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Abstract
Recent studies have estimated that television and related equipment account for
1.8% of global greenhouse gas (GHG) emissions and Information and
Communication Technology is responsible for 2% of global GHG emissions. Both
these sectors are forecast to grow as the developing world increases its uptake of
technology.
This study estimates the carbon footprint of two different ways of watching
television: using broadcast digital terrestrial television (DTT) and video-ondemand (VOD) over the Internet. It compares the two distribution methods and
the corresponding consumer equipment. It uses the principles of life cycle
assessment (LCA) to derive the carbon footprints using a bottom-up analysis of
the system applied to the BBC’s television services. This was the only
environmental impact considered and was mainly from electricity use. Equipment
manufacturing was not included.
The main results showed that broadcast DTT has a smaller carbon footprint per
viewer-hour than VOD for average sized audiences, but not with small audiences
or for homes using an aerial amplifier. The largest environmental impact from
watching television is from the consumer equipment. This amounts to 76% of the
total for DTT and 78% and 37% for VOD using desktop and laptop computers
respectively. The trend for larger screens could increase this although there is a
parallel increase in viewing on small mobile devices. Programme-making
contributes 12% to 35%.
Results were sensitive to the viewer numbers per display. Doubling the number
of viewers per display reduces the carbon footprint by 44% for digital terrestrial
television. For VOD, there was large uncertainty in the energy consumption data
for the content delivery network and the Internet. However, this does not affect
the main outcomes.
A future question is whether digital video recorders automatically recording the
most popular programmes when they are broadcast, so that a viewer can watch
them ‘on-demand’, would use less energy than video-on-demand over the
Internet.
This document is partially based on work published in: Chandaria, Jigna (2010).
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Introduction

1.1 Background
A 2007 study for Ofcom (Forster et al) estimated that television and related peripherals
account for around 1.8% of global greenhouse gas (GHG) emissions. The International
Energy Agency (2009) forecast that, without technology improvements, global
electricity consumption from television sets will grow at approximately 5% per year
until 2030.
Television technology is always evolving. Starting from analogue terrestrial
broadcasting of a single channel of black and white television with mono sound nearly
eighty years ago, today we have a multitude of channels, high definition colour pictures
with surround sound, accessibility and interactivity features.
The consumer also has considerable choice in the way they receive television pictures.
Along with analogue terrestrial broadcasting, there is digital terrestrial broadcasting (the
main UK service is branded Freeview), satellite television, cable television and Internet
Protocol television (IPTV). In addition, the ability to transfer video over the Internet has
led to the launch of ‗video-on-demand‘ (VOD) services such as BBC iPlayer which
allow the viewer to watch a programme at a time of their choosing, free from the
constraints of the television channel schedulers, on their personal computer (PC) or
games console. Increasing numbers of handheld devices such as smart phones and tablet
PCs can also be used for viewing video-on-demand using Internet Protocol (IP)
delivery.
The UK is currently going through a process known as ‗digital switchover‘ where
analogue transmitters are being turned off and analogue television is being replaced
with digital terrestrial television (DTT). The existing DTT network is being converted
from its current low power network to a high power network which will increase
coverage from around 74% of households to at least 98.5% (BBC, 2009). The digital
switchover process started in 2008 and is scheduled to be completed in 2012, as one
region at a time is switched over. In order to convert analogue television sets to receive
DTT signals, an adaptor known as a DTT set-top box (STB) is required.
As well as changes to the broadcasting technology, there have also been changes to the
display technology. Cathode ray tube (CRT) televisions have been superseded by liquid
crystal display (LCD) televisions, plasma display panels (PDP) and rear projection (RP)
televisions which offer the viewer the possibility of larger screen sizes as well as being
much flatter and lighter than CRTs. As Figure 1 from the International Energy Agency
(2009) shows, the power consumption of a television display when switched on
increases with screen size. While CRTs and LCD displays have similar power
consumption, plasma displays have a higher power consumption both in absolute terms
and also relative to LCD displays of a similar size.

1

Figure 1: Power consumption as a function of television screen size. Source: International Energy Agency.
Note that axis labels for the screen area are from 2 000 – 12 000 square cm.

As television screen sizes have increased, the resolution of television pictures in what is
now known as standard definition (SD) is not sufficient. This has led to the introduction
of high definition (HD) pictures which have more pixels per frame.
Television technology will undoubtedly change in the future too. Already on the
horizon are 3D television and new display technologies such as organic light emitting
diode (OLED) displays and surface-conduction electron-emitter displays (SED).
While all of these innovations have clearly brought benefits to the viewer, such as better
picture and sound quality, a greater choice of channels etc., there has been little
discussion of the environmental impacts of the industry.
Potential environmental impacts of the television industry include greenhouse gas
emissions, resource use and water use in manufacturing, toxic pollutant emissions from
manufacturing and disposal, landfill, land use of the transmitter network etc.
A preparatory study (Fraunhofer IZM and PE Europe, 2007) for the EU Energy Using
Products (EuP) directive (EC, 2005) considered all environmental impacts from a
television display and found that power consumption in on-mode is the single most
significant environmental aspect of a television set. The EuP directive for televisions
(EC, 2009) states that ―Annual electricity consumption related to televisions was
estimated to be 60 TWh in 2007 in the Community, corresponding to 24 Mt CO2
emissions. If no specific measures are taken to limit this consumption, it is predicted
that electricity consumption will increase to 132 TWh in 2020.‖
2

The environmental aspects of hazardous substances used in the production of
televisions, and from waste when televisions are disposed of, are covered by EU
legislation such as the Restriction of Hazardous Substances Directive (RoHS) (EC,
2002a) which restricts the use of certain hazardous substances and the Waste Electrical
and Electronic Equipment Directive (WEEE) (EC, 2002b) which requires electrical
waste to be recovered and recycled.
This study focuses on greenhouse gas emissions but considers the end-to-end television
chain, rather than just the television set.

1.2 Life Cycle Assessment and Carbon Footprinting
Life Cycle Assessment (LCA) is an environmental management tool used to evaluate
the environmental impacts associated with a product, process or activity. It takes an
overall view of the impacts of products and services. The focus is not on a specific site,
process or organisation. It uses a systems approach and considers the different life cycle
stages encompassing extraction and processing of raw materials, manufacturing,
transport and distribution, use, re-use, maintenance, recycling, and finally disposal. The
LCA process is standardised as ISO 14040: ―Environmental Management - Life cycle
assessment - Principles and framework‖.
An LCA has four main stages:
1. The goal and scope definition.
Here the intended application and reasons for carrying out the study are specified. The
scope and boundaries of the system are also described along with the functional unit,
allocation procedures and any assumptions.
2. Inventory analysis.
The lifecycle inventory analysis leads to an inventory of input/output data with regard to
the system being studied. It involves the collection of the data necessary to meet the
goals of the defined study.
3. Impact assessment.
The life cycle impact assessment phase is the third phase of the LCA. The purpose is to
provide additional information to help assess the results of stage 2 so as to better
understand their environmental significance.
4. Interpretation.
Life cycle interpretation is the final phase of the LCA procedure, in which the results of
an inventory analysis or an impact assessment (or both) are summarised and discussed
as a basis for conclusions, recommendations and decision-making in accordance with
the goal and scope definition.
A ―Carbon footprint‖ is a term used to describe the amount of greenhouse gas (GHG)
emissions caused by a particular activity or entity. It includes the greenhouse gases
carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O), together with families of
gases including hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs). It is
3

generally measured in tonnes of carbon dioxide equivalent (CO2e) which converts the
impact of all other GHGs into the equivalent impact of carbon dioxide. General
convention has been to use a 100 year timescale for this – using different timescales
gives different equivalence factors (IPCC, 2006).
Carbon footprinting can be considered a subset of LCA. Rather than evaluating all
potential environmental impacts of a system, it focuses exclusively on GHG emissions.
It does not consider any other potential environmental impacts e.g. biodiversity, water
use nor any other potential social and economic impacts e.g. labour standards, financial
cost.
Carbon footprinting has been formalised in the UK in PAS 2050 (BSI, 2008):
―Specification for the assessment of the life cycle greenhouse gas emissions of goods
and services‖. As it is a specification, it is subject to review and modification and its use
is not obligatory.
1.2.1 The Functional Unit
In order to compare systems, LCA characterises a system according to its function. The
functional unit is defined as ―the measure of performance which the system delivers‖. It
has to be clearly defined, measurable and relevant to input and output data.

1.3 Research aim, objectives and questions
The objectives of the study are:
To estimate the carbon footprint of an end-to-end television service.
To compare digital terrestrial television (DTT) broadcasting e.g.
Freeview with online delivery of video-on-demand e.g. BBC iPlayer.
To compare different types of consumer equipment in the home.
The study will be used:
To inform future strategy and decision making.
To focus environmental efforts on the areas of largest environmental
impact.
To uncover where more knowledge and research is required.
To develop a better understanding of the analysis techniques applicable.

1.4 The scope of the research
This research uses the BBC‘s television services as a case study. It compares one hour
of television from an average BBC television channel on DTT with one hour of
television from the BBC‘s video-on-demand service, BBC iPlayer. Other means of
distribution such as satellite television, cable television and live television on IPTV are
out of scope. The study considers several scenarios for consumer equipment used to
receive these services. Mobile phones, other handheld devices and games consoles are
out of the scope of this study.
4

It has been assumed that the entire infrastructure needed to provide a television service
is already in place and that it will remain in place afterwards. Therefore, manufacturing,
distribution, installation and disposal of the equipment required have not been
considered.
The structure of this paper is as follows: Section 2 reviews the existing literature in this
area, Section 3 describes the techniques used to calculate the carbon footprint, and
Section 4 presents the results. These are discussed in Section 5 and the concluding
remarks are in Section 6.

2

Literature review

The main work considering the environmental impact of distributing and consuming
television content in the UK is a 2007 study for Ofcom (Forster et al, 2009). They
estimated the global GHG emissions from television and related equipment as
700 MtCO2e a year which is about 1.8% of global GHG emissions. Their case study on
DTT considered the main impacts of transmission and consumption and found that
energy in the use phase was the dominant impact. They concluded that energy
consumption in the use phase was the dominant environmental impact of the transmitter
network and estimated that its operating power is 2% of the national power
consumption of the consumer equipment. Their study did not consider television
production or internet distribution.
During planning for digital switchover, Ofcom commissioned a report (Karger et al,
2005) that found that the extra electricity consumption necessary to power ‗nonvoluntary conversion‘ set-top boxes (i.e. STBs for people who were forced to convert to
digital) was almost offset by the reduced transmission power required.
One of the most influential papers looking at the environmental impact of information
and communication technology (ICT) was the Smart 2020 report by the Climate Group
(2008) which found that 2% of global GHG emissions in 2007 were due to ICT and are
forecast to grow at 6% per year until 2020. They also found that materials and
manufacturing contribute around 25% of the overall ICT carbon footprint, with the rest
coming from its use.
Data on the energy use of the Internet is uncertain. Joseph Romm (2002) disputed Mills
and Huber‘s claims that 8% of US electricity consumption in 1999 was due to the
Internet as being based on flawed assumptions and says that 3% is a better estimate. In
2006, Taylor and Koomey estimated the energy intensity of the Internet to be 9–16
kWh1/GB of data transferred and this was updated by Weber et al (2008) to 7 kWh/GB
and by Teehan et al (2010) to 3.6 kWh/GB due to energy efficiency improvements.
Taylor and Koomey (2006) note that ―this increasing efficiency in terms of kWh/GB
does not come with declining total energy use, because it is largely the result of

1
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installing new equipment that uses more energy to deliver higher bandwidth‖.
The work of Baliga et al (2009a) models the Internet in order to estimate its energy
consumption. They show that, with current technology, energy consumption is
dominated by the access technology and uses 75 µJ/bit transferred2 (0.167 kWh/GB). In
future, as access through optical fibre networks increases, it is expected that users will
benefit from a greater bandwidth to the home and the energy used per bit transferred
will decrease to 2–4 µJ/bit. However, the additional traffic will result in greater energy
use in the core and metro/edge network.
There have been many studies (e.g. Gupta and Singh, 2003) looking at various
techniques to reduce energy consumption of the Internet. Feldmann (2010) summarises
the main approaches to saving energy used for the Internet as turning off unused
devices; aggregating traffic streams; adapting rates; network planning and
configuration; and consolidated usage. While these will improve energy intensity, it is
likely that the large growth in traffic that is forecast could cancel out any reduction in
total energy consumption.
Teehan et al (2010) found that much of the growth in Internet traffic in the future will
be due to online video. Their analysis shows that the energy requirements for online
video will grow and that the majority of it will be due to the network.
Baliga et al (2009b) consider the energy implications of two different network
architectures for VOD – a large number of data centres located close to customers and a
smaller number of data centres with a more extensive transmission network. They found
that replicating popular content in multiple data centres close to customers minimises
the total energy consumption and that rarely accessed material should be restricted to a
few data centres. This implies that a content distribution network, which caches popular
content in locations near customers, uses less energy than centrally hosting content.
Feldmann et al (2010) investigated three different approaches to distributing content
over the Internet – using centralised servers, a content distribution network and a peerto-peer network. They found that a content distribution network used the least energy
overall, while a peer-to-peer network minimises the energy cost to the service provider
by pushing it onto their customers.
There have been several studies investigating the benefits of ICT for dematerialisation
and comparing digital delivery with physical delivery e.g. books (Kozak and Keoleian,
2003), academic journals (Gard and Keoleian, 2002), music (Turk et al, 2003; Weber et
al, 2010). In all cases, there are environmental advantages to the digital delivery
methods. However, the overall results are highly dependent on the assumptions made
about consumer behaviours.
A Philips case study (Intellect, 2008) considers the reduction in GHG emissions by
substituting DVDs with VOD. Philips estimated that 6.6 million kg CO2 would be saved
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a year in Europe through not travelling to buy or rent DVDs, 181 900 kg CO2 a year
from manufacturing fewer DVDs and 113.5 million kg CO2 emissions per year from the
energy use of a DVD player. The case study does not mention what the impacts of VOD
are.
There have been many studies looking at the energy use of consumer equipment
(International Energy Agency, 2009). One aspect that has been the subject of much
attention is standby power (International Energy Agency, 2001; Rosen and Meier,
2000). Rosen and Meier (2000) found that 23% of the energy use of television is while
the devices are not active i.e. when they are in standby.
The EU commissioned preparatory studies for each product category for the Energy
using Products (EuP) directive (EC, 2005).
The study for television sets (Fraunhofer IZM and PE Europe, 2007) includes an
assessment of different television types and shows that energy when on is the single
biggest environmental impact and that production also had a significant impact. All
other life cycle phases have only minor impact. Figure 2 shows the GHG emissions
from the use phase and production phase for a 32-inch LCD television, a 42-inch
plasma television and 29-inch CRT television as estimated by this study.

GHG Emissions in kg CO2e

2500

2000

1500
Use
Production

1000

500

0
32" LCD TV

42" PDP TV

29" CRT TV

Figure 2: GHG emissions from the use phase and production phase of three television types. Source of data:
Fraunhofer IZM and PE Europe (2007)

Feng and Ma‘s LCA study (2009) of television sets in China found that the 68% of
GHG emissions throughout the lifecycle were due to the use phase and 21% due to
production of manufacturing materials.
Hischier and Baudin (2010) conducted an LCA study of a plasma television and found
that the impact of the use phase is about two times higher than in the production phase.
However, this is very dependent on the electricity mix used. If there is more renewable
electricity in the mix, such as that used in Switzerland, the impact of the use phase is
about three times lower, so only about half of that in the production phase.
7

Berners-Lee (2010) gives the carbon footprint of watching an hour‘s television as
ranging from 34 g CO2e for a 15-inch LCD TV to 220 g CO2e for a 42-inch plasma TV.
These figures are based solely on the energy consumption of the television set and do
not include embodied emissions of the TV set or emissions from producing and
distributing the content.
The EuP preparatory study for simple set-top boxes (Harrison and Jehle, 2007) (i.e.
those without conditional access) shows that their biggest environmental impact derives
from the power consumption in the use phase.
Williams (2004) considered the lifecycle energy use of a desktop computer with a 17inch CRT monitor and found that 83% was due to production compared to 17% for
operation. For LCD monitors, Socolof et al (2001) found that sulphur hexafluoride used
in LCD module manufacturing is the largest contributor to LCD global warming
impacts (29%), followed by CO2 emissions from electricity generation during use
(28%). In contrast, the EuP study for computers and monitors (IVF Industrial Research
and Development Corporation, 2007) shows that energy in the use phase is the largest
environmental impact although production is also significant.
O‘Connell and Stutz (2010) calculated a carbon footprint of a Dell laptop and
considered its use in three different world regions by using the relevant distribution
route and region-specific grid mix for the use phase. They found that for use in the US
or in China, GHG emissions were slightly higher in the use phase than for
manufacturing, and that for the EU, emissions due to manufacturing were slightly
higher than the use phase.
The overall consensus from all these studies is that the energy in the use phase and
production are the largest contributors to the carbon footprint of consumer devices.
It is worth noting that the results of studies will vary for a number of reasons. As
different countries will have different GHG emission factors for their electricity supply,
the location of manufacture and location of use of the product will affect the resulting
GHG emissions (Hischier and Baudin, 2010).
Over time, as the power consumption of products decreases due to technology
improvements, the impact due to the use phase will decrease and therefore the relative
importance of the life cycle phases will change.
The lifetime of products may also change with time e.g. due to availability of new
technology. Fraunhofer IZM and PE Europe (2007) say that the lifetime of a television
used to be approximately 15 years. They assume 10 years for the purposes of their study
and suggest that the introduction of new technology along with falling sales prices will
lead to a further drop in the product lifetime.
Andrae & Andersen (2010) discuss the consistency of different LCA studies of
consumer products and found that subjective choices such as product lifetime and
system boundaries lead to inconsistencies. For example, different choices about the
8

number of hours each day that a product is used for will affect the relative importance of
the use phase in the analysis.

3

Method

This study uses the principles of LCA and carbon footprinting as described in Section
1.2 and uses a bottom-up analysis of the system.

3.1 The system
Production

Distribution

Consumption

Figure 3: A simplified television service

A simplified representation of a television service is shown in Figure 3. It shows the
main components of a television service as production, distribution and consumption.
Production is the process of making a television programme and encompasses the
planning (pre-production), shooting (production) and editing (post-production) of the
programme. The output of this process is usually a final edit of the programme either on
tape or as a file on disk.
Distribution refers to the formatting, packaging and delivery of the programme to
viewers‘ homes. There are several methods to distribute a television service – terrestrial
broadcasting, satellite broadcasting, cable television and most recently over the Internet
using IPTV and video-on-demand services such as BBC iPlayer.
The consumption component refers to the process of receiving the programme from an
aerial, satellite, cable modem or broadband modem, decoding the signal and displaying
it on a screen to watch. There are several types of television receiver available e.g.
terrestrial, satellite, cable or IPTV. Some of these are standalone receivers known as settop boxes; others are built into the television set.
In this study, two different methods of distribution and their associated receivers will be
compared in terms of their carbon footprint: digital terrestrial television broadcasting
and video-on-demand over the Internet.
Figure 4 shows a more detailed breakdown of the system and the different equipment
combinations used in four different scenarios:
1. Watching DTT using a set-top box and television
2. Watching video-on-demand via an IP-connected set-top box and
television
3. Watching video-on-demand via a desktop PC and monitor
4. Watching video-on-demand via a laptop
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Figure 4: The system in detail

3.1.1 The Functional Unit
In the television system shown, the function of the system is for a viewer to watch a
television programme from a broadcaster through their chosen distribution platform.
Therefore, the functional unit chosen for this study is the carbon footprint of one hour of
television watched by a viewer. This is further defined in Section 3.1.3.
3.1.2 System boundary
The scope of this study has been limited to the use phase only. It is assumed that the
entire infrastructure needed is already in place and will remain in place afterwards.
Therefore manufacturing, distribution, installation and disposal of the equipment
required have not been considered. Maintenance is assumed to be so small as to be
negligible.
3.1.3 Assumptions
It is assumed that the television channel is a standard definition channel. This means it
uses less bandwidth than an HD channel. The energy use of the transmitter is allocated
according to the amount of bandwidth used on average by each television channel.
For the purposes of this study, a television service delivered through VOD is considered
equivalent to a DTT television channel and differences in picture and sound quality are
not considered.
The screen size of the television display or monitor is also not considered and all sizes
of television screen are considered equivalent. The viewing distance between the viewer
and the screen is also not taken into account.
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Because the UK is currently switching from analogue to digital terrestrial broadcasting,
the energy consumed by the DTT network is changing as the process happens. As this
process is fully planned and committed to, the carbon footprint after switchover is
estimated and used in all calculations.
It is assumed that the viewer accesses the Internet using an asymmetric digital
subscriber line (ADSL) connection.
It is assumed that if an aerial amplifier is used, that it feeds only one television.

3.2 Data requirements
In order to calculate the carbon footprint, the main sources of greenhouse gas emissions
were identified for the use phase. The average carbon footprint of programme
production was supplied by the BBC and was already in terms of carbon dioxide
equivalent.
For all other components, estimates of electricity usage from the grid were required
which were then converted to carbon dioxide equivalent.

3.3 Data sources
This study is based on data from the BBC and its partners and suppliers, along with
publicly available data.
Several sources of data have been used. For programme production, results have been
obtained from the BBC‘s in-house production carbon calculator – see Section 3.4 for
more details. For coding and multiplexing, transmission and the BBC‘s web servers,
data was obtained from the BBC and its partners. Data for the content delivery network
and Internet was estimated from the literature. Data for the home appliances is from
Defra‘s Market Transformation Programme (MTP, 2009). As this dataset did not
include the home router and aerial amplifier, some typical values based on
measurements were used.
GHG emission factors for grid electricity came from Defra – see Section 3.7 for more
details.

3.4

Programme production

Production incorporates many different activities depending on the type of programme
being produced and this leads to large variability in its environmental impacts. For
example, a wildlife programme filmed on location around the world would be expected
to have much higher direct impacts than a studio-based panel show filmed in front of a
live audience. The BBC has developed a Production Carbon Calculator to estimate the
carbon footprint of making television programmes. It takes into account everything
from transport and accommodation to running office space and television studios.
An average figure for greenhouse gas emissions arising from producing an hour of
television was provided. This was converted into an equivalent figure per hour
broadcast by dividing by the number of times a programme is broadcast on average. The
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carbon footprint per viewer-hour was estimated by dividing the carbon footprint per
hour broadcast by the average number of viewers per hour using all distribution
methods. The resulting value was also used for programme production for video-ondemand.

3.5 Distribution
Two different methods of distribution are considered in this study – broadcasting using
DTT and VOD delivery over IP.
3.5.1 DTT
The DTT chain takes the channels as played out, encodes and formats the video in the
coding and multiplexing facility and transmits them across the UK. The coding and
multiplexing facility and transmitters are on 24 hours a day, every day of the year and
draw a constant amount of energy. The energy consumption of the channel playout
system is considered to be negligible.
3.5.1.1 Coding and multiplexing
In very simple terms, the coding and multiplexing facility takes individual television
channels and radio stations as an input, encodes them and bundles them into
‗multiplexes‘ of suitably formatted data, ready for transmission on DTT and satellite
television. The total emissions were halved as approximately half the equipment is used
for DTT and half for satellite television.
3.5.1.2 Transmitter network
The BBC‘s two DTT multiplexes are used to broadcast a mixture of standard definition
and high definition television channels along with radio stations. Emissions were
allocated by share of overall bandwidth.
The emissions from the DTT transmitters were estimated for the network after digital
switchover. The network consists of a number of main transmitters with many smaller
relay transmitters. Their total emissions were summed. The emissions were then
normalised by the number of hours of television transmitted in a year and the size of the
audience watching using DTT.
3.5.1.3 Aerials and amplifiers
The transmitted DTT signal is received in the home using an aerial. As these are
passive, they do not require power. However, many aerial installations also have a
power amplifier to boost the signal. Whilst aerial amplifiers could be switched off when
not watching or recording television, in practice this is not a habit that viewers have. For
the purpose of this study they are assumed to always be on and are considered part of
the distribution chain. The total energy use of the power amplifiers has been adjusted to
account for the number of hours the television is on.
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3.5.2 Video-on-demand
Figure 5 shows a more detailed view of the video-on-demand distribution chain. The
power consumption of the coding equipment is considered to be negligible.

Figure 5: The video-on-demand distribution chain in detail

3.5.2.1 BBC’s servers
The BBC has around 1500 servers which are used to support a variety of websites
including BBC iPlayer. As these servers are shared, it is not possible to say how many
are used for the BBC iPlayer service. For this study, it has been estimated that 40
servers would be needed to provide an equivalent video-on-demand service including
playout, content, metadata and authentication servers.
Actual meter readings were available for the power consumption of the BBC‘s 1500
servers. The energy consumption of the number of servers needed to provide an
equivalent video-on-demand service was calculated as a proportion of the total.
3.5.2.2 CDN
A content delivery network (CDN) is used to reduce the load on the BBC‘s content
servers by caching content. The BBC‘s servers are peered (privately connected) with the
CDN‘s origin servers. The CDN has many ‗edge servers‘ that cache copies of the
content. When users request content from the BBC‘s servers they are redirected to their
nearest CDN edge server. If this does not already hold a copy of the content in its cache,
it will request it from the origin server.
The internal infrastructure of a CDN is proprietary information and considered
commercially sensitive, as is their energy consumption. Therefore, it is necessary to
make a rough estimate by making some rather crude assumptions.
The number of edge servers that a CDN has is very large. For example, Huang et al
(2008) estimate that one CDN, Akamai, has 27,000 content servers and that another,
Limelight, has 4,100 servers. Qureshi et al (2009) gives the number of Akamai servers
as 40,000. The exact number is dependent on the configuration of the CDN and the
number is likely to be growing as more capacity is added over time.
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The BBC is one of many users of a CDN and so it is difficult to calculate what
proportion of a CDN‘s energy usage should be allocated to the BBC iPlayer service.
The approach taken here is to estimate the equivalent number of edge servers required
to serve the peak edge bandwidth used by the BBC‘s content and to estimate their
power consumption. The peak bandwidth rather than average bandwidth is used, as the
CDN is provisioned to cope with peak demand each day; the rest of the time there is
excess capacity. The estimate is based on a Sun T5240 server which can serve 5 Gbits/s
and draws around 1kW, depending on its actual configuration.
The power consumption of the CDN‘s routers is not included here as by the nature of
the CDN, the most popular programmes will already have been cached by the edge
servers and therefore traffic through the routers is likely to be small.
3.5.2.3 Internet
From the content server, the video data is transferred across the Internet to the viewer‘s
home. The Internet is a global network of interconnected networks that transmits data
using the Internet Protocol (IP). Home users typically use a service from an Internet
Service Provider (ISP) to connect to the Internet.
Baliga et al (2009a) describe the Internet as consisting of three parts – the core network,
the metropolitan/edge network and the access network. The core network consists of a
small number of high-capacity routers situated in major population centres. These
routers connect the main nodes of the network together.
The metro/edge network connects the core network to the access network.
Depending on the structure of the CDN, their edge servers could be directly peered with
the ISP‘s metro/edge network, they could be connected though a large exchange such as
the London Internet Exchange or could connect to an Internet provider that is in turn a
provider to the end user‘s ISP.
The access network connects users‘ homes with the edge switch in the ISP‘s network.
There are various technologies for this e.g. dial up, asymmetric digital subscriber line
(ADSL), cable modem, integrated services digital network (ISDN). This study assumes
that the home user is connecting via ADSL. ADSL uses the copper wires originally
installed for the telephone service and uses a higher frequency band to transmit IP data.
The ISP uses a digital subscriber line access multiplexer (DSLAM) to connect a group
of customers to their network.
Due to the distributed nature of the Internet, it is difficult to obtain reliable estimates of
its energy consumption. As discussed in Section 2, there is a large variation in
estimates. Teehan et al (2010) estimate the energy intensity of the Internet as
3.6 kWh/GB (1.6 x 10-3 J/bit) which contrasts with Baliga et al (2009a)‘s estimate of
7.5 x 10-5 J/bit.
This study uses the findings from Baliga et al (2009a) on the basis of expert opinion.
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They have shown that, at low access speeds, energy consumption is dominated by
access technology, in this case ADSL. Therefore, the energy consumption of the core
and metro/edge networks is deemed to be negligible.
ADSL access requires a DSLAM in the distribution chain and an ADSL modem in the
viewer‘s home. From the data in Baliga et al (2009a), a DSLAM is assumed to support
1008 customers and have a power consumption of 1.7 kW. The energy use of the
DSLAM is divided by the number of customers sharing the same DSLAM.
The Internet is used to transfer many kinds of data of which one part will be the video
data used to deliver VOD programmes to viewers. The proportion of video data to other
data is not known when both are being delivered simultaneously, so in order to make a
conservative estimate, all the energy use of the DSLAM per household per hour is
allocated to the VOD service.
3.5.2.4 Home router
In order to receive an ADSL service, viewers will have an ADSL router in their home.
Whilst home routers could be switched off when not in use, in practice most consumers
do not do so, so for the purpose of this study they are assumed to always be on. The
total daily energy use of the home router has been adjusted by the number of hours of
actual use (which is assumed to be the same as the desktop PC is on) to get the hourly
energy consumption doing useful work. As the proportion of video data to other data is
not known, all the energy use of the home router is allocated to the VOD service, when
the VOD service is being used.
As most of the infrastructure needed to deliver video over the Internet is already in
place for general use, it could be argued that the marginal impact is small. For example,
a viewer is likely to have their home router on all the time, whether or not they watch
video-on-demand over the Internet. For this study, the approach throughout has been to
estimate the average impact, rather than the marginal impact.

3.6 Consumption
Defra‘s Market Transformation Programme (MTP, 2009) provides data about the
energy consumption of many types of domestic appliance. This study has used their
data on television sets, terrestrial set-top boxes, desktop and laptop PCs and computer
monitors. The data includes on-power, standby power and the number of hours switched
on each day. It also takes account of existing and new stock, and the technology mix of
the stock and provides an overall weighted average for the annual energy consumption.
As this dataset did not include the home router and aerial amplifier, measurements were
made to obtain typical values.
The power consumption of an Internet-connected set-top box was assumed to be the
same as a Freeview set-top box.
It was estimated that an average of 1.46 people watch each television set, based on BBC
internal data. For laptops and computer monitors, it is assumed that only one person is
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watching the display.

3.7 Emission factors
The BBC Production calculator uses GHG conversion factors provided by Defra for
grid electricity, gas consumption, transport etc. For consistency, the same emission
factors from Defra (2009) were used in this study.
A GHG emission factor of 0.54418 kgCO2e / kWh for grid electricity was used to
convert to CO2e. This is for electricity at the point of consumption and includes
transmission and distribution losses. It includes direct emissions of carbon dioxide,
methane and nitrous oxide but not indirect emissions such as those from production and
distribution of fuels.
Grid electricity is generated from a variety of fuel sources including coal, gas and
nuclear power. As these vary in the amount of greenhouse gas emissions they produce
when used to generate electricity, the greenhouse gas intensity of the grid varies
depending on the combination of fuels used. Therefore, the emission factor used is an
average figure for the UK for the last 5 years.
It is noted that the emission factors used in this study from 2009 only include direct
emissions. The emission factors released by Defra in 2010 include indirect emissions
but only became available during the study.

4

Results

4.1 Input data
The following tables show the input data used. No uncertainty values were available
from the data sources so these were estimated using expert opinion based on values in
Wiltshire et al (2009). Parameters with large natural variability or which have required
large assumptions to be made were assigned larger uncertainty factors. The uncertainty
factor used throughout is the coefficient of variation, i.e. standard deviation divided by
the mean. The uncertainty analysis is described in Section 4.7.
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4.1.1 Audience Data
Table 1: Input data related to audiences

Total number of
hours of BBC TV*
watched by entire
population/year
Proportion of
population whose
main TV viewing is
Freeview
Average numbers of
viewers per UK
household

Source

Uncertainty
factor

26,000,000,000 viewer-hours

BBC
Internal

5%

36%

Derived
from
Ofcom
(2009)

10%

BBC

10%

1.46

people

Average weekly
minutes of TV
BBC iStats
streamed on BBC
71
mins/user/week
10%
(2010)
iPlayer, per user, per
week
BBC iPlayer TV
BBC iStats
4,000,000
viewers
25%
users per day
(2010)
* refers to BBC1, 2, 3, 4, CBBC, CBeebies and BBCHD so is equivalent to 5 24
hours/day channels since BBC3/CBBC and BBC4/CBeebies timeshare bandwidth.
From the above audience data relating to BBC iPlayer, the total number of viewer-hours
per year is calculated to be 246,000,000 viewer-hours/year.
4.1.2 Production Data
Table 2: Input data related to production

Source
CO2e for production, average per
hour of programme produced.
Number of times a programme is
broadcast on average*

10 tonnes CO2e
2

BBC
Internal
BBC
Internal

*Note, this varies greatly depending on the channel and programme genre
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Uncertainty
factor
30%
20%

4.1.3 Distribution data
Table 3: Input data related to distribution

Total power used by coding and
multiplexing facilities
Total power used by entire high
power DTT transmitter network per
multiplex
Aerial amplifier – Unit energy
consumption

Source

Uncertainty
factor

400

kW

BBC Internal

5%

2000

kW

BBC Internal

10%

5

W

4.54

hrs/day

From
25%
measurements
From no of
hours on of
Television
5%

Total power used by BBC servers
Overhead factor, to take account of
overhead from air-conditioning and
uninterruptible power supply

750

kW

BBC Internal

10%

Expert
opinion

5%

Number of BBC servers
Number of servers needed to provide
a service equivalent to BBC iPlayer

1500

approx

40

approx

1 Sun T5240 can serve

5

Gb/s

1000

Aerial amplifier – No of hours on
and being used

Unit Energy Consumption of 1 Sun
T5240 server
Peak edge bandwidth
Unit Energy Consumption of
DSLAM
Number of people sharing one
DSLAM
Home Router – Unit Energy
Consumption
Home Router – No of hours on and
being used
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2

BBC Internal
Expert
opinion
Expert
opinion

5%

W

Oracle (2010)

25%

100

Gb/s

BBC Internal

50%

1.7

kW

1008
5

W

10.79 hrs/day

Baliga et al
(2009a)
Baliga et al
(2009a)
From
measurements
From no of
hours on of
Desktop PC

50%
25%

15%
5%
25%

15%

4.1.4 Consumption data
Table 4: Input data related to consumer equipment

Terrestrial STBs – Unit
Energy Consumption
Terrestrial STBs – No of
hours on

Source

Uncertainty
factor

57.82

kWh/yr

MTP (2009)

5%

15.57

hrs/day

MTP (2009)

5%

240.31
4.54

kWh/yr
hrs/day

MTP (2009)
MTP (2009)

15%
5%

313.83

kWh/yr

MTP (2009)

10%

10.79

hrs/day

MTP (2009)

5%

Monitors – Unit Energy
Consumption
Monitors – No of hours on

146.30
9.26

kWh/yr
hrs/day

MTP (2009)
MTP (2009)

10%
5%

Laptop PCs – Unit Energy
Consumption

59.79

kWh/yr

MTP (2009)

10%

Laptop PCs – No of hours on

8.07

hrs/day

MTP (2009)

5%

Televisions – Unit Energy
Consumption
Televisions – No of hours on
Desktop PCs – Unit Energy
Consumption
Desktop PCs – No of hours
on

4.1.5 Emission factors
Table 5: Input data related to emission factors

Emission factor for grid
electricity
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0.54418

Source
Defra
kgCO2e/kWh (2009)

Uncertainty
factor
1%

4.2 Production
0.020

kgCO2e / viewer / hour

0.018
0.016
0.014
0.012
0.010
0.008
0.006
0.004
0.002
0.000
CO2e for production, per viewer hour
Figure 6: Carbon footprint for production per viewer-hour

Figure 6 shows the results for programme production. As can be seen from the error
bars, it has a large uncertainty of 39%. This reflects the large variation in programme
types and how they are made, along with the variation in repeat rates.

4.3 Distribution
4.3.1 DTT distribution
DTT distribution includes the distribution of signals from the output of programme
making to the viewers‘ receiving equipment. Figure 7 and Figure 9 show the results for
DTT distribution for each of the different BBC channels, without and with an aerial
amplifier. BBC1 has 18 different regional variants and BBC2 has 4, so the energy used
for these for the coding and multiplexing is allocated proportionally. Without an aerial
amplifier, DTT distribution emits an average of 8.45 x 10-4 kg CO2e/viewer-hour and
ranges from 2.65 x 10-4 kg CO2e/viewer-hour for BBC1 to 0.196 kg CO2e/viewer-hour
for BBC Parliament. Figure 8 and Figure 10 show that same data as Figure 7 and Figure
9, but with expanded y axes.
Because the carbon footprint is calculated per viewer-hour, and both the coding and
multiplexing and transmitters‘ energy use is divided by the overall DTT audience size,
channels which have larger audiences have smaller carbon footprints than channels with
smaller audiences. For channels with very large audiences these are so small that the
carbon footprint is dominated by the energy use of an aerial amplifier. This adds
9.85 x10-3 kg CO2e/viewer-hour for all channels. This increases the average for DTT by
a factor of 12. It only increases the value for BBC Parliament by 5%, but it increases the
value for BBC1 by a factor of 37 (Figure 9 and Figure 10).
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0.25

kgCO2e / viewer / hour

0.2

0.15

0.1

Transmitter network
Coding and multiplexing

0.05

0

Figure 7: Emissions from DTT (not using an aerial amplifier). The error bar shows the 95% confidence
interval.

As the results for BBC Parliament dominate the graph, it is shown again with a different
vertical axis in Figure 8.
0.01

0.196
kgCO2e / viewer / hour

0.008

0.006

0.004

Transmitter network
Coding and multiplexing

0.002

0

Figure 8: Emissions from DTT (not using an aerial amplifier), using the same data as Figure 7, but with an
expanded y axis. The error bar shows the 95% confidence interval.
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For viewers using an aerial amplifier:
0.3

kgCO2e / viewer / hour

0.25
0.2
0.15
Aerial amplifier
Transmitter network

0.1

Coding and multiplexing
0.05
0

Figure 9: Emissions from DTT when using an aerial amplifier. The error bar shows the 95% confidence
interval.

With a different vertical axis:
0.025

0.206
kgCO2e / viewer / hour

0.02

0.015

0.01

Aerial amplifier
Transmitter network

0.005

Coding and multiplexing

0

Figure 10: Emissions from DTT when using an aerial amplifier, using the same data as Figure 9 but with an
expanded y axis. The error bar shows the 95% confidence interval.
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4.3.2 Video-on-demand distribution
0.016
0.014

kgCO2e / viewer / hour

0.012
0.010

Home router
DSLAM

0.008

CDN
0.006

BBC's servers

0.004
0.002
0.000
IP distribution
Figure 11: Emissions from video-on-demand. The error bars show the 95% confidence interval.

Figure 11 shows the results for IP distribution of video-on-demand. It has a carbon
footprint of 0.009 kg CO2e/viewer-hour. As can be seen, the greenhouse gas emissions
are dominated by those of the home router.
4.3.3 Comparing DTT and IP distribution
Figure 12 and Figure 13 show a comparison between different broadcast channels and
video-on-demand over IP. The channels with the largest audience sizes have the
smallest carbon footprint. BBC Parliament which has the smallest audience has a
significantly larger carbon footprint than all the other channels.
How IP delivery of video-on-demand compares to a DTT channel depends on the
audience of the DTT channel and whether or not an aerial amplifier is used.

23

0.05

0.196

0.045
kgCO2e / viewer / hour

0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005
0

Figure 12: Comparison of the carbon footprint per viewer-hour of DTT broadcast channels with IP
distribution, when not using an aerial amplifier

0.05
0.045
kgCO2e / viewer / hour

0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005
0

Figure 13: Comparison of the carbon footprint per viewer-hour of DTT broadcast channels with IP
distribution, when using an aerial amplifier.
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0.206

4.4 Consumption
Figure 14 shows a comparison of the carbon footprint of the consumer equipment used
in the following four different scenarios, as shown previously in Figure 4.
1. Watching DTT using a set-top box and television
2. Watching video-on-demand via an IP-connected set-top box and
television
3. Watching video-on-demand via a desktop PC and monitor
4. Watching video-on-demand via a laptop
These results assume that 1.46 people are watching the television set on average and 1
person is watching the computer. The effect of changing this assumption is discussed in
Section 4.6.
Scenarios 1-3 have a carbon footprint of 0.067 kg CO2e/viewer-hour and Scenario 4 has
a carbon footprint of 0.011 kg CO2e/viewer-hour. This is because of the lower average
energy consumption of laptops, due to their smaller screen size and energy efficient
design.
0.1
0.09

kgCO2e / viewer / hour

0.08
0.07
0.06

Laptop PC

0.05

Monitor

0.04

Desktop PC
Television set

0.03

STB
0.02
0.01
0
Scenario 1: DTT- Scenario 2: IPSTB + TV
STB + TV

Scenario 3:
Desktop PC +
Monitor

Scenario 4:
Laptop

Figure 14: Comparison of different consumer devices. The error bars show the 95% confidence interval.
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4.5 Overall results
Figure 15 shows the results for the full end-to-end chain with the same four scenarios.
The production component, which is common to all, has the same value in all scenarios.
The DTT distribution component includes an aerial amplifier and the average value for
DTT distribution was used.
Scenarios 1-3 have a carbon footprint of 0.088 kg CO2e/viewer-hour, 0.086
kg CO2e/viewer-hour and 0.086 kg CO2e/viewer-hour respectively whereas Scenario 4
has a carbon footprint of only 0.030 kg CO2e/viewer-hour. The consumption component
is the largest in all scenarios although as discussed in Section 4.4, the lower average
energy consumption of laptop PCs is reflected in the results.
0.14

kgCO2e / viewer / hour

0.12
0.1
0.08
Consumption

0.06

Distribution
Production

0.04
0.02
0
Scenario 1:
Scenario 2:
Scenario 3:
Scenario 4:
Production + DTT Production + IP + Production + IP + Production + IP +
+ STB + TV
STB + TV
Desktop PC +
Laptop
Monitor

Figure 15: Overall comparison of the four different scenarios. The error bars show the 95% confidence
interval.
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4.6 Sensitivity analysis
For the sensitivity analysis, a number of key variables were multiplied by a sensitivity
factor, while all other parameters were held constant, in order to see the effect on the
overall calculated results. The parameters chosen were selected to test assumptions
made about the model. Table 6 shows the results of sensitivity testing by halving and
doubling each of the parameters.
The quantity of GHG emissions due to production per broadcast hour was selected for
sensitivity analysis because both the emissions arising from production and the number
of times a programme is broadcast are very variable depending on the type of
programme.
A change to the GHG emissions from production affects all four scenarios but has the
greatest effect on Scenario 4 as the production component is relatively large. Halving
this parameter results in reductions of between 6% and 17% and doubling it increases
the result by 12–35%.
Doubling the average number of viewers per display decreases the carbon footprint of
Scenario 1 by 44% and of Scenario 2 by 39%. Since the consumption component forms
such a large part of the overall footprint, the result is very sensitive to this parameter.
As the estimates of energy consumed by the CDN and Internet are very uncertain, these
were selected for sensitivity testing. Halving and doubling each of these produced
changes from 0–3% on the carbon footprints of Scenarios 2–4.
The data on power consumption of the home router and aerial amplifier was from
measurements, as they were not part of the MTP dataset. As these are therefore more
uncertain, they were selected for sensitivity analysis. Doubling the power consumption
of the aerial amplifier increases the carbon footprint of Scenario 1 by 11% and halving
it decreases the carbon footprint by 6%. Doubling the power consumption of the home
router increases the carbon footprints of Scenarios 2–4 by 7–20% and halving it
decreases them by 4–10%.
Some of these variables were then changed by large amounts in order to test how much
they influenced the overall result. Table 7 shows the effect of making these large
changes.
The number of viewers per television display was reduced to 1 person – the same
number as has been assumed to be watching a PC. It has a very large effect on Scenarios
1 and 2, increasing the carbon footprints by 40% and 36% respectively, so that both
their carbon footprints are much higher than in Scenario 3. Therefore, it can be seen that
the overall results are very dependent on this parameter.
The results were shown not to be very sensitive to small changes in estimates of energy
consumed by the CDN and Internet. Increasing these by a factor of 10 i.e. 900% leads to
increases in total emissions from Scenarios 2, 3 and 4 of 8–23% for the CDN and10–
28% for the Internet element. Therefore, it can be seen that they do not have a large
effect on the overall results.
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Table 6: Results of sensitivity testing by halving and doubling each parameter

Parameter
GHG emissions due to production, per broadcast hour (kg CO2e)
GHG emissions due to production, per broadcast hour (kg CO2e)

Baseline Sensitivity New
value
factor
value
5000
2 10000
5000
0.5
2500

Number of viewers per television display

Scenario
1
12%
-6%

Fractional change
Scenario Scenario
2
3
12%
12%
-6%
-6%

Scenario
4
35%
-17%

1.46

2

2.92

-44%

-39%

n/a

n/a

5
5

2
0.5

10
2.5

11%
-6%

n/a
n/a

n/a
n/a

n/a
n/a

Energy consumption of CDN / viewer / hour (kWh)
Energy consumption of CDN / viewer / hour (kWh)

0.0014
0.0014

2
0.5

0.0028
0.0007

n/a
n/a

1%
0%

1%
0%

3%
-1%

Energy consumption due to Internet access / viewer / hour (kWh)
Energy consumption due to Internet access / viewer / hour (kWh)

0.0017
0.0017

2
0.5

0.0034
0.0008

n/a
n/a

1%
-1%

1%
-1%

3%
-2%

10
2.5

n/a
n/a

7%
-4%

7%
-4%

20%
-10%

Baseline Sensitivity New
value
factor
value
1.46
0.68
1
0.0014
10 0.0142
0.0017
10 0.0169

Scenario
1
40%
n/a
n/a

Fractional change
Scenario Scenario
2
3
36%
n/a
8%
8%
10%
10%

Scenario
4
n/a
23%
28%

Power consumption of aerial amplifier (W)
Power consumption of aerial amplifier (W)

Power consumption of home router (W)
Power consumption of home router (W)

5
5

Table 7: Sensitivity testing, making large changes to parameters

Parameter
Number of viewers per television display
Energy consumption of CDN / viewer / hour (kWh)
Energy consumption due to Internet access / viewer / hour (kWh)

n/a indicates that the parameter is not applicable in that scenario.
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4.7 Uncertainty of data
There are a number of causes of uncertainty in the data. Some processes have natural
variability – for example, as described in Section 3.4, different television programmes
vary greatly in their carbon footprint. Another example is the variation in energy
consumption of television sets. As shown in Figure 1, they vary greatly, and even for
those of the same technology and screen size, there is some variation. The energy
consumption of other consumer devices will also have natural variability. The GHG
emissions due to global Internet infrastructure will vary depending on its location as this
affects the electricity mix used.
Other sources of uncertainty are due to incorrect assumptions, an incomplete system
model and the quality of the data used. There are a number of sources of such
uncertainty in the data.
Firstly, the data for production is taken from the BBC‘s production carbon calculator.
As it is a new tool, the data is based on a small sample of programmes which may not
be representative of all productions.
Secondly, the data for the DTT transmitter is based on a forecast of power consumption
after digital switchover is complete. As it is a forecast, the actual power consumption
may be different, as changes take place during the switchover process.
The greatest source of uncertainty is in the IP distribution chain. As CDN providers do
not provide information about the structure or energy consumption of the CDN, it has
been necessary to make large assumptions in order to estimate the BBC‘s share of
energy use. Due to the distributed nature of the Internet, no reliable power consumption
data is available and therefore only an estimate is possible.
Both natural variability and other sources of uncertainty are taken into account by using
a mean estimate and a measure of the uncertainty.
Uncertainty is calculated by assigning a probability distribution to each input with the
mean being set to the input value used in the model and then using proprietary Monte
Carlo simulation software to produce a probability distribution for the output carbon
footprint. This calculates the mean and standard deviation of the overall carbon
footprint.
In this study, all inputs were assumed to have a normal probability distribution. Values
for the uncertainty factor (which is the coefficient of variation,
) were not provided with any of the source data so were
estimated. Table 1 – Table 5 show the estimated uncertainty factors for each input
parameter.

The 95% confidence interval is given by the mean ± 2 standard deviations. This is
shown by the error bars in Figure 15. The output value for each scenario is significantly
different from another if the uncertainties are independent and if the error bars do not
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overlap.
The output uncertainty factors for each scenario are shown in Table 8.
To test whether the difference in GHG emissions from the different scenarios is
significant, the uncertainty factor for production and the emission factor for grid
electricity were set to zero, as they are common to all scenarios. Then the z values were
calculated according to Wiltshire et al (2009).
If z > 1.96 where

,
m is the mean and CoV is the uncertainty factor expressed as a percentage, then the
scenarios can be considered significantly different at the 95% confidence level. The
values for z are shown in Table 8. The z values when comparing Scenarios 1, 2 and 3
are less than 1.96 so the GHG emissions from these scenarios are not significantly
different from each other, at the 95% confidence level. As all the values of z when
comparing Scenario 4 with the others are greater than 1.96, the GHG emissions are
significantly different from those in the other scenarios.
Table 8: Results of Uncertainty analysis

Z values
Scenario

Mean

Standard
deviation

Uncertainty
factor

1

0.090
0.088
0.087
0.031

0.0129
0.0125
0.0078
0.0056

14%
14%
9%
18%

2
3
4

5

Comparing
with
Scenario 1

0.10
0.17
3.91

Comparing
with
Scenario 2

Comparing
with
Scenario 3

Comparing
with
Scenario 4

0.10

0.17
0.05

3.91
3.41
4.15

0.05
3.41

4.15

Discussion

For both DTT and IP distribution, for the scenarios considered, it can be seen that the
energy consumption of receiving a television service is dominated by the consumer‘s
home equipment – the television set and set-top box and the computer and monitor. Out
of the three display devices considered, a laptop computer is the most energy efficient
device for watching television, on average. This is due to its small screen size and that
its design has been optimised for low power consumption. However, as the energy
consumption data used are average figures, there could be large variations from the
mean.
Whilst technology improvements and the power consumption limits due to the Energy
Using Products directive (EC, 2005) are likely to result in more efficient devices, this is
likely to be outweighed by people purchasing displays with larger screens which
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consume more power. However, a parallel trend for increased viewing on low power
handheld devices such as mobile phones and tablet PCs could reduce power
consumption/viewer-hour. Further work is needed to determine the carbon footprint of
watching television on mobile and handheld devices and how they compare to
televisions and computers. More research is also needed to understand whether
consumers are using these handheld devices instead of, or in addition to, watching
content on televisions and computers.
As technology changes, set-top boxes are likely to be replaced with digital video
recorders and HD set-top boxes that consume more power, although any increase in
overall power consumption will be dwarfed by that of the display.
The EU energy label regulation (EC, 1992) will soon include energy labels for
televisions and will help inform viewers when making purchasing decisions.
The results show that broadcast distribution is very efficient compared to video-ondemand, in terms of GHG emissions per viewer per hour, when not using an aerial
amplifier. However, a channel with a small audience can have a much bigger carbon
footprint when broadcast than with Internet distribution.
The two are very different distribution mechanisms. Broadcast has a fixed energy cost,
irrespective of the size of the audience, whereas the energy cost of IP distribution
increases roughly linearly with audience size, as extra capacity needs to be added to the
network. This relationship is described in the diagram in Figure 16. It shows that for
programmes with large audiences, broadcasting is more efficient than IP distribution.
This is shown in Figure 12 where BBC Parliament has a larger carbon footprint per
viewer hour than IP distribution, due to its small audience. Figure 13 indicates that the
use of an aerial amplifier changes the crossover point, so that IP distribution has a
smaller carbon footprint per viewer-hour than all the DTT channels. This shows that
better data on the power consumption and the percentage of homes using an aerial
amplifier is needed. However, even if 75% of homes had an aerial amplifier, broadcast
delivery would still be more efficient than IP delivery, on average.
The same diagram in Figure 16 could be used per transmitter or relay to show that for
programmes with small audiences per transmitter e.g. in a sparsely populated area, IP
distribution may be more efficient.
Combining the two concepts, broadcasting a niche channel in a rural area may have a
higher carbon footprint/viewer-hour than IP distribution. Currently, audience data per
transmitter is not available, so this is difficult to calculate.
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Carbon footprint / viewer-hour

Average Sized
Audience

DTT
IP

Size of audience
Figure 16: The relationship between carbon footprint per viewer-hour for DTT and video-on-demand and the
size of the audience

With IP distribution, the energy consumption of BBC iPlayer servers is small and
although their energy consumption may vary with utilisation, it will not have a large
effect overall. As demand for the service increases, the load on the CDN and network
increases, as does the energy cost.
A question for further investigation is whether viewers‘ digital video recorders
automatically recording the most popular programmes when they are broadcast, so that
they can be watched ‗on-demand‘ – a concept known as push video-on-demand (or
pushVOD) – would use less energy than requesting them on-demand over the IP
connection.
As only energy consumption in use has been considered in this study, the embodied
carbon of devices has been ignored. For devices such as set-top boxes which have a
relatively short lifetime, this could be significant.
Although the lack of data available on CDN and Internet energy consumption means
that there is a lot of uncertainty in the results, they still show where the biggest
environmental impacts are in the television service and where to focus environmental
efforts in the future.
In this study, it has been assumed that video-on-demand is equivalent to broadcast
television. In practice, most video-on-demand services such as BBC iPlayer are
marketed as a ‗catch-up‘ service for missed programmes. More information is needed as
to whether video-on-demand is being used instead of or in addition to broadcast
television and whether users find the experience equivalent.
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If there was no growth in power consumption related to watching television, the carbon
footprint would decrease as the UK‘s electricity supply is ‗decarbonised‘ i.e. the GHG
intensity of it decreases. GHG emissions related to grid electricity have fallen from
0.78kg CO2e/kWh in 1990 to 0.54kg CO2e/kWh in 2007 (Defra, 2009).
It can be estimated from the MTP data (2009), that around 100,000 million viewerhours of TV are watched each year in the UK. By making a number of assumptions it is
possible to make a rough estimate of the UK national carbon footprint associated with
watching television.
This study estimates CO2e per viewer-hour for DTT. As equivalent figures are not
available for other means of distribution, it is assumed that they have the same carbon
footprint. Given that the largest element of the DTT carbon footprint is the television
set, this is reasonable.
If 1.46 viewers per display are assumed, then 88g/viewer-hour for DTT gives a national
carbon footprint of 8.8Mt CO2e. UK total GHG emissions3 are around 600Mt CO2e
(DECC, 2010), so this gives an estimate of 1.5% of UK national GHG emissions.
While this is a very rough calculation, and only considers the use phase, it does give an
indication of the order of magnitude associated with television watching. These figures
are similar to the 1.8% estimate from Forster et al (2009) for the fraction of global GHG
emissions.
While this study has used the principles of LCA and carbon footprinting, it is not a PAS
2050 compliant study. The emission factors used only take account of direct emissions
and not indirect emissions associated with producing and distributing fuel. PAS 2050
specifies that all emissions associated with the entire life cycle of the energy input be
taken into account. In addition, not all the data sources used in this study are from
primary sources and good quality secondary sources such as peer-reviewed publications
and published national guidelines e.g. the calculations for energy consumption of the
CDN are based on large assumptions and estimates. Further research would be needed
to produce a PAS 2050 compliant study.

6

Conclusions

This study has estimated the carbon footprint of watching broadcast television using
digital terrestrial television and online delivery of video-on-demand. This was based on
the energy consumption in the use phase.
The carbon footprint for digital terrestrial television was found to be 0.088
kg CO2e/viewer-hour and for online delivery of video-on-demand ranges from 0.030–0.086 kg CO2e/viewer-hour.
3

It should be noted that these are the UK production emissions (e.g. energy use,
refrigerants, nitrous oxide from soils) and does not account for our total consumption,
which includes imported commodities.
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It was found that the largest environmental impact from watching television is due to
the power consumption of the consumer equipment. This is 76% for digital terrestrial
television and 78% and 37% for video-on-demand using desktop and laptop computers
respectively.
Programme production contributes 12% to 35% and distribution contributes 10–28%.
Comparing the two distribution methods, it was found that the audience size of a digital
terrestrial channel and whether or not an aerial amplifier was used have a large effect on
which method appears to be the most energy efficient.
The overall results were found to be very sensitive to the number of viewers per display.
Doubling the number of viewers per display reduces the carbon footprint by 44% for
digital terrestrial television.
The trend for larger television screens which have higher power consumption could
increase the carbon footprint of watching television. EU regulations on power
consumption of televisions and labelling of televisions at point of sale may influence
their performance along with technology improvements.
While distribution is a small component of the overall carbon footprint, large growth in
the use of Internet distribution will lead to increases in energy consumption. Further
work is required to investigate whether techniques such as push video-on-demand,
where a viewer‘s digital video recorder automatically records programmes so that they
are available ‗on-demand‘, would reduce greenhouse gas emissions compared to online
delivery of video-on-demand.
The data on energy consumption of content delivery networks and the Internet is very
uncertain and more research is needed, particularly as large growth is forecast.
However, the sensitivity testing shows that the effect on the results is small.
Overall, the impact of watching television is around 1–2% of the UK national carbon
footprint, but is expected to grow.
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