
 

Final Report-Project Icarus 

A Carbon Reduction framework for buyers of business travel 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dr Keith Mason 

Business Travel Research Centre 

Cranfield University 

November 2008 



 

About Omega 
Omega is a one-stop-shop providing impartial world-class academic expertise 
on the environmental issues facing aviation to the wider aviation sector, 
Government, NGOs and society as a whole. Its aim is independent knowledge 
transfer work and innovative solutions for a greener aviation future. Omega’s 
areas of expertise include climate change, local air quality, noise, aircraft 
systems, aircraft operations, alternative fuels, demand and mitigation policies. 
 
Omega draws together world-class research from nine major UK universities. It 
is led by Manchester Metropolitan University with Cambridge and Cranfield. 
Other partners are Leeds, Loughborough, Oxford, Reading, Sheffield and 
Southampton. 
 
Launched in 2007, Omega (Omega=Opportunities for Meeting the 
Environmental Challenge of the Growth in Aviation) is funded by the Higher 
Education Funding Council for England (HEFCE) 
 
www.omega.mmu.ac.uk 
 
Report details 
 

Report prepared by Dr Keith Mason 

 

Principal Investigator: Dr Keith Mason 

 

Reviewed/checked by Omega office 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© Copyright Manchester Metropolitan University 2008 



 

Project Icarus – Final Report 
 

1.1 Executive Summary .......................................................................... 3 

1.2 Introduction .................................................................................... 4 

1.2.1 The Concept .............................................................................. 4 

1.3 The carbon reduction strategy framework .......................................... 6 

1.3.1 Part 1:  The Toolkit .................................................................... 7 

1.3.2 Part 2:  The Buyer Accreditation Scheme ..................................... 8 

1.3.3 Part 3:  The Supplier Awards Scheme ........................................ 11 

1.3.4 Part 4: Alternative methods of communication ............................ 15 

1.3.5 Part 5: An Advanced Methodology for Carbon Calculation ............ 25 

1.4 Summary of Key Findings ............................................................... 44 

1.5 Recommendations .......................................................................... 46 

1.6 Team Details: ................................................................................ 48 

1.7 Other outcomes: ............................................................................ 48 

References ............................................................................................... 49 

List of Appendices ..................................................................................... 52 

Editor’s Notes ........................................................................................... 53 

Page 2     www.omega.mmu.ac.uk 



 

 

1.1 Executive Summary 
Project ICARUS is an Institute of Travel Management (ITM) project created with 
the aid of Omega funding, designed to create an environmental impact 
reduction toolkit and introduce an accreditation process through which travel 
buyers and their suppliers can drive carbon-reducing strategies through their 
travel purchase decisions.  These will allow corporate purchasers of business 
travel to implement programmes which are measured and approved and can 
therefore by included in public corporate social responsibility (CSR) reporting.  
ITM is undertaking Project ICARUS work in partnership with academic and NGO 
institutions, including Cranfield University. 
 
The Project ICARUS Toolkit, funded by Omega support, was introduced in 
March 2007 on the Institute of Travel Management website.  It includes 
examples of best practice of how to incorporate environmental considerations 
into a company’s managed travel programme. 
 
Project ICARUS includes a Buyer’s Accreditation Scheme which has more than 
12 companies currently committed to meeting UK government’s target to 
reduce carbon emissions (in business travel) by 60% from 1990 levels by 2050. 
More companies are looking at accreditation. 
 
The ICARUS Environmental Suppliers Awards scheme was run for the first time 
in Sept 2007 with the winners authorised to use the Project ICARUS winners 
badge in their communications to suppliers.  Examples of good practice were 
shared with all ITM members. 
 
Omega funded experts at Cranfield University undertook a survey of more than 
100 travel managers established the current levels of usage of virtual meeting 
solutions and examined some the key issues surrounding the potential for 
alternative forms of communication to substitute for business trips. 
 
Omega funding supported the development a prototype advanced carbon 
calculator to demonstrate the key factors that affect carbon emission levels for 
airlines.  These are the type of aircraft and engine used, the altitude and 
distance flown, the cabin configuration and seating density and the load factors 
achieved.  The prototype demonstrates the value of having information about 
the environmental performance of individual airlines at point-of-sale so that 
informed choices can be made. 
 
Project ICARUS has received much praise and support from the business travel 
community both in the UK and from business travel associations in the US, 
Germany, South Africa and Scandinavia.  Following similar structures, a number 
of these associations are developing similar environmental projects for their 
communities.  Project ICARUS is an ongoing project with a recently launched 
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stand-alone website, plans in place for updates of the toolkit, ongoing buyer 
accreditation processes and annual supplier awards.  A new research project 
that builds on the video-conferencing research is currently seeking funding. A 
joint research project between ITM and WWF – “Challenging traveller 
behaviour” – is also currently in the funding stage. The prototype carbon-
calculator is being used to assess the sensitivity of airlines’ environmental 
performance to changes in business models. 
 

1.2 Introduction 
Project ICARUS is an ITM project which received Omega funding, working in 
partnership with Cranfield University to provide a structural framework for 
corporate travel managers to achieve a reduction in the amount of carbon 
emissions produced by their business travellers and to incorporate 
environmental considerations in travel purchase and procurement.  Business 
related air travel represents some 40% of all air travel.  Some studies suggest 
that some 20% of business travel may be in some way escapable by either 
replacing the travel with alternative forms of communication or by simply 
stopping unnecessary travel (Mason, 2006).  
 

1.2.1 The Concept 
If this 20% saving in business related air travel can be accessed and reductions 
achieved then this could lead to either a significant fall in carbon emissions as 
airlines adjust schedules and networks or to the release of system capacity at a 
time of continuing growth pressure.  To achieve these environmental benefits 
requires both levers and drivers for change in current business travel behaviour 
and systems to enable change in behaviour.  
 
Project ICARUS was designed to create an environmental impact reduction 
toolkit and introduce an accreditation process through which travel buyers and 
their suppliers can drive carbon-reducing strategies through their travel 
purchase decisions.  These will allow corporate purchasers of business travel to 
implement programmes which are measured and approved and can therefore 
by included in public corporate social responsibility (CSR) reporting.   
 
As environmental considerations have moved up the political agenda, 
companies increasingly wish to be seen as being “green” both by their 
customers and by the broader public.  Project ICARUS, therefore, aims to 
provide a means by which companies that are seeking to undertake their 
businesses in a more environmentally sustainable way can achieve carbon 
footprint reductions and demonstrate the same to their clients.  
 
While for some companies (e.g. manufacturing sector companies), travel may 
represent only a small part of their carbon footprint, for consultancies, banks, 
and other service industry companies, travel may account for nearly half of the 
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company’s total carbon emissions.  For those companies that have a large 
proportion of their carbon footprint in travel, the scope of the travel manager 
role may widen into managing the company’s travel related carbon footprint.  
For example, around 40% of HSBCs carbon emissions are travel related, and 
when in 2004 the CEO of the bank announced it would become carbon neutral 
(BBC, 2004), the travel manager’s role expanded to work out ways to reduce 
the bank’s travel related carbon footprint.  Project ICARUS aims to provide a 
framework through which companies may plan to reduce their travel related 
carbon footprint and incorporate environmental considerations into travel 
procurement. 
 
The objective of the programme is to provide a framework within which 
companies can seek to reduce to the contribution air travel makes to their 
corporate carbon footprints. This may mean flying smarter from an 
environmental perspective or even not travelling at all.  The principal target for 
the framework is the Travel Managers of medium and large companies (that 
together represent some 70-75% of all business related air travel).  Many 
medium (100–1,000 employees) and large (1,000+ employees) sized 
companies have travel managers whose role it is to purchase air travel (along 
with hotels, car hire, rail tickets, etc.) for their travellers.  While the framework 
is suited to all companies, it is particularly useful to travel managers of these 
medium and large companies who run “managed travel” programmes for their 
companies.   
 
The role of the travel manager is a varied one but their key functions tend to 
include purchasing travel at an appropriate service level and acceptable cost 
whilst minimising the service and processing costs incurred in this process.   
This involves regularly negotiating with travel suppliers and intermediaries 
(such as travel management companies) to get the right travel products and 
the best prices.  The other main element of the travel manager role is to set 
travel policies for employees and provide systems to ensure that these policies 
are followed.  It is by setting new environmentally aware travel policies and 
ensuring that travellers follow these new policies that real change in travel 
carbon emissions may be achieved. 
 
In the autumn of 2006 the ITM executive formed a small group of buyers, 
analysts and a partnership with Cranfield University to develop a response to 
the growing concern of corporate social responsibility, the environment and 
legislative changes that impacted business travel purchasing.  The response to 
the environmental aspect of this agenda led to the establishment of Project 
ICARUS and an advisory group was established to develop the project.  The 
initial objective was to prepare information to share with the ITM membership 
at its annual conference in the spring of 2007, and to investigate the possibility 
of developing a scheme through which procurement of business travel might 
engage with the environment agenda.  In December 2006, funding was sought 
from Omega to support the development of a carbon reduction strategy 
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framework, a comprehensive approach to “green” the business travel supply 
chain. 

1.3 The carbon reduction strategy framework 
Following the development process noted above, it was determined that the 
carbon reduction framework comprises five elements: 

• a travel procurement carbon reduction toolkit 
• a travel buyer’s accreditation scheme 
• a travel suppliers’ awards scheme 
• an assessment of the current use of alternative communications 

methods, and management issues surrounding its use 
• a proposed methodology for advanced carbon calculation. 

 
The toolkit includes examples of best practice for including environmental 
considerations into a company’s tendering process with travel suppliers, a list of 
video-conferencing facilities in the UK, and a number of company case studies 
with examples of good practice.   
 
The buyer’s accreditation scheme is a four level system that takes participant 
companies from a commitment to reduce travel related carbon emissions to 
meet government targets, through agreed and approved carbon measurement 
and target setting for air travel, to include other modes of transport, to a 
position where the company is achieving over 4% annual carbon emissions 
reductions in their travel programme. 
 
The suppliers’ inaugural annual Awards Scheme awards were held in September 
2007 and enabled suppliers with excellent environmental programmes to 
demonstrate these achievements to their buyers.  The scheme also provides a 
forum for sharing best practice with other suppliers.   
 
One way in which companies can reduce their travel related carbon emissions is 
by making more use of alternative forms of communication such as video- and 
web-conferencing.   
 
The fourth element of the framework investigates the issues that affect the 
greater adoption of such systems, including technical and behavioural aspects 
and strategies for adoption. 
 
The final element of the carbon reduction framework was the development of 
an advanced carbon calculation methodology for both short and long haul air 
travel.  One of the key limitations to airline carbon calculators currently in the 
market is they rarely distinguish between individual airline performances.  By 
demonstrating that it is possible to develop a system to distinguish between 
airlines on environmental performance according to the aircraft they operate, 
companies may be able to select preferred airline suppliers based on their 
environmental performance. 
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Part 1: The Toolkit 
The first element of the carbon reduction framework is the toolkit which was 
developed by various experts in business travel1 and made available through 
the Institute of Travel Management ICARUS website (www.icarus.itm.org.uk).   
Each guide is written in practical terms and provides examples of best practice 
and practical ideas for travel managers as they look to incorporate 
environmental considerations in their travel programme.    
 
 
 

 
 
 
 
The toolkit incorporates the following: 

1. A guide to creating an environmental travel programme – developed by 
the Project ICARUS Advisory Group 

 
2. Environmental Travel Policy guidelines – developed by the Project 

ICARUS Advisory Group 
 
3. Best Practice: Request for Proposal (RFP) Advice – developed by PwC 

and ITM 
 
4. ITM Recommended CO2 Measurement Tools and Indicative Output 

Ranges – developed by the Project ICARUS Advisory Group 
 

                                                 
1 Including Defra, the Aviation Environment Federation, ex-senior executive of American Express and British Airways, 
PriceWaterhouseCoppers, and internationally recognised business travel journalists, Amon Cohen and Tricia Holly 
Davies, and Dr Keith Mason of Cranfield University.   

http://www.icarus.itm.org.uk/


 

5. Where should CO2 data be presented in the business travel process – 
developed by Bernard Harrop 

 
6. Environmental Business Travel Case Studies – developed by Amon Cohen 

and Tricia Holly Davies 
a. Case Study 1: Credit Suisse 
b. Case Study 2: Unilever 
c. Case Study 3: Pretemps 
d. Case Study 4: Whitbred 
 

7. List of Video-conferencing facilities in the UK – developed by ITM 
 
8. Useful links – developed by the Project ICARUS Advisory Group 
 
9. CO2 Ready Reckoner – developed by Cranfield University 
 
10. Frequently Asked Questions (FAQ) about aviation and the environment – 

developed by Aviation Environment Federation. 

This list of 10 toolkit items went live on the ITM website in March 2007 and 
have been subsequently updated and added to by the Project ICARUS Advisory 
Group which meets on a two-monthly basis.  Examples of the Toolkit can be 
found in the Appendix A. 
 

1.3.1 Part 2:  The Buyer Accreditation Scheme 
The second part of the carbon reduction framework is the Buyer Accreditation 
Scheme.  This scheme was introduced in the summer of 2007 and more than a 
dozen companies have so far signed up including PwC, BBC, Carillion, DEFRA, 
Barclays, HMRC, Inmarsat, KPMG and Dept of Air Transport at Cranfield 
University.   
 
The scheme currently has four levels: Commitment; Bronze; Silver; and Gold.  
The requirements on the company at each level are summarised in the 
webpage overleaf.   
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• Commitment Level: Company travel managers must first make a 
commitment to support the ITM’s own goal to reduce total carbon 
emissions from 1990 levels by 60% by 2050 in respect of their travel 
programme and to seek further accreditation. (NB ITM are currently 
reviewing this target in light of the increase in the government’s target 
to 80%.)   
 

• Bronze Level: This stage rewards those companies that have 
measured, targeted and created a strategy to reduce CO2 from the air 
element of their travel programme. 

 
• Silver: Achieved an absolute reduction in CO2 emissions from the air 

element of their travel programme by at least 2.11% per annum and are 
now rolling the programme out to two other travel categories. 
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• Gold: Absolute reduction in CO2 emissions from the air, hotel, rail, 
ground transportation and business mileage elements of their travel 
programme by at least double the minimum 2.11% pa. 

The programme is very specifically focused on business related travel instead of 
wider corporate goals such as total companywide carbon emissions reduction, 
or changes to employee commuting behaviour as it was felt that a more 
comprehensive approach would be more difficult for companies to commit to, 
and that the travel managers would be unlikely to have complete ownership of 
such strategies making it less likely the efforts would be successful.  The focus 
on business travel means that travel managers will be able to take ownership of 
the programme and have the authority to make changes to corporate policies 
to bring about real change in their businesses. 
 
Perhaps the hardest issue for companies to overcome when considering joining 
the scheme is that they must make a commitment to reduce travel related 
carbon emissions in absolute terms.  Making absolute reductions in travel 
emissions as a company grows is of course much more difficult than making 
relative or per capita reductions2.  The Project ICARUS Advisory Group 
considered that the number of companies committing to the scheme would be 
greater if the reduction measurements were relative or per capita but decided 
that real change could only be achieved by setting very ambitious targets.   
 
To achieve reductions in emissions it is likely that companies will need to set 
policies that force travellers through the following travel decision processes: 
 

1) To assess that a particular trip is essential to the economic benefit of the 
company. Can alternative forms of communication be used to achieve 
the same corporate goals? How best can the corporate objective be met?  
Various return on investment measures for evaluating the necessity of a 
business trip have been employed by companies and some can be found 
in the toolkit and case studies.  

 
2) Where a particular trip is deemed necessary, which mode of transport 

has the lowest emissions level?  Does that mode of travel also meet the 
corporate goals?  Some companies have progressed to evaluate 
emissions for entire trips.  For example, if rail is the lowest emission 
option for a particular trip but would require the traveller to stay 
additional days in a hotel, the total trip emissions may be higher than if a 
flight is taken and the traveller can avoid hotel stays.  

 
3) If a flight is required can the company pick the airline that has the lowest 

environmental impact? (See the methodology for advanced carbon 
calculation, below.) 

                                                 
2 For example, 50% per capita reductions in emissions can be achieved by replacing one traveller making 20 trips by 
two travellers making 10 trips each. 



 

One company that has made effective changes to their travel policy is PwC.  
This consultancy firm identified their top 1,000 travellers and set them 
challenging individual targets for travel related carbon emissions reductions 
(PwC, 2008).  Each traveller then has a carbon budget within which they have 
to achieve their corporate business goals whilst reducing their emissions.  The 
company has seen travellers shift their travel behaviour toward lower levels of 
travel per capita, and higher usage of lower carbon intensive travel options.  
However, as the company's headcount grows it will struggle to make absolute 
reductions in emissions, as more employees are likely to be travelling.   
 
The Project ICARUS Buyer Accreditation scheme will continue into the future 
and once companies have attained a level status, they are free to include the 
ICARUS Accreditation Plaque in their corporate communications.  A “Platinum” 
level is currently under consideration to be introduced should any of the 
companies currently in the scheme make sufficient progress beyond the “Gold” 
level to include emissions from delivery of goods and services plus commuter 
travel. 
 
 
Part 3:  The Supplier Awards Scheme 
As part of the process of helping companies select travel suppliers that have 
good environmental performance, the ICARUS Environmental Supplier Awards 
scheme was established.  The aim of the scheme is to reward supplier 
companies that are making strong advances in their environmental 
performance, and share good practice with other suppliers to improve the 
entire travel market.  The first awards were announced in the spring of 2007 
with submissions required by the beginning of September.  The awards were 
judged by an independent expert panel from Aviation Environment Federation, 
PwC, Create a Sustainable Hospitality Industry (CESHI), and academics from 
Cambridge University’s Environmental Initiative, Manchester Metropolitan 
University’s Centre for Air Transport and the Environment (CATE), and Cranfield 
University’s Deptartment of Air Transport.   
 
The panel considered submissions from airlines, hotels, rail operators, ground 
transport operators, travel management companies and technology providers.  
The submissions were judged against five criteria: 

• Innovation 
• Leadership 
• Time-resilience 
• Scalability/Transferability 
• Case study material. 
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The judges particularly sought submissions that provided business approaches 
or products that in some way facilitated corporate buyers to: 

1) Change business practices to reduce the need to travel for business 
2) Choose less environmentally damaging travel options 
3) Offset what is left of the company’s travel carbon footprint. 

Supplier companies that demonstrated a broad approach to greening their 
businesses from the ground up were given higher ratings in the judging 
process.  Companies that demonstrated engagement with their stakeholders to 
push an environmental policy were particularly welcomed.  The best companies 
worked with their suppliers to reduce unnecessary packaging, and unnecessary 
food miles, implement new environmentally oriented work practices and had 
made alterations to their work environment to reduce their carbon footprint.  
They also educated their staff about the need to embrace new work 
approaches, and made it easy for their customers to choose the least 
environmentally damaging options. 
 
Awarded in Sept 2007 

• Airline: easyJet 

• Technology: Carbon Consulting 

• Agency: CWT 

• Ground Transportation: Radio Taxis 

• Hotel: Apex Hotels 

• Rail Operator: Virgin Trains 

 

Awarded in Oct 2008: 

• Airline: British Airways 

• Rail operator: Eurostar 

• Hotel: The Cavendish, London 

• Agency: CWT 

• Technology: TRX 

• Corporate Team Partnership: PwC and HRG 
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The full basis for the award selections can be found in Appendix B.  Some of 
the examples of good practice include: 
 

• Having a broad agenda covering economic, environmental and social 
impacts of their business plans and demonstrating a commitment to 
engage with employees, suppliers, their customers and other 
stakeholders to reduce carbon consumption through the business. The 
best companies provided evidence of trying to change traveller 
behaviour. They also embraced a broad measure of activities to reduce 
their carbon footprint and to look for new ways to do this.  These 
companies also educate their employees about the activities they are 
undertaking.  They also made efforts to measure and calculate the 
impact of their various environmental strategies. 

• Sharing environmental impact information more readily with customers 
so that corporate buyers might more easily select preferred suppliers on 
environmental performance. 

• Products that enable and facilitate changes in behaviour of the corporate 
users, such as providing environmental information to customers at 
point-of-sale.  

• Post trip management information systems which enable travel 
managers to analyse carbon consumption by route, region, traveller, 
travel group, etc.  
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One planned outcome of the Supplier Awards was that the winners would use 
the Project ICARUS winner badge in their communication to their customers.  
This was successfully achieved, as demonstrated below. 
 
 

 
 
 

 
 
 
New green award for CWT in the UK �ITM|ICARUS Environmental Awards 2007 | October 
15, 2007 
The Institute of Travel Management has announced the first ever winners of its Project ICARUS 
Environmental Awards, which recognise green achievement among suppliers. CWT has won the award for 
Best UK Agency, for our work in helping clients reduce CO2 emissions and for our internal Green 
Manifesto. 
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Part 4: Alternative methods of communication 
This part of the business travel related carbon reduction framework focuses on 
drawing together research on the potential of company employees to complete 
their business objectives without travelling.  In the aftermath of the 9/11 
attacks, business travel in the US fell significantly for nine months.  While there 
was a economic downturn at the time, businesses were continuing to trade and 
complete business objectives with less travel indicating that it is possible to 
substitute travel with other forms of communication.   
 
Interacting with people is fundamental to doing business.  The mix of methods 
and frequencies of these interactions is a function of the complexity of every 
individual business, the markets served and acceptable norms of practice within 
each company’s business environment.  This part of the framework challenges 
companies to examine the range of meetings their employees have and assess 
the necessity of each meeting, and select the most appropriate communication 
forum for the meeting.  While video-conferencing has long been heralded (by 
the video-conferencing technology providers) as a suitable alternative to face-
to-face meetings, the growth of internet technology and low cost/high volume 
(broadband) data transmission has meant that web-conferencing, video-
conferencing, tele-conferencing, instant messaging etc. have become familiar 
forms of communication in many business environments.   
 
An extensive study conducted for this project is presented in Appendix C as an 
additional volume to this report named “Business air travel demand in light of 
conferencing alternatives and pressure for responsible travel”.   
 

1.3.1.1 The impact of alternative forms of communications on 
business travel  

The availability of video-conferencing and other alternative forms of 
communication on the demand for business-related air travel can: 

• Reduce demand by substituting business trips with other forms of 
communication 

• Have a neutral impact on demand as alternatives work as a complement 
to air travel; or 

• Generate demand as alternative forms of communication enable 
businesses to grow, leading to additional travel to meet clients and 
suppliers. 
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Substitution 
Early studies looking at the potential for a substitution effect by 
videoconferencing technology provided extreme results.  The consultants Arthur 
D. Little Inc. anticipated the substitution to be high enough to influence a 
revision downwards for construction plans for Logan airport in Boston, USA. 
(Bender and Stephenson, 1998/4).  Airbus, too, was cited in these early days, 
as reducing its demand forecasts in expectation of a drop in business 
passengers from 45% to 20% (Coddington, 1993). 
 
Others range from a Yankee Group Survey (Feldman, 1993) finding a 16% 
replacement of ‘a lot of travel’, to Arnfalk’s 20-30% estimate of replacement 
(Arnfalk and Kogg, 2003) and Arvai’s 1991 forecasts for travel elimination at 
12% by 2005, 25% by 2010 and 35% by 2030 (Cairns et al., 2004).  Earlier 
still, in 1977, Goddard & Pye identified a transfer of 10% of meetings to 
videoconferencing in their more localised study of a London business re-
structuring to a de-centralised regional model (Cairns et al., 2004). 
 
Roy and Filiatrault (1998) questioned over 1000 business travellers across nine 
Canadian airports coming to the conclusion that substitution could range 
anywhere from 1.8% to 8.6% with nearly 45% of videoconferencing calls made 
having replaced air trips.  
 
In a very recent study, WWF, 89% of the surveyed FTSE 350 companies 
indicated that they expect their company will want to fly less over the next ten 
years, and that demand for business flights is expected to decline from 2009 
(WWF, 2008). 
 
Complimentarity 
Denstadli (2004) rejects the substitution theory favouring instead the view that 
alternative forms of communication act as a complement to business related 
travel.  The effect, as seen by Bender and Stephenson (1998) and Saffo (1993), 
is of ‘travel-shifting’ from internal company meetings to external ones and from 
routine contact to new business development.  Time saved in travelling for 
internal meetings is freed to allow more focus to travel for more sensitive 
external meetings. 
 
Generation 
While the growth in use of telecoms is liable to be faster than for business 
travel, the net effect may be for growth in travel in absolute terms.  Niles 
(1994) outlines a number of travel generation drivers.  Economic growth leads 
to a propensity to travel more.  The number of relationships and geographic 
scope of trade areas increases with improved communications.  This enables 
the decentralisation of operations potentially increasing the distances between 
origin and destination. Global markets and mobile working enables 
organisations to establish locations where they are most resource-efficient and 
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with the effect of more distributed workers.  Any social isolation created from 
this decentralisation drives people to meet (Whittaker, 1995). 
 
Mokhtarian’s direct experience of a transfer of South California Association of 
Government meetings to use videoconferencing, resulted in greater overall 
miles travelled (2003).  The number of attendees at the meetings rose from 14 
to 23 as more people travelled shorter distances to join virtual meetings at their 
local hubs.  Fadare and Salami (2004) also found an increased use of telecoms 
to have a travel generation effect in their study of a Nigerian town. 
 
So alternative forms of communication can both reduce and increase the 
demand for business travel.  The travel manager, therefore, has a role that can 
focus on identifying trips that may be substituted by virtual meeting 
methodologies.  
 

1.3.1.2 What sorts of trips can be substituted? 
For travel managers looking to reduce carbon emissions from business travel, 
the purpose of an employee’s trip is significant, as some reasons for travel may 
be deemed less essential to business or more easily replaced with a virtual 
alternative i.e. videoconferencing, web-conferencing, instant messaging, etc. 
 
Meeting mode 
The method of meeting is a complex decision.  Haynes (2005) describes 
communication through business travel as “a complicated matter that depends 
on a whole series of rituals, intentions, meanings, engagements and 
performances which are collectively deemed to be worth the billions of dollars 
and millions of work days spent in the air that companies accept or, indeed, 
impose”.  
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Figure 1 shows the influences found where travelling and video-conferencing 
are both options.   
 
Figure 1 - Influences on method of meeting 

 
Source: Arnfalk and Kogg, 2003 
 
The reasons found for not using video-conferencing were investigated by 
Koppel (1995). In order of importance they were:  

• the need to conduct hands-on work 
• the impersonal feeling created by the technology 
• not having considered video-conferencing use 
• the arrangement of multiple sequential meetings, and  
• larger conferences where the use of technology would have been 

inappropriate.   

The need for face-to-face meetings is interwoven in commercial practice.  It is a 
gesture to the importance of the communication, with the added opportunity 
found by Mintzberg to make decisions informally outside the meeting room 
(Egido, 1988). Critically, a face-to-face meeting is more likely to present an 
opportunity to gain compromise (Leek 2003).  In contrast, participants in virtual 
meetings are more task-oriented, less likely to engage in as much small talk 
(Edigo, 1988), and are less argumentative (Whittaker, 1995).  However, no 
actual difference was found in the ability to problem-solve between virtual and 
actual meetings.  Edigo (1988) notes that videoconferences are more suited to 
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exchange of neutral information between colleagues.  Figure 2 shows the sort 
of meetings most suited to virtual methods. 
 
Figure 2 - Preferences for mode by meeting type 
 

 
Source: Arnfalk and Kogg, 2003 
 
Certainly the need to conduct internal company meetings is one of main 
sources of business travel, representing over a third of business travel and is 
also the most easily replaced by alternative methods. 
 
Purpose of business travel 

• Internal company meetings - 37% 
• Customer meetings - 36% 
• Business - 14% 
• Conferences - 11% 
• Trade fairs/expo - 2% 

Source: Mason, 2006 
 

1.3.1.3 What are the drivers / levers for change? 
A number of drivers can lead to change behaviour with regards adoption of 
alternative forms of communication.  The first is the range, availability and 
suitability of the technology for virtual meetings.  Technology solutions are 
improving constantly and a review of this can be found in Appendix C.  Here it 
is sufficient to comment that the various alternatives to business travel have all 
improved significantly in recent years and the cost of these solutions have fallen 
to make them significantly more affordable.   
 
The range of solutions has grown also. No longer does a company need to 
invest in a full VC suite, housed in a separate, specially designed room and run 
by a technician.  Recent studies of show that business travellers use instant 
messaging, one-to-one web-conferencing, Voice-Over-Internet-Protocol 
telephony products and multiple remote user file development products (Mason, 
2006) as part of their regular business practices.  Hosted tele-conferencing 
solutions are also widely used.  Less widely used (and known about) are stand-
alone video-conferencing terminals that can be connected to a company’s 
network and that can be rented on an hourly basis or bought at a much lower 
cost than full VC suites.   
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The traditional drivers for behavioural change in an organisation have been 
expense management and productivity improvement.  As air fares rise, cost 
containment may be a driver for companies to reduce the level of business 
travel conducted by their employees. Wider use of Corporate Booking Tools 
may also provide a method to drive business change.  These tools provide a 
level of sophistication in tracking and measurement previously unavailable and 
can lead to reductions in both travel costs and travel agency commissions 
(Amadeus, 2007). The desire to demonstrate responsible practice may lead to a 
change in corporate purchase of air travel and Corporate Booking Tools and 
enable companies to ensure that travel policies are more closely adhered to and 
provide a method of ensuring the adoption of more environmentally aware 
travel policies.  
 
The mood has changed tangibly in the UK, with unprecedented scrutiny of the 
‘triple bottom line; the economic, social and environmental’ affects of their 
businesses.  ‘Corporate Social Responsibility’ is also a key driver to changes in 
business practices that may lead to a greater uptake of virtual meetings.  This 
emerging responsibility is for the wider impacts of doing business and any 
social and environmental impacts of achieving corporate goals.  Consequently 
the environmental impact of business travel is increasingly becoming a driver 
for change within many organisations.  Indeed a survey of 100 of the FTSE 350 
companies by the WWF found that 85% of the surveyed companies believe that 
video-conferencing has the potential to reduce their business flying, and 63% 
of these companies are already reducing their business travel carbon footprint 
(WWF, 2008). 
 

1.3.1.4 A Survey of Travel Buyers concerning use of alternative forms 
of communication 

An online survey of 129 Travel Manager members of the Institute of Travel 
Management examined their companies’ use of alternative forms of 
communication and the potential to increase usage. The majority of 
respondents fell into the large organisation category with 58.9% employing 
more than 10,000 people worldwide. 
 
The was survey designed to build a profile of the respondents and gain an 
understanding of their current corporate practice and intentions centred on the 
following themes: 
• the level of policy management of business air travel 
• meeting practices 
• the use of virtual conferencing solutions particularly videoconferencing 
• the existence of environmental concerns 
• growth of air travel 

Travel Policy 

Page 20     www.omega.mmu.ac.uk 



 

Companies were questioned on the level of company policies or requirements 
affecting practice by travel mode i.e. road, rail and air travel (table 1). Asked to 
classify the level of existing policy into three categories: ‘No Guideline’, 
‘Encouraged’ practice and a ‘Required’ corporate policy, use of Road and Rail 
were the most lightly managed areas of policy.  40.3% have no guidelines in 
place with regard to road travel. 80.6% have ‘Encouraged’ or ‘Required’ 
practice for rail travel.  Companies can have a significant impact on their carbon 
emissions by switching travellers to rail for short-haul trips and thus a more 
rigid policy in this area would be one area that travel managers can pursue to 
drive down their company’s carbon footprint.  The other travel policy areas 
focus on cost with economy travel being the most mandated of policy areas.  
Air travel was found to be most closely controlled with upwards of 70% of 
respondents specifying some form of requirement. 
 
Table 1 – Corporate Travel Policy  
 

 No 
Guideline

Encouraged Mandatory 

Road 40.3% 27.1% 32.6% 
Rail 19.4% 38.8% 41.9% 
Short Haul (up to 2 hours) air travel 15.5% 15.5% 69.0% 
Medium Haul (2 – 5 hours) air travel 11.6% 17.8% 70.5% 
Long Haul air travel 8.5% 19.4% 72.1% 
Economy Class air travel 6.2% 20.2% 73.6% 
Preferred airlines 22.5% 39.5% 38.0% 
Require advance booking 10.1% 56.6% 33.3% 

 
 
Meetings practices 
Respondents were asked how particular business objectives are currently met; 
whether exclusively by travelling for a meeting, a mixture of travel and 
telecommunication, or rarely by travelling.  In the category of New Business 
Relationships 57.4% ‘Mostly Travel’ with a further 39.5% using ‘Mix of Travel 
and Telecoms’ to conduct the new business.  Internal Process Development and 
Day-to-Day Management Contact found a high number of respondents using 
‘Mix Travel and Telecoms’ and those who ‘Rarely Travel’ for the purpose.  
78.3% used a mix for Internal Process Development and 51.9% for Day-to-Day 
Management Contact.  A high number of respondents ‘Mostly Travel’ for the 
purposes of conferences. 
 
The responses show the use of ‘Mix Travel and Telecoms’ for meetings for the 
purposes of Training and Customer Service Provision.  Distance learning has 
long been an application cited by vendors as an ideal use for videoconferencing 
due to its ability to link multiple sites together to initiate simultaneous training.  
With a score of 55.8% using ‘Mix Travel and Telecoms’ this data could indicate 
a move towards learning increasingly being met through communicating by 
wire of some type. 
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In the case of Customer service provision, 20% ‘Rarely Travel’.  As the world 
becomes increasingly connected by the internet it should be expected that 
more of the current 34% who ‘Mostly Travel’ to fulfil customer service calls will 
shift to remote diagnostics and resolution. 
 
Table 2 – Meeting Motive by Mode 
 
 Mostly 

Travel 
Mix of Travel 
and Telecoms 

Rarely Travel 

New business relations 57% 40% 31% 
Internal process development 10% 78% 12% 
Day to day management contact 6% 52% 42% 
Training 23% 56% 22% 
Conferences 67% 26% 6% 
Customer service provision 34% 46% 20% 
 
Use of alternative forms of communication 
In the sample, audio conferencing is well-established with 74.4% of companies 
having used this form for remote connection of multiple people for at least two 
years.  A further 17.2% have started to use these calls in the last two years 
with only 3.8% not using or 4.6% considering use.  
 
Closely aligned with audio conferences is the use of the web conferences.  It 
adds images to the audio-only experience.  The advance of web conferencing is 
an indication of the appetite to add live, often collaborative, visual information 
to virtual meetings.  55% of companies have had web conferencing in use for 
more than 2 years.  26.3% started to use the solution within the last 2 years.  
12.4% are considering deployment in the next 12 months with 6.2% not 
considering use. 
 
Lastly the question was asked as to whether travellers were using a ‘mobile 
email’ or PDA type device i.e. Blackberry.  Of the three technologies assessed in 
this question these devices show an advanced level of use with 88.4% of 
organisations already equipping their key people with this business tool (Table 
3).   
 

Page 22     www.omega.mmu.ac.uk 



 

Table 3 – The Use of Communications Technology By Type 
 Not used Considering 

within 12 
months 

Used < 2 years Used > 2 years 

Audio Conferencing  3.9% 4.7% 17.1% 74.4% 
Web Conferences 6.2% 12.4% 26.4% 55.0% 
Blackberry or similar 
handheld device 

6.2% 5.4% 33.3% 55.0% 

Videoconferencing is used in 86.0% of the companies questioned.  Equipment 
is in ‘Daily’ use at 32.5% of organisations, 24.0% in ‘Weekly’ use and 29.5% in 
‘Monthly’ use.  The use of group videoconferencing meetings is much more 
prevalent than desktop personal conferences indicating that the need for ‘ad-
hoc’ virtual face-to-face meetings is low.  However, it is worth noting that 
written communication has become much less formal and ad-hoc with the use 
of email.  Desktop video-conferencing has the capacity to do the same for 
visual communications reducing the need to formally meet.  Virtual meetings 
pre-dominate intra-company rather than inter-company meetings although the 
34.0% of companies using the technology for external meetings shows a 
sizeable proportion of use.  Considering the desire to ‘Mostly Travel’ (57.3%) 
for New Business Relationships this does suggest a real incidence of meeting by 
wire beyond the traditional internal-only profile.  Long-standing external 
relationships are therefore using videoconferencing to a significant extent. 
 
93.6% of organisations are connecting point-to-point calls and 88.2% are 
taking part in multi-way calls.  The frequency of two locations calls is 
approximately 85% of all calls that a typical organisation will make.  84.6% go 
beyond discussion during their virtual meetings showing presentation materials.  
This suggests that ease of use is enabling advanced use of solutions and that 
the technology is gaining acceptance.  The practicality of discussing physical 
plans or prototypes across a virtual link is reflected by 50.4% not using 
videoconferencing for this purpose.   
 
A significant number of respondents, 36%, were not familiar enough to assess 
the quality being experienced in the organisation. This gives an indication that 
the use of these technologies has not penetrated to all areas of management 
within the business. 
 
Figure 3 – The Size of Travel Groups 
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The distribution of meeting sizes shows that more people are being included in 
virtual meetings than would typically be involved in travel.  While the business 
traveller typically is travelling alone (86.8%), many more people, the mode is 5 
people, are being involved in virtual meetings. See Figures 3 and 4.   
 
Figure 4 – Typical Group Sizes in Videoconference Calls 

This suggests a change in business style enabled by the technology involving 
more people connecting earlier, to speed decision-making and information flow.  
Not all participants would have had the authority, time and budget to travel. 
 
Environmental concerns 
Environmental concerns have a focus and sensitivity far beyond what they were 
even 12 months ago.  Of the respondents, 40.3% of companies do not evaluate 
their carbon footprint.  39.5% intend to evaluate their contribution in the next 
12 months with 20.2% stating that their organisations already offset their 
carbon emissions.  Here Project Icarus Accreditation would help companies 
move to address their environmental concerns. 
 
Growth of air travel 
Respondents were asked for their opinion on the likely increase or decrease of 
air travel budget.  Respondents where asked to indicate if the change was likely 
to be greater or less than 10%.  A response of 63.7% expect an increase, split 
somewhat evenly between an amount greater or less than 10%. 36.3% expect 
a reduction in air travel budget with a lower proportion expecting a >10% 
reduction than those expecting a reduction of <10%. 
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Figure 5 – Expected Change in Air Travel Budget Next Fiscal Year 
 

     
 
 
The reason given for these changes can be grouped into a number of recurring 
themes.  Reasons for the increase in travel budgets were a sign both of 
company changes and the current air service environment.  The over-riding 
reason for the increase was due to business growth with many respondents 
citing global expansion strategies within their businesses.   
 
Where decreases in air travel budget were expected these were as a result of 
increased management of travel.  This increased management in many cases is 
reported along with general drives for improved productivity and cost reduction.  
A recurring factor cited for the reduction, cited by approx 35% of respondents, 
is the concerns relating to emissions. 
 

1.3.2 Part 5: An Advanced Methodology for Carbon Calculation 
The final element of the carbon reduction framework is an advanced prototype 
carbon calculation methodology. This section of the report is drawn from the 
full volume of study, presented in Appendix D as “Analysis of the current levels 
of carbon dioxide emissions in the air transport market”.  For a buyer company 
to follow the Icarus Accreditation Scheme, it will have to begin to measure the 
carbon it currently emits in its air travel.  
 
The conclusion of the ITM Project Icarus team was that for the accreditation 
process, buyer organisations should simply choose a method by which they 
wished to measure their travel-related carbon footprint and apply it consistently 
from year to year so that the accreditation team could assess whether the 
company was meeting its carbon reduction targets.  However, the project team 
did review many carbon calculators and calculation methodologies and it 
became apparent that: 

1. There is little measure consistency between the carbon calculators 
currently available– i.e. the same journey would be measured at 
different levels of carbon emissions by different calculators 

 
2. Different calculators adopt different methodologies  

 
 

52.3% 

 
61.2% 

63.7% 

36.3% 

<10% Change >10% Change 

38.8% 

47.7% 



 

 
3. Most available calculators do not allow travel managers to evaluate 

supplier environmental performance as most calculators tend to treat all 
airlines as having the same performance for similar routes 

 
4. Many carbon calculators provided by suppliers (such as airlines) estimate 

the carbon emissions level by the total number of passengers on the 
sector based on the desired load factors (such as 88% as used by one 
airline) or assuming 100% load factors and using very high efficient fuel 
consumption factors. 

Consequently a full review of carbon calculation methodologies was undertaken 
and an advanced calculation methodology based on actual data using the origin 
and destination airports, reported passengers carried, aircraft type used and the 
ground flight distance was developed.  This calculator was then used to 
understand the current carbon emissions levels of air transport and serve as a 
prototype calculator that may better serve the needs of travel managers looking 
to base future airline selection decisions on an evaluation that includes 
environmental performance.  For this prototype three markets are analysed; UK 
Domestic, Intra-EU markets serving UK airports, and UK-North Atlantic routes. 
 
The complete report detailing the methodologies used in the development of 
the advanced calculator and a discussion of the impact of the results is given in 
“Analysis of the current levels of carbon dioxide emissions in the air transport 
market” which is appended to this report. 
 

1.3.2.1 Review of existing methodologies for carbon emissions 
The IPCC (1997) provides a two-tired methodology in the “Greenhouse Gas 
Inventory Reference Manual” as a framework for estimating and reporting the 
emissions from aviation. The first tier is the simplest methodology, based only 
an aggregate number for fuel consumption to be multiplied with average 
emission factors. The second “Tier 2” methodology estimates emissions in two 
flying phases: the Landing and Take Off (LTO); and cruise phases. Fuel burn is 
higher in the LTO phase than cruise phase as the aircraft engines are working 
harder.  As the aircraft reaches full cruise altitude the engines can work less 
hard and also less fuel is burnt at higher altitudes due to the thinner 
atmosphere.  Emissions for these two phases are calculated separately and are 
then aggregated.   
 
Total emissions for a flight depends on the type of aircraft, type of engines, 
altitude and distance flown. The UK Government’s Department of Environment, 
Food and Regional Affairs (Defra) studied average emission level of air 
transport and presented emission factors for domestic and international flights 
on several routes using default average factors for CO2 emissions and average 
flight distances and load factors (Table 4).  

Page 26     www.omega.mmu.ac.uk 



 

Page 27     www.omega.mmu.ac.uk 

Table 4 - Defra report 

Flight type gCO2/pkm Calculation Assumptions Average 
journey 

distance for 
calculator 

Example 
journey 

Domestic 158.0 
65% load factor 

463km London-Scotland 78 seats on the Dash-8 Q400 
139 seats on the B737-400 

Short haul 
international 130.4 

65% load factor 
1,108km UK-Central 

Europe  
139 seats 

Long haul 105.6 
79.7% load factor 

6.482km UK-East Coast 
USA 346 seats on the B747-400 

261 seats on the B767-300ER 
 
Source: Defra (Department for Environment Food and Rural Affairs) report 2007; Act on CO2 Calculator: 
Public Trial Version Data, Methodology and Assumptions Paper 
 
In a similar study, Table 5 shows examples of emission levels for three flights 
and the assumptions used by CE Delft (2005 and 2007).  CE Delft used fuel 
consumption data taken from the CORINAIR Emission Inventory Guidebook (as 
did Defra).  Comparing the two tables, differences can be attributed to aircraft 
selection, stage length and load factors.  Other results of carbon emissions 
levels estimated in a number of other are described in Table 6. 
 
Table 5 - The results of the study by CE Delft 

Flight type CO2 
emissions 
trip(kg) 

CO2 
emissions 

g/pkm 

Calculation assumptions Example 
journey 

Short haul 8,024 175(g)/pkm 
70% load factor / 150 seats 

AMS-CDG Airbus A320 
Average distance : 480km 

Medium haul 15,793 107(g)/pkm 
70% load factor/ 150 seats 

MUC-PMI Boeing 737-400 
Average distance :1,402km 

Long haul 157,033 103(g)/pkm 
70% load factor/ 340 seats 

Boeing 777 
Average distance :6,404km 

LGW-EWR 

 



 

Table 6 - Carbon emissions levels estimated in various studies 

 
 Short haul Medium haul Long distance 

Distance
Carbon 

emissions 
(g/pkm)

Distance
Carbon 

emissions 
(g/pkm)

Distance
Carbon 

emissions 
(g/pkm) 

European Commission 
(1998) European average 200  

Gösseling et al (2005) European Uniona 
(< 2,000 kms) 140 Intercontinental routesb 

( > 2,000 kms) 120  

Peeters, et al (2007) 
< 500 kms 

> 500 < 1,000 kms 
> 1,000 < 1,500 kms 

206 
154 
130 

> 1,500 < 2,000 kms 
> 2,000 kms 

121 
111  

Ross (2007) < 1,000 kms 450 > 1,000  < 5,000 kms 300 > 5,000 kms 320 

Defra (2006, and 2007) Domestic: 463 kmsc
   158 International: 1,108 kmsd 103 6,482 kmse 106 

CE Delft ( 2005 and 
2007) 480 kmsf

   175 1,402 kmsg 107 6,404 kmsh 103 

 
 
 
 



 

The results of the studies which assessed the emissions levels are calculated 
based on mainly three categorised markets, which are short haul, medium 
range and long haul routes, using assumptions and average or aggregated 
data (IPCC, 1998; Jardine, 2005; CE Delft, 2005 and 2007; Defra, 2005 and 
2007).   These factors are, in practice, very different between airlines and 
routes (Faber et al, 2007) according to the fuel efficiency of the aircraft used 
and operational performances. 
 

1.3.2.2  A methodology for an Advanced Carbon Calculator 
To develop a calculator that more accurately reflects actual air transport 
activity, a disaggregated (bottom-up) approach was adopted. It aims to 
demonstrate current emissions levels in the air transport market by 
estimating and analysing the carbon emissions by route, stage length, aircraft 
type used, number of seats supplied on each aircraft and the distance flown 
on each route. Fundamentally, this approach follows the acknowledged 
methodologies based on revised 1996 IPCC “Guidelines for National 
Greenhouse Gas Inventories: Reference Manual and Emission Inventories”  
(EEA, 2006) for estimating emissions.  
 
Figure 6 - More refined method 
 

 
Calculation of the total carbon emissions on a sector 
The total emissions during the LTO cycle AND cruising stage on each route is 
calculated by computing the total fuel consumption and the emission factors 
by aircraft type, altitude and distance.  An aircraft’s fuel burn on a route is not 
linear with distance and an aircraft burns a relatively large amount of fuel in 

Page 29     www.omega.mmu.ac.uk 



 

Page 30     www.omega.mmu.ac.uk 

the initial climb and a lower account of fuel while flying typical descent 
profiles. Emissions during the LTO cycle, by aircraft type, are obtained from 
the IPCC guidelines (1997) and the Emission Inventory Guidebook (EEA, 
2006).  Subsequently total fuel consumptions during cruise stage are 
calculated using performance tables from Base of Aircraft Data (BADA) 
Revision 3.4 and 3.63.  
 
Traffic data for this study on the UK domestic routes and the intra-EU routes 
serving UK airports was obtained by the UK CAA data in 2006.  Data used in 
this analysis include 5,387 records for 1,626 routes and 59 aircraft types. The 
length of the flight is computed using the data the great circle distance. 
Association of European Airlines (AEA) data for 2004 was used for the North 
Atlantic route study. For the North Atlantic study, a slightly different 
methodology was undertaken due to data limitations which is explained in the 
full report. 
 
Emissions by aircraft type 
Figure 7 shows emission levels, across a range of flight (sector) lengths for 
different aircraft. These are calculated based on the assumptions of typical 
seat configurations (the number of seats supplied) and 75% of load factor. In 
practice, the results of these calculations will vary based on the actual 
number of seats configured in an aircraft and the actual load factors airlines 
achieved. 
 
Figure 7 shows that carbon emissions per passenger kilometre is high on 
short sectors, as the fuel burn during the LTO cycle becomes relatively more 
significant part of the fuel burn of the entire flight.  For larger aircraft on 
medium and long-haul flights, the LTO cycle is less significant, because the 
cruising stage forms the major part of fuel burn. Note there is a slight 
decrease in flight efficiency with increased distance, due to the greater fuel 
load that must be carried.  The figure highlights the differences between two-
engined aircraft and four-engined aircraft like B-777 and B-747. Newly 
developed aircraft such as B-737-700 and B-777, produce lower emissions 
compared to older generation aircraft types.  
 

                                                 
3 It was issued in Septembers 2004 European Organisation for the safety of air navigation (BADA 3.6 Performance 
Summary Tables) 



 

Figure 7 – Carbon emissions g/pkm for various aircraft 
 

 

The UK Domestic market 
Figure 8 contrasts the CO2 emissions differences between airlines and 
compares carbon emissions (g)/pkm by airline in the UK domestic market. 
The emissions levels (g/pkm) of airlines, which are operating aircraft such as 
ATR 42 and BAE 146, are relatively high while those of airlines which are 
operating B737 series and A320 families are relatively low. This is, in part, 
because the average load factors of the latter airlines are very high and are 
operating on relatively longer sectors (450-550kms). 
 
Figure 8 - Average carbon emissions (g)/pkm by airline on the UK domestic routes 
in 2006 
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When the total amount of emissions is compared by airline, the result of 
emissions levels correlates to the scale of airline’s business in the UK domestic 
market. In particular, the top two airlines produce over 42% of the total 
emissions in 2006 and 94% was shared out by the top 12 airlines in the UK 
domestic market (Figure 9). 
 
Figure 9 - Total carbon emissions (t) by airline on the UK domestic routes in 2006 

 
More than half of total emissions for domestic UK air services are created on 
routes to and from London, with the trunk routes to Glasgow and Edinburgh 
being the busiest two routes.   
 
Figure 10 - Total carbon emissions (t) by route in the UK domestic market in 2006 
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Figure 11 depicts that the top 20 routes in terms of seats supplied and the 
annual total carbon emissions on these routes (in 2006). Of the top four 
routes, load factors by airlines vary dramatically from 57% to 81%, and this 
has a significant impact on the emissions per seat with higher load factors 
reducing the emissions per passenger carried, as can be seen in Figure 12 
where the emissions per passenger kilometre is shown. 
 
Figure 11 - Top 20 routes of seats supplied and the annual total carbon emissions 
in 2006 
 

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

EDI-
LHR

GLA-
LHR

LHR-
MAN

ABZ-
LHR

EDI-
LGW

BHD-
LHR

BHX-
EDI

LGW-
MAN

JER-
LGW

BFS-
LPL

PIK-
STN

GLA-
STN

GLA-
LGW

EDI-
STN

LHR-
NCL

EDI-
LTN

GLA-
LTN

GCI-
LGW

BHX-
GLA

EDI-
LCY

Top 20 routes by seat supplied

0

10,000

20,000

30,000

40,000

50,000

60,000

The total number of seats supplied
Sum of the total CO2 emissions per year (t)

 
 
The average distance flown of the top 20 routes is 581kms with 78% average 
load factor and an average of 162g carbon emissions per passenger 
kilometre. On the routes operated by low cost carriers such as  Edinburgh-
London Gatwick and the Glasgow Prestwick-London Stansted, the per 
passenger carbon emissions are relatively low due to high seat density and 
high load factors compared to other routes, where network carriers 
predominate.  
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Figure 12 - Average carbon emissions and load factor by route in the UK domestic 
market in 2006 
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In addition, this result shows that the emission levels of several routes such 
as London Heathrow-Manchester, London Gatwick-Manchester, Birmingham-
Edinburgh and Birmingham-Glasgow are comparatively high.  These routes 
tend to achieve lower than average load factors and being relatively short 
distances, switching travellers to surface modes (such as rail) may lead to 
significant reduction in emissions for companies (Table 7). 
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Table 7: Carbon comparisons: UK Domestic travel 
 
Estimates CO2 emissions (g)/pkm by mode     
  Distance(kms) Air Rail Car Eurostar

London-Glasgow 654 138 58 104 na 
London-Edinburgh 587 141 58 104 na 
London-Newcastle 445 168 58 104 na 
London-Manchester 267 218 58 104 na 

London-Paris 384 177 na na 11 
London-Brussels 374 223 na na 24.3 

      
      

 
Estimates of Total CO2 emissions (kg) per passenger by mode   

  Distance(kms) Air Rail Car Eurostar
London-Glasgow 654 84 38 68 na 

London-Edinburgh 587 85 34 61 na 
London-Newcastle 445 62 26 46 na 
London-Manchester 267 78 15 28 na 

London-Paris 384 68 na na 5.5 
London-Brussels 374 84 na na 9.2 

      
Source 1: Energy and emissions statement-2006/7 (2007) for the data of rail, car and 
rail 
 
Source 2: www.eurostar.com 
     

 

Intra-EU serving UK airports routes 
In this section, the intra-EU routes serving UK (excluding the UK domestic 
market) are analysed using UK CAA data for 2006.  This market covers the 
sector lengths varying widely from the short haul sectors like the Jersey-
Cherbourg route (79kms) to medium haul sectors such as the London 
Heathrow-Larnaka in Cyprus (3,600kms). Figure 13 shows the average carbon 
emissions per sector on the intra-EU routes in 2006.  
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Figure 13 - Average carbon emissions per sector on the intra-EU serving UK in 
2006 
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The emissions levels per sector can be segmented into groups based on the 
type of airline operations: network carriers from outside EU and EEA 
countries, charter airlines, network carriers in EU, low cost carriers and 
regional airlines.  Figure 13 demonstrates the obvious fact that the long-range 
sectors produce more emissions per flight rather than short sectors but more 
significantly illustrates the relative carbon efficiency by sector length between 
carrier types (e.g. LCCs, network carriers, charter airlines) and aircraft type 
they operate. Network carriers from outside EU and EEA countries operate 
aircraft type for the long range flights on this market as part of the 
international fifth freedom operation, e.g. London Heathrow-Paris Charles de 
Gaulle by Air China or American Airlines. On these sectors the carbon 
emissions (g)/pkm become very high as a result of very low load factors on 
the relatively large aircraft.   
 
When looking at the same figures on a per passenger kilometre basis (figure 
14), the airlines plotted above the logarithmic line-of-best-fit are mainly 
network carriers from outside the EU, while other airlines plotted below the 
line are mainly charter airlines, network carriers in EU, low cost carries and 
regional airlines.  The figure suggests that the airlines that have the highest 
per passenger carbon footprint are non-EU carriers operating routes under 
fifth freedom traffic rights. 
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Figure 14 - Carbon emissions (kg) per passengers on a sector vs distance flown 
(kms) 

 
 
The differences of carbon emissions levels between airlines can in part to be 
understood clearly by comparing carbon emissions levels per passenger per 
sector incorporating load factors by airline (Figure 14).  
 
Average load factors of LCCs like Ryanair (78%) and easyJet (81%) and 
charter airlines such as Monarch Airlines (75%) and GB Airways (83%) are 
very high compared to those of e.g. CSA Czech Airlines (56%), Croatia 
Airlines (63%), Bulgaria Air (65%), and regional airlines as Flybe (65%), BA 
connect (59%) and Luxair (54%) (load factors from UK CAA data). Although 
regional airlines typically operate relatively short sectors producing lower 
emissions with lower emission aircraft, their average load factors are 
significantly lower than other airlines. 
 
 
The differences of carbon emissions levels between airlines can in part be 
understood clearly by comparing carbon emissions levels per passenger per 
sector incorporating load factors by airline (Figure 14). 
 
Average load factors of LCCs like Ryanair (78%) and easyJet (81%), and 
charter airlines such as Monarch Airlines (75%) and GB Airways (83%), are 
very high compared to those of, for example, CSA Czech Airlines (56%), 
Croatia Airlines (63%), Bulgaria Air (65%), and regional airlines such as Flybe 
(65%), BA connect (59%) and Luxair (54%) (load factors from UK CAA data). 
Although regional airlines typically operate relatively short sectors producing 
lower emissions with lower emission aircraft, their average load factors are 
significantly lower than other airlines. 
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When the carbon emissions levels are expressed per passenger kilometre 
flown, the differences between airlines are highlighted further. The carbon 
emissions (g)/pkm of airlines which operate on short sectors with low load 
factor become higher (Figure 15). 
 
Figure 15 - Carbon emissions (g)/pkm by airline on the intra-EU routes serving UK 

 
 
On the other hand, the total emissions produced by the three key players in 
this market are so significant that the effects of their business practices on 
the market are important (although their average carbon emissions per sector 
or per passenger kilometre were low because they carried a large number of 
passengers in this market as key players – Figure 16).  
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Figure 16 - Total carbon emissions (t) by airline on the intra-EU routes serving UK 
in 2006 

 
The intra-EU serving UK routes can be segmented into four groups according 
to the levels of carbon emissions (g) per passenger kilometre (Table 8). 
 
Table 8 - Route groups by carbon emissions levels (g)/pkm 

Group Weighted average 
carbon emissions 

(g/pkm) 

Share (%) of passengers 
carried 

Share (%) 
Number of departures 

A 
 

< 100 31% 22% 

B 
 

< 150 40% 37% 

C 
 

< 250 23% 30% 

D 
 

> 250  4% 7% 

 
Group A is the market, where average carbon emissions (g)/pkm on route is 
less than 100 g/pkm, and that of group B is less than 150g/pkm. Groups A 
and B form the majority of the intra-EU serving UK routes, accounting for 
more than 71% of the total number of passengers carried and 59% of the 
total number of departures. The routes, of which average carbon emissions 
(g)/pkm are between 150 and 250, belong to group C, while group D consists 
of the routes, which produce carbon emissions over 250g/pkm. Table nine 
highlights the differences among these route groups by carbon emissions 
(g)/pkm, average distance flown, and load factors of each route group. 
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Table 9 - Average carbon emissions (g)/pkms on the route of each route group 
 

 Av. 
carbon 

emission
s 

(g/pkm) 

 
 

Main players 

Share (%)  
passengers 

carried 

Share (%) 
total 

emissions 

Av. carbon 
emissions 

within 
group 

Av. 
distance 

flown 
(kms) 

Av. load 
factor 

A < 100 LCCs & Charter 
airlines 

31% 23% 87g/pkm 1,694kms 81% 

B < 150 LCCs & Network 
carriers 

40% 42% 123g/pkm 1,236kms 74% 

C 
 

< 250 Network carriers 23% 29% 187g/pkm 659kms 66% 

D > 250  Network & 
Regional carriers 

4% 6% 299g/pkm 566kms 57% 

 
The very low emissions market, Group A (average carbon emissions: 
87g/pkm) accounts for 31% of demand and with high load factors and long 
average stage length contribute only 23% of total emissions.  The low 
emissions market, Group B (with average carbon emissions of 123g/pkm) has 
40% of demand and 42% of emissions. The medium emissions level market, 
Group C is largely operated by network carriers for their hub and spoke 
network routes in the EU accounting for 23% of the passengers, but 29% of 
the emissions.  However, as has been previously noted, a number of non-EU 
carriers with high carbon emissions level raise the average emissions level of 
this group. The high emissions level market D is mainly operated by regional 
carriers and although this is only a small group carrying 4% of traffic, it 
contributes 6% of emissions. The gaps between passengers carried and 
emissions contributions can be attributed mainly to aircraft used, stage 
length, load factors achieved, and cabin seating configuration.  
 

North Atlantic Analysis 
Long distance international routes are analysed here by using the North 
Atlantic market as an example. Traffic data published by Association of 
European Airlines (AEA) in 2004 is used to estimate the total number of 
carbon emissions by airline. Compared to previous sections, a different 
calculation methodology was adopted for this market because of individual 
route data limitations which are detailed in the full report. 
 
Where airlines operate multiple cabins, as is the usual case in long haul flying, 
the carbon emission estimates should reflect these different products.  Carbon 
emission levels by class may be analysed by considering the seat space which 
each passenger occupies, taking into account the proportion of number of 
passengers in each class compared to the total number of passengers on the 
sector flight.  Therefore, if a passenger in first class occupies twice as much 
space as a passenger in economy class, then the first class passenger’s 
emissions estimate should be twice that of the economy class passenger.   
Space allocated to other facilities like galleys, aisles, lavatories and bar spaces 
are excluded in this analysis.  
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Figure 17 shows the result of the estimated carbon emissions (g/pkm: gram 
per passenger kilometres) by airline on North Atlantic routes in 2004. 
In this analysis on the long haul routes (average distance flown: 6,825kms), 
airline emissions are centred between 100 and 150g/pkm. Several airlines 
that use new generation aircraft (B777 and A340) and achieve high load 
factors (over 88%) produce less than 100g/pkm. On the other hand, the 
emissions of airlines which operated older generation aircraft (B747-200) with 
relatively low load factors (less than 75%) have very high emissions levels 
with one over 240g/pkm. 
 
Figure 17 - Average carbon emissions (g)/pkm on the North Atlantic routes in 
2004 

 
 
These results are estimated based on the average total number of passengers 
carried on the sectors. They are affected by load factors and capacities of 
each airline and capacities are affected by the existence of first class and the 
seat pitches of each class. They vary depending on each airline’s strategy: the 
average space occupied by passenger on one network carrier’s First Class (80 
inches) and Business Class seat (61 inches) is 2.3 times longer than that of its 
Economy Class seat (31 inches).  Another carrier’s business class seat (60 
inches) is 1.9 times longer than that of economy class (32 inches).  
 
The number of seats and load factors in the first and business class affect the 
result of these calculations significantly. Carriers with very large business 
class cabins will have higher emissions levels per passenger than those that 
carry a larger number of economy passengers in the same aircraft type. 
 
Figure 18 contrasts the differences of the results between the economy class 
and first/business class.  For airlines that have both first class and business 
class, emissions levels in those classes may be more than double of those of 
passengers in economy class. One carrier’s emission level for first/business 
class is estimated at over 400g/pkm because not only was it operating B747-
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200 on a quarter of its long haul routes but also the number of passengers in 
both first and business class were very low.  The figure also shows estimated 
emissions level for a business class-only-airlines (S & T) as 255 to 337g/pkm, 
based on operations in 2007 and 2008 which is higher than average of 
first/business class (220g/pkm) of other network carriers.  
 
Figure 18 - Estimated average CO2 emissions by airlines 

 
 
The results clearly demonstrate the differences among airlines, reflecting their 
strategies. Fuel-efficient new generation aircraft, operating without a first 
class cabin, and at high load factors particularly in the business class, are the 
factors to improve the level of carbon emissions per passenger kms on the 
long haul routes. In order to understand the carbon footprint level on these 
sectors, it is important to consider these factors. 
 

Future work 
The data that was used to demonstrate the carbon calculation methodology 
was drawn from sources for 2004 and 2006.  One of the key drivers for 
selecting airlines based on environmental performance is having accurate 
information about current performance.  Clearly as airlines change their fleet, 
improve their load factors or change their cabin configurations their 
environmental performance will alter and any carbon calculator used by travel 
managers to assess this needs to reflect the changes in performance over 
time.  For example, one of the airlines performed very poorly in the North 
Atlantic analysis due to its use of B747-200s in 2004.  However this airline 
has subsequently replaced this aircraft and would perform significantly better 
in the analysis if the data was drawn from 2008.   
 
Project Icarus was keen to argue for improvements in carbon calculation 
methodology and is pleased to see a significant improvement in these in the 
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winner of their 2008/9 Environmental Awards for Technology; however the 
ITM does not wish to develop its own Project ICARUS Carbon Calculator at 
this stage. The work undertaken by Cranfield University would like to update 
the analysis in 2009 to see the impact of the changes undertaken by airlines. 
The Cranfield team are also keen to undertake a comprehensive study on the 
environmental efficiency of air, rail and road transport and is currently 
seeking funding to undertake both studies. 
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1.4 Summary of Key Findings 
 
Key findings on Environmental Travel Management 
 
Management 

• Environmental travel management requires the setting of a travel 
policy that incorporates environmental considerations in supplier 
tendering processes, requires better management of the need to 
travel, seeks “lowest carbon” from travel options at point-of-sale, 
records and evaluates the carbon footprint of the travel programme, 
sets targets for reduction, and adopts strategies that will deliver these 
reductions 

• Corporate Booking Tool (CBT): 21.7% of companies surveyed use a 
CBT and 80.6% have an ‘Encouraged’ or ‘Required’ policy for the use 
of Rail.  62% of companies either have no policy with regard to airline 
choice or encourage it. 

Travel purpose and meeting modes 
• For new business relationships, 57.4% ‘Mostly Travel’.  For internal 

meetings such as internal process development or day to day 
management contact, 9.3% and 6.2% respectively ‘Mostly Travel’. It is 
the internal process development, day to day management and 
training areas which can most easily be substituted by alternative 
forms of communication. 

Technology use 
• Of the 86% of companies using videoconferencing, 52.2% were using 

business quality or better.  It was in use daily for 32.5% and 24% 
weekly. 34% were using it for external meetings.  Only 36% of 
respondents had knowledge of the quality. 

 
Environment and travel growth 

• 20.2% currently offset their carbon footprint and 39.5% are 
considering doing so in the next 12 months.  Factors ‘Critical’ to airline 
choice ranked were destinations served, cost, airports served, 
frequency of flights, airlines response to the environment, aircraft type 
and age, and lastly the availability of a loyalty programme 

• 63.7% of companies were expecting an increase in air travel budget in 
the following financial year due to global growth. Reductions in spend 
were forecasted as a result of general expense pressure and concerns 
for the environment. 
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Key Findings on Carbon Calculation Methodology 
 
• Load factor (particularly in Business Class in long haul operations), 

operation of a fuel-efficient fleet of aircraft and cabin configuration are 
key areas for airlines to concentrate efforts to reduce carbon emissions 
per passenger kilometre 

• The carbon calculation prototype developed demonstrates that it is 
possible to build a fully functional advanced carbon calculator that uses 
actual data by airlines and routes for aircraft operated, cabin 
configuration used, cruise altitude used, and passenger load factors 
achieved.  The model built by Cranfield University will be subsequently 
used to assess the sensitivity to changes in business models (such as 
increasing load factors, changes to fleet, increased seat capacity, 
reduced carried weight onboard, etc.) for network carriers, low cost 
carriers, charter airlines, regional airlines and non-EU network carriers 
in a forthcoming Omega funded project 

• Availability of carbon emission levels by airline and route can be 
calculated and travel managers need this information to be able to 
make informed choices on preferred suppliers 

• Travellers who are charged with reducing their travel related carbon 
emissions need carbon emissions data by airline at point-of-sale to be 
able to select the most efficient airline.  This demand factor will lead 
airlines to seek methods to reduce their carbon emissions per 
passenger. 
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1.5 Recommendations 
 

• Travel managers should look to incorporate environmental 
considerations in their supplier tendering processes using the guides 
for best practice included in the Project ICARUS Environmental Tookit.  
Key areas for examination include ensuring their preferred suppliers 
have engaged with a broad agenda covering economic, environmental 
and social impacts of their business plans and demonstrating a 
commitment to engage with employees, suppliers, their customers and 
other stakeholders to reduce carbon consumption through the 
business.  Such companies are likely to have adopted strategies to 
drive down their carbon footprint throughout their businesses and 
those of their employees and customers.   

• Airlines can improve the carbon emissions of their travellers by driving 
up their achieved passenger load factors, consider altering cabin 
configurations to increase seat density, reduce weight onboard the 
aircraft by encouraging travellers to carry less luggage and reduce the 
weight of on-board duty free sales or catering trolleys.  Such 
approaches will clearly have an impact on the traveller experience that 
may be at odds with the business model adopted by the airline.  Where 
this is the case the airline may wish to seek ways to reflect the higher 
environmental cost of their business model in their pricing models.  

• While environmental improvements to an airline’s business model 
would provide some improvement in travellers’ carbon footprint, these 
are small compared to the substantial improvements that could be 
achieved if more direct routings are used and air traffic delays 
minimised. Estimates of the impact of these improvements could 
provide are between 8 and 16%. ACARE plans to improve European air 
traffic management, however, it will take some years to achieve 
substantive improvements.  

• Travel managers should develop an environmental travel policy that 
removes unnecessary trips by examining the need for each trip in more 
depth and switches other trips, where possible, into alternative forms 
of communication such as web-conferencing. Internal company 
meetings are the most likely sources for making such carbon savings 
that may also be sources for financial savings. 

• Travel managers should incorporate travel emission level data into 
their benchmark metrics to monitor their performance over time.  This 
will provide the first step towards managing their company’s travel 
related carbon footprint.  To measure the carbon emissions of their 
travellers, Project ICARUS would encourage travel managers to seek a 
carbon calculator that enables the evaluation of different travel 
suppliers based on supplier performer on that particular route. Having 
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this information available to the traveller at the point-of-sale, perhaps 
combined with an individual traveller carbon budget, would provide a 
strong enabler of behavioural change. 
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1.6 Team Details 
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Toolkit contributors: Jon Green, JMP Consultants, Tim Johnson, Aviation 
Environment Federation, Bernard Harrop, IG Management, Amon Cohen and 
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1.7 Other outcomes 
 
Project ICARUS/Omega Stakeholders Seminar and Workshop, held at 
Department of Business, Enterprise and Regulatory Reform, London, 21 Feb 
2008.  See Appendix E. 
 
Miyoshi, C. and K.J. Mason, (2008), “The carbon emissions of selected airlines 
and aircraft types in three geographic regions”, Journal of Air Transport 
Management, accepted for forthcoming publication. 
 
Miyoshi, C. and K.J. Mason, (2008), “Analysis of the carbon dioxide emissions 
level in the North Atlantic air transport market”, 12th Air Transport Research 
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Mason, K.J. and C. Miyoshi (2008), "Managing demand for business related 
air travel – business travel carbon emission reduction strategies and their 
potential impact on airlines", 11th Hamburg Aviation Conference, Hamburg, 
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Amstrong (2007), “Business air travel demand in the light of conferencing 
alternatives and pressure for responsible practice”, Unpublished MSc Air 
Transport Management thesis, Cranfield University. 
 
Mason, K.J., Armstrong, C., and C. Miyoshi (2007), “The effectiveness of 
demand management for business related air travel – Carbon reduction 
strategies”, Conference Proceedings of the Regional Studies Association 
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Editor’s Notes 
 

 
A partnership of nine UK universities developing and transferring knowledge 
to support aviation sector and Government work to strengthen the 
sustainability performance of air transport. Omega is working with key players 
to answer science questions, explore technology and operational solutions 
and provide wider knowledge that helps the sector make effective 
environmental decisions.  The target is long-term sustainability for air 
transport to meet the needs of society: some 40 academic studies and other 
activities will be completed during 2008 to guide future strategy. Omega is 
led by Manchester Metropolitan University, with Cambridge and Cranfield 
universities. 
 
www.omega.mmu.ac.uk 
 

 
The Business Travel Research Centre is located at Cranfield University's 
Department of Air Transport, the largest air transport management faculty in 
Europe with a global reputation for excellence in applied research. BTRC 
draws together research and learning about the business travel sector to 
develop in-depth understanding of the complexities of the business travel 
sector, and its importance within the air transport industry. By so doing it 
aims to provide insight of the business travel market to airlines, corporate 
travel managers, procurement specialists, travel management companies and 
the academic community.   
 
www.businesstravelresearch.com  
 

 
ITM is a not-for-profit organisation established over 50 years ago to support 
the business travel industry. Its main activities extend to promoting best 
practice, benchmarking and the development of individual and collective 
expertise through a structured education and conference programme. ITM 
represents over 1,000 buyer and supplier members from seven UK & Ireland 
regions. For questions regarding ITM in general please contact 
secretariat@itm.org.uk. 
 
www.itm.org.uk. 
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a Load factor: 75% 
b Load factor: 75% 
c Calculate assumptions: 78 seats on Dash-8 Q400 and 139 seats on B737-400, load factor: 

65%, example route: London-Scotland 
d Calculate assumptions: 139 seats on B737-400, load factor: 65%, example route: UK-

Central Europe 
e Calculate assumptions: 346 seats on B747-400, 261 seats on B767-300ER, load factor: 

79.9%, example route: UK-Central Europe 
f Calculate assumptions: 150 seats on A320, load factor: 70%, example route: Amsterdam-

Paris 
g Calculate assumptions: 150 seats on B737-400, load factor: 70%, example route: Munich-

Palma de Mallorca 
h Calculate assumptions: 340 seats on B777, load factor: 70%, example route: London-

Newark 
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