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This Presentation…

Overview of the AERO Modelling System (AERO-MS)

Global but detailed baseline, forecasting and analysis

Modelling interactions between airline costs, fares, demand and capacity

Authoritative results from testing a wide range of policy measures

Trade-offs between operating, economic and environmental outputs

Environmental/economic trade-offs of fiscal and market-based 
measures to reduce aircraft emissions

Kerosene taxation

Emissions trading between aviation and other sectors

Emissions trading within the aviation sector

Emission reduction and cost-effectiveness of alternative measures



The Trade-Off Tool: “Project AERO”

1994 Dutch Government initiated “Project AERO” to develop a 
modelling tool - the AERO-MS - to:

Forecast aircraft CO2 and NOx emissions worldwide

Analyse environmental and economic impacts of policy measures to

reduce aircraft emissions

AERO-MS subsequently used to investigate:

Kerosene taxation, for European Commission

Market-based instruments, for ICAO (CAEP)

Emission trading scheme design investigation, for IATA

Projecting future aviation scenarios, for European Commission

Aviation within EU Emissions Trading Scheme, for European Commission



Measures Investigated through AERO-MS

Technological Measures

Improved aerodynamics and engine efficiency

Operational Measures

Improvements in Air Traffic Control

Reducing cruise speed

Regulatory Measures

Operation bans / Scrapping

Subsidising purchase of newer (cleaner) aircraft

Environmental Levies

Ticket taxation

En-route charges

Kerosene taxation

Emission Trading



Output and Trade-Off Metrics

Consumers

Passenger and cargo demand forecasts (RPKs, RTKs)

Changes in consumer surplus

Air Transport Industry

Movements, seat- and tonne-km (ASKs, ATKs)

Fleet requirements

Costs, revenues and profitability

The Environment

Fuel use

Emissions (CO2, NOx, CO, H2O, CxHy, SOx)

Governments

Taxation revenues and subsidies



Forecasting Approach and Principles

Base Case Representation

Demand and capacity worldwide, by city-pair and flight stage

Business, leisure and non-sched passengers, and cargo

10 size/range-based generic aircraft types, split by technology “vintage”

Business-as-Usual Forecast Scenario 

No policy measures – exogenous forecasts only

Demand growth and capacity provision (frequency and aircraft size)

Technology developments in fuel efficiency and emission reduction 

Policy-Sensitive Case

Snapshot view for forecast year with policy measures maturely in place

Interaction of changes in airline costs, fares, demand, capacity, emissions 

Assessed with reference to Business-as-Usual Scenario



Trends Forecast from Base
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Aviation CO2 Emissions in 1992



Growth in Aviation CO2 Emissions to 2015



Fiscal and Market-Based Policy Measures

Kerosene taxation

Impacts of possible EU measures

Impacts of meeting Kyoto-equivalent CO2 reduction targets

Open emission trading system

Between aviation and other sectors: no CO2 “cap” specifically for aviation

Closed emission trading system

Trading within aviation sector only: aviation-specific CO2 “cap”

Cost-effectiveness comparison

Trade-off between CO2 reduction and loss of consumer surplus (welfare) 

among air service users



The AERO-MS Economic Model



EU Kerosene Taxation (245 ecu/1000 litres)

5-10%Tax revenue less by

10-20%Fuel/CO2 reduction less by

Fuel “tankering” effects:

-0.2%Profit: non-EU carriers

-7.1%Profit: EU carriers

-0.0%Fuel/CO2: non-EU carriers

-2.3%Fuel/CO2: EU carriers  

-0.0%RTKs: from/to EU

-7.0%RTKs: intra-EU

Intra-EU 

routes only



EU Kerosene Taxation (245 ecu/1000 litres)

10-25%5-10%Tax revenue less by

35-70%10-20%Fuel/CO2 reduction less by

Fuel “tankering” effects:

-4.0%-0.2%Profit: non-EU carriers

-14.7%-7.1%Profit: EU carriers

-1.2%-0.0%Fuel/CO2: non-EU carriers

-7.1%-2.3%Fuel/CO2: EU carriers  

-7.5%-0.0%RTKs: from/to EU

-7.0%-7.0%RTKs: intra-EU

All routes departing 

EU airports

Intra-EU 

routes only



EU Kerosene Taxation (245 ecu/1000 litres)

10%10-25%5-10%Tax revenue less by

35%35-70%10-20%Fuel/CO2 reduction less by

Fuel “tankering” effects:

+19.3%-4.0%-0.2%Profit: non-EU carriers

-74.6%-14.7%-7.1%Profit: EU carriers

-0.4%-1.2%-0.0%Fuel/CO2: non-EU carriers

-7.1%-7.1%-2.3%Fuel/CO2: EU carriers  

-3.7%-7.5%-0.0%RTKs: from/to EU

-6.8%-7.0%-7.0%RTKs: intra-EU

All routes – EU 

carriers only

All routes departing 

EU airports

Intra-EU 

routes only



Kerosene Taxation to Meet CO2 Targets

-4%Airline profitability

$47bnTaxation revenue

32%Due to technology

68%Due to less activity

-9.3%Fuel/CO2 reduction

-6.9%RTKs

$0.23/kgKerosene tax level

25% less CO2

growth 1992-2010
Compared to 2010 
Business-as-Usual

To achieve CO2 reduction targets



Kerosene Taxation to Meet CO2 Targets

-18%-4%Airline profitability

$93bn$47bnTaxation revenue

32%32%Due to technology

68%68%Due to less activity

-18.1%-9.3%Fuel/CO2 reduction

-13.3%-6.9%RTKs

$0.50/kg$0.23/kgKerosene tax level

50% less CO2

growth 1992-2010
25% less CO2

growth 1992-2010
Compared to 2010 
Business-as-Usual

To achieve CO2 reduction targets



Kerosene Taxation to Meet CO2 Targets

-158%-18%-4%Airline profitability

$245bn$93bn$47bnTaxation revenue

25%32%32%Due to technology

75%68%68%Due to less activity

-40.1%-18.1%-9.3%Fuel/CO2 reduction

-32.4%-13.3%-6.9%RTKs

$1.80/kg$0.50/kg$0.23/kgKerosene tax level

95% of 1992 CO2

level by 2010
50% less CO2

growth 1992-2010
25% less CO2

growth 1992-2010
Compared to 2010 
Business-as-Usual

To achieve CO2 reduction targets
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Target-Driven Fuel Tax: Cost-Effectiveness  

Target: 25% reduction of growth in CO2 from 1992 to  2010
Target: 50% reduction of growth in CO2 from 1992 to  2010
Target: CO2 emissions at 95% of 1992 levels



Emission Trading: Features of Open System

Emissions target sets “cap” for all economic sectors in combination

Trading of emission permits within and between sectors

Emissions reduced in sectors able to abate them at least cost

These sectors sell permits to other sectors

Permit price rises to marginal cost of abating emissions to target

To meet Kyoto agreement, open-market price of up to $25/tCO2

Emissions reduction costly for aviation sector, so will buy permits

Initial allocation of permits through:

Open-market auction

Grandfather rights



Kerosene Tax vs Open Emissions Trading

91%0%CO2 reduction purchased by 

airlines from other sectors

-0%-158%Airline profitability

31%25%Due to technology

69%75%Due to less activity

-3.4%-40.1%Fuel/CO2 reduction

-2.5%-32.4%RTKs

($0.08/kg)$1.80/kgTax level (equivalent)

Open emissions 

trading at $25/tCO2

Using kerosene 

taxation

Compared to 2010 Business-as-

Usual

Achieving Kyoto-equivalent CO2 reduction



Open Trading: Cost-Effectiveness

Target: 25% reduction of growth in CO2 from 1992 to  2010
Target: 50% reduction of growth in CO2 from 1992 to  2010
Target: CO2 emissions at 95% of 1992 levels
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Initial Permit Allocation by Grandfather Rights

Grandfathered allocation allows historical levels of emission at no cost

Only permits for additional emissions need to be purchased

Penalises cleaner but faster-growing operators

But grandfathered permits could be sold, so have open-market value

If these permits used rather than sold, commercially sensible to
include this market value in costs, and set prices (fares) accordingly

Resulting in a “windfall” profit for polluters (airlines), unless…

Competition prevents permit value being recovered in prices (fares), or…

Polluter uses “windfall” to reduce cost of investing in cleaner technology

Alternative “benchmarking” allocation system

Rewards cleaner operators and imposes higher costs on others, but…

“Windfall” profit effects remain
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Analysis Results: Open Trading Grandfathered

Target: 25% reduction of growth in CO2 from 1992 to  2010
Target: 50% reduction of growth in CO2 from 1992 to  2010
Target: CO2 emissions at 95% of 1992 levels

Windfall Revenues absorbed by Airlines

Windfall Revenues used to offset costs to 
consumers

Windfall invested within aviation industry 
through purchase of newer technology



“Closed” Trading for Aviation Sector

Aviation must keep emissions within a sector-specific “cap”

Hence trading only permitted between airlines

If CO2 “cap” is same as target to be achieved by fuel taxation, permit
prices will rise to same level as fuel tax required

But permit price determined by market forces, not tax authority estimates

To achieve Kyoto-equivalent CO2 reductions from aviation sector:

$1.80/kg$0.08/kgKerosene tax equivalent

0%91%CO2 reduction purchased by 

airlines from other sectors

$570/tCO2$25/tCO2Permit price

Closed tradingOpen trading
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Aviation CO2 Reduction: Direct and By Proxy

Target: 25% reduction of growth in CO2 from 1992 to  2010
Target: 50% reduction of growth in CO2 from 1992 to  2010
Target: CO2 emissions at 95% of 1992 levels


