) to be
10Kg. The weight of the M40 router is 127Kg [11] while
that of an M7i router is 17.3 Kg [12]. The average uti-
lization of a router is considered to be 30% [37].

Hence the energy costs associated with the manufac-
turing a edge router which should be attributed to a
single streaming of a movie is

17.3
10
∗ 5345

L
∗ S

(10 ∗ 109) ∗ 0.3 ∗ 86400
∗R = 0.0018165MJ

The manufacturing cost of a backbone router which
should be attributed to a single streaming of a movie is

127
10
∗ 5345

L
∗ S

(40 ∗ 109) ∗ 0.3 ∗ 86400
∗R = 0.0033274MJ

We perform an upper bound calculation assuming that
15 routers are in the path [41]. Thus the fraction of
the total manufacturing energy of the 15 routers in the

path, which should be attributed for a single streaming
of a movie is

0.0033274 ∗ 15 = 0.05MJ

5.1.2 Home Router
For the home router too we do an analysis similar to

the one done in the previous section. The weight of the
home router is 0.482kg [13]. At present, the monthly
median traffic flowing through a home router is 4GB
[6]. If we assume that the subscriber streams 5 movies
in a month, this would result in 40GB of traffic be-
ing generated by movie streaming alone. If we were to
amortize the manufacturing cost of the home router on
the basis of total traffic flow, we would assign almost the
entire manufacturing cost of the home router to movie
content alone; this seems unreasonable. Thus, instead
of attributing cost based on number of bits transmitted,
we instead attribute costs as a percentage of time used
for a given service. Under this cost-assignment model,
the manufacturing energy cost is

0.482
10
∗ 5345

L
∗ D

86400
∗R = 0.0177MJ

Note here that the manner in which costs are assigned
(per-bit versus per-time-unit-of-use) can result in very
different energy cost estimates.

5.2 Non-energy optimized transmission
In this subsection we evaluate the energy consumed in

transmitting the movie through the Internet in a non-
energy optimized scenario. For this case we perform
all calculations considering the peak power ratings and
assuming that the power consumed by idle equipment
is equal to the power consumed in the active state.

5.2.1 Data Center and Routers
To store 105 titles each of size 8GB, we assume a 1PB

storage is used. A conventional PB storage consumes
864.2kW [25]. Hence the total energy consumed by the
storage in a day is 864.2 ∗ 103 ∗ 86400 J. Therefore, the
energy which should be attributed to a single streaming
of a movie is

864.2 ∗ 103 ∗ 86400
N

= 0.03393MJ

For analyzing the total energy spent by the servers,
we consider the model of a typical server given in [32,
7]. The specification of the typical server is given in
Table 3. Assuming a power supply efficiency of 85%,
the peak power consumption for the typical server is
251W [32]. The total energy consumed by a server in a
day is 251∗86400∗10−6 = 21.68MJ. Therefore, the total
energy consumed by the servers for a single streaming
of a movie is

21.68 ∗Ns

N
= 0.415MJ
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Component Power in Watts
CPU 80
Memory 36
Disk 12
Peripheral slots 50
Mother board 25
Fan 10

Total 213

Table 3: Configurations of a Typical Server

The servers and storage are dedicated and so the to-
tal energy cost required for operating the servers and
storage in a day is split evenly among the 2.2 million
movies streamed during the day.

For routers, the total energy consumed is the sum of
the energy required to transmit the 8 GB movie and
the idle state energy amortized over the total traffic
flowing through the router in a day. To simplify our
calculations, we assume that only M7i [12] and M40 [11]
Juniper routers are involved in the single streaming of
the movie. The M40 is an Internet Backbone Router,
while the M7i is an edge router. The M7i can also be
used as enterprise router. The M7i router has a power
rating of 400W and it can transmit at 10Gbps. Thus,
the total energy required for transmitting a 8GB movie
is

S

10 ∗ 109
∗ 400 = 2560J

A similar calculation for the M40 router (1600W, 40Gbps)
gives the same value of 2560J for transmitting a 8GB
movie.

The idle state energy which should be attributed to
the movie is

Total idle state energy ∗ Size of movie
Total traffic through router

We consider the router utilization to be 30% [37]. Hence,
the energy spent in idle state for the movie by M7i as
well as M40 is

0.7 ∗ 400 ∗ 86400 ∗ S

0.3 ∗ 86400 ∗ (10 ∗ 109)
= 5973.33J

As we are considering a non-energy optimized scenario,
we assume the total number of routers in the path to
be 15 (excluding home router) [41].

Based on the calculations the total energy spent by
all the routers for streaming a movie once is

(2560 + 5973.33) ∗ 15 = 0.128MJ

Just as our analysis of DVD mailing had warehouse
overhead costs, so too must data center operating and
overhead costs (e.g., cooling) be taken into account. To
incorporate the cooling and infrastructure costs for the
above equipment, we assume a Power Usage Effective-
ness (PUE) of 1.5. The values in Table 4 are obtained by
scaling the transmission energy costs we discussed ear-

lier for storage, servers and routers by this PUE value
of 1.5.

5.2.2 Home Router
We consider the home router to be a Linksys Wireless

Broadband Router (12 W) [5]. As in our earlier analysis
of manufacturing costs of the home router, we amortize
the transmission costs of the router on a per-unit-of-
time (rather than per-bit) basis. In this case, the energy
spent in receiving the streaming movie for 2 hours is

12 ∗D = 0.0864MJ

Combining the entire set of data, the total energy
spent in a single streaming of a movie (including man-
ufacturing) is 1.1 MJ. Table 4 summarizes the results
of this section. As can be seen, this value is lower than
the 1.39 MJ cost for shipping, computed in Table 2.

5.3 Energy-optimized transmission
In this subsection, we evaluate the potential savings

when various greening strategies are used to decrease
the energy consumption of transmission. Since storage
consumes a negligible fraction of the total energy, we
do not discuss the greening of storage.

Green Datacenter
A two-fold approach can be taken to make datacenters
more energy-efficient. First, IT equipment can be made
(or operated) in a greener manner. Secondly, the energy
spent in cooling and infrastructure (as reflected in the
PUE) can be decreased.

Although today’s servers are non-energy proportional,
the benefits of energy-proportional equipment have been
widely advocated, e.g., [32, 28]. We thus expect that in
the future, server power consumption will reflect server
utilization. Server utilization levels typically lie be-
tween 10-50% [28]. For a conservative estimate of the
energy savings with energy-proportional servers, we as-
sume a 30% server utilization and that idle energy-
proportional machines consume 10% of the power con-
sumed in the active state.

The reduction of the PUE of data centers has con-
siderable attention. [33] identifies best practices to de-
crease the PUE. Using energy-efficient methods, Google
has reduced the PUE from 1.5 to 1.1 [9] in some of its
data centers. Indeed, one can even reduce the PUE
below 1 by locally generating power from waste heat
(although we do not consider this option here). In com-
puting costs for energy-optimized energy transmission,
we will assume a PUE of 1.1.

Green Networking
Networking devices, like servers, are often under-utilized,
and substantial savings can be obtained by sleeping and
link-rate-adaptation [37, 36]. Sleeping reduces the en-
ergy consumption in the idle state, while link-rate adap-
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Transmission
Energy

Manufacturing
Energy

Total
Energy

DataStorage 0.051 0.000528 0.0515
Servers 0.6225 0.081 0.7035
Routers 0.192 0.05 0.242
HomeRouter 0.0864 0.0177 0.1041
Total 0.9519 0.15 1.1

Table 4: Energy Costs: Non-energy Optimized Stream-

ing Method (in MJ)

Streaming (Non-
energy optimized
Transmission) (MJ)

Streaming (En-
ergy optimized
Transmission) (MJ)

DataStorage 0.051 0.0374
Servers 0.6225 0.169
Routers 0.192 0.036
HomeRouter 0.0864 0.0223

Total 0.9519 0.265

Table 5: Energy savings (MJ) with green transmission

tation decreases active state and idle state energy con-
sumption. [37] demonstrates that by using a buffer-
and-burst approach to realize wake-on-arrival schemes
on high-speed links, a 20-30% savings can be obtained.
Similarly, using rate adaptation and Dynamic Voltage
Scaling, the energy savings can be as high as 50% [37].
As discussed above, assuming that equipment operates
with energy-proportional costs (with idle state power
costs of 10% of the active-state power) and applying a
conservative additional reduction in energy of 30% ob-
tained by sleeping and rate adaptation, router energy
consumption (including the home router) can be re-
duced from 0.278 to 0.06. Additional energy-reduction
approaches, such as consolidation of network traffic [34],
using light-weight switches in parallel with high-power
switches [27] have also been suggested to decrease en-
ergy consumption.

Table 5 summarizes the gains that can be obtained
by adopting the greening options discussed above. With
these optimizations, the energy costs of optimized trans-
mission are only 28% of the costs of non-energy opti-
mized transmission.

6. CARBON FOOTPRINT
To determine the carbon footprint of various deliv-

ery mechanisms, we determine the amount of carbon
dioxide emitted due to shipping and streaming a movie.
The carbon footprint is the product of the carbon diox-
ide emission coefficient and the energy consumed. We
use the mean value of carbon coefficient for electricity
(1.297lbs/kWh) [5] in our calculations. We note that in
some locations, e.g., where the primary source is hydro-
electric supplemented by nuclear, the carbon footprint
of electricity generation can be 95% lower than this
carbon loading e.g., [10]. These significant reductions,
however, would be shared by both forms of delivery.

We also note that some amount of carbon would also
be recovered due to recycling. From [35] we observe that
the carbon cost recovered due to recycling for a laptop
is approximately 13%. Due to unavailability of date we
apply this same value to all IT equipment as well the
DVD. Exact figures for the reduction in carbon cost due
to recycling of paper and plastic vary among different
sources [23, 46, 18, 20]. So we assume the recycling
benefits for carbon to be same as that of energy.

6.1 Shipping

Warehouse and DVD
The total carbon footprint of the warehouse that needs
to be attributed to the single shipping of the DVD is

1.297 ∗ 453.6
3.6

∗ 0.034 = 11.27g

The carbon dioxide emissions associated with manufac-
turing of the paper sleeve, plastic case and DVD are
8.82g, 6.26g and 48.84g respectively [39]. Hence the
manufacturing carbon cost of a DVD and its packaging
is 63.92g.

Truck
[40] and [31] determine the energy consumption and
carbon footprint for manufacturing a mid-size US built
passenger car respectively. The weights of the car as-
sumed in both cases are approximately the same. We
scale these values to determine that the carbon foot-
print for manufacturing a 20000lb truck as 25666kg.

Hence the total carbon footprint of manufacturing a
truck that has to be associated with a single shipping
of the DVD is

103 ∗ 10−3

9060
∗ 2361

155000
∗ 25666 ∗ 103

12

+
21 ∗ 10−3

9060
∗ 130.49

155000
∗ 25666 ∗ 103

= 0.42g

The carbon footprint of the truck usage is 2.95g [39]
and thus the total carbon footprint associated with the
truck is 3.37g. Since the carbon footprint associated
with truck manufacturing is very small, we ignore the
recycling benefits that can be obtained from truck re-
cycling.

6.2 Streaming
We estimate the carbon footprint IT equipment from

the values obtained for a laptop and a server like stand
alone computer. The carbon footprint of manufactur-
ing a laptop weighing 1.5kg is 150kg [35]. A stand alone
computer which weighs approximately 20Kg has a car-
bon footprint of 500 Kg [35]. We perform these calcu-
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Streaming
(Non-energy
optimized
transmission)

Streaming
(Energy
optimized
transmission)

Shipping

Storage 8.4 6.29 n.a.
Servers 104 29.88 n.a.
Routers 33.77 8.329 n.a.
HomeRouter 14.85 4.44 n.a.
Warehouse n.a. n.a. 11.27
DVD n.a. n.a. 48.84
PaperSleeve n.a. n.a. 8.82
PlasticCase n.a. n.a. 6.26
Truck n.a. n.a. 3.37

Total 161.02 48.939 78.56

Table 6: Carbon Footprint (in g)

lations in a similar way that we did for determining the
energy cost of manufacturing the various equipment.

Data Center and Routers
The carbon footprint associated with manufacturing that
should be associated with a single streaming is 0.054g.
And the carbon footprint associated with usage of stor-
age in non-energy optimized and energy optimized trans-
missions are 8.3g and 6.2g.

The carbon footprint of server manufacture that should
be attributed to a single streaming of a movie is 2.28g.
The carbon footprint of the server usage in the en-
ergy optimized transmission and non-energy optimized
transmission that should be attributed to a single stream-
ing of a movie are 27.6g and 101.7g respectively.

We scale the carbon dioxide emissions for manufac-
turing the stand alone computer in proportion to the
weight of the router. Hence the carbon dioxide emis-
sion for manufacturing the M40 router that has to be
attributed to a single streaming of the movie is 0.184g
while that for an M7i router is 0.096g.

We perform an upper bound calculation by assuming
15 routers in the path of streaming. Thus the carbon
footprint of manufacturing which should be attributed
to a single streaming of a movie is 2.4g. The carbon
footprint of router usage that should be attributed to
a single streaming of a movie are 31.37g and 5.93g in
the non-energy optimized and energy optimized trans-
mission scenarios respectively.

Home Router
For the home router we determine the carbon cost of
manufacturing by performing a weighted scaling of the
carbon footprint of the computer. The manufacturing
carbon cost of a home router that we attribute to a
single streaming of the movie is 0.79g and that of usage
is 14.054g and 3.65g in the non-optimized and optimized
transmission cases respectively.

7. RESULTS
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Figure 2: Carbon Footprint

Figures 1 and 2 summarize the energy consumption
and carbon footprint costs of streaming and shipping.
We observe that the energy consumption of streaming
with non-energy-optimized transmission is 78% of that
of shipping. However, the carbon footprint of stream-
ing for the non-energy-optimized transmission is ap-
proximately 205% of that of shipping. However, when
energy-optimized transmission is used, the energy con-
sumption of streaming can be reduced to 29% of that
of shipping, while the carbon footprint for this scenario
reduces to 63% of that of shipping. Thus, by using
greening techniques one can obtain substantial savings
in energy as well as carbon footprint.

8. DISCUSSION
Our analysis thus far has considered current and near-

term-future energy consumption scenarios. What might
the longer-term future bring?
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Higher-data-rate movies
One can already have a superior viewing experience us-
ing Blu-Ray, with the size of Blu-Ray discs ranging be-
tween 25 and 50 GB. With viewers watching 3-D at
home, we can imagine future movie sizes of 150 GB.
If we assume the energy cost of manufacturing a Blu-
Ray to be similar to that of a DVD, then since Blu-
Ray discs have the same form factor as DVD, the en-
ergy costs of shipping will likely remain approximately
the same. However this would not be the case with
streaming, where the increased data sizes would result
(using the same methodology as above, only assuming
a higher data rate) in a per-movie energy cost in an
energy-optimized scenario of 7.7MJ, making shipping
significantly more energy-efficient than streaming de-
livery. In this scenario, the per-transmitted-bit costs
of servers and routers would need to drop by a factor
of 6 for the energy costs of streaming and shipping to
remain comparable.

Multiple views
Some customers might want to watch movies multiple
times. This would not incur any additional environ-
mental cost in the shipping scnario, as the customer
can watch a movie multiple times before returning the
DVD. However, in the streaming case, the same movie
would need to be streamed multiple times, since local
storage at the display device is currently not allowed. It
is possible, however, that encrypted local storage and
key-based access could be used in the future to allow
multiple views of streamed content at no additional en-
ergy cost.

Greener Shipping
We have focused much of our attention on greening
streaming movie transmission. One can similarly ar-
gue that transportation will be greened in the future
as well, e.g., by using green vehicles. It is also possi-
ble for the movie service provider to obtain licensing
so that DVDs could be reproduced onsite. If ship-to-
burn were to be the case, there would be no need for
the DVDs to be shipped from the distribution centers
to the regional warehouses, obviating the need for the
plastic cases and decreasing the distance that DVDs
needed to be shipped. As noted earlier, the manufac-
turing energy cost of DVDs dominates the cost of ship-
ping DVDs. This manufacturing energy cost could be
decreased by increasing the durability and reusability of
the DVD. If the reusability of a DVD could be doubled,
the energy expended in shipping a DVD once could be
reduced to 0.74 MJ. But even with this reduction we
observe that energy-optimized streaming would still be
56% of shipping a DVD. It may also be possible to ship
movies stored on greener reusable media such as USB
flash disks, increasing the number of times the media

can be used.

9. CONCLUSION
In this paper we have quantified the total energy

consumed and the carbon footprint of two methods of
movie content delivery traditional mailing of DVDs
and online streaming. Our results have shown that
when adopting data center and networking-related en-
ergy reduction techniques from the literature, consump-
tion and the carbon footprint of streaming can be re-
duced to approximately 30% and 65% respectively of
that of shipping making streaming delivery an attrac-
tive option. However, this advantage may not last if
movie data rates continue to scale.

Reducing energy needs and the carbon footprint by
approximately a factor of two is certainly a significant
achievement energy is one of the major costs in run-
ning a data center, and any less CO2 emitted into the
environment is for the better. However, our field is in
many ways used to orders-of-magnitude and exponen-
tial increases in performance and utility, e.g., Moores
Law, Metcalfes Law, and the concomitant increase in
link transmission capacity (e.g., from 10 Mbps to 10
Gbps Ethernets in a short period of time). Filtered
through this lens, a factor of two improvement in per-
formance could be perceived as small. Perhaps it is the
case that advances in energy-related aspects of content
delivery systems (and green networking in general) will
be slower, although hopefully just as steady. Indeed,
this has been the case in other industries (e.g., the au-
tomotive) and our sense is that it has been historically
true in the IT industry as well. It may also be the
case that significant gains result primarily as a sum of
gains in the many individual component technologies
that comprise the system, e.g., as has arguably been
the case with laptops, where advances in CPU tech-
nology and energy efficiency, disk drives, displays, solid
state drives and battery technology have all contributed
significantly.

As future work, we will study the cost-benefit tradeoff
of such innovations to determine which techniques can
reduce the energy footprint at the least cost.

10. REFERENCES
[1] 2003 cbecs detailed tables, us energy information

administration independent statics and analysis.
http://www.eia.doe.gov/emeu/cbecs/cbecs2003/
detailed tables 2003/detailed tables 2003.html.

[2] Blog: Hacking netflix.
http://www.hackingnetflix.com/2009/07/does-netflix-
recycles-the-red-envelopes.html.

[3] Bureau of international recycling.
http://www.bir.org/aboutrecycling/index.asp.

[4] The california energy commission, energy efficiency
standards for televisions.
http://www.energy.ca.gov/appliances/tv faqs.html.

[5] Carbonfund.org. http://www.carbonfund.org/.
[6] Comcast voices: Comcast data usage meter launches.

http://blog.comcast.com/2009/ 12/comcast-data-usage-

8



meter-launches.html.
[7] Energy star, report to congress on server and data center

energy efficiency public law 109-431.
[8] Estimation of average lifetime vehicle miles of travel.

www.arb.ca.gov/regact/grnhsgas/vmt.pdf.
[9] Google - data center efficiency measurements.

http://www.google.com/corporate/green/datacenters/
measuring.html.

[10] Greening of computing. The Holyoke Green High
Performance Computing Center (GPHCC),
http://www.hged.com/2008 Annual Report
FINAL WEB.pdf.

[11] Juniper m40 router.
http://tecun.cimex.com.cu/tecun/software/Soporte Tecnico
de Redes/juniper/100001.pdf.

[12] Juniper m7i router.
http://www.juniper.net/us/en/local/pdf/datasheets/
1100032-en.pdf.

[13] Linksys wrt54gl router.
http://www.sys2u.com/download/WRT54GL-
Datasheet.pdf.

[14] National action plan for energy efficiency, retail store energy
use profile. http://www.epa.gov/rdee/documents/napee/
sector-meeting/4biv retail.pdf.

[15] Netflix. www.netflix.com.
[16] Netflix boss plots life after the dvd - wall street journal.

http://online.wsj.com/article/
SB124570665631638633.html.

[17] Thinkpad t400. www.lenovo.com/social
responsibility/us/en/ThinkPad T400.pdf.

[18] Tufts university: Tufts recycles!
http://www.tufts.edu/tuftsrecycles/energy.html.

[19] United states environmental protection agency, desktop
computer displays a life-cycle assessment.
http://www.epa.gov/dfe/pubs/compdic/lca/.

[20] University of maryland recycling, still not convinced to
recycle more ?
http://www.drf.umd.edu/Recycling/documents/3-
Stillnotconvinced.pdf.

[21] A conversation with jim gray.
http://queue.acm.org/detail.cfm?id=864078, June 2003.

[22] Seagate technology llc. product manual barracuda 7200.7.
www.seagate.com/support/disc/manuals/sata /cuda7200
sata pm.pdf, September 2005.

[23] Bureau of international recycling, report on the
environmental benefits of recycling.
http://www.bir.org/pdf/BIR CO2 report.pdf, October
2008.

[24] The netflix blog.
http://blog.netflix.com/2008 08 01 archive.html, August
2008.

[25] Sun data warehouse reference architecture for structured
and unstructured data. Sun Reference Architectures, 2008.

[26] Hacking netflix blog.
http://www.hackingnetflix.com/2009/07/hacking-a-netflix-
shipping-center.html, July
2009.

[27] G. Ananthanarayanan and R. H. Katz. Greening the
switch. Technical Report UCB/EECS-2008-114, EECS
Department, University of California, Berkeley, Sep 2008.

[28] L. A. Barroso and U. Hölzle. The case for
energy-proportional computing. Computer, 40(12):33–37,
2007.

[29] S. C. Davis and S. W. Diegel. The transportation energy
data book: Edition 26. Technical Report, Oak Ridge
national Lab., TN.

[30] L. Deng, E. Williams, and C. Babbitt. Hybrid life cycle
assessment of energy use in laptop computer
manufacturing. Sustainable Systems and Technology, IEEE
International Symposium on, 0:1, 2009.

[31] R. Dhingra, J. G. Overly, and G. A. Davis. Life-cycle
environmental evaluation of aluminum and composite

intensive vehicles. University of Tennessee, Center for Clean
Products and Clean Technologies, March 1999.

[32] X. Fan, W. D. Weber, and L. A. Barroso. Power
provisioning for a warehouse-sized computer. In ISCA ’07:
Proceedings of the 34th annual international symposium on
Computer architecture, pages 13–23, New York, NY, USA,
2007. ACM.

[33] S. Greenberg, E. Mills, B. Tschudi, P. Rumsey, and Myatt.
Best practices for data centers: Results from benchmarking
22 data centers. In Proceedings of the 2006 ACEEE
Summer Study on Energy Efficiency in Buildings., 2006.

[34] M. Gupta and S. Singh. Greening of the internet. In
SIGCOMM ’03: Proceedings of the 2003 conference on
Applications, technologies, architectures, and protocols for
computer communications, pages 19–26, New York, NY,
USA, 2003. ACM.

[35] C. Herman. Environmental footprint of ict equipment in
manufacture, use and end of life. ECOC, September 2008.

[36] S. Nedevschi, J. Chandrashekar, J. Liu, B. Nordman,
S. Ratnasamy, and N. Taft. Skilled in the art of being idle:
reducing energy waste in networked systems. In NSDI’09:
Proceedings of the 6th USENIX symposium on Networked
systems design and implementation, pages 381–394,
Berkeley, CA, USA, 2009. USENIX Association.

[37] S. Nedevschi, L. Popa, G. Iannaccone, S. Ratnasamy, and
D. Wetherall. Reducing network energy consumption via
sleeping and rate-adaptation. In NSDI’08: Proceedings of
the 5th USENIX Symposium on Networked Systems Design
and Implementation, pages 323–336, Berkeley, CA, USA,
2008. USENIX Association.

[38] K. Schischke, R. Kohlmeyer, H. Griese, and H. Reich. Life
cycle energy analysis of pcs- environmental consequences of
lifetime extension through reuse. Proceedings of the 11th
LCA Case Studies Symposium Lausanne, December 3-4,
2003.

[39] D. Sivaraman, S. Pacca, K. Mueller, and J. Lin.
Comparative energy, environmental, and economic analysis
of traditional and e-commerce dvd rental networks. In
Journal of Industrial Ecology, pages 77–91, 2007.

[40] F. Stodolsky, A. Vyas, R. Cuenca, and L. Gaines. Life cycle
energy savings potential from aluminum intensive vehicles.
Transportation Technology R&D Center, Argonne National
Laporatory.

[41] V. Valancius, N. Laoutaris, L. Massoulié, C. Diot, and
P. Rodriguez. Greening the internet with nano data
centers. In CoNEXT ’09: Proceedings of the 5th
international conference on Emerging networking
experiments and technologies, pages 37–48, New York, NY,
USA, 2009. ACM.

[42] C. L. Weber, C. T. Hendrickson, H. S. Matthews,
A. Nagengast, R. Nealer, and P. Jaramillo. Life cycle
comparison of traditional retail and e-commerce logistics
for electronic products: A case study of buy.com. IEEE
International Symposium on Sustainable Systems and
Technology, 0:1–6, 2009.

[43] C. L. Weber, J. G. Koomey, and H. S. Matthews. The
energy and climate change impacts of different music
delivery methods. White Paper, August 2009.

[44] E. Williams. Energy intensity of computer manufacturing:
Hybrid assessment combining process and economic
input-output methods. Environmental Science &
Technology, 38(22):6166–6174, 2004.

[45] E. Williams and Tagami. Energy use in sales and
distribution via e-commerce and conventional retail: A case
study of the japanese book sector. In Journal of Industrial
Ecology, pages 99–114, 2008.

[46] WRAP. Environmental benefits of recycling paper.
http://www.wrap.org.uk/downloads/
Is Recycled better than virgin 3.6f048f4f.3143.pdf, 2009.

11. APPENDIX

9



11.1 Manufacturing Cost of Truck

Materials Percentage Energy Spent
(Production
- Recycling)
(MJ/kg)

Total Energy
consumed
(MJ)

Steel 54.9 13 (65-52) 64661.22
Copper 1.3 105 (140-35) 12366.9
Zinc 0.5 104 (112 - 8) 4711.2
PowderMetal 0.8 93(93) 6740.64
Rubber 4.2 88 33485.76
Fluids 5.9 88 47039.52
Plastics 7.7 42 14650.02
Aluminium 5.8 135 35469.9
Other 3.1 88 24715.68
Cast Iron 12.8 -37 -42908.16
Glass 3.0 n.a. n.a.
Total 100 200932

Table 7: Energy costs of Truck Raw Materials

We estimate the manufacturing cost of a truck from
that of a car, due to unavailability of data. The values
in the first three columns of Table 7 are obtained from
[40]. The total energy consumed for each component is
calculated for a 20,000lb truck [29]. As percentages of
wrought aluminium and cast aluminium are not given
in [40], we consider equal quantities of both being used.
We make a similar assumption for plastic. Moreover,
since energy value of glass is not supplied, we do not
include that in calculations.

11.2 Energy Consumption By Television
We calculate the energy spent in watching the movie

on the LCD as well as the fraction of the manufactur-
ing energy of the LCD which should be attributed to
a single viewing of the movie. The power rating of a
36inch LCD television is 144W [4]. Hence the energy
consumed by the LCD for watching a movie once is
144 ∗D = 1.0368MJ .

Due to the unavailability of data for manufacturing a
36inch LCD television, we scale the manufacturing cost
of a 15 inch LCD television [19] and estimate the manu-
facturing cost of a 36 inch LCD as 8294.4MJ. Therefore
the cost of viewing a movie once is 4.403MJ. Hence the
total energy cost of viewing a movie once on a LCD
(including manufacturing) is 5.44MJ.

11.3 Energy Consumption By Laptop
From [30] we find that the total energy cost of manu-

facturing a laptop is 4031MJ. We assume that a laptop
is used for 3 hours in a day [44]. Thus, the total energy
of manufacturing that should be attributed to a single
streaming of the movie is

4031 ∗D

L ∗ (3 ∗ 3600)
∗R = 2.14MJ

We consider the laptop to be IBM T400 (90W) [17].
The power consumed by a laptop for watching a movie

is 90 ∗ D = 0.648MJ. Hence the total energy cost of
viewing a movie once on a LCD (including manufactur-
ing) is 2.788MJ.
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