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Executive Summary  

The National Air l ine Counci l  of  Canada (NACC) commissioned The Delphi  Group to 

provide an analys is  of  potent ial  Canadian carbon policy  scenarios  and their  impact  on 

the aviat ion sector.   The analysis  was conducted through the lens  that carbon policy  

should encourage decoupling of economic growth and environmental  impact while  

maintaining a global ly  competit ive aviation industry in Canada.   

The policy scenarios considered were:  

•  A federal  offset  mechanism for  aviat ion that continues the CNG 2020 agreement  

through the International  C iv i l  Aviation Authority ( ICAO)  

•  An economy-wide federal  Cap and Trade system that integrates with exist ing 

provinc ial  regulation 

•  A carbon tax that integrates with exist ing provincial  regulat ion 

Analysis  focused on how a cost of compliance would impact the sector,  and also 

included a  consideration of pol icy  complexity and the potent ial  for competit ive 

distort ions.   Conclusions from the analysis  were drawn as fol lows:  

1.  A federal  offsett ing mechanism has the highest probabi l ity  of reducing the 

administrat ive burden of compliance and ensur ing a level  cost of compliance 

playing f ield for carriers.   Inclusion of aviat ion in a patchwork of provincia l  and 

federal  pol ic ies and regulat ions  is  l ikely  to create  onerous and complex  

compliance obl igations that may a lso create competit ive distort ions unless  

specif ic  effort  is  made to ensure a  streamlined and consistent  approach to  the 

sector.    

2.  Carbon prices  in the range current ly discussed in Canada ($15-$40/tCO2e) wil l  

not incent the decoupl ing of economic growth from environmental  impact in the 

aviation sector.    Instead, compliance costs  wil l  f low money out of the sector,  

possibly also shr inking the sector at  the same t ime.   

3.  Long-term decarbonisation of the sector is  most dependent on the next 

generat ion of eff ic ient aircraft  and the development of a biojet industry .   Of 

these two technology pathways,  biojet represents the nearer term opportunity ,  

as well  as the opportunity to generate the deepest long-term reductions.  
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4.  In and of themselves,  none of these policy scenarios  wil l  support the decoupl ing 

of economic growth and environmental  impact in  the sector because the pr ice 

signal  is  unl ikely to be strong enough in the short and medium terms.  In order  

to achieve this  outcome, the policy scenar ios need to be augmented by industry 

action, further regulation and/or direct government support in technology  

development.  

Based on the key f indings  of the analys is,  the near-term act iv ity with the greatest 

potentia l  to ult imately benefit  the sector is  the acceleration of a biojet fuel  supply 

that is  either cost competit ive with jet  fuel ,  or cost competit ive after integrat ing cost 

of compliance.  Canada is  well  posit ioned to be a leader in biojet fuel  development,  

with signi f icant potential  for economic growth both in domestic and export markets .   

As a next step,  NACC is  working on a roadmap for biojet development which wi l l  outl ine 

the path to broad market adoption for biojet fuel  in Canada.  
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1 Introduction 

Climate change pol icy,  carbon pricing and efforts to drive towards a low-carbon 

economy are at  the forefront of many polit ical  and economic discussions – with Canada 

being no except ion.  As with al l  other industries,  there are  expectations on aviation to  

contribute to cl imate change goals  in Canada, including through achieving reductions 

as a sector.    

In context,  domestic  aviat ion represents a re lat ively small  portion of overal l  emiss ions  

in Canada – contributing 1% of the total i .  Nonetheless,  aviat ion is  an emissions 

intensive and highly v is ib le activ i ty.  The sector’s  global  footpr int  continues to grow,  

with g lobal  fuel  consumption expected to increase by 3-3.5% per year ii.      

As a  leading voice  in  Canada’s  aviat ion sector,  the mandate of the National Air l ines 

Counci l  of  Canada (NACC) is  to advocate for safe,  environmental ly  responsible and 

competit ive air  t ravel  through the development of sound publ ic  pol icy and engaging 

with government and industry stakeholders.  The NACC is  the trade associat ion 

representing Canada's largest passenger a ir  carriers:  Air  Canada, Air  Transat,  Jazz  

Aviation LP and WestJet.  

The NACC commissioned The Delphi Group to provide an analys is  of potentia l  Canadian 

carbon policy scenarios and their  impact on the aviation sector.   The analys is  is  

conducted through the lens that carbon policy should encourage decoupling of  

economic growth and environmental  impact  while maintaining a g lobal ly  competit ive 

aviation industry in Canada.   

The policy scenarios considered are:  

•  A federal  offset mechanism for aviat ion that al igns with the CNG 2020 

agreement through the International  C iv i l  Aviation Authority ( ICAO) 

•  An economy-wide federal  Cap and Trade system that integrates with exist ing 

provinc ial  regulation 

•  A carbon tax that integrates with exist ing provincial  regulat ion 
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The pol icy scenarios  are f i rst  defined in  Section 2,  fol lowed by a brief  overview of  

relevant background for the analysis  in  Sect ion 3 and the analysis  itself  in Section 4 .   

Key f indings are outl ined in Section 5,  with a  discussion on biojet fuel  in Sect ion 6.    

2 Policy Scenarios 

2.1 Policy Context 

Domestical ly,  the federal  government  must  choose how to augment,  complement  or 

override ex ist ing provincia l  po l icy.   Internationally,  countries  are looking to arrest  the 

growth in  emissions from international  f l ights,  and it  is  l ike ly that Canadian carriers 

wil l  have compliance obligat ions under an international  agreement.  These two 

contexts,  expanded on below,  create  an exist ing framework to which emerging federal  

pol icy wil l  be  attached – and these points of attachment wi l l  inf luence how the high-

level  pol icy scenarios explored in this  analys is  could be implemented.  

2.1.1 Domestic Policy Context 

In the absence of federal  pol icy in recent years,  a l l  provinces have set cl imate goals  

and many have developed robust cl imate pol ic ies and regulat ions  to help achieve them. 

This has led to a patch-work approach across Canada, with aviation being implicated 

by varying pol ic ies ,  regulations and carbon prices.  These include:  

•  British Columbia:  The province’s carbon of tax of $30 per tonne is  applied to 

aviation fuels on intra-provincia l  f l ights.   

Equates to 7.83 cents per l i tre of jet  fuel .   

•  Alberta: It  i s  the expectation that aviat ion jet  fuel  (for intra-provincia l  f l ights)  

wil l  be covered by the incoming carbon levy beginning January 1,  2017.  

Expected rate of  5.17 cents per l it re in 2017 and 7.75 cents per l it re in 2018.  

•  Ontario and Quebec:  Aviation fuels are not directly  covered under cap and 

trade, but operat ionally  the sector sees f low-through costs on uti l it ies and other  

f leet fuels under the carbon price.   



 

 

 

 

The Delphi Group  �  3 
   

2.1.2 International Policy Context 

Global ly,  the aviation sector has been actively engaged in  cl imate change discussions  

for the past several  years.  Under the auspices of the United Nations International  C iv i l  

Aviation Organizat ion ( ICAO),  a framework for cl imate action has been developed 

aimed at stabi l iz ing emissions from international  air  travel  at  2020 levels.  The Carbon 

Neutral  Growth 2020 (CNG 2020) approach includes the development of a  g lobal  

market-based measure (GMBM) for internat ional  a ir  t ravel.   

ICAO members have agreed that the GMBM is to be based on several  principles ,  

including:  

•  Should only be considered as part  of a  broader package of  measures to address 

aviat ion emissions  that cannot otherwise  be achieved through cost-effective,  in-

sector reductions;  

•  Should not be designed to raise general  revenues or  suppress demand for  air  

travel;   

•  Must maximize environmental  integrity and take into account the circumstances  

and capacity  of indiv idual  states  whi le minimiz ing competit ive and market  

distort ions as well  as  administrat ive complexity;  

•  Ideal ly  implemented through a s ingle mandatory offsett ing scheme for global  

aviat ion rather than with a lternative ( i .e.  state-level)  schemes.   

•  Meets criteria for fa ir  and equitable distr ibution of CNG2020 commitment 

among al l  carriers .   

ICAO intends to sign-off  on the design framework of the GMBM at its  upcoming 

Assembly meeting in  October 2016. Key  build ing blocks to be clarif ied inc lude 

monitoring,  report ing and veri f ication (MRV)  requirements,  and quality  of offsets that  

can be used under the scheme. Early  indicat ions  suggest  a  phased- in approach 

beginning in 2021, with voluntary part ic ipation ult imately replaced by mandatory  

part ic ipation.  Canada, the U.S. ,  44 States  of the European Union, and China among 

others have indicated early  voluntary part ic ipation.   



 

The Delphi Group  �  4 
   

2.2 Policy Scenarios 

This section descr ibes the policy scenarios in more detai l  to establ ish a common 

understanding prior to analysis .   These policy scenarios are very broad, and there are  

many ways in which scope, exemptions,  changes to the point  of regulat ion and 

complementary polic ies (e.g.  fuel  standards)  could create dif ferent policy impacts.   

That sa id,  many of these implementat ion detai ls  would simply make one pol icy scenario  

adopt some of the characterist ics and impacts of one of the other policy scenarios,  and 

hence this  analysis  should be remain appl icable.       

2.2.1 Federal Offsetting Mechanism for Aviation (ICAO Model) 

Scenario definit ion :  The CNG 2020 agreement for international  a ir  t ravel  being 

developed through ICAO would be adapted to Canadian domestic f l ights.   Air l ines 

would be required to offset their  growth in emissions beyond the establ ished basel ine.     

Treatment of aviation: This approach would equate to a federal  sector-specif ic  

approach, with direct regulation of the carriers,  who would be exempted from 

provinc ial  regulat ions.   Individual  carriers  would be given the option to demonstrate 

internal  reductions,  or  purchase offsets on a  domestic or international  market (e .g.  as 

outl ined in the GMBM) to meet targets.  

Domestic  al ignment :  The federal  government  would override exist ing provinc ial  pol icy .   

Jet  fuel  would be exempted from the BC carbon tax and Alberta carbon levy ( it  is  

already excluded from the Ontario and Quebec cap and trade systems).  

International  al ignment :  Carr iers would face the same compliance domestical ly  as  

internationally .   

2.2.2 Federal Economy-Wide Cap and Trade 

Under this  opt ion, the federal  government  would establish a national  cap and trade 

system without  a separate provision for  aviat ion.  This would involve the development  

of a carbon market  l ikely covering a l l  major  sectors of  the economy ( i .e.  oi l  and gas,  

industry,  bui ldings  and transportation [via  fuels]) .  The government would set a ‘cap’  

of al lowable emissions and al locate emission permits (ca l led ‘al lowances’)  either by  

sector  or province .  



 

 

 

 

The Delphi Group  �  5 
   

Compliance entit ies could then have a number of options to procure emissions units 

equivalent to their  emissions  for a given per iod. These may inc lude:  

•  Receive free emissions al lowances from government  

•  Purchase of al lowances from government auction  

•  Achieve internal  reductions  

•  Trading between emitters and/other registered market part ic ipants 

•  Purchase of offset credits  

•  Obtaining early  reduct ion credits  

These various options produce emissions units at  var ious price points,  in theory  

providing f lexibi l ity  to achieve reductions in  a more cost effective manner than under 

a carbon tax.   

Treatment of  Aviation:  The ‘point of regulation’  under cap and trade would be fuel  

distr ibutors,  ut i l it ies and large point sources of GHGs ( i .e.  industr ial  faci l it ies) .  In this  

case,  carriers would not be direct ly  responsible for compl iance and would see f low-

through costs on fuels and uti l it ies .  This means the sector would have l itt le direct  

abi l ity  to manage carbon costs or access f lex ibi l ity  mechanisms such as offsets.  

Domestic  al ignment:  The federal  government  would augment  and complement exist ing 

provinc ial  regulations.  

International  al ignment:  Carriers would be impacted by regulat ions based on deeper 

reduct ion targets domestical ly  than they would be for internat ional  f l ights.  

2.2.3 Carbon Tax 

The federal  government would set a  federal  carbon tax on fossi l  fuels.  This could be 

done in a number of ways inc luding:  

•  A flat  pr ice per  tonne across al l  jurisdict ions  

•  A ‘f loor price’  that provinces must either demonstrate they meet through their  

own pric ing system, or else the pr ice (or dif ferential)  is  appl ied.  
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Treatment of Aviation:  The tax would be applied on the consumption of fossi l  fuels ,  at  

a different iated rate depending on the carbon intensity of a given fuel.  Aviation would 

therefore be subject to the tax  in a  s imi lar  way that  the BC carbon tax  is  appl ied,  but  

on a nat ional  scale applied to al l  intra and inter-provinc ial  f l ights.  

Domestic  al ignment:  The federal  government  would augment  and complement exist ing 

provinc ial  regulations.  

International  al ignment:  Carriers would be impacted by regulat ions based on deeper 

reduct ion targets domestical ly  than they would for international  f l ights.  

3 Background for the Policy Analysis 

Two questions are f irst  explored to understand how the three policy scenarios could 

impact the sector:  

1.  How wil l  ai r  travel  be impacted by an increase in t icket prices aris ing from sector  

compliance costs? 

2.  How can the sector reduce emiss ions internal ly,  and at what cost? 

Exploring these questions provides an understanding of how the sector can ult imately 

trans it ion to a low-carbon future,  and how this could be incented,  or dis- incented, by 

cl imate change policy and result ing compl iance costs.   

3.1 How Air Travel Demand Reacts to Price 

In order to understand how air  travel  demand reacts  to air  travel  pr ice,  two elast ic ity  

studies were examined: Gi l len et al .  (2002) iii ,  a l iterature rev iew of elast ic it ies  

calculated during the 1980s and 1990s avai lable through the Department of Finance, 

and a report commissioned by IATA (2007) iv  containing both l iterature review and 

original  analysis  us ing air  traff ic  databases.   The ful l  analysis  can be found in Appendix  

A.  
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In synthesizing the results of both studies,  the fol lowing broad conclusions are made:  

•  Leisure travel  is  more elast ic  than business travel.  

•  Short-haul travel  is  more elast ic  than long-haul travel ,  with short-haul leisure  

travel  hav ing the highest elast ic ity.  

•  Long-haul travel,  either business or leisure,  is  expected to be inelast ic  to 

moderately elast ic,  with long-haul business travel  being the most inelast ic .  

•  Individual  routes show elast ic  responses if  price changes are not applied to 

other route options.   I f  a price change is  implemented at a  nat ional  level,  then 

demand is  moderately inelast ic .  

3.2 Carbon Price and the Cost of Internal Reductions 

Sectors typical ly  use marginal  abatement cost curves (MACCs) to est imate the costs 

and sizes of potent ial  reduct ions achievable  at  var ious projected t imes in  the future.   

Groups in the UK and EU have published several  MACCs for the air l ine sector,  but there 

has been less  work focusing on the North American industry.   Schafer  et  a l .  (2015)  v 

published a recent study in Nature Cl imate Change of carbon reduction costs and t iming 

in the U.S.  a ir l ine industry.   They considered a broad scope of mit igation opt ions,  

including air  t raff ic  management (ATM), operational  strategies,  new aircraft  

technology and biofuels.   Important  results f rom the work include:  

•  The U.S.  air l ine f leet  can l ikely reduce intensity of fuel  use by approximately 

2% per year at  zero marginal  cost 1.     

•  In 2050, it  is  est imated that ~50% of reduct ions wil l  come from aircraft  

technology,  20% from air  t raff ic  management,  20% from operational  strategies 

and 10% from biofuels  (assuming a 15% penetration rate)  

•  Near-term reductions  are achieved through ATM 2,  retrofits  and normal f leet 

turnover to more eff ic ient a ircraft .   The reduct ions achievable at  addit ional  

                                                           

1 The authors make mult iple assumptions on equipment costs,  l i fet imes and the price  

of fuel .   
2 The study assumes ful l  implementation of a l l  ident if ied ATMs by 2020 
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cost are mainly dominated by early  replacement of 25-30 year-old stock,  the 

majority of these reductions cost ing above $100/tCO2 e .    Other operational  

strategies become implementable in the medium term but mainly remain 

addit ional  costs unt i l  2040. 

•  Two signi f icant sensit iv it ies in terms of achievable reductions are  the t iming 

of new 30% more eff ic ient a ircraft  reaching market by 2035 and the degree of 

market adoption of biofuels 3,  assumed to start  in 2030.    

The study implies that there are l imited levers to accelerate  fuel-use intensity 

reduct ions within the sector beyond 2%/year without incurring signif icant  cost.   A 

carbon pr ice below $100 wil l  have l imited impact prior to the introduction of biofuels,  

whereupon biofuels can act somewhat as a f lexibi l ity  mechanism for the sector to 

achieve more or less reductions depending on market uptake.   

3.3 Summary: How a Carbon Price Will Impact the Sector 

First ly,  i f  t icket prices increase,  it  can be expected that the sector wil l  contract,  though 

the degree of  contraction may be smal l  as national- level  demand is  moderately 

inelast ic .   Secondly,  only a high carbon price  would actual ly  lead to short-term 

reduct ions  within the sector.   Given uncertainty with the actual  sector elast ic ity,  two 

possible outcomes of a low-mid carbon pr ice could then be envisioned: 

1.  While  increased t icket  pr ices cause short and medium-haul  le isure  travel lers to 

consider dr iv ing,  the low overal l  elast ic ity  of air  travel  at  a national  level  means 

that sector  emissions are only s l ight ly  impacted since the sector is  not incented 

to achieve internal  reduct ions.  

2.  Canadian air  travel  is  on the elast ic  end of the ranges presented by Gil len et al .  

and increased t icket prices cause a s ignif icant contraction in the sector.   Air l ines  

do not have access to internal  reduct ions at  a cost below the carbon price,  and 

hence they do not have a short-term mechanism to help control  the contract ion.    

The commonality between these two rather different outcomes is  the l imited 

movement of the sector towards decoupl ing economic growth from sector impacts at  

                                                           

3 The study considers  cel lu losic biofuels.  
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a low-medium price signal.   Instead, these outcomes demonstrate that a low-medium 

price  signal  would either have l imited impact on the sector in terms of reduct ions  

achieved, or i f  i t  d id,  would decrease carrier revenues while st i l l  not incent ing fuel-

use eff ic iency.   

4 Policy Analysis 

The policy analysis  is  conducted through the lens that carbon policy should encourage 

decoupling of  economic growth and environmental  impact  whi le maintaining a  g lobally  

competit ive aviation industry in Canada.  Four cr iteria have been developed to test  the 

scenar ios:  

•  Cost impact :  Costs in the expected short-term range of $15 to $40 /  tCO2 e  are  

l ikely to achieve some degree of  sector contraction without incenting long-term 

decarbonisation.  Sector contract ion is  considered to be in contradict ion to the 

goals of a carbon pol icy.    

•  Technology enabling :  To decouple economic growth from environmental  impact ,  

there has  to be a s ignif icant  shift  in technology for  the sector.   Air  traff ic  

measures and ongoing f leet renewal present short-term opportunit ies to  

achieve moderate reductions in fuel -use intensity,  but the long term play for  

the sector is  in new eff ic ient aircraft  and low-carbon biofuels.   The most 

important question from a policy design perspective is  how this technology shift  

wil l  be incented and/or supported.  

•  Complexity :  In general,  an aim of carbon policy  should be to minimize the 

degree to which compliance is  e ither onerous or complex.  

•  Competitiveness :  Canadian carriers compete with each other on domestic and 

international  routes  and internat ional  carriers on internat ional  routes.   

Inconsistent carbon prices,  both within Canada and globally  have the potential  

to lend competit ive advantage to carr iers that operate mainly where compliance 

costs are non-existent  or lower.  
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4.1 Federal Offsetting Model for Aviation (ICAO Model) 

4.1.1 Cost Impact 

Cost of compl iance would be expected to be low when compared to the other  two 

policy scenar ios for two reasons:  

•  Offsets are only purchased for emissions that exceed the target – emissions up 

to the target would not have a cost associated.  

•  The ICAO model re l ies  on an internat ional  offset system which is  l ikely to have 

lower costs than a domestic offset system. 

Therefore,  under this  scenar io,  the r isk of sector contract ion would be considered to 

be lowest.  

4.1.2 Technology Enabling 

With a projected lower cost of compliance, this  scenar io creates a low price s ignal  for  

internal  reductions.   The f l ip  s ide of  this  lower cost is  that the industry is  arguably  best  

posit ioned to support the technology development required to achieve these 

reduct ions.   Support  could be enabled through industry-government partnership,  

possibly s imi lar  to the exist ing Canada’s  Act ion Plan to Reduce Greenhouse Gas  

Emissions from Aviat ion.  

4.1.3 Complexity 

This would be the simplest system from the perspective of individual  carriers as it  

would involve extending monitor ing,  reporting and compliance pract ices that are 

already expected to be implemented for international  bus iness.   In addit ion, this  

scenar io would remove the onerous requirement of being in compliance with mult iple  

jurisdict ions with dif ferent regulations across the country.  

4.1.4 Competitiveness 

With a  s ingle policy regime across the country,  carriers  would not be exposed to 

competit iveness issues aris ing from inconsistent treatment of aviat ion in provincia l  

jurisdict ions.   From the perspect ive of harmonization with other jurisdict ions,  there 

has been discussion in the U.S.  aviat ion sector related to potent ial  domestic carbon 
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policy,  on adopting a  domestic model s imilar to ICAO, so this  option may minimize 

carbon pr ice exposure dif ferences  between Canadian and U.S.  carriers .  

4.2 Federal Cap and Trade 

4.2.1 Cost Impact 

In the l ike ly event that fuel  would be regulated at the distributor,  carriers would pay 

f low-through costs from distributor compl iance obligations.   The cap and trade models 

implemented in Ontar io and Quebec require that al lowances or offsets be purchased 

for the entire carbon content of  the fuel  d istr ibuted (though as  mentioned,  aviat ion 

fuels are currently excluded) .   Under this  model,  f low-through costs would be very 

sensit ive to the f loor price of al lowances,  leading to potentia l ly  higher cost impacts .  

There could be room to mit igate f low-through costs i f  distr ibutors either  receive a  

portion of f ree al lowances or have access to  lower-cost compliance credit  markets.    

Given the range of potentia l  compliance costs,  the r isk of sector contraction could be 

either higher or lower. 

4.2.2 Technology Enabling 

An economy-wide cap and trade system does not inc lude incentives to enable  

technology beyond the price signal,  which would be expected to be too low in the short 

to medium term.  In a scenar io where compliance costs are kept lower,  technology  

enabling could be industry- led,  s imilar to the CNG 2020 scenario .   Where compl iance 

costs are  higher,  there would be an increasing role for government to recycle  revenue 

to support  technology  development.  
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4.2.3 Complexity 

While a nat ional  cap and trade system in theory provides a way to create an effect ive 

market for carbon reductions  and balancing of trade-offs  between sectors,  in pract ice 

it  is  l ikely to be much less elegant.  This is  largely due to the need to overlay a federal  

system on the varying provincial  systems, rather than have it  replace them. It  may be 

more straightforward to al ign a federal  cap and trade with provincia l  cap and trade 

systems ( i .e Quebec,  expected Ontar io),  but less so for carbon tax jurisdict ions.  

Equivalency is  di ff icult  to demonstrate between the two, and therefore creates 

chal lenges for understanding what the federal  ‘top up’ of any prov incial  tax would be 

vis  a v is  cap and trade. It  could a lso create signif icant market ineff ic iencies i f  

overlapping systems are in place.  Compl iance for individual  carr iers has the potential  

to be both onerous and complex  if  carriers  must duplicate  compliance reporting or  

secure compliance mechanisms within mult iple regimes at the provincial  and federal  

levels.   

4.2.4 Competitiveness 

Inconsistent carbon policy with respect to aviation across the country would have the 

potentia l  to create lower-cost jurisdict ions  and higher-cost jurisdict ions result ing in  

possible competit ive distort ions depending on carrier operational  distr ibutions.   With 

a higher cost  of compliance domestica l ly  than internationally,  there could a lso be 

competit ive distort ions between domestic  and internat ional  carriers who compete on 

the same international  routes.   The concern here would be that international  carriers 

could use higher profits  f rom within their  domestic markets  to lower costs on 

international  travel.   The degree to which this  would manifest  requires further work,  

but it  should be remembered that many passengers purchase the cheapest  t ickets  

avai lable on a given route,  regardless of how small  the price di fferentia l .     

4.3 Carbon Tax 

4.3.1 Cost of Compliance 

The cost of compliance under a carbon tax would be expected to be higher.   Carr iers  

wil l  be taxed based on the carbon content of al l  fuel  consumed, with no alternat ive  

means of compliance other than avoided tax through fuel-use eff ic iency improvements.   
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The higher cost  of compliance would result  in  a higher  r isk of  contraction for  the 

sector.  

4.3.2 Technology Enabling 

A carbon tax does not include incentives  to enable technology beyond the price signal,  

which would be expected to be too low in the short to medium term.  In fact,  a carbon 

tax could act as a dis incentive i f  it  covers the carbon content of biofuel  (as it  does in  

BC, and is  being contemplated in Alberta) .  In this  type of carbon tax regime, biofuels 

would not reduce a  carrier’s  cost of  compl iance, and hence there would be l itt le reason 

for carr iers to support  the development of the technology or purchase the product .    

Given the relat ively high cost of compliance and the potentia l  for the sector to 

contract,  there would be an important  role  for government  to recycle revenue towards 

supporting technology  development.  

4.3.3 Complexity 

This approach would be relat ively easy to al ign with ex ist ing tax  jur isdict ion ( i .e.  BC 

and expected Alberta),  but it  would be more diff icult  to  show equivalency  or determine 

federal  ‘top up’  in cap and trade jur isdict ions.   S imilar to cap and trade, compl iance 

for individual  carriers  has  the potentia l  to  be both onerous and complex if  carriers 

must be compliant within mult iple regimes at the provincia l  and federal  levels.   

4.3.4 Competitiveness 

A potentia l  for  competit iveness  issues  would exist  between Canadian carriers and 

international  carriers on internat ional  routes as la id out in Section 4.2.4.  

4.4 Summary 

The outcomes of the policy analysis  are summarized in Table 1.    
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Tab le  1 :  C om par is on  s um mary  of  p o l icy  sc en ar i os  

 Federal  Offsetting  

Mechanism 

Economy-wide Cap 

and Trade 

Carbon Tax 

Point of regulation Carriers  Fuel  distr ibutors  Carriers  

Reduction target  Speci f ic  to aviat ion 

(CNG 2020) 

In- l ine with Canada In- l ine with Canada 

Risk of sector 

contraction 

Lower Lower – Higher  Higher  

Complexity Lower Higher  Higher  

Enabling of in-

sector reductions  

No direct  enabling No direct  enabling No direct  enabling 

Competitiveness Lowest sector 

impact  

Inter-provincia l  

and internat ional  

distort ions 

possible  

International  

distort ions 

possible  

 

5 Key Findings 

Conclusions from the analys is  are drawn as  fol lows:  

1.  A federal  offsett ing mechanism has the highest probabi l ity  of reducing the 

administrat ive burden of compliance and ensur ing a level  cost of compliance 

playing f ield for carriers.   Inclusion of aviat ion in a patchwork of provincia l  and 

federal  pol ic ies and regulat ions  is  l ikely  to create  onerous and complex  

compliance obl igations that may a lso create competit ive distort ions unless  
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specif ic  effort  is  made to ensure a  streamlined and consistent  approach to  the 

sector.    

2.  Carbon prices  in the range current ly discussed in Canada ($15-$40/tCO2e) wil l  

not incent the decoupl ing of economic growth from environmental  impact in the 

aviation sector.    Instead, compliance costs  wil l  f low money out of the sector,  

possibly also shr inking the sector at  the same t ime.   

3.  Long-term decarbonisation of the sector is  most dependent on the next 

generat ion of eff ic ient aircraft  and the development of a biojet industry .   Of 

these two technology pathways,  biojet represents the nearer term opportunity ,  

as well  as the opportunity to generate the deepest long-term reductions.  

4.  In and of themselves,  none of these policy scenarios  wil l  support the decoupl ing 

of economic growth and environmental  impact in  the sector because the pr ice 

signal  is  unl ikely to be strong enough in the short and medium terms.  In order  

to achieve this  outcome, the policy scenar ios need to be augmented by industry 

action, further regulation and/or direct government support in technology  

development.  

6 Enabling a Biojet Industry 

 

Based on the key f indings  of the analys is,  the near-term act iv ity with the greatest 

potentia l  to ult imately benefit  the sector is  the acceleration of a biojet fuel  supply 

that is  either cost competit ive with jet  fuel ,  or cost competit ive after integrat ing cost 

of compliance.  The idea here is  that upfront investment wil l  take an early  stage 

technology that is  too expensive for market  uptake and help it  t ransit ion to a  v iable 

solution that can even become cost competit ive with the incumbent technology. An 

important  caveat to this  f inding is  that whi le l i fecycle GHG reductions of  80-90% are 

possible,  not al l  biojet fuel  wil l  have the same environmental  benefits  depending on 

the production pathway.  Future policy should inc lude a consideration of the l i fecyc le  

GHG impacts of the pathways in order to retain environmental  integrity.     
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Based on work conducted by The Waterfal l  Group, Canada has  a number of advantages 

for biojet fuel  development,  inc luding:     

•  readi ly  access ible,  s ignif icant  commercial  quant it ies of sustainably grown and 

harvested biomass  

•  exist ing refining capacity,  distr ibut ion infrastructure (storage, blending,  

pipel ines,  ra i l ,  barge systems) with local  scale advantages from industry 

concentrat ion around refining centres.  

•  scale – advantaged agricultural  and forestry industr ies with harvest and 

processing systems in  place,  and established sustainabi l ity  cert if ication schemes  

•  regulatory systems for energy infrastructure development,  inc luding policy 

measures in place to enhance environmental  performance of  operations (e.g.  

emissions,  water use,  etc.)  

•  establ ished networks of academic,  government and private  

research/development  expertise in advanced biofuels  

•  provinc ial  and federal  ministr ies with histor ies of enabl ing the development and 

commercial izat ion of advanced biofuels  

Given that countries  around the world wil l  be looking for  emission reduction 

opportunit ies in aviat ion, there is  a  s ignif icant potentia l  economic  benefit  for Canada 

to become a centre for biojet fuel  technology. 

At present there are mult iple technology platforms able to convert biomass into biojet  

fuel .  Each platform uses specif ic  feedstock types.  Typical ly,  biojet is  co-produced with 

other l iquid and gaseous biofuel  products  used for other  energy markets such as road 

or marit ime transport,  refin ing,  heat and power. Many technology platforms for biojet  

production are  not avai lable at  commercial  scale today,  requiring signi f icant addit ional  

investment in research and development.  

The table below gives a high level  overview of the main pathways for biojet production:  
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Tab le  2 :  B i o jet  pa thw ay s  

Pathway Certif ication Process Description Feedstock 

Fischer-Tropsch(FT)  Approved 

(up to 50%) 

Converts carbon-rich 

material  (e .g.  b iomass)  into 

syngas,  then catalyt ical ly  

converted to jet  fuel  

Al l  biomass & 

MSW 

Hydroprocessed 

Esters and Fatty 

Acids (HEFA) 

Approved 

(up to 50%) 

Converts oleochemicals to 

jet  fuel  v ia deoxygenation 

with hydrogen and cracking 

Oils  and fats  

Direct Sugars to 

Hydrocarbons 

(DSHC)  

Approved 

(Farnesene-

based up to  

10%) 

Ferments plant sugars  and 

starches to hydrocarbons 

which are subsequently 

thermo-chemical ly  

upgraded to jet  fuel  

Sugars ( inc l .  C6 

cel lu losic 

sugars)  

Alcohol  to Jet (AtJ)  Approved 

(up to 30%) 

Converts sugar/ starch 

derived alcohols  to jet  fuel  

v ia dehydrat ion, 

ol igomerization and 

hydrogenation 

Alcohols 

(potentia l ly  

derived from 

biomass,  or 

waste) 

Hydrotreated 

Depolymerized 

Cel lulosic  Jet (HDCJ)  

Expected 

2017 

Converts any carbon-r ich 

material  into a bio-crude oi l  

v ia thermochemical  

depolymerization which can 

then be upgraded to jet  

Al l  biomass & 

MSW 

 

Analysis  completed for  Transport Canada in 2015 by The Waterfal l  Group proposed that  

the HEFA and HDCJ pathways hold the most promise for  Canadian biojet product ion.  

HEFA would ut i l ize the vast oleochemical  feedstock suppl ies avai lable in Canada while  

the HDCJ pathway would be able to process  l ignocellus losic feedstocks from agr iculture  

and forestry res idues. At present,  the HEFA pathway is  commercial ly  avai lable whereas  

the HDCJ pathway has yet to commercial ly  material ize and scale  up to the volumes 

required for consistent blending in commercial  aviat ion.  

As a next  step, NACC is  working on a roadmap for biojet development which wil l  

outl ine the path to broad market adoption for biojet fuel  in Canada.  The roadmap 
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will  include an exploration of how biojet fuel  could contr ibute to both 2030 and 2050 

GHG reduct ion targets  for the domestic aviat ion sector.   It  i s  est imated that 

accelerated deployment of biojet fuel  could contribute to GHG reductions in excess 

of 10% compared to 2005 levels,  depending on the growth rate of domestic air  t ravel .      
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Appendix A: Price Elasticity of Air Travel 

In order to understand how air  travel  demand reacts  to air  travel  pr ice,  two elast ic ity  

studies were examined: Gi l len et al .  (2002),  a l iterature rev iew of elast ic it ies  

calculated during the 1980s and 1990s avai lable through the Department of Finance, 

and a report commissioned by IATA (2007) containing both l iterature review and 

original  analys is  us ing air  traff ic  databases.  It  should be noted that the IATA study 

references the work conducted by Gi l len et al . ,  but it  i s  useful  to consider both works  

separately as they offer di fferent ways of categoriz ing elast ic it ies.  Elast ic it ies from the 

Gil len et al .  study are shown in Table 3.  

Tab le  3 :  A ir  t r a ve l  e las t i c i t ies  as  pre sen ted  i n  G i l le n  et  a l .  (2 002 )  4 

Market Sector Median 1 s t  quarti le  3 r d  quarti le  

Long-haul  international  business  -0.265 -0.475 -0.198 

Long-haul  international  leisure -1.040 -1.7 -0.560 

Long-haul  domestic  business  -1.150 -1.428 -0.836 

Long-haul  domestic  leisure -1.104 -1.228 -0.787 

Short/medium-haul  le isure -1.520 -1.743 -1.288 

Short/medium-haul  business  -0.783 -1.140 -0.595 

It  should be noted that the authors recommend looking at the median value,  but  also  

at  the range of possible elast ic it ies .   This is  important for two reasons:  

                                                           

4 Data presented is  f rom the higher-rated subset of studies included in the paper  
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•  Elastic it ies presented in the dif ferent studies do not group around a normal 

distr ibution, with some categories  such as long-haul internat ional  leisure  

showing distribut ion peaks at  lower and higher elast ic it ies .   

•  Analyses in the var ious studies  were conducted on di fferent geographic regions.   

Given the paucity of Canadian data,  it  is  impossible to determine where Canada 

might be with respect to the median.  

In tak ing into consideration the above, the fol lowing conclusions are then drawn:  

•  Business travel  is  l ike ly less elast ic  than leisure travel  

•  Increased airfares wi l l  l ike ly impact short/medium-haul leisure  f l ights the most  

and internat ional  business f l ights the least.  

•  Short/medium-haul business f l ights are also expected to be inelast ic.  

•  The elast ic it ies of long-haul internat ional  le isure,  long-haul domestic business  

and long-haul domestic leisure are less clear .   These types of travel  may prove 

to be either moderately elast ic  or moderately inelast ic  in Canada.  

The IATA study looks at  elast ic it ies somewhat differently ,  di fferent iat ing between pr ice 

f luctuations at  the route/market level,  the national  level  and the pan-national  level .   

These levels are defined as fol lows:  

Route/market  level :  Al l  travel  between a  discrete origin and dest ination.  In response 

to a price increase,  t ravel lers  can choose to change their  route (e.g.  an alternative  

airport in the same area),  change their  destinat ion, t ravel  by another mode or not  

travel.  

National level :  Al l  a ir  t ravel  within and from a country is  impacted in the same way.  In  

response to a pr ice increase,  travel lers could use another  mode or avoid travel l ing.  

Pan-national level :  Al l  air  travel  within a region of countries is  impacted in the same 

way.  The opt ions to respond to a pr ice increase are mainly l imited to avoiding travel.  
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Tab le  4 :  A ir  t r a ve l  e las t i c i t ies  as  pre sen ted  by  IA T A (20 07 )  

 Route/Market Level  National  Level  Pan-National  Level  

 Short-

haul  

Long-

haul  

Short-

haul  

Long-

haul  

Short-

haul  

Long-

haul  

Intra North 

America 
-1.54 -1.40 -0.88 -0.80 -0.66 -0.60 

Trans Atlantic  

(North America – 

Europe)  

-1.85 -1.68 -1.06 -0.96 -0.79 -0.72 

Trans Pacif ic  

(North America – 

Asia)  

-0.92 -0.84 -0.53 -0.48 -0.4 -0.36 

The conclusions that can be drawn from this  study are as fol lows:  

•  Travel  at  the route/market level  i s  the most elast ic.   However,  it  is  noted that  

this  category inc ludes the use of a lternative airports c lose to the same orig ins  

and dest inat ions,  so the degree to which this  e last ic ity  is  impacted by modal 

shift  and alternat ive destinat ions is  unclear.  

•  Other air  travel  is  moderately e last ic  or inelast ic .  

In synthesizing the results of both studies,  the fol lowing broad conclusions are made:  

•  Leisure travel  is  more elast ic  than business travel.  

•  Short-haul travel  is  more elast ic  than long-haul travel .  

•  Long-haul travel,  either business or leisure is  expected to be inelast ic  to 

moderately elast ic.  
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Increasing coverage of a price change ( i .e.  broadening geographic applicabi l ity)  

dampens elast ic ity.
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